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NHIEM VU PO AN TOT NGHIEP
Tim hiéu bai toan nhan dién cam xdc khudn mit, y nghia va tng dung bai toan nay,
khéo sat cac phuong phap giai quyét bai toan.
Tim hiéu vé mang No-ron, mang No-ron tich chap
Tim hiéu, nghién ctiru vé mé hinh nhan dién ddi twong YOLO, cac kién thic lién
quan nhu cac phuong phap danh gia moé hinh, cac phuong phap xtr ly dit liéu trong
YOLO...
Thu thap xt ly dir liéu, thir nghiém bai toan trén cac bo dir liéu va danh gia.



LOI CAM ON

Di qua nhitng nim thang tai truong Dai hoc Cong nghé thdng tin va truyén théng Thai
Nguyén-ICTU t6i méi thiy duoc tudi tré dang gia nhu thé ndo. Tudi tré 1a nhitng con
mua rao di c6 1am t6i cam lanh nhung t6i van khat khao dwoc dan than bat pha trong
nhitng tran mua ay.

Cam on ICTU, 5 nam gin b6 véi ICTU la mot quing thoi gian that sy quan trong trong
tudi thanh xuén cua toi. Du sau nay c6 di dén chan troi nao tdi s& mai nhé vé nhiing ky
niém vai ICTU, te hao minh [a mét nguoi con cua ICTU.

Cam on nhiing ngudi ban da d6ng hanh cuing t6i sudt 5 nam hoc tai ICTU, cam on cac
ban d3 cing ti c6 gang, thau cam va cung nhau vuot qua nhimg khoé khian. Cam on bd
me da vat va 1am viéc dé cho t6i c6 co hoi budce trén con duong tri thic ngay hdm nay.
Va t6i xin cam on cac thay gi4o, cd gido, can bo nhan vién trudong Pai hoc Cong nghé
théng tin va truyén théng Thai Nguyén va thay gido Tran Quang Quy-mot ngudi thay
tan tam da hudng dan toi hoan thanh do an tét nghiép cua minh.

Véi trinh do va kién thic con han ché nén d6 an con nhiéu thiéu sot, mong dugc thay
c6 théng cam va gop y.
ICTU, thang 01 nam 2022

Xin chan thanh cdm on!



LOI CAM POAN

Db an tét nghiép nay la san pham téng hop toan bo céc kién thirc ma t6i da hoc va
nghién cau trong thoi gian hoc tap tai truong. Y thic duoc didu do, véi tinh than
nghiém tuc, su tu giac cling su ¢ gang miét mai caa ban than va sy huéng dan tan tinh
cua thay Tran Quang Quy. Tdi dd hoan thanh db an tét nghiép cua minh.

T6i xin cam doan: ndi dung bai 1am cua tdi 1a cong strc t6i da tim hiéu, khdng sao chép
tir noi dung cua cac d6 an khac, c6 sy tham khao cac mau d6 an trén thu vién nha
treong vé ndi dung va hinh thic trinh bay. Moi thong tin sai léch t6i xin hoan toan chiu
trach nhiém trudc hoi dong bao vé.



