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TOM TAT

Tén dé tai: Robot son chi dudng dung thi gidc méy tinh
Sinh vién thyc hién: Binh Phi Giang

S6 thé SV: 105200297 Lop: 20TDH1

Sinh vién thyc hién: Db Trong Vinh

S6 thé SV: 105200396 Lép: 20TDHCLC1

Sinh vién thyc hién: Ng6 Dat Huy

S6 thé SV: 105200364 Lop: 20TDHCLC1

Noi dung toém tat:

Pé tai tap trung vao viéc thiét ké va trién khai mot hé thong robot ty dong son vach chi
duong dya trén cong nghé thi giac may tinh. He thong st dung hai camera dé nhan dién
duong line thép dugc bd tri sdn trén mat dat. Thong tin thu dugc tir camera dugc xur ly
dé xac dinh chinh xac vi tri, hudng di cua xe va dinh tuyen duong son can thuc hién.
Robot duoc diéu hudng theo dir liéu hinh anh nham bam sat tuyén duong, dong thoi
canh tay phun son s& tu dong diéu chinh dé bu do léch do chuyén dong cua xe, dam bao
vach son song song va bam sat day thép.

Toan bo hé thong xir Iy hinh anh dugc 14p trinh bang Python, sir dung thu vién OpenCV
dé nhan dién duong line va tinh toan quy dao. Canh tay robot duoc diéu khién thong qua
vi diéu khién két hop thuét toan dinh vi va diéu chinh dong hoc. Dé tai mang tinh tng
dung cao trong cac hé thong danh du, phan 1an hoic son dudng trong méi trudng cong
nghiép va giao thong.
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DAIHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAIHOC BACH KHOA DPoc lap - Ty do - Hanh phiic
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho tén sinh vién Sb the SV Lop Nganh
1 | binh Pha Giang 105200297 | 20TDHI K¥ thuat diéu khién va tu
dong hoa
Dd Trong Vinh 105200396 | 20TDHCLC! | K§ thuat diéu khién va tur
dong hoa (CLC)
Ngb Pat Huy 105200364 | 20TDHCLC1 | K§ thuat diéu khién va tu
dong hoa (CLC)
1. Tén dé tai do an:

Robot son chi duong dung thi gidc may tinh

2. Dé tai thude dién: OC6 ky két théa thudn sé hitu tri tué doi voi két qua thyc hién
3. Cdc 56 liéu va dir lidu ban dau:
4. Ngi dung cdc phan thuyét minh va tinh todn:
a. Phan chung:
TT | Ho tén sinh vién Noi dung

Dinh Pht Giang

2 D6 Trong Vinh

3 Ngo6 Dat Huy

Tim hiéu yéu cau cia dé tai, cac phuong phap diéu khién
cho tirng thanh phan ciia Xe robot
Tim hiéu quy trinh van hanh tong quat ctia Xe robot
Lua chon céc thiét bi can thiét cho hé théng
Trién khai, thuc nghi¢m va hoan thién mo hinh.
Hoan thién bao cao

b. Phan riéng:

TT

Ho tén sinh vién

Noi dung

Dinh Pha Giang

- Tim hiéu vé thi gidc may tinh, thyc hién thu thap
dir li€u, train va test mé hinh thi gidc may tinh
- Trién khai két nbi va hiéu phan cting ctia hé théng
thi giadc
- Tim hiéu vé cach truyén dit liéu tir laptop sang
arduino
- Tinh toan va lap trinh xac dinh dugc dir li€u can dé

truyén sang arduino di€u khién Xe robot

Ngo6 Dat Huy

- Tim hiéu vé diéu huéng xe Robot
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- Trién khai két ndi phan ctng ( Pong co DC diéu
hudng xe, encoder vao cac thanh phan diéu khién )
- Tinh toan phuong trinh dong hoc déng co DC diéu
huodng, thuc hién mo6 phong trén Matlab
- Tinh toan, 1ap trinh bd diéu khién PID va hiéu
chinh thuc nghiém dong co DC diéu hudng

D6 Trong Vinh

- Tim hiéu vé canh tay 2 bac tu do
- Trién khai két nbi phan ctng ( Pong co budc vio
cac thanh phan diéu khién )
- Tinh toan phuong trinh dong hoc cta canh tay
robot
- Tinh toan, 1ap trinh b diéu khién vong ho va hiéu
chinh thyc nghiém canh tay robot

5. Cdc ban vé, do thi ( ghi ré cdc loai va kich thuéc bdan vé ):

a. Phan chung:

TT Ho tén sinh vién No6i dung
b. Phan riéng:
TT Ho tén sinh vién No6i dung
1 Ngb Pat Huy - S0 @6 khdi hé théng

- So 6 dau day chi tiét

6. Ho tén nguwoi huéng dan:

Phan/ Néi dung:

Nguyén Hoang Mai

- Hudng din, dinh hudng phat trién
mo hinh

- Hudng dén tinh toan bai toan diéu
khién canh tay Robot

- Hiéu chinh bao cao

7. Ngay giao nhiém vu dé an:

8. Ngay hoan thanh dé dn:

21/2/2025
17/6/2025
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DAI HOC BA NANG

TRUONG PAI HOC BACH KHOA

KHOA DIEN

CONG HOA XA HOI CHU NGHIA VIET NAM
Ddc 1ap - Tu do - Hanh phuc

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho ngudi huéng dan/sinh vién)

Ho tén sinh vién: Pinh Phu Giang
Ho tén sinh vién: Pd Trong Vinh
Ho tén sinh vién: Ngb Dat Huy
Tén dé tai DATN: Robot son chi dudng dung thi giac mday tinh

S6 thé SV: 105200297

S thé SV: 105200396

S6 thé SV: 105200364

Ho tén ngudi HD: TS. Nguyén Hoang Mai_ Pon vi: Khoa Dién — Truong Dai hoc Bach
Khoa — Pai hoc ba Ne:mg

N . Khoi lwong GVHD
Tuan| Ngay ~ A Y A ,on
da thuc hién (%) tiép tuc thwe hién (%) ky tén
Tim hiéu tong quan vé dé tai
1 24/2
Tim hiéu so luge vé thi gidc may
2 3/3 tinh, xe ty hanh va canh tay robot
Pat ra bai toan dya trén mo hinh xe
3 10/3  |[Robot c6 san va muc tiéu mong
mudn dat dugc
Duyét 1an 1: Danh gia khoi lugng hoan thanh % :
4 Puoc tiép tuc lam DPATN T Khong tiép tuc thuc hién BPATN [
Hiéu chinh lai phan co khi dé phu 5%
5 | 173 |hgp véi didu kién thuc té
Tién hanh lya chon va mua cac 10%
6 24/3  |thiét bi con thiéu va dau ndi phan
ctmg cho bd diéu khién
Tim hiéu cach train mé hinh thi 15%
7 313 gidc may tinh, thuc hién tinh toan
dong luc hoc cho ting thanh phan
va tién hanh mo6 phong Matla
Duyét lan 2: Panh gia khdi luong hoan thanh % :
8 Puoc tiép tuc lam PATN [ Khong tiép tuc thuc hién PATN [
Train va test mo hinh thi giac, vé 20%
9 7/4  |lwu dd thudt toan va 1ap trinh diéu
khién




10

14/4

- Tinh toan va lap trinh dé
tim dir liu va goc 1éch ctuia
day thép so vdi xe dua vao
mo hinh thi giac may tinh
da train

- Thuc hién truyén gia lap dir
litu @& thuc nghiém diéu
huéng xe va didu khién
canh tay robot

30%

11

21/4

- Tién hanh thuc nghiém &
diéu kién thuc té

40%

12

Duyét lan 3: Danh gi4 khoi lugng hoan thanh % :

Puoc tiép tuc lam DPATN 1 Khong tiép tuc thuc hién BPATN [J

13

28/4

Tién hanh thyc nghiém, cai thi¢n
mod hinh thi gidc, hi€u chinh céac
thong so0 dicu khién céc dong co

60%

14

5/5

Tiép tuc thyc nghiém, t6i uu hoa
md hinh

80%

15

5/6

Thuyc hién viét bao cao va tiép tuc
hiéu chinh mo hinh

100%
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LOI NOI PAU VA CAM ON

Trong sudt qua trinh thyc hién va hoan thanh dé tai tot nghiép “Son chi duong dung thi
giac may tinh”, em xin bay to long biét on sau sic dén Thay Nguyén Hoang Mai — nguoi
da tryc tiép huéng din, tan tinh chi bao va dong hanh cing em trong suot qua trinh
nghién ctru. Nhitng gbp ¥ chuyén mén va sy dinh hudng cua Thiy 13 yéu td quan trong
gitip em timg budc vuot qua cac kho khin dé hoan thién dé tai.

Em ciing xin trin trong cam on quy thiy co trong Khoa Dién — Truong Pai hoc Bach
Khoa — Dai hoc Da Ning di truyén dat cho em nhitng kién thirc quy bau trong sudt thoi
gian hoc tap, 1a nén tang giup em co thé thyc hién va hoan thanh dé tai nay.

Mic du di c6 nhiéu nd lyc va cd gang, dé tai van khong tranh khoi nhiing thiéu sot nhat
dinh. Em rat mong nhan duoc su gop ¥ tir quy thiy c6 dé c6 thé hoan thién hon va nang
cao nang lyc ban than trong cac nghién ctru tiép theo.

Em xin chan thanh cam on!
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LOI CAM POAN LIEM CHINH HQOC THUAT

Em xin cam doan dé tai “Son chi duong dung thi gidc may tinh” 1 két qua nghién ctru
va lam viéc cua chinh em dudi sy hudng dan cua Thay Nguyén Hoang Mai.

Toan bd ndi dung, s6 liéu, hinh anh va két qua trong bao céo la trung thuc, khong sao
chép hay str dung trai phép tu bat ky cong trinh nao khac. Cac tai liéu tham khao dugc
trich dan day du va tuan thu dung quy dinh.

Nguodi cam doan

Sinh vién 1 Sinh vién 2 Sinh vién 3
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Robot son chi dwong dung thi giac may tinh

MO PAU

D¢ tai “Robot son chi duong ding thi gidc mdy tinh” duge thye hién nhim thiét ké va
ché tao mot robot ty hanh c6 kha ndng hoat dong ngoai troi trén mat duong nhua, tu
dong v& cac vach chi dudng giao thong thong qua nhan dang hinh anh tir camera. Muc
tiéu cta dé tai 1a xdy dung mot he thong robot tich hop duoc kha nang xur Iy anh, bam
theo dudng tham chiéu va diéu khién co cau son chinh xac, tu d6 gop phan hién dai hoa
va tu dong hoa quy trinh son vach giao thong von con thu cong va nguy hi€ém hién nay.
Pham vi nghién clru tap trung vao moi truong ngoai troi voi bé mit duong nhua va diéu
kién anh sang thuc té. Poi tuong nghién ctiru gdm robot di dong diéu khién bang vi dleu
khién, hé thong thi gidc may tinh diing camera, thuat toan diéu khién huong di va co céu
son. Phuong phap nghién ctru dugc su dung bao gom khao sat thuc tién, nghién ctru 1y
thuyét, thi€t ké — ché tao phan ctng, 1ap trinh diéu khién va thuc nghiém danh gia hi¢u
qua.

Céu triic ctia do an dugc trinh bay qua bon chwong chinh:

Chuong 1: Tong quan dé tai;

Chuong 2: Ciu trac hé théng va nguyén 1y hoat dong;

Chuong 3: Co sd 1y thuyét va cac tinh toan thiét ké;

Chuong 4: M6 hinh thyc nghiém va danh gia.

Sinh vién thyc hién: Binh Phu Giang GVHD: TS. Nguyén Hoang Mai 13
D4 Trong Vinh
Ngdé bat Huy



Robot son chi dwong dung thi giac may tinh

Chuong 1: TONG QUAN PE TAI

1.1. B6i canh chung va hién trang giao thong tai Viét Nam

Trong nhitng nim gan ddy, Viét Nam ching kién téc d6 do thi hoa nhanh chéng,
cung voi su phat trién manh mé vé ha tang giao théng va phuong tién vén tai. Tuy nhién,
di kém vé6i d6 1a nhiéu thach thirc dang ké vé quan 1y giao thong do thi, an toan lao dong
trong thi cong, va tdi uvu hoa hiéu qua thi cong ha ting. Mot trong nhirng céng doan nhé
nhung dong vai tro quan trong 13 viéc son vach ké dudng, gitp phan luong, diéu tiét va

dam bdo an toan giao thong.

Hién nay, cong tac ké vach duong tai Viét Nam chu yéu van duogc thuc hién theo
phuong phap thil cong hodc ban tu dong. Cong nhan phai van hanh tryc tiép may moc,
diéu khién hudng di chuyén va kiém soat luong son. Qua trinh nay dién ra ngay trén
long dudng dang luu thong, tiém an nhiéu rai ro vé tai nan giao thong va tiép xic véi

hoa chat doc hai trong moi truong lam viéc.

Theo Nghi dinh s6 168/2021/ND-CP ban hanh ngay 31/12/2021 cua Chinh phu, cac
don vi thi cong can tuan thu nghiém ngit quy dinh vé an toan giao thong, khong gay can
tré hodc mat an toan cho ngudi va phuong tién luu thong trong qué trinh thi cong. Tuy
nhién, trén thuc t&, nhiéu coéng trinh ké vach khong dap tng duoc céc tidu chuan néu
trén do thiéu thiét bj hién dai va phu thudc qua nhiéu vao yéu t6 con ngudi.

Mot sb han ché cu thé trong thi cong ké vach dudng:

e Tinh thi céng cao: Phu thudc vao tay nghé va sy phdi hop giita cac cong nhan,
dé xdy ra sai sot, dac bi¢t & cac doan cong hodc giao 19.

e Tbc do thi cong cham: Mot nhoém coéng nhan chi cé thé ké mot doan dudng ngin
mdi ngdy, gdy anh hudng dén tién do tong theé.

e Nguy co mit an toan cao: Céng nhéan phai 1am viéc giita dong xe c0, tiép xtic voi

son hoa hoc c¢6 chira dung moi dé bay hoi.

e Thiéu tinh linh hoat: Kho thay doi thiét ké vach theo yéu cu mdi, can thoi gian

dirng may va diéu chinh thu cong.

e Chi phi nhan cong cao: Do yéu cau veé sb lugng nguoi lao dong, thiét bi bao ho,

thoi gian thi cong kéo dai.
Sinh vién thyc hién: Binh Phu Giang GVHD: TS. Nguyén Hoang Mai 14

D4 Trong Vinh
Ngdé bat Huy



Robot son chi duong dung thi gidc may tinh

Hinh 1.2. K¢ vach dudng ban tu dong

Theo bao cdo cua By Lao dong — Thuong binh va Xa hoi ndm 2022, nganh giao
thong van tai 1a mot trong nhitng nganh c6 sd vu tai nan lao dong cao, voi hang trim ca
mdi nim, trong d6 khong it tai nan xay ra trong qué trinh thi cong son vach duong. Tai
cac do6 thi lon nhu Ha N¢i, TP.HCM, noi c6 mat do giao thong day dac, rui ro cang tang
cao.

1.2. Co sé khoa hoc va xu thé cong nghé

Trong thoi dai cong nghiép 4.0, robot tu hanh, thi gidc may tinh (computer vision)
va hé thong di€u khién thong minh dang dugc iing dung ngay cang rong rai trong cac
Sinh vién thyc hién: Binh Phu Giang GVHD: TS. Nguyén Hoang Mai 15

D4 Trong Vinh
Ngd Dat Huy



Robot son chi dwong dung thi giac may tinh

linh vuc nhu san xuét cong nghi¢p, nong nghi¢p, giao thong, va dich vu do6 thi. Thi gidc
may tinh cho phép may moc “nhin thay” va phan tich hinh anh twong tu nhu con nguoi,
trong khi cac hé thong di€u khién c6 thé xur 1y dir li€u va ra quyét dinh theo thoi gian

thuec.

Robot ty hanh trong giao thong 1a xu huong tat yéu nham giam tai cho lao dong con
ngudi, ddng thoi ting hiéu suit va do chinh xac. Cac qudc gia phat trién da ap dung
robot vao vi¢c son vach, rira duong, thu gom rac, kiém tra mit duong,... Viéc xay dung
mot hé théng xe ké vach tu dong tai Viét Nam khong chi phu hop vt xu thé cong nghé,
ma con ¢o tinh thue tién cao, d& trién khai tai cac dia phuong.

Cong nghé 16 dé tai tng dung bao gom:

1.3.

Camera kep dinh vi vach (day thép): St dung thuat toan phat hién duong cong
hodc bién sac nét dé dinh vi day thép lam duong chuan.

B9 diéu khién trung tdm: Phan tich hinh anh tir camera, tinh toan sai s6 va guri
1€nh di€u khién dén cac dong co.

Thuét toan PID: Diéu khién chinh xéc gbc lai va tdc do dong co DC dé xe bam
theo duong.

Cénh tay robot diéu khién dong co budc: Phun son theo diéu huéng va do cong
cua duong dan, dam bao chinh xac vi tri, toc do va lugng son.

Giao tiép thoi gian thuc PC—Arduino: Két hop giita xir Iy manh ctiia may tinh va
phan hoi nhanh cua vi diéu khién.

Muc tiéu nghién ctru

Dé tai huong dén viéc xay dung mot hé théng xe ké vach tuy hanh dua trén mo hinh
da co6 san c6 kha nang nhan dién duong di, di€u khién chinh xéc, linh hoat va cé thé hoat
dong ddc 1ap, khong can su can thi€p cua con nguoi trong qua trinh thi cong.

Cac muc tiéu cu thé:

Pha trién hé thong diéu khién tich hop giita camera, bo xtr Iy trung tdm va dong
co.

Ung dung thuat toan xtr Iy anh thoi gian thuc dé nhan dién vach hudéng dan.
Tinh toan bd diéu khién, xdy dung thuat toan va lap trinh diéu khién 2 dong co
DC di€u hudng va 2 dong co budc di€u khién canh tay robot to1 uu

DPam bao kha ning hoat dong trong nhiéu diéu kién khac nhau, bao gém duong
cong, gap khuc, bé mat khong dong deu.

Danh gia, thir nghiém va t6i wu hé théng dya trén tiéu chi hiéu suit, d6 chinh
xac va dg tin cay.

1.4. Y nghia khoa hoc va thue tién
Y nghia khoa hoc:
e Go6p phan vao nghién ctru va img dung thi gidc may tinh trong diéu khién ti dong.
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Robot son chi dwong dung thi giac may tinh

e Ap dung thyc té thuat toan PID vao hé thdng co dién tir phirc hop.

e Tao tién dé cho cac nghién ctru m¢ rong v€ xe tu hanh, robot thi cong, va hé
thong diéu khién phan tan.

Y nghia thyc tién:
e Ting ning sut thi cong, giam chi phi nhan lyc va nguy co tai nan lao dong.
e Cung cip giai phap hiéu qua cho cac don vi quan 1y ha ting giao thong, dic biét
o cac do thi 1on.
e (6 thé mé rong g dung vao cac cong viée khac nhu v& vach san thé thao, danh
dau khu cong nghi¢p, cham soc cay xanh theo hang.

e Gop phan thiic day tién trinh hién dai hoa nganh giao thong theo dinh huéng
phat trién do thi thong minh tai Viét Nam.

1.5. Pham vi nghién ciru va dinh huéng phat trién
Pham vi:
e Nghién ctru duoc trién khai & cap mo hinh thyc nghiém, trong méi truong kiém
soat (phong lab, san thir).
e Vach dudng duoc mo phong bang day thép mau noi bat (moé hinh dai dién).
e (Canh tay robot hoat dong trén mat phﬁng ¢ dinh, chua c6 diéu kién thir nghi¢m
trén dia hinh phtrc tap thuc té.
Dinh hudng phat trién:
e Tich hop thém cam bién khoang cach (LiDAR, siéu am) dé hd tro phat hién vat
can.
e Ting d6 chinh xac bang cach sir dung Al (machine learning) trong phén tich anh.
e Sirdung GPS dé dinh vi va lap lich trinh thi cong theo ban db sb.
e Ting tinh co dong: thém kha ning leo dbc, xir Iy dia hinh gb ghé.
e Xay dung giao dién diéu khién tir xa bang tng dung di dong hodc nén tang web.
1.6. Kétluan
Trong bdi canh chuyén ddi s6 va hién dai héa ha téng giao thong tai Vié( Nam,vviéc
ap dung cac cong ngh¢ tién tién nhu thi giac may tinh, robot tu hanh va diéu khién ty
dong vao thi cong 1a mot huong di tat yéu. De tai "Xe ke vach duong ty dong sir dung
thi giac may tinh phat hién day thép" 1a mot budce ti€n quan trong, khong chi gitp nang

cao hiéu suit lao dong, ma con gop phan cai thién chat luong, 6 chinh xac va an toan
trong linh vuc thi cong giao thong.

Daéy la mo6 hinh nghién ctru ¢6 tinh tng dung cao, phu hgp voi diéu kién thuc té tai
Viét Nam, dong thoi tao nén tang cho cac nghién ctru tiép theo trong linh vuc robot tu
hanh, thi gidc may tinh va ty dong hoa thong minh.
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Robot son chi duong dung thi gidc may tinh

Chuong 2: CAU TRUC HE THONG VA NGUYEN LY HOAT PONG

2.1. Cau tric h¢ thong
So db khéi hé thong
Xe di chuyén ty hanh:

o 4 banh xe véi 2 dong co DC diéu huéng (diéu khién trai/phai).
- Thi gidc may tinh:

o 2 camera trude va sau thu thap dir li¢u vi tri day thép.
- Cénh tay robot ké vach:

o 2dong co budce diéu khién canh tay 2 bac tu do.
- BO xtr ly trung tam:

o May tinh phén tich hinh anh, tinh toan toa d¢ sai léch va giri 1énh diéu
chinh qua Serial t&1 Arduino Mega.

- Arduino Mega:
o Diéu khién dong co DC bang PID.

o Diéu khién dong co budc bang thuat toan ndi suy tuyén tinh két hop dicu
khién bang Timer.

e Sodomo ta:

2 DOng oo DC Gigu 12 B0ng co bude canh

Hinh 2.1. So d6 md ta hé théng
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Robot son chi duong dung thi gidc mdy tinh

Step Motor Driver

UART

TBE560

Step Motor

Y

Arduino Mega

Driver BTS7960

Y

Uadk

DIGITAL INPUT

Tée 86 phan hdi

Encoder 600
xung 8-24V

Camera thy gidc may
tinh

CHU THICH

v

Giao thira, két ndi co day

Ngudn cip

So d6 dau day chi tiét:
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Camera

-;L /)

1TRGS60

‘\g

Step Motor

ey 120 a2

. BISTwn

KEsTe

DE NMoor D Novor

Hinh 2.3. So d6 du day chi tiét

2.2. Nguyén ly hoat dong

Hé théng st dung hai camera dugc lép dat & dau va cudi xe dé lién tuc thu thap cac
khung hinh tir méi truong. Cac hinh anh nay dugc truyén vé mdy tinh nhing, noi tich
hop mod hinh da duoc huéan luyén bﬁng cong cu YOLOvS nham phat hién chinh xéc vi
tri day thép dinh huéng. Bén canh dé, cac thuat toan xir Iy anh dugc ap dung dé tinh
todn goc 1éch va khoang cach 1éch gitra xe va day thép.

Sau khi xir 1y, dir liéu bao gdm goc 1éch va khoang cach 1éch s& dugc truyén qua giao
thirc Serial t61 Arduino Mega, chiu trach nhi¢m di€u khién toan bd h¢ thong co dién cua
Xe.

Xe robot st dung hai dong co DC gén vao hai banh trude, dam nhiém viéc kiém soat
toc do va diéu hudng. Hai banh sau duogc thiét ké tu do, c6 kha nang xoay 360 do, nham
tang tinh linh hoat trong qua trinh di chuyén, dong thoi ddm bao sy 6n dinh khi xe thay
do1 hudng.
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Robot son chi dwong dung thi giac may tinh

Ngoai ra, hé thong dugc trang bi mot canh tay robot hai bac tu do, voi gde dit tai trung
tam khung xe. Canh tay st dung hai dong co budc cho phép diéu chinh linh hoat cac
khép, dam bao dau phun son ludn bam sat vi tri day thép can v€, ngay ca khi quy dao di
chuyén thay doi.

Dt liéu géc 1€ch va khoang cach I¢ch sau khi dugc Arduino xur 1y s€ duoc st dung dé
di€u chinh toc d6 twong doi cua hai dong co DC, gitc xe tu dong can chinh va bam sat
duong day thép. BPong thoi, hé thong cling tinh toan vi tri dich cho dau phun son thong
qua cac thuat toan nghich dong hoc, nham dam bao do chinh xac cao trong qua trinh ké
vach.

2.3. Nguyén ly diéu khién

2.3.1. Dong co DC diéu huwéng

- Ban dau cho mét téc d6 dat cd dinh dé xe bat dau di chuyén, sau khi xe da di chuyén
bat dau sur dung bd diéu khién PID vong kin dé di¢u khién téc do cho moéi dong co &
moi banh xe dé co6 thé di€u khién hudng di cua xe. Camera thi gidc may tinh s€ thu thap
dir li€u va dua vé bd diéu khién dé tinh toan ra toc do dat cho moi dong co cuia moi banh
cho phu hgp véi tinh hudng hién tai.

- Dit liéu thu vé bao gém khoéang cach 1 va khoang cach 2, chiing ta sir dung luan phién
ca 2 dir liéu thu ve.

- Truong hop 1: Khoang 1 thu vé dugc gia tri nhu sau

+Néudl >0 — Xeléch trai — Tdc do banh tréi sé ting 1én, giam téc do banh phai dé
gilr on dinh toc d§ trung binh cua xe.

+Néu dl <0 — Xe léch phai — Téc do banh phai s& tang 1én, giam téc do banh trai
dé gilr 6n dinh toc dd trung binh cua xe.

- Truong hop 2: Camera 1 bi I¢ch ra khoi duong day va khong gui dit liéu khoang cach
1 vé b diéu khién, st dung khoang céach 2:

+Néu d2 <0 — Xeléch trai — Tdc do banh tréi sé ting 1én, giam téc d6 banh phai dé
gilr 6n dinh toc d¢ trung binh cua xe.

+Néu d2 > 0 — Xe léch phai — Téc do banh phai s& tang 1én, giam téc do banh trai
dé gilr 6n dinh toc dd trung binh cua xe.

- Str dung bo PID dé diéu khién toc do dau ra cho dong co:

+ Pit tde d6 mong mudn 1a Setpoint

+ Encoder sé tra vé toc d6 hién tai cta dong co va tinh ra sai )

+ B diéu khién PID s& tinh toan ra xung can thiét dé cap cho dong co

+ Khi dong co thay doi tde do, Encoder s& doc toe do va tra vé lai tiép tuc diéu khién
vong kin.

2.3.2. Thudt todn diéu khién canh tay Robot
Cénh tay gom hai khau véi tham s6 Denavit-Hartenberg (DH):
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Robot son chi dwong dung thi giac may tinh

Frame jai |jou |d1 |q1
No.

1 LT 0 |0 |ql
2 L2 0 |0 |g2
Trong do:

- L1 va L2 1a d6 dai cua khau 1 va khau 2.
- q1 va g2 1a goc khép quay ctia khau 1 va khau 2, diéu khién hudng va vi tri clia chp
hanh cuoi.

Ma tran bién d6i thun nhét

Tir gbe dén khop 1:

cosq, -—singq; 0 Ljcosq

07, = Slréql coqu (1J Llslon q1 2.1)
0 0 0 1

Tir khép 1 dén khép 2:

cosq, -—sinq, 0 L,cosq,

17, sirng Cozqz (1) Llegl a: (2.2)
0 0 0 1

Ma tran tong hop: °T> =T} ' T
Dua trén °75 ta c6 vi tri dau cudi cua robot:

K] [Lcos o+ Lycos(qy + q2) 03)
Lysin q; + L,sin(q; + q,) ’

Nguyén 1y diéu khién cho canh tay robot (diing dong co budc - stepper motor, diéu
khién vi tri end effector):

Diéu khién hd (Open-loop):

Dung dong co bude dé dém sé budc quay — xac dinh goc quay va vi tri cia timg khop.
M&i bude tuong Gng véi 1 gbe quay nhé ¢ dinh, str dung Microstep dé

Lénh diéu khién 1a s6 budc can quay tir vi tri hién tai dén vi tri mong muén.

St dung dong hoc nghich dé tinh ra goc ql, g2 can thiét dé quay , sau d6 chuyén doi
thanh s6 budc can thiét dé dong co c¢6 thé quay bang cong thuc :
stepl=q1xSTEPS PER DEGREE.

Trong d6 : STEPS PER_DEGREE la s6 budc dong co can di chuyén dé quay dugc 1
do.

2.4. Phuong trinh dong luc hoc

2.4.1. Dong co DC diéu huwéng
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Robot son chi dwong dung thi giac may tinh

- Xe trong qua trinh di chuyén duoc mo hinh hoa nhu mot hé théng dong hoc bac hai,
mo hinh cta xe khi chuyén dong tinh tién:

mxa=F,—(F, +F,,,) (2.4)

Trong do:

m: Khéi luong xe (kg)

a: Gia toc cua xe (m/s?)

Fi : Luc kéo do dong co tao ra tai 2 banh trudce

Fus : Luc ma sat banh xe

Firuor : Lurc trugt trén miat doc khi di chuyén trén mét phang nghiéng goc a

- Luc kéo tir banh ¢b dinh (F1, Fr): Luc do dong co tao ra tai hai banh trai/ phai.

_ 0
L
R (2.5)
F,=&
R (2.3)
Trong d6: 7z, 7r: MO-men xoan dong co trai/phai (Nm).

R: Ban kinh banh xe ¢ dinh (m)
- Lyc ma sat gitra banh xe va mat duong gay ra:
Fryg = pmg (2.6)
Trong d6:  u: Hé s6 ma sat ctia banh ty do.
m: Khéi lugng xe (kg).
g: Gia tbc trong truong (9.81 m/s?).

- Luc trugt trén mit ddc (Fyur): Néu di chuyén trén miat phang nghiéng véi goc nghiéng
a

Frpo =mgsina (2.5)
- Cong suat yéu cau cta xe duoc tinh:

P=F xv (2.6)
Mo hinh toan hoc cia dong co:
Phuong trinh dién 4p phéan tng:

V(0= e, + R, 0+ 1, 2
dt (2.7)

Bién dbi Laplace:
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Robot son chi dwong dung thi giac may tinh

V,(5)=E,i,(s)+ L,sI,(5)

(2.8)
PR ACEIAD)
Nén: L,(s)+R, (2.9)
Luc dién dong cua dong co:
e,(t) =K goxt) 2.10)
Bién dbi Laplace:
E,(5) = K ga(s) 2.1
Phuong trinh mé-men xodn dién tir:
M, ()= K, ¢1,(0) 2.12)
Bién doi Laplace:
M, (5) =K, 4L,(s) 2.13)
Phuong trinh déc tinh co:
M (s5)- M (s5) =g 220
dt (2.14)
Bién dbi Laplace:
M (5)= M (5) = Jsoo(s) @.15)
ofs)=Klle L
Nén: a J (2.16)

2.4.2. Canh tay Robot 2DOF

Phwong trinh dong luc hoc Lagrange

1
x, =1l cosq, + Elz cosq,

. 1, .
y2=1Ising, +Elz sing,

) .. |
x, =—1q,sing, _Elz% sing,
—

; ) |
¥, =14, cosq, + EZZq2 cosq,
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Robot son chi dwong dung thi giac may tinh

x, =1 cosg, +1,cosq, {5@ =-1,q,sing, —1,4,sing,
ys=lhsing +hsing, | y; =hq,cosq, +14,cosq,

) ] 1 s ) .
K,= ’"2112%2 + ﬂmzlzz%z + Emzlﬂllz% cos(q, —q,) + ’773112%2 + m3lzz%2

) ) ) Lo 1 )
+5m3122%2 + Emzlllz CosS %%2 +myl [, cos %%2 +myliq,l,q, cos(q, —q,) + _mzlzz%z

(2.17)
Phuong trinh Lagrange:

L=K +K,

_ 22 2.2 1 . . 242 2.2 . .

=myl q; + ﬂmzlz q, + 5m211q112q2 cos(q, —q,) +myl gy +mil;q; + mil g l,q, cos(q, —q,)
) ) ) 1 )

+§m2 22%2 + Emzlllz COS%%Z + m3lllz COS%%Z +gm1 12%2

(2.18)
Twr do ta c6 phuong trinh dong lyc trén hai khép robot:
Fi - i(a_éj o
dr\ 0q, ) Oq,
1

= (5 ml? +2ml} +2myl} + Zmzlz2 +m,l; +myl L cosq, +2myll, cosq, jél

1 .1 N
+ Emzlllz COS(% —q, ) +myll COS(% - %) 9, — Emzlllz% (% —q, )Sm(% - %)

_m3lllz% (% _%)Sm(% _%) _mzlllz%% simgqg, _2m3lllz%% sSing, +ll%lzq2 Sln(ql _Q2)|:m3 +Em2:|

d| OL OL
Fy=— — |5~
dt\ 0q, ) 0Oq,

1 . 7T 2 ).

= Emzl] cos(q, —q,)+myll,cos(q,—q,) |G, + Em212+2m3l2 g,

_EmZZIQIZZ (% _42)Sm(% _Q2)_m3ll%lz(% —q,)sin(g, —q,)

(2.19)

1 L 1 ) )
—(E m, +m, jllqllzq2 sin(q, —q,) + (5 m, +m, j L1, sing,g;
(2.20)
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Robot son chi dwong dung thi giac may tinh

Ta c6 thé viét lai cac phuong trinh dong luc theo dang nhu sau:
F =M (9)§+N,(q,9)+G.(q) (2.21)

Phuong trinh dong hoc nghich:

Duya theo hinh 1; = OQ, I, = QM, véi qui udc q; = q + g}, khi biét trudc toa do xm,
yM, ta s€ co:

Xty tiE-13

’ ym "
q, = arctan (=—);q; = arccos , (2.22)
! (xM) ! 2l fxlzv,+yﬁ1
Tt do6 ta suy ra toa do cua diém Q sé la:
Xg =1lycosqy;y9 =1y sing, (2.23)
Vagoc qq:
q, = arctan (%) (2.24)
Q—XM

Nhu vay khi xac dinh qduqc phuong trinh ctia quy dao dat M, ta s€ hoan toan xac dinh
duogc céc goc di€u khién cac khdp robot tuong tng.

2.5. De xuat phan cirng va phan mém cho deé tai

Bang 2.1. Cac dé xuat phan cting
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Théanh phan Muc dich Ghi chii
Khung xe 4 . 2 . 2 banh trude chu dong, 2 banh
. Di chuyén ty hanh
banh sau tu do
DéngCODC s A - R 7 . A \ 5 A A A
x2) Diéu khién hudng di chuyén Kém Encoder phan hoi toc do
X
B diéu khién ] C
) N P Cong suat 16n, giao tiép vo1
dong co DC biéu khién dong co DC ;
Arduino

BTS7960 (x2)

Dong co budc

Diéu khién canh tay 2 bac tu do

Tuy chon dong dong co theo

(x2) tai trong
Driver TB6560 Piéu khién dong co budc
Arduino Mega | B0 diéu khién trung tAm phan co dién Nhiéu cong 1/0, serial
Camera USB .., cn an , N v e 4 o~
x2) Thi gidc may tinh phat hién day thép D0 phén giai du ro
PC Xtr 1y hinh dnh Yéu ciu cai may hop ly

Encoder gan

Phan hoi tée do thuc té

dong co DC
Bang 2.2. Cac dé xuit phan mém
Théanh phan Muc dich Ghi chu
Python (OpenCV, o Phat hién day thép, tinh toan
Xtr 1y hinh &nh tir 2 camera .
YOLOVS) léch
n _ Giao tiép PC/ Raspberry Pi véi Gui dir li¢u alphal, d1,
Thu vién PySerial )
Arduino alpha2, d2
, o _ Viét code PID, diéu khién
Arduino IDE Lap trinh cho Arduino Mega )
dong co
) , Can huan luyén hoac fine-
YOLOVS M6 hinh Al phat hi¢n vat thé ]
tune lai
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Robot son chi duong dung thi gidc may tinh

Chuong 3: CO SO LY THUYET VA CAC TiNH TOAN THIET KE

1.1.  Thi giac may tinh

3.1.1. CNN - Co so hinh thanh YoloV8-segmentation:

CNN la mot loai mang no-ron nhan tao dugc thiét ké dé xur Iy dir li¢u hi‘nh anh, hoa_}t
dong thong qua céc 16p tich chdp (Convolutional layers) va 16p pooling nham trich xuat
dac trung hi¢u qua. CNN c6 ba thanh phan chinh: 16p tich chap (Convolution Layer),
Lop pooling (MaxPooling Layer), Lop fully connected (FC Layer).

Feature Neuronales
Feature Tensor Tensor Netz 7
Feature

Tensor "

Input-Bild

Pooling;

hﬁ,.ﬁfj‘.it:::::;

1]

s
s,%-

2

A D

Breite

Layers: Convolutional Pooling Flatten Fully-Connected

St dung bai toan phan doan anh (Segmentation): trong d6 mdi pixel trong anh dau vao
duoc phéq loai 1a thudc vé ’dﬁy kim loai hodc khong. M6 hinh st dung ham kich hoat
sigmoid dé xac dinh xac suat ting pixel thuoc vao day kim loai.
3.1.1.1. Dit ligu va tién xir Iy

- Thu thap anh:
* Chyp 500-1000 anh day thép & cac goc do, khoang cach va diéu kién anh sang khac
nhau

* Pam bao anh chtra day du cac truong hop: day thang, cong, bi mat mot phan
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Robot son chi duong dung thi gidc mdy tinh

Hinh 3.1. Thu thap dit li€u anh day thép v&i mat duong
- Gan nhén trén Roboflow:
Str dung cong cu Polygon dé danh dau chinh xac dudng vién day thép
binh dang nhan: Mask segmentation theo chuan COCO

Hinh 3.2. Anh d3 duoc gan nhan nho cong cu Polygon ciia Roboflow
Tap dir liéu: tAp mau anh mit dudng c6 day kim loai va tap anh mask twong tmg.
Tién xtr Iy
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+ Chuyén d6i anh sang dang RGB, chuan héa vé kich thudc 128x128 pixels.
+ Chuan hoa gia tri pixel vé khoang [0,1].

+ Tach dir liéu thanh tap huan luyén (80%) va tap kiém tra (20%).

3.1.1.2.  Kién triic mé hinh CNN

Bo mi hoa (Encoder - Downsampling): Phan bo ma héa ctia mé hinh CNN ¢6 nhiém vu
trich xuat dac trung tr anh dau vao thong qua cac 16p tich chap va giam kich thudc dan
bang céac 16p MaxPooling. Cau truc gom 3 khoi chinh:

+ Mot 16p tich chap (Conv2D) voéi sb kénh ting dan: 8 — 16 — 32.

+ Ham kich hoat ReLU giup md hinh hoc dugc cac dic trung phi tuyén.

+ Lop MaxPooling2D véi kernel (2x2) dé giam kich thudc anh con mét nira.
+ Sau khdi cudi cing, c6 thém 16p Dropout (0.15) dé giam overfitting.

Céc 16p nay giip mo hinh tap trung vao cac dac trung quan trong cua day kim
loai, dong thoi giam kich thudce anh dé to1 wu tinh toan.

B§ gidi ma: Sau }(hi trich xuét dac trung, bo giadi ma khoi phuc kich thuég anh vé ‘lai
128x128 pixels bang cach sir dung Conv2DTranspose (chuyén tich chap). Cau trac gom
3 khéi chinh:

+ Mot 16p chuyén tich chap (Conv2DTranspose) voi s kénh giam dan: 32 — 16 — 8.
+ Ham kich hoat ReLU dé dam bao tinh phi tuyén trong viéc tai tao anh.
+ Mdi buéc Upsampling 1am ting gap doi kich thudc anh.

+ Cudi cung, 16p dau ra cé: Lép tich chap (Conv2D) véi kernel (1x1) va ham kich hoat
sigmoid, giip mo hinh phan loai tung pixel vdi gia tri tir 0 dén 1.

Phén nay gitip tai tao lai hinh dang cuia day kim loai, tir d6 tao ra mit na phan doan chinh
Xac.

Input 3x3

... Conv2D 2x2 output 2x2
Conv2D = 4 |1 n.
HEE < 4
s S | 4 4
1 1 1

output 33
Input 2x2 De-Conv2D 2x2 -
Conv2D .- 3 It --
Transpose nn & Sl IR > 24| [ |52
1 2 1
3.1.1.3. Két qua:
Input:
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Robot son chi dwong dung thi giac may tinh

Ground Truth Mask

Original Image

Predicted Mask

Hinh 3.3. D6 thi d6 chinh xac tap huan luyén so voi tip kiém tra
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Robot son chi dwong dung thi giac may tinh

Nhin vao d thi ta c6 thé thdy d chinh x4c trén tap huin luyén va tap kiém tra gin nhur
trung nhau, vdi accuracy: 0.9733 - loss: 0.0127, diéu nay cho thdy mo hinh hdi tu tot,
khong c6 dau hi¢u vé van dé underfitting hodc overfitting.

3.1.2. Hiéu chinh camera 2D vat ly

3.1.2.1. Xac dinh ty I¢ cm/pixel

Thiét lap:

Dit thude do chuan song song voi mit phang 1am viée

Str dung thudce do do dé dam bao gbc I¢éch gitra camera voi mat phéng lam viéc 1a 0 d6
Thu anh tir camera & do cao da ¢ dinh trén xe

St dung OpenCV cua Python dé tinh toan dugc ty 16 cm/pixel va hiéu chinh sao cho
duong thang di qua tam cua 2 camera song song vdi than xe

Tinh toan:
bo khoang cach L, gitra 2 diém di c6 khoang cach thuc do duge
Ty 1€ hi¢u chinh:

s = L (™) (o mixel) G.1)

pixel

3.1.3. Tinh todan goc léch va khodng cach
3.1.3.1. Phwong phdp xdc dinh phwong trinh dwong thing

Hé théng str dung phuong phéap binh phuong téi thiéu (Least Squares Fitting) thong qua
ham cv2 fitLine() cua OpenCV dé xac dinh phuong trinh dudng thang dai dién cho day
thép. Phuong phap nay t6i wu hoa sai so tong binh phuong khoang cach tir tat ca cac
diém bién (contour) dén dudng thang can tim.

Cong thue todn hoc:
Cho tap hop diém bién {(xl., ¥, )}Jil tir mask cua day thép

Tim vector phéap tuyén v = (vx,vy) va diém (xo, Y, ) thudc dudng thing sao cho:

N

min (v, (3, —x,) =, = %)) (3.2)

Phuong trinh tham s duong thang:

X=x,+v.t
(3.3)
Y=Y, tv, 1
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Dang tong quat: v, (x=x)=v,(¥y—¥,)=0 (3.4)
3.1.3.2.  Tinh goc léch giira ddy thép va truc ngang khung hinh camera
Goc 1éch a gitra day thép va truc ngang (truc X) ctia camera duogc xac dinh nhu sau:
Xac dinh vector phuong cua day thép

Tir phuong trinh dudng thang thu dugc bang cv2.fitLine():

Vector phép tuyén: v = (vx,vy)
Vector phuong ciia ddy thép (song song v6i duong thang):

u =(vy,—vx)

Goc léch a duge tinh bang cong thic:

u -V
A iian = arctan(—yJ = arctan[ - J (3.5)
u, v,
180
deg =—a (3 6)
7

3.1.3.3. Tinh khodng cach léch:

P S . : A\
Tim giao diém gitra duong thang va truc dung gitra khung hinh [xc = 7) :

v, (W
Y =v—y(7—x()}+yo (3.7)

X

Khoéng cach léch tir tim anh dén giao diém:

d

pixel

=y, —% (>0 néu léch phai, <0 néu léch trai) (3.8)

Chuyén d6i sang don vi cm:
d,,=d, .S (S :1tyl¢ cm/pixcel) (3.9)
3.1.4. Truyén dir liéu sang Arduino qua USB-to-TTL

3.1.4.1. Thiét lap giao tiép UART

Giao thirc va thong s ki thuat:

Giao thtrc: UART (Universal Asynchronous Receiver/Transmitter)

Cau hinh:
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Robot son chi dwong dung thi giac may tinh

Baud rate: 115200 (tdc d6 truyén phai khép giira PC va Arduino)
Data bits: 8 bit

Stop bits: 1 bit

Parity: None (khong kiém tra chin 1¢)

Flow control: None

3.1.4.2. Dong goi dir liéu

Céu tric goi tin:

Dir liéu duoc dong goi thanh chudi ASCII ¢6 dinh dang:
<goc_trai>,<khoang cach trai>,<goc phai>,<khoang cach phdi>\n

3.1.4.3. Truyén nhan di ligu:

Buoc 1 Laptop (Python) Arduino (C++)
1 Mo két néi COMx (x tuy vao setup Port cua Cho dir ligu
Laptop)
2 Giri chudi dit liéu co cau triic nhu trén Nhan toan bd chudi
3 Cho 100ms Tach dir liéu dua vao
bo tri dau phay
4 Gui goi tiép theo Cap nhat gia tri diu
khién
Lua chon 2 Camera USB:
Webcam Logitech C270 HD 720P:
Thong s k¥ thuat:
Hang san xuét Logitech
Tén san pham Webcam HD C270
D0 phan giai - Chyp anh ¢ ché dg thuc 3 Megapixel;

Phan mém 15 Megapixel
- Ghi lai hinh anh ¢ ché d¢ Full HD
1080, Video Call & ché do HD 720

Géc quay (FOV) 78°

Piém nhan - Tich hgp 1 Micro Stereo ung dung
cong nghé RightSound cho 4m thanh rd
rang va trong veo.

-Ung dung cong ngh¢ Righ Light 2 - tu
dong diéu chinh de ldy dugc anh sang t6i
uu, va cho anh tét ngay ca trong diéu
kién anh sdng mép mo.

- Ong kinh Carl Zeiss . Tu dong
autofocus
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Mach chuyén USB to TLL CP2102:

Mach ch}lyén USB to TTL CP2102 la module chuyén déi tin hiéu USB sang tin hiéu
Serial tuan tu theo chuan TTL. Mach stir dung chip CP2102

CP2102 la chip USB to UART cua Silabs. CP2102 c6 kich thudc nho gon va yéu cau
rat it thanh phan bén ngoai dé hoat dong dugc ngay. CP2102 khong str dung thach anh
ngoai nhu cac chip PL2303.

Module c6 sin ngd ra dién 4p 3.3V voi dong tai t6i da 13 100mA.

Trén mach c6 5 cong du ra: 3.3V 5V Tx Rx Gnd

Thong sb k¥ thuat:

Pham vi nhiét dg: -40Cto + 85C

Hb tro windows vista / xp / server 2003/200, Mac OS-X / 0S-9, Linux
Kich thudc: chiéu dai (Khong bao gdm USB): 30 mm

USB d¢é lay nguon, dan dén giao dién bao gom 3,3V (<40mA), 5V, GND, TX, RX, mirc
pin tin hi¢u 1a 3,3V, logic duong

HO tro tbc do truyén trong khoang 300bps ~ 1Mbps
3.2. Phéan tich m6 hinh dong hoc cia xe

3.2.1. Phwong trinh dong lwc hoc

= |

F ma sat

P

L
Hinh 3.4. M0 hinh xe

- Xe trong qua trinh di chuyén duoc mo hinh hoa nhu mot hé théng dong hoc bac hai,

mo hinh cua xe khi chuyén dong tinh tién:

truot

mxa=F,—(F, +F,,,) (3.10)

Trong do:
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m: Khéi lugng xe (kg)

a: Gia toc cua xe (m/s?)

Fi : Luc kéo do dong co tao ra tai 2 banh trudce

Fus : Luc ma sat banh xe

Firuor - Luc truot trén mat doc khi di chuyén trén mit phing nghiéng goc a
3.2.2. Phdn tich cac lyc can chinh

3.2.2.1. Lwc ma sat lan (Fuy)

- Lyc ma sat gitra banh xe va mat duong gay ra:

F, = pumg (3.11)
Trong d6:  u: HE s6 ma sat ctia banh tu do.
m: Khoi luong xe (kg).
g: Gia tbc trong truong (9.81 m/s?).
3.2.2.2. Luec trwot trén mdt doc:
- Lyc trugt trén mat ddc (Fyuer): Néu di chuyén trén mit phang nghiéng véi goc nghiéng
a

F . =mgsinax (3.12)
3.2.3. Téng luc cin va cong suit yéu ciu:
3.2.3.1. Tong luc cdn.
- Lyc ma sat gitra banh xe va mat duong. Ta co:
« u=0.018: Hé s6 ma sat ciia banh xe véi mat duong. (gia dinh)
« m = 30kg: Khdi luong toan b xe.
* 2g2=981m s™2: Gia téc trong truong.
F = pumg=0.018x30%x9.81=52974N
- Lyc truot trén mat déc néu di chuyén trén mit phang nghiéng (gia dinh doc 5%)(goc
~ arctan(0.05) = 2.8624", sin(a) = 0.05):
F =mgsina =30%x9.81x0.05=14.715N

truot

t truot
3.2.3.2. Céng suit yéu ciu:
- Cong suat yéu cau cua xe duoc tinh:
P=Fxv (3.13)
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- Véitoe dd v =5 m/s
= P=F xv=20.0124x5=100.06W
3.2.3.3. Lwa chon phin cirng:

- Lya chon dong co mot chiéu co cong suét di,nh muc 250W tré lép, dién ap hoat dong
24V, dam bao dap ung du mo-men va cong suat trong moi tai va diéu ki¢n van hanh. Va
nhoém chon dong co MY 1016Z.

- Lya chon Driver BTS7960 d¢ diéu khién cong suat, diéu khién dong dién cép cho dong
co DC dua trén tin hiéu PWM tir Arduino

e Dong co DC MYI016Z

Théng sb Gia tri
Model MY1016Z
bién ap hoat dong 24 VDC
Cong suat danh dinh 350 W
Dong dién dinh muc I8 A
Téc d6 quay dinh murc 330 vong/phut (RPM)
Moment dinh murc 110 kg:cm = 10.78 Nm
Moment tdi da (Stall Torque) 350 kg:em = 34.3 Nm
Hop s6 giam tdc tich hop Co
Hé s6 giam tdc (gear ratio) 9.78 : 1
banh gia:

- Mb-men: Cung cap 10.78Nm, dap tng dugc yéu cau 0.105Nm (dbc 5%)
- Cong suat: 350W dap tng dugc yéu cau 77.0331W, dam bao c6 thé du phong.
e Driver BTS7960

Tiéu chi Yéu ciu hé thong | BTS7960 Panh gia
Dong lién tuc > 15A 43A Dap ting
Dong dinh >30A > 43A (ngin han) | Du tai
bién &p hoat dong | 24V 24V Phu hop
Logic diéu khién | PWM 5V 3.3-5V Tuong thich véi Arduino Mega
Bio vé mach Can co Co An toan
Phén tich danh gia:
Pong co MY 1016Z: 18 A, BTS7960 (43 A) dap tmg.
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- Dong khoi dong can ~30 A, BTS7960 (>43 A) du.

3.3.  Trién khai diéu khién

3.3.1. Diéu khién diéu huéng xe:

- Cong thuc tinh téc d6 goc mong mudn: (don vi rad/s)
w=K,xd

- Trong do:

+ Kd: Hé sb diéu chinh khoang cach (d)

+d s& duoc ldy theo truong hop 1 hodc 2

- Tinh toc d6 ting banh xe: (don vi km/h)

wx L
vleft = vbase o 2
wx L
, , Vright = Vbase + 2
- Tinh téc d0 RPM cap cho dong co:
Vien X1000
RPM,, =—90 __
dx3.14
Vyign %1000
_ 60
KMo =312

- So d6 diéu khién vong kin:

\ v \
‘{ = = Q‘?J —"[ PID [ D“n::;ﬂ |
6 =0 ]
> Ng: Encoder ¢——
Y |

e

vl’
5 motor

I

| Driver right

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

Robot

direction

\7 Encoder ¢———

Camera &

3.3.2. Diéu khién canh tay Robot:

3.3.2.1. Thudt todan chinh cho cdnh tay Robot 2DOF:
e Chia to hop cac truwong hop theo 2 dai lwong:
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Robot son chi duong dung thi gidc may tinh

Huwéng: Trai, phai , dang
Vi tri trong tam: Léch trai, 1éch phai, ding

* Trwong hop 1: Vi tri trong tdm ( dang ) , hudng ( dung ).

camera’l

L1

cameraz2

Tuvitri y,=0va x,=R, v&i R 1a chiéu dai tir tdim xe dén trung diém khoang cach
tr tim vung quan sat camera 1 dén tdm vung quan sat camera 2.

- > TUr vi tri diém cudi end-effector ma ta mudn canh tay Robot cham dén d(x,, v,
), ta sit dung Inverse Kinematics tinh ra dugc goc ¢,,¢, can quay dé robot cé thé dat
dén vi tri mong muén .

* Truwong hgp 2: Vi tri trong tdm (ding) , hudng (trai) .
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. Came\'a‘\

% al

Xe

A\ J

O trudng hop nay, khi xe bi nghiéng sang bén trai, hé toa do xe dugc gin tai tim xe
bi xoay di 1 géc &, trong khi d6 hé toa dd robot trung voi hé toa do xe khl xoay .

Nhu vay, vi tri diém cudi ctia robot da bi di chuyén di, dé cho diém cudi van ndm &
vi tri ban dau , ta thuc hién xoay hé toa d0 ¢, mdt gbc &, tuc la g, sau diéu chinh =

q, - 0.

Truwong hop 3: Hudng ( phai), vi tri ( dang ).
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Came."‘a 7

ql

N Camﬁra 2

Truong hop nay tuong tu nhu trudng hop 2 nhung nguoc lai, vi hé toa d§ canh tay robot
gan voi trong tim xe da bi quay di 1 goc bangq,- &, do d6 dé ¢, khong doi ta tinh lai
g, sau diéu chinh = ¢, + @

Truwong hop 4: Vi tri trong tdm (I¢ch trai) , hudng (Trai).
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Trong truong hop nay, ngoai viéc xe bi nghiéng sang bén trai, nd con bi 1éch han vé bén
trai. Do do, ta s€ str dung d 1¢ch cua tam xe lam chuan dé x4c dinh muc do 1éch cua xe
s0 v6i truc quy chiéu ban dau, so véi trudng hop 2 thi xe chi bi xoay di 1 goc bang o
nén khi ta thue hién viéc xoay h¢ toa do cua robot ngugc lai chinh bang o thi diém cudi
ctia Robot s& cham dén vi tri can cham. Nhung & trudng hop nay, xe con bi léch di 1
doan bang delta, do d6 diém cudi ctia robot von di ciing da bi 1éch di 1 doan chinh bang
doan xe 16ch.Vay ta co thé giai quyét bai toan trén nhu sau:

Ta dit tim cua xe (ciling chinh 13 gbc toa do cua canh tay Robot) 1a goc toa do 0,dung
suy luan hinh hoc 2D thi ta c6 thé xac dinh duoc d6 1éch trong tam xe dya vao vung
nhin cua 2 Camera quan sat 2 dau cua day thép,doan 1€ch do 1a delta.

Tu hé toa do goc dat tai tam xe, ta xac dinh dugc hé toa dd ctiia vung quan sat camera:

c1;(R,§) =>Pl:(R+al,§) (3.19)

Sinh vién thyc hién: Dinh Phi Giang GVHD: TS. Nguyén Hoang Mai 42
Bo Trong Vinh
Ngdé bat Huy



Robot son chi dwong dung thi giac may tinh

C2: (R,%) P ;(R_az,%) (3.20)
Tu 2 diém B va P, thi ta s€ x4c dinh dugc hé s6 goc m:

L L
m=?"%__ 2 2 _ L (3.21)

x-x, R-a,—-R-aq, - a,+a,
Ta c6 phuong trinh duong thang :

y_yo:m(x_xo) (322)

Vi phuong trinh duong thing di qua diém P :(R+al,§), thay vao phuong trinh

L L
=y-—=( )x(x—R—a,) (3.23)

2 a-a,
Pé tim giao diém cua duong thang ndy vai truc x, ta tiép tuc thay y=0 vao phuong trinh

—L L
= = X(x—R-a 3.24
5 (al +a2) ( ) (3.24)

Ritra : x:R+“1;—“2 (*) (3.25)
Ma: k= |x—R| => delta = k x cos(0) (3.26)

Vi trong tam xe bi léch sang bén trai, do do ta can canh tay di chuyén thém 1 doan bﬁng
delta v€ bén phai.

=>x,=L+delta , y,=0 (3.27)
Dung dong hoc nghich tinh ra ¢, va ¢, sau d6 xoay hé toa d¢ ctia Robot lai vi tri ban dau
khi chua léch hudng bang cach tinh lai ¢,= ¢,- 0.

Vi R 1a khoang cach tir tdm xe dén tm khodng cach tir ving quan sat camera 1 va
camera 2.

Truwong hgp 5: Vi tri trong tdm ( 1€ch phai ), hudng (trai).
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P1

Trudng hop nay cach tinh twong tu nhu truong hop 4 , nhung khac & chd vi trong tim
xe bi 1éch sang bén phai, do do ta can canh tay di chuyén bot 1 doan bang delta vé bén

trai.

Khi xe léch trong tdm sang bén phai a, < a,, do do phuong trinh (*) gia tr1 x tinh ra

nho hon x & trudng hop 4, tc x—R 13 1 s6 am => delta=kxcos(d) mang gia tri am

biéu dién cho viéc diém cubi can xé dich lai so v6i diém ban dau dé bu 1éch trong tam .
Ta dat tAm cua xe (cling chinh 13 gdc toa do cua canh tay Robot) 1a gbc toa do 0,dung
suy luan hinh hoc 2D thi ta c6 thé xac dinh duoc do 1éch trong tam xe dya vao vung
nhin ctia 2 Camera quan sat 2 dau cua day thép,doan 1éch do6 1a delta.

Tu hé toa do géc dat tai tdm xe, ta xac dinh dugc hé toa do cuia vung quan sat camera:

Cl:(R,%) => A :(R+al,§)

—-L —-L
C2:(R,7) => P, :(R—az,T)

Tu 2 diém B, va P, thi ta s€ xac dinh dugc hé ) gbc m:
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-L L

Y V___ 2 2 _ L (3.30)

x-x, R-a,-R-a, a +a,

m

Ta ¢6 phuong trinh dudng thing :
Y=Y, =m(x—x,) (3.31)

Vi phuong trinh dudng thing di qua diém P :(R+al,§), thay vao phuong trinh

L L
=y-——=( )x(x—R—a,) (3.32)

2 a-a,
Dé tim giao diém cua dudng thing ndy véi truc x, ta tiép tuc thay y=0 vao phuong trinh

-L L
=—=( )x(x—R—-a,) (3.33)
2 a+ta,

Rutra : x=R+"1;—"2 (3.34)
Ma: k =x—R=>delta =k xcos(0) (3.35)

Vi trong tam xe bi léch sang bén trai, do do ta can canh tay di chuyén thém 1 doan bﬁng
delta v€ bén phai.

=>x,=L—delta , y,=0 (3.36)
Dung dong hoc nghich tinh ra ¢, va ¢, sau d6 xoay hé toa d¢ ciia Robot lai vi tri ban dau
khi chua léch hudng bang cach tinh lai ¢,= ¢,- 0.

Trwong hgp 6 : Vi tri trong tam (Lé&ch trai) , hudng (phai).

Sinh vién thyc hién: Binh Phu Giang GVHD: TS. Nguyén Hoang Mai 45
D4 Trong Vinh
Ngdé bat Huy
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Camers

Tu hé toa do goc dat tai tam xe, ta xac dinh dugc hé toa dd ciia vung quan sat camera:

c1;(R,§) =>PI:(R—a1,§) (3.37)
C2:(R,%) =>Pz:(R+a2,%) (3.38)

Tu 2 diém F va P, thi ta s€ xac dinh dugc hé $6 gbc m:

-L L

YWw___ 2 2 _ L (3.39)

m =
x-x, R+a,—R-a, a +a,

Ta c¢6 phuong trinh dudng thing :
Y=Yy =m(x=x,) (3.40)
Vi phuong trinh dudng thing di qua diém P 3(R—a1>§)a thay vao phuong trinh

L
=y-—=( )X(x—R-a) (3.41)
2 a-—a,
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Dé tim giao diém cta duong thang nay vdi truc x, ta tiép tuc thay y=0 vao phwong trinh

-L ~-L
=—=( )x(x—R+a,) (3.42)
2 a+a,
Rutra : x=R+_alT+a2 (3.43)
Ma: k =|x, - R| => delta = k xcos(0) (3.44)

Vi trong tm xe bi 1éch sang bén trai nén ta can canh tay di chuyén thém 1 doan bang
delta vé bén phai.

=>x,=L+delta , y,=0 (3.45)
Dung dong hoc nghich tinh ra ¢, va ¢, sau d6 xoay h¢ toa d¢ ciia Robot lai vi tri ban dau
khi chua 1éch hudng bﬁng cach tinh lai ¢,= ¢,+ 6.

Truwdong hop 7: Vi tri trong tdm (Léch phai) , hudng (phai).

-q2

K
X ‘q
delta
- Came ras
. 8
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Robot son chi dwong dung thi giac may tinh

Tu hé toa do goc dat tai tam xe, ta xac dinh duogc hé toa dd ciia ving quan sat camera:

c1;(R,§) P :(R—al,g) (3.46)
C2:(R,%) P :(R+a2,%) (3.47)

Tir 2 diém P, va P, thi ta s& xac dinh dugc hé s goc m:

L L
med"Yo__ 2 2 _ -L (3.48)
x-x, R+a,—R-a, a +a,
Ta co phuong trinh duong thang
Y=Y, =m(x—x,) (3.49)

Vi phuong trinh duong thang di qua diém P :(R—al,g), thay vao phuong trinh

L
=y-——=( )x(x—R—-a,) (3.50)

2 a-a,
Pé tim giao diém cua duong thang ndy vdi truc x, ta tiép tuc thay y=0 vao phuong trinh
k2 —R+a) (3.51)

2 g +a, : '

Rutra: x=R+‘“lT+“2 (3.52)
Ma: k:|xd —R| => delta = k x cos(6) (3.53)

Vi trong tdm xe bi 1éch sang bén trai nén ta can canh tay di chuyén thém 1 doan bang
delta vé bén phai.

=> x,=L-delta , y,=0 (3.54)
Dung dong hoc nghich tinh ra g, va ¢, sau d6 xoay hé toa do cua Robot lai vi tri ban dau
khi chua léch huéng bang cach tinh lai ¢,= ¢,+ 6.
3.3.2.2. Tinh todn cho canh tay 2DOF:
bong nang thanh 1 ( K,):

12 1,
K, =511 q nglLl 4, (3.55)
1,:M06 men quan tinh cta thanh 1 quanh truc quay (tai khop 1).

q.l :Van tdc goc cta thanh 1.
Cong thic trén co thé dién giai ra la:
1

I, = 5mlLl2 (3.56)
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Diéu nay phu hop v6i momen quan tinh ctia mot thanh dong nhat quay quanh dau khép
1
1= %mle (3.57)

Thay sb vao ta duoc : &, = %.qlz = %.2.12.%2 = %q.l (3.58)

_1
2
bdng nang cua thanh 2 (K2)

DBong nang cua thanh 2 phire tap hon vi n6 bao gdm ca chuyén dong tinh ti,é'n cua tam
khoi va chuyén dong quay quanh tdm khoi. Gia sir thanh 2 1a thanh dong nhat, tdm khoi
nam & gitta thanh (cach khdp 2 mot khoang 1.2/2).

Toa do va van toc tam khoi cua thanh 2

|
x, =L, cosgq, JrEchosq2 (3.59)

. 1 .
¥, =L sing, + 5 L,sing, (3.60)

Sau d6 liy dao ham theo thoi gian:

: _ 1 :

X, ==L, g,sing, _El@‘bz simgq, (3.61)
. ) 1 . .

v, =L, g,cosq, + ELl q,sing, (3.62)

Lay binh phuong vén toc tim khbi:

° ° 1 ° . 5, . 1 °, . 1 ° . )
x22 =(—L, g,sing, —5 ,» 4, SIn qz)2 = —le %2 sin’ q, +ZL22 (]22 sin? q,+L q, .ELz q,sing, sing, (3.63)

. . 1 . ° 1 * ° 1 °
y22 =(L, q, cosq, +§Lz 9, COSC]z)Z = le %2 COSZ% +ZL22 %2 COSz‘]z +L g, ELz 4, C0sq, (3.64)

Sau d6 1ay tong van tdc binh phuong:

|
2 2 2 2 .2 2 2 .2 . .
X, +y,” ==L g, sin q1+ZL2 q,”sm"q,+L, %ELZ q,Sing, sing,
2 5 2 | 2 1 ) (3.65)
+L," q,” cos’q, +ZL2 q,” cos’q, +L, q, ELZ q, €0sq,
Sir dung sin’ @+cos’@=1 va sin g, sing, +cosq,cosq, = cos(q, —¢,) -

. 1 L4 o o
Xy =00 g+ ZLZZ 0" +LL, g, 4, cos(q, —q,) (3.66)
Téng dong nang cua thanh 2:
1 a1
K=K, +K,, =;"hd+5my L —mzlqlaqlqz cos(q, - qz)+—ﬂal~zqz
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(3.71)

HéSé q;z
1 1 . 1 I | 2
Zm =L +—n =—m,L
5 L 1 L, el

4 (3.67)

Vay:
_1 2.2 1 2.2 1 -
K =SmLg; +—mLyg, +~m L Lgq, cos(q — ¢, )
2 6 2
(3.68)
Téng dong ning cua hé:
K=K +K,

1 L. 1 L1 L1 N
=—mLq’ + ~mLq +~m,Lq; + —mL L qq, cos(q, —q;)
6 2 6 2 (3.69)

Hé s6 cua ¢ :

1 1 1 1
gmlle +Em2L12 =L’ (gml +Em2)
Vay :

1 1 1 1 . e
K= le (g m, +Em2j%2+gm2[’zz CI22+5m2LIL2 4,9, c0s(q, —q,) (3.70)

Phwong trinh dong luc:
r=M(q)q+C(q,9)q (3.71)

Trong d6 C(q,q)chtra cac luc Corioolis va ly tam, nhung dé nhung dé chon dong co, ta
tap trung vao md men quan tinh khi gia toc tdi da, gia sir van téc ban dau nho (C~0).
Tinh mo men tdi da dé chon dong co:

Gia st yéu cau gia tbc goc toi da cho mdi khdp 1a a =10rad / s>.

Mo men tai khép 1 (7)):

Khi ¢, = @,q, = 0 (chuyén dong khép 1, khép 2 giit ¢b dinh):

7 =M, ¢ = g.lo ~16.67Nm

T, =M, q =0.25¢c08(q, —q,).10 = 2.5c0s(q, —q,)Nm

|,| <2.5Nm (01 da khi cos(q, —g,) =1).

Mo men tai khép 2(7,):
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Khi ¢,=a, ¢,=0( chuyén déng khép 2, khop 1 gif ¢é dinh):
5,=M,q,= é.lo —0.833Nm

7, =M,, ¢, =0.25c08(q, —q,).10 = 2.5cos(q, —q,)Nm

|z,|<2.5Nm.

Tuy nhién, dong co tai khp 1 phai chiu tai ciia ca hai thanh, dic biét khi canh tay dudi
thang (¢, —¢, =0):

7, =(M,, + M) = Gm.zsj.lo =1,9167.10=19.17 Nm

Pong co tai khdp 2 chiu m6 men 16n nhét khi khép 1 chuyén dong:

7, =25Mm (Tu M,,a)

M6 men ti da:

eKhop 1:1,5.19,17%28.76Nm
eKhop 2: 1,5.2,5=3.75Nm

DPé xuit:

*Dong co cho khop 1: Chon dong co bude c6 mo men giwr t61 thiéu 28.76 Nm (c6 thé
1am tron thanh 30 Nm dé dé tim trén thj trudng).

¢Pong co cho khép 2: Chon dong co bude cé6 md men giir ti thiéu 3.75 Nm (c6 thé
chon 4-5 Nm).

3.3.3. Lwa chon phin citng:
Pong co cho khép 1: NEMA 57 (md men giit t6i thiéu 30 Nm):
Thong s6 k¥ thuat chi tiét ciia dong co budc NEMA 57:

« Kich thuéc: 57x57mm (mit bich). Chiéu dai than c6 thé khac nhau tuy theo loai
dong co, vi du 56mm, 76mm, 80mm, 82mm, 102mm, 112mm.

« S6 pha: Thuong 13 2 pha.
o S budc: 1 bude 1.8 do.
o Dong dién: 3A dén 4.5A, tuy thude vao loai dong co.
o Mo-men xoin: 1.2Nm dén 3Nm, tuy thudc vao loai dong co.
e DPuong kinh tryc: 6.35mm hodc 8mm, tuy thudc vao loai dong co.
« Chiéu dai tryc: Tuy theo loai dong co, ¢ thé 1a 20mm hodc 33mm.
o S6 day: Thuong 1a 4 day.
bong co cho khdp 2: NEMA 34:
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Thong sb k§ thuat dién hinh ctia dong co NEMA 34:
o Kich thudc mat bich: 86x86mm
« Chiéu dai than: Cac kich thudc khac nhau, vi du: 78mm, 114mm, 156mm
« Moment xodn: Cac mirc khac nhau, vi du: 4Nm, 8Nm, 12Nm
o Dong dién: 4A
o Gobc budce: 1.8°/step
o Duong kinh truc: 14mm
« Céc thong sb khac:
o S6 pha: 2 pha
o SO day: 4 day
o DO daitruc: 35mm
o Dong tai: 4A/5.8A
Lua chon Driver cho stepper v6i cac thong sb sau:
Thong s6 k¥ thuat:
o Dién ap hoat dong: 10-35VDC.
« Dong tai toi da: 3A, dong dinh 3.5A.
« Opto cach ly: Tich hop 6N137 dé cach ly tin hiéu diéu khién.
o Tan nhiét: Tich hop tan nhiét nhom 16n.
« Dong dién tdi da: 3A, dong dinh 3.5A.
e Vibude: Co thé diéu chinh vi bude (1:1, 1:2, 1:8, 1:16).
« Decay: C6 ché d6 Decay (luc giit vi tri ¢ dinh).
o Thich hgp: Véi dong co budc 43, 57, 86 | 2 hoac 4 pha | 4 day hodc 6 day.
o Kich thwée: 75x50x35 mm.
« Cong tic: Co cac cong tic dé thiét 1ap dong tai, vi bude va ché do Decay.
3.4. Luwu do thuit toan:
Khéi thi giac may tinh:
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Bt ddy
Khéri tao model YOLO|
va camera
Két ndi Arduina
RS y frame & 2\
camera? o
Xir 1y frame tréi Xir by frame phai
r
Xéc djnh gée va Xae dinh gée vi
xhadng cach Irdi xhadng cach phii

| |

Co &0 diF ligu?

Gini di¥ hdu dén
Arduing

Hinh 3.5. Luu dd thuat toan khdi thi giac may tinh

Diéu hudng:
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Dattdc 46 ban dbu
cho 2 8dng co

Tinh toan va tang the &0

aong co trdi, gidm e 8

dong co phai theo dlr lidu
thu duoc

Kidm tra nghiéng wai
d1>088d2<0

Tinh todn va tang tbc 80

| ddng co phai, giam tc

40 ddng co tréi theo dir
Béu thu duoc

Kiém tra nghiéng phai
d1<0&8d2>0

Tiép tyc gilr xe chay
théng véri tbc dd dn dinh

Hinh 3.6. Luu d6 thuat toan Diéu hudng xe

Cénh tay Robot:
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Khéi tao

Khoi dong churong
trinh:
Serial.Begin(115200);

[Serial1.Begin(115200)

Thiét 1ap chan két noi
dong co X.Y & Cong
tac hanh trinh

Knhéi tao Serial

Cau hinh déng co
SetEnablePin
SetPininverted
SetMaxSpeed
SetAcceleration

Sinh vién thyc hién: Pinh Phu Giang

Robot son chi duong dung thi gidc may tinh

Set Home & Di| = -

: S Vong lap

| chuyen dén vi chinh

| tri(L,0) ‘ L |

.'//; 7 : -

\‘: A B )
! ,,
- Doc di liéu tir serial 1

Di chuyen den cong String data =

tac hanh trinh X Serial1.readStringUntil(\n)

l

Di chuyén cham ra
khoi cong tac

v

Dat vi tri X=0

14—

Di chuyén @én cong
tac hanh trinh Y

l

No

Dt vitri Y=0

A4

Inverse Kinematics

D4 Trong Vinh
Ngd Dat Huy

GVHD: TS. Nguyén Hoang Mai

No

Di¥ liéu hop 182

Téch Chui
d1,d2,a1,a2

|

Cap nhat
Flag needToRecompute

needToRecompute
= True?

Pong co dang chay?
motorsMoving=True?

Dirng dong co
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_———_ | Thuat toan
Chinh

iém tra nghiéng trai?
d1>088&d2<0

Léch tréi?
distance1> abs
(distance2)

Khong léch?
distance1=
abs(distance?2)

nghiéng phai?
d1<0&&d2>=0

Tinh ;oa’n vadi
chuyen cho trréng
hop 1

Tinh todn va di chuyén
cho trirong hop 2

Léch trai?
distance1> abs
(distance2)

No

Tinh Eoén vadi
chuyen cho truong
hop 3

Léch trai?
abs (distance1)
>distance2

Khong léch?
abs (distance1)
=distance2)

Khéng léch?
abs (distance1)
< distance2)

Tinh soén vadi
chuyen cho tredng
hop 4

Tinh an'n vadi
chuyen cho trudng
hop 5

Tinh ;oén va di
chuyen cho trirong
hop 6

Kétthic |

Hinh 3.7. Luu db thuat toan canh tay Robot

Sinh vién thyc hién: Pinh Phu Giang
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Chuwong 4: MO HINH THUC NGHIEM VA PANH GIA

4.1. Mo phéng dong hoc xe :

4.1.1. Muc tiéu mo phong:

- Xe di chuyén dang theo quy dao day thép
4.1.2. M6 phong Matlab va nhdn xét:

‘ @ -~ O]
Forrce of car

Speed of motor
@D, —{ D L
Force_load (Mc) L

CO— : S + Speed
Voltage = d_current Current

o
N

Hinh 4.1. So d6 khdi mé hinh hoa dong co mot chiéu

e
Y

Luc tai tdc dong 1én hé théng:
M, =F(s)=m_.a

o Mo x F F. M
VO’I ¢ oQm ~ resistance ~ noise quay
g > )
—
» 3
spoed_cart Speed cor § Theln .
D)
C——»{vme I
U-laft Speud o 015
| Foecm_load (Ma) [ Speod_car2
L ‘ Speed_car
| D ﬂ—
‘ Speod of Whae! ED
- e
) ——»|voime . Fiter 1 Weight_ca )
v Speod %
U nght »{Force_load b
ban woh baoh e \

Speed_card Radius1

Oqlum spesd m( i Q‘ -_:;L
spewd_carz L]. ;
_|D|

Forrce & dsiubance

Hinh 4.2. Mo hinh tinh ¢ | tc do xe, Moo
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Robot son chi duong dung thi gidc may tinh

Ham truyén hé hé cua dong co:

_ w(s) _ K

= 6 T GNGL, + R) KK, “2)
Dua vao datasheet ctia dong co MY 1016Z22-350W
P, =350
u, =24r
Oy, =3500RPM (No gear box)
Sau khi di qua hop sé:
®,,, =350RPM
1, =13.44
R, =0.7(2)

L, =0.00047(H)

w2
. P/l—
Kk, =L_Plo' " 60 _407nms 4
1 1 1
KQ:K2L20.07VS/md
©' 027
60

J =0,00015Kg.m*

0,06

G(s) =
() 7,05.10"s*+1,05.10 "5 +4,87.10°°

Ta cé:

Bo diéu khién PID dugc thiét ké bang phuwong phap diéu chinh Zeigler-Nichols:

FID Confroller Plant

Ris) + ¥(s)
Gc (s) Gis) >

L J

Hinh 4.3. So d6 khdi vong kin
K, T
G(s)=K +—+K s=K (1+—++Tds)
¢ P P p s
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- Chay m6 phong MATLAB véi dau vao duéi dang ham budc don vi. St dung phuong

phap tham chiéu hai diém:

- Tai hai diém cu thé trén phan hdi budc:

t1: Thoi gian tuong tng voi 28.3% thay doi dau ra (Ay).

t2: Thoi gian tuong ng voi 63,2% thay doi dau ra (Ay).

- Thoi gian tré:

N

Amplitude

WIN /

LB

12

L:1.5(t1—%2):t2—T

Step Response

Time (seconds)

- Tu biéu do, gia tri cudi cung cua phan hoi:

yoo=K=12,7
vay: T=0.009, L=0.001

“re -
E &
Kp Ki Kb
P |T/L 0 0
PI |09 T/L 0.3/L 0
PID|1.2 T/L 0.5/L 0.5L

Sinh vién thyc hién: Pinh Phu Giang
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- Thong sb bd diéu khién PID:
Kp =10.8, Ki =500, Kd = 0.0005

500
Gc(s) =10.8+ = + 0.0005s

Step Response EleQ Qs

Amplitude

0 0.002 0.004 0. 0.008 001 0.012 0.014 0016

Tins (sconds)
Hinh 4.4. Pap ung ting budc ciia hé théng voi diéu khién vong kin

Hé thdng c6 phan hoi, gitp diéu chinh 1i va cung cip phan hdi dau ra nhanh hon.

- Duong cong phan hoi thé hién qua d6 va dao dong nhe trude khi on dinh.

- Thoi gian xac lap nhanh hon so voi hé théng hd vong con giao dong nho xung quanh

gi4 tri mong muodn

_’_
35 e—pf+ PID(s) ¢ g f
spead
set_speed L’ U-left SPfE [:]
F Thetaf———M
E 'or_speed_car PIDS_signals e Speed_Theta
P+ /’ ;
P P U right
" PID(s) oo
CAR

Hinh 4.5. M6 phong MATLAB cho dong co
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p— T

|
>

- Toc do thuc cua dong co co thoi gian xac 1ap khoang 2 giay dé on dinh vé gia tri mong
mudn 13 35. Sau thoi gian nay, tbc d6 bam sat tot gia tri dat voi sai sé gan nhu bang
khong. Tuy nhién, hé thong c6 do 16 16m, dat gia tri cuc dai khoang 70. Trong giai doan
qua do, hé théng dao dong manh nhung tit dan sau khoang 2 gidy trudc khi 6n dinh
hoan toan. Nhin chung, hé théng dam bao bam sat gia tri mong mudn sau qua trinh qua
do.

speed , =R, ,.0=0.1535=5.25(rad /s)

- Téc d6 thyc ctia dong co cb thoi gian xac 1ap khoang 2 gidy dé dat gia tri mong mudn
la 5 rad/s. Hé théng c6 d6 16 16n, véi gia tri cyc dai dat khoang 10 rad/s. Trong giai doan
qué do, toc d6 dao dong manh voi bién do giam dan va on dinh hoan toan sau khoang 2
gidy. Sau khi 6n dinh, toc d6 bam sét gia tri mong mudn vdi sai s6 gan nhu bang khong.
DBuong mau xanh biéu dién mo-men quay gitr gia tri khong d6i theo thoi gian, diéu nay
cho thiy mo-men tac dong dén hé théng khong thay ddi va khong bi anh hudng boi dao
dong cua téc do dong co. Nhin chung, hé thong dap tmg tét yéu cau bam gia tri mong
mudn nhung c6 d6 qua diéu chinh cao

4.2. Mo hinh thuc nghiém
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Robot son chi duong dung thi gidc mdy tinh

4.2.1. Ciu tao hé thong
Hé thong thyc nghiém gdm céc thanh phan chinh:
- Khung xe: Khung xe lap 2 dong co DC banh trudc, 2 banh tu do phia sau.

- Camera: 2 camera USB dit trudc va sau xe, mdi camera cach than xe 40 cm,
khoang cach gifra hai camera la 130 cm.

- B0 diéu khién:
e May tinh xur Iy hinh anh, sir dung YOLOvS8-seg nhin dang day.
e Arduino Mega diéu khién dong co, nhan dir liéu qua Serial.
Pong co:
- 2 dong co DC diéu khién téc d6 bang PID.
- Cénh tay robot hai bac t do gan dong co budc

- Ngudn cap: Hai dc-quy 12V mic ndi tiép va ngudn 5V truc tiép tir laptop cho
camera va Arduino.

=% RN | *

Hinh 4.6. Téng quan mé hinh xe
4.2.2. Qua trinh thuwc nghiém
Budc 1: Gan céac thanh phan 1én xe, kiém tra két ndi co khi va dién tir.
Budc 2: Chay thir phan xir 1y hinh anh, kiém tra d6 chinh x4c phat hién day.
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Robot son chi dwong dung thi giac may tinh

Budc 3: Truyén dir liéu goc va khoang cach sang Arduino, ki€ém tra phan hoi di€u khién

dong co.

Budc 4: Cho xe chay thir trén day thép that, ghi nhan két qua.

4.2.3. Sw cé va bién phdp xir Iy:

Sw ¢b gip phai

Nguyén nhan chinh

Bién phap khic phuc

Dit liéu khong truyén dugc
tur Python

Lbi cong Serial hodc toc do
baud

Kiém tra cap USB, thiét
1ap baud dung

Xe lic lv manh khi diéu
chinh

PID chua duoc tinh chinh

Giam Kp, ting Ki dé giam
dao dong

Hinh anh bi m¢ hoac mat
két no1 camera

Cap USB kém ‘chét lugng
hodc nhiéu nguén

Dung cap chong nhié€u, cap
nguon riéng

Xe khong nhan dién dugce
day cong

YOLOV8 chua du dir liéu
huan luyén

Gan thém anh day cong
vao tap train

4.3.

Két qua thwe nghiém:

4.3.1. Pdnh gid khd nang diéu hwdng ciia xe robot:

- Két qua thuc nghiém dugc do luong sau 5 lan chay thir:

Lan chay Goéc léch ban Khoang cach Thoi gian 6n Sai s6 géc

diu (d9)
12

-8

10

0

-5

N K W N

- Nhan xét:

ban diu (cm) dinh (s)

18 45
22 3,9
15 3,2
10 2,0
20 3,6

Sai so vi tri

cudi (dd) cudi (cm)

1,5 3,2
1,1 2,1
0,8 2,0
0,3 0,9
1,0 1,5

e Hé théng thuc té hoat dong tuwong ddi 6n dinh, sai s6 goc va vi tri déu nho
hon 3 d6 va 3,5 cm.

e Thoi gian 6n dinh trung binh khoang 3,5 gidy, phu hop véi yéu cau diéu
khién thoi gian thuc.

e So v&i md phdng, sai s6 c6 cao hon nhe do nhi€u, ma sat va sai s6 co khi.

Danh gia hoat dong cua canh tay robot son chi dwong:

- Cénh tay dugc diéu khién theo hai goc:

. b (khép gbe): quay theo truc doc than xe.
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Robot son chi dwong dung thi giac may tinh

o % (hép gitta): didu chinh d6 vwon t6i didm cin son.
- Théng sb danh gia gdbm:

. Gécyéucﬁu:(el—yc, Hz_yc)
e Goc thuc té do duogc sau diéu khién: ((91 i , 0, _ ﬁ)

e Vi tri dau but son theo hé toa d6 xe x,y)

e Sai sd vi trf cudi cung

e Thoi gian diéu khién
Lanthic 6, _yc 6, yc 6, _tt 6, tt Saisévitri(cm) Thoi gian phan

héi (s)
1 45 60 395 522 13 2.3
2 30 45 261 394 56 2.0
3 60 75 534 660 79 2.6
4 15 30 12 247 5.1 1.7
5 90 60 828 525 8.0 2.9

- Nhan xét

e Sai sb vi tri ddu mut dao dong trong khoang 5-8 cm, 16n hon so v&i yéu cau
chinh xac khi son vach duong.

e Nguyén nhén co thé dén tir:
= P ro co khi tai khép ndi va dong co.
= Chua hiéu chinh chinh x4c hé toa d6 diéu khién va tinh toan goc.
= Tdc d6 quay dong co vuot qua kha ning kiém soat, gay bo budc.

e Thoi gian phan hdi van dudi 3 gidy, cho thay hé théng diéu khién thoi gian thuc
hoat dong tot vé toc do, nhung can cai thi¢n dé chinh xac dinh vi.

H¢ thong co thé st dung cho céac ung dung khong doi hoi chinh xac cao, nhung chua du
on dinh dé son vach chinh xac néu khong dugc hi€u chinh k§ hon.
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Robot son chi dwong dung thi giac may tinh

KET LUAN

1. Két luan chung

Sau qua trinh nghién ctru, thiét ké, mo phong va thuc nghiém, dé tai “Robot son
chi duong dung thi gidc may tinh” da hoan thanh muc tiéu dit ra. Hé thdng duoc
x4y dung bao gdbm mé hinh diéu hudng xe bam day thép st dung camera kép, két
hop thuat toan YOLOv8-seg dé nhan dién vat thé va tinh toan hinh hoc tuyén dé
xéac dinh vi tri — goc 1éch. Dit liéu nay dugc truyén dén Arduino dé diéu khién
dong co DC bang PID, dong thoi két hop voi canh tay robot hai bac tu do sir dung
dong co budce dé thuc hién nhiém vu son vach theo thoi gian thyec.

2. Nhing két qua dat duoc

Khé ning dleu hudng tuong ddi chinh xac: H¢ thong co thé ty can chinh theo day
thép véi sai s6 goc < 5° va sai s6 vi tri < 5 cm sau khi 6n dinh.

Xtr Iy anh hiéu qua: Mo hinh YOLOvS-seg huan luyén riéng cho day thép dat do
chinh xac cao trong di€u kién thyc té.

Truyén va diéu khién thoi gian thuc: Giao tiép gitta may tinh va Arduino 6 6n dinh
qua Serial, dam bao dir liéu lién tuc phuc vu diéu khién.

Cénh tay robot hai bac tu do hoat dong twong d6i: Piéu khién dong co budc twong
doi, sai sO vi tri dau muat < 8 cm, can phai hiéu chinh thém.

Heé thdng hoan chinh cé tinh Gmg dung cao: Hé thong pht hop cho cac ung dung
son vach tam thoi, thi cong danh dau khu vuc tam thoi, hoac ing dung tu dong
hoa trong cong nghiép.

3. Nhitng dong gop cua dé tai

Tich hop thi giac may tinh va diéu khién nhung: Két hop hai linh vic quan trong
dé tao ra mot giai phap thong minh trong robot ty hanh.

Xay dyng m6 hinh m6 phong va thyc nghiém dong bo: Tir 46 dé dang kiém ching
va to1 uu hé thong.

Xay dung bo dur liéu chuyén biét cho bai toan nhan dién day thép bang YOLOVS-
seg, c6 thé dung lam tham khao cho cac irng dung tuong tu.

Giai phap diéu khién canh tay robot theo thoi gian thuce dya vao dir li€u tir camera,
mo ra kha nang ing dung vao robot cong nghiép, robot thi cong ngoai hién
truong.

4. bé xuat va kién nghi

Tang cudong do chinh xac xir Iy anh: B6 sung nhiéu trudng hop diy cong, anh
sang phtrc tap vao bd dir li¢u huan luyén dé tang tinh 6n dinh cho mé hinh.
Nang cip co khi va dong co: Thay dong co budc thuong biang loai c6 encoder
hodc dung servo dé tang do chinh xéc.
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Robot son chi dwong dung thi giac may tinh

e Tbi uu thut toan diéu khién: Tich hop dicu khién thich nghi hodc hoc méy dé ty
di€u chinh PID theo moi truong.

e Trién khai phin mém diéu khién giao dién ngudi dung: Giup theo ddi trang thai
hé thong va diéu chinh dé dang trong qua trinh van hanh.

e Thir nghiém hé thdng ngoai troi: Dé danh gia d6 bén va tinh tng dung thyc tién
trong di€u kién thoi tiet that.
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PHU LUC
PHU LUC 1: PHAN MEM ARDUINO IDE

Arduino IDE (Integrated Development Environment - M61 truong Phat trién Tich hop) 1a
mot phan mém ma ngudn mo dugc thiét ké dé 1ap trinh cho cac vi diéu khién thudc hé sinh
thai Arduino. Bugc phat trién boi cong dong Arduino, phan mem nay cho phép nguoi dung,
tir nhitng ngudi moi bat dau dén cac ki su chuyén nghiép, viét va nap ma 1énh (firmware)
vao cac bo mach Arduino nhu Arduino Uno, Arduino Mega, Arduino Nano, va nhiéu bién
thé khac. Arduino IDE duoc sit dung rong rai trong cac du an dién tu, IoT (Internet of
Things), robot, va cac rng dung sang tao khac.

Phan mém Arduino IDE hd trog nhiéu hé diéu hanh phé bién, bao gém Windows, macOS va
Linux, giap n6 trd thanh mot cong cu linh hoat va dé tiép can. Giao dién don gidn, dé su
dung cung v&i ngdn ngir 1ap trinh dua trén C/C++ da lam cho Arduino IDE tré thanh lya
chon hang dau cho cic nha phat trién, sinh vién va nhiing nguoi dam mé céng nghé mubn
kham pha thé giéi vi diéu khién.

Phién ban m&i nhit ctia Arduino IDE tai thoi diém hién tai (thang 6/2025) 1a Arduino IDE
2.x, ra mat v6i nhiéu cai tién so véi phién ban 1.x, bao gém giao dién hién dai hon, hi¢u suét
cai thién, va tich hop cac tinh nang nhu ty dong hoan thanh ma, g& 15i truc tiép, va hd tro tot
hon cho cac thu vién bén thir ba.

2. Céc tinh nang chinh cta Arduino IDE

Arduino IDE cung cép mot by tinh ndng manh mé, gitp don gidn hoa qua trinh 1ap trinh va
phat trién cac du an dya trén vi diéu khién. Dudi day 1a nhitng tinh nang noi bat:

o Giao dién don gian va than thién v6i nguoi dung: Arduino IDE c6 giao dién t6i gian
v6i cac thanh phan chinh nhu trinh soan thao ma, cira s6 thong bdo, va cac nit diéu
khién (nhu nap ma, kiém tra ma). Diéu nay gitip nguodi méi bat dau dé dang lam quen
ma khong can kién thire sau vé lap trinh.

e HO trg ngodn ngit lap trinh C/C++ don gidn héa: Arduino IDE sir dung mot phién ban
don gian cua C/C++, dugc goi la Arduino Language, véi cac ham va thu vién dugc
thiét ké sin dé diéu khién cac thanh phﬁn phﬁn cing nhu cam bién, dong co, dén
LED, va man hinh.

 Quan ly thu vién manh m&: Arduino IDE tich hop Library Manager, cho phép ngudi
dung dé dang cai dit va quan ly cac thu vién mé nguén mo dé hd tro cac cam bién,
module, hoic giao thirc giao tiép nhu 12C, SPI, va Wi-Fi.

« Board Manager: Tinh ning nay cho phép nguoi dung thém hd trg cho cac bo mach
Arduino méi hodc cac bo mach tuong thich tir cdc nha san xuat khac nhu ESP32,
ESP8266, hoac STM32.

o Trinh bién dich va nap mé: Arduino IDE tu dong bién dich ma ngudn thanh ma may
va nap truc tiép vao vi diéu khién thong qua cong USB hodc cac giao dién khac. Qua
trinh nay dugc thuc hién chi bang mdt ¢t nhap chudt.

e HO tro gd 16i (Debugging): Trong phién ban 2.x, Arduino IDE da cai thién kha nang

& 151, cho phép ngudi ding kiém tra ma ngudn, phat hién 15i logic, va téi wu hoa
chuong trinh.

e HOJ tro da nén tang: Arduino IDE hoat dong trén nhiéu hé diéu hanh, dam bao tinh
tuong thich va kha nang sir dung rong rai.

Phu luc 1



« Cong dong hd tro 16n: Arduino IDE dugc hd tro boi mot cong ddng dong dao, cung
cap hang ngan tai li¢u, huéng dan, va ma nguoén mau. Nguodi dung co6 thé tim thay
cac du 4n mau, dién dan, va thu vién do cong dong dong gop.
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PHU LUC 2: PHAN MEM VISUAL STUDIO CODE (VSCODE)
1. Téng quan vé Visual Studio Code

Visual Studio Code (VSCode) 12 mét trinh soan thao ma ngudn (source-code editor) ma
ngudn mo, dugc phét trién boi Microsoft va ra mat lan ddu vao niam 2015. VSCode duoc
thiét ké dé hd tro 1ap trinh vién phat trién tmg dung trén nhiéu nén tang, tir cac du an web,
g dung di dong, dén 1ap trinh nhang va IoT. V6i giao dién hién dai, kha ning tuy chinh
cao, va hd trg nhiéu ngo6n ngir 1ap trinh, VSCode da nhanh chong tro thanh mot trong nhiing
trinh soan thdao md phd bién nhat trén thé gidi, dugc sir dung béi ca 1ap trinh vién chuyén
nghiép 1an nguoi méi hoc lap trinh.

Khong glong nhu Visual Studio (mét IDE day du), VSCode 1a mot trinh soan thao nhe, tap
trung vao tdc d6 va tinh linh hoat. Tuy nhién, nhd hé thong extension (phan mé rong) phong
phu, VSCode c6 thé duogc tuy chinh dé hoat dong nhu mot IDE manh mé cho hau hét céc
ngdn ngit 1ap trinh nhu Python, JavaScript, C++, Java, Go, va tham chi ca 1ap trinh vi diéu
khién nhu Arduino hogc ESP32.

VSCode h trg da nén tang, chay trén Windows, macOS, va Linux, dong thoi cung cép cac
phién ban cho ca may tinh dé ban va trinh duyét (qua VSCode for Web). Tinh dén thang
6/2025, VSCode tiép tuc duoc cap nhat thuong xuyén voi cac cai tién vé hiéu sudt, tich hop
Al (nhu GitHub Copilot), va hd tro tot hon cho cic cong nghé moi.

2. Céc tinh nang chinh cuia VSCode

VSCode ndi bat véi bo tinh ning manh mé va kha nang tiy chinh, dap tng nhu cau cua nhiéu
doi tuong 1ap trinh vién. Dudi day 1a céc tinh nang chinh:

« HO tro da ngdn ngit 1ap trinh: VSCode hd trg hang tram ngén ngir lap trinh thong qua
cac phan mé rong, tlr cac ngdn ngit phd bién nhur Python, JavaScript, va C++ dén cac
ngon ngit chuyén biét nhu Rust, Julia, hoac VHDL.

« He¢ théng phan mo rong (Extensions): Kho Extensions Marketplace ciia VSCode
chtra hang ngan phan mé rong, cho phép nguoi dung thém cac tinh nang nhu g& 16i,
tich hgp Git, linter, hodc hd tro 1ap trinh cho céc nén tang cu thé (vi du: Arduino,
PlatformlIO).

e Tich hop Git va quan 1y phién ban: VSCode tich hgp sén Git, cho phép nguoi dung
thue hién cac thao tac nhu commit, push, pull, hodc giai quyét xung dot tryc tiép tir
giao dién. Ho trg cac nén tang nhu GitHub, GitLab, va Bitbucket ciing duoc tich hop
chat ché.

« G 18i (Debugging) manh mé: VSCode cung cp cong cu g& 13i tich hop, cho phép
dat diém dumg (breakpoints), kiém tra bién, va theo doi ludng thuc thi ma. Cac phan
m¢ rong nhu Debugger for Chrome hodac Python Debugger giup tang cuong kha nang
nay.

 Tudong hoan thanh ma (IntelliSense): IntelliSense cung cap goi y ma, thong tin tham
sO, va tai liéu tham khao nhanh, giup ting toc d6 viét ma va giam 15i ci phap.

o Giao dién tuy chinh: Nguoi dung co thé tily chinh giao dién VSQode’bang cach thay
do1 theme (chu de€), bo cuc, phim tat, va cai dat. Cac theme pho bién nhu Dracula,
One Dark Pro, hodc Material Theme mang lai trdi nghiém ca nhan hoa.

e Terminal tich hgp: VSCode c6 terminal tich hop, hd trg PowerShell, Commar‘ld
Prompt, Bash, hodc céac shell khéc, gitp 1ap trinh vién thuc hién 1énh ma khong can
ro1 khéi trinh soan théo.
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 HO tro phat trién web va dam may: VSCode cung cip cac tinh ning nhu Live Server
(xem trudc web truc ti€p), Remote Development (lam viéc trén may chu tir xa), va
tich hgp voi cac nén tdng ddm may nhu AWS hoac Azure.

e Tich hop Al va cong cu hd tro 1ap trinh: Cac phan mo rong nhu GitHub Copilot hodc
Tabnine cung cap goi y ma dua trén Al, gilip tdng nang suat l1ap trinh.

e HO tro lap trinh nhing: Véi cac phan mo rong nhu PlatformlO hodc Arduino,
VSCode c6 theé dugc st dung d¢€ 1ap trinh vi diéu khién, thay thé hodc bd sung cho
Arduino IDE.

3. Cach str dung Visual Studio Code
Dé bét dau st dung VSCode, nguoi dung cAn thuc hién cac budc co ban sau:
Tai va cai dat VSCode:

o Truy cap trang web chinh thirc (code.visualstudio.com) dé tai phién ban phu
hop voi hé dieu hanh (Windows, macOS, hodc Linux).

o Cai dat phan mém theo hudng dan, qua trinh nay thudng nhanh chéng va don
gian.
« Cau hinh méi trudng:

« Mo VSCode va cai dat cac phin mo rong can thiét thong qua Extensions
Marketplace (Ctrl+Shift+X hodc Cmd+Shift+X trén macOS).

e Vi du: Cai dit Python extension cho lap trinh Python hodc PlatformIO cho
1ap trinh nhung.

o Tuy chinh giao dién va phim tét trong menu File > Preferences > Settings.

Moé hodc tao du an:

e  Md mot thuy muc du an béng cach vao File > Open Folder hodc tao t&p méi
v61 cac phan mé rong nhu .py, .js, hoac .cpp.

« VSCode ty dong nhan dién ngdn ngit va cung cap cac tinh ning nhu goi ¥ ma
hodc dinh dang ty dong.

Viét va chay ma:

e Viét ma trong trinh soan thao. Vi du, mot chuong trinh Python don gian:
python
print("Hello, World!")

« Chay ma bang cach sir dung terminal tich hop hoac phan mé rong nhu Code
Runner. V61 Python, nhan Run Python File (ntit tam gidc & goc trén bén phai).

e G&16i ma:
« Vao tab Run and Debug (Ctrl+Shift+D), thiét 1ap ciu hinh g& 15i (debug
configuration) cho ngon ngir ban dang str dung.
« Dit cac diém dimg va chay chuong trinh dé kiém tra 15i.
 Quan Iy mi ngudn véi Git:

« Kétndi véi kho luu trix Git bang cach vao tab Source Control (Ctrl+Shift+G).
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e Thyc hién céc thao tdc nhu commit, push, hodc pull tryc tiép tur giao dién.
o Cai dat phan mé rong cho vi diéu khién (néu can):

o Cai dat PlatformIO hodc Arduino extension dé 1ap trinh bo mach nhu Arduino
hoac ESP32.

e CAu hinh bo mach va céng tuong tu nhu Arduino IDE, sau d6 bién dich va
nap ma.
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PHU LUC 3 : PHAN MEM YOLOVS VA SU DUNG TREN GOOGLE
COLAB

1. Téng quan vé YOLOVS:

YOLOVS (You Only Look Once version 8) 1a phién ban moi nhéat trong dong mo hinh YOLO,
duogc phat trién boi Ultralytics, cong ty dimg sau YOLOvS5. Ra mét vao nam 2023, YOLOvS
12 m6t mo hinh hoc sau (deep learning) tién tién, duoc thiét ké cho céac tac vu thi gidc may
tinh nhu phat hién dbi tuong (object detection), phan doan hinh anh (instance segmentation),
phan loai hinh anh (image classification), theo ddi dbi twong (object tracking), va uéc luong
tu thé (pose estimation). YOLOVS cadi thién dang ké vé tdc d9, do chinh xéc, va tinh d& st
dung so voi cac phién ban trudc, dac bi¢t [a YOLOvVS.

YOLOV8 dugc xay dung dya trén framework PyTorch, cung ce‘ip mot giao dién than thién
vo1 nguoi dung thong qua Python API va Command Line Interface (CLI). M6 hinh nay c6
cac bién thé tir nhé gon (YOLOVSn - nano) dén 16n (YOLOVSX - extra-large), phu hop cho
ca thiét bi nhiing (edge devices) va may chi GPU manh m&. YOLOV8 dugc cap phép duoi
AGPL-3.0 (ma ngudn mo) va Enterprise License (thwong mai), v6i ma ngudn cong khai trén
GitHub.

Google Colab 1a mot nén tang ddm may mién phi cua Google, cung cp moi trudong Jupyter
Notebook dé chay ma Python voi tai nguyén GPU/TPU mién phi (g161 han v61 nguoi dung
mlen phi). Str dung YOLOVS trén Google Colab 1a mét lya chon phd bién vi né khong yéu
clu cai dat phuec tap trén may cuc bg, tdn dung strc manh tinh toan ciia ddm may, va tich hop
t6t voi Google Drive dé luu trir dit 1iéu va mo hinh.

2. Céc tinh nang chinh ctia YOLOVS :

YOLOVS duoc thiét ké voi nhiéu cai tién so véi YOLOVS, mang lai hiéu sut vuot troi va
tinh linh hoat:

. Hiéu suat cao: YOLOVS dat do chinh xac cao hon (mAP cao hon trén tap COCO) va
toc do suy luan nhanh, v6i cac mo hinh nano dat hang tram FPS trén GPU manh.

e HO tro da tac vu: Ngoai phat hién d6i tugng, YOLOVS hd tro phan doan, phan loai,
theo di, va udc lugng tu thé, tit ca trong mot framework thong nhat.

« Kién trac cai tién: Sir dung cac khbi C2f (CSP Bottleneck with 2 convolutions) thay
vi C3 cua YOLOVS, cdi thién hiéu qua tinh todn va gidm tham so.

 Tang cuong dir liéu ning cao: Ap dung Mosaic Augmentation (tit trudc 10 epoch
cuoi), MixUp, va Cutout dé tang do bén virng ciia mo hinh.

e Tbi uu hoa huan luyén: HS tro Ultralytics Tuner dé tu dong diéu chinh siéu tham s6
(hyperparameters) va cac k¥ thuat nhu early stopping dé tranh qué khop (overfitting).

e HO6 tro xudt md hinh: Xuét sang cac diph dang nhu ONNX, CoreML, TFLite,
TensorRT, va OpenVINO, phu hop cho trién khai trén nhi€u nén tang.

e« Tich hop dé dang: Hb trg PyTorch Hub, CLI, va tich hop voi cac cong cu nhu
Roboflow, ClearML, va Comet d¢ quan 1y dit li¢u va theo doi huan luyén.

» Cai thién trai nghiém nguoi dung: CLI va Python API don gian, cung tai li¢u chi tiét
tur Ultralytics, gitip nguoi dung dé dang bat dau.
3. St dung YOLOVS trén Google Colab
Google Colab 1a méi truong ly tudng dé huan luyén va suy luan V(:)‘i YOLOVS, dég biét cho
nguoi dung khong c6 GPU manh. Dudi day 1a huong dan chi tiét ting budc dé st dung
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YOLOVS8 trén Google Colab, bao gém cai dat, suy luan, va huin luyén trén tap di li€u tuy
chinh.

3.1. Thiét 14p mai trudng trén Google Colab:
e Mo Google Colab:

e Truy cap colab.research.google.com va ding nhéap bang tai khoan Google.

 Tao mot notebook méi bang cach nhép vao File > New Notebook.
e Kich hoat GPU:

 Chuyén sang runtime GPU: Nhap vao Runtime > Change runtime type, chon
GPU (thuong la NVIDIA T4 vi tai khoan mién phi) va luu.

 Kiém tra GPU béng 1énh:
bash
Invidia-smi
e Cai dat Ultralytics YOLOVS:
o (Cai dat thu vién Ultralytics qua pip:
bash
Ipip install ultralytics
o Kiém tra cai dat:
python
from ultralytics import YOLO
print("Ultralytics installed successfully!")
« Két ndi Google Drive (tily chon):
e« Dé luu trix dit liéu va mo hinh, két ni Google Drive:
python
from google.colab import drive
drive.mount('/content/drive')

« Sau khi chay, cip quyén truy cp va sao chép mi xac thuc vao 6 nhép liéu.

3.2. Suy luan v&1 mo6 hinh YOLOvVS duogc huén luyén trudc
e Tai mo6 hinh YOLOVS:

e St dyng md hinh dugc huin luyén truéc (pre-trained), vi du YOLOv8n
(nano):

python

from ultralytics import YOLO

model = YOLO("yolov8n.pt") # Tai mo6 hinh nano
e Chay suy ludn trén anh hodac video:

e Suy luén trén mot anh ttr URL:
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bash
lyolo predict model=yolov8n.pt source="https://ultralytics.com/images/zidane.jpg"

. Hpéc trén tép cuc bo/video/webcam (luu y: webcam khong dugc hd tro truc
tiép trén Colab):

python
results = model.predict(source="/content/sample image.jpg", save=True)
results[0].show() # Hién thi két qua

o Két qua (anh/video véi bounding box) duoc luu trong thu muc
runs/detect/predict.

3.3. Hu4n luyén YOLOVS trén tap dit liéu tiy chinh
« Chuin bi tap dir liéu:
e Tap dir li¢u can & dinh dang YOLOVS, bao gé)m:
e Thu myc images chira anh (train/val/test).

e Thu muyc labels chua tép .txt vdi thong tin bounding box (dinh dang:
class_id x_center y center width height).

e T¢p data.yaml dinh nghia cAu trac dix liu, vi du:

yaml
path: /content/drive/MyDrive/Colab Notebooks/dataset
train: images/train
val: images/val
names:

0: person

l: car

e C6 thé str dung Roboflow hoidc Kaggle dé tao/tai tap dit lidu twong thich
YOLOVS.

o Tai tap dir liu Ién Google Drive:

e Tai thu muc dir liéu 1én Google Drive, vi du: /content/drive/MyDrive/Colab
Notebooks/dataset.

 Huéan luyén mé hinh:
e Chay lénh huén luyén véi CLI:
bash

lyolo train model=yolov8n.pt data=/content/drive/MyDrive/Colab
Notebooks/dataset/data.yaml epochs=50 imgsz=640 batch=16

e Hodc sir dung Python API:
python
from ultralytics import YOLO
model = YOLO("yolov8n.pt")
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model.train(data="/content/drive/MyDrive/Colab Notebooks/dataset/data.yaml",
epochs=50, imgsz=640, batch=16)

e Céc tham sb quan trong:
e epochs: S6 vong lip huan luyén.
e imgsz: Kich thuéc anh du vao (mic dinh 640x640).
e Dbatch: Kich thudc batch (phu thuoc VRAM GPU, thuong 16 cho T4).
 Két qua huin luyén (mo hinh best.pt, last.pt) dwoc luu trong runs/detect/train.
e Danh gia mo hinh:
« Danh gia trén tap kiém tra:
bash
lyolo val model=runs/detect/train/weights/best.pt data=data.yaml

o Két qua bao gom céc chi s6 nhu mAP (mean Average Precision), precision,
recall, va confusion matrix.

e Luu va tai lai mo hinh:
e MO0 hinh duoc luu ty dong trong runs/detect/train/weights.
o Dé tiép tuc hudn luyén:
python
model = YOLO("runs/detect/train/weights/best.pt")
model.train(data="data.yaml", epochs=10) # Huén luyén thém 10 epochs

e Sao chép md hinh vao Google Drive dé tranh mét dir liéu khi phién Colab két
thuc:

bash
Icp runs/detect/train/weights/best.pt /content/drive/MyDrive/Colab Notebooks/models/
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PHU LUC 4: PONG CO BUOC NEMA 57 (NEMA 23)
1. Téng quan vé dong co budc NEMA 57 (NEMA 23)

bong co budc NEMA 57, thuong duoc goi la NEMA 23, 1a mét loai dong co budce (stepper
motor) c¢6 kich thudc mat trudce 14 57 x 57 mm (2.3 x 2.3 inch). Day 1a mot trong nhiing kich
thude dong co bude phd bién nhit trong dong NEMA, dugc sir dung rong rai trong cac img
dung yéu cau do6 chinh x4c cao va mo-men xoan (torque) manh, ching han nhu mady in 3D,
may CNC, robot, va cac hé thng tu dong hoa. Tén goi "NEMA 57" xuét phat tir tiéu chuan
cua Hi¢p hoi Cac nha san xuit Dién Quéc gia (National FElectrical Manufacturers
Association), trong d6 sd 57 biéu thi kich thudc mit trude tinh bang milimet.

NEMA 23 1a dong co budc lai (hybrid stepper motor), két hop giita dong co nam cham vinh
ctru (permanent magnet) va dong co tur tro (variable reluctance), mang lai hiéu suit cao voi
kha ning diéu khién vi tri chinh x4c ma khong can hé théng phan hoi (feedback) phuc tap.
Dbong co nay thuong co goc budce (step angle) la 1.8° (200 budc/vong) hoac 0.9° (400
budc/vong) cho dd chinh xac cao hon, vdi mé-men xodn tir 0.4 Nm dén 3.0 Nm (55425 oz-
in), tiy thudc vao model cu thé.

NEMA 23 ¢6 thé 14 loai bipolar (4 day hoic 8 day) hodc unipolar (6 day), voi dong dién dinh
mirc tir 0.44A dén 4.2A va dién ap tir 1.6V dén 3.6V, tiy thudc vao cau hinh. Dong co nay
thudng dugc diéu khién bang cac driver bude (stepper motor driver) nhu TB6600, DM542,

hodc High-Power Stepper Motor Driver 36v4 tir Pololu, va c¢6 thé duoc 1ap trinh thong qua
céc phan mém nhu Arduino IDE hodc VSCode.

2. Céc tinh nang chinh ctia dong co budc NEMA 57 (NEMA 23)
NEMA 23 dugc thiét ké v6i nhiéu tinh nang ndi bat, phi hop cho cac ing dung cong nghiép
va sang tao:
e Mo-men xoédn cao: Cung cip mo-men xodn tir 0.4 Nm dén 3.0 Nm (55-425 oz-in),
ly tudng cho cac tng dung yéu cau lyc manh nhu may CNC hodc mdy in 3D.
»  Goc bude chinh xac: Goc bude 1.8° (200 bude/vong) hodc 0.9° (400 bude/vong) cho
phép dieu khién vi tri chinh xac véi sai s6 +5%.
e Tuychon czflu hinh day: H) tro cau hinh bipolar (4 hodc 8 day) hodc unipolar (6 day),
cho phép két ndi linh hoat véi céc driver khac nhau.
e Kich thudc tiéu chudn: Kich thuéc mit truée 57 x 57 mm va chiéu dai than tir 41
mm dén 114 mm, twong thich v&i nhiéu hé thong lap dat.
« Do bén cao: Nhiét do hoat dong tir -20°C dén 50°C, kha nang chiu nhiét do ting t6i
da 80°C, va dién trd cach dién 100MQ (min) tai 500V DC.
e Tuy chinh linh hoat: Co thé tuy chinh truc (D-shaft, truc vit, hodc truc kép), do dai
day, hodc tich hgp by ma hoa (encoder) va hop so (gearbox).

« Hiéu suét thip tleng on va rung: Str dung nam cham dat hiém (rare earth magnets)
dé giam rung va tiéng 6n, cai thién hiéu qua van hanh.

3. Cach st dung dong co buéc NEMA 57 véi Arduino IDE va VSCode

NEMA 23 thuong duoc diéu khién bang cac driver budc va lap trinh thong qua cac phan
mém nhu Arduino IDE hoac VSCode. Duéi day la hudng dan chi tiét cach st dung dong co
nay voi hai moi truong 1ap trinh.

3.1. Stir dung v61 Arduino IDE
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« Chuén bi phan cung:

e Dong co NEMA 23: Chon model phu hop, vi du: 23HS22-2804S (1.26 Nm,

2.8A, 4 day).

e Driver budc: St dung driver nhu TB6600 hoac A4988, dam bao dong dién

va dién ap tuong thich.

e Bo mach Arduino: Arduino Uno hoac Mega thuong dugc st dung.
« Ngudn dién: Ngudn DC 24-48V cho NEMA 23 (khuyén nghi).

e K&t ndi phan cling:

« Két nbi 4 day ciia dong co (den, xanh 14, d6, xanh duong) véi driver theo

ding cap cudn day (black-green, red-blue).

o Nbi driver v6i Arduino: Vi dy, chan STEP va DIR cua driver TB6600 v&i céc

chan digital ctia Arduino (nhu chan 8 va 9).
« Két ndi ngudn dién véi driver.

e Lép trinh trong Arduino IDE:

o Cai dat thu vién AccelStepper hodc Stepper dé diéu khién dong co bude:

bash
#include <AccelStepper.h>
// Dinh nghia driver va chan
AccelStepper stepper(AccelStepper::DRIVER, 8, 9); / STEP: 8, DIR: 9
void setup() {
stepper.setMaxSpeed(1000); // Toc do t6i da
stepper.setAcceleration(500); // Gia toc
h
void loop() {
stepper.moveTo(200); // Quay 200 budc (1 vong véi goc 1.8°)
stepper.runToPosition(); / Chay dén vi tri
delay(1000);
stepper.moveTo(0); // Quay vé vi tri ban dau
stepper.runToPosition();
delay(1000);

e Bién dich va nap ma vao Arduino qua Arduino IDE.
o Kiém tra va tinh chinh:

o St dung Serial Monitor dé theo di trang thai dong co.

o Diéu chinh microstepping trén driver dé tang do min (vi du: 1/16 hodc 1/32

budc).
3.2. St dung véi Visual Studio Code (VSCode)
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bash

Cai dat moi truong:
e (Cai dat VSCode va phén mo rong PlatformIO hodc Arduino dé 1ap trinh
Arduino.

e Céiu hinh dy 4n Arduino trong VSCode, thém thu vién AccelStepper qua
PlatformlO.

Viét va nap ma:
e Tao du an mdi trong PlatformlO, chon bo mach (Arduino Uno/Mega).

¢ St dung ma tuong tu nhu trong Arduino IDE, nhung tan dung tinh nang
IntelliSense cua VSCode dé goi y ma va go 10i.

« Nap mi qua cong USB bang 1énh:

pio run --target upload

Uu diém ctia VSCode:
e HO trg g& 16i (debugging) va tich hop Git.
 Quan Iy dy 4n phuc tap hon Arduino IDE, phi hop véi cac hé thong 16n.

3.3. Tich hop v6i YOLOvV5/YOLOVS (néu cin)

Trong céc du an két hop thi gidc mdy tinh (vi du: robot ty hanh sir dung YOLOVS dé phat
hién doi tugng va NEMA 23 dé€ di chuyén), ban c6 thé:

Str dung YOLOVS trén Google Colab dé huan luyén mé hinh phat hién dbi tuong
(nhu trong Phu luc 4).

Két nbi dau ra cua YOLOVS (vi tri d6i tuong) v0i Arduino/VSCode dé diéu khién
dong co NEMA 23 di chuyén dén vi tri mong muon.

Vi du: Phat hign mot doi twong bing YOLOVS, tinh toén goc quay can thiét, va giri
1énh dén Arduino dé diéu khién NEMA 23.

4. Uu diém cta dong co busc NEMA 57 (NEMA 23)

Md-men xoan cao: Phit hop cho cac tmg dung céng nghiép nhu CNC, in 3D, hodc
robot.

bo chinh xéac cao: Goc bude 1.8° hodc 0.9° dam bao diéu khién vi tri chinh xac ma
khong can by ma hoa.

Tuong thich da dang: Hoat dong v&i nhiéu driver va bo mach diéu khién nhu
Arduino, Raspberry Pi, hodc PLC.

Tuy chinh linh hoat: C6 thé thém truc kép, bd ma hoa, hodc hop sd dé dap tng nhu
cau cu thé.

Do bén va dang tin cdy: Hoat dong 6n dinh trong méi truong khic nghiét (-20°C dén
50°C).

Chi phi hop 1y: Gia thanh canh tranh, dic biét v6i cac model tir cac nha cung cap nhur
STEPPERONLINE hoéc Pololu.

5. Han ché cua dong co buéc NEMA 57 (NEMA 23)
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« Rung va tiéng ép: O ché d6 toan budc (full-step), dong co co thé rung manh, can
microstepping dé€ gidm rung.

« Hiéu suét giam & toc do cao: NEMA 23 hoat dong tot nhat & toc do dudi 1000 RPM
(1000-3000 PPS tai 0.9°).

« Yéu cau driver phii hop: Can driver manh dé cung cip dong dién va dién ap chinh
xac, dac biét vdi cac model c6 dong cao (4.2A).

« Khéng phu hop véi tai quan tinh 16n: Can hop sé hodc dong co kich thudc 16n hon
(NEMA 34) cho céc ing dung c6 quan tinh cao.

6. Ung dung thuc té ciia dong co buéc NEMA 57 (NEMA 23)
NEMA 23 duogc st dung trong nhiéu linh vuc nhd mé-men xoén cao va do chinh xac:
« May in 3D: Diéu khién chuyén dong cua dau in va ban in.
e May CNC: biéu khién truc X, Y, Z trong cac may phay, cit laser, hodc plasma.
« Robot: Sir dung trong cac canh tay robot hodc xe ty hanh dé diéu khién chuyén dong
chinh xac.
o Tu dong hoa cong nghiép: Ung dung trong may gap va dit (pick-and-place), bang
chuyén, hodc may dong goi.
« Thiét bi y té: Diéu khién vi tri trong cac thiét bi nhu may quét CT hoic robot phiu
thuat.
« Hé théng IoT: Két hop v6i YOLOvV5/YOLOVS trong cac du an nhu camera thong
minh hodc robot gidm sat.
7. Tai nguyén va ho tro:

e Nha cung cédp: STEPPERONLINE (www.omc-stepperonline.com) (www.omc-
stepperonline.com), Pololu (www.pololu.com) (www.pololu.com), Oyostepper
(www.oyostepper.com) (www.oyostepper.com), va Motion Control Products
(www.motioncontrolproducts.co.uk) (www.motioncontrolproducts.co.uk) cung cap
dong co NEMA 23 véi nhiéu tity chon.

o Tai liéu k¥ thuat: Datasheet tlr cic nha san xuat nhu Pololu hodc Lin Engineering
cung cap thong so chi tiét.

« Cong dong: Dién dan Arduino, Reddit, hogc Stack Overflow hd trg 13p trinh va dicu
khién NEMA 23.

e Huéng din truc tuyén: Cac video trén YouTube va bai viét trén Adafruit
(learn.adafruit.com) hudng dan cach két noi va lap trinh.

8. Két luan:

bong co buéc NEMA 57 (NEMA 23) la mot giai phap manh mé va linh hoat cho cac ng
dung yéu cau diéu khién vi tri chinh x4c va mo-men xodn cao. Vi kha ning tich hop dé
dang v6i Arduino IDE, VSCode, va céac driver budc phd bién, NEMA 23 phii hop cho ca
ngudi mai bat dau va cac ky su chuyén nghiép. Trong cac du an két hop thi gidc may tinh,
NEMA 23 ¢6 thé duoc st dung cung YOLOv5/YOLOvVS dé tao ra cac hé théng thong minh
nhu robot hodc may ty dong hoa. Mac du cdé mot s6 han ché vé rung va hi¢u suit ¢ tbe do
cao, NEMA 23 vén 1 lya chon hang dau trong nhiéu ing dung cong nghiép va sang tao nhd
d6 bén, chi phi hop 1y, va tinh twong thich cao.
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PHU LUC 5: PONG CO MY1016Z2-350W
1. Téng quan vé dong co MY 1016Z2-350W

bong co MY 1016Z2-350W 1a mdt loai dong co DC chdi than (brushed DC motor) duoc
thiét ké véi co ché giam tdc (geared motor), thudng duge sir dung trong cac tmg dung xe
dién nhu xe dap dién, xe scooter, xe dién tré em, va cac du an tu ché (DIY) nhu robot hoac
xe ty hanh. Dong co nay thudc dong MY 1016Z cua cac nha san xuat Trung Qudc, ching han
nhu Changzhou Lunyee Electromechanical Manufacturing Co., Ltd., va duoc phan phdi rong
rdi trén cac nén tang nhu Amazon, Shopee, va cac nha cung cap linh kién dién tir nhu Zbotic
hoac KitsGuru.

MY1016Z22-350W hoat dong ¢ dién ap dinh murc 24V (hodc d61 khi 36V tuy blen thé), voi
cong suat 350W, tc do quay khoang 330-370 RPM sau giam tdc, va mo-men xodn cao, phu
hop cho cdc tmg dung yéu cau lyc kéo manh ¢ téc d6 thap. Pong co duge tich hop hop s6
giam tbc (gearbox) voi ty 1€ giam tdc khoang 23.2:1, sir dung banh rang xich (#410, thuong
9 hodc 16 rang) dé truyén luc, gilp tang mo6-men X04n va giam tbc do quay. Pong co nay
ndi bat véi thiét ké nho gon, 6 bén cao, va chi phi hop 1y, khién n6 tro thanh lya chon phd
bién cho cac du an xe dién va robot.

So vo1 dong co budc NEMA 23 (dugce dé cap trong Phu luc 5), MY1016Z2-350W khong
cung cap kha nang diéu khién vi tri chinh xéac nhu dong co bude, nhung bu lai, nd c6 cong
sudt 16n hon va phu hop cho cac img dung yéu cau chuyén dong lién tuc v6i lyc manh, chang
han nhu di chuyén xe hodc tai nang.

2. Céc tinh nang chinh ctia dong co MY 1016Z22-350W

MY 1016Z2-350W dugc thiét ké v6i nhiéu tinh nang ndi bat, phu hop cho cac tