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TOM TAT

Tén dé tai: Nghién Ctru Va Phat Trién Hé Thong Thi Giac May Tinh Tich Hop
Robot Dé Loai Bé6 Tap Chit Trong San Xuét Sei

Sinh vién thyuc hién:

Nguyén Vin Mén Sb thé SV: 105200337

Lé Vin Tuan S6 thé SV: 105200349

Vin Ngoc Phuong Sb thé SV: 105200340
Lép: 20TDH2

Trong san xut soi dét may, tap chat nhu manh gd, xo cay, soi nylon, 16ng vii hay bui
ban sau quy trinh tach so ngoai lai van con sot lai, budc cong nhan phai kiém tra va
loai bo thu cong, gay gian doan ddy chuyén va tiém an sai sot trong chat lugng. Dé tai
nay huéng dén viéc thiét 1ap mot hé thong tu dong hoan toan, két hgp camera cong
nghi¢p va mé hinh phat hién vat thé YOLOv11 dé nhan dién tap chét theo dic trung
hinh thai va mau sic trong thoi gian thyc.

Két qua nhan dién dugc sir dung trong mo-dun dong hoc nghich — thuan dé tinh toan
chinh x4c vi tri gap trén co cu robot Delta, dong thoi Matlab duoc tng dung mé
phong khong gian lam viéc, dam bao robot van hanh trong gid1 han an toan. Toan bo
thuat toan va giao tiép phan cimg (Arduino Mega, driver TB6600, servo) duoc tich
hop trén Visual Studio Code, thuc hién chu trinh “chyp anh — nhan dién — tinh toa dg —
gap tha” lién tuc ma khong cin can thiép thii cong. Thi nghiém trén mo hinh thu nho
ching minh hé théng hoat dong 6n dinh, nhanh chéng, chinh xac va c6 kha ning nang
cao ning suat, dong nhat chat luong soi, dong thoi md ra hudng tng dung Al sdu rong

trong tu dong hoa san XUuat.



DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAIHOC BACH KHOA Dac 1ap - Ty do - Hanh phuc
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

Ho va Tén sinh vién | S6 thé SV Lép Chuyén nganh

Nguyén Vin Mén 105200337 | 20TDH2 [K§ thuat diéu khién & Ty dong hoa
Lé Van Tuan 105200349 | 20TDH2 [K§ thuat diéu khién & Ty dong hoa
Vin Ngoc Phuong 105200340 | 20TDH2 [K§ thuét diéu khién & Tu dong hoa

1. Tén dé tai do dn:
Nghién Ciru Va Phat Trién Hé Thong Thi Gidc M4y Tinh Tich Hop Robot
Pé Loai Bé Tap Chat Trong San Xuit Sgi
2. Pé tai thudc dién: OC6 ky két théa thudn sé hitu tri tué doi voi két qua thyc hién
3. Cdc s6 lidu va dir liéu ban dau:
Khao sat thuc té va ldy vat mdau san pham sgi béng 16i tai cong ty Co phan Dét
May hoa Tho
4. Noi dung cdc phdn thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung
1 Nguyén Vin Mén Tim hiéu tong quan vé Robot Delta
Tim hiéu tng dung cta robot Delta trong quy trinh phan

2 | Vin Ngoc Phuong | loai tap chét
Nghién ctru dong hoc ctia robot

3 Lé Vin Tuin Tim giai phap truyén thong dir liéu cho hé thong diéu
khién
Viét va hoan thién bao cdo thuyét minh d6 4n

b. Phan riéng:
TT Ho tén sinh vién Noi dung
1 Nguyén Van Mén Lap trinh chuong trinh chinh cho toan hé thong
Lap trinh xtr Iy anh YOLOv11
Lap trinh diéu khién Robot Delta
M6 phong vung lam viéc cua robot Delta trén
Matlab/Simulink
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Nghién ctru cach truyén thong dit liéu
Thiét ké giao dién diéu khién

2 Vian Ngoc Phuong Lap dit mo hinh co khi Robot Delta va tay gap
Tinh chon thiét bi dién va co khi, tay gip

Thiét ké so @ dau ndi dién cho hé théng

Chup anh, danh nhan cho qué trinh train xtr ly anh
Lap trinh diéu khién Robot Delta

3 Lé Vian Tuan Chup anh, danh nhan cho qua trinh train xtr ly anh
Tinh chon thiét bi dién va co khi, tay gip

HOo tro 1ap trinh chuong trinh chinh

Thi cong d4u ndi dién cho toan bd hé théng

Lap trinh xtr Iy anh YOLOv11

5. Ngay giao nhiém vu do dn: 17/2/2025
6. Ngay hoan thanh do éan:  1/6//2025

Pa Nang, ngay  thang ndam 2025
Truwéng Bo mon Ty dong hoa Nguwoi hwéng dan

TS. Giap Quang Huy Nguyén Thi Kim Tric
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DAl HOC A NANG

TRUONG PAI HQC BACH KHOA

KHOA DIEN

CONG HOA XA HOI CHU NGHIA VIET NAM

Boc lap - Tu do - Hanh phuc

PHIEU KIEM SOAT TIEN PO LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)

Ho va Tén sinh vién | S6 thé SV Lép Chuyén nganh

Nguyén Vin Mén 105200337 | 20TDH2 [K§ thuat diéu khién & Ty dong hoa
Lé Van Tuan 105200349 | 20TDH2 [K§ thuat diéu khién & Ty dong hoa
Vin Ngoc Phuong 105200340 | 20TDH2 [K§¥ thuat diéu khién & Ty dong hoa

Tén dé tai DATNCP: Nghién Ciru Va Phat Trién Hé Thong Thi Gidc May
Tinh Tich Hop Robot Pé Loai Bé Tap Chét Trong San Xuit Soi

Ho tén nguoi HD: TS. Nguyén Thi Kim Truc

Pon vi: Pai hoc Bach Khoa BN

Ne: Khoi lugng GVHD
5 a -
Tuan 4y da thuc hién (%) tiep tuc thuce hién (%) Ky tén
Nhan dé tai Gip ngudi huéng dan dinh
17/02/2025 \
1 hudng do6 an
Nghién citu cac tng dung  [Phan tich va xac dinh phan
5 24/02/2025 |cua robot Delta trong cong  |ctng ctia hé théng
nghiép
Xac dinh yéu cau va bai toan
03/03/2025 | _
3 datra
Duyét lan 1: Panh gia khoi lugng hoan thanh % :
4 10/03/2025 Puoc tiép tuc lam DATN [ Khong tiép tuc thuc hién
PATN [
Nghién ctu cAu tao, cAu Xac dinh va tinh chon cac
s 17/03/2025 |triic robot Delta va tay gap  thanh phan co khi cta robot
Delta
Nghién ctru co s¢ Iy thuyét  [Tim kiém nguon di liéu va
24/03/2025 .
6 cia mo hinh Al train m6 hinh YOLO
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Lén phuong an thiét ké hé

Thiét ké ban v& thi cong lap

. 31/03/2025 fthéng, quy trinh cong dit thiét bi, ban v& thi cong
nghé dié€n, so do két ndi hé thong
Duyét 1an 2: Panh gia khéi lwong hoan thanh %
07/04/2025 Puoc tiép tuc lam DATN [ Khong tiép tuc thuc hién
s DATN [
Nghién ctru phuong trinh M6 hinh hoa, kiém chimng
dong hoc robot Delta, Ién  [phuong trinh dong hoc, tinh
o 14/04/2025 phuong an thiét ké mo toan khong gian lam viéc
hinh, tinh chon thiét bi trén phan mém Matlab
Simulink
Tinh chinh ban thiét ké Thi cong ldp dat mo hinh hé
10 21/04/2025 mo hinh (C,O khi, di¢n) thong robo‘E Del’ta
Thi cong lap dat mo hinh  [Thi cong dau noi tu dién
[ap trinh chuong trinh Tién hanh chay kiém
diéu khién giam sat nghiém va tién hanh do dac
11 28/04/2025 xac dinh cac thong s6 thuc
té clia co ciu
Duyét lan 3: Panh gia khoi lugng hoan thanh  %:
1 05/05/2025 Puoc tiép tuc lam DPATN o Khong tiép tuc thuc hién
DPATN o
Thiét ké giao dién man Tién hanh chay mo phong
3 12/05/2025 hinh diéu khién giam sat ~ man hinh diéu khién giam
sat trén pycharm
Chay thir vi chwong trinh  [Tién hanh do dac va kiém
» 19/05/2025 [diéu khién, chinh siramdé  jghiém hiéu sut lam viéc
hinh cua mo hinh
Hoan thién mo hinh, téng
{5 26/05/2025 hop tai li€u, hoan thién

cac phan trong bao cao




LOINOI PAU VA CAM ON

Chung em xin gti 161 cam on siu sic ti ngudi huéng dan — co6 Nguyén Thi Kim
Trac, ngudi da tan tAm theo ddi tién d6 cong viée va ludn dong gép nhitng v kién quy
bau, gitp nhém hoan thanh dd an tét nghi¢p mot cach xuét sic. Sy tan tuy va su chi bao
ctia c6 da truyén cam himg va mé ra nhitng goc nhin méi, gop phan hoan thién ning luc
chuyén mon ctia mdi thanh vién trong nhom.

Chung em ciing xin bay t6 10ng biét on chin thanh téi giam dbc, anh Nguyén Xuan
Binh va toan thé can bo ctia Tong Cong ty C6 phan Dét May Hoa Tho, nhirng ngudi di
tao diéu kién thuan lgi va hd tro nhiét tinh cho nhém trong sudt qua trinh thyc hién dé
tai. Su hop tac va tim huyét ctia quy cong ty da gop phan khong nho vao thanh cong cua
du an.

Maic du thoi gian thyc hién dd an c6 han va nang lyc con nhiéu han ché, ching em
nhan thic dugc nhimng thiéu sot ton tai. Vi vy, rat mong nhan dugc nhitng gop ¥, chi
bao tir quy thay c6 dé chung em c6 thém dong luc va co hoi hoan thién kién thuc, tir d6
phuc vu t6t hon trong cong viéc sau ndy.

Mot 1an nita, ching em xin chin thanh cam on tit ca moi nguoi da dong hanh va

hd trg trong qua trinh thuc hién d6 an nay.
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LOI CAM POAN LIEM CHINH HQC THUAT

Chung em xin cam doan dé tai: “Nghién ciru va phat trién hé thong thi giac may
tinh tich hop robot dé loai bé tap chit trong san xuit s¢i” 1a sy nghién ctru ciia nhom
em (Nguyén Van Mén, Lé Vin Tuan, Vin Ngoc Phuong) duéi sy hudng dan caa TS.
Nguyén Thi Kim Truc (Khoa Bién — Truong Pai hoc Bach Khoa — Pai hoc Pa Nang);
Giam Bdc Nguyén Xuan Binh, ngoai ra khong c6 bat cir sir sao chép ctia nguoi khac.

Dé tai, ndi dung bao cdo 1a san pham ma nhém em da nghién ctru trong qua trinh
hoc tap tai trudng ciing nhu thoi gian tham gia thuc tap va thuc hién dé tai tai Cong ty.

Céc s liéu, két qua trong bao cao nay 13 hoan toan trung thuc, em xin chiu hoan

toan trach nhiém, ky luat ctia b0 mon va nha truong néu nhu c6 van dé xay ra.
Pa nang, ngay 16 thang 6 nam 2025
Nhém dong tac gia thue hién

Sinh vién 1 Sinh vién 2 Sinh vién 3

Nguyén Vin Mén Lé Vin Tuan Van Ngoc Phuwong
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DANH SACH CAC KY HIEU, CHU VIET TAT

UART: Universal Asynchronous Receiver/Transmitter
YOLO: You Only Look Once

Al: Artificial Intelligence

mAP: mean Average Precision

IoU: Intersection over Union

GPS: Global Positioning System

CNC: Computer Numerical Control

NMS: Network Management System

GIAI THICH THUAT NGU TIENG ANH

Precision B§ chinh xac
Recall: B9 bao phu

Fl-score trung binh diéu hoa

X1V






Capstone Project: “Nghién cieu va phdt trién hé thong thi gidc may tinh tich hop robot dé loai bo tap

chat trong san xuadt sgi”’

MO DAU

1. Muc dich caa dé tai

Trong qua trinh san xudt soi tai cac doanh nghiép dét may, mic du da tmg dung
céc thiét bi tach so ngoai lai (vi du: SP-FPU) dé loai bo tap chét, van ton tai mot luong
dang ké (g vun, xo cdy, soi nilon, 16ng vii, bui...) sét lai. Dé dam bao chit luvong dau
vao trudce khi dua soi vao cong doan dét, cac nha may thudng bd tri cong nhan kiém tra
va tach loai thii cong & khau cudi cung. Tuy nhién, quy trinh ndy mang tinh tha cong
cao, ton nhiéu thoi gian, dé phét sinh sai s6t va khong dam bao do 6n dinh vé chét lugng.

Pé tai nay nham phat trién mot hé thong tu dong tich hop cong nghé thi gidc may
tinh va robot Delta dé thay thé hoan toan khau loai bo tap chat thii cong. Hé thong sé tu
dong phat hién va phan loai chinh x4ac cac tap chét con sot lai trén bé mat soi, déng thoi
sit dung robot Delta dé loai bo ngay 1ap tirc, giup nang cao ning suat, dong déu chat
luong san pham va giam sy phu thudc vao lao dong thii cong. Giai phap nay khong chi
dap ing nhu cau tu dong hoa va chuan héa trong nganh dét may hién dai ma con gop
phan t6i wu hoa chi phi va ting cudng kha ning canh tranh cho doanh nghiép.
2. Muc tiéu ciia dé tai

Pé hién thyc hoa muc tiéu tu dong hoa khau loai bo tap chét cudi cung trong san
xudt soi, dé tai dat ra cac muc tiéu cu thé sau. V& thi giac may tinh, trudc hét can xay
dung mot tap dir liéu hinh anh thuc té chira céac loai tap chat phé bién (nilon, x0 cay, ga
vun, 16ng vii...), déng thot thyc hién gan nhan chinh xac cho tung doi tuong. Trén co
s& do, mo hinh phat hién doi tuong YOLOV11 s€ duogc huin luyén va t6i wu hoa dé nhan
dién tap cht trén nén bong véi cd d§ chinh xac va toc do dap ung yéu cau thoi gian
thyc. Hi€u nang ctia md hinh s€ dugc danh gid thong qua cac chi s6 Precision, Recall,
Fl-score va mAP, nham kiém chung tinh kha thi khi trién khai trong méi trudng san
Xuét.

Vé thiét ké co khi va diéu khién robot, nhém s& thiét ké va ché tao md hinh robot
Delta phut hop v6i khong gian lam viéc quy dinh, sir dung phan mém SolidWorks két
hop in 3D cho céc chi tiét co khi. Trén nén tang do, bai toan dong hoc thuan va nghich
ctia robot Delta dugc giai quyét dé xay dung ham chuyén ddi toa do giita anh dau vao
va vi tri thuc té, phuc vu cho vi¢c 1dp trinh diéu khién chinh xéc. Diéu khién robot s&
thue hién qua Arduino va driver TB6600, dam bao qua trinh gip va loai bo tap chat dién
ra 6n dinh, khop véi toa do phat hién tir mé hinh AL
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Capstone Project: “Nghién cieu va phdt trién hé thong thi gidc may tinh tich hop robot dé loai bo tap

chdt trong san xudt soi”

V& tich hop hé théng, mot giao dién ngudi dung (UI) truc quan s& dugc phat
trién dé hién thi két qua phat hién va hd trg vin hanh ban tu dong khi can thiét. Quy
trinh dong bd gitra khau chup anh, nhan dién, tinh toan vi tri va diéu khién robot gip —
loai bo s& duoc thiét ké khép kin, tir d6 cho phép chay thir nghiém tron ven trén mo hinh
tai xudng san xuét.

Cubi cung, hé thdng s& dugc thir nghiém trong méi trudng mé hinh dé danh gia
d6 chinh x4c cua robot khi xir 1y cac loai tap chat khac nhau. Két qua vé thoi gian xu
1y, ti 1& loai bo chinh x4c va tinh 6n dinh s& duoc so sanh tryc tiép véi phuong phap thu
cong hién hanh, gitp xac dinh vu thé cling nhu nhitng han ché—vi du nhu hién tuong
rung dong cuia robot hodc sai 1éch trong phéan 16p tap chat—tir d6 dé xuat cac cai tién
cho giai doan phat trién tiép theo
3. Pham vi va d6i twong nghién ciu

P6i twong nghién ciru: Chia thanh ba phan chinh: (1) cac tap chét trong nguyén
liéu soi (g6 vun, nilon, xo cdy, 1ong vii...) vdi muc tiéu khao sat dic tinh dé phuc vu
nhan dién ty dong; (2) robot Delta dang song song, tap trung danh gia dong hoc, do
chinh xac toa d6 va toc do phan hoi khi gip — loai bo; (3) hé thdng thi gidc may tinh sir
dung YOLOv11, nham phat hién va phan loai tap chit trén nén bong theo thoi gian thuc
v6i ca do chinh xac va hiéu suat cao.

Pham vi thue hién: Trong khudén kho nghién ctru, mé hinh robot Delta dugc
thiét ké va ché tao trén quy mo thu nho thay vi trién khai trén day chuyén cong nghiép
thuc té. M6 hinh YOLOv11 chi dugc huén luyén v6i mét 16p duy nhit 13 “tap chét”,
thay vi phan loai chi tiét timg loai chat ban, nham don gian hoa bai toan va tap trung
vao hiéu ning phat hién chung. Dit liéu hinh anh duoc thu thap truc tiép tir mo hinh thi
nghi¢m duoi diéu kién chiéu sang dugc kiém soat chit ché&, dam bao tinh dé)ng nhét va
nhét quan cua tap huin luyén. Toan b quaé trinh phat trién va van hanh hé théng sur
dung két hop Arduino cho diéu khién robot, SolidWorks cho thiét ké co khi, Kaggle
cho huén luyén mé hinh, Roboflow cho quan Iy va gan nhin dir liéu, cing cac thu vién
xtr 1y anh hién dai dé xr Iy va phan tich hinh anh.

4. Phwong phap nghién ciru
Trong qué trinh thyc hién dé tai, nhom da ap dung két hop nhiéu phuong phap nghién

clru dé ting bude xdy dung va hoan thién hé thong. Cu thé nhu sau:

- Phuwong phap khao sat thue té: Nhom da dén khao sat tai Cong ty Dét May Hoa
Tho dé tim hiéu quy trinh hién tai, dac biét 1a khau loai bo tap chat b%lng tay. Qua
d6, nhom xac dinh rd nhu cau tu dong hoa va cac van dé con ton tai trong thuc té

san xuat.
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Phuong phap thiét ké va mé phéng: Nhom st dung phan mém SolidWorks dé
thiét ké cac bo phan co khi cua robot Delta, nhu khung, tay gip, dé cb dinh... Sau
d6 mé phong vung lam viée va tinh toan dong hoc trén Matlab/Simulink dé kiém tra
kha nang hoat dong ctia robot.
Phwong phap huén luyén mé hinh nhan dién: Nhom tién hanh thu thip hinh anh
thue té, gan nhan dit liéu bang phan mém Roboflow va huan luyén mé hinh nhan
dién tap chét bang thuat toan YOLOv11 trén Kaggle véi sy hd trg ciia GPU dé ting
toc do xu 1y.
Phwong phap tich hop hé thong: Cac thanh phan nhu camera, mé hinh Al, robot
Delta, vi diéu khién Arduino Mega va driver diéu khién dong co dugc két ndi va 1ap
trinh hoat dong dong bo. Viéc tich hop gitp hé thong c6 thé ty dong phat hién va
loai bé tap chét theo thoi gian thyec.
Phwong phap kiém tra va danh gia: Nhom kiém tra hé théng qua nhiéu 1an chay
thtr. Mo hinh Al duoc

5. Cau truc do an.

Pé tai t6t nghiép duoc trinh bay véi cac ndi dung chinh sau:

Chuong 1: Téng quan dé tai.

Chuong 2: Thiét ké hé théng, lua chon thiét bi va thi cong phf?m cung.
Chuong 3: Co s 1y thuyét vé robot Delta.

Chuong 4: Xay dung va trién khai mo hinh thi gidc may tinh.
Chuong 5: Tich hop hé thong va kiém thtr thuc nghiém.