MUC LUC

NHIEM VU DO AN TOT NGHIEP ..o 3
LOT CAM ON ..cooooiiieiieissie et 4
LOT CAM DPOAN ..ottt 5
A 0 O I 5SS 6
MUC LUC HINH ANH.....ooooiicicceeeee et st es s sss s 9
LOTNOIDAU ..ot 12
CHUONG 1. TONG QUAN VE BAI TOAN NHAN DIEN CAM XUC KHUON
AT bbb R bR e et b et E e b reenes 14
1.1 Gigi thiéu bai toan nhan dién cam xUc trén Khubn mat. .......c.ccoeevveviinevcieeecnen. 14
1.1.1 Phuong phap phan LOP .....cvveeiiiiiiii e 15
1.1.2 Phuong phap nhan dién doi twoNG ........coveevreereeereeieeeseeeeees e senes s, 15
CHUONG 2. MANG NO-RON VA MANG NO-RON TiCH CHAP ......ccccoveveeen. 17
2.1 Mang NO-TON [B] ..eeoeeeiii ettt e e s e e snae e sraeesreeenraeerenas 17
2.1.1 Mang No-ron SINNNQC.......ccveiie e 17
2.1.2 MO hiNh Mang NO-TON ........coieiieiie e 18
2.1.3 Ham kich hoat trong mang NO-TON.........cccccciveiieiieie e 18
2.2 Mang No-ron tich chap(Convolutional neural network) ...........cccoeeiiiiiinennen, 20
2.2.1 Phép tinh tich chap Convolutional...............cocoiiiiniiiiee e 20
2.2.2 Tang tich chap(Convolutional layer) ...........cccovevevvvereeeeeeeeeeeseseesessee s 23
2.2.3 Tang tong hop dic trung(Pooling 1ayer)........cocv.evevereeeereseeernssseeserseseseenes 25
2.2.4 Tang két ndi day da(Fully connected layer) ........c..ccoveeeeeereevsrsseereniereseenns 26
CHUONG 3. GIAlI PHAP NHAN DIEN DOI TUQGNG YOLO .......cccovvvrrnricirrinnns 28
S L NG DUNQ .ttt te e reeaesaeane e 28
3.2 Mot s6 khéi niém quan trong trong mot mé hinh nhan dién di tuong. .............. 28
3.2.1 IOU-Giao trén hgp( Intersection OVEr Union). .........ccoceevereneeieeneneeniesiennenns 28
3.2.2 Phép do dd chinh XaC(ACCUIaCy) [4] ....ooovevererieieiesiee e 29
3.2.3 Ma tran nham 1an(Confusion MatrixX) [4] ....cccocevvviririeerieereeeeenesseeeeeeeena, 30
3.2.4 Do do Precision va Recall.........ccocooiiiiiiiiiii e 31
3.2.5 Precision Recall Curve, AP VAMAP ..ot 32

3.2.6 D0 Q0 F1 SCOTC...uuiiiiiiiiiiii ettt e e e 33



3.3 M6 hinh mot giai doan(One stage) va mo hinh hai giai doan (two stage

(0L =01 (0] ) TR 34
3.3.1 TWO Stage EECTONS ....ocvveivveiiie ittt 34
3.3.2 0N Stage JEECIOIS .. .viiviiiiieitie sttt 35

3.4 YOLOVL [B] [6] -vevereveeeeeeeeeeeeeeseeeeeeeseeeeeseeeeeseeee e se s 35
3 O TV I (1S 35
3.4.2 HAM Mat MAt (LOSS FUNCLION) .......veiveeeceeeieeeeeeeeee et 38
3.4.3 Phuong phap loai bo bét Boundingbox(Non-maximal supperession (NMS))

................................................................................................................................ 38

3.5 Y OLOVZ [T][6] +vvveveeereeeereaearesiesiesiesiesieeeseesassessessessessessesaessessesessassessessessessens 39
3.5.1 CAUIUC ... vvoevvieiriieiseeiei sttt 39

3.6 YOLOV3- T6t hon, khong nhanh hon, manh hon(Better, not Faster, Stronger) [8]

G S 42
3.6.1 CAU TIUC ..vvvovriiirieeiecteis sttt 42
3.6.2 Nhan dang ¢ cac ti Ié anh Khac nhau. ..........cccccoevviieeiici e, 44
3.6.3 DAU 1A CHA YOLOV. ..ot 45
3.6.4 Khung mac dinh (ANChOr DOX). ...cvoiveiieiiiiiececee e 46

3.7 YOLOV4- Téi uu hoa téc d6 va do chinh xac(Optimal Speed and Accuracy of

Object Detection) [9] [6]. .. e eeoeerrererierieriei et 47
3.7.1 Backbone( Xuong sdng) — Trich Xuat dic trung. ..........cccoevvevvvversrersnnenn. 48
3.7.2 Neck ( phan €6) — TONG hop dAC trUNE. .....cvveveeeeeveeeeeeeeeeeese e 50
3.7.3 Head ( phan dau) — Budc Nhan dang. ........ccceeeveveereeeeeeeresessssessesseseseseenns 55

3.8 YOLOV4 — Phuong phap cai thién két qua suy luan(Bag of Freebies). .............. 56
3.8.1 Tang sinh dit liéu bang cach: cat va tron- CutMix data augmentation.......... 56
3.8.2 Tang sinh dit liéu bang cach "kham"- Mosaic data augmentation. ............... 56
3.8.3 Phuong phép loai bo cac diém gidng nhau(DropBlock regularization)......... 57
3.8.4 Lam min I6p nhé@n hoc(Class label Smoothing). .........ccoccvvvviiiiniiinencienen, 58
3.8.5 Tui dac biét cho phan xuong song(BoS cho backbone). ............cccccvvevenenee. 59

3.9 Y OLOVS [2] .t ieieiiiieiieieee ettt sttt na e neerenrenrenne s 61

CHUONG 4. XU LI DU LIEU, THU NGHIEM MO HINH VA KET QUA............... 63

4.1 Cac budc thu thap va X [T dit lHEU. ....ocvveieiiie e 63



4.1.1 ThUthAP AT TIEU .eoveieeee e 63

£.2.2 TN XU 1T G TEU oo 63

4.2 Phuong phap gan NhaAN. ........ccccoeiiiiiiiiie e 64

4.2.1 Phuong phap gan nhan thil CONG.........cccevieeiiiiieiie e 64

4.2.2 Phuong phap gan nhan ban tu dONG. ....cccovvvveiiiiiiiiiie e 65

4.2.3 BO AU HHEU.....ccueiiiiicicece et 66

4.3 Ky thuat huan luyén mé hinh YOLOV5 trén Google Colab ............ccccoovvvenenee. 67

4.3.1 CAu triic thu myc trudc dao ta0 Cho YOLOVS ... 67

4.3.2 Str dung GoogleColab.........cccviiiiiiiie e 68

4.4 KEL QUA NUAN TUYBN.......oeveeeeeeeeese sttt 69

4.4.1 banh gia mo6 hinh YOLOvS5s, YOLOvVS5x trén bg dir ligu Widerface............ 70

4.4.2 Panh gai md hinh YOLOv5s, YOLOV5x trén bo dit liéu face_emoaji .......... 71

4.5 DBIMO ...ttt 73
4.5.1 Két qua nhan dién khuén mat trén mé hinh YOLOV5 véi bo dit liéu

LAV Lo [=T o = T PSSR 73

4.5.2 MO hinh YOLOVS5 FaCE MOJi..cccviiiiiieiieiiesiie e ste ettt 73

TAILIEU THAM KHAO ..o een e se s eeneseee e 75

DANH MUGC THUAT NGU ..ottt eeee e st en s en s en s 75

KET LUAN <ottt ettt ettt ettt et et e e et et et et et et et et et et et et et ettt ee e 76

NHAN XET CUA GIANG VIEN HUONG DAN.......c..cooovovviericeereeeee e 77

NHAN XET CUA GIANG VIEN PHAN BIEN.......cocooiiieiieeiecereeees e 78



MUC LUC HINH ANH

Hinh 1.1.1 M6 hinh phan 16p thong thiroNg..........coeiiiiiiiieee e 15
Hinh 1.1.2 M6 hinh object detection YOIOV5 ... 16
Hinh 2.1.1 Mang NOron SINNNOC ..o 17
Hinh 2.1.2 M6 hinh Mang NoO-TON ........ccccoiiiiiiece e 18
Hinh 2.1.3 Ham bién doi Hardlimit..........cco.covvririnininisenssesssssssssssessssenns 19
Hinh 2.1.4 HAM Dién d0i LINEAI .......c..cvvrvriireiecieiesiesesiesss s 19
HINh 2.1.5 HAmM SIgMOId........coooiiiiieiee e 20
Hinh 2.2.1 Y nghia phép tinh cONVOIUION ........covvevieeieiesiieeeeee e 22
Hinh 2.2.2 MG hinh Mang no=roN..........cccceiieiiiiic e 23
Hinh 2.2.3 Input layer va Hidden Layerl.........cccooeiieiiiiiiiie e 23
Hinh 2.2.4 Phép tinh convolution trén anh mau Vi K=3 ... 24
Hinh 2.2.5 Tensor X, W 3 chiéu dugc Viét dudi dang 3 MatriX...........ooccevveeereeeerrnens 24
Hinh 2.2.6 Thuc hién phép tinh convolution trén anh Mau.............ccccceeeveeeice e, 25
Hinh 2.2.7 MaxPooling v&i Filter(2, 2) stride(2, 2) ...ccovevvvevveceeceeceece e 26
Hinh 2.2.8 Max pooling va average pPOOIING .........cccveiiieerieie e s 26
Hinh 2.2.9 Fully conNNected [aYEr ........ccciiiiiieie e e 26
Hinh 2.2.10 M hinh convolution neural NEtWOIK ...........ccccoveveeieeiicie e 27
Hinh 3.2.1 Minh hoa cach tinh TOU .........cooviiiiiii e 29
HINh 3.2.2 MiNN NQa TOU.......ciiiiiiicee e 29
Hinh 3.2.3 CoNfUSION MALMIX .....cveiiiiieieiiececic et 30
Hinh 3.2.4 Precison Va RECAll ...........c.coeiiiiiiiii e 31
Hinh 3.2.5 Precision RECAIl CUIVE .........ccccoieiiiceecec e 32
Hinh 3.2.6 DO A0 AP ..o e 33
Hinh 3.3.1 Giai doan 1 cia model tOW STAge........ccoveieiiriiienieeee e 34
Hinh 3.3.2 Giai doan 2 ciia model tOW STAgE........ccoveiieiirieierieee s 34
Hinh 3.3.3 M6 hinh one stage( Y0l0, SSD) ....ccooiiiiiiiiieieiereee e 35
HINh 3.4.1 MO hinh YOLOVL ..o 35
Hinh 3.4.2 M6 hinh YOLOWV1 chia hinh thanh SXS 0 [udi........cccceovvveiiiieccie e, 36
Hinh 3.4.3 Trong tAm CUA VAL thE ........o.ovieeeeeeeeeeeees e 37
Hinh 3.4.4 DAU 12 YOLOVL ..ot 37
Hinh 3.4.5 Hinh anh trudc va sau Khi st dung NMS ... 39
Hinh 3.5.1 Phat hién nhicu ddi tugng trong 1 6 TG .....c.cveeveeveereiceecieeeeee e, 40
Hinh 3.5.2 Hinh minh hoa 1% sb luong Anchor Box trong mang RetinaNet .............. 41
HINh 3.5.3 DArKNEt 19 .....ceiiiiiiice ettt 42
HiNh 3.6.1 DarkNet 53 .......ooiiiiiiiicc et 43
HINN 3.6.2 CAU trUC YOLOV3 ...ttt 44
Hinh 3.6.3 QUA trinh tim KiM VAL thE..........c.eviiieeeeeeeeee e 45

Hinh 3.6.4 KiCh thUrGC CUA TONSOK ....ceve e eee ettt et e e e e et e e e eeeeeeaeereaeeeeaaeeeenes 46


file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041519
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041520
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041547

Hinh 3.6.5 Qua trinh ddo tao dé tinh chinh kich thuéc cua anchor box sao cho gidng

VOT VAL TNE NNAL. vttt ettt ettt e e et et e et et e e e e et et ee e eeeeeenenens 46
Hinh 3.7.1 So sénh md hinh Yolov3 V&i YOIOVA ... 47
HINN 3.7.2 CAU tIUC YOLOVA ....ovvviiiiese st 48
Hinh 3.7.3 Cac backbone dugc str dung trong YOLOVA. .......ccovvveiiviieiecie e 48
HIND 3.7.4 EFFICIENTNEL ..ot s 49
HINN 3.7.5 CAU TIUC CSP ..ottt 50
HiNh 3.7.6 CAU TrUC DENSENEL ..ottt 50
Hinh 3.7.7 M6t s6 cau trac sir dung cho phan €6 (NECK) ........c.vevvrveveeeeeeeceeseseeeneeas 51
HINN 3.7.8 SPP Y OLO ...ooiiiiiiiceese ettt 52
Hinh 3.7.9 SPP YOLO(bo6 qua DC BIOCK) ...ccveveieieieieece e 52
Hinh 3.7.10 Hoat dong cua Path Aggregation Network...........cccocvvevviveve e 53
HIND 3.7. 01 PANET ..ottt ettt et sbe et e te e te et e anesneesnne e 53
Hinh 3.7.12 PAN thay d6i add thanh CONCAL............ccceveeveeerreiesiereeeeeeeeseeeeee s, 53
Hinh 3.7.13 M0 hinh Spatial Attention Module(SAM) ......cc.ccoveiveiieiiicie e, 54
Hinh 3.7.14 M6 hinh Convoluntional Block Attention Module ............cccccvveviieiieinnane. 54
Hinh 3.7.15 M6 hinh SAM trong YOIOV4 ........cccooviiiiiiieece e 55
Hinh 3.7.16 Qua trinh dao tao dé tinh chinh kich thuéc caa anchor box sao cho giéng

VOT VAL TNE NNAL. ettt ettt ettt ettt e et e et eeee et aneeeees 55
HINN 3.8.1 CULMIX..c.uiiiieiieieie ettt renne e 56
Hinh 3.8.2 Tang dinh dit liEU — MOSAIC...........ccoiiiiiiiiiiiieee e 57
Hinh 3.8.3 Phuong phdp DropBlocK ..o S7
Hinh 3.8.4 Anh huéng cua Label Smoothing voi mo hinh.......ccco.cvveveceeceeecee, 58
Hinh 3.8.5 Mish activation fUNCLiON............cccccieiiiiii e 59
Hinh 3.8.6 Su khac biét khi stir dung mish, reLu, SWish..........c.cccccovviiiiiiiieciee, 60
Hinh 3.8.7 Két qua so sanh ReLLU, Mish, Swish trén tap dix lieu MNIST .................... 61
Hinh 3.9.1 CAC MO hiNh YOIOVS.......ciiieiiciccce e 61
Hinh 3.9.2 Banh gia m6 hinh YOLOVS trén bg dir liéu COCO.........ccovevvvevirciiecien 62
Hinh 4.1.1 Thu thap hinh anh.........ccooii e 63
Hinh 4.1.2 Bo dir liéu Widerface [L0]......cccooerieieieieieenie e 63
Hinh 4.1.3 Chuyén doi dinh dang Widerface ............cooveeeeveeeeeeeeeeeeeseeeessensnnnne 64
HINA 4.2.1 THIGE 13D CAC LGP w.vvrveveveeeeeeeeeesesee et 64
Hinh 4.2.2 Tool labellmg gan nhan dir li€U...........ceoeiiiiieiie e 65
Hinh 4.2.3 M6 hinh gan nhan tr @ONG.........coveiiiieeie e e 65
Hinh 4.2.4 Str dung labellmg chinh sta Nhan ... 66
Hinh 4.2.5 Dit liéu sau Khi XU 1 ....c.ooviiiiiccc e 67
HINN 4.2.6 Chi IEENNAN ©....vovc s 67
Hinh 4.3.1 CAu tric thu muC data YOIOVS.......ooeeeeeeeeeeeeeeeeeeeeeeeee e e eseseesenenseens 68
Hinh 4.3.2 Thiét 1ap GPU trén google COlab ..........covuevrvieveieeeiceseeeeeeeess e 69

Hinh 4.3.3 Cai dat MO1 trIrONG . ....covveiiieiii e 69


file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041560
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041571
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041572
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041576
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041577
file:///C:/Users/PC/OneDrive%20-%20ictu.edu.vn/Máy%20tính/ĐATN/2022_01_20_Ban_cuoi_DATN/2022_01_20_Document/20200113_NGUYEN_DINH_TIEM_CNTT_K16I_TS_TRAN_QUANG_QUY.docx%23_Toc96041582

