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TOM TAT

Tén dé tai: Nghién ctru YOLOVS, xdy dung (mg dung Android nhan dién d6 chin trai
X0ai.
Sinh vién thuc hién:

1. Nguyén Mang Quy MSSV: 2151220236 Lép: 21CT5
2. Tran Thanh Quy Huy MSSV: 2151220268 Lop: 21CT5

Dé tai nay tap trung vao viéc nghién ctru va xdy dung Gng dung trén thiét bi di
dong (Android) c6 kha nang nhan dién trai xoai theo thoi gian thyc hoac qua hinh anh
chup, hd tro nguodi dung trong viéc xac dinh va luu trit thong tin ndng san.

Vé mat k¥ thuat, dé tai sr dung mo hinh hoc sau YOLOvV8 (You Only Look Once
version §) nho vu diém vuot troi vé tde do va do chinh xac trong bai toan phat hi¢n ddi
tuong (Object Detection). Quy trinh xay dung mé hinh bit ddu bang viéc thu thap va
gan nhan dir liéu trén nén tang Roboflow, sau d6 tién hanh huan luyén (training) mo
hinh trén méi trudng Google Colab dé tan dung strc manh tinh toan GPU.

Sau khi huén luyén, mé hinh duoc tich hop vao tmg dung di dong dugc phat trién
trén moi truong Android Studio. Dé hoan thién tinh nang cua mot ung dung thuc té, hé
thdng tich hop Firebase dé quan 1y xac thuc tai khoan ngudi dung va str dung Cloudinary
1am giai phap lwu trit hinh anh ddm may, gitp t6i vu héa dung luong thiét bi va d& dang
truy xuét dir liéu. Két qua thur nghi¢m cho théy ung dung hoat dong on dinh, nhan dién
t6t trai xoai trong cac diu kién anh sang khac nhau va quy trinh luu trit dit liéu dién ra

lién mach.



LOI NOI PAU

Do an tot nghiép nay khong chi 1a mot bai kiém tra cudi khoa, ma 1a cot mde
danh dau su truong thanh cta em sau bén nim ngdi trén giang duong dai hoc. Khi chon
dé tai “Xay dung img dung Android nhan dién trai xoai st dung YOLOvVS”, thu that la
em di rat hao hing nhung ciing day lo ling. Hao himg vi dugc cham tay vao nhiing
cong nghé Al méi nhét, nhung lo lang vi khoang cach tir Iy thuyét dén mot tmg dung
chay mugt ma trén dién thoai 1a cd mét chang duong dai dﬁy chong gai.

Dé hoan thanh dd an nay, bén canh sy nd lyc cua ban than, em d3 nhan duoc rat
nhiéu su quan tam, gitp d& quy bau. Trudc hét, em xin guri 15i cam on chan thanh va
sau sic nhat dén thay Nguyén Ha Huy Cudng. Thay di tan tinh hudng dan, dinh huéng
nghién ctru va chi bao nhing kién thirc chuyén mén quy bau cho em trong sudt qua trinh
thuc hién dé tai. Nhimg 101 khuyén ctua Thiy khong chi gitip em giai quyét cac bai toan
k¥ thuat hoc baa vé YOLOvS hay Android Studio, ma con gitip em rén luyén tu duy lam
viéc khoa hoc.

Em ciing xin trin trong cam on quy Thdy, Co gido trong Khoa Cong nghé thong
tin, Truong Pai hoc Kién triic Pa Ning da truyén dat kién thirc nén tang viing chéc trong
nhimg nim hoc vira qua. Pay chinh 13 hanh trang quan trong dé em c6 thé tiép can va
1am chi cac cong nghé méi trong do an nay.

Cudi cung, em xin cam on gia dinh va ban bé da luén dong vién, khich 1¢ tinh
than va hd tro em trong nhirng lac gip kho khan.

Mic du da rat cb ging dé hoan thién d6 an mot cach tot nhat, nhung do gi6i han
vé mit thoi gian va kién thirc, d& tai kho tranh khoi nhirng thiéu sét. Em rat mong nhan
dugc nhitng v kién dong gop, nhan xét tir quy Thay/Co dé dé tai dugc hoan thién va phat
trién hon nira trong tuong lai.

Em xin chan thanh cam on!



CAM DOAN

Em xin cam doan d0 4n nay 1a cong trinh nghién ctru ciia nhom em, dudi su
huéng dan ctia Thiy Nguyén Ha Huy Cudng.

Cac ndi dung nghién ctu, két qua xay dung Gng dung nhan dién trai xoai néu
trong D6 an Tt nghiép 1a trung thuc, khong phai 1a sao chép toan vin cua bat ky cong
trinh ndo khac. Cac ngudn trich dan c6 chu thich rd rang, ¢6 tinh ké thira va phat trién
tr cac tai liéu da duoc liét ké & muc Tai liéu tham khao.

Em xin chan thanh chiu trach nhiém vé 101 cam doan ctia minh.

Sinh vién thuc hién

{Chit ky, ho va tén sinh vién}



MUC LUC

TOM TAT ..ottt 4
LOTNOIDAU......coiiiiiiiiieeee e i
CAM DOAN ...t e e st e e e bb e e e s ba e e e enres i
IMUC LUC ...ttt et e et e e e st e e esbbe e e snbeeeenteeeanes ii
DANH SACH CAC BANG, HINH VE ......oovoiioeoeeeeeeoeeeee oot v
DANH SACH CAC KY HIEU, CHU VIET TAT ......ccccoooviiiiieeeeeeeeeee e vii
MO DAU ..o 1
1.1  Muc dich thwe hién d& tAi: ........o.cocoovivieieeeeeee e 1
(7 (1T 2 T I (R 71 CA OO 1
1.3 Pham vi va ddi twong nghin clu: .........coccoovevvevivieeseceeeeeee e 1
1.4  Phuwong phap nghi€n ettt ... 2
1.5  CAULIGC €A @0 AN 2 ..o 2
CHUONG 1: TONG QUAN LY THUYET ....coeitieeeeeeeeeeeeeeeeeeeeee e 4
1.1  Téng quan vé bai todn nhan dién ddi twong..............cooooviieeeeieeere, 4
1.1.1  Khdi niém Deep Learning va CNN ..............ccccoovvieiiiiiiiiiiiiiiiiiiniaaeennans 4
1.1.2  Qidi thiéu vé bai todn Object Detection.............................cccocvevvevenen.. 4

1.2 MO0 hinh YOLOV8 (You Only LooK ONCE):...cccvvveiiiieeiiee e 5
1.2.1  Lich sir phdt trién cdc phién bin YOLO........................c.cccococoeevveren.. 5
1.23 Ly dolwa chon YOLOVS: ..............cc..coooooiiiiiiiiiiiiiiiiiee e 8
1.2.5 Ky thudt tang cwong dir liéu (Data Augmentation) trong YOLOVS........... 10
1.2.6 Cdc chi so dinh gid higu ndng mo hinh ..........................ccceoovvvevevvrvennne, 12
1.2.7 Co ché téi wu héa cho thiét bi di dpng (TFLite EXport) .......................... 14

1.3 Nén tang phat trién Gng dung.............cococoeveieieieiiiieieeeee e, 15
1.3.1  Hé diéu hanh Android va Android Studio..........................cc.cocuuee.... 15
1.3.2  Ngon ngir lap trinh (Java/Kotlin) ...................c.coocooeiiiiiiiiiiiiiiicnie 17
1.4 Caccong cuvadichvutichhgp ...........ccoooii . 18
1.4.1  Roboflow: Qudn Iy va tién xir Iy dit liéu @nh.....................cococvueee.... 18
CHUONG 2: CAI PAT VA TRIEN KHAL ........c.cocoooovivivieiiieeeeeeeeeeee e 26
2.1 Qua trinh huan luyén mé hinh ................cococovovoiiiiieiieeecee e 26
2.1.1 BY dit liéu trdii XOQI .................ccoooiiiiiiiiiiiiie e 26
2.1.2 Gan nhdn voi RoBoflow ....................coccvviiiiiiiiiiiiiii e 27



2. 1.3 Chia tdp dif liGu..................c....cooviiiiiiiiiiiiii e 29

2.1.4 Tién xik Iy dit ligu Binh GRl .....................coooeeeeeeeeseeeeeeeeeeeeseeren 29
2.1.5 Ciu hinh file RUGn IUYEn ....................c.oooeeeeeeeeeeeeeseeeeeeeerees e, 31
2.1.6 Thuee hién hudn luyén trén Google Colab ........................c.c.cocoooveveveenen, 31
2.1.7 Theo doi va ddnh gid két qua hudn luyén.......................cccocoevvvvevvennnne, 32
2.1.8 Kiém thiv va danh gic mo Rinh ......................c.c.ccocoovoveeevreseeirerernns 33
2.2 Tich hgp moé hinh vao Android Studio...............ccccoeiiii 34
2.2.1 Xudt model sang TFLite véi metadata.............................c.c.cocococovevevevenen, 34
2.2.2 Tich hop TFLite vao Android Studio ......................c....cccooovvvvvviiiivnnnnnnn... 35
2.3 Cacdich vu dam MAY ... 36
2.3. 1 FITEDASE ...eeeviiie ittt 36
2.3.2 CIOUAINAIY ..ot 37
CHUONG 3: KET QUA THUC NGHIEM VA PANH GIA.........c..c.cooocvvrvnrnnnne. 39
3.1 Demo SAN PRAIM ...ttt 39
3. 1.1 Dang nh@p, dang Ki....................ccccovviiiiiiiiiiiiiiii s 39
3.1.2 Chup va nh@n di¢n s@n pham .........................cccoooeveeveeeeeeesessseeeenen, 39
3.1.3 Nhin dién hinh Gnh tiv @ién thogi ..................cococoooeeeeeeeeeeeeeseeeeeeeeeeees 40
3. 1.4 Lich str BRGAN difN ......................cccuvviiiiiiiiiii e 41
S L5 XOALICH STE ... 41
3016 XUAL TIlE........oooviiiiiiceeee e 42
3. 1.7 Giao di¢n @dmin........................cccccuvvviiiiiiiiiiiiiiiiiee e 42
3L8DOi MALKRAU ..., 43
B2 BANE SO LIBU ...t 44
3.3 Uu nhuwge diém hé thOng..............c.cooooviiieeeeoeeeeeeee e, 44
B3 T Ul @ISM.............coooeveeeeieeee et 44
3.3 2 NRIQC @IBM.............oooeeeeeeeeeeeeeeeeeeeeeee e 44
KET LUAN L....ooiiiiiieee ettt en ettt ettt ettt ettt 46
1o K TUAN CRUNE ...ttt 46
2. Cac Kt qUA @At AUWQC .....oovvvvvcceceeeeeeee et 46
3. Han ché ciia @@ €A .....o.cocovviieieeicceee e 47
4. P XUt VA KN NZRE......oooviviviiiiicccceece e 48
TATLIEU THAM KHAO .........cocooooiiiieeeee et 51



DANH SACH CAC BANG, HINH VE

BANG 1.1 Bang so sanh céac thong sb ciia cac phién ban YOLOVS .........cccccvecee.... 10
BANG 3.1 Bang $6 1iéu nhan difn .........ooovvieeeieeiieieeecee et 44
HINH 1.1 Cau tric t6ng quan cia YOLOVS .......ccoovoveeeerieeerieeeeeseeeeiesesnesenenens 7

HINH 1.2 Dit 1iéu anh tai 16n RODOTIOW ... .cveveeeeieeeeeeeeet e eeee e, 18
HINH 1.3 Gan nhan d6i twong trén RODOFIOW .....c.c.vveververierieeeeeseeeeieessee s 19
HINH 1.4 Tang cudng va chia tap dif liBU......ocoveveveveeeeeceeee e, 20
HINH 1.5 Xuat dit liéu dé huan luyén moi truong Google Colab............ccvveveeenn... 20
HINH 2.1 Giao dién gan nhan hinh anh v&i RObOfloW...........ccevevevevereiciiicecceeene, 29
HINH 2.2 Biéu do chia dir liéu Train/Val/Test trén RObOTIOW ....o.vvvveveveieeiieennn 29
HINH 2.3 Tién xtr 1y dit 1iéu hinh anh.........ccocovovveeiereieesceeeee e 30
HINH 2.4 Céu tric file HUAN TUYEN ...vvveeeceeeeeeeeeeeee et 31
HINH 2.5 Thuc hién huin luyén trén Google Colab..........cccvvveiiiiiiiiiiiiiiiies 32
HINH 2.6 Biéu db loss va mAP dugc tao trong qua trinh huin luyén YOLOVS ...... 33
HINH 2.7 Sé liéu (Precision, Recall, mAP) trong qué trinh huin luyén YOLOVS... 33
HINH 2.8 Xuat model sang TFLite v&i Metadata ............cceeveveeeiiereseeeeseeeseenen. 35
HINH 2.9: Thém TFLite vao Android StUiO........ccoveeverireieiieeeeieeesseess s 36
HINH 2.10 QuAN 1§ NGUOT AUNE.....cvcvevieieiecececececees ettt 37
HINH 2.11 Quan 1§ hinh A0k ...ttt 38
HINH 3.1 Giao dién ding nhap, dANG Ki .....cocevevevevieiieeeeeees e 39
HINH 3.2 Giao dién nhan dién d0i tUONE........c.ccevevvereeeeieee e en e 39
HINH 3.3 Giao dién Chom ANN........oovoviveeeeeeeeeeee oot ee e ee e, 40
HINH 3.4 Nhén dién hinh 4nh dUQC ChON ..o 40
HINH 3.5 Giao dién HEh SI ..o 41
HINH 3.6 X08 R SI .o 41
HINH 3.7 XUAL I 1ot 42
HINH 3.8 Giao dign Admin ........oooeviinieiiiieiee e 42



HINH 3.9 X602 NGUGT QUNZ........ceeviveieieieeeeceeiee et 43
HINH 3.10 Giao dién d0i MAt KRAU........c.eeieeeeeeeeeeeeeeeeeee oot 43

Vi



DANH SACH CAC KY HIEU, CHU VIET TAT

STT Chir viét tat Tiéng Anh Tiéng Viét / Giai thich
1 Al Artificial Intelligence Tri tué nhan tao
Artificial Neural
2 ANN tificial Neura Mang no-ron nhan tao
Network
Application : :
3 API ppiicatior Giao dién 1ap trinh (mg dung
Programming Interface
Convolutional Neural . .
4 CNN Network Mang no-ron tich chap
5 FPS Frames Per Second S6 khung hinh trén gidy (Toc do xt 1y)
6 GPU Graphics Processing Unit Pon vi xir Iy 6 hoa
Integrated Development Moi trudng phat trién tich hop (Vi du:
7 IDE . . .
Environment Android Studio)
8 loU Intersection over Union Chi's6 do lucfng (‘io tmn% khép gita
khung du doéan va thuc té
Do chinh x4c trung binh (Chi s6 danh
9 mAP mean Average Precision 0 © Am N xac trung binh (Chi s6 dan
gid mo hinh)
Software Development o s
10 SDK P Bd cong cu phat trién phan mém

Kit

11 TFLite TensorFlow Lite Dinh dang mé hinh hoc sau t6i uu cho

thiét bi di dong
Uniform Resource Puong dan tham chiéu tai nguyén trén
12 URL
Locator Internet

Mo hinh mang no-ron phat hién ddi

13 YOLO You Only Look Once .
tuong thoi gian thuc

vii



Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

MO PAU

1.1  Muc dich thuc hién dé tai:

Xuat phat tir nhu ciu thyc tién ciia nén néng nghiép thong minh, myc dich cbt 161
ctia dé tai 1a nghién ctru giai phap dua tri tué nhan tao (AI) 1én thiét bi di dong, gitp
ngudi ding co thé tiép can cong nghé nhan dién hinh anh mot cach dé dang nhét.

Cu thé, dé tai huéng dén viéc:

Hb tro phan loai ndng san: Tao ra cong cu giup nhan dién trai xoai nhanh
chong, thay thé phuong phap quan sat bang mat thuong von phu thude nhiéu vao
cam tinh.

Lam chi cong nghé méi: Van dung cac kién thire tién tién vé Thi gidc may
tinh (Computer Vision) dé giai quyét bai toan thuc té.

Téi wu héa trai nghiém nguoi ding: Két hop kha nang xir 1y offline (nhan
dién trén may) va luu trit online (Cloudinary) dé tao ra mot tmg dung vira nhanh,
vua nhe.

1.2 Muc tiéu dé tai:

Pé dat duoc cac muc dich trén, dé tai dit ra cac muc tiéu cu thé cAn hoan thanh

nhu sau:

Vé dir liéu: Xay dung bo dit liéu hinh anh trai xoai da dang (vé goc chup,
anh sang) va thuc hién gan nhin chuan xac trén nén tang Roboflow.

V& mo hinh AL: Huin luyén thanh c6ng mé hinh YOLOVS trén moi trudng
Google Colab, sau d6 chuyén doi (convert) mé hinh sang dinh dang phu hop
(TFLite) dé hoat dong duoc trén thiét bi di dong.

Vé ung dung: Xay dung hoan thién tmg dung trén Android Studio véi cac
chic nang: Nhan dién trdi xoai qua anh. DPang ky, dang nhap bdo mat qua
Firebase, tai Ién va quan 1y lich st hinh anh nhan dién qua Cloudinary.

Vé danh gia: Ung dung hoat dong 6n dinh, mé hinh dat d6 chinh xac chép
nhén duoc va tée do phan hoi nhanh.

1.3 Pham vi va ddi twong nghién ciru:

Pbi tuong nghién ctru:

Dic diém thi giac cua trai xoai: Nghién ctru cac dic trung hinh anh giap

phan biét trang thai cia qua xoai nhu: mau sic vo (xanh/vang), két cau bé mat
va cac dau hiéu bat thuong (ddm den, vét thdi) dé phuc vu cho bai toan nhan

dién chat lugng.

Sinh vién thuc hién: Nguyén Manh Quy- Tran Thanh Quy Huy Hudng dan: TS Nguyén Ha Huy Cudng 1



1.4

1.5

Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

Mo hinh hoc sau YOLOVS: Tap trung tim hiéu kién tric mang no-ron ctia
YOLOVS, co ché trich xuit dic trung va cac tham s6 anh hudng dén hiéu suit
nhan dién trén cac thiét bi tai nguyén thap (mobile).

Heé sinh thai phat trién ing dung di dong: Nghién ctru k¥ thuat tich hop
mo hinh AI vao Android (st dung TFLite), co ché xac thyc ngudi dung cia
Firebase Authentication va giao thirc truyén tai hinh anh qua API cua
Cloudinary.

Pham vi nghién ctru:

Pham vi ndi dung: Dé tai tap trung vao bai toan nhan dién (Detection) trai
x0ai, khong di sdu vao viéc phan loai chi tiét timg giéng xo0ai (Classification)
hay danh gid do hu hong (trr khi bd dit li¢u ctia ban c6 label nay).

Pham vi k¥ thuat: Ung dung chay trén hé diéu hanh Android. M6 hinh
dugc huan luyén gi6i han trong tai nguyén mién phi ciia Google Colab.

Pham vi dit liéu: Dit liéu hinh anh duoc thu thap tir ngudn thuc té va
Internet, tap trung vao dbi twong 14 trai xoai Viét Nam.

Phwong phap nghién ciru :
Phuong phap nghién ctu 1y thuyét:

Tim hiéu nguyén 1y hoat dong ctia mang no-ron va kién tric
YOLOvV8.Nghién ctru tai liéu vé phat trién img dung Android, tich hop SDK cua
Firebase va Cloudinary API.

Phuong phap thuc nghiém:

Thu thap va xt 1y dit liéu: Str dung Roboflow dé tién xir Iy (resize,
augment). Hu4n luyén va kiém tht: Train model trén Google Colab, theo ddi cac
chi s6 Loss, mAP dé tinh chinh tham s6.Trién khai va danh gia: Pong goi tng
dung, cai dat 1én thiét bi that dé kiém tra d0 tré (latency) va do chinh xac thuc té.
Ciu tric ciia d0 4n :

Béo céo d6 an dugc trinh bay gom 3 chuong :

Chuwong 1: Tong quan co s& 1y thuyét: Trinh bay cac khai niém vé Deep
Learning, bai toan Object Detection, giGi thiéu tong quan vé YOLOVS va nén
tang Android. Gidi thiéu chi tiét vé cac cong cu hd trg: Roboflow (quan 1y dir
lidu), Google Colab (mdi truong huan luyén), Firebase (x4c thuc) va Cloudinary
(luu trir).

Chwong 2: Cai dit va trién khai: Trinh bay qué trinh huan luyén mo
hinh, cac budc 1ap trinh tich hop mé hinh vao Android va két ndi cac dich vu

dam may.

Sinh vién thuc hién: Nguyén Manh Quy- Tran Thanh Quy Huy Hudng dan: TS Nguyén Ha Huy Cudng 2



Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

Chuong 3: Két qua thwc nghiém va danh gia: Demo giao dién ung
dung, bang s6 liéu danh gia do chinh x4c ctia md hinh va wu nhugc diém cia hé

thong,

Sinh vién thuc hién: Nguyén Manh Quy- Tran Thanh Quy Huy Hudng dan: TS Nguyén Ha Huy Cudng 3



Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

CHUONG 1: TONG QUAN LY THUYET

1.1  Téng quan vé bai toan nhan dién déi twong
D¢ giai quyét bai toan nhan di¢n trai xoai trong do an nay, nén tang ly thuyét cot

16i dwra trén Hoc sau (Deep Learning) va bai toan Phat hién d6i tuong (Object Detection).
1.1.1 Khai niém Deep Learning va CNN

Hoc sau (Deep Learning): Hoc sau 1a mot nhanh chuyén sau ciia Hoc may
(Machine Learning), ldy cam hing tir cdu triic va chiic ning cta bd ndo con
nguoi, dugc goi la mang no-ron nhan tao (Artificial Neural Networks - ANN).
Khac véi cac thuat toan hoc may truyén thong can sy can thiép ctia con ngudi dé
trich xuét dic trung (feature extraction), cdc mé hinh hoc sau c6 kha ning tw dong
hoc cac dic trung tir dit liéu tho thong qua nhiéu ting an (hidden layers).

MGdi tang trong mang no-ron hoc sau s& bién doi dit liéu dau vao thanh cac
biéu dién triru twong hon. Vi du, trong bai toan nhdn dién anh, cac ting dau tién
¢6 thé nhan dién cac canh, goc; cac tﬁng tiép theo nhan di¢n hinh dang (tron, bau
duc); va cac tang cudi cung nhan dién toan b ddi tugng (trai xoai).

Con vé Mang no-ron tich chap (Convolutional Neural Networks - CNN):
Trong linh vuc xir Iy anh, CNN duoc xem 1a kién trac mang hiéu qua nhat va la
nén tang ctia hau hét cac hé thdng nhan dién hién dai (bao gdbm ca YOLO).

1.1.2  Qidi thigu vé bdi todn Object Detection

Phat hién d6i trong (Object Detection) 1a mot bai toan co ban nhung phtrc
tap trong thi giac may tinh. Néu nhu bai toan Phan loai anh (Image Classification)
chi tra 161 cau héi "Trong anh c6 céi gi?" (vi du: anh nay la qua xoai), thi bai toan
phat hién d6i tugng phai giai quyét nhiém vu phan loai (Classification): Xéc dinh
danh tinh ciia d6i twong (Xoai xanh, Xoai chin, hay Xoai hong).

Pau ra clia bai toan:Voi mdi ddi tugng duoc phat hién trong anh, mé hinh
s& tra vé cac thong tin sau: Nhin 16p (Class Label): Tén cia d6i tuong dugc du
doan (Vi du: "Ripe Mango").Dd tin ciy (Confidence Score): Mot gia tri xac suét
(thuong tir 0 dén 1) thé hién muc do chic chan ciia mé hinh vé du doan do.

Ung dung trong d6 4n: Trong pham vi d6 an ndy, bai toan Object Detection
duoc luya chon thay vi Classification don thuan boi tinh ung dung thuc té cao hon.
Mot bic anh chup thuc té thuong chua nhiéu trai xoai véi céc trang thai khac
nhau (vira c6 qua xanh, vira c6 qua hong) nam lan 1on. Object Detection cho phép

hé thong dém s6 lugng, dinh vi timg qua va danh gia chat luong riéng biét cho
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timg ddi tugng trong ciing mot khung hinh, diéu ma bai toan phén loai don thuan
khong thé thuc hién duoc.

1.2 M®& hinh YOLOVS8 (You Only Look Once):
1.2.1 Lich si¢ phdt trién cdc phién bin YOLO

Thuat toan YOLO (You Only Look Once) dai dién cho mot budc ngoat
lich st trong linh vuc thi gidc mdy tinh, duoc gi6i thiéu lan dau tién vao nim
2015 bdi Joseph Redmon. Trude khi YOLO xuét hién, cac hé thong nhan dién
dbi twong chu yéu dua trén cac phuong phap "Two-stage" (hai giai doan) nhu R-
CNN, von thuc hién tach biét viéc dé xuét vung chira doi tuong va phan loai
chung. YOLO da pha v& rao can ndy bang cach dé xuat mot hudng tiép can "One-
stage" (mot giai doan) ddt pha: coi viéc phat hién doi tuong nhu mot bai toan hoi
quy don Ié.

Giai doan khéi dau (YOLOv1 - YOLOvV3): * YOLOvI (2015): La nén
tang cho tu duy "nhin mét 1an", dy doan truc tiép cac khung bao (bounding boxes)
VA xéc suét 16p tir toan bo hinh anh trong mot 1an tinh toan duy nhat. Tuy nhién,
phién ban nay con han ché trong viéc nhan dién céac vat thé nhé nam séat nhau.

YOLOV2 (2016): Con dugc goi la YOLO9000, gidi thi¢u cac k§
thuat quan trong nhu Batch Normalization va st dung Anchor Boxes dé
cai thién kha nang dinh vi déi tuong.

YOLOV3 (2018): Str dung mang Darknet-53 manh mé€ hon va k¥
thuat du doan da quy mo (multi-scale predictions), gitp cai thién dang ké
dd chinh x4c dbi v&i cac vat thé nho.

Giai doan bung nd hiéu ning (YOLOv4 - YOLOV7):

Day la giai doan ma quyén quan Iy ma ngudn bat dau chuyén giao
cho cdc nhom nghién ctru khac nhau.

YOLOv4 va YOLOVS: Mang dén sy toi vu vuot troi vé toe do huan
luyén va kha nang trién khai. Pac biét, YOLOvS do Ultralytics phét trién
da trd thanh tiéu chuan cong nghiép nho tinh dé dung va thu vién hd tro
tan tinh.

YOLOvV6 va YOLOV7: Tiép tuc day gi6i han vé toc do xtr Iy (FPS)
va d6 chinh xac (mAP) 1én nhiing tim cao méi thong qua céc cai tién vé
kién trac mang nhu E-ELAN.

Ky nguyén hién dai - YOLOVS (Thang 1/2023): * Pugc chinh thirc ra mat
boi Ultralytics — don vi dung sau thanh cong vang doi cia YOLOVS.

YOLOVS khong chi 1a mot su nang cap vé thong s, ma la mot

budc nhdy vot vé kién trac. N6 ké thtra hoan hdo nhiing wu diém tur cac
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thé hé trudc, dong thoi tich hop nhing k¥ thuat tién tién nhat nhu kién
trdc Anchor-Free (khong dung khung neo) va cac module C2f cai tién.

Pay hién duoc xem la phién ban tién tién nhat (State-of-the-Art),
duoc thiét ké nhu mot nén tang da ning, ho tro tir phat hién dbi tuong,
phan doan hinh anh (segmentation) cho dén uwéc lugng tu thé (pose
estimation).

Viéc lva chon YOLOVS cho bai todn nhan dién d6 chin cuia trai xoai trong
dd an nay khong chi dua trén danh tiéng ctiia dong ho YOLO, ma con dua trén
kha nang t6i uu hoa thyc té ctia n6 ddi vai cac thiét bi di dong co tai nguyén gidi
han. Sy ké thira va phat trién qua gin mot thap ky di bién YOLOVS thanh mot
cong cu manh mé, cin bang hoan héo giira téc d6 xtr 1y thoi gian thuc va d6 chinh
xac can thiét cho néng nghiép thong minh.
1.2.2 Kién triic mang va cdi tién ciia YOLOvS

YOLOV8 mang dén nhiing thay doi dédng ké vé mat kién triic so véi cac
phién ban tién nhiém:

Anchor-Free Detection (Phat hién khong dung neo): Dy 1 cai tién
16n nhit. Thay vi dira vao cac khung neo (anchor boxes) dugc dinh nghia
trude (dé gay kho khin khi d6i twong c6 hinh dang bat thudng), YOLOvVS
dur doan truc tiép tAm cua d6i twong. Diéu nay gitip mo hinh linh hoat hon
va giam bét s6 luong siéu tham s can tinh chinh.

Module C2f méi: Phian Backbone (xuong séng) ciia mang thay thé
khéi C3 cii bang khéi C2f. C2f duogc thiét ké dé cai thién ludng gradient,
gitip mo hinh hoc dugc cac dic trung phong pht hon nhung van dam bao
trong lugng nhe.

Decoupled Head (Pau ra tach biét): YOLOVS tach riéng hai nhanh
nhiém vu: mot nhanh xur 1y viéc phan loai (Classification) va mdt nhanh
xtr Iy viéc dinh vi khung hinh (Regression). Vi¢c tach biét nay gitp tang
do chinh xac hdi tu cua mo hinh.

Ham mat méat (Loss Function) méi: Sir dung VFL Loss cho phan
loai va DFL Loss + CIOU Loss cho dinh vi, giip mé hinh "phat" nang hon

cac du doan sai 1&ch vi tri.

Sinh vién thuc hién: Nguyén Manh Quy- Tran Thanh Quy Huy Hudng dan: TS Nguyén Ha Huy Cudng 6



Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

CAu trac téng quan ctia YOLOVS
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Hinh 1.1 Cau trtc tong quan cia YOLOVS
YOLOV8 bao gdm ba thanh phan chinh trong kién tric:

e Backbone: Chju trach nhiém trich xuat dic trung tir anh dau vao. Trong
YOLOVS, backbone st dung kién trac CSPDarknet hodc mét sb bién
thé nhe hon, gilp ting kha ning hoc dic trung ma khdng ting nhiéu
tham so.

e Neck: La cau nbi gitra backbone va head, dung dé tong hop céc dic
trung & nhiéu cdp do khac nhau. Neck thuong sir dung FPN (Feature
Pyramid Network) hoic PANet nhim ting kha ning nhan dién d6i
tuong & nhiéu kich thude.

e Head: Pau ra cia md hinh, noi dién ra qua trinh dy doan cac bounding
box, class (nhin d6i twong), confidence score (do tin ciy) twong Ung.