Chuong 6: Thyc nghi€ém, danh gia két qua.
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chat trong san xudat soi”’

Chuong 1: TONG QUAN DPE TAI

1.1, Giéi thiéu chung
1.1.1 Tinh cdp thiét ciia dé tai

Trong bdi canh nganh dét may dang hudng t6i ty dong hoa va chuan hoa chét
luong theo xu thé Cong nghié¢p 4.0, viéc kiém soat chat luong soi cotton dau vao, dic
biét 1a loai bo tap chét, tro nén dic biét quan trong. Soi cotton quyét dinh dén do6 bén,
thAm my va gia tri kinh té ctia san pham dét may. Tuy nhién, trong qua trinh thu hoach
va ché bién, soi d& bi 1an tap chat nhu méanh g5, X0 cdy, nilon, 16ng vii hay bui ban.
Nhing tap chat nay khong chi anh huong dén chat lugng san pham ma con gy 15i bé
mat vai, lam gidn doan day chuyén san xuat va ton hai dén uy tin thuong hi¢u.

Hién nay, nhiéu doanh nghiép trong nganh van st dung may tach xo ngoai lai
nhu SP-FPU dé loai bo tap chét khoi nguyén li¢u. Nhung hi¢u suit loai bo cua thiét bi
nay trong thuc té van con han ché, dan dén viéc can bd sung thém budc kiém tra thi
cong nham dam bao chat lwgng san pham. Phuong phap kiém tra thii cong tuy can thiét
nhung lai tiéu tn nhiéu thoi gian, d& xdy ra sai sét va lam gia ting chi phi lao dong.

Trudce thyc trang nay, dé tai “Nghién ciru va phat trién hé thong thi giac may tinh
tich hop robot dé loai bo tap chat trong san xuat soi” 1a mot giai phap co tinh tmg dung
cao. Bang cach tich hop cong nghé thi gidc may tinh va robot Delta, hé théng c6 kha
nang ty dong phat hién — loai bo tap chit theo thoi gian thyc vo1 do chinh xac vugt troi
nhd cac thuat toan Al hién dai. Hé théng khong chi ndng cao ning suit so voi phuong
phap thii cdng ma con giam dang ké chi phi van hanh, gop phan thiic day hién dai hoa

nganh dét may va dap tng cac tiéu chuin khit khe cua thi trudng qudc té.

Hinh 1.1 Hinh anh so ngoai lai dwoc thu gom tir may SP-FPU
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1.1.2. Nhitng vin dé ton tai trong kiém tra va logi bé tap chit 16i

Trong quy trinh san xuét soi, dii ¢6 bo qua cc cong doan trung gian nhu xtr 1y
nguyén li¢u, kéo soi hay dét vai, khau kiém tra chat luong van dong vai tro then chdt,
dam bao san pham cudi cing dat tiéu chuan. Viéc ra soat va loai bo tap chit ngay tir
nguyén liéu dau vao trude khi dua vao giai doan san xuét chinh phai dugc thuc hién
nghiém ngit, nham ngan chin nhimg yéu té c6 thé 1am giam chat lugng va do bén cia
soi thanh pham.

Mic di may tach so ngoai lai (SP-FPU) 1a cong nghé phd bién trong nganh, nhung
hiéu suét loai bo tap chét cua thiét bi nay van con han ché. Vi vay, dé tai nay tap trung
nghién ciru va phét trién mot hé thdng thi gidc may tinh tich hop robot, c6 kha ning
phat hién va loai bo hiéu qua cac loai tap chét thudng gip trong nguyén liéu dau vao,
bao gdm:

- Xo cdy: manh vun xo ti vé hodc than cay, con sot lai sau thu hoach va so ché.

- Nhua: hat hoic manh nhya nho 1an vao nguyén liéu trong qua trinh van chuyén,
luu kho.

- Niléng: vun mang hodc manh tai nilong, dé bam dinh do tinh nhe va tich dién.

- G va vé cdy: manh g cting hodc 16p vo cdy chua duoc lam sach hoan toan, anh
huong dén d6 dong déu va kha ning kéo soi.

- Léng vii: 1ong dong vat hoic 16ng chim roi trong khong gian san xuét, c6 thé 1an

vao nguyén li¢u khi c6 gié hoac trong méi truong mé.

Hinh 1.2 Cdc tap chdt thuong xudt hién trén soi bong
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1.2. Quy trinh sin xuét tai nha may soi

1.2.1 Chuédi cong doan chinh tir nguyén ligu dén thanh phim

Quy trinh san xuét soi tai nha may bat dau bang xtr Iy nguyén liéu tho, trong d6
bong cotton trai qua cac cong doan xé kién, tach da ning, danh toi, tron déu va tach xo
ngoai lai SP-FPU dé loai bod tap chit, trong khi xo PE dugc danh toi, x¢é kién va tron
déu tuong tu; tiép theo ca hai loai xo dugc chai tho trén may TC-15, sau d6 ghép so bd
bang TMFD81S dé tao cti chai hdn hop. Soi sau d6 dugc phan nhanh: mot phan tiép
tuc qua RSB-D45 va FA-494 dé hinh thanh 6ng tho, phan con lai qua HC-500 va
HC-181D dé gia cong chai ky, trude khi hoi tu tai may kéo soi con Rx-300 va duoc
hoan thién trén Q-PRO nham loai bo soi 1i va tao thanh “con sgi” dap ung cac yéu cau
vé kich thuée, co tinh va chat luong. Thiét bi SP-FPU cua Triitzschler dong vai tro then
chét trong viéc dam bao do sach nguyén liéu, gop phan nang cao hiéu sut san xuit va

chat luong sgi thanh phém

£ N 'd ™ e o 'd N

Kién bong
May xé kién May tach(loc tap) May danh toi May xé kién PE
BO-A da nang SP-MF BR-COI BO-A
. J . l J . l J A J/
'S N T N s T ™
May xé 2 truc May danh toi May trdn déu May xé 1 truc
CL-P BR-COI MX-U FD-S
\ l J . S . J/ . /
- N o N
May trén du May xé tinh
MX-U CcL-U
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“ 7

May chai thé May chai thd
TC-15 (Cotton) TC-15 (PE)

May ghép so bd
TMFD81S
N0
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S l S . S J
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3 > ) W~ Y ————
FA-404 Rx-300 Q-PRO
. S . S J

Hinh 1.2 Quy trinh san xudt soi tai nha mdy Hoa Tho
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1.2.2 Vi tri va vai tro ciia khau kiém tra — loai b6 tap chit

Khau kiém tra va loai bo tap chét, thyc hién ngay sau buée xir Iy nguyén liéu
tho va trude khi dua xo vao cong doan chai tho, dong vai tro then chdt trong dam bao
chét luong soi. Sau khi bong cotton va xo PE dugc x¢é kién, danh toi va tron déu,
nguyén liéu sé dugc dan qua thiét bj tach xo ngoai lai SP-FPU, nham loai bo cac hat
bui, manh gd, soi nilon, vé hat va nhiing xo ngoai lai con sot lai. Viéc bd tri SP-FPU
tai vi tri nay dam béo réng toan bo xo du vao cho may chai tho TC-15 déu d3 duogc
lam sach tbi uu, tir d6 nang cao hi¢u suit va do 6n dinh cua céc cong doan tiép theo.

Trude hét, bude 1am sach ban dau nay gdp phan dam bao tinh dong nhit va do
tinh khiét cia nguyén liéu, giam thiéu cac khiém khuyét bé mit trén soi thanh pham.
Thtr hai, viéc loai bé sdém cac tap chat c6 do cung hoac kich thudce 16n gitip bao vé hé
théng ludi cit va tryc chai, tir 6 giam thiéu chi phi bao tri va tang tudi tho thiét bi.
Cudi cung, do on dinh vé chét lugng nguyén li¢u dau vao lam giam thiéu cac su cb
van hanh, tranh gian doan day chuyén va han ché nhu cau phan loai thu céng, qua d6
t6i wu hda ning suat san xuat. Nhu vdy, khau kiém tra — loai bo tap chat khong chi 1a
budc dém ki thuat ma con quyét dinh truc tiép dén hiéu qua kinh té va kha ning canh
tranh cia nha may soi.

1.3. Phin tich thye trang kiém tra thii cong

bén nay, cong doan loai bd tap chét tai nhiéu nha may soi van thuc hién béng
quan sat tryc quan cia cong nhan. Phuong thirc ndy ¢6 wu diém vé tinh linh hoat—cong
nhan c6 thé nhan biét nhiing dang tap chdt m&i xuét hién ma hé théng tu dong chua
duoc huin luyén—va chi phi dau tu thap, pht hop voi quy mé nho hoic diéu kién vén
han hep. Tuy nhién, vi¢c phu thudc vao nang lyc va su tip trung ctia con nguoi khién
ty 18 sai sot cao, ddng thoi nang sudt bi gidi han do khdi lugng nguyén lidu 16n va toc
do xt Iy cham. Hon nira, diéu kién anh sang khong déng déu, bui ban va sy moi mit
ctia cong nhén trong ca 1am viéc kéo dai cang gia ting nguy co bo sot hodc nhit nham.
Pao tao cong nhan dé dat duoc k¥ ning kiém tra chinh xac cling tén kém thoi gian va
chi phi.
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Hinh 1.3 Qud trinh tach thii cong ciia cong nhdn dé thu hoi bong c6 thé sir dung

Tir nhitng han ché néu trén, c6 thé thiy rang giai phap tu dong hoa sir dung cong nghé
thi gidc may tinh két hop robot cong nghiép 1a huéng di tit yéu dé nang cao do chinh

x4c, tang nang suat va dam bao tinh 6n dinh chat lugng trong san xuat sgi.

May tach xo' ngoai lai r )

Bong con lan
tap chat sau xir I¥
s0' bo bi loai bo

(E5=)

Robot Deltadé ~ Camera+Al
logibotapchat  uhan di¢n tap chal

\ J

Hinh 1.4 Quy trinh phdt hién va loai b6 tap chat bang Al va Robot Delta

1.4. Xac dinh bai toan nghién ciru

Maic du céc nha may san xuét soi da ap dung h¢ théng tach so ngoai lai, trén thuc
té van con mot lugng tap chit nhu manh g0, soi nilon, X0 ciy va 1dng vil sot lai, budc
cong nhan phai kiém tra va loai bo thi cong & khau cudi cing. Quy trinh nay khong chi
kéo dai thoi gian xir Iy va 1am giam hiéu suat chung, ma con tiém an nguy co bé sét,
dan dén chat luong san pham khong dong déu gitta cac mé. Bén canh do, su khac biét
vé kinh nghiém va tay nghé, gidi han thoi gian 1am viéc theo ca, cing voi tinh trang mét
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moi hodc nghi 6m cta cong nhan dé gy gian doan hoat dong. Chi phi nhan cong (luong,
bao hiém, phuc loi, ddo tao...) lai ngay cang ting va kho kiém soat, dic biét khi quy
mo san xuat mé rong doi hoi phai bo sung thém luc lugng kiém tra. Trude nhitng han
ché nay, dé tai s& tap trung vao viéc thiét ké va trién khai mot hé théng tu dong tich hop
cong nghé thi gidc may tinh va robot Delta, nham phat hién, phan loai va loai bo tap
chat con sot lai trén bé mit soi véi tbe d6 va do chinh xéc cao, déng thoi dam bao tinh
on dinh cta chat luong san pham dau ra.

1.5. D& xuit giai phap tw dong hoa

Dé tai dé xuat xdy dung mot hé théng khép kin gom: (1) thu thip va gan nhin
anh tap chat (g0 vun, nilon, xo cdy, 16ng vii) dudi diéu kién anh sang 6n dinh; (2) huan
luyén mé hinh YOLOv11 dat d6 chinh x4c cao dé phat hién tap chat trén nén bong; (3)
thiét ké robot Delta nhé gon trén nén SolidWorks, gidi dong hoc thuin/nghich dé bién
ddi toa do anh sang toa do thuc té, diéu khién béi Arduino va driver TB6600 véi sai sb
nho; (4) tich hgp qua module Python diéu phéi tuan tu “chyup anh — nhan dién — tinh toa
d6 — gap—tha” va giao dién giam sat thoi gian thuc; (5) thir nghiém danh gia hiéu ning
(thoi gian xir 1y, ti 18 loai bo chinh x4c) so véi phuong phap tha cong dé hoan thién va

mo rong rng dung.

Két luin chwong 1

Chuong 1 d3 cung cép tong quan vé quy trinh san xuét soi tai nha may, trong do
nhan manh vai tro then chdt ctia khau kiém tra va loai bo tap chat trude khi dua nguyén
lidu vao cac cong doan tiép theo. Dya trén khao sat thuc té va phan tich, chuong nay
chi ra cac han ché cta phuong phéap thu cong—ning suét thap, sai sot cao, kho mé rong
va chi phi nhan cong tang—tir d6 xac dinh bai toan nghién ctru: thiét ké mot hé thong
tur dong hoa khép kin. Giai phap dé xuit két hop cong nghé thi giac may tinh (thu thap,
gan nhin dit liéu anh tap chét va huan luyén mé hinh YOLOv11) véi robot cong nghiép
Delta (thiét ké co khi, dong hoc va diéu khién), tich hop qua module Python va giao
dién giam sat, nham tu dong phan loai va loai bo tap cht con s6t lai véi tde do, dd chinh

xac va do on dinh cao.
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Chuwong 2: THIET KE HE THONG, LUA CHON THIET BI VA THI
CONG PHAN CUNG

2.1 Tong quan vé h¢ thong

Muc ndy tap trung vao viéc thiét ké tong quan vé hé théng giup thuc hién quy
trinh céng nghé da dugc mé ta muyc trén. Hé théng bao gém céc thanh phan chinh nhu
khéi xir Iy anh, khéi bo diéu khién, khdi co cau chap hanh. So d6 tong quan vé hé thong

dugc bi€u dién trong hinh anh dudi.
VISION CONTROLLER

Camera

ACTUATOR
T 2 \
! ' -y ]
] - s
=
) |
' Servo Gripper |

Hinh 2.1 So do tong quan vé hé thong

Khéi xir Iy anh: Thyc hién nhiém vu lay thong tin dau vao dudi dang hinh anh
thong qua camera sau d6 giri dén trung tam xir 1y tin hiéu dau tién 1a may tinh. M6 hinh
YOLO s& phan loai va trich xuét ra vi tri tap chét giri cho khi diéu khién.

Khéi diéu khién: Sau khi c6 duoc vi tri tap chat khdi diéu khién ¢ ddy 1a Arduino
s& tinh todn va cap xung dé diéu khién dong co va céc thiét bi khac phdi hop theo quy
trinh dé thuc hién phan loai.

Khéi co cau chap hanh: Pong co servo hoat dong dé gripper dong lai, giir chat
tap chat. Khi Robot di chuyén dén vi tri cudi thi gripper s& mo ra dé tap chat sé& roi
xudng.

2.2. Giéi thiéu Robot
2.2.1. Robot néi tiép va robot song song
Trong robot cong nghiép, cé hai kién tric dong hoc chinh:
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Robot nbi tiép (vi du: robot 6 truc, SCARA): Str dung chudi khung ho, cho tam
v6i va do linh hoat 16n, nhung do dong co dat ngay trén cac khdp di dong nén quan tinh
hé théng cao, gidi han tdc d6 van hanh.

Robot song song (vi du: Robot Delta): Co cAu khép kin véi cac dong co ¢b dinh
vao dé, giam dang ké quan tinh cho phan di dong, tir d6 dat téc do, gia tée va do cimg
vitng vuot troi; bu lai, khong gian l1am viéc s€ hep hon.

2.2.2. Gidi thiéu Robot Delta

Robot song song kiéu Delta (tir ddy tré vé sau goi tit 13 robot Delta) 1an dau tién
dugc gido su Raymond Clavel phat minh vao nim 1985 [1]. Pén nay, rat nhiéu hing
san xuat robot noi tiéng da ché tao thanh cong va dua vao tng dung thuc tién nhu Fanuc,
ABB, Bosch Packaging...

Robot Delta str dung cac co cau hinh binh hanh (parallelogram) va mot tim dé di
dong (moving platform) c6 ba bac tu do tinh tién so véi tAm dé c6 dinh (base).

Do tinh wu viét ctia Robot song song nén ngay cang thu hat dugc nhiéu nha khoa
hoc nghién ctru, ddng thoi ciing dugc ing dung ngdy cang rong rai vao nhiéu linh virc
khac nhau nhu nganh vat 1y, co khi, y té, quan su..

Véi cac yéu cau dic thu cia dé tai "Nghién ctru va Phat trién Hé théng Thi giac
May tinh Tich hgp Robot dé Loai bo Tap chat trong San xuat Soi," yéu t tde do 1a quan
trong hang dau dé xir 1y cac tap chit nho, nhe trén day chuyén dang hoat dong. Do do,
v6i wu thé tuyét dbi vé tde do va gia tdc, robot delta chinh 13 giai phap toi wu dé dap

ung hi¢u qua bai todn nay.

Delta Robot Design' ABB FlexPicker Delta Robot

Hinh 2.2 Mét s6 mé hinh robot delta

2.2.3. Phdn logi
Robot Delta kiéu ba khép xoay: Day 1a mot loai robot song song gdm ba tay don
dugc didu khién boi ba dong co quay gin cb dinh trén khung. Mdi tay don két ndi véi

SVTH: Nguyén Vin Mén, Lé Van Tuan, Vin Ngoc Phuong GVHD: Nguyén Thi Kim Trac 11



Capstone Project: “Nghién ciru va phat trién hé thong thi gidc may tinh tich hop robot dé loai bo tap

chdt trong san xudt soi”’
nén di dong thong qua cic khép cau va thanh nbi, tao ra chuyén dong chinh xac theo ba
tryc khong gian (X, Y, Z). Nho cdu trac nhe, cing vitng va kha ning phan hdi nhanh,
robot nay rat phu hop cho cac tmg dung can téc d6 va do chinh xac cao nhu gip — dit,

phan loai va lip rap trong cac nganh cong nghiép dién tir, thuc pham, bao bi va dét may.

Hinh 2.3 Robot Delta kiéu ba khép xoay

Robot Delta kiéu ba khop truot: Pay 1a robot song song gém ba co cau truyén
dong tuyén tinh (khop trugt) dit thang dung, diéu khién ba tay don gan véi nén di dong
thong qua cac khép ndi. Khi cac khép truot di chuyén 1én xudng, nén di dong dich
chuyén theo khong gian 3 chiéu (X, Y, Z). Cau triic nay giup robot dat duoc do chinh
Xé4c cao, phan (mg nhanh va dé diéu khién. Robot Delta ba khop truot thuong dugc Gmg
dung trong cac nhi¢m vu gép — dat, phan loai san phém va thao tac tu dong tbe do cao

trong cong nghiép.

Hinh 2-4:
Hinh 2.4 Robot Delta kiéu ba khép truot
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2.3. Gi6i thiéu chung vé céc thiét bi
2.3.1. Gidi thiéu chung vé Arduino

Arduino 12 méot board mach vi diéu khién do mot nhém gido su va sinh vién nudc
Y thiét ké va dua ra sir dung dau tién vao nam 2005. Arduino c6 thé thuc hién nhiéu
nhiém vu nhu léy tin hiéu tir cam bién dén diéu khién dén, dong co, va nhiéu dbi tuong
khac. Ngoai ra, Arduino con c¢6 kha ning két ndi, twong tac véi cac thiét bi GPS,
Internet, Camera, di€n thoai di dong, ...

Arduino Mega 2560 R3 1a phién ban nang cip cta Arduino Uno R3 véi viéc gia
tang s6 chan giao tiép, ngoai vi va bo nhd. Mach duoc thiét ké dé giai quyét nhidu bai
toan hoc bua, can diéu khién nhiéu loai dong co va xir Iy song song nhiéu ludng dir liéu
sd ciing nhu twong ty.

wape

INITALY .

A e

i

ARDUINO
MEGA

PINCUT DIACRAM

Hinh 2.6 So do6 chin Arduino Mega 2560
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So dd linh kién Arduino Mega c6 5 Chan GND, 3 chan 5V, 1 chan 3.3V, 1 nlt
reset, 16 chan analog, 4 chan UART, 54 Chan digital trong d6 c6 15 chan chung ta co
thé str dung nhu PWM, 6 chan 1ap trinh ISP va nhiéu thanh phan khéc...

2.3.2. Gidi thiéu chung vé dpng co bwdc va bé diéu khién dong co
2.3.2.1. Gidi thiéu vé dong co buéc

Pong co budce (con goi 1a Step Motor hay Stepping Motor) 1a mot loai dong co su
dung dién. Pong co budc quay theo tirng budc mot tiy theo sé xung duoc cip vao s&
tao thanh mot goéc nao dé goi 1a goc budc, nén co6 dd chinh xéc rat cao, dic biét 1a vé
mit diéu khién. Néu goc bude cang nho thi sb budc trén mdi vong quay cua dong co
cang 16n va do chinh xac cta vi tri cang 16n.

Céc goc bude cuia dong co thuong duge sir dung pho bién nhat 1a: goc 1,8 do, goc
2,5 do, goc 7,5 do, goc 15 do.Vi day la cac géc thuan 1gi cho viée tinh toan nhat.

Hinh 2.7 M¢t s6 loai dong co budc

Hién nay, c6 4 phuong phap dé diéu khién dong co budc duoc st dung phd bién
nhat, d¢ la:
- Piéu khién dong co budc dang séng (Wave).
- Diéu khién ddng co budc du (Full step).
- Diéu khién ddong co nira budc (Half step).
- Diéu khién ddng co vi budc (Microstep).
2.3.2.2. B¢ diéu khién dpng co

Bo diéu khién dong co budc (driver) 1a thiét bi khong thé thiéu dé van hanh dong
co budce. Trong dé tai nay, nhém chon st dung driver TB6600 nho thiét ké nho gon, dé
dang lap dat va kha ning dép ung t6t yéu cau diéu khién xung trong hé théng. Day la
loai driver pho bién trong cac tmg dung nhu may in 3D, mdy CNC va robot. Driver
TB6600 c6 kha ning diéu khién dong co véi dién ap tir 9V dén 42V, dong dién toi da
1én dén 4A, dam bao d6 chinh xac va 6n dinh trong chuyén dong — yéu t6 quan trong dé

diéu khién robot Delta hoat dong chinh x4c va hi¢u qua
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Hinh 2.8 Driver TB 6600

2.4 Yéu cau thiét ké phan cing

Muc tiéu ban dau ctia hé thong ma nhém dé ra 1a xay dyng mot mo hinh phat hién
tap chét 1an trong so1 bong. Dya vao mo hinh da duoc thiét ké trén Solidworks, nhom
da tién hanh gia cong va lap rap cac bo phan robot lai v6i nhau. Duéi day 1a mot so yéu
cau khi thiét ké mo hinh Robot Delta loai bo tap chét:
- Thiét ké mo hinh Robot Delta hoat dong trong khong gian lam viéc cta khung
800x350x350 (mm) chinh xac, 6n dinh va dap tng dugc yéu cau phén loai.
- BO tri cac thiét bj hop 1y cho tng dung phat hién dé loai bo tap chat
- Lap dit ta dién mot cach hop 1y va mang tinh thAm my, dam bao tinh an toan va
thuan tién trong viéc stra chira, thay doi thiét bi.
2.5 Thiét ké mé hinh trén phin mém Solidworks

Nhém tham khao cac mo hinh Robot Delta tiéu biéu va dé tai tot nghiép tai Pai
Hoc Bach Khoa Ba Nﬁng dé x4c dinh cac thong sb ky thuat, ddm bao tdc d6 va do chinh
xac cao cho hé théng phat hién — loai bd tap chit. Véi yéu cau cao vé toc do va do chinh
X4c trong qué trinh van hanh, robot déng vai tro then chét trong hé théng tw dong hoa,
nhom di thiét ké ti mi gdm cac thanh phéan: dé cb dinh, dé di dong, khép trén, khép hinh
binh hanh, khung robot va chi tiét phu tro, phéi hop hai hoa nham mang lai van hanh
6n dinh, chinh xac va bén bi.
2.5.1 Dé cé dinh Robot

Pé cb dinh dong vai tro 1a bd phan lién két gitra phan khung va ba dong co, mdi
dong co diéu khién mét chudi dong hoc ctia Robot Delta. Khi robot hoat dong, tai trong
clia vat thé s& dugc phan bd déu 1én ba canh tay, dong thoi dé ciing phai chiu thém trong

luong tir cac khép noi.
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Hinh 2.9 DBé ¢ dinh robot

2.5.2 Pé di dong Robot

Pé di dong 13 bo phan gin voi co cdu chap hanh (gripper) dé thuc hién thao tac
gip va phan loai vat thé. Do ddi twong can phan loai trong dé tai chi yéu 1a cac loai tap
chat nho va nhe, nén yéu cau thiét ké cua dé di dong khong cin qua cing ma wu tién
trong lugng nhe dé gidm tai cho toan bg hé¢ théng robot.

Hinh 0-10:
Hinh 2.10 Dé di déng robot

2.5.3 Khop trén Robot

Khép trén ctia robot dong vai tro 14 khau truyén dong, duoc diéu khién tryc tiép tir
dong co thong qua hé thong diy dai. Do dam nhiém chirc ning truyén dong, khép nay
can co khdi luong nhe nhim giam mé-men quén tinh, giup robot van hanh nhanh va
chinh xac hon. Pong thoi, khép ciing phai dam bao du do cimg dé han ché d6 dan hoi
va rung lic trong qu4 trinh phan loai.
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Hinh 2.11 Khop trén robot

2.5.4 Khop hinh binh hanh Robot

Khép hinh binh hanh 1a chi tiét dung dé lién két giira canh tay robot va dé di dong,
thong qua vong bi mat trau loai SIST. Do céc thanh truc trong khép 1a khau thu dong,
phai chiu lyc truyén tur ca canh tay robot va dé di dong, nén can duoc thiét ké chic chan.
Nhom di lua chon vat liéu inox dé gia cong nham dam béao do cung viing, déng thoi

gitip chi tiét c6 kha niang chéng gi t6t khi 1am viéc trong moi truong bén ngoai.

Hinh 2.12 Khop hinh binh hanh robot

2.5.5 Khung Robot

Robot Delta dugc 1dp dit trén mot khung d, vi vay viée thiét ké khung can dap
ing cac yéu cau vé do cung viing, sy On dinh va cn bang nham dam bao hoat dong
tron tru cta robot trong sudt qua trinh thuc hién phan loai. Nhom di thiét ké khung c6
kich thudc 800x350x350 (mm) va str dung chat liéu 1a nhom dinh hinh.

Tay gip dugc nhom Iya chon va in 3D tir miu c6 san, dam bao phu hop véi yéu

cau cua bai toan dé ra.

Hinh 2.13 Khung robot
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DPé hoan thién mo hinh Robot Delta, ngoai cac chi tiét chinh: dé ¢d dinh, khop trén,

kh6p hinh binh hanh va dé di dong, con c6 mét sb linh kién khac duge liét ké trong

bang bén dudi.

Béng 2.1 Cac chi tiét khac khi thi cong robot

Tén chi tiét Hinh anh Thong tin chi tiét
TT
Vong bi mit trdu Ren trong M8, truc 8mm
1 | SI8T -,
A
Gia do dong co In 3D
2 E Kich thuéce: 11x7 cm
Puly khép trén robot In 3D
3 Puong kinh : 3 cm
‘ S6 rang: 180
Puly gin véi dong co In 3D
4 Puong kinh: 2cm
‘ S rang: 32
Day dai Do dai: 26 cm
S O Sé ring: 130
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2.7. Lwa chon thiét bi
2.7.1. Dong co

Pong co budc 5S7THS56 1a loai dong co budc 2 pha, dugce thiét ké véi kich thudce
nhé gon nhung van dam bao hiéu suét van hanh manh mé. Pong co nay dugc tich hop
hop s6 giam tbc Nema 17, gitip ting luc kéo va do chinh xac. Nho thiét ké nho gon, do
bén cao va kha ning diéu khién chinh xac, n6 phu hop cho cac ing dung ti dong hoa
nhu Robot Delta.

Béng 1.2 BPong co budc 57THS56

Pong co budc Di¢n ap: 12 - 24V
Dong di¢n: 2.5 - 3A
S6 day: 6 day)
Loai: 2 pha

2.7.2. Danh sdch cdc thiét bi

Hé théng st dung cau dao tu dong (CB) dé ngét mach khi ¢6 su ¢d, bao vé thiét bi
va ting do bén. Ngudn chinh 1a 24V-5A, két hop module ha 4p LM2596 dé cap dién
6n dinh cho cac linh kién nhu dong co budc va servo mini. Bo diéu khién trung tam la
Arduino Mega 2560, két ndi v6i driver TB6600 dé diéu khién chinh xac cac dong co
budc. Hé thng tich hop cong tic hanh trinh gitip robot tu dong vé vi tri gde, tranh vuot

gidi han chuyén dong. Pong co servo duogc lap tai tay gap dé thuc hién thao tac kep/méd
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STT

Tén thiét bi

Hinh anh

Thong tin chi

tiét

Arduino Mega
2560

HEGA ) =

Vi diéu khién
AVR ATmega
2560 (8bit).

Ngudn cung cap
7-12V.

S6 chan 1/O sb
54.

S6 chan 1/O
tuong tu 16.

Mach Ha Ap
LM2596

IC LM2596.

Ngudn dau vao
tur 4V-35V.

Nguoén déu ra
diéu chinh dugc
trong khoang tr 1V
dén 30V.

Dong ra max 3A.

Ngudn 24V-
5A

Input AC:
110/220VAC  +/-
15%

Output DC: 24V
5A

Mach diéu
khién dong co
budc TB6600

Ngudn dau vao
la9V —42V.

Dong cép toi da
la 4A.

Ngo vao co cach
ly quang, toc dd

cao.
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Co tich hop do
qué dong qua ap.

CB(Aptomat)

Ty dong ngat
mach dién hon
trong cac truong
hop xay ra qua tai
giip ngan ngura va
giam thiéu tac hai

t61 hé thong

Nut nhan

Str dung dé diéu
khién ON/OF h¢
thong

Dong co

Servo mini

bién ap hoat
dong: 4.8 ~6VDC

M6 men xodn
dung:
1,8kg/cm(4,8V),
2,2kg/cm(6V)

Tbc do hoat
dong: 0,1 giay/60
do(4,8V), 0,08
giay/60 do(6V)

Cong tic hanh
trinh V-156-
1C25

bién 4ap dinh
muc 250V, dong
ma 15A
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2.7.3. Camera
Bang 2.4: Web cam may tinh

Hinh anh Thong tin
Tén thiét bi Webcam may tinh
Do phan giai 1920x1080
Téc d6 khung hinh 20 FPS
Goc xoay 60 do
Cam bién hinh dnh CMOS 1/2.7
Kich thuéce 8*3* Ilcm

2.8.  Thi cong phin cirng
2.8.1. Mé hinh thiee té sau khi thi cong

Hinh 5 Phan cieng sau thi cong va tay gdp

2.8.2. So do hé théng
Nguon cép cho hé thdng: Tir nguodn dién xoay chiéu 220VAC, nhom em sir dung
ngudn t6 ong 24V-5A dé ha ap xudng cip ngudn cho dong co. Nhom em st dung mach

LM2596 d¢ ha ap xudng 5V cap ngudn cho Arduino mega 2560 va dong co servo

SVTH: Nguyén Vin Mén, Lé Van Tuan, Vin Ngoc Phuong GVHD: Nguyén Thi Kim Trac 22



Capstone Project: “Nghién ciru va phat trién hé thong thi gidc may tinh tich hop robot dé loai bo tap

chat trong san xudat soi”’

2596 - MODULE
AN

24VvDC 1 VCC
(%)
G IN w OUT
© 2
=
o
S—
v
(]
=
@)
Hinh 2.14 Module MLS2596
So d6 di day tin hi¢u di€u khién tir Arduino:
1 A+ 1 A+ ] A+
1 1 1
A A- | A
. B : B n | 8
- + + J————.
3 3 3 | ' VIN }-VEE
8 8- | B | GND
4 | 4] 4 | GND}———————
— et v | DIR+(3)
DOng co bude (1) Bng co bwoe (2) Bong co bute (3) \' PUL# (3)
8 |
—GNo PRl [ ].GND coms | 5 | DR+
, | VeE , | VCC 2! VGG comz | o o | PUL@
3 A+ g A+ 3' A COM1 3 \ DIR+ (1)
A- A- | A sv1 | PULs (1)
‘1 e ‘I s ofl S “
- + *
5 5 5 |
B 8- | B- R
6 6 6
, [ UL , | PUL@) 7! PUL+ (3) ARDUINO MEGA 2560
PUL- PUL- | PUL-
8 & 8
DIR+ (1) DIR+ (2) DR+ (3)
] g 9
DIR- DIR- DIR-
10 p— 10 f— 10 }—
DRIVER TB8600 (1) DRIVER TB6800 (2) DRIVER TBS600 (3)
Pyl
g jEC TJNo TN e
sV1 coM1 coM2 coma
3 2} 2 2
SERVO1 CTHT1 CTHT2 CTHT3

Hinh 2.15 So dé di day tin hiéu diéu khién
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2.8.3. Thi cong tu dién

Hinh 2.16 Hé th(fng dién sau khi hoan tat dau néi

Két ludn chwong 2:

Chuong 2 tap trung vao thiét ké va trién khai phan cting cho hé thdng tw dong loai bo
tap chat. Trudc hét, co ciu robot Delta dugc mo hinh hoa va thiét ké chi tiét trén
SolidWorks, dwa trén Iy thuyét cdu trac song song dé dam bao quén tinh thap va do
ctmg cao. Tiép d6, chuong tich hop cac ndi dung vé dong co budce va driver TB6600,
vi diéu khién Arduino Mega 2560, ciing nhu lya chon camera cong nghiép phu hop,
tir 46 xay dung hoan chinh khéi diéu khién va khéi chap hanh san sang cho giai doan

hiéu chinh va tich hop phan mém.
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Chuwong 3: CO SO LY THUYET VE ROBOT DELTA

Trong chuong nay trinh bay vé cac thong sd ctua Robot Delta, tinh toan dong hoc

thuan nghich va tim khong gian lam viéc trén phian mém Matlab.
3.1. Céc thong sb ciia Robot Delta

Trudce khi tinh todn dong hoc ta phai xac dinh 1 ) thong s6 ¢b dinh cua Robot

Delta bao gom: f, e, 1¢, T, . Py 12 4 thong s6 chinh cta cac bd phan Robot Delta.

Bang 3.1 Thong sb cac chi tiét Robot

Tén bo phan Ky hi¢u Kich thudc (mm)
Canh tam giac dé ¢ dinh f 248
Canh tam giac dé di dong e 58
Khop trén Iy 310
Khép hinh binh hanh e 380

3.2. Tinh toan dgng hoc cho Robot Delta
3.2.1. Dong hoc nghich

Véi bai toan dong hoc nghich chiing ta s& biét duoc toa d6 diém cudi cung cua
Robot Ey (X, Vo, Zo) 14 trong tAm ctia tam giac dé di dong va cac thong sé can xac dinh
12 3 goc B dugce tao bai cac khép trén va mat phang cua dé cd dinh [2]. V6i hé quy chiéu

s€ dugc chon co6 goc toa la trong tam cua tam gidc dé co dinh.
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E,(X,; ¥,: Z)
Hinh 3.1 Mo hinh dong hoc robot delta

Do khdp ndi thiét ké ctia robot F1J; chi ¢6 thé xoay trong mit phang YZ, tao thanh
hinh tron vé6i tAm tai diém Fi c¢6 ban kinh ry, ddng thoi khép hinh binh hanh J1E; ¢6 thé

xoay tu do tuong d6i voi Ei, tao thanh hinh ciu v&i tim tai diém E; va ban kinh r.

Hinh 3.2 Giao tuyén cia hinh cau va mdt phang YZ

Giao tuyén ctia hinh cau ndy va mat phang YZ 1a mot duong tron cé tam tai
diém E; va ban kinh EJJ, (trong d6 E; 1a phép chiéu cua diém E; trén mit phang
YZ). Biém J; co thé dugc tim thdy bay gio nhu 14 giao diém ciia cac dudng tron ban
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kinh d3 biét voi tam 1a E{ va F; (chang ta chi nén chon mot diém giao nhau vdéi toa do
Y nhé hon). Va néu ta biét J,, ta c6 thé tinh duoc goc 6;.
Xét mit phang YZ:

. \ J1 4
.“\\ Y,y
Eo (X‘:-; Yoi Zo)
e/2 e/2 -tan(30) E'1
Hinh 3.3 Mt phang YZ

Xét tam giac dé di dong, ta tim duoc:

EE, :gtan30D =

23

e 1 e
El|x,;y,——=:z = E |0y ——;zj
1( 0 0 2\/5 Oj 1 ( 0 2\/§ 0
Va EE' =x, > E/J, :JEIJI2 ~EE"” = -x
Xét tam gidc dé c6 dinh, ta tim duoc:

OF, = gtan30D =

S
FI(O’ 2J§’0J

Ap dung dinh 1y Pytago cho 2 tam giac vuong F,],]J; va J,E,E}:
{ (yJI _yﬁ)z +(ZJ] _ZF] )2 :rfz

2 2_ .2 2
(yJ‘ _yE;) +(ZJI _ZE{) =l —%

a
23

Ta duoc:
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2

S v
=) +z2 =r
(yJ, 2\/§) 5 =T
e
(s, = Yo +m)2 +(z, —z))' =1 x5

Toa d6 diém J, la nghiém h¢ phuong trinh giao diém cua 2 dudng tron:

= 510y;52;

Tir 1ay phuong trinh thtr nhét trir phuong trinh thit hai ta thu duogc:

2m1yJ1 +ZZOZJ] +m, =0

Trong do:
S € ( S/ jz ( e Jz 2 2 2 .2
m=——=+y ——= =L | |y ———= | 22— +(r* -
OB Tl T B ) e (7 =)

Tu bién doi ta duoc:
_2J/Jl m —m,
Zj ==
: 2z,

Thay vao phuong trinh dau cua ta duoc:

m’ f  mm f ’ m ’
l+—L |y + 2=+ L2y | L | 4| 2| =1} =0
( z;jy* Bz 7 \aB) )

bat:
A=b* —4ac
Voi:
m?
a=1+—-
Zy
b= f L UL

(LY (m)
C—(z\/gj +(220] !

Vi diém J; luon ¢ vi tri &m cuia truc y nén ta chon nghiém:

_—b—+A

Y 2
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Thay nghi¢m phuong trinh vao phuong trinh trén ta duoc:

~b-A
-2 Yy =~ | —m,

2a

2z,

ZJ1:

Goc 0,1a goc hop boi khép trén F s, va mit phang dé ¢d dinh.
Ta co:
J ]( 0;,\{;[::_;1)

Ta tim duoc:

0 = atanz[Lj (3.2.1.2)
YR =Yy,

Khi d4 tinh dugc goc 8; nhom lgi dung tinh d6i xting ctia Robot Delta dé tinh toan
goc 0, va 0. Bang cach xoay hé truc xyz 120°. véi toa do diém cudi, cung ctia Robot
méi E'y(X', ', Z') va str dung cing nhiing thuat toan o trén dé tim goc 0,. Va dé tim
gdc 05 chi can xoay hé truc xyz 1 goc —120°.

Nhém dit hé toa do ban dau 1a A thi diém E,, nhin tir hé toa do A s& 1a Ag, =
(X0, Yo, Zo)- Khi xoay tir hé truc toa do A mot goc theo truc z thi s€ nhan dugc hé toa do
méi B véi toa d6 diém cudi cing E, nhin tir hé toa do Bg, = (x'0,¥'0,2'9) - Ta cé cong
thirc cua phép xoay tir hé toa d0 A qua hé toa d0 B nhu sau:

4, = ;RB,
Dé tim dugc B, = (X,,Y,,Z,) ta can nhan 2 vé ciia phuong trinh cho ( /R)"

(R A, =GR 4R,

Voi

(AR AR =1
Tu suy ra dugc:

BEO = (;R)T.AEO

Bﬁng cach xoay tur hé toa do A sang hé toa do B quanh truc z vdi goe 120° ta suy

dugc phuong trinh:

cos (120)° sin (120)° O
AR)T = (R,(1209)" = [—sin (120)° cos (120)° 0
0 0 1
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Ngoai ra, ta c6 ma tran chuyén ddi hé toa do téng quat tr hé toa do A sang hé toa
d6 B. Vi 1an luot 1a phép xoay quanh truc z 1 goc 120° va vi chi xoay tai chd ma khong
tinh tién. T phuong trinh (4.28) suy ra phuong trinh nhu sau:

Bg, = (R,(1209)T. Ag oTié'p tuc thay phuong trinh vao phuong trinh ta dugc phuong
trinh:
X €0s(120)° + y,sin (120)°

Bg, = (R,(1200)T. A, = | %o sin(120) °Z+ yocos (120)°
0

1
Vay nhom di tim duge hé phuong trinh dé tinh goc 8, khi xoay quanh hé tryc toa
do 1 géc 120° theo truc z:
Xo' = X, €0s(120)° + y,sin (120)°
Vo = —Xqsin(120) ° + y,cos (120)° (3.2.1.b)
Zy' = Zg

120°

x'=xcos(120) + y sin(120)
y'=-xsin{120) + y cos(120)

E(‘! (X“; y!_l; z'fl') R (X'D; le; Zf_!)

Hinh 3.4 H¢ toa do mdi (x'y, v'y, Z')

Nguoc lai voi goc 0, tién hanh xoay h¢ toa d§ A quanh truc z 1 goc —120° tinh
toan tuong tu cho goc 05, ta s€ thu dugc hé phuong trinh sau:
Xo = Xq€0s(120)° — y,sin (120)°
Vo = Xosin(120)° + y,cos (120)° (3.2.1.¢)
Zo = Z
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3.2.2. Dong hoc thudn

Muc dich cua bai toan dong hoc thuan la xac dinh vi tri cia khau tac dong cudi
ctia robot khi biét cac bién khép cua robot [2]. Tir cac goc 1a trong tAm ciia tam giac dé
di dong.

Tir cac goc 04, 0,,05,> Toa dd (Xo, Yo, Zo) ciia diém E,.

Néu ta dd biét goc O, ching ta c6 thé d& dang tim thiy toa d0 cua céc
diém J;, J, va J5. Cac khép ndiJ,Eq, J,E, vaJ3E; co thé tu do xoay quanh céc
diém |, ], va 5. tuong tng, tao thanh ba hinh ciu c6 ban kinh r,.

Ta di chuyén cac tAm cua cac hinh cau tir cac diém J;, ], va J5 dén cac diém J';, J,
va J’; bang cach sir dung céc vector chuyén tiép E, Eo, E,E, va EsE, tuong tng.

Sau qué trinh chuyén d6i ndy, tit ca ba hinh cau s& giao nhau tai mot diém: E,,

nhu duoc thé hién trong hinh phia dudi:

Eleivaz)

Hinh 3.5 Mo hinh dong hoc robot delta

Vi vay, dé tim toa dd (X, Vo, Zo) cua diém E,, chung ta can giai quyét tap hop ba
2 2 2 , . N
phuong trinh nhu (X - X]-) + (y — y]-) + (Z - Z]-) = r2, noi toa d cac tam hinh cau

(X, ¥j» Z;) va ban kinh r, da biét.
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Hinh 3-6:
Hinh 3.6 Toa dé cac diém |, J5, J5 trén mdt phang Oxy

Theo hinh hoc:
_ _ _f oy _
OF; = OF, = OF; = Etan(30 ) = ﬁ
Va
Jii = JaJs = JaJs = 5 tan(30°) = >
F1J; = recos(8,)
F,J, = recos(8,)
F3J3 = recos(83)
T
. _

e
'{0;———=—rrCcosB,; —1 sine)
]1< 3 £ 1 £ 1
f—e

f—e
J’ <<ﬁ + r¢ cos 62> cos 309; <ﬁ + r¢cos 62) sin30°%; —r¢sin 92>

! f—e 0 f—e ] 0 -
J3 (m + r¢ COS 93) cos 30 ; <ﬁ +r¢ COS(Gg)) sin 30%; —r¢sin 6,

A

\

Trong cic phuong trinh sau déy ta s& chi dinh toa d6 cua cac diém J';,]',,]'5 12
(X1,V1,21), (X2,V2,22) VA (X3,V3,23). Luu ¥ rang x; = 0. Dudi day la phuong trinh
clia ba mit ciu véi giao diém 13 E (X, Vo, Zo)

x>+ (y—y)?+(z—2)% =r?
x=%)° + (Y —y2)* + (z—2,)* =18
x—x3)*+(y—ys)* +(z—23)* =13
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x? +y% + 2% = 2y;y — 22,2 = v% — yi — 7} (1)
= X% +y? + 2% — 2X,X — 2y, — 22,2 =12 — X5 — y5 — 73 (2)
X% +y? 422 — 2X3X — 2y3y — 2232 = 12 — X5 —y5 — 73 (3)
biat: w; = x? + y? + z7, ta dugc:
( (wy —w,)
XX+ (1~ Y2)y + (2 —2)z =———— ®=1-@
(wy — ws)
| XX+ 01— ya)y + (2 —zgdz="——— (5) =1 -@3)
(W, —ws)
(X2 = X3)x+ (2 —y3)y + (22 —23)z = — (6) =(2)—(3)
Tix (4) - (5):

X =a;z+b; (7)
y =a,z+b, (8)

Voéi:

1
[(zz —2)(y3 —y1) — (23 — 21) (Y2 — y1)]

=3
by = — 5 [(W5 ~Wi)(ya — y2) = (W — W) (3 )]
a, = —%[(ZZ —2,)X3 — (23 — 21)%,]
by = 5 [, — W) — (W, — Wy

d=(y; —yx3 — (y3 —y %,

Thé (7), (8) vao (1) ta dugc:
(af + a3 + Dz* + 2(a; +ay(b, —yy) —z)z+ (b + (b, —y;)* +2f — 1) =0
Cudi clng, ta can giai phuong trinh nay va tim zo (chiing ta nén chon goc phuong
trinh 4m nho nhat), va sau do tinh xo va yo tir (7) va (8).
az’ +bz+c=0
Voi:
a=a’+a; +1
b=2(ab +a,(b,—y)-z)
c=b+(b,—y) +z -1’

Dit A =5 —4ac
Do mé hinh Robot Delta c¢6 khau cubi ludn & vi tri Am cua truc z nén ta léy nghi¢m

_ch=Va (3.2.2.2)

Yo 2a
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3.3 bong luc hoc Robot Delta

Hé g@)m p=7 vat ran, s6 bac tu do £=3, sd toa do suy rong du m=6, r=3 phuong trinh lién
két véi (= 1,....r)

fi = f(s,t) = f(q1, 92,93, -, qm, 1) = 0 (33.)
Phuong trinh Lagrange dang nhén tu:
M(s)s+ C(s,8)$ + g(s) + JE(s)A = Q™ (3.3.b)
Trong do:
M(s) 12 ma tran khoi luong suy rong 6x6

C (s, s) 1a ma trAn quan tinh va Coriolis 6x6
.\ _ aM(s) _ l I(M(s)S\T
C(s,3) = — 3 (—195 ) (3.3.0)

g(s) la vector do trong truong gay ra 6x1
g(s) = (

Js 1a ma tran Jacobian cua tga do suy rong déy du 3x6

I
T (3.3.d)

A 1a vécto céc nhan tir Lagrange 3x1
Q™ 1a vécto chira luc suy rong cia cac luc khong thé 6x1.
Cac momen dan dong dit tai cac khdp chi dong 75,75, T3
Q™ = [1,7,73000]7 (3.3.¢)
Bai toan dong luc hoc ngugc c6 thé dugce giai truc tiép hodc bang cach bién doi vé cac

toa do suy rong doc lap.

3.4. Khong gian lam vié€c ciia Robot Delta

Khéng gian lam viéc cua Robot Delta 13 toan b thé tich ma co cau chap hanh cudi
c6 thé hoat dong khi Robot thuc hién tat ca cac chuyén dong. Thé tich khong gian lam
viéc phu thude vao két cdu cua khép trén va khop hinh binh hanh ctia Robot. Bén canh
d6, khong gian lam viéc cling phu thudc vao mién gié tri clia cac bién khop. Biét duoc
ving lam viéc ctia Robot gitip nhom dé dang va thuan tién trong viée diéu khién va phan
loai. Nhom da st dung phﬁn mém Matlab va két qua cua bai toan dong hoc thuan, tién
hanh cho cac diém toa d cia co cau chdp hanh cudi chay trong khong gian theo cac
gb6c 04, 0,, 05 da gidi han.

Trong truong hop ndy, nhém sinh vién da gidi han cac goc 04, 0,, 65 nhu sau:

0° < 64,0,,0; <90°
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I iwv)
EEREEREE R RN

11

e i T o it T

Hinh 3.7 Khéng gian lam viéc ciia Robot Delta trong. a) Khéng gian 3 chiéu
xyz; Khéng gian 2 chiéu b) xy; ¢) xz; d) yz

Két luan chwong 3

Chuong 3 trinh bay quy trinh thiét ké va trién khai thuat toan diéu khién chuyén
dong cho robot Delta, bat dau tir viée tinh toan dong hoc nghich dé xac dinh ba gbc
khép tuwong trng véi toa do dau chép hanh va dong hoc thuan dé nguoc lai tinh toan
vi tri thuc cia co ciu gip, tiép d6 sir dung Matlab mé phong khong gian lam viéc
nham danh gia pham vi hoat dong. Nho két hop chit ché Iy thuyét dong hoc véi cac
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budc mo phdng va thuc thi phan cting, thuat toan vi tri dat dugce tinh 6n dinh va chinh

xac, dap ing yéu cau van hanh cta robot Delta.
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Chuong 4: XAY DUNG VA TRIEN KHAI MO HINH THI GIAC MAY TINH

4.1. Tong quan vé thi giac mAy tinh, xir Iy 4nh va cac phin mém

Thi giac may tinh va xir Iy anh 14 hai linh vuc lién quan mat thiét v4i nhau, ap
dung mét s6 k¥ thuat tri tué nhan tao dé 1y thong tin c6 y nghia tir hinh anh, video
va mot vai dau vao truc quan khac.
4.1.1. Gidi thi¢u vé thi gidc mdy tinh

Thi giac may tinh (tiéng Anh: computer vision) 1a mot linh vyuc bao gdm cac
phuong phap thu nhan, xir 1y anh k¥ thuat sb, phan tich va nhan dang cac hinh anh
va, n61 chung la dir li¢u da chiéu tir thé gi061 thuc dé cho ra cac thong tin sb hodc biéu
twong, vi du trong cac dang quyét dinh. Viéc phat trién linh vuc nay c6 bodi canh tir
viéc sao chép cac kha nang thi gidc con nguoi boi sy nhan dién va hiéu biét mot hinh
anh mang tinh dién tr. Sy nhan di¢n hinh anh c6 thé xem 1a viéc giai quyét van dé
clia cic biéu tuong thong tin tir dit 1iéu hinh anh qua cach dung cac mé hinh duoc
x4y dyng véi su giup d& cua cac nganh Iy thuyét hoc, théng ké, vat Iy va hinh hoc.
Thi gidc may tinh cling dugc mo ta la su téng thé ctia mot dai rong cac qua trinh ty
dong va tich hop va cac thé hién cho cac nhan thuc thi giac.

Thi gidc may tinh 14 mot mon hoc khoa hoc 1ién quan dén 1y thuyét dang sau
cac hé thong nhan tao cé trich xuat cac thong tin tir cac hinh anh. Dit liéu hinh anh
¢6 thé nhiéu dang, chéng han nhu chudi video, cac canh tir da camera, hay dir liéu
da chiéu tir may quét y hoc. Thi gidc may tinh con 1a mot mon hoc k¥ thuat, trong
d6 tim kiém viéc 4p dung cac mé hinh va cac 1y thuyét cho viéc xay dung cac hé
thong thi giac may tinh.

Céc linh vuc con cta thi gidc may tinh bao gdm tai cdu trac canh, do tim su
kién, theo ddi video, nhan dién bd cuc ddi twong, hoc, chi muc, danh gia chuyén
dong va phuc hoi anh [4].

4.1.2. Gigi thigu vé xir Iy danh

Xtr 1y anh 13 dau tau trong cac linh vuc 4.0 va 1a nén tang cta linh vuc thi gidc may
tinh. Xtr ly anh 1a qua trinh bién doi tir mot anh ban dau sang anh khac tiy theo nhu cau
va mong mudn cia ngudi st dung. Cac thuat toan xir 1y hinh anh duoc sir dung dé trich
xudt théng tin tir hinh anh, khoi phuc va nang cao dir liéu hinh anh va video.

Muc dich trong viéc sir dung xtr Iy anh bao gom:
Str dung mét ) ky thuat khac nhau dé phan loai doi tuong.
Phat trién cac thudt toan trong xir Iy anh dé ting hodc giam chit luong anh dau vao, loc

nhiéu, lam sac nét, ...
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4.1.3. Gi6i thiéu phan mém sir dung trong qud trinh hudn luyén

Roboflow 1a mét nén tang end-to-end cho bai toan phat hién dbi tuong, cho phép
thu thap va to chuc dir liéu hinh anh, thuc hién chu thich bounding box hoic polygon,
dong thoi ap dung cac ky thudt tién xtr Iy va ting cudng dit liéu dé cai thién tinh da dang
va chat luong miu. Roboflow tich hop sin cac thu vién nhu EfficientNet, MobileNet,
YOLO, TensorFlow, PyTorch... giup trién khai nhanh mé hinh thi gidc may tinh trén

nhiéu nén tang. [5]

roboflow

Hinh 4.1 Phan mém roboflow

Kaggle 1a mot nén tang truc tuyén cho cong dong Machine Learning (ML) va Khoa
hoc dir lidu. Kaggle cho phép nguoi dung chia sé, tim kiém cac bo dir liéu; tim hiéu va
xay dung models, trong tac véi nhitng nha khoa hoc va k§ su ML trén toan thé gioi;
tham gia cac cudc thi dé co co hoi chién thang nhitng giai thudng gia tri. Ngudi dung
Kaggle s& dugc hd trg Graphic Processing Unit (GPU) va gan day c6 thém Tensor
Processing Unit (TPU) dé ting toc d6 tinh toan trong qua trinh training ciing nhu
inference.[6]

P g ¥ 4 - r 4 » )

L N AP
- )
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Hinh 4.2 Phdan mém Kaggle

Uu diém:
-Kho dit lidu da dang, dé tai va xem ngay trén web.
-HO trg chay notebook Python/R c¢6 GPU/TPU mién phi.
-Cong dong s6i ndi, nhidu code mau va giai phap tham khéo.
Nhueoe diém:
-Canh tranh cao, dé “ngop” véi ngudi méi.
-Tai nguyén GPU/TPU c6 han theo quota.
-Mot s6 dataset chi dung cho hoc tap, khong thuong mai
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4.2 Cac thuit toan phat hién doi twong phd bién
4.2.1. Phuong phap mé ta dic trung (Histogram of Oriented Gradients — HOG)

Phuong phap moé ta dac trung (Histogram of Oriented Gradient — HOG) la
mot trong nhitng phuong phap phat hién ddi tuong lau doi nhat. N6 duoc gid1 thi¢u
lan dau tién vao nam 1986. HOG duoc str dung nhu 1 thuat todn trich chon dac trung
cuia dbi twong trong anh.

Muc dich cia HOG 1a triru tuong hoa d6i tugng bang céach trich xuét ra nhiing
dic trung cia d6i twong d6 va bo di nhirng thong tin khong hitu ich. Vi vay, HOG
duogc str dung chu yéu dé mé ta hinh dang va sy xuit hién ctia mot ddi tuong trong
anh. HOG dua trén viéc chia anh dau vao thanh cac anh con, tinh toan histogram cua
anh dé tong hop va trich rat ra cac vector goi 1a vector dic trung Gmg voi ting doi
tuong.

Input image

segment
(128x64)

Finding

Gradient

Collecting all Feature Forming Grouping 2x2 Cells

Feature Vectors to Vector Feature Vector to form Overlapping
get HOG Feature Normalization of each block Blocks

HOG Feature Vector

Hinh 4.3 Biéu d6 phuong phap HOG.

Ban chét cia phuong phap HOG 1a sir dung thong tin vé sy phan bo ciia céac
cudng do gradient (intensity gradient) hodc cua hudng bién (edge directions) dé mé
ta cac doi tuong cuc bd trong anh. Céc toan tir HOG dugc cai dat bé'mg cach chia nhé
mdt birc anh thanh cac ving con, duoc goi 1a cell va vi mdi cell, ta s& tinh toan mot
histogram vé cic huéng cua gradients cho cic diém nim trong cell. Ghép cac
histogram lai v&i nhau ta s& c6 mot biéu dién cho burc 4nh ban dau. Dé ting cuong
hi¢u nang nhan dang, cac histogram cuc bd cod thé duoc chuan héa vé do tuong phan
bing cach tinh mot ngudng cuong do trong mot vung 16n hon cell, goi 1a cac khoi
(blocks) va sir dung gia tri ngudng d6 dé chuan hoa tat ca cac cell trong khoi. Két
qua sau budc chuan hoa s& 13 mot vector dic trung co tinh bat bién ddi vai cac thay
d6i vé diéu kién anh sang.[16]
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4.2.2. Mang no-ron tich chdp theo viing (R-CNN)

Mang no-ron tich chap theo ving (R-CNN) 1a mét cai tién mdi trong k¥ thuat
phat hién ddi tuong tir cac phuong phap trude day cia HOG va SIFT. Trong cac md
hinh R-CNN thuong trich xuét cac dic trung can thiét nhat cua déi tuong (thuong 1a
khoang 2000 dac trung) béng cach sur dung 1 giai thuat chon loc (goi la selective
search). Qua trinh lga chon cac dac trung quan trong nhét c6 thé duoc tinh toan véi
su trg gitp cua thuat toan tim kiém chon loc.

7
&

Class pradicton
Bounding box

Hinh 4.4: So d6 mang no-ron R-CNN.

Véi R-CNN, viéc trich xuét cac ving region proposal duoc thuc hién thong
qua thuat toan Selective Search dé trich chon ra cac viing c6 kha nang chira dbi tugng
(khoang 2000 viung). Sau d6, cac vung (anh) nay dugc resize vé 1 kich thuée c¢b dinh
va dua qua 1 pretrained CNN model (imagenet), roi tir 6 tién hanh xac dinh offset
va nhin ddi tuong. Tuy nhién, viéc dua cic ving region proposal qua mang CNN
2000 1an khién toc d6 thuc thi cia model cuc ki cham! [16]

4.2.3. Faster R-CNN

Mic du mé hinh R-CNN ¢6 thé thyc hién tinh toan phat hién doi twong va dat
duoc hiéu qua nhung vin t6n dong nhiéu diém bét cip, dién hinh 12 téc d6 m6 hinh.
Vi vay, mot s6 phuong phap da dugc phat trién dé giai quyét van dé nay va xir 1y cac
nhuoc diém ciia R-CNN. Trong s6 d6 ndi bat nhat chinh 13 mé hinh Fast R-CNN va
Faster R-CNN.
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Bounding box
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Region proposal network

Hinh 4.5 So d6 mang Faster-RCNN.[16]

Véi Faster-RCNN, thay vi viéc sir dung Selective Search, mo hinh dugc thiét
ké thém 1 mang con goi 14 RPN (Region Proposal Network) dé trich rat cac ving cé
kha nang chura doi tuong cua anh. Nhin chung, sau khi thuc hién RPN, cac budc xir
1y sau twong tu nhu Fast-RCNN nhung nhanh hon nhiéu (vi khong str dung Selective
Search) va duoc thiét ké nhu 1 mang end-to-end trainable network![16]

4.3. Gidi thiéu bai toan Object Detection va mo hinh Yolo
4.3.1. Bai toan Object Detection

Object detection (phat hién vat thé) 1a mot nhiém vu c6t 16i trong thi gidc may tinh,
khong chi don thuan nhén biét cac vat thé co trong hinh 4nh ma con xéac dinh vi tri chinh
xéc ctia chiing bang cac hop gidi han (bounding boxes) [7].

Khac v6i phan loai anh (image classification), von chi xac dinh xem mot doi twong
cu thé c6 xuat hién trong anh hay khong, object detection c6 kha nang nhan dién nhiéu

d6i twong va xac dinh vi tri timg ddi tugng do.
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Hinh 4.6 Xe ty ldi ciing phu thuéc nhiéu vao computer vision

Xuat phat tir ¥ twong bai todn ndy, nhom di trién khai dé tai “Nghién ctru va phat
trién hé thong thi giac may tinh tich hop robot dé loai bo tap chat trong san xuat sgi”.
Trong d6, mo6 hinh YOLOvI11 dam nhi€ém viéc nhéan dién va xac dinh toa d0 chinh xac
clia cac tap chat—xo ciy, nhya, nilon, manh gd va 1ong vii—trong khi robot Delta sir
dung thong tin d6 dé tinh toan quy dao gip, dam bao qua trinh loai bé tap chat dién ra
tu dong, lién tuc va dat do chinh xéc cao.

4.3.2. Mo hinh YOLO ( YOU ONLY LOOK ONCE)

M6 hinh YOLO, dugc Joseph Redmon gidi thi¢u lan dau vao nam 2016, 1a mot
kién trac mang CNN dot pha, ing dung cho viéc nhan dang va phan loai doi tuong dua
trén viéc du doan cac khung giéi han (bounding box). Du c6 thé khong phai luc nao
cling la thuat toan dat dg chinh xac cao nhat tuyét ddi so véi mot sé mo hinh phat hién
d6i twong khac, diém manh cbt 18i cia YOLO 14 kha nang khong chi phat hién va gan
nhan cho bai toan phan loai ma con xac dinh dugc chinh xac vi tri cua vat thé trong
khong gian.

Trai qua nhiéu phién ban cai tién lién tuc, dong mé hinh YOLO ngay cang dugc
hoan thién.[8] Trong dé tai nay, nhan thiy nhitng vu thé tiém ning vé do chinh xac va
tdc d6 xir Iy duoc ky vong tir cac phién ban méi, nhém di quyét dinh sir dung YOLO11
cho viéc huan luyén mo6 hinh phan loai. Lya chon nay nham khai thac nhiing cai tién vé
kién trac va hiéu suadt ma YOLO11 hta hen mang lai, giup t6i wu hoa kha nang nhan
dién va dinh vi ddi tuong cua hé théng.

4.3.3. Anchor Box

YOLO s& can cic anchor box dé wdc lugng va tim bounding box cho vt thé. Ban dau cac
anchor box ndy s& xac dinh va bao quanh vat thé, sau d6 thuit toan regression bounding box s&
tim ra bounding box du doan cho vat thé. Mdi vat thé s& duge phan bd vé mot anchor box.

Trong trudng hop c6 nhiéu anchor box cing bao quanh vt thé thi thuat toan s& chon ra anchor

SVTH: Nguyén Vin Mén, Lé Van Tuan, Vin Ngoc Phuong GVHD: Nguyén Thi Kim Triac 42



Capstone Project: “Nghién ciru va phat trién hé thong thi gidc may tinh tich hop robot dé loai bo tap
chdt trong san xudt soi”’

box ¢6 IOU vdéi ground truth cao nhét.
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Hinh 4.7 Céch xdc dinh anchor box cho vit thé

MB0 ta: Tix cell i ta x4c dinh duoc 3 anchor box vién xanh. Tuy nhién chi anchor box vién
xanh d4m 14 dugc chon vi ¢6 IOU véi ground truth bounding box 14 cao nhit. Bén canh do,
mdi vat thé con dugc phan bb vé mot cell trén feature map chita diém mid point ctia vét theé.
Ttr cell d6 ta co thé xac dinh cac anchor box cua dbi tuong. Tom lai, dé xac dinh vat thé ta can

quan tdm dén anchor box va cell.
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Hinh 4.8 Cdach xdc dinh vt thé ciia YOLO

4.3.4. Phan loai YOLOvII
C6 5 md hinh khac nhau: YOLO1 1n, YOLO11s, YOLO11m, YOLO11l, YOLO11x. Pau
tién 1a nho nhat va kém chinh xac nhat, cudi cung 1a 16n nhat v6i do chinh xac 16n nhat. Tat ca

cac mo hinh déu chay trén PyTorch
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Model size mAPVal Speed Speed params FLOPs

(pixels) 50-95 CPU ONNX T4 TensorRT10 (M) (8)
(ms) (ms)

YOLO11n 640 39.5 56.1+0.8 1.5+0.0 2.6 6.5

YOLO11s 640 47.0 90.0+1.2 25+0.0 9.4 21.5

YOLO11m 640 51.5 183.2+20 47%0.1 20.1 68.0

YOLO11I 640 534 2386t14 6.210.1 25.3 86.9

YOLO11x 640 54.7 4628+6.7 11.3+0.2 56.9 194.9

Hinh 4.9 So sanh 5 mo hinh YOLOvI1

4.3.5. Céu tric ciia YOLOvI11

640 x 640 x 3
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Hinh 4.10 Céu triic cia YOLOvI1

Backbone: trich xuat dic trung & nhiéu ti 1é khong gian.

Lop convolution: YOLOv11 gitt nguyén chién lugc downsampling qua cac 16p
convolution nhu cac phién ban trudc, nhung thay thé khoi C2f bang khéi C3k2 hiéu qua
hon. Khéi C3k2 cai thién hiéu suat tinh toan bang cach sir dung hai phép convolution
nho thay vi mot phép 16n, tuong tu nhu trong YOLOVS.

Khoi SPPF va C2PSA: YOLOv11 van sir dung khdi Spatial Pyramid Pooling —
Fast (SPPF) dé trich xuat ddc trung & nhiéu ti 1¢ khac nhau. Sau SPPF, bo sung khoi
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Cross Stage Partial with Spatial Attention (C2PSA) dé ting cudng co ché chii y khong
gian.

Neck: két hop dic trung tir nhiéu ting va truyén xudng head.

YOLOW11 thay thé khdi C2f trong neck bang khéi C3k2, gitp ting toc qué trinh
xu ly.

Mang ciing mé rong viéc stt dung co ché chu ¥ khong gian thong qua mé-dun
C2PSA, diém khéc biét so v6i cac phién ban trude nhu YOLOVS, vén khong cé khdi
chu y nay.

Head:

- Cac khéi C3k2 duoc tich hop vao nhicéu nhanh xir 1y, gitp tinh chinh feature map
hiéu qua ¢ cac do sau khac nhau.

- Sau cac khéi C3k2, YOLOv11 sir dung cac khoi CBS (Convolution — BatchNorm
— SiLU) dé:

- Trich xuét cac dic trung quan trong cho d6 chinh xac cao,

- On dinh feature map nho Batch Normalization,

- Tang cudng phi tuyén bang ham kich hoat SiLU, tir d6 cai thién hiéu ning m6 hinh.
YOLOV11 tbi wu hoa toan b mang bang cach thay khdi C2f bang C3k2 tiét kiém tham
s, gilt SPPF d¢é thu nhan da ti 18, thém C2PSA ting cudng chi ¥ khong gian va sir dung
CBS dé 6n dinh, phi tuyén hod & phan head, tir 6 cai thién tbc d6 va hiéu ning phat
hién. [10]

4.3.6. Phwong phdp dinh gid mé hinh phat hién doi twong

a. Intersection Over Union (IoU)

Intersection Over Union (IoU) 1a chi sb danh gia do chinh x4c ciia model Object
Detection trén mot bo dit liéu cu thé. Puoc xac dinh boi ty 1€ gilta vung “overlap" va
ving “combine" gitta két qua du doan ctia model va Ground Truth. IoU cang 16n thi
chtng t6 mo hinh phan loai cang tot, ddng nghia véi viéc bounding box du doan gan

gidng voi bounding box thyc té.
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Hinh 4.11 Chi sé ddnh gid @ chinh xdc IoU

b. Confusion Matrix
Confusion Matrix 1a mot phuong phap danh gia két qua ciia nhirng bai toan phan
loai v&i viée xem xét cac chi sé vé do chinh xac va do bao quat cua cac du doan cho
ting d6i tuong. V&i bai toan nhan dang voi 2 dbi tuong 13 Positive va Negative,
Confusion Matrix c6 4 thanh phan:
True Positive (TP): Cac diém positive duoc nhan dung 14 positive.
False Positive (FP): Cac diém negative thuc dugc nhan sai 1a positive.
False Negative (FN): Cac diém positive dugc phat hién sai 13 negative.
True Negative (TN): Céc diém negative dugc nhan ding 13 negative.
Theo 4 thong s nay duoc dung dé tinh toan cac chi sé danh gia phan loai nhu Precision
va Recall. Ca 2 thong s6 nay déu quan trong trong mo hinh danh gia phan loai, tiy thudc
vao muc dich tng dung cta nguoi huan luyén ma uu tién thong sb nao hon.
c. Precision, Recall va F1-score
Precision dugc dinh nghia 14 ty 18 sé diém true positive (TP) trong sb nhiing
diém dugc phan loai 1a positive (TP + FP). Pugc dung dé danh gia xem trong nhirng
du doén positive ma md hinh da thyc hién c6 bao nhiéu la dung.
TP
TP+ FP

Recall dugc dinh nghia 14 ty 1& s6 diém true positive (TP) trong s nhitng diém

Precision =

thue su 1a positive (TP + FN). Puogc dung dé danh gia xem trong nhitng diém thuc sy
1a positive thi mé hinh du doan dung bao nhiéu. Pay 14 chi s6 cho thdy do bao quét cua

mo hinh.
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P
TP+ FN

Precision va Recall cang cao thi mé hinh hu4n luyén cang tét, tuy nhién trong

Recall =

thuc té 2 chi sb nay thuong ddi 1ap nhau — khong thé cung ting hoidc cung giam. Vi
vdy, ta can 1 chi sb thir 3 dé danh gia téng quan mé hinh: Fl-score. F1-score cang
cao thi mé hinh cang tdt, 1y tudng nhat 1a F1-score = 1 (khi Precision = 1 va Recall

=1)

: ES
Fle? Precison*Recall

Precision+Recall
d. Precision-Recall curve va Average precision

Precision-Recall curve 1a mot cach tot dé danh gia hiéu suat cia mot mo hinh phat hién
dbi tuong ciing nhu do tin cay di duoc biéu dd héa bai mot duong cong cho mdi 16p. Véi
Precision-Recall curve, AUC con c6 mot tén khéc 1a Average precision (AP).

Gia sir ¢6 N ngudng dé tinh precision va recall, mbi ngudng cho mét cap gia tri precision,
recall 1a Pn, Rn, n=1,2, ..., N. Precision-Recall curve duoc vé b?mg cach vé tung diém co toa
do (Pn, Rn) trén truc toa do va ndi chung véi nhau.

2-class Precision-Recall curve
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Recall (Positive label: 1)

Hinh 4.12 Biéu dé Precision va Recall

e. Mean Average Precision
mAP (mean Average Precision) 1a mot chi s6 pho bién dé danh gia hiéu suét cua
m6 hinh phat hién dbi twong. N6 cung cip mot diém sb tong hop phan anh kha ning
nhan dién va dinh vi chinh x4c cac dbi twong thudc nhidu 16p khac nhau, & cac mic do
tin cay (confidence) khac nhau.
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Average Precision (AP) duoc tinh bang dién tich duéi dudng cong Precision-
Recall cua timg 16p dbi trong. Sau d6, mAP 1a gi trj trung binh cta cac AP trén toan
bd cac 16p.

mAP: La trung binh ciia AP trén tat ca cac 16p trong tap dir liéu.

1 N
i=1
Céc bién thé pho bién:

mAP@0.5 (mAP50): Po ludng mAP tai ngudng IoU = 0.5, chip nhan dy doan c6
>50% dién tich giao v&i ground truth; chuan muc cia PASCAL VOC.
mAP@0.5:0.95 (mAP[.5:.95]): Trung binh mAP qua céc ngudng IoU tir 0.5 dén 0.95
(budc 0.05), danh gia toan dién hon vé dinh vi; tiéu chuan ciia COCO.

Tam quan trong ctia mAP:

Chi s mAP cung cdp mdt thude do toan dién khi két hop ca do chinh xac phan
loai va dinh vi, dong thoi duy tri tinh cong bang trén cac tap dir liéu mat cn bang hoic
da 16p, cho phép so sanh hiéu ning déng déu giita cac d6i twong; diém mAP cao ciing
1a chi béo tin cay, cho théy mo hinh it bo sot va it sai nhan dang, tor d6 nang cao murc
d6 chéc chan trong cac tng dung thuc té.

4.3.7. Nhitng cdi tién ciia YOLOvI11 so véi cdc phién bén tridc

YOLO11 duoc trién khai trén nén tang PyTorch théng qua géi Ultralytics Python,
tan dung h¢ sinh thai thu vién da dang va kha nang trién khai dé dang trén nhiéu moi
truong. M6 hinh st dung detection head méi, giam d6 tré va ting toc d6 suy luan mbi
khung hinh ma vAan giit vitng do chinh x4c nho cai tién ¢ 16p du doan cubi cung. Kién
tric backbone va neck ciing dugc tai thiét ké dé nang cao kha nang trich xuat dic trung,
cai thién mAP trén COCO véi cac vat thé co kich thudc va hinh dang da dang, du giam
khoang 22 % s6 tham s6 so voi YOLOv8m [11].

YOLOI11 tuong thich hoan toan véi quy trinh lam viéc cua YOLOVS, cho phép
chuyén d6i muot ma ma khong can diéu chinh pipeline hién c6. Pong thoi, nd hd tro
dﬁy du cac tac vu Vision Al nhu phat hién doi tuong, phan doan instance va phan loai
anh, mang lai tinh da ning cao cho ca nghién ctru va tng dung thuc té. Nho téi wu hoa
trén ca edge devices, cloud servers va GPU NVIDIA, YOLO11 cin bang tot giita tdc
do xu ly, do chinh xac va kha nang trién khai linh hoat.

4.4. Phuwong phap Homorgraphy
4.4.6. Gioi thiéu
[13] Homography la mot k¥ thudt trong thi gidc may tinh, md td mot loai phép

bién d6i hinh hoc giira hai 4nh chup ciia cling mot bé mit phang hodc giira cac anh duoc
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chup béi cac camera chi khiac nhau vé goc quay. Pay 1a mot phép bién d6i chiéu
(projective transformation) c6 kha ning bao toan tinh thing hang cua cac diém, duoc
biéu dién boi mot ma tran 3x3, ma hoa cac bién ddi nhu tinh tién, xoay, va phéi canh.
Phuong phap ndy thudng dugc dung trong ghép anh, hiéu chuan camera, va thuc té ting
cuong.

bac trung ctia phép homography:
Bao toan tinh thing hang cua cc diém.
Anh xa cac dudng thing thanh dudng thing khac.
Khong bao toan goc, khoang cach hay song song.

La phép bién doi tuyén tinh trong hé toa d6 dong nhat (homogeneous coordinates).

Camera
center
®---

planar surface

Hinh 4.13 Méi quan hé giita hé toa do anh va mdt phang lam viéc trong phép
bién d6i Homography

Vi phép chiéu dong dang dugc biéu dién bdi mot ma tran kich thudc 3x3, ta co

thé biéu dién n6 dudi dang:

hyy  hoy g,
H= h01 hn h12
hyy hy o hy

Gia sir ta lay cap diém tuong ing dau tién — diém u, v trén anh thir nhat X, Y va

trén anh th hai. Khi d6, phép chiéu dong dang H s& bién ddi chung theo cong thirc sau:
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X X heo hy hy, || u
VIsH|Y |=|hy by By ||V
1 1 hy h, hy,|l
4.4.7. Phwong phdp chuyén déi hé toa d xdc dinh vi tri doi twong
Muc dich cua viéc chuyén ddi toa d6 1a dé xac dinh chinh x4c vi tri tim cua tap
chét tr hinh anh camera (toa do pixel) sang hé toa do thuc té cua robot Delta, nham diéu
khién robot dén dtng vi tri dé gép va loai bo.
Nhém st dung phép bién ddi homography, cho phép anh xa cac diém tir mét phang
anh sang mit phang 1am viéc dya trén cac cip diém mébc cd dinh. Phuong phap nay
khong can thong s6 ndi tai ciia camera, chi dua vao cac diém tuong tng thuc té giira

anh va bé mat lam viéc.

7 »
u o ~

Chuyén déi HTD Pixel _| Chuyén doi HTD Anh L

sang HTP Anh ' sang HTD Robot g I

V 7

“R

Hinh 4.14 Quy trinh chuyén doi hé toa dé
Uu diém

- Pon gian, khong can hiéu chuan camera phirc tap.

- Chinh x4c cho bé mat phang, phu hop véi ban 1am viéc cua robot delta.
- Linh hoat khi thay ddi vi tri camera.

Han ché

- Chi hiéu qua v6i bé mit phang.

- Yéu cau cac diém moc rd rang va chinh xac.

4.5. Quy trinh huin luyén YOLO
Str dung m6 hinh mang no-ron da huan luyén trén thu vién YOLO dé phat hién

d6i twong va trich xuét thong tin tir cac khung bao trong anh.
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Trich xuat vi tri |
doi trgmg trong

Phat hién va

Anh dau vao khoanh ving
i - khung anh,
doi tirong R
| - don vi pixel |
\—/ '\‘——)

Xiy dung mang
dura trén thar vién

YOLO ‘
%

Tép trong so,
thong tin cai dat

Hinh 4.15 Quy trinh phdt hién va xdc dinh vi tri doi twong bang mé hinh YOLO

Nhoém sir dung mé hinh YOLOv 11 — mét trong nhirng phién ban méi nhét cia You
Only Look Once, khai thac kién trac CNN tdi vu dé dat tbe do va do chinh xac cao trong

phat hién ddi tuong.

Hinh 4.16 Quy trinh hudn luyén YOLO

4.6.  Chuin bj tap dir liéu
4.6.6. Thu thap dir liéu

Tap dir li¢u cu thé 1a cac hinh anh dung dé huan luyén mang no-ron s¢ dugc chup
tryc tiép tir may anh, day 1a cac hinh anh dau vao chua qua xu 1y va dinh dang. Tuy vao
chét luong cua thiét bi chup va diéu kién anh sang s€ anh hudng dén chat luong anh dau
vao, qua do6 c6 thé anh huong phan nao dén qua trinh huan luyén.

Sau khi ¢6 anh dau vao, nhém dd tao mot tap dir liéu riéng trén phﬁn mém
Roboflow va tai tit ca anh 1én do.
4.6.7. Ddn nhan div li¢u

Sau khi da tai dit liéu 1én, nhom s& tién hanh budc dau tién ctia xir 1y anh la dan
nhan dit liéu. Pay sé& 14 qua trinh vé& cac duong bounding box bao quanh vat thé va cha
thich vat thé s& thudc nhém dbi tugng can phan loai ndo. Ty vao sb luong déi twong
mong mudn phan loai ma qua trinh ndy s& mét nhiéu thoi gian hon. O dé tai nay, nhém

dua tat ca cac tap chit xuét hién v4i mét class 1a object
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Roboflow s& ho trg phuwong phap dan nhan bounding box dé 1a: dan nhan theo hinh

chir nhat.

s Ry
e
i
18 15 e
(CEiEEER

--
--

|
|

AN
Q
<

Hinh 4.17 Dan nhan dir lié

Q-

4.6.8. Phdan chia tap dii liéu
O budc nay, ta s€ phan chia tap dir liéu hinh anh da dan nhan ra 3 muc:
- Training: S& dugc dung lam dau vao huin luyén.
- Validation: S& dugc ding dé kiém ching qua dé tim kiém ra phuong phép huin
luyén t6t nhat cho mé hinh.
- Test: S& dugc dung dé danh gia két qua huan luyén.
Nhom tién hanh chia tap dir liéu ban dau theo ty 1¢ 60% cho huén luyén, 20% cho kiém
dinh va 20% cho kiém tra.

@ |uon o - o
4381 images 1498 Imagas 1500 mages
£ Mutisince

Hinh 4.18 Ty 1é chia tip train/validation/test trong hé thong
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DATASETS
> ‘\‘2 tapchatsoibongdoan

-~ [ test
» [ images
*» [ labels

+ 3 train
» [ images
*» [ labels

+ [ wvalid
» [ images
» [ labels

E] README.dataset.txt
&) README.roboflow.txt

) data.yami

Hinh 4.19 Cdu tric thu muc dit liéu cho hé théng

4.6.9. Chudn hod va lam giau div liéu
Trude khi dua vao md hinh, tt ca anh dugc dua vé cung kich thudc 640%640 va

dinh dang théng nhét thong qua cong cu Roboflow

Preprocessing Auto-Orient: Applied
Resize: Stretch to 640x640

Auto-Adjust Contrast: Using Contrast Stretching

Hinh 4.20 Céu hinh chudn héa div lidu trong Roboflow

Dé c6 thé tiét kiém thoi gian trong viée thu thap dir liéu ciing nhu da dang hoa dir
liu dau vao, phan mém Roboflow hd trg cac chic ning 1am giau dit liéu nhu xoay anh,
1am mo, tang/giam do sang, va thém nhiu. O budc nay, ta co thé ting sb luong anh cua
tap dir liéu 1én gip nhiéu 1an tuy theo mong mudn cia ngudi dung.

Céc phép bién d6i (augmentations) dugc sir dung dé 1am giau dit liéu bao gdm:

- Lat anh (Flip): ngang

- Xoay 90° (90° Rotate): thuan va nguoc chiéu kim dong hd

- Cit va phong to (Crop): zoom tdi thiéu 0%, t6i da 18%

- Xoay nhe (Rotation): gc tir —15° dén +15°

- Cit xién (Shear): £10° theo phuong ngang va +£10° theo phuwong doc
- Diéu chinh mau sic:

- Hue: £15°
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- Saturation: +20%
- Brightness: £21%
- Exposure: +15%
- Lam mo (Blur): ti da 0.6 px
- Thém nhidu (Noise): tdi da 0.05% s pixel

Viéc phén chia di liéu theo ty 1& 80% huén luyén, 10% kiém dinh va 10% kiém
tra. Gitip dam bao mé hinh c6 du miu dé hoc cac dic trung da dang, dong thoi giir lai
tap validation vira dui dé diéu chinh siéu tham s va phat hién sém hién tuong overfitting,
roi dung tap test doc 1ap dé danh gia khach quan kha ning tong quat hoa ciia mé hinh
trén dir liéu moi.

Caasetspm | & | [wow P

13083 Images 1499 Images 1500 Images

Hinh 4.21 Dir liéu dwoc mo réng va tai phan phéi theo ty lé 80-10-10

Hinh 4.22 Cac hinh anh moi dwoc tao sau khi da lam giau
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4.7. Qua trinh huén luyén
4.7.1 Qud trinh hudn luyén trén phin mém Kaggle
Trong giai doan dau, nhom di sir dung Google Colab dé huén luyén mé hinh nho
vu diém truy cap nhanh va hd tro GPU mién phi. Tuy nhién, do gi6i han vé thoi gian
stt dung GPU lién tuc va dung luong bo nhé trén Colab khong dap tng duge yéu cau
cho tap dit liéu 16n va kién tric mo6 hinh YOLOv11m, nhém di chuyén sang nén tang

Kaggle.

CLass Imags INSTance Baxiy kil RAPSD  MAPSE-95): 100K 2B/ 3H |00:05<00:D0, 7.B431Y/ 9

1.88G 1.188 2,571 1.339 ! 640: 100% 1745/1745 [04:41¢00:00, 6,191t

Hinh 4.23 Nhiéu lan chwong trinh ty ditng khi qud trinh hudn luyén sdp hodn
thanh

Sau epoch 41, cac thanh phan loss bao gdm box (= 1.34-1.35), cls (=~ 0.66-0.68)
va dfl (= 1.30-1.31) ciing véi chi s6 mAP (mAP@0.5 ~0.915, mAP@[0.5:0.95] = 0.46)
gan nhu khong co s cai thién dang ké. Do d0, co ché Early Stopping véi hé sb do tré
(patience) bang 15 di ngimg qua trinh huin luyén & epoch 56 va luu lai checkpoint tdt
nhat tai epoch 41. Viéc nay vira toi wu héa thoi gian dao tao, vira giam thiéu nguy co

overfitting.
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Hinh 4.24: Qud trinh hudn luyén mé hinh trén phan mém Kaggle

4.7.2 Két qua hudn luyén

Sau khi hudn luyén thanh cong trén Kaggle. Cac hinh anh nay di phat duoc phat
hién va dinh vi bang cac bounding box bdi mé hinh mang da dwuoc huén luyén

Két qud hudn luyén véi 2052 dnh dau vao

Trong qué trinh huan luyén véi hinh anh tap chat trong sgi bong voi sd luong dnh
2052 anh, mé hinh cho két qua kha khiém tén. Trén tap kiém thir, ti 18 phat hién
(detection rate) dat murc thap, hau hét cac dbi twong khong duge danh dau chinh xac
hodc hoan toan bi bo sot. Mot sé han ché ma nhom ghi nhan duoc:
- Do chinh xac thap va hién tuong “nhay khung bao” (bounding box jitter). Mot s6
d6i twong bi nhan dién sai vi tri hodc nhan dién “ma” (false positive) ngay ca khi trong
anh khong c6 di vat.
- MO hinh thuong 16ng khung bao chung hodc chi phat hién mot trong s chung, dan
dén ti 1¢ false negative gia ting. Hién tuong nay cho thay kha ning phan biét bién gidi
giita cac ddi tuong cung 16p con kém.
- MBb hinh dé bi “din dat” boi nhitng ving nhiu c¢6 nén sang — toi twong phan cao,
xem d6 nhu 1a di vat. Céc chi tiét nho, ¢& dudi 20x20 pixel hau nhu khong dwogc phat

hién.
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Hinh 4.25 Két qua hudn luyén thoi gian thwe véi 2052 dnh dau vao

Két qua hudn luyén véi 8554 anh dau vao

Mic di dd c6 nhitng cai thién dang ké so véi két qua ban dau trén anh 3052, hiéu
suét ctia mo hinh van thé hién xu huéng dao dong trong khoang tir 40% dén 65%, chua
dat tinh 6n dinh mong muén. Cu thé:
- Pikhic phuc dugc mdt s6 han ché khi huin luyén v6i 2052 anh, nhung thinh thodng
van con gip phai
- C6 thé nhan biét duoc tuong ddi tot cac tap chat nhwa va ni 16ng, song kha ning
phat hién vo cay chua that dong nhét, con xo cy gan nhu khong duoc ghi nhan do mau

sdc qua tuong dong vai sgi bong.

Hinh 4.26 Két qua hudn luyén thoi gian thwce véi 8554 dnh dau vao

Ket qua huan luyén voi 13083 anh dau vao
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Nhan thay két qua hudn luyén chua tét, nhom di tién hanh thu thap va mé rong
quy md dit liéu hudn luyén 1én 13082 anh, tdp trung hon vao dit liéu 1 v6 cay va xo
cdy. M6 hinh di khéac phuc hau hét cac nhuoc diém trude ddy va dat duoc nhimg cai
thién dang keé:

- Ti I¢ nhan dang chinh xéc gr:in nhu 90%

- Van duy tri kha ning phan biét 1 rang khi cac di tugng nam sat nhau.

- Phan phdi d9 tin cdy (confidence) chi yéu roi vao khoang 80-90%; mic du doi
khi xuét hién cac vat thé la khién xac suét giam, mo hinh van nhan dién thanh cong.
Ngoai ra, Kaggle cho phép luu trit thu myc chtra cac trong sé mo hinh sau khi huan
luyén; ngudi ding co thé cam két (commit) notebook va tai vé may ca nhan dé thyuc

hién phan loai truc tiép qua camera hodc phuc vu cho cac du an phat trién tiép theo.

objects 0.78

Hinh 4.23 Két qua hudn luyén véi thoi gian thuc

4.7.3 Panh gia huan luyén

YOLOv11n dat mAP@50 = 0.907, trong khi YOLOv11m (cau hinh co ban) chi dat
0.872. Sau khi t6i wu hoa hyper-parameters trén YOLOv11m, mAP@50 dugc nang 1én
0.912, khrfmg dinh vai tro then chét cua viée hiéu chinh tham sb trong vi¢c khai thac tbi

da nang lyc mo6 hinh. Tuy nhién, cai thién nay di kém véi yéu cau tai nguyén tinh todn
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tang, doi hoi can nhac gitra d§ chinh xac va kha nang trién khai thuc té trén hé thong thi

gidc may tinh tich hop robot delta.

58 epochs cospleted In 2.1904

Optimizer stripped fr e/working/runs/yoloviin/weights/Jast .pt, 5.5M8

Optimizer stripped from /kKaggle/vorking/runs/yolovlin/weights/best pt, 5.5M8
Validating /kaggle/working/runs/yolovlin
Ultralytics B.3,155 g7 Python.3.11.11
YOLOLIn sumwary (fused): 109 layers, 2,581,347 parameters, O gradients, 6.3 GFLOPs

Clasy Tmages Tnsvances Bex(P = wirse  warse-95): 1oos | 49/ [06:09<08:09, 4.621t/

fwoights/best.pt..
1.6.84cul24 CLOA:O (Tesla T4, 15095M10)

fuse/local/1ib/oythond 11/d1st. packages /satplotlib/colors, py: 721 Runtiseharning: invalid valwe encounterad in less
xafxs ¢ @] = -1
fuseflocel /1ib/pythond. 11 /dist-packages /matplotlib/colors, py: 721t RuntimeWerning: Invelld value encounteced in less
sa[xe < 9] = -1
all 1364 1843 i.852 0,881 e.97 #2463
Speed: 9.2ms preoprocess, 2.3ms inference, 9.8ms loss, 1.2mx postprocess per image

esults saved to Skaggle/working/runs/yolevllns

Hinh 4.24: Két qua sau khi hudn luyén véi yolovlIn

¢ hag i 1a R
¥ - bapm L e e
vallgatl lovil 1ght
t 8] 2 T ¥ig
1 - 5, 20,838 863 paramaters, § graglent £7.6 GFLOPs
Closs Images Instances " WSS wAPSE-G5) | LN | L7742 (802968100, 1.021t/3)
Uar/ Local /1IN pptaons, 18/01st pockages/matpiotlib/colors oy 721 Runtissirning: 1avalld value encosttered Ln less
LR AR |
Local Z1ah/pytaons, (L/dist-parkages/matplatith/colors, py: 771 Rintissarning: favalie valus sncuentered In Jess

saf2s ¢ 8)
15648 $.55¢ u.851
ws Pregracess, 15.5ms Laference, 9.8ws Lass, 1.Ms posty k5s por Jsage
Pesilts saved to Jamggle/warking/russ/yelovila?

+ Coce + Markcown

Hinh 4.25 Két qua sau khi hudn luyén véi yolovlIm ( cdu hinh co bin)

56 epochs completed in 9.5623 hours.
optimizer stripped from /kaggle/working/runs/yoloviim_optimized/weights/last.pt, 4e. 5.'~1d
optimizer stripped from /kaggle/working/runs/yolovlim_optimized/weights/best.pt, 48.54B

validating /kaggle/working/runs/yoloviim cptimized/weights/best.pt...
Ultralytics 8.3.155 g7 Python-2.11.11 torch-2.6.8+cul24 CUDA:@ (Tesla T4, 15895MiB)
YOLO11m summary (fused): 125 layers, 28,832,293 parameters, @ gradients, &7.6 GFLOPs

Class Images Instances BON(P R mepse mapse-95): 1ot | 23/23 [ee:11<@e2:08, 2.861t/s]

fusrflocal/lib/python3.11/dist-packages/matpletlib/colors.py:721: RuntimeWarning: invalid value encountered in less

xa[xa <« 8] = -1
fusr/lecal/lib/pythen3.11/dist-packages/matplotlib/colors.py:721: RuntimeWarning: invalid value encountered in less

xa[xa <« 8] = -1

all 734 1121 2.92 8.863 .912 8.467

speed: @.2ms preprocess, 1l.ems inference, 8.8ms loss, 1.4ms postprocess per image
Results saved to fkaggle/working/runs/yoloviim_optimized

Hinh 4.26 Két qua sau khi hudn luyén véi yolovl Im ( mé rong tham so)

Nhom da trién khai YOLOv11m sau khi tdi vu hyper-parameters, tich hop truc
tiép v6i camera dé dam bao ca do chinh xac (mAP cao) va kha ning xir Iy real-time.
Khung hinh dugc truyén lién tuc dén bo xir 1y, no1 mo hinh xé&c dinh va dinh vi tap chit,
r0i ngay lap tirc giri toa dd dén co ciu chap hanh cua robot Delta, tir d6 thuc hién loai
b6 chinh xac va duy tri hiéu sut 6n dinh cho quy trinh san xuat soi.

Sau khi hoan tit qua trinh huin luyén tr dong, budc danh gia mé hinh trén tap dir
liu chua timg quan st 13 thiét yéu dé xac dinh kha ning tong quat hoa va phat hién

gidi han ctiia mé hinh. Trong d6, cac chi s6 thudong duoc tng dung bao gom:
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- Accuracy (dd chinh xac): ty 18 giita s6 du doan dung va téng sé du doan. Mic
du true quan va dé tinh todn, accuracy co thé danh gia thiéu cong bang khi phan bd
nhin mat can bang.
- Precision (d6 chuén xac): ty 18 cua cac két qua du doan duong tinh chinh xac
trén tong s6 du doan duong tinh. Chi sé ndy dic biét quan trong khi chi phi cia két
qua duong tinh gia cao.
- Recall (kha niing thu hdi): ty 1& cua cac du doan duong tinh ding trén tong sd
mau duong tinh thue té. Khi bo sot cac trudong hop duong tinh gdy hau qua nghiém
trong, recall tr¢ thanh ti€u chi wu tién.
- F1-Score: dao ham diéu hoa giira precision va recall, cho phép can bang dong
thot hai khia canh d§ an toan va d bao phu cua mo hinh.
Tom lai, danh gia mo hinh khong chi giup lwong hoa hiéu niang ma con chi ra diém
manh, diém yéu cin khic phuc thong qua cac 1an 1ap huin luyén tiép theo, tir d6 toi vu

hoa chat luong dy doan.

Confusion Matrix

HOD

objects 9%

600

Predicted

a00

background 122
200

objects
background

True

Hinh 4.27 Ma tran Confusion

Nhan xét: Ma trdn nay danh gia hiéu sudt ciia mo hinh trong viéc phan loai
"objects" (dbi twong) va "background" (nén). True Positives (TP): 979 (md hinh dy
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doan 1a d6i trong va thyc té 1a d6i twong). Pay 1a con sb rat cao, cho thiy mé hinh nhan
dién @i tuong rét tot. False Negatives (FN): 122 (m6 hinh du doan 1a nén nhung thuc
té 1a dbi tuong). Day 1a cac 151 bo sét ddi twong. False Positives (FP): 96 (md hinh du
doan 1a dbi twong nhung thuc té 13 nén). Day 1a cac 16i nhan dién sai dbi tuong. True
Negatives (TN): Khong hién thi truc tiép nhung c6 thé suy ra tir tong sé mau hoic duoc
tinh toan 13 s6 luong nén dugc phan loai ding. (Trong trudng hop nay, cot 'background'
ctia 'True' khong co gia tri, c6 thé do ma tran nay tap trung vao mot 16p cu thé hodc don
gian hoa).

Y nghia: Ma trin nay cung cip cai nhin chi tiét vé& cac loai 16i ma mé hinh mic
phai. Cac gia tri TP, FN, FP nay cho thdy mé hinh c¢6 d6 chinh x4c va do thu hoi cao

d6i voi viéc phat hién ddi tugng, véi sb lugng 16i twong ddi thap.

F1-Confidence Curve

1.0

—— Objects
— 3|l classes 0.89 at 0.343

“0.0 0.2 0.4 0.6 0.8 1.0
Confidence

Hinh 4.28 D6 thi FI1-Confidence Curve.

Nhan xét: D6 thi nay hién thi diém F1 (1a trung binh diéu hoa cta precision va
recall) theo ngudng tin ciy. Piém F1 dat dinh cao nhat (khoang 0.89-0.9) ¢ ngudng tin
cdy trung binh (khoang 0.3-0.4), sau d6 giam dan khi ngudng tin cdy ting hodc giam.
Gia tri "all classes 0.89 at 0.343" cho thay diém F1 cao nhat ciia tt ca cac 16p 1a 0.89
khi ngudng tin cay la 0.343.

Y nghia: Diém F1 1a mot thudc do can bang giita Precision va Recall. Dinh cua

duong cong F1-Confidence cho biét ngudng tin cay tbi uu dé dat dugc su can bang tot
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nhat gitra Precision va Recall. Gia tri F1 cao nhat 1a 0.89 1a mot két qua rat tot, dieu nay

chtrng té md hinh ¢6 sy can bang hi€u suat rat tot.

- Recall-Confidence Curve

objects
m— 3|l classes 0,93 at 0.000

Recall

0.0 T T
0.0 0.2 0.4 0.6 0.8 1.0

Confidence

T T

Hinh 4.29 Do thi dj phii Recall - Confidence.

Nhan xét: Do thi nay cho thdy mdi quan hé nghich bién giita Recall (46 thu hoi)
va Confidence (ngudng tin cdy). Khi ngudng tin cdy tang, recall gidam manh. BDuong
cong thé hién rang & ngudng tin cdy thap (gan 0), do thu hoi rat cao (gan 0.95), nhung
khi ngudng tin cay ting 1én khoang 0.7-0.8, d6 thu hoi giam vé gan 0. Gi4 tri "all classes
0.93 at 0.000" cho thay do thu hoi chung cuia tat ca cac 16p khi ngudng tin cdy bang 0
1a 0.93.

Y nghia: Pudng cong nay gitp danh gia kha ning ctia mo hinh trong viéc tim ra
tat ca cac dbi twong lién quan khi cac ngudng tin cdy khac nhau duoc ap dung.
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Precision-Confidence Curve

1.0
objects

w3l classes 1.00 at 0.803

0.8 1

o
o

Precision

o
.

0.2 1

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Confidence

Hinh 4.30: D6 thi dé chinh xdac Precision - Confidence.

Nhan xét: D6 thi nay biéu dién mdi quan hé giira Precision va Confidence. Pudng
cong cho thay khi ngudng tin cay tang, d6 chinh x4c ctia mé hinh ciing tang 1én va dat
gan 1.0 & ngudng tin cay cao (khoang 0.7-0.8). Gi4 tri "all classes 1.00 at 0.803" cho
thdy mo hinh dat d6 chinh xac hoan hao (1.00) khi ngudng tin cy 1a 0.803.

Y nghia: Puong cong nay gitip dam bao céc phat hién ctia md hinh c6 do tin cay

cao nhat.
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Precision-Recall Curve

objects 0.912
w— ail classes 0.912 mAP@0.5

0.6 4

Precision

e
FS

0.2 4

0.0 +

Hinh 4.31 Precision-Recall Curve

Nhan xét: Pay 1 d6 thi rat quan trong trong danh gia mo hinh phéan loai va phat
hién d6i twong. Pudng cong cho thdy mdi quan hé giita Precision (4 chinh xac) va
Recall. M6 hinh dat d6 chinh xac gan 1.0 khi d¢ thu hoi thap (dudi 0.8), sau d6 d6 chinh
xac giam nhanh chéng khi d6 thu hoi ting 1én gan 1.0. Gia tri "all classes 0.912
mAP@0.5" chi ra rang gia tri mAP (mean Average Precision) ciia tit ca cac 10p tai
ngudng IoU (Intersection over Union) 0.5 14 0.912. Pay 1a mot con s6 rat tot, cho thay
hiéu suat tong thé cao ctia mé hinh.

Y nghia: Puong cong nay 13 chi s6 manh mé vé kha ning phan biét cia mé hinh.
mAP@0.5 1a mot metric tiéu chuan va gi tri 0.912 cho thdy mé hinh hoat dong rat hiéu
qua trong viéc phat hién va phan loai d6i twong chinh xéc
4.8. Tinh toan va xac dinh vi tri doi twong

bé chuyén ddi chinh x4c toa do tam tap chét tir anh (toa dg pixel) vé hé toa do lam
viéc thuc té cuia robot Delta, Nhom da ap dung phép bién ddi ddng nhat hinh hoc
(Homography). Phuong phap nay cho phép anh xa mét cach tuyén tinh cac diém trong
mit phang anh sang mit phang thuc khi ta gia thiét tap chat nim trén mot mit phing
chung (Z = 0). Viéc chon Z = 0 turong Gmg voi bé mit ban lam viée giup don gian hoa
mo hinh va giam thiéu sai s6 do chiéu sau khong doi.

Quy trinh thyc hién:

Bude 1: Chuan bi dit liéu chuin
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Gan truc toa d6 XY nhu hinh dudi gbc O, hinh anh sau khi da dung Yolo phat

hién, va tinh to4n tdm cda bounding box

X 0(0;0)

Y
Hinh 4.32 Gan toa do Oxy voi anh chira tam pixel
X 190 138 20
< ! 140 : 0(0.0)
. ) s+ (138.80) (80.80)
; (190.85) A —— —— N
A ——— ol S s e §¢
: (140,135) * (140.80)
@ s v @ v v v s 140
vY

Hinh 4.33 Ldy toa do 5 diém trén thuc té
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Vé6i phuong phap Homography, phai chon tdi thiéu trén 4, phan bd déu trén mat
ban (bé mit lam viéc) va ghi lai toa do thuc (X, Y, Z = 0) bang thuéc ky thuat, nhém
d3 chon 5 diém nhu bang duéi day

Bang 4.1: Toa dg thuc cac diém d3 chon

111,237 190,85
441,104 140,80
264,243 80,138
265,115 140,135
443,265 80,80

Bwéc 2: Sir dung ham cv2.findHomography() trong OpenCV dé tinh toan ma tran
Homography.
~3.94649156¢™"  2.05770145¢”  2.84498029¢°
2.32319639%¢"  3.40576683¢  3.19963130
1.57701646¢>  7.55774409¢ 1

Buéc 3: Ap dung bién d6i Homography 1én toa do phat hién
Nhan két qua detection tir md hinh YOLO duéi dang tir tam ctia d6i tugng, chuyén

cac diém nay vao dang ma tran (X, y, 1) va nhan véi ma tran H:

X, u By hy hyy || u
Y |=H|v|=|hy hy h, ||V
1 1 hy hy hy,l|ll

Bwéc 4: Hiéu chinh toa do gitta géc O va tAm robot (x4, y,4)

Tinh sai 1éch dén goc

Ax =xq — X9, Ay = Y4 — Yo

Tinh toa d6 twong doi dén tam robot

Xret = BX = Xy, Yrer = Ay — Yr

Nhéan xét:
Do tin cay ctia mo hinh suy giam khi anh sang qua yéu hoic choi git, dan dén ting ti
1¢ bo sot (false negatives) va bao dong nham (false positives).
Khi camera quan sat & goc nghiéng hoic tap chat khong dong nhat, toa do xac dinh
tap chét co thé bi sai 1éch, anh hudng dén kha ning gip chinh xac cta robot Delta.

Huéng phat trién trong twong lai
Két hop dit liéu d6 sau (depth map) hoic stereo-vision dé xac dinh khong chi vi tri ma
con hinh dang va kich thudc tap chét, gitip robot diéu chinh géc gip phu hop.
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Nghién ctru va huin luyén phién ban siéu nhe (dung luong < 1 MB) str dung cac k§
thuat pruning, quantization hoic kién trac Tiny Neural Network, dam béao chay truc
tiép trén thiét bi nhing véi bo nhd va hiéu nang han ché.
Két luin chwong 4:

Chuong 4 trinh bay qué trinh xdy dung va trién khai mo hinh thi gidc may tinh
dé tu dong phat hién va loai bo tap chét, khoi dau béng cac khai ni¢m x1r Iy anh co ban
va chon loc cong cu (Arduino IDE, Roboflow, Kaggle) cho giai doan thu thap, chu thich
va huén luyén dit li¢u. Trong tam la bai toan phat hién dbi tuong voi kién trac
YOLOV!11, tir m6 ta cdu trac mang, co ché anchor box, dén quy trinh huin luyén (ting
cudng dir liéu, thiét 1ap hyper-parameters, early stopping) va danh gia qua IoU,
Precision, Recall, Fl-score, mAP. Cudi cing, chuong giéi thiéu phép bién doi
Homography dé chuyén toa do pixel sang toa do thuc cho robot Delta, dong thoi chi ra
han ché hién tai va kién nghi hudng t6i wu (vi du tich hop depth map, sir dung mé hinh

nhe) dé dam bao hi¢u nang va kha nang van hanh trén nén tdng nhing.
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CHUONG 5: TICH HOP HE THONG VA KIEM THU THUC NGHIEM

5.1. MSb ta quy trinh hoat dong va lru dd giai thuit cia hé thong
Quy trinh hoat déng cua hé thdng bao gém 5 budc:

Buée 1: Ngudi dung thao tac trén giao dién diéu khién duoc thiét ké bang Visual
Studio Code dé bat hé thdng va cac thiét bi lién quan. Khi ché d6 phat hién duoc kich
hoat, camera sé& bit dau thu nhan hinh anh vung lam viéc.

Buéc 2: Camera truyén hinh anh thu dugce vao mé hinh YOLOv11. M6 hinh s&
thue hién phan tich, phat hién tap chét va xuét ra vi tri ctia bounding box twong tmg véi
d6i tuong.

Buwoc 3: HE théng chuyén ddi toa d6 tir hé camera sang hé toa do robot. Dya vao
vi trf ctia tap chat, Arduino s& tinh toan gbc quay va sd xung can thiét, sau d6 giri tin
hiéu diéu khién robot di chuyén chinh xac dén vi tri muc tiéu.

Bu6c 4: Tin hiéu diéu khién duoc guri dén driver dong co bude (TB6600) dé cap
xung cho cac dong co clia robot. Pong thoi, cac tin hiéu dong/mé kep gap ciing duoc
diéu khién theo thr tw nham dam bao qua trinh gap — tha tap chét dién ra dung quy trinh.

Buéc 5: Robot Delta di chuyén dén vi tri tap chat, dong kep dé gap vat, sau d6
di chuyén dén ving chtra rac dé tha tap chat. Cudi cing, robot quay tré lai vi tri HOME

va cho 1énh xir 1y tap chét tiép theo.
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Luu d6 ténz quan hé
thong

Luu d6 khéi xi I fin

higu

Lura 88 kb diéu

khién

YOLOvl1

Luru 45 dv dodn Bounding Box véi

Robot di chuyen
vév1 trt HOME,

kep dang md

thanh cic
featurs map

\d

Diéu khuén Robot
di chuyén xubng vi
fri c6 tap chit

YOLOvl11 dw
dodn Bounding
Box ctia tap chit

)

Y

Xac dinh vi tri
tap chit

Diéu khién déng
kep de giik tap chit

Loarbo
Bounding Box
du thira

A

4

Cluyén 36i sang
hé toa dd robot

v

Biéu khuén Robot
di chuyén lénvadi
qua ving chia
tap chat d2 loar bo

Y
Xuit két qua: vi
tri + loai tap chat

+ i 1é du dodn

Gii toa d cho
khdi didu khign

)

Hinh 5.1 Cdc leu do thudt todn ciia hé théng

Diéu khien mo kep
de tap chit rai
xudng

A

Diéu khién Robot
tr6 lai vi tri HOME

-

v

Két thiic

SVTH: Nguyén Vin Mén, Lé Van Tuan, Vin Ngoc Phuong

GVHD: Nguyén Thi Kim Truc

69




5.2.

Capstone Project: “Nghién ciru va phat trién hé thong thi gidc may tinh tich hop robot dé loai bo tap

chat trong san xudat soi”’

Lap trinh, thiét ké phin mém diéu khién va giao dién ngudi dung

Trong chuong nay, nhom da xdy dung phan mém diéu khién va giao di¢n nguoi

ding cho hé thdng bang ngdn ngit Python. Qué trinh niy bao gdm tao dit liéu huin
luyén, xay dung va hun luyén mé hinh xt Iy anh YOLOv11, sau d6 st dung file trong

s6 thu duge dé nhan dién d6i tuong trong thuc té.

Giao dién do nhém thiét ké cung cap cac churc nang chinh:

Két n6i va kiém tra trang thai camera

Két n6i robot Delta

Hién thi luéng hinh anh, thyc hién nhan dién ddi twong
Diéu khién robot loai bo tap chét

Hién thi cac thong s6 thong ké vé qua trinh xtr Iy

Nhirng thanh phan nay gitp ngudi ding theo doi, van hanh va danh gia hiéu qua

hé théng mot cach tryc quan va thuan tién.

# ' Delta Robat Cantrol System

Connection Setup
Cameora Statux

Coamern: CONNECTED Retry Camern

COM Porti [coms Refresh Ports
CONNECT TO SYSTEM
Camera Control
Cameral | Camera 0 (640x480 & 30Mps) L I L LS P )
4)
Kinematics Control »
01 [0.00% §] x [2.00 mm 2l
021 [0.00° slw [0,00 mm 3]
G |0.00° 2] 2 [0.00 mm zl
System Control
T T G — -
Statistics

Hinh 5.2 Hé thong thi gidc may tinh tich hop robot Delta trong qud trinh logi

bo tap chdt soi
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Giao dién diéu khién robot Delta dugc thiét ké thanh bén khu vuce chire nang chinh,
sap xép khoa hoc theo chiéu ngang dé nguoi van hanh dé& dang tiép cén. O khung
Camera Control, ngudi ding c6 thé chon va 1am méi danh sach camera thong qua
dropdown va nait “Refresh”, trong khi khung xem video chinh nim ¢ giita man hinh,
hién thi truc tiép hinh anh kém khung nhan dién dbi tuong va thong tin vi tri (toa do
pixel) cing x4c sudt nhin dang ngay trén khung hinh.

Ngay bén canh 13 khung Kinematics Control, bao gdm hai nhém 6 nhép liéu cho
gbc khop (04, 0, 85 va toa do khong gian (X, Y, Z) véi hat nat “Calculate Forward” va
“Calculate Inverse” dé thuc hién tinh toan dong hoc thuan — nghich nhanh chong. Phia
bén phai, khung System Control tap trung cac nat 1énh quan trong: “START” va
“STOP” dé khoi chay hodc tam dirng quy trinh ty dong, “HOME” dé dua robot vé vi tri
gbc an toan va “RESET” khoi dong lai hé théng khi can thiét

Két luin chuwong 5

Chuong 5 tap trung vao viéc tich hop va kiém thtr toan bo hé théng tu dong loai bo tap
chat, gdm hai phan chinh: quy trinh van hanh nim buéc “chup dnh — nhan dién — chuyén
toa do — diéu khién dong co — gip tha” dugc diéu phdi lién tuc qua giao dién Python
trén Visual Studio Code, va img dung phan mém véi céc tinh nang két ni camera, hién
thi két qua nhan dién, tinh todn ddéng hoc va diéu khién Iénh
“START/STOP/HOME/RESET”. Viéc dong bo gitta Arduino Mega, driver TB6600,
co ciu servo/motor, md hinh YOLOv11 va giao dién nguoi dung da dugc thir nghiém
trén mo hinh thuc té, cho théy hé théng van hanh 6n dinh, chinh x4c va dap ung déy dua

yéu cau tu dong hoa trong san xuat soi.
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Chwong 6: THUC NGHIEM VA PANH GIA KET QUA

6.1. Kiém chirng dong hoc ngich trén checkerboard

Khoang céch tur géc toa d6 Robot Delta dén vi tri checkerboard nhom chon 1a
tam cua checkerboard theo truc (x, y, z) lan luot 1a (0, 0, 340) (mm) v6i mdi 6 ciia
checkerboard véi kich thudc thuc 1a 320x320 (mm). Dbi voi cach kiém chimg dong

hoc thuc té trén checkerboard, nhom sé tién hanh nhap lan luot 2 vi tri bat ky va xem

doi chiu két qua thyce té cua co cau chap hanh cudi so véi checkerboard.

- 5
) \,
\
\

-

-

L)
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Bang 6.1: Kiém chting dong hoc nghich
Két

biém qua thuc té

Piém 1: Px, Py, Pz = (0, 0, 440)

Piém 2: Px, Py, Pz = (32, 0, 440)

Diém 3: Px, Py, Pz = (32, -32, 440)

Hinh 6.1 Kiém chimg dong hoc nghich
Nhén xét: Két qua kiém tra cho thay, khi nhap vao cac toa do bat ky va tién hanh
tinh toan dong hoc nghich cho Robot Delta, vi tri thuc té ctia co ciu cudi (end-effector)

ma robot di chuyén dén c6 sai s0 trong khoang +1 mm so vdi gié tri dat. Di€u nay ching
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td hé théng diéu khién va mo hinh d ong hoc dugc xay dung chinh xac, dam bao do tin
ciy trong cac tmg dung thuc té yéu cau do chinh xac cao.
6.1.1. Panh gia két qua toan hé thong

Nhom tién hanh chay thuc nghiém mé hinh loai bo tap chét trong bong dé kiém
chung tinh lién tuc va 6n dinh ctia hé théng. Trong qué trinh thir nghiém, cic mau bong
c6 13n tap chat dugc dat 1én khay xir Iy mot cach xen k& nham mé phong diéu kién 1am
viéc thuc té. Hé théng Robot Delta két hop voi thi gidc may tinh nhan dién va thuc hién
thao tac loai bo tap chat mot cach tu dong. Dudi day 1a bang quy trinh hoat dong ctia hé
théng trong qua trinh kiém chtng.

Bang 6.2: Quy trinh giai doan hoat dong cta hé thong

Giai doan trong hé thong Mo ta

: Khi hé théng duoc bat nguén,
Robot Delta s& tw dong di chuyén vé
vi tri Home — diém xuét phat mic
dinh dugc xac dinh boi 3 cam bién
hanh trinh, dam bao dd chinh xac
trong cac budc tiép theo. Sau do, bong
duoc dit 1én khay chtra dé bit dau qua

trinh xu ly.

Hé thong thi gidc mdy tinh sir
dung camera dé quét toan bo bé mat
khay, nhan dién céac tap chét dua trén
su khac biét vé mau sic, hinh dang va
kich thudc so véi bong. Toa do cac vi
tri chura tap chét sau d6 duoc x4c dinh
va gli vé bd diéu khién ctia Robot
Delta.
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Robot Delta di chuyén dén vi
tri can gip v6i d6 cao Z = Scm phia
trén diém dich, sau d6 ha xubng dé
dua dau kep vao vi tri chinh xéc. Pau
kep duoc thiét ké chuyén dung nham
chi kep chinh xé4c tap chit ma khong

1am anh huéng dén bong xung quanh.

Khi Robot Delta dén ding vi
tri, dau kep s€ hoat dong va tién hanh
kep l4y tap chét ra khoi khay. Pau kep
dugc thiét ké dac bigt dé chi nhiam
muc ti€u vao tap chit ma khong lam

anh huong dén bong xung quanh.
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Sau khi kep thanh cong, robot

nang vat thé 1&én vo1 do cao Z = S5cm

Sau khi tap chat duogc kep 1én,
Robot Delta di chuyén dén khu vuc
xur 1y rac (thuong la mot khay hoac
thung riéng biét) va tha tap chat

xuong.
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Sau khi tap chét duoc kep 1€n,
Robot Delta di chuyén dén khu vuc

xtr 1y rac va tha tap chit xudng.

Khi d hoan tat 1 chu trinh thi
Robot s& vé vi tri Home dé doi doi

tuong tiép theo

Panh gia hé théng phan loai véi ciu traic mo hinh YOLOV11 véi hiéu suét cao
nhat:

Vi cach dan nhan Bounding box, tap dit li€éu anh 13082 anh duogc chia theo ti I¢
(training set = 80%, valid set = 10%, test set = 10%). Qua trinh huan luyén va kiém thi
duoc thuc hién trong didu kién anh sang binh thudng nham danh gia kha ning hoat dong
ctia hé thong trong mdi truong thuc té.

Két qua thuc nghiém:
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Bang 6.3: Banh gia d0 nhan dién hé théng

Lan thir Téng sb mau Nhéan dung Bo sot Sai léch
1 120 113 2
2 120 115 1
3 120 114 3 3

Panh gia tham s6:

Chi s trung binh qua c4c 1an thir nghiém cho thdy mé hinh dat hiéu suét cao:
Precision = 0.986: Pay 14 chi s6 rat 4n tugng, cho thay ty 1¢ du doan sai (false positives)
cyuc thip. M6 hinh gan nhu khong danh nham bong thanh tap chat, dam bao chét luong
san pham dau ra.

Recall = 0.955: Ty I¢ bd sot (miss rate) chi khoang 4.5% , nghia 1a mo6 hinh phat hi¢n
duogc 95.5% cac tap chat thyc té. Tuy nhién, voi cac vat thé nho hoic mo (vi du: 16ng
vii), ty 18 bo sot tang 1én dang ké.

Fl-score = 0.961: Sy cén bang giita Precision va Recall cho thdy mé hinh vira dam bao
d6 chinh xac cao, vira duy tri kha nang phat hién on dinh. Pay 1a két qua 1y tudng cho
bai toan tu dong hoa, noi yéu cau ca do tin cdy va tinh toan dién.

Céc chi s6 ndy phan anh kha ning hoat dong manh mé& cta mo hinh trong méi
truong kiém soat, nhung ciing cho thay tiém ning cai tién néu t6i uu hoa cac yéu td ki
thuat nhu anh sang, tbc do chup anh, va d¢ phan giai ctia camera.

Nhan xét:

Két qua thyc nghiém cho thdy mé hinh YOLOvI1 duoc huan luyén trén tap dir
liéu mo rong 13082 anh hoat dong 6n dinh va hiéu qua trong diéu kién anh sang binh
thudng. M6 hinh thé hién kha ning nhan dién tt hau hét cac loai tap chat phd bién nhu
X0 cdy, vo cdy, nhua, va g0, vdi ty 1¢ chinh x4c cao va it xay ra sai léch. DPic biét, mo
hinh van duy tri hiéu suat 6n dinh ngay ca khi di twong c6 hinh dang hoic mau sic
tuong ddng v6i bong, nhu nilon tring hoic 16ng vii mém, nhd vao viée t6i uu hoa dic
trung trong qua trinh huin luyén. Tuy nhién, mot s6 han ché van ton tai, bao gé)m:

Bo s6t mot s6 vat thé kho phan biét : Cac vat thé nhu 16ng vii hodc nilon mong doi khi
bi bo s6t do mau sic hoa 1an véi bong hodc bi bién dang boi chuyén dong nhe.

Anh huéng cua anh sing méi trudng: Trong diéu kién anh sang yéu hodc phan quang,
d6 twong phan giita bong va tap chat giam, dan dén mét sé trudng hop gan nhin sai.
Han ché phﬁn cung: Camera hi¢n tai chua du dg phan giai va tde do chup dé bat kip céc

vat thé nho, nhe hodc chuyén dong nhanh.
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Nhitng han ché nay cho thay can cai thién hé thong chiéu sang, nang cap phan
cung, va mo rong tap dir li€u vdi céac tinh hudng phuce tap d€ nang cao tinh tong quat

cua mo hinh.
Tong két chwong 6

Chuong 6 dd chimg minh hiéu qua cta hé thong kiém ching va danh gia thuc
nghi¢m: tir viéc xac minh d¢ chinh x4c dong hoc nghich ciia Robot Delta (sai sb dudi
1 mm) dén thtr nghiém mo hinh YOLO trén ba giai doan dit liéu (tir hon 2.000 1én
13.000 anh) véi ti 1€ nhan dién cudi cung dat gﬁn 90% va do tin cay 80-90%. Quy trinh
van hanh tich hop camera va robot cho kha nang phat hi¢n, kep va loai bo tap chét chinh
xac, vo1 precision 98,6%, recall 95,5% va Fl1-score 96,1%. Du van con han ché khi gap
tap chit nho, anh sang kém hodc phan xa cao, chuong nay khuyén nghi cai thién hé
thong chiéu sang, nang cAp camera va mé rong di liéu huan luyén dé nang cao tinh 6n

dinh va tmg dung thuc té.
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KET LUAN

Sau qua trinh nghién ctru va thue hién dé tai: “Nghién ctru va phat trién hé théng
thi gidc may tinh tich hop robot dé loai bo tap chét trong san xuit soi”, nhém di dat
duoc nhitng két qua nhu sau:

- Tim hiéu ciu trac va thiét ké mo hinh Robot Delta hoan chinh trén phan mém
Solidworks.

~ Thi cong phan ctrng Robot Delta va ti dién dam bao an toan, thim my, sang tao.

- Tinh toan dong hoc thuan, nghich va kiém nghiém dong hoc trén phén mém Visual
Studio Code. Xac dinh khong gian 1am viéc cho Robot trén phan mém Matlab.

- Piéu khién Robot trén phan mém Arduino IDE va tinh toan, thiét ké giao dién nguoi
dung trén phan mém Visual Studio Code.

- Xay dung va huan luyén mé hinh YOLOv11 dé phat hién tap chat trong soi bong

- Hoan thanh luan van.

Nhitng han ché con ton tai trong qua trinh thuc hién dé tai nhu sau:

- Tbc db loai bo tap chét chua cao, khi phan loai xong 1 dbi twong thi madi bat dau
tiép nhan d6i tuong tiép theo.

- Do chinh x4c cua qua trinh loai bd chiu d&nh huong bdi do tuong phan anh sang va
mau sic ctia moi trudng xung quanh.

- Viéc thiét ké va thi cong phﬁn cung chua t8i wu, khi Robot hoat dong & tde do cao
thi Robot c6 hién tugng rung.

- bau gap chua dugc to1 uvu.

Hwéng phat trién

- Piéu chinh lai phan cimg (thiét ké lai mot sd chi tiét Robot) va thay thé mot sd
thiét bi (dong co, driver) dé tdc d6 hoat dong ctuia Robot tdi wu.

- Thiét ké lai m6 hinh diéu khién va quy hoach co cau diy dé ting d6 6n dinh cho
hé théng phat hién va loai bo.

- Thay ddi co chu phém cung dé cai thién tinh ung dung phat hién va loai bé tap chét
t61 wu hon

- Ting sb lugng d6i twong hudn luyén dé phén loai da dang hon.

- (Cai thién phﬁn cung dé co thé c6 hiéu suit loai bo tap chét trong bong cao hon
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PHU LUC 1

1.. Tinh toan dong hoc cho Robot Delta
Pong hoc nghich
Vi bai toan dong hoc nghich ching ta s¢ biét duge toa d6 diém cudi cung cua
Robot Ey (X, Vo, Zo)1a trong tim cua tam gidc dé di dong va cac thong sé can xac dinh
13 3 goc 6 duogc tao boi cac khdp trén va mit phiang cua dé cb dinh. Vi hé quy chibu s&

dugc chon c6 goc toa la trong tam cua tam gidc dé€ co dinh.

E, (X5 ¥oi Z)
Hinh 3-1: M6 hinh dong hoc robot delta
Do khép ndi thiét ké ciia robot F1J1 chi c6 thé xoay trong mit phang YZ, tao thanh
hinh tron voi tim tai diém Fy va ban kinh ry ddng thoi khép hinh binh hanh JiE; ¢6 thé

xoay tu do twong dbi v6i Ey, tao thanh hinh cdu véi tAm tai diém E; va ban kinh r,.

Hinh 3-2: Giao tuyén ciia hinh cdu va mdt phang YZ

Phu luc 1



Giao tuyén ciia hinh cau nay va mdt phang YZ la mét diong tron cé tam tai diém Ej va ban kinh EJJ, (trong
a6 Ej la phép chiéu ciia diém Ey trén mdt phang YZ). Diém ]| c6 thé dwoc tim thdy bay gio nhw la giao diém ciia cdc dwong
tron bén kinh da biét véi tam la E{ va F; (chiing ta chi nén chon mot diém giao nhau voi toa do Y nho hon). Va néu ta biét J,,

ta c6 thé tinh duwoc géc 0.

Xét mat phang YZ:

E (X1 Y,i2)

e/2 e/2 - tan(30) E'1

Hinh 3-3: Mdt phang YZ
Xét tam giac dé di dong, ta tim duoc:

EE = %tan 300 =

pNE)

e ' e
E|x,;y,——F=:z = E |0y ——;zj
l( 0 0 2\/§ 0] 1 ( 0 2\/§ 0
Va EJ,=x, > EJ, =\EJ ~EE" = i’ -x
Xét tam gidc dé c6 dinh, ta tim duoc:

OF, =§tan30m e

243

Ap dung dinh 1y Pytago cho 2 tam giac vuong F,],]J; va J,E,E}:
(yJI _yF])z +(ZJ1 _ZF,)Z :rjz
(yJl — Vg )2 +(Zj] ~Zg )2 = rez —xé

Ta duoc:
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2 2

RS
+—=)"+z, =1,
(yjl 2\/§ Ji I
€ 2 2 2 .2
Yo t+t—=) +(z, —z,)" =r —x
(yJl Yo 2\/5) ( Ji o) e %o
Toa dd diém J, la nghiém h¢ phuong trinh giao diém cua 2 duong tron:

:>J1(O;yjl;2,-l)

Tir 1ay phuong trinh thtr nhét trir phuong trinh thit hai ta thu duogc:

2myy, +2zyz; +m, =0

Trong do:
f e ( f jz ( e jz 2 2 2 2
m=—tr—=+y ——= S A R S e
NE Yo 3" 23 o 2B) i (r %)

Tu bién doi ta duoc:

Thay vao phuong trinh dau cua ta duoc:

2 2 2
L PR A L —(Lj 22| —2 =0
( z;jy* Bz ) g

A=b"—4ac

2
m

a:1+—2
Zy

b=

Z(ij (2%)

Vi diém J; luén & vi trf Am cua truc y nén ta chon nghiém:
NN
Yy =——F
2a

Thay nghiém phuong trinh vao phuong trinh ta duogc:
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Goéc 0,1a goc hop boi khép trén F s, va mit phang dé ¢d dinh.

Ta co:

J]( 0;".-’1::-’1)

2
0, =atan2 :
YE =Yy,

Khi di tinh dugc goc 6, nhom loi dung tinh d6i xtng ctia Robot Delta dé tinh toan

Ta tim duoc:

goc 0, va 0,. Bang cach xoay hé truc xyz 120° véi toa d6 diém cudi, ciing ciia Robot
méi E' (X', o, Z') va sit dung ciing nhitng thuét toan & trén dé tim goc 0,. Va dé tim
goc B; chi can xoay hé truc xyz 1 goc -120°.

Nhém dit hé toa d ban dau 1a A thi diém Eo, nhin tir hé toa do A s& la Ag, =
(X0, Yo, Zo)- Khi xoay tir hé truc toa dd A mot géc theo truc z thi s€ nhan dugc hé toa do
méi B véi toa do diém cubi cung E, nhin tir hé toa do Bg, = (x'0,¥0,Z'9) - Taco cong
thirc cua phép xoay tir hé toa d0 A qua hé toa d0 B nhu sau:
4, = ;RB,
Pé tim duogc B, = (X,,Y,,Z,) ta can nhan 2 vé ctia phuong trinh cho ( /R)”

(I;‘R)T.AE0 =(4R)" .;‘R.BE0
Voi
(R 3R=1
Tu suy ra dugc:
BEO = (;R)T-AEO

Bing cach xoay tur hé toa d§ A sang hé toa d0 B quanh truc z voi goc 120° ta suy

duogc phuong trinh:

cos (120)° sin (120)° O
AR)T = (R,(1200)T = [=sin (120)° cos (120)° 0
0 0 1
Ngoai ra, ta ¢6 ma tran chuyén doi h¢ toa do tong quat tir h¢ toa dd A sang h¢ toa
d6 B. Vi 1an luot 1a phép xoay quanh truc z 1 goc 120° va vi chi xoay tai chd ma khong
tinh tién. Tr phuong trinh (4.28) suy ra phuong trinh nhu sau:
Bg, = (R, (1200)T. Ag 0Tiép tuc thay phuong trinh vao phuong trinh ta dugc phuong
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trinh:
X €0s(120)° + y,sin (120)°

Bg, = (R,(1200)T. Ag, = [7%0 sin(120) °Z+ yocos (120)°
0
1

Vay nhom di tim duoc hé phuong trinh dé tinh goc 6, khi xoay quanh hé truc toa

do 1 goc 120° theo truc z:
Xo' = X c0s(120)° + y,sin (120)°
Vo = —Xgsin(120)° + y,cos (120)°
7o = Zg

x'=xcos(120) + y sin(120)
y' =-xsin{120) + y cos(120)

E, (X, ¥,i2) — (Xyr Y 2y

Hinh 3-4: Hé toa déo mdi (x'y, Vo, Z')
Nguoc lai véi goc 6, tién hanh xoay h¢ toa dd A quanh truc z 1 goc —120° tinh
todn tuong tu cho goc 05, ta s€ thu dugc h¢ phuong trinh sau:
Xo' = X €0s(120)° — y,sin (120)°
Vo = Xosin(120)°+ y,ycos (120)°
7o = Zg

. Dong hoc thudn
Muc dich cua bai toan dong hoc thuén la xac dinh vi tri cia khau tdc dong cudi cua
robot khi biét cac bién khdp ctia robot. Tir cac goc 1a trong tAm cila tam giac dé di dong.

Tir cac goc 04, 0,,05,> Toa dd (Xg, Yo, Zo) ciia diém E,.
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Néu ta da biét goc 0y, chung ta co thé dé dang tim thiy toa do cua cic
diém J;, ], va J5. Cac khép nbiJ,Eq, J,E, vaJsE; c6 thé tr do xoay quanh céc
diém J;, ], va J5. tuong tng, tao thanh ba hinh ciu c6 ban kinh r,.

Ta di chuyén cac tAm cia cac hinh cau tir cac diém J,, ], va J; dén cac diém J'y, J5
va J’5 bang cach sir dung céc vector chuyén tiép E, Eo, E,E, va E5E, tuong tng.

Sau qué trinh chuyén ddi nay, tat ca ba hinh cau sé giao nhau tai mot diém: E,,

nhu duoc thé hién trong hinh phia dudi:

Eleiyaz)

Hinh 3-5: M6 hinh dong hoc robot delta
Vi vay, dé tim toa d6 (X,, Vo, Zo) cta diém E,, chung ta can giai quyét tip hop ba
phuong trinh nhu (X - X]-)Z + (y — y]-)2 + (z — zj)2 = r2, noi toa d cac tim hinh ciu

(%;, ¥j, 2;) va ban kinh r, da biét.

Hinh 3-6: Toa dé cdc diém |, J5, J5 trén mdt phang Oxy
Theo hinh hoc:

f f
OF, = OF, = OF; = Etan(SOO) = ﬁ
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Va

e e
1 =15]5 =J3)5 = =tan(30%) = —
i = TaJy = Jalh = 5 an(30%) = -
FiJ; = recos(8,)
F;], = recos(8,)
F3]; = recos(03)
Tw
( ]’(O'—f_—e—r cos0;; —r sin9>
1 ) 2\/§ f 1 f 1
I’((f_e+ 0,) cos 30% (=5 + 1 cos 8, ) sin 30° in 0
! J2| ==+ r¢cos Z)COS ;(— I's COS z)sm ; —Tesin 0,
2v/3 2v/3
J! ((f_e+ e) 300 (f_e+ C )) in 30° i e)
3| |—=+rfcos 05 ) cos ;| —=+ recos(03) | sin ; —Tresin 05
U \\2v3 2v/3

Trong cac phuong trinh sau day ta s& chi dinh toa do cua cac diém J';,]',,]'5 1a
(X1,V1,21), (X2, V2, Z5) V& (X3, V3, 2Z3). Luu y rang x; = 0. Duéi day 1 phuong trinh cta
ba mit cau véi giao diém 13 Eo (X0, Vo, Zo)

x>+ (y—y)?+(@z—2)% =1}
x=%)2+ -y’ +(@z—2)*=rd
(x—x3)2+(y—y3)’ +(z—23)* =1
x?2+y?+z22—-2y;y—2zz=rt—y? —2z? (1)
X2 +y? + 22 — 2x,X — 2y,y — 22,2 = v2 — X5 —y5 — 73 (2)
X% +y? + 22 — 2X3X — 2y3y — 2232 = 12 — X5 — y5 — 73 (3)

biat: w; = x2 + y? + z7, ta dugc:

(x5 = vy + (o 20z = =) ®H=0-@

kst 0= yy + @ - 2z = W) (5)=1-3)
(X2 = x3)x + (2 —y3)y + (22 — 23)z = (WZZ;WEE) (6) =(2)—-(3)
T (4) - (5):

X = a]_Z + b1 (7)
y = az+ b, (8)
Véi:

1
a; = d [(zz —2)(y3 —y1) — (Z3 — 21) (Y2 — Y1)]
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by = — 5 [(Ws = W) (ya = 1) — (Ws ~ W) ¥z =)

1
a; = _a [(z; — Z1)x3 — (23 — 21)X;]
1
b, = ﬁ [(Wz — wq)x3 — (W — W1)X2]

d=(y; —y)xs — (y3 —y)x,
Thé (7), (8) vao (1) ta duoc:
(@3 +a%+ 1)z2+2(a; +a,(b, —y;) —z)z+ (b7 + (b, —y)? +2z2 —12) =0
Cudi cung, ta can giai phuong trinh nay va tim zo (chung ta nén chon gbc phuwong
trinh 4m nho nhat), va sau dé tinh xo va yo tir (7) va (8).
az’ +bz+c=0
Voi:
a=al +a; +1
b=2(ab +a,(b,—y)-z)
c=bl+(b,—y) +z -1’
Dat A =5 —4ac

Do mé hinh Robot Delta cé khau cudi ludn ¢ vi tri am cua truc z nén ta lay nghiém

_—b-\A

Yo 20
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PHU LUC 2

. OUTPUT cua YOLO:

Output ciia m6 hinh YOLO 13 mét véc to sé bao gdm céc thanh phan:
yT = I:po, <tx’ty’tw’th>’<p1’p2""’pc >:|

Trong do:

z p , p n .
6, = atan 2( 4 J : xac suat du bao vat thé xuat hién trong bounding box.
Yr =V,

<tx,ty,tw,th> : giup xac dinh bounding box. Trong do6 ¢,¢, 14 toa d§ tm va ¢z, la kich thuge
rong, dai cia bounding box.
< DisDaseos pc> : véc to phan phdi xac suit du bao cua cac classes.

Viéc hiéu output kha 13 quan trong dé ching ta cu hinh tham sé chudn xéac khi
huén luyén model qua cac open source nhu darknet. Nhu vy output s& dugc xac dinh
theo s6 luong classes theo cong thirc (n_class+5). Néu huén luyén 80 classes thi ban s&
c6 output 13 85. Trudng hop ban ap dung 3 anchors/cell thi s6 lwong tham sb output s&

\

la:

lelly|tw |thl| Po |Pr|P2| e | Pe x B

LA Oribrates Otwoctness

Hinh 1: Kién triic mét output ciia model
2. Feature map
Tuong ty nhu SSD, YOLO ciing du doéan véat thé trén nhiéu feature map. Trén moi
cell cua feature map s€ co6 3 anchor box dé du doan vat thé, nhu vay ta tinh duoc sb
lugng cac anchor box trong mé hinh YOLO 1a (3 feature map x 3 anchor box) = 9. Tu
d6 ta co thé tinh duoc sb lugng anchor box trén mét burc anh la:

(13x13+26x26+52x52)=x3=10647 (anchor box)
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Véi sb lwong 16n thé nay thi qua trinh huén luyén s& rat cham bai ta phai du bao

nhan va bounding box trén tirng anchor box.

92 X 52
Hinh 2: Cac feature maps cua mang YOLOv3 voi input shape la 416x416,

output la 3 feature maps

3. Non-max suppression

Non Maximum Suppression (NMS) 13 mét bude hau xir 1y ma hau hét cac thuat
toan Object Detection sau nay déu sir dung. Muc tiéu ctia NMS 13 Iyra chon mot bounding
box thich hop nhat cho di tuong.

NMS tinh theo 2 tiéu chi: Objectiveness score duoc tra vé boi model -Overlap hodc
IOU gitra cac bounding box.

Do thuét toan YOLO du béo ra rat nhiéu bounding box trén mot blrc d&nh nén doi
v6i nhitng cell ¢6 vi tri gan nhau, kha ning cac khung hinh bi overlap 13 rat cao. Trong
truong hop d6 YOLO s& can dén non-max suppression dé giam bét sb luong cac khung

hinh duoc sinh ra

Hinh 3: Non-max suppression tir 3 bounding box xuong con 1 bounding box

Néu chi s6 nay 16n hon ngudng threshold thi diéu d6 chimg to 2 bounding boxes dang
overlap nhau rat cao. Ta s& x0a cic bouding c6 xac suat thip hon va gitr lai bounding ¢ xac
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suét cao nhat. Cudi cung, ta thu dugc mdt bounding box duy nhét cho mot vat thé.
4. Loss Function
Ham loss function ciia YOLO chia thanh 2 phan: z, (localization loss) do ludng

sai sO cua bounding box va z , (confidence loss) do luong sai s6 cua phan phoi xac suat

cls

cac classes.

Zioe = 1 oora Eolsz EolB 1ij ixi- i)2 ( ( \/_) + ( \/_>
i= €

i=0 j=0
s> B s?
_ 9 [ & obj b bi \
chs o a a g;] + lnoohj(l- 10}){ &1) OA 1;)] gpi(c)- Ab:'(c)ﬁ
=0 j=0 0 cdc
z= Zloc+chs

Trong do:
- 1°Y: Ham indicator c6 gié tri 0, 1 nham x4c dinh xem cel i ¢6 chira vat thé hay khong.
Bing 1 néu chira vat thé va 0 néu khong chira.
1V Cho biét bounding box thtr j cua celli c6 phai 1a bouding box ctia vat thé duoc du
doan hay khong?
C;: Diém tin cdy cta 6 i, P(contain object)*IoU (predict bbox, ground truth box)

- & : Piém ty tin du doan

C : Tap hop tt ca cac 16p

p,(c): Xac sut c6 diéu kién, c6 hay khong 6 i c6 chira mot ddi tuong cua 1op ¢ €

bXc): Xac suat c6 diéu kién du doan.

C6 thé ban dau cong thic trén kha khé hiéu véi nguoi bat dau. Ching ta hiy hiéu
don gian héa muc dich cua ching:
2, 1 ham mét mat ctia bounding box dur bao so véi thuc té

-z, :Lala ham mat mat clia phan phéi x4c suat. Trong d6 tong dau tién 1a mat mat ciia
du doan c6 vt thé trong ceil hay khong? Va tong thir 2 1a mat mat ciia phan phdi xac
suat néu co vat thé trong cell.

5. So sanh cac phién ban Yolo

Ngoai ra dé diéu chinh phat loss function trong truong hop du doan sai bounding
box ta thong qua hé sd diéu chinh 7 va ta mudn giam nhe ham loss function trong

ord

truong hop cell khong chira vat thé bang hé s6 diéu chinh /

noobj
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5501 @ - u
" ultralytics
52.5 1 YOLO 11
wn 90.0 —e— YOLO11
T YOLOv10
96_§ 475 YOLOVO
< YOLOV8
g 45.0 YOLOV7
o YOLOV6-3.0
S 425 YOLOVS
PP-YOLOE+
40.0 1 DAMO-YOLO
YOLOX
37.5 1 EfficientDet
0 2 4 6 8 10 12 14 16

Latency T4 TensorRT10 FP16 (ms/img)
Hinh 4: So sanh giita cac phién ban YOLO

Mo hinh YOLOv11 thé hién nhitng budc tién dang ké vé ca toc do suy luan va do
chinh xéc so v&i cac phién ban trude. Trong phén tich benchmark, YOLOv11 duoc so
sanh véi nhiéu thé hé tién nhiém, tir YOLOVS cho dén YOLOvV10. Nhu trinh bay trong
Hinh 4.10, YOLOV11 lién tuc vuot trdi hon cdc mo hinh nay, dat mAP cao hon trén tap
COCO trong khi van duy tri tdc d6 suy luan nhanh hon. [9]

Biéu dd so sanh hiéu ning hé 16 mét sé diém chinh:

- Cac bién thé YOLOvI1 (11n, 11s, 11m va 11x) tao thanh mot “dudng gidi han
hiéu nang” rd rét, véi moi phién ban dat mAP50-95 trén COCO cao hon tai ngudng do
tré tuong ung.

- Dic biét, YOLOvI 1x dat khoang 54,5 % mAP50-95 & do tré chi 13 ms, vuot troi
so vOi tat ca cac phién ban YOLO trudc do.

- Céc bién thé trung cip, nhit 1a YOLOv11m, thé hién hiéu qua vuot trdi khi dat
d6 chinh x4c twong duong cac mo hinh 16n thé hé trudc nhung chi can thoi gian xt 1y it
hon dang ké.

Mot quan sat quan trong khac 13 trong ving do tré thap (2-6 ms), YOLOv11s van
duy tri d§ chinh xéc cao (khoang 47 % mAP50-95) & téc d6 ma trudc day chi dat duoc
bdi cac md hinh kém chinh xac hon. Piéu nay danh dau budc tién then chét cho cac tng
dung thoi gian thuc, noi ca tdc d6 13n do chinh xac déu quan trong.

Puong cong hiéu niang ctia YOLOvV11 con cho thay kha nang mé rong tot giita cac
bién thé, gitp ngudi dung dé dang lya chon cdu hinh mo hinh phu hop véi yéu cau can
bang gitra toc do va do chinh xAc.

6. Du bao bounding box

Nhu d3 trinh bay & trén, dé tim bounding box ta can quan tim dén anchor box va cell.
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Gia st mot anchor box ¢6 kich thude ( pw , ph) tai cell trén feature map goc trén bén trai

(cy Cy ), md hinh du doan 4 tham s6 (¢, LRUIRY ,). Trong d6 2 tham sb dau 1a do 1éch so véi

gbc trén bén trai cua cell va 2 tham so0 sau la ti 1€ véi anchor box. Cac tham s6 nay giup xac

dinh dugc toa do bounding box 6 tim (by ,by, ) va kich thudc (byy,bp ).

CX
Py
Cl LA R R R EE RN RN NERERERENSERHN,]
g : .
; b, .
o(t) || b=oCt)+c,
p'f‘: b, ,_.l e b",=o(ty)+cv
E C(tx) E bwzp”e!. )
E E bh=phe"

Hinh 5. Cong thirc udc lugng bounding box tir anchor box
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