Ngoai ra YOLOV8 con str dung cac ky thuat nhu:

e Anchor-free detection: Khong can dinh nghia truéc cac anchor box,
gitip don gian hoa qua trinh huin luyén.

e Auto-learning bounding box: Cai thién d6 chinh xac trong viéc du doan
vi tri va kich thudc vat thé.

e Loss Function cai tién: Ti wu ham mat mét giip mo hinh hoi tu nhanh
va chinh xac hon.

Uu diém ndi bac ciia YOLOVS:

e Tbc d6 xir Iy nhanh: YOLOVS c¢6 thé chay real-time trén ca CPU va
GPU, thich hop cho ung dung yéu cau phan hoi thoi gian thuc nhu
camera giam sét hay thiét bi nhiing.

e D0 chinh xé4c cao: Pugc tinh chinh va cai tién thuat toan, YOLOVS dat
diém mAP (mean Average Precision) rat cao trén nhiéu bo dir licu
benchmark.

e D& str dung va trién khai: Thu vién Ultralytics hd tro cai dit nhanh qua
pip, cO sin c6 model pre-trained, tai liéu rd rang va ci phap 1ap trinh
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ngan gon.

e Tuy bién tét: Cho phép dé dang fine-tune trén dataset riéng hd tro
export md hinh sang nhiéu dinh dang (ONNX, TorchScript, CoreML...)
dé trién khai linh hoat trén nhiéu nén tang.

1.2.3 Ly do lwa chon YOLOvS:

Viéc trién khai cac mo hinh Tri tué nhan tao (AI) trén cac thiét bi di dong,
hay con goi 1a Edge Al ludn 12 mot thach thirc 16n dbi véi cac nha phat trién do
nhiing gi6i han khat khe vé tai nguyén phan ctrng nhu dung lugng pin, hiéu suat
CPU, kha nang tinh toan ciia GPU va by nhd RAM. Sau qua trinh nghién ctru va
so sanh thyc nghi¢m, nhém thuc hién da quyét dinh lya chon YOLOVS lam kién
trac c6t 161 cho hé thdng vi nhitng 1y do chién lugc sau day:

Su t6i wu vuot tri ctia bién thé Nano (YOLOv8n) YOLOVS khong chi 1a
mot md hinh don 1é ma 1a mot hé sinh thai véi nhiéu kich thudc khac nhau dé
pht hop véi moi loai thiét bi. Trong dé, bién thé YOLOv8n (Nano) 1 Iya chon
t61 wu nhit cho db 4n nay nho cac dic diém:

Kich thuéc siéu nho: Day 1a bién thé c6 sé lwong tham sb it nhat
va trong luong file mo hinh nhe nhit trong "gia dinh" YOLOVS. Piéu nay
cho phép tmg dung khdi chay nhanh chéng va khéng chiém dung qua
nhiéu bd nh¢ luu trit clia dién thoai.

Do chinh xéc 4n tuong: Mac du dugc luge bo dang ké vé sb lugng
tﬁng mang dé tbi wu tdc d6, YOLOV8n van duy tri dugc do chinh xéc rat
t6t v6i khoang 37.3 mAP trén tap dir liéu COCO. Déi voi bai toan nhan
dién trang thai trai xoai (Xanh, Chin, Hong), mtrc do chinh xac nay 1a hoan
toan dap tmg dugc yéu cau thyc té.

Kha ning xuit ban va tinh twong thich cao (Exportability) Mot trong
nhiing rao can 16n nhét khi dua Al 1én di dong 14 viéc chuyén doi dinh dang mo
hinh tir moéi trudng hudn luyén (Python/PyTorch) sang méi truong thuc thi
(Android/Java/Kotlin). YOLOVS da giai quyét triét dé van dé nay:

H6 tro da dinh dang: Framework ctia Ultralytics ho tro chuyén doi
muot ma sang cac dinh dang t61 wu cho di dong nhu TFLite (TensorFlow
Lite) hay ONNX.

Tich hop d& dang: Viéc xudt mo hinh kém theo Metadata gitip qua
trinh tich hop vao Android Studio tré nén don gian, giam thiéu cac 15i

logic khi xtr Iy dau vao va dau ra cia mang no-ron.
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Su can bang hoan hao gira Téc d6 va Do chinh xac Trong bai toan nhan
dién nong san, toc do phan hoi 1a yéu td tién quyét dé tao ra trai nghiém ngudi
dung tbt.

Dan dau vé thoi gian thyc (Real-time): So v6i cac ddi thu cung
phan khtc nhu SSD MobileNet, YOLOVS hién dang din dau vé kha ning
xtr 1y hinh anh véi d6 tré cuc thap (low latency).

T6i wu hoa ludng dir liéu: Nho kién trac C2f va co ché Anchor-
free, mo hinh c6 thé thuc hién suy luan (inference) ngay 1ap tirc khi ngudi
dung chup anh, giup viéc phan loai chét luong trai xoai dién ra gan nhu
tuc thi.

Cong déng hd tro va Hé sinh thai cong cu manh mé Viéc str dung YOLOVS
gitp nhom tan dung dugc su hd trg tir thu vién Ultralytics véi tai liéu huong dan
chi tiét, cic mo hinh pre-trained phong phti va cong dong nha phat trién dong
dao. DPiéu nay gitp viée xir Iy cac 161 phat sinh trong qué trinh huan luyén va trién
khai tré' nén hiéu qua hon, dam bao tién do hoan thanh do an.

Tom lai, YOLOvVS khong chi la mdt cong cu nhan dién manh mé ma con
1a giai phap k¥ thuat toan dién, giai quyét dugc sy mau thuln giita yéu cau vé do
chinh x4c cao va sy han ché vé phan ctng cta thiét bj di dong.

1.2.4 Cac bién thé ciia mé hinh YOLOVS

Mot trong nhitng vu diém vuot troi giup YOLOVS trd thanh tiéu chudn
mai trong linh vuce thi gidc may tinh 14 kha ndng md rdng (scalability) linh hoat.
Thay vi chi cung cAp mot md hinh duy nhét, Ultralytics da thiét k& mot hé sinh
thai bao gdm 5 bién thé voi kich thude va do phic tap khac nhau. Sy phan cép
nay cho phép nha phat trién lya chon mé hinh t6i wu nhat tiiy thude vao tai nguyén
phan cing va yéu cau vé do chinh xac cua bai toan cy thé.

Céac bién thé cia YOLOVS dugc ky hiéu dua trén kich thudc tir nho dén
16m: Nano (n), Small (s), Medium (m), Large (1), va XLarge (x).

YOLOv8n (Nano): Py la bién thé nho nhat va nhanh nhat trong
hé sinh thai YOLOVS. Vi sb lugng tham sb cuc thép, mo hinh nay duoc
t6i uu hoéa hoan toan cho cac thiét bi di dong va thiét bi nhing cé tai
nguyén han ché vé CPU, RAM va dung luong pin. Mic du ¢6 kich thudc
khiém tén, YOLOV8n van dat duoc do chinh xac 37.3 mAP trén tap dir
ligu COCO, di manh mé cho cac bai toan nhan di€n néng san trong thuc

I4
A

te.
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YOLOV8s (Small): Phién ban nay can bang giira tc d6 va do chinh
xé4c. N6 phu hop cho cac img dung yéu cau do chinh xac cao hon Nano
nhung van can duy tri tc d xtr Iy nhanh trén cic phan cimg tim trung.

YOLOv8m (Medium): Bién thé nay c6 s6 lugng tham sé 16n hon,
mang lai kha ning trich xuat dic trung phirc tap tot hon. N6 thuong duoc
trién khai trén cac hé thong c6 hd tro GPU rdi dé dam bao tdc do phan hoi.

YOLOV8I (Large) va YOLOv8x (XLarge): Pay 1a hai bién thé cao
cAp nhét, tap trung toi da vao do chinh xac. V&i hang triéu tham sé va ciu
truc mang day dac, ching thuong duogc str dung trong cac nhi¢m vy nghién
ctru hodc cac hé théng giam sat server-side, noi tai nguyén tinh toan khong
phéi la rao can.

Duéi day 1a bang so sanh cac thong sé k¥ thuat co ban gitp lam ndi bat
su khéc biét gitra cac bién thé:

Bang 1.1 Bang so sanh cac thong s6 ki thuat cta cac phién ban YOLOvVS

Bidn (hi Kich thu6c ~ mAP val Tbéc dd (CPU  Sbthamsé  FLOPs
(pixels) (50-95) ONNX - ms) (M) (B)
YOLOVSN 640 37.3 80.4 3.2 8.7
YOLOVS8s 640 44.9 128.4 11.2 28.6
YOLOv8m 640 50.2 234.7 25.9 78.9
YOLOvsI 640 52.9 375.2 43.7 165.2
YOLOV8x 640 53.9 479.1 68.2 257.8

Xuét phat tir muc tiéu trién khai Al trén thiét bi di dong (Edge AI), dd an
nay uu tién yéu té téc do xir Iy va sy muot ma trong trai nghiém nguoi dung.
Viéc lya chon YOLOv8n mang lai nhitng loi ich thiét thuc:

Téi wu hoa d6 tré (Latency): Gitp ung dung c6 kha niang nhan dién
trai xoai gan nhu ttc thi khi ngudi ding chup anh.

Tiét kiém nang luong: Giam thiéu gdnh nang tinh toan cho vi xtr Iy
ctia dién thoai, gitp thiét bi khong bi néng va tiéu ton pin qua nhanh khi
st dung lién tuc.

Dung lugng nhe: Tép md hinh sau khi chuyén d6i sang dinh dang
TFLite c6 kich thuéc nho, dé dang tich hop vao bo cai dit cia tmg dung
Android Studio.

1.2.5 Ky thudt tang cwong dir liéu (Data Augmentation) trong YOLOVS
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K¥ thuat ting cudng dir lidu (Data Augmentation) dong vai tro then chét
trong viéc nang cao hiéu nidng cua cac mo hinh hoc su noi chung va YOLOvS
noi riéng. Pay la qua trinh can thi€p vao tap dir licu géc dé tao ra cac bién thé
hinh &nh mé&1 ma khong lam thay ddi nhan cua d6i tuong, gitip mo hinh hoc dugc
cac ddc trung mang tinh tong quat hon va giam thiéu rui ro sai 1éch khi ap dung
vao thuc té.

Trong pham vi d6 4n nay, cac ky thuat ting cuong dir liéu dugc thyc hién
tap trung thong qua nén tang Roboflow nhim giai quyét cac thach thic cua bai
toan nhan dién trai xoai trong moi truong tu nhién.

Muc dich cua viéc tang cuong dir lidu:

Tranh hién tugng hoc vet (Overfitting): Viéc chi huén luyén trén
mot sd lugng anh ¢ dinh ¢6 thé khién mé hinh ghi nhé may moc cac chi
tiét nhidu thay vi hoc cac dic trung thuc sy cla trai xoai. Tang cuong dir
ligu gitip lam giau bo dir liu, bat budc md hinh phai hoc cach nhan dién
doi tuong dya trén cac dac diém cbt 1.

Tang tinh tong quat héa: Giap md hinh c6 kha ning nhan dién t6t
trai xoai trong nhiéu diéu kién khac nhau nhu goc chup, khoang cach va
mdi truong anh sang thay doi.

Céc k¥ thuat tang cuong cu thé duoc ap dung:Dya trén dac diém thi giac

cua trai xoai va yéu cau thyc té€ tai vuon, do an da ap dung céac ky thuat sau:

Xoay va lat hinh anh (Rotate & Flip): K¥ thuat nay tao ra cac hinh
anh trai xoai & nhiéu huéng nhin khac nhau. Diéu nay cuc ky quan trong
vi trong thyuc té, ngudi dung c6 thé chup trai xoai tir bat ky goc do nao
hoic trai xoai c¢6 thé ndm & cdc vi tri ngiu nhién trén canh cay.

Piéu chinh d6 sang (Brightness Adjustment): Bang cach thay doi
cuong do sang cua anh, mo hinh dugc rén luyén dé nhan dién trai xoai 6n
dinh ngay ca trong diéu kién anh sang mat troi ruc rd, dudi bong ram hodc
trong moi truong thiéu sang.

Tu dong diéu chinh d6 tuong phan (Auto-Adjust Contrast): P6 an
sir dung k¥ thuat Adaptive Equalization dé 1am rd céc chi tiét bé mit. Viéc
nay gitp moé hinh nhan dién chinh xac hon cac diu hiéu bat thuong nhu
db6m den, vét thdi trén 16p vo ciia nhiing trai xoai hong (unhealthy).

Thay d6i kich thudc va dinh dang (Resize): Toan bo anh dugc dua
vé chuan dau vao 640x640 ciia YOLOVS. Qué trinh nay dam bao tinh nhat
quan vé kich thudc dbi twong, giup mo hinh hoc duge cach trich xuat dic
trung hiéu qua nhat.
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Hi¢u qua mang lai ddi v6i bai toan nhan dién: Viéc ap dung déng b0 cac
k¥ thuat tang cuong dir liéu da mang lai nhiing két qua thyc nghiém an twong cho
d6 an:

M0 hinh dat d§ chinh xac trung binh (mAP50) 1én t&1 93.3%.

Kha ndng nhan di¢n 16p "Xoai hong" dat d chinh xac Xép X1 98%,
cho thdy mé hinh d3 hoc duoc rat tét cac chi tiét bénh 1y phirc tap trén vo
qua nhd vao viéce t6i vu héa hinh anh.

Ung dung hoat dong on dinh va c6 kha nang phan hdi nhanh chéng
khi ngudi ding chup anh thyc té.

1.2.6 Cdc chi so dinh gid higu nang mé hinh

Trong céac bai toan phat hién ddi twong (Object Detection), viéc danh gia
hiéu ning ctia mé hinh khéng chi dua trén cam quan ma can thong qua céc chi sb
do ludng dinh luong cu thé. Cac chi sd nay giup xac dinh kha niang phan loai
dung nhan 16p va kha ning dinh vi chinh xac khung bao ctia mé hinh. Trong d6
an nay, hiéu nang cia YOLOVS dugc danh gid dua trén cac tiéu chi cot 16 sau:

Precision (P9 chinh x4c)

Precision dai dién cho kha nang du doan ding ctia mé6 hinh trong
s tAt ca cac truong hop ma mé hinh dd gin nhén 1a d6i twong. Chi sb nay
trd 101 cho cau héi: "Trong sb cac trai xoai ma mo hinh nhan dién duoc,
c¢6 bao nhiéu phan trim 1a thue sy dang?".

Cong thue tinh:

TP
TP + FP

Precision =

Trong do:
TP (True Positive): Sb luong ddi tuong duoc md hinh du
doan ding (vi du: mé hinh bao 1 x0ai chin va thuc té 13 x0ai chin).
FP (False Positive): S6 lugng d6i tugng bi du doan sai (vi
du: mo hinh bao 1a x0ai hong nhung thyc té 14 xoai xanh).
Chi s6 Precision cao cho thdy mé hinh rét "can trong" va c6 do tin

cay 16n trong mdi du doan dua ra
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Recall (D6 bao phu / D triéu hdi)

Recall do lvong khéa nang tim théy toan bo cac doi tuong thuc té ¢6
trong hinh anh. Chi sé nay tra 15i cho cau hoi: "Trong s tit ca cac trai
x0ai thuc su ton tai trong anh, mo hinh da phat hién dugc bao nhiéu qua?".

Cong thuec tinh:

TP

il =
Reca TP~ FN

Trong do:

FN (False Negative): S6 luong ddi tuong ma mé hinh di bo
sot (vi du: thuc té c6 xoai hong nhung moé hinh khong phat hién
duogc).

Recall cao cho thidy mé hinh c6 kha ning bit dugc hau hét cac dbi
tuong can tim, giam thiéu tinh trang bo s6t nong san trong qué trinh kiém
dinh.
mAP (mean Average Precision)

mAP 1a chi s6 quan trong va toan dién nhit dé danh gia cac mé
hinh Object Detection nhu YOLOVS. N¢ 1a gia tri trung binh ctia d§ chinh
Xéc trung binh (Average Precision - AP) trén tt ca cac 16p dbi tuong.

mAP@0.5: La chi sé mAP duoc tinh toan khi ngudng giao
nhau (loU - Intersection over Union) gitta khung bao du doan va
khung bao thyc té dat tir 0.5 tr¢ 1én. Chi s6 ndy danh gia kha ning
nhén dién ddi tuong & muc do chﬁp nhan duoc.

mAP@0.5:0.95: La chi s6 trung binh ctia mAP tinh trén cac
ngudng IoU bién thién tir 0.5 dén 0.95 voi budc nhay 0.05. Pay l1a
chi s6 khat khe nhat, yéu cau mo hinh khong chi nhan dién ding
nhan ma con phai dinh vi khung bao cuc ky chudn xAc.

Chi s6 giao nhau IoU (Intersection over Union)

TIoU 12 mot khai niém b trg nhung khong thé thiéu dé tinh toan
Precision va Recall.

Cong thuc tinh:
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Area(Bprea N Byt)
Area(Bpreq U Byt)

Toll =

Y nghia thyc tién d6i v6i d6 an
Viéc theo ddi chat ché cac chi s nay trong qué trinh huan luyén
gitip nhém thyc hién cé thé:
Danh gia khach quan nang luc cua mo6 hinh YOLOVS trén
tap dir liéu trai xoai Viét Nam.
Can bang gifta viéc tranh dy doan nham (ting Precision) va
tranh bo sot (tang Recall).
bam bao md hinh sau khi tich hop vao Android Studio c6
thé hoat dong on dinh v6i chi s6 mAP cao, dap tng dugc tiéu chuin
cia mot tmg dung hd tro ndng nghiép thong minh
1.2.7 Co ché téi wu héa cho thiét bi di dpng (TFLite Export)

Viéc trién khai cdc md hinh hoc siu trén thiét bi di dong luén ddi mat véi
nhimg thach thtrc 16n vé gidi han phan cimg nhu dung luong pin, hiéu ning CPU
va bd nhd RAM han ché. Dé giai quyét bai toan ndy, quy trinh t6i vu héa md
hinh tir dinh dang huén luyén gc (PyTorch) sang dinh dang thuc thi trén di dong
(TensorFlow Lite) 1a mot budc bit budce va téi quan trong trong do 4an.

Khai niém vé TensorFlow Lite (TFLite)

TensorFlow Lite 12 mot framework may hoc mad ngudn mé cua

Google, dugc thiét ké chuyén biét dé chay cadc mo hinh trén cac thiét bi co

tai nguyén thap nhu dién thoai thong minh hodc céc thiét bi nhing. TFLite

khong chi giup giam kich thudc tép mé hinh ma con tdi wu hoa cac phép
toan toan hoc dé tan dung t61 da strc manh ciia cac bo xu 1y di dong.

Quy trinh xuat mé hinh va tich hop Metadata

Qua trinh chuyén d6i mo hinh trong dd an duoc thuc hién thong
qua thu vién Ultralytics trén mdi truong Google Colab.
Chuyén ddi dinh dang: Mo hinh sau khi huén luyén dat do
chinh x4c cao nhat (file best.pt) dugc chuyén doi sang dinh dang
Aflite.
Tich hop Metadata: Piém dic biét trong quy trinh nay 1a

viéc nhing Metadata (siéu dit liéu) tryc tiép vao file mo hinh.
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Metadata chira thong tin vé tén cac nhén 16p (ripe-mango, unripe-

mango, unhealthy) va cac tham s6 cdu hinh dau vao/dau ra. Diéu

nay gitp thu vién TFLite trong Android Studio c6 thé ty dong hicu
c4u trac mo hinh ma khong can lap trinh vién phai dinh nghia lai
thil cong bang ma ngudn, giup giam thiéu sai sot ky thuat.

Céc co ché t6i vu hoa cdt 15

Téi wu hoa kich thude: Tép mo hinh sau khi xudt duoc giam thiéu
dang ké vé dung luong, gitp ung dung Android nhe hon va d& dang tai
xudng.

Giam db tré (Latency): TFLite t6i wu hoa ludng dir liéu d¢é mé hinh
c6 kha niang phan hoi ngay 1ap tirc khi nguoi dung chup anh trai xoai,
mang lai trdi nghiém muogt ma.

HJ tro ting toc phan ctng: Dinh dang TFLite cho phép tmg dung
tan dung cac b tang tdc phan cing nhuw GPU Delegate dé dat toc d6 khung
hinh cao (FPS) trong cic phién ban phat trién tuong lai.

Hiéu qua thyc té trong d6 an

Nho vao co ché t6i vu hoa nay, tng dung di dat duogc nhitng két
qua thuc nghi¢m kha quan:

Xtr Iy Offline: M6 hinh c6 thé chay tryuc tiép trén thiét bi ma
khong can két ndi Internet, dam bao téc do va tinh riéng tu.

Tiét kiém tai nguyén: Giam b6t ganh ning tinh toan cho
thiét bi, gitp han ché tinh trang néng may va tiéu hao pin nhanh
khi str dung lién tuc.

Tich hop thuan tién: File TFLite dugc dua truc tiép vao thu
muc assets cua Android Studio, cho phép nap mé hinh va thyuc hién
suy luan (inference) mdt cach nhanh chong.

Tom lai, co ché TFLite Export khong chi don thuan 1a mét bude chuyén
d6i dinh dang, ma 1a mot quy trinh k¥ thuat gitp thu hep khoang cach gitta mot
mod hinh Al ning né trén may chii va mot ing dung di dong tinh gon, hiéu qua
trén tay nguoi nong dan.

1.3 Nén tang phat trién wng dung
1.3.1 H¢ diéu hanh Android va Android Studio

Hé diéu hanh Android 12 mot nén tang phan mém ma ngudn md dua trén

nhan Linux (Linux kernel), dugc thiét ké chu yéu cho cac thiét bi di dong c6 man

hinh cam ung nhu dién thoai thong minh va may tinh bang. Ké tir khi ra mat,
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Android d4 nhanh chéng vuon 1én trg thanh hé diéu hanh di dong phd bién nhét,
nam gitr thi phan 16n nhat thé giGi hién nay.

Su thanh coéng cia Android trong nghién ciru va phat trién cong nghé bat ngudn
tlr cac dic diém sau:

M3 ngudn mé va tinh tiy bién: V6i ban chat 1 ma ngudn mé, Android
cho phép cac nha phat trién can thiép sau vao hé théng, toi wu hoa cac 16p phan
ctmg va phan mém dé dap umg cac yéu cau khat khe cua tmg dung.

Hé sinh thai da dang: Kha ning twong thich vdi nhiéu cAu hinh phan cting
khac nhau gitip Android trd thanh méi truong 1y tudng dé thir nghiém cac cong
nghé mai, dac bi¢t 1a cac ung dung tich hop tri tué¢ nhan tao (Al) va thi gidc may
tinh.

Hd tro ting téc phan cung: Android cung cdp cac bd API nhu Neural
Networks API (NNAPI), cho phép cac mé hinh hoc sdu (Deep Learning) c6 thé
tan dung stc manh xtr 1y cua GPU hodc cac b xu 1y than kinh chuyén dung
(NPU) trén thiét bi di dong, gitip t6i wu hoa tbc do nhan dién dbi twong.

Méi truong phat trién Android Studio:

Android Studio 1& Mbi truong phat trién tich hop (IDE) chinh thic va
manh mé& nhit do Google cung cip, dugc xdy dung dua trén nén tang IntelliJ
IDEA nham phuc vu riéng cho viéc phat trién tng dung Android. Trong pham vi
dd an nghién cru vé nhan dién trai xoai, Android Studio déng vai trd 13 "trung
tam diéu khién", noi tich hop tat ca cac thanh phan tir giao dién nguoi dung, logic
xtr Iy dén mé hinh AL

Céc cong cu va tinh ning thiét yéu ma Android Studio cung cip bao gom:

Hé théng xay dung Gradle: Gradle 1a mét cong cu ty dong hoa viée
xay dung (build) rng dung linh hoat, gitip quan ly cac thu vién phu thudc
(dependencies) mot cach hi¢u qua. Trong du 4n nay, Gradle dong vai tro
quan trong trong viéc tich hgp cac thu vién Machine Learning nhu
tensorflow-lite va cac SDK tir bén thir ba nhu Firebase hay Cloudinary.

Trinh mé phong (Android Emulator): Cho phép kiém thir tng dung
trén nhiéu cau hinh thiét bi va phién ban hé diéu hanh khac nhau ngay trén
may tinh ma khong can thiét bi that, giup tiét kiém thoi gian va t6i wu hoa
giao dién.

Cong cu Debug va Profiler: Android Studio cung cip cac cong cu
theo ddi hiéu nang hé théng chuyén sau. Diéu nay cuc ky quan trong khi
trién khai mé hinh YOLOvV8 dudi dang TFLite, vi nha phat trién co thé
theo ddi lwgng RAM tiéu thu, murc st dung CPU/GPU va do tré (latency)
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khi mé hinh thuc hién suy luan, tir d6 dwa ra cac giai phap toi vu hoa phan

mém.

H trg ngdn ngit Kotlin: Android Studio wu tién hd trg Kotlin —
ngodn ngit 14p trinh hién dai, an toan va ngan gon, gitip viéc viét code xtr
1y hinh anh va tich hop may hoc trd nén hiéu qua va it 16i hon.

1.3.2 Ngon ngiv lgp trinh (Java/Kotlin)

Trong qué trinh phét trién tng dung di dong cho dé tai nhan dién trai xoai,
nhom thyc hién da lya chon Kotlin lam ngdén ngtr 1p trinh chinh. Pay 1a mot
ngon ngit 1ap trinh hién dai, tinh (statically typed), chay trén may 4o Java (JVM)
va da dugc Google chinh thirc cong nhan 14 ngdn ngit uu tién hang dau (Kotlin-
first) cho phat trién ing dung Android Native ké tir nam 2019.

Viéc lya chon Kotlin mang lai nhitng loi thé vuot troi, giup t6i vu héa qua
trinh xdy dung hé thong nhan dién dua trén Al:

Tinh hién dai va ngén gon: Kotlin loai bé cac ci phap rudm ra cua
Java, giip md ngudn trd nén sach s&, dé doc va dé bao tri hon. Piéu nay
dic biét quan trong trong cac tac vu xtr Iy anh va diéu phdi ludng dir liéu
tir camera dén mo hinh hoc siu, noi logic 1ap trinh can su chuin xac va
minh bach.

An toan voéi 16i Null (Null Safety): Mot trong nhitng nguyén nhan
phd bién gay 15i tng dung Android 1a NullPointerException. Kotlin giai
quyét vin dé nay bang hé thdng kiéu dit liéu an toan, giup ngin chin 16i
ngay tir bude bién dich. Trong d6 4n, tinh ning ndy dam bao Gng dung
hoat dong on dinh khi xtr 1y cac ddi tuong hinh anh hodc phan hdi tir server
ma khong bi dirng dot ngdt.

Ho trg manh mé céac thu vién may hoc (Machine Learning): Kotlin
cung cap kha ning tich hop va xdy dyng hoan hao vdi thu vién
org.tensorflow:tensorflow-lite, cho phép nap va thuc thi mo6 hinh
YOLOV8 mét cach muot ma trén thiét bi di dong. Nho vao kha nang xu
1y bat dong bd (Coroutines), Gmg dung c6 thé thuc hién suy luan Al
(inference) & ludng nén, giup giao dién ngudi dung khong bi giat lag khi
nhan dién trai xoai.

Tuong thich t6i wu v6i hé sinh thai Google va bén thir ba: Kotlin
c6 kha ning tuong tac 100% véi Java, giup dé dang tich hop cic bod cong
cu phat trién phﬁn mém (SDK) hién dai nhu Firebase Authentication dé

quan 1y ngudi dung va Cloudinary API dé luu trit hinh anh trén dam may.
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Céc thu vién nay déu cung cép tai liéu va hd tro tot nhat cho Kotlin, giup

nhom rat ngan thoi gian trién khai logic backend.

Cong dong hd tro va hé sinh thai phong phi: Vi vi thé 1a ngon ngir
nén tang cua Android, Kotlin s¢ hitu mot cong dong nha phat trién khong

16 trén toan cau. Didu nay gitp nhom thuc hién dé dang tiép can cac giai

phap cho cic van dé k¥ thuat phat sinh, tir viéc toi wu héa hiéu ning mo

hinh TFLite dén viéc xtr 1y céc 15i logic phirc tap trong qua trinh phét trién
mg dung thuc té.

Vi¢c st dung Kotlin khong chi ddm bao trng dung dat dugc hi¢u suét cao
nhat ma con giup viéc tich hop cac cong nghé phuc tap nhu YOLOVS tré nén
hiéu qu4, tao nén tang viing chic cho mot img dung nhan dién néng san thong
minh va 6n dinh.

1.4 Cac cong cu va dich vu tich hgp
1.4.1 Roboflow: Qudn Iy va tién xiv Iy div liéu dnh

Roboflow 1a mdt nén tang toan dién hd tro quy trinh MLOps (Machine
Learning Operations), dugc thiét ké chuyén biét dé quan 1y vong doi cta cac du
an thi giac may tinh. Trong dd 4n nay, Roboflow dong vai trd 1a "cau nbi" quan
trong gitta dit liéu thé va mé hinh huin luyén, giup t6i uvu hoéa cong tac chudn bi
dir liéu cho YOLOWVS.

Quy trinh xay dung bo dir liéu nhan di¢n trai xoai trén Roboflow dugc
thuc hién theo cac budc 1y thuyét va thuc tién sau:

Thu thap va Tai lén (Upload): Toan bd hinh anh tréi xoai tir cac
ngudn thye té (vudn chup) va Internet duoc tip trung vé mot kho luu trit

duy nhét trén dam may.

Universe n

e B | Search images Q Search
Split v Classes v Sort By Newest v G Search by Image

mango 0 images selected @D Show annotations = ‘ 22}

Object Detection

GENERAL

DEPLOY

¢ Model 1
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MANGO > [E] ANNOTATE
e
1MG_20240904_112038_330-3. jpg

Annotations

Group: mango
Labels

Classes Layers

iii

® overripe mango

<>

Raw Data

Unused Classes

Tags
O
No Tags Applied

Type and select 1ags below ta
add them to the image

Hinh 1.2: D liéu anh tai Ién Roboflow

Gan nhin d6i twong (Annotation):

Str dung cong cu vé& khung bao (Bounding box) truc quan dé
xac dinh vi tri cta ting trai xoai trong anh.

Gan nhin cho 3 16p ddi tuong cu thé: ripe-mango (XoAi
chin), unripe-mango (xoai xanh), va unhealthy (xoai hong).

Qua trinh nay duoc thuc hién thu cong dé dam bao do chinh
xé4c cao nhat cho tap dir ligu huén luyén.
Tién xur 1y dit liéu (Preprocessing):

Auto-Orient: Ty dong diéu chinh hudng anh dé dam bao
tinh nhat quan.

Resize: Thay doi kich thudc toan bo anh vé chuan dau vao
640 X 640 cia YOLOVS8 nhdm téi uu hoa toc d¢ tinh toan.

Contrast Adjustment: St dung Adaptive Equalization dé
diéu chinh d6 tuong phan, giup cac dic trung cua trai xoai ndi bat
hon.

< 2/12 >

Hinh 1.3: Gdn nhan doi twong trén Roboflow
Téang cudng dir li€éu (Augmentation): Tao ra cac bién thé maoi tur

dir liéu gdc thong qua cac phép bién doi nhur xoay, 1at, hay thay doi do

sang. Budc nay gitp lam giau bd dir licu, giap mo hinh hoc dugc cac

dac trung da dang va tranh hién tugng hoc vet (overfitting).

Chia tap dir liéu (Dataset Splitting): Hé thong tu dong phan chia

dir li€u theo ty 1¢ tdi wu: 72% cho tap huin luyén (Train), 19% cho tap
kiém thtr (Validation) va 9% cho tap dénh gia cudi cing (Test).
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Universe Search 1 million+ datasets and 250k+ models n

v2 @341 |1l R40xA4A0 1455 Total Images View All Images >
€ Back
r - = ]
® | % . ‘
‘ A A
mango
Object Detection
Dataset Split
TRAIN SET VALID SET (@L73 TEST SET
J— s J [ =]
@ overview 1044 Images 280 Images 131 Images
DATA
@ |mages 1se0 Preprocessing Auto-Orient: Applied
Resize: Stretch to 640x648
© Dataset 5 ‘
J
R fohtes Augmentations No augmentations were applied
DEPLOY
¢ Model 1

Hinh 1.1: Tang cuwong va chia tdp dit liéu

Xuit dir liéu (Export): Chuyén d6i bo dir liéu sang dinh dang
YOLOv8 dé sén sang dua vao hudn luyén trén moi trudng Google
Colab.

2y Download

0 Jupyter >_ Terminal @ Raw URL

Paste this snippet into a notebook from our model library to download and unzip your dataset:
lplp install robofla

from roboflow import Roboflow

rf = Roboflow(api_key=" N )

project = rf.workspace ("grouplties-zcilu™).project ("mango-7csber )
wversion = project.version(8)

dstaset = version.download("yolovB™)

Choose a Model

H‘Inh91.5: Xudt diF liéu dé hudn luyén méi truong Google Colab
Uu diém cia Roboflow

Quan Iy tap trung: Giup luu trit va to chie tp dit liéu hinh anh trai
x0ai mot cach khoa hoc, dé dang truy XUuAt.

Cong cu gan nhan thong minh: Giao dién truc quan gitp viéc vé
bounding box dién ra nhanh chong, hd trg quan 1y nhiéu nhin 16p phirc
tap.
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Tich hop san cac ki thuat Augmentation: Giup ting quy mé bo dir
liéu ma khong can thu thap thém anh méi, tir d6 nang cao d6 chinh xac
cua mo hinh.

HO tro da dinh dang: Kha nang xuét dit liéu tuong thich hoan toan
v6i Ultralytics YOLOVS va nhiéu framework Al khac.

Ty dong hoa quy trinh chia dir liéu: Viéc chia ngau nhién tap
Train/Val/Test giup ting kha ning tong quat hda cho mé hinh.

Nhuwgc diém ciia Roboflow
Phu thudc vao két ndi Internet: Vi 1a nén tang Cloud-based, moi
thao tac tir tai anh dén gan nhan déu yéu cau két ndi mang 6n dinh.
Gi6i han vé su da dang chung loai: M6 hinh hoat dong tdt nhat trén
dir liéu c6 sin, nhung néu gip cic gidng xoai qué la hoic hinh dang khac
biét so voi tap huén luyén, hé théng ¢ thé nhan dién nham 13n (vi du:
nham xoai xanh véi du du xanh).
Rao can vé chi phi: Céc tinh ning nang cao hodc dung luong luu
trlt 16n thuong bi gid1 han trong cac goi tra phi.
Yéu cau thao tac thu céng: Mic du hd trg nhiéu céng cu, nhung dé
c6 nhan chuan xac nhét cho bai toan chit luong néng san, ngudi dung van
phai bo ra nhiéu thoi gian dé gan nhan tha cong.
1.4.2 Google Colab: Méi trwong huin luyén mé hinh ddm mdy

Trong ky nguyén cta Tri tué nhan tao, viéc huin luyén cac mé hinh hoc
sau (Deep Learning) nhu YOLOVS doi hoi nang luc tinh toan cuc ky 16n, dac biét
1a cac don vi xtr 1y 6 hoa (GPU) chuyén dung. Do cac may tinh ca nhan thong
thudng thudng bi han ché vé cAu hinh phan ctng, d6 an da lua chon Google Colab
(Google Colaboratory) lam nén tang thuc hién qua trinh huan luyén mé hinh.

Google Colab 1a mot dich vu luu trit Notebook dua trén dién todn dam
may do Google cung cap. Nén tang niy cho phép ngudi dung viét va thyuc thi ma
Python truc tiép trén trinh duy¢t web ma khong can thuc hién cac budc cai dat
phuc tap. Piém mau chét khién Colab trg nén 1y tuong cho cac du an Al 1a viéc
cung cip quyén truy cap mién phi vao cac GPU hiéu ning cao, dién hinh 1a dong
Nvidia Tesla T4. Cac GPU nay gitip ting toc do tinh toan ma tran trong mang
no-ron 1én gap hang chuc 1an so voi CPU truyén thong, tir d6 rat ngan dang keé
thoi gian huan luyén mé hinh nhan dién trai xoai.

Trong pham vi dé tai, Google Colab déng vai tro 14 "nha may xur 1y" chinh

cho céc tac vu nang nhat:
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Thiét 1ap moi truong: Colab hd tro san cac thu vién khoa hoc dit
li¢u va hoc may hang dau nhu PyTorch, TensorFlow va dac biét 1a thu
vién Ultralytics — framework chinh d¢ trién khai YOLOVS.

Huén luyén mé hinh (Training): Thuc hién qua trinh hoc cac dic
trung hinh anh cua trai xoai (xoai xanh, chin, hong) tur bo dir liu da duogc
gan nhan.

Panh gia va Tinh chinh (Validation): Sau mdi chu ky huan luyén
(epoch), hé théng tir dong danh gia mo hinh trén tdp Validation dé theo
ddi cac chi s6 quan trong nhu Loss (ham mat mat) va mAP (d6 chinh xac
trung binh).

Xuit md hinh: Sau khi dat duge do chinh xac mong mubn, Colab
cho phép chuyén dbi va tai xudng mé hinh dudi dinh dang .tflite dé tich
hop vao g dung Android Studio.

Uu diém ciia Google Colab

Mién phi tai nguyén manh mé: Cung cip quyén truy cip GPU va
RAM 16n ma khong tén chi phi dau tu phan cimg.

Tinh linh hoat va cdng tac: Vi hoat dong trén nén web, nhém thuc
hién c6 thé d& dang chia sé file Notebook, lam viéc nhém va luu trir truc
tiép md ngudn trén Google Drive.

MBoi trudng chuin héa: Loai b hoan toan cac 151 xung dot phién
ban thu vién thuong gap khi cai dat Python trén may tinh cuc bo.

Kha ning twong thich tot: Két ndi muot ma véi Roboflow dé tai tap
dir liéu vé moi trudng hun luyén chi qua mot dong 1énh APL
Han ché

Phu thudc vao Internet: Can két ndi mang 6n dinh va lién tuc trong
sudt qua trinh huan luyén dai hoi.

Gi6i han thoi gian phién (Session): Phién 1am viéc mién phi thudng
bi ngat sau 12 gid hodc khi khong c6 tuong tac, doi hoi ngudi dung phai
c6 chién thuat luu trir cac checkpoint (diém kiém soét) thuong xuyén.

Tai nguyén khong c6 dinh: Loai GPU dugc cap (K80, P100 hay
T4) phu thudc vao su diéu phéi ngiu nhién ciia Google tai thoi diém truy
cap.

1.4.3 Firebase Authentication: Gidi phdp xdc thwc nguoi diing
Firebase 1a mot nén tang phat trién tmg dung di dong va web manh mé&

dua trén kién trac Backend-as-a-Service (BaaS) do Google cung cdp. Trong dd
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an nay, nhom da tich hop module Firebase Authentication dé giai quyét bai toan
quan 1y danh tinh nguoi dung mot cach an toan va hi¢u qua.

Thay vi phai tu xay dung va van hanh mot hé théng server backend phtc
tap dé luu trir mat khdu va quan ly phién ding nhdp (session), Firebase
Authentication cung cip mot giai phap "tron gbi" véi cac vai tro then chét:

Xt 1y quy trinh dang ky va ding nhap: Cung cap cac bo API sin
c6 dé thyc hién viée xac thue tai khoan thong qua Email va Mat khau, giap
rit ngin déng ké thoi gian phat trién ing dung.

DPam bao an toan thong tin: Firebase sir dung cac tiéu chuin bao
mat hang dau ctiia Google dé luu trir va ma hoa thong tin tai khoan, gitp
bao vé dit liéu ngudi dung khoi cac nguy co tin cong mang ma khong can
nhom phai can thi€p sau vao ky thuat bao mat may chu.

Quan ly phién lam vi¢c (Session Management): Sau khi dang nhap
thanh coéng, hé thong s& tu dong duy tri trang thai dang nhép trén thiét bi.
Diéu nay cho phép umg dung xéc dinh chinh xac danh tinh cia timg nguoi
dung khi ho thuc hién cac thao tac nhu tai anh 1én hoac xem lai lich sur
nhan dién.

Quy trinh x4ac thyc trong utng dung dugc thuc hién nhu sau:

Gui yéu cau: Ngudi dung nhap thong tin (Email/Password) trén
giao dién trng dung.

Xac thuc phia Server: Firebase Authentication tiép nhan va ddi soat
thong tin véi co so dir li€u trén Cloud cua Google.

Phan hdi ma Token: Néu thong tin hop 18, Firebase s& tra vé mot
mi dinh danh (Unique ID - UID). M3 UID nay la chia khéa dé tmg dung
lién két dir liéu lich sir nhan dién cua nguoi dung d6 véi kho luu trit hinh
anh trén Cloudinary.

U'u diém ndi bat

Tinh san sang cao: La dich vu ddm may nén hé théng xac thuc luon
hoat dong 6n dinh, c6 kha nang ma rong t6t khi s6 lwong ngudi ding ting
1én.

Tich hop dé dang: Hd tro thu vién (SDK) t6i wu cho ngén ngir
Kotlin va Android Studio, cho phép trién khai logic xac thuc chi véi vai
dong ma nguon.

Hé sinh thai déng bd: Viéc st dung dich vu ctia Google giup Gng

dung dé dang mé rong thém céc tinh ning khic trong tuong lai nhu luu

Sinh vién thuc hién: Nguyén Manh Quy- Tran Thanh Quy Huy Hudng dan: TS Nguyén Ha Huy Cudng 23



Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

trlt co s& dir 1iéu (Firestore) hay phan tich hanh vi nguoi dung (Google
Analytics).
Han ché
Phu thudc vao bén thir ba: Moi tinh nang xac thuc déu phu thudce
hoan toan vao dich vu ciia Google; néu may chu Firebase gap su cd, tinh
nang dang nhap cua ing dung s€ bi anh hudng.
Yéu cau két ndi Internet: Nguoi dung bat budc phai c6 mang dé
thuc hién cac thao tac lién quan dén tai khoan.
1.4.4 Cloudinary: Dich vu luu trit va qudn ly hinh dnh dam may

Dé t6i uu hoa dung lwong luu trit trén dién thoai va cho phép truy xuét dit
liéu linh hoat, @b an da tich hop Cloudinary nhu mot giai phap quan tri phuong
tién truyén thong trén nén tang ddm may (Cloud-based image management). Day
12 mot nén tang dong vai trd quan trong trong viéc xdy dung tinh ning luu triv
lich st nhan dién chuyén nghiép cho nguoi dung.

Trong quy trinh hoat dong cua tng dung, Cloudinary khong chi don thuan
12 mot kho luu trit ma con 13 thanh phan téi wu hoa dit liéu dau ra:

Ti vu hoa bd nhé thiét bi: Thay vi luu trit hang loat anh d6 phan
giai cao truc tiép trong bo nhé may (giy ning may va ton tai nguyén), img
dung chi thuc hién day anh 1én dam may.

Quan 1y lich sir nhan dién: Ung dung st dung Cloudinary API dé
tai cac hinh anh trai xoai Ién may chu ngay sau khi qué trinh nhan dién
hoan tat.

Cung cép truy cip da nén tang: Cloudinary tra vé mot dudng dan
(URL) duy nhat cho mdi anh. URL nay dugc luu vao co so dit lidu, gitp
ung dung co thé hién thi lai hinh anh trong phﬁn lich sir mdt cach nhanh
chong & bat ky thiét bi ndo.

Quy trinh tich hop Cloudinary trong d6 an duoc thuc hién theo cac budc
Sau.:

Chup/Chon anh: Nguoi dung thuc hién chup anh trai xoai hoac
chon tir thu vién.

Nhan dién va Tai 1én: Sau khi mo hinh YOLOvVS8 hoan tat viéc phan
loai, anh s& duoc nén va day 1én Cloudinary thong qua SDK tich hop trong
ung dung Android.

Luu trir lién két: Ung dung nhan URL tir Cloudinary va luu trir
URL nay cung véi cac thong tin nhan (Xanh, Chin, Hong) va thoi gian

nhan dién vao hé théng quan 1y.
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Hién thi: Khi nguoi dung truy cap muc "Lich stt", ing dung chi can
tai anh thong qua URL thay vi doc tép tin cuc bg, gitip giao dién hoat dong
muot ma hon.

U'u diém ndi bat

Téc d6 phan hoi nhanh: Nho hé thong mang phan phdi noi dung
(CDN) toan cau, viéc tai anh tir URL ctia Cloudinary c6 do tré cyuc thap.

Dé dang quan 1y: Giao dién quan tri ctia Cloudinary cho phép nhom
thuc hién theo doi, théng ké va quan ly toan bo tép tin hinh anh da duoc
nguoi dung tai 1én mot cach truc quan.

Kha nang m¢ rong: Dich vu nay cho phép mo rong co s¢ dir licu
hinh anh trong tuwong lai, phuc vu cho viéc tai huan luyén (re-train) mo
hinh dé nang cao do chinh xac.

Han ché

Phu thudc vao bang thong: Tbc d6 tai va hién thi anh phu thudce
hoan toan vao két ndi Internet cua thiét bi ngudi dung.

Gi61 han goi mién phi: Giéng nhu cac dich vu SaaS khac,
Cloudinary gi6i han dung lugng luu trix va sé lugng yéu ciu (request) hang

thang do1 voi tai khoan mién phi.
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CHUONG 2: CAI PAT VA TRIEN KHAI

2.1 Qua trinh huén luyén mé hinh
2.1.1 B¢ dir liéu trai xoai
Trong cac bai toan vé Thi giac may tinh (Computer Vision), chat luong
va do da dang cua bo dit liéu (Dataset) dong vai trd quyét dinh dén hiéu suit va
kha nang téng quat héa ctia mé hinh hoc sau. Vi vay, viéc xay dung bod dir li¢u
trai xoai da dugc nhom thuc hién mot cach ti mi, dam bao mé hinh c6 thé hoc

dugc cac dic trung phong phu tir thuc té.

Nguén thu thap va quy mo dir li¢u B dir li¢u duogc téng hop tir hai nguén

chinh nhdm dam bao tinh khach quan va thyc tién:

Dit liéu thuc té: Mot phﬁn 16n hinh anh duoc sinh vién truc tiép thu
thap tai cic vuon xoai. Nhiing hinh anh nay phan anh ding bdi canh ma
tmg dung s& duoc sir dung, bao gdm céc yéu té nhidu nhu 14 cdy, canh

xoai va cac goc chup khong chuan muc.

Dir li€u Internet: Nhém da chon loc cac hinh anh cong khai trén
mang dé bd sung cac chung loai xoai khac nhau va cac tinh trang bénh ly

hiém gip ma dit liéu thyc té chua bao phu hét.

Téng sb lwong: Sau qua trinh sang loc, bd dir liéu cudi cing dat
quy md 1.500 hinh anh.

Pic diém chi tiét ctia bo dit lieu Dé mo hinh YOLOVS dat dugce do chinh
X4c cao trong cac diéu kién moi truong khac nhau, b dit liéu da dugc xay dung

dua trén céc ti€u chi da dang hoa:

D0 phong phu vé boi canh: Hinh danh bao quat nhiéu diéu kién anh
sang khéc nhau, tir &nh sang mat tro1 ruc rd dén cac vung bong ram hodc
di€u kién thi€u sang.

Pa dang vé goc do va khoang cach: Cac doi tugng trai xoai dugc
chup ¢ nhi€u goc do (nhin ngang, tir trén xuong) va khoang cach (can canh

hoac chup xa).

Mat do dbi twong: Mdi hinh anh chira trung binh tir 1 dén 4 trai

X04ai voi1 cac trang thai phat trién khac nhau, tao do phuec tap can thiét dé
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md hinh rén luyén kha nang phat hién dong thoi nhiéu déi tugng trong
mot khung hinh.

Phén loai céc 16p doi tuong (Classes) Dua trén muc ti€u cuia dé tai, dix lieu
dugc chia thanh 3 16p chinh dé gan nhan:

Ripe-mango (Xoai chin): Cic qua c6 mau vang dic trung, bé mit

nhan.

Unripe-mango (Xoai xanh): Cac qua dang trong qua trinh phat

trién, c6 mau xanh luc.

Unhealthy (Xoai hong): Cac qua c6 ddu hiéu bat thudng nhu dém
den, vét thdi hodc bi sdu bénh tin cong.

Phén chia tap dit liéu huin luyén Dé danh gia mé hinh mét cach cong bang
nhit, bo dit liéu 1.089 anh dugc Roboflow tw dong phan tach ngiu nhién theo ty
1¢ chuén cia MLOps:

Tap huén luyén (Train set): Chiém 88% (twong duong 954 anh),

dugc mo hinh sir dung truc tiép dé hoc céc dic trung.

Tap kiém thir (Validation set): Chiém 8% (twong dwong 90 anh),
dung dé diéu chinh cac siéu tham s trong qua trinh hun luyén nham tranh

hién tugng overfitting.

Tap danh gia (Test set): Chiém 4% (twong duong 45 anh), 1a tap di
liéu hoan toan méi dé danh gia khach quan nang lyc nhan di¢n cia mo

hinh sau khi hoan tat huén luyén.

Viéc chuén bi k¥ ludng bo dir liéu da dang nay 1a tién dé vimg chic dé mé
hinh YOLOVS c6 thé nhan dién chinh x4c chét lugng trai xoai trong thuc té, ngay
ca trong nhimng diéu kién moi truong khic nghiét.

2.1.2 Gan nhan véi Roboflow ’

Sau khi hoan tat giai doan thu thap va sang loc dir li€u tho, toan bo so
luong hinh anh da duoc tai 1én nén ting Roboflow dé bat dau quy trinh gan nhin
(Annotation). Pay 1a budc then chdt trong quy trinh xay dung mé hinh hoc sau,
vi cdc nhan dén nay dong vai tro 1a "tri thue" gip mo hinh hoc cach phan biét
cac trang thai khac nhau cua trai xoai.

Quy trinh thuc hién chi tiét: Giao dién lam viéc cia Roboflow cung cap
bd cong cu truc quan, cho phép nhém thuc hién v€ cac khung bao (bounding

boxes) bao quanh timng ddi tugng trai xoai xuat hién trong mdi birc anh. Mdi
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khung bao dugc v€ sat voi bién gidi han cua qua xoai dé giip mo hinh hoc dugce
dic trung vé hinh dang va kich thudc mot cach chuan xac nhat. Vi mdi d6i tuong

da dugc khoanh vung, mot nhan 16p tuong ing s€ dugc chi dinh ngay 1ap ttc.

Nhom thue hién di quyét dinh phuong phép gan nhan hoan toan thi cong.
Mic du qué trinh ndy tiéu ton nhiéu thoi gian va cong stc, nhung né dam bao
tinh chinh x4c cao nhat cho bo dit liéu, dic biét 1a trong viéc phan loai cac trang
thai chuyén tiép gitta xoai xanh va xoai chin hodc nhan dién cac vét hong nho

trén bé mat.

Hé¢ théng cac nhan 16p (Classes): bé phuc vu cho bai toan nhéan di¢n do

chin va chét luong, dit liéu trong dé tai duoc chia thanh 3 16p nhan dic trung:

ripe-mango (Xoai chin): Pugc gan cho cac qua xoai da dat do chin,

biéu hién qua mau sac vo chuyén sang vang.

unripe-mango (Xoai xanh): Danh cho cac qua xoai con xanh, chua
dat do chin thu hoach.

overripe-mango (Xoai hong): Nhan nay dugc ap dung cho nhitng
trai xoai c6 dau hiéu bénh 1y, xuét hién ddm den, vét thdi hodc cac hu hai

vat 1y khac trén vo.

Két qua va Xuét dit liéu: Hinh anh 2.1 minh hoa giao di¢n thuc té khi
nhom thyc hién gan nhin cho mot qua xoai chin trén nén tang Roboflow. Sau khi
hoan tat viéc gan nhan cho toan bd kho dir liéu, Roboflow hd tro tinh ning Xuét
(export) dir liéu sang dinh dang YOLO. Tép tin xuét ra bao gom céc tép hinh anh
va cac t€p van ban tuong ing chura toa do khung bao cuing ma hoa nhan 16p, hoan
toan twong thich dé dua vao huin luyén trén framework Ultralytics YOLOVS.
Viéc chuan hoa dir liéu ngay tir budc nay gitip quy trinh huin luyén trén Google

Colab sau d6 dién ra mdt cach lién mach va hiéu qua.
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Annotations
Group: ripe-mango

ripe-mango

Unused Classes

Hinh 2.1: Giao di¢n gan nhan hinh anh vgi Roboflow

2.1.3 Chia tap dir ligu )
Sau khi gan nhan, Roboflow cung cap cong cu chia tap tu dong theo ti 1¢:
Train: 88% (dung dé huin luyén)
Validation: 8% (dung dé theo ddi mé hinh trong qua trinh hudn luyén)
Test: 4% (danh gia cudi cung sau khi hun luyén hoan tit)

Viéc chia dit liéu ngiu nhién gitp ting kha ning tong quat cho mé hinh,

han ché hién tugng overfitting.

1089 Total Images View All Images -

2025-06-16 10:14am

v2 | | & 1089 | | <) Fast | | @ COCONn

2025-05-28 10:21am

vl @876 [l 640x640

X Stretch to

Dataset Split

TRAIN
o @ e @ | @

954 Images 90 Images 45 Images

Hinh 2.2:Biéu do chia diz lidu Train/Val/Test trén Roboflow

2.1.4 Tién xa Iy dé ligu hinh anh
Tién xir 1y dix liéu (Data Preprocessing) 1a mot budc bat budc nham chuan
hoa cac hinh anh tho truéc khi dua vao huan luyén?. Viéc nay gitp loai bo cac

yéu t6 nhidu, dong nhét dinh dang dau vao va gitp mé hinh YOLOVS tap trung
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t6t hon vao cac dic trung quan trong cua trai xoai. Dya trén ciu hinh thyc té trén
nén tang Roboflow, nhém d thyc hién cac ky thuat tién xir 1y sau*:

Tu dong dinh hudng (Auto-Orient): Cac hinh anh duoc thu thap tir nhiéu
thiét bi khac nhau (dién thoai, may anh) thudng chua siéu dir liéu EXIF vé goc
quay cua camera. Budc Auto-Orient gitp loai bo cac dit li¢u nay va ty dong xoay
anh vé dung chiu chuan. Piéu nay dam bao tinh nhat quan vé khong gian cho
mo hinh, tranh trudng hgp mo hinh bi nham 14n khi nhan dién cung mot dbi tuong
nhung & cac hudng quay khac nhau’.

Thay doi kich thudc (Resize: Stretch to 640x640): M6 hinh YOLOVS yéu
cau kich thuéc hinh anh du vao ¢ dinh dé thyc hién cac phép tinh toan ma tran
trong mang no-ron.

Toan bo tap dir liéu di duoc thay ddi kich thude vé chuan 640 x
640 pixels.

Nhom sir dung phuong phap Stretch (kéo gidn) dé 1ap day khung
hinh. Viéc dua anh vé ciing mét kich thudc giup tdi wu hoa téc do huin
luyén trén GPU cua Google Colab va dam bao tinh twong thich khi trién
khai trén thiét bi di dong théng qua TFLite.

Diéu chinh d6 tuong phan (Auto-Adjust Contrast: Adaptive Equalization):
Day 1a mot k§ thuat quan trong dé cai thién chat lwong hinh anh trong cac diéu
kién anh sang khong 1y tuong.

Adaptive Equalization giup cAn bang d6 sang va ting cudng do
twong phan tai cdc ving cuc bd cuia birc anh*3,

K¥ thuat ny gitip 1am ndi bat cac chi tiét nho nhu vét dém trén vo
x0ai hong (unhealthy) hodc su khac biét vé sdc thai giita xoai xanh va xoai
chin, ttr d6 giup moé hinh dat do chinh xac cao hon khi lam viéc voi anh

chup thuc té c6 d6 sang phiic tap.

Preprocessing Auto-QOrient: Applied
Resize: Stretch to 649x640
Auto-Adjust Contrast: Using Adaptive Equalization

Hinh 2.3: Tién xi Iy déz liéu hinh énh
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2.1.5 Céu hinh file hudin luyén
Sau khi tap dit li¢u da duoc tién xr 1y va gdn nhan hoan tat trén Roboflow,
budc tiép theo 1a thiét 1ap két ndi dé dua dir liéu ndy vao méi truong huan luyén.
Quy trinh nay duoc thuc hién thong qua thu vién Python ciia Roboflow dé dam
bao tinh ddng bd va chinh xac vé phién ban dir liéu.
CAu trac mi ngudn cdu hinh bao gdm céc thanh phan chinh sau:
Xac thuc API: St dung mi api_key cé nhan dé két ndi an toan véi
tai khoan Roboflow, cho phép truy xut cac du 4n riéng tu.
Pinh vi dy an: Chi dinh chinh x&c workspace va project (trong
truong hop ndy 1a mango-7cab0) dé dam bao tai dang tap dit liéu trai xoai.
Quan ly phién ban: Lua chon phién ban cu thé cua tap dir ligu
(phién ban sb 6) dé duy tri tinh nhit quan, tranh nham 13n véi cac 1an gan
nhan thtr nghiém trudce do.
Pinh dang xuat: Dit liéu duoc tai vé dudi dinh dang yolov8, tu dong
tao ra tép data.yaml. Pay 13 tép tin quan trong nhét, chira cac thong tin vé
duong dan tap Train/Val/Test va danh sach cac nhin 1ép (ripe-mango,

unripe-mango, unhealthy) dé mé hinh c6 thé hiéu duoc cdu tric dir lidu.

from roboflow import Roboflow
rf = Roboflow(api_key="ovxndd1lgqP2WILj7LvwN")

project = rf.workspace("groupltjes-zcjlu").project("mango-7cabe")
version = project.version(6)
dataset = version.download("yolovd")

Hinh 2.4: Cdu truc file hudn luyén

2.1.6 Thuc hi¢n huén luyén trén Google Colab
Véi moi trudng phan cting manh mé 13 GPU Tesla T4, qua trinh huan luyén mo
hinh YOLOvVS dugc tién hanh thong qua dong 1énh thuc thi cua framework
Ultralytics. Pay 1a giai doan quan trong nhat, noi mé hinh bat dau hoc cac dic trung
hinh anh cua trai xoai tir tap dit liéu di chuan bi.

Céc tham s6 cau hinh chinh trong qué trinh huan luyén bao gom:
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Tham sé data: Chi dinh duong dan dén tép data.yaml vira tai vé
(/content/mango-6/data.yaml). Tép nay dong vai tro 1a "ban do" dan dudng cho
mo hinh tim dén dit liéu hinh anh.

Tham s epochs: Pugc thiét 1ap 14 100. Pidu nay c6 nghia 14 toan b tap
dit liéu huin luyén s€ dugc dua qua mang no-ron 100 lan. Viéc lya chon 100
epoch gitip mo hinh c¢6 du thoi gian dé hoi tu, giam thiéu ham mat mat (loss)
xubng mirc thap nhat ma khong gy ra hién tuong qua khép (overfitting).

Tham sb name: Dit tén cho phién huin luyén 1a smkt scanner. Moi két
qua vé trong s6 mo hinh (best.pt, last.pt), cac biéu d6 danh gia (mAP, Precision,
Recall) s& duoc luu trit tap trung trong thu muc nay dé phuc vu cho viée kiém
thir va xut ban mé hinh sang dinh dang TFLite sau nay.

Qua trinh huén luyén trén Colab dién ra hoan toan tu dong, h¢ théng s€ lién tuc
cap nhat cac chi sé hiéu nang sau mdi epoch, giup nhom thyc hién dé dang theo ddi

tién trinh va dua ra cac di€u chinh kip thoi.

o model. train(
data = "/content/mango-6/data.yaml”,
epochs = 100,

name = "smkt_scanner”

Hinh 2.5: Thyec hién hudn luyén trén Google Colab

2.1.7 Theo déi va dinh gid két qud huan luyén ,
Trong qud trinh huan luyén mé hinh YOLOVS trén Google Colab, hé thong tu

dong sinh ra cac biéu do truc quan dé nguoi thuc hién c6 thé giam sat su thay do6i cia
cac chi s6 hiéu ning qua timg chu ky (epoch). Viéc theo ddi nay giup xéac dinh liéu mo
hinh c6 dang hoc hi¢u qua hay gap phai hién tugng qua khop (overfitting).
Phén tich cac ham mat mat (Loss Functions) Duya trén Hinh 2.6, ta c6 thé ddnh
gia su hdi tu cua mé hinh qua ba loai Loss chinh:
Box Loss: Po luong sai s6 giita khung bao dy doan va khung bao thuc té.
Puong biéu dién c6 xu huéng giam manh va 6n dinh, cho thy kha ning dinh vi

vi tri trai xoai ngay cang chinh xéc.
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Class Loss (Cls Loss): Po luong sai s6 trong viéc phan loai cac nhin
(Xanh, Chin, Hong). Su sut giam cta chi s nay ching minh mé hinh dang phan
biét tot dic trung cua tung loai xoai.

DFL Loss: Hb tro tinh chinh d¢ chinh x4c ctia cdc canh khung bao. Cé ba
chi sb Loss trén tap hudn luyén (train) va tap kiém dinh (val) déu giam dan theo
thoi gian, khang dinh md hinh dang hoi tu tét.

Phan tich céc chi s6 danh gia do chinh xac Cac bi€éu d6 Metrics cung cap cai nhin

téng thé vé nang lyc thuc té cuia mo hinh:

0.52 A

0.50 A

0.48 -

0.46 -

0.44 4

0.42 -

0.50 4

0.45 4

0.40 4

Precision & Recall: Ca hai chi sd nay déu ting dan va dat mic cao sau
100 epoch. Piéu nay c6 nghia 1a mé hinh khong chi di doan dung cac d6i tuong
ma con nhan dién dugce hau hét cac trai xoai co trong anh.

mMAP50 & mAP50-95: Pay 1a cac chi s6 quan trong nhat dé danh gia mot
md hinh Object Detection. Puong mAP dat do doc 16n & cac epoch dau va duy
tri & mac cao ¢ giai doan cudi, cho théy mo hinh dat duoc su can bﬁng tdi wu

gitra toc dg va do chinh xac.

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
1.16
1.8 A —e— results 0.900 1 0.94
smooth 1.14 1
1.6 0.875 1
1.12 1 0.81
1.4 4 0.850 4
1.10 4
1.2 1 0.825 1 071
1087 0.800
1.0 4
1.06 0.775 1 0.6 1
0.8 |
2 4 2 4 2 4 2 4 2 4
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1204 0.90 |
0.90
2.5 4 1
1.15 085
0.85 A 0.80 A
2.0 1 1.107
\/\ 1.05 4 0.80 0757
1.5 A nn

Hinh 2.6: Biéu do loss va mAP duwoc tao trong qud trinh hudn luyén YOLOVS

2.1.8 Kiém thé va ddanh gida mé hinh
Do chinh xac (Precision, Recall, mAP)

Model summary (fused): 72 layers, 3,006,233 parameters, @ gradients, 8.1 GFLOPs

Class  Images Instamces  Box(P R mase mapse-95): 100k [ENNNNIINN 3/3 [ee:2¢co0:00, 8.325/it]
all % 9% 0.8  0.99 .93 0.9
ripe-mango 26 30 0.867 0.866 0.919 9.861
unhealthy 35 3 0.9l 1 098  0.97
unripe-mango 28 29 0.879 0.862 0.898 8.866

Pacade A Tae wwammaaaa= AFA Fue lafavewas A Ame Tase M Oue waadecaasas maw Jwaams

Hinh 2.7: S6 liéu (Precision, Recall, mAP) trong qua trinh hudn luyén YOLOVS
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Nghién ctru YOLOVS, x4y dung img dung Android nhan dién d6 chin trai xoai

Sau khi huan luyén moé hinh YOLOvS8 dé phan loai trai xoai, két qua thu

dugc cho thay hi¢u suat ciia mo hinh & muac kha tot, thé hién qua ba chi so6 chinh:

. Precision (B9 chinh xac): M6 hinh dat 0.882 ddi vai toan bo dix lidu, cho
thdy phan 16n cac dy doan 13 ding. Trong d6, 16p “unhealthy” co precision cao
nhat (0.901), phan anh kha ning dy doan chinh xac cac trai xoai bi hu. Tuy
nhién, 16p “ripe-mango” ¢o precision thap hon (0.667), cho thay con xay ra hién

tuong du doan nham & 16p nay.

e Recall (D6 bao pht1): Chi sé recall toan tap 1a 0.909, cho thdy mé hinh da
phat hi¢n duogc phén 16n cac doi tuong thuc su co trong anh. PBiac biét, 16p
“unhealthy” dat recall tuyét d6i 1.0, cho thdy mé hinh khong bo sot trudng hop

nao. Céc 16p con lai cling co recall cao trén 0.86.

« mAP (mean Average Precision): Chi s6 mAP@0.5 dat 0.933, va
mAP@0.5:0.95 dat 0.901, cho thdy mo hinh c6 kha ning phan loai t6t va 6n
dinh & nhiéu mutrc d6 giao nhau giira nhin dy doan va nhan that. Cac 16p déu c6
mMAP cao (>0.86), phan anh kha ning tong thé cia mé hinh trong bai toan phan
loai trai xoai 1a hiéu qua.
2.2 Tich hgp md hinh vao Android Studio

Sau khi hoan tat qué trinh huan luyén va thu dugc mé hinh c6 do chinh xéc cao
dudi dang trong sb PyTorch (.pt), budc tiép theo 1a duwa mé hinh nay vao méi trudng
phat trién Android Studio. Day 1a giai doan chuyén giao cong nghé tir nghién ctru thuat
toan sang phat trién san phdm phan mém, yéu cau mo hinh phai duoc tdi wu hoa dé co

thé chay mugt ma trén tai nguyén han ché cua dién thoai di dong.

2.2.1 Xudt model sang TFLite véi metadata ‘
M6 hinh YOLOVS goc thuong cé kich thude 16n va yéu cau tai nguyén

tinh toan cao, khong phu hop dé chay truc tiép trén cac thiét bi Edge (thiét bi dau
cuéi). Do d6, nhém thuc hién da chuyén d6i mo hinh sang dinh dang TensorFlow
Lite (TFLite) — mot dinh dang duoc Google thiét ké riéng dé toi uwu hoa higu suat
va dung lugng cho céac ing dung di dong.
Qua trinh chuyén d6i dugc thuce hién truc tiép trén Google Colab bang thu
vién Ultralytics vdi cac budce ki thuét sau:
Nap mo hinh t6t nhat: Sir dung tép trong sb best.pt — két qué cua
phién huén luyén c6 d6 chinh xac cao nhét.
Xuat md hinh (Export): Pé xuit md hinh ta thuc hién lénh
model.export(format="tflite', data='data.yaml'). Qua trinh nay khong chi
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thay d6i dinh dang tép ma con tich hop thém Metadata (siéu dir liéu).
Metadata dong vai trd cuc ky quan trong, nd chita cac thong tin vé ciu
tric dau vao/dau ra, cac 16p doi tuong (classes) va cac tham s6 chuan hoa,
gitp thu vién TensorFlow Lite trong Android Studio ¢ thé hiéu va thyc
thi m6 hinh ma khéng can cdu hinh thu cong phirc tap.

Két qua: Sau khi chuyén ddi thanh cong, nhom thu duoc tép
best_float32.tflite sin sang dé tai vé va tich hop.

from ultralytics import YOLO

from google.colab import files

import os

print("bang nap model 'best.pt'..."}

model = YOLO('/content/runs/detect/smkt_scanner/weights/best.pt')

print("Bat dau xudt model sang TFLite v&i metadata...")
model.export(format="'tflite', data='data.yaml')

print("\nP3d xudt xong! Pang tim file TFLite d& tai va...")
tflite_file_path = 'best_saved_model/best_float32.tflite’
if os.path.exists(tflite_file_path):
filesz.download(tflite_file_path)
print(f"pA BAT DAU TAI VE FILE: {tflite_file_path}")
else:
print(f"LOI: Khéng tim thay file tai '{tflite_file_path}'.")

Hinh 2.8: Xuat model sang TFLite véi metadata

2.2.2 Tich hgp TFLite vao Android Studio ‘
Sau khi c6 dugc t€p mo hinh da to1 vu, quy trinh tich hop vao ma nguon

ung dung Android duoc thuc hién qua cac budce t6 chire thu muc chuén hoa:

Khoi tao thu muc Assets: Trong ciu trac du 4n Android Studio,
nhom tao (hoic st dung) thu muc assets nam trong duong dan
app/src/main/assets. DPay 1a noi luu trir cac tai nguyén tinh ma ung dung
s& truy cap truc tiép trong thoi gian thyc thi.

Pua mo hinh vao ung dung: Tép mo hinh .tflite cung véi tép danh
sach nhan labels.txt (chua tén 3 16p: ripe-mango, unripe-mango,
unhealthy) dugc sao chép vao thu muc assets nay.

CAu hinh thu vién: Trong tép build.gradle, nhom bd sung cac phu
thudc (dependencies) can thiét nhu org.tensorflow:tensorflow-lite dé kich
hoat trinh thong dich (Interpreter) cia TensorFlow Lite, cho phép tng
dung nap md hinh tir bd nh¢ va thyc hién suy luan hinh anh tryc tiép trén
camera.
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Viéc tich hgp nay cho phép tng dung thyc hién tac vu nhan dién hoan toan
Offline (khong can internet), gitip ting tbc do phan hdi va bao vé quyén riéng tu
dir li€u cuia nguoi dung.

Android -~

v C3app
manifests

kotlin+java

= labels.txt

model_xoai_metadata.tflite

1
—
Lo

£7 Gradle Scripts

Hinh 2.9: Thém TFLite vao Android Studio

2.3 Cac dich vu dam may

bpé ung dung khong chi dung lai ¢ vi¢éc nhan dién don thuan ma con trd thanh
mot hé théng quan 1y ndéng san hoan chinh, d6 an da tich hop cac dich vu dién toan dam
may hién dai. Viéc sir dung cac dich vu nay gitp hé théng van hanh n dinh, bao mat va
giam tai tai nguyén cho thiét bj di dong.

2.3.1 Firebase ‘

Firebase dugc sur dung lam nén tang quan tri backend chinh cho ing dung,

tap trung vao hai nhiém vu c6t 16i: x4c thuc danh tinh va quan 1y quyén truy cap.

Xac thuc nguoi dung (Firebase Authentication): Hé thong cung cap
co ché ding ky va ding nhap bao mat qua Email. Moi thong tin tai khoan
déu duoc ma hoa va quan 1y bai Google, dam bao tinh an toan dit liéu ma
khong can xay dung may chu riéng phirc tap.

Quan 1y co so dir liéu (Cloud Firestore): Firebase cung cip co so
dir liéu NoSQL dé luu trit thong tin ho so ngudi ding va cac tham chiéu
lich stt. Nhu minh hoa tai Hinh 2.10, hé théng quan ly danh sach nguoi
ding thong qua cac ID duy nhat, cho phép phan quyén (nhu vai tro
"admin" hodc "user") dé kiém soat cac tinh ning twong mg trén img dung.

Duy tri phién ding nhap: Firebase ho trg quan ly trang thai ding
nhap, giup ngudi dung khong phai nhap lai théng tin nhiéu 1an va cho phép
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ung dung xac dinh chinh xac chu s¢ hitu cua cac dit liéu nhan dién dugc

tai lén.
+ Start collection + Adddocument + Start collection
users > 3eYufBmiUwWwWkvx8muU.. » history
F51ZlcLs71bthYz%..
OMbgxz YXFKNpmy4Yh..
& + Add field
XkwR10AOWKLCuXrpm..
email: "admin@gmail.ccm”
hBCSBTWSZebNkOWd ...
role: "admin"
hrOKSI660gf1JEBLG..
irkH8YjkFobv1i03X..
k@3HYgjEspN85iDEQ..
nkx7dICs1AMLsoCzk...
uNhY7oYI29cnvsd3l..

Hinh 2.10: Qudn ly nguoi dung

2.3.2 Cloudinary
Song song voi Firebase, Cloudinary dong vai tro 1a "kho luu trit" hinh anh

thong minh trén dam may, giup giai quyét bai toan giéi han bd nhé cua thiét bi
di dong.

Tai 1én va luu trir: Sau khi mo6 hinh YOLOvVS thuc hién nhan dién
xong, hinh anh trai xoai s& dugc day lén may chii Cloudinary thong qua
API. Qua trinh nay giup giai phong dung lugng cho dién thoai ngudi dung
vi anh khong can luu trit vinh vién trong bd nhé may.

Quan 1y phuong tién truyén thong: Hinh 2.11 cho thay giao dién
quan tri cia Cloudinary, noi cac tap tin hinh anh duogc t6 chirc theo thu
muc dya trén ID ngudi dung. Mdi hinh 4nh khi tai 1én thanh cong s& dugc
tra vé mot dudng dan (URL) duy nhat.

Truy xuét lich str nhan dién: Ung dung st dung cac URL nay dé
hién thi lai hinh anh trong muc lich st. Phuong thirc nay giap viéc tai lai
dir liéu dién ra nhanh chéng, muot ma va cho phép ngudi ding co thé xem
lai két qua nhén di¢n ciia minh tur bét ky thiét bi nao co6 két ndi internet.
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Viéc két hop dong bo giira Firebase va Cloudinary di tao nén mot ha tang

backend manh mé&, dam bao tng dung hoat dong nhu mdt giai phap phﬁn mém

chuyén nghiép, san sang cho viéc md rong quy moé ngudi dung trong tuong lai.

Display name Containing folder Asset type

XuwpqblZuowv... D [ KO3HYgjESpN85ID...  Image

atkewhzf80yjgrkviw/a [ KO3HYgiFspN85iD...  Image

‘

l -
L
u us010ttpjcikexdul3ops 0O hrOKSIB00gfIJEBL..  Image

ghvtswdx4dvignk7tpude O hrOKSIBOO0gfIJEBL..  Image

favBueghzvvsd9/xrelt [ kD3HYgjEspN8&IiD...  Image

4

Hinh 2.11: Qudn ly hinh anh

Format

& JPG

& JPG

& JPG

& JPG

& JPG

-

Size Dimensi... E.

BISKE o @
114.62 KB 1096 x 19...

2917 KB 554 x 554

96.43 KB 1096 x 19...

106.49 KB 1096 @ .

»
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CHUONG 3: KET QUA THUC NGHIEM VA PANH GIA

3.1 Demo san pham
3.1.1 Dang nhap, dang ki

GO PP 0

Mango-Al

ce@gmail.com

ME1Aau
(--m:{ ®
-«

Hinh 3.1: Giao dién dang nhdp, dang ki
3.1.2 Chup va nhgn dign san pham

O » P 0

B3 nhan dién duge 1 46 tuong:
1 Lop:  ripe mango, B 0,74

Hinh 3.2: Giao dién nhdn dién doi tuwong
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3.1.3 Nhdn di¢n hinh danh tir di¢n thogi

[J, Sony SO-51A API 31 e

O PP OB < O O

Hom nay

Thir Hai

Th5, 27 thg 11

Hinh 3.3: Giao dién chon anh

[, Sony SO-51A API 31

O P AW

B3 nhdn dign dugc 1 8 wong:
1L overripe mange, Biém: 0,83

Hinh 3.4: Nhan dién hinh anh dwoc chon
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3.1.4 Lich sir nhan dién
O QD 0 0 <« O o &

Hinh 3.5: Giao dién lich si
3.1.5 Xoa lich si

O P DB <« O 0D G

Xéa myc nay?
Ban ¢6 chic chan mudn xéa muc lich st nay
khéng?

Huay Xoa

Hinh 3.6: Xda lich su
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3.1.6 Xuat file

[, Sony SO-51A API 31

O NP O

lich_su_nhan_dien_20251203_161127.csv

nulstedi0:Duanluadd
an_dien 20351203 _161127.csv

) oasie 36ivae 160, 3 thang 12

Hinh 3.7: Xudt file
3.1.7 Giao dién admin

W@ <« O o G

huy123@gmail.com

fole: user

huy@gmail.com
Role: user

huyz@gmall.com
Role: user

abc@gmail.com
Role: user

huyy@gmail.com
Role: user

qwe@gmall.com
Role: usay

huyl@gmail.com
Role: user

quyl@gmail.com
Role: user

° Chio mimg Admint

3.8 Giao dién Admin
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Xéa ngudi ding

tac.

3.9 Xoa nguoi dung
3.1.8 Déi mdt khdu

[, Sony SO-51A API 31 ar

OGN O < O Do

D3&i mat khau

MG khidu md

) O Nyl Khilu 9

11213]4|5|6|718]|9]|0
gwertyuiop
axz s.l dq f g& h j. kl |
&6 zxcvbnma
€ Dang Kidm traval 123 ngudi ding
7123

3.10 Giao dién doi mdt khau
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3.2 Bang so liéu

Bang 3.1 Bang s6 liéu nhan dién

Kich ban kiém |S0 luong  [Nhandién |Nh4n dién sai/Khong nhn | Ty 1¢ thanh
thir mau ding dién cong

Trai xoai xanh |10 7 3 70%

Trai xoai chin |10 6 4 60%

Tréi xoai hong (10 7 3 70%

Tong cong 30 20 10 66,7%

3.3 Uu nhuoc diém hé thong

3.3.1 Uu d@iém

Giao dién than thién, d& su dung: Ung dung Android duoc thiét ké véi
giao di¢n tryc quan, tap trung vao chirc nang chinh la nhan di¢n. Cac trang thai
ctia x0ai (Xanh, Chin, Hong) dugc hién thi rd rang, phu hop véi nhiéu di tugng
ngudi dung, ké ca nhimg nguoi khong am hiéu sau vé cong nghé

Quy trinh quan 1y dir liéu toan dién: Khéc vdi cac ing dung demo thong
thudng, hé théng cung cip mot quy trinh khép kin tir xac thuc bao mat (Firebase
Authentication) dén luu trit dir 1iéu dam may (Cloudinary). Giai phap nay gitp
ngudi dung khong lo mat dir liéu khi ddi thiét bi va giam tai dung luong luu trix
cho bo nh¢ dién thoai.

Tc d6 nhan dién nhanh nho viée téi wu hdéa mo hinh sang dinh dang
TFLite chay trén nén tang di dong, tmg dung c6 kha ning nhan dién va phan hdi
ngay 1ap tirc khi ngudi dung chup anh cua dbi twong, giam thiéu do tré, mang lai
trai nghiém mugt ma.

3.3.2 Nhwoe diém

Phu thudc vao diéu kién moi truong: DO chinh x4c cua mé hinh bi anh
hudng bai diéu kién anh sang. Trong méi trudng qua t6i hodc choi sang (nguoc
sang), kha nang nhan dién cta camera giam sat, ddn dén viéc mé hinh c6 thé
khong bat duoc hinh anh chuan xac cta ddi tugng

Gi6i han vé sy da dang ching loai: M6 hinh hién tai dugc huén luyén tot

trén cac dir liéu pho bién tir Roboflow. Tuy nhién, vdi cac gidng xoai la hodc cd
hinh déng qua khac biét so v6i tap dit liéu huan luyén, hé thong c6 thé nhan dién
nham 1an (vi du: nhan dién nham qua du du xanh thanh xoai xanh).

Chua hd tro nhan dién theo thdi gian thuc (Real-time Detection): Hién tai,

mg dung hoat dong duya trén co ché xir 1y anh tinh (Static Image Processing).

Nguoi dung can thuc hién thao tac chup anh tha cong hodc chon anh tir thu vién
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dé hé thdng tién hanh phén tich va tra vé két qua. Tinh ning nhan dién lién tuc
tryc tiép trén ludng video (Live Camera Preview) chua dugc tich hop, diéu nay
lam ting s6 luong thao tic can thiét va giam tinh twong tac tirc thoi cua ngudi
ding so véi trai nghiém thuc té. Tiéu thu tai nguyén thiét bi: Tac vu xtr 1y anh
va chay mo hinh Al lién tuc (Computer Vision) yéu cau hiéu ning CPU/GPU
cao, dan dén viéc thiét bi di dong c6 thé bi nong 1én va tiéu hao pin nhanh néu
st dung tng dung trong thoi gian dai lién tuc.
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KET LUAN

1. Két luin chung

Db an “Nghién ciru YOLOVS, xay dung tng dung Android nhan dién do chin trai
x0ai” dugc thyc hién trong bdi canh nén nong nghiép 4.0 dang doi hoi nhimng giai phap
cong nghé mang tinh thyc tién cao dé toi wu hoéa quy trinh kiém soat chat lugng noéng
san. Thong qua qué trinh nghién ciru va trién khai, dé tai da giai quyét thanh cong bai
toan dua tri tué nhan tao (AI) tir mdi trudng nghién ctru 1y thuyét 1én cac thiét bi di dong
c6 tai nguyén gidi han.

Qua trinh thuc hién dd 4n 1a mot chudi cac cong viéc mang tinh hé théng, tur viéc thu
thap dir liéu tho, thuc hién gan nhan chuyén sau, huin luyén mo6 hinh hoc sau trén di¢n
toan ddm mAy cho dén viéc dong goi va phat trién Gmg dung phia nguoi dung cudi. Két
qua cubi cung khong chi 1a mot md hinh Al dat d6 chinh x4c cao ma con 1a mot san
phﬁm phﬁn mém hoan thién, c6 kha nang van hanh thyc té trén dién thoai thong minh.
Db 4n di chung minh ring viéc két hop gilta cac thuat toan State-of-the-Art nhu
YOLOV8 va nén tang Android 13 mot huéng di kha thi, hiéu qua va c6 tiém ning tmg
dung rong rii trong viéc hd trg ngudi nong dan phan loai san phdm nhanh chéng va
khach quan
2. Céc két qua dat dwoc ‘

Sau mot thoi gian tap trung nghién ctru va thuc hién, d6 an da dat dugc nhiing thanh

qua cu thé va mang tinh thyc tién sau:
o V& mit khoa hoc va thuat toan:
o Nhom da lam chu dugc quy trinh MLOps (Machine Learning Operations),

tir giai doan quan 1y dit liéu trén Roboflow dén viéc t6i wu hda huan luyén
trén Google Colab.

o Mo hinh YOLOVS sau khi huan luyén qua 100 epoch da dat dugc céc chi
s6 hiéu suat an twong: do chinh xac trung binh toan tip (mAP50) dat
93.3%.

o Dac biét, kha nang nhan dién 16p "Xoai hong" (Unhealthy) dat d6 chinh
xéac xap xi 98%. Pay la két qua cuc ky quan trong, cho thiy md hinh co
kha ning hd tro déc luc trong vi¢c loai bo nong san kém chat luong, dap

ung xuat sac muc tiéu kiém dinh chat lugng san pham dat ra ban dau.
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V& mit san pham tng dung:

o Xay dung thanh cong Gng dung trén nén tang Android v&i ngdn ngir
Kotlin, s& hitu giao di¢n truc quan, than thién va dé tiép can ddi véi ca

nhirng nguoi dung khong am hi€u sau vé cong nghé.

o Tich hgp thanh cong m6 hinh da nén dudi dinh dang TFLite, cho phép
mg dung thuc hién nhan dién hoan toan Offline, dam bao tbc d6 phan hoi

nhanh va tinh riéng tu cho dir liéu ctia ngudi dung.

o Hé¢ théng két nbi déng b0 vo1 cac dich vu ddm may: Firebase
Authentication giup quan ly va bdo mat thong tin tai khodan nguoi dung
tuyét d6i ; trong khi Cloudinary cung cép giai phap luu trit hinh anh thong
minh, gitip t6i wu héa dung luong thiét bi va cho phép truy xuit lich sir

nhan dién moi lic moi noi.

o Ung dung hoat dong on dinh trén céc thiét b that, c6 kha nang xu ly anh
tlr camera hodc thu vién va tra vé két qua nhan di¢n (nhan 16p va dg tin
cdy) voi do tré thip

3. Han ché cia dé tai ’
Maic du da dat dugc nhitng két qua kha quan trong viéc xay dung mo hinh va ung
dung, nhom thyc hién van nhan théy mot s& han ché nhit dinh can duoc xem xét va khéc

phuc trong tuong lai:

e Chua tich hop nhan dién thoi gian thuc (Real-time Detection): Hién tai, ing dung
hoat dong dya trén co ché xir 1y anh tinh (Static Image Processing). Ngudi ding
bét bude phai thuc hién thao tac chup anh thil cong hodc chon anh c6 san tir thu
vién dé hé théng tién hanh phan tich. Viéc thiéu tinh nang nhan dién truc tiép trén
ludng camera (Live Camera Preview) 1am ting s lugng thao tac, gdy han ché vé
tinh tuong tac tirc thoi va hiéu qua khi can kiém tra s6 lugng 16n nong san trong

thoi gian ngan.

e Do phu thudc cao vao chét luong bo dir liéu: Hiéu suit ctia mdé hinh YOLOVS
phu thudc rat 16n vao tinh da dang cua dur liéu huéin luyén. Du da thu thap hon
1.000 anh, nhung b6 dir liéu chil yéu tap trung vao cic giong xoai phd bién tai
Viét Nam. Bdi vi cac gidng xoai ngoai nhap, cac gidng c¢6 hinh dang bat thuong
hoic mau sac dic biét khong nam trong tip huan luyén, d6 chinh x4c cua hé thong

c6 thé bi giam sat dang ké, dan dén hién tuong nhan dién nham 16p.

e Nhay cam vdi diéu ki€n moi truong thyc té&: PO chinh x4c cia mo hinh bi anh

hudng manh bdi di€u kién anh sang va boi canh. Trong moi trudng qua toi, nguoc
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sang manh hodc khi trai xoai bi che khuét qua nhiéu bai 14 va canh cay, kha nang
trich xuAt dac trung cia mo6 hinh TFLite trén dién thoai gdp nhiéu khé khan, dé

dan dén sai sot trong viéc phan loai chét luong.

e Su phu thudc vao két ndi Internet cho céc tinh nang hé théng: Mac du mo6 hinh
nhan dién hoat dong Offline , nhung céc tinh nang quan trong khac nhu dang
nhap, dang ky va dong bo héa lich sir nhan dién déu phu thudc hoan toan vao cac
dich vu dam may (Firebase va Cloudinary). Piéu ndy c6 nghia la néu thiét bi
khong c6 két ndi mang 6n dinh, nguoi dung khong thé luu trit hodc truy xuét lai
dir liéu lich sir, gy gian doan trai nghiém ngudi dung trong diéu kién lam viéc

tal vuon.

o Su bién thién vé& hiéu nang trén cac dong thiét bi: Do Android 12 mot hé diéu hanh
c6 sy phan manh phan cimg rat 16n , téc d6 suy ludn (Inference time) va mirc do
tiéu thy tai nguyén cua tng dung khong ddng nhit trén cac dong dién thoai khac
nhau. Trén cac thiét bi doi cii hodc c6 ciu hinh thép, tac vu chay mo hinh Al lién

tuc ¢ thé gay ra hién twong néng may va tiéu hao pin nhanh chéng.

o Sudanh doi gitra tdc dd va do chinh xac: Viéc st dung bién thé YOLOv8n (Nano)
dé wu tién tdc do xur 1y trén di dong 1a mot su lya chon t6i wu vé hiéu nang. Tuy
nhién, v& mit 1y thuyét, phién ban nay van c6 do chinh x4c thap hon so véi cac
bién thé 16n hon nhu YOLOv8m hay YOLOv8x. Do d6, trong mét sb trudng hop
tinh vi lién quan dén cac vét hong nhoé trén bé mit qua, moé hinh Nano cé thé
khong dat dugc do nhay tuyét dbi nhu ky vong.

4. D¢ xuat va Kién nghi

Dua trén nhitng két qua thuc nghiém da dat dugc cung viéc nhin nhan khach quan
cac han ché hién tai, nhém thuc hién xin dé xuit cac dinh hudng phat trién va kién nghi
cu thé nham nang cap ng dung thanh mot giai phap cong nghé toan dién va chuyén

nghiép hon:
Vé khia canh k§y thuit va cong nghé
« Néng cap kha ning nhan dién thoi gian thue (Real-time Detection):

o Pay 1a uu tién hang dau trong giai doan tiép theo. Nhém dé xuat nghién
ctu tich hop thu vién CameraX — mot bo cong cu hién dai ctua Jetpack
gitp don gian hoa viéc quan 1y camera trén Android — két hop cing
TensorFlow Lite GPU Delegate.

o Vi¢c tan dung strc manh xur Iy song song ciia GPU trén dién thoai s& gitp

mo hinh thyuc hién suy luan (inference) véi toc do cuc cao, dat mirc 30-60
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khung hinh trén giay (FPS). Khi d6, nguoi ding khong can phai thyc hién
thao tic chup anh thi cong ma chi can dua camera ludt qua cac sot nong
san; hé théng s€ ty dong khoanh vung, dém s lugng va phan loai chit

lugng céc trai xoai ngay 1ap trc trén man hinh xem trudce.
« Mé rong va da dang héa tip dir liéu huén luyén (Dataset Expansion):

o Dé tang tinh téng quat hoa (Generalization), can tiép tuc thu thap dir liéu
vé cac gidng xoai dic trung khac ctua Viét Nam (nhu xoai Cat Chu, xoai

Tuong, xodi Keo...) & nhiéu giai doan truéng thanh khac nhau.

o Dic biét, can bd sung cac hinh anh dugc chyp trong diéu kién anh sang
khéc nghié¢t, hau canh phuc tap (nhiéu 14, canh che khuét) hodc céc tu thé
qua nam chdng chéo 1én nhau. Viéc 1am giau kho dit liéu nay s& gitip mo
hinh "théng minh" hon, giam thiéu ti da cac sai sot khi ung dung trién

khai tai cac ving dia 1y va diéu kién canh tac khac nhau.
o T6i wu héa mé hinh (Model Quantization):

o Nghién ctru 4p dung cac k¥ thuat nhu Quantization (Lwong tir héa) dé
chuyén d6i mé hinh tir dinh dang Float32 sang Int8. K¥ thuat nay s& giup
giam dung luong file md hinh xubng gip 4 1an va ting toc d6 xt 1y trén
cac dong dién thoai cdu hinh thip ma khong lam giam dang ké do chinh
xéc, gitip tmg dung tiép can dugc voi nhiéu ddi twong nguodi nong dan

hon.
Vé khia canh ing dung va thue tién

o Trién Kkhai thir nghiém va thu thip phin hdi ngudi dung (User-Centric
Design):

o Kién nghi dua tng dung vao giai doan chay thir nghiém (Pilot Test) tai
cac vua thu mua ndng san quy mo nho hodc cac hop tac xa cdy an qua.

o Thong qua viéc quan sat hanh vi str dung thyc té va thu thap y kién truc
tiép tir ngudi nong dan, nhom c6 thé diéu chinh giao dién (UI/UX) sao cho
tinh gon nhat, t6i gian hoa cac budc thao tac va 1am noi bat cac thong sd
quan trong, tir d6 dam bao tinh kha thi cao khi tmg dung vao doi séng san

xuét thuc té.

« Phit trién hé sinh thai "S6 tay nong vu thong minh":
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o Xay dung module thong ké va phan tich dit liéu chuyén sau dua trén lich
st nhan dién. Hé théng s€ tu dong téng hop sb lugng trai dat chuén, ty 1€

trai hong theo tung 16 hang, ting ngay hodac tirng khu vuc vuon.

o Céc dir liéu nay s& duoc truc quan hoa bang biéu dd, cung cip cai nhin
toan canh vé ning suit va chat luong mua vu. Pay sé& 1a cong cu dic luc
hd trg ngudi quan ly trong viéc danh gid hiéu qua canh tic, du bao san
lugng va dua ra cac quyét dinh kinh doanh, thu hoach mot cach khoa hoc

va chinh xac hon.
« Tich hop kha ning dinh vi va ban do sé:

o Dé xuit tich hop GPS dé gan thé dia 1y (Geotagging) cho mdi birc anh
nhan dién. Diéu ny giup ngudi quan 1y trang trai 16n c6 thé xac dinh chinh
xac khu vuc nao trong vuon dang ¢ ty 1€ xoai hdng cao hodc vung nao
da dat do chin can thu hoach, tir d6 tdi wu hoa quy trinh diéu phéi nhan
cong va van chuyén.

Véi cac dinh huéng phat trién nay, nhom thyc hién tin ring tng dung khong chi
dung lai & mdt cong cu nhan dién hinh dnh don thuin ma s& tré thanh mot phﬁn khong
thé thiéu trong hé sinh thai nong nghiép ky thuat sb, gop phan nang cao gia tri va vi thé

cua nong san Viét trén thi trudong.
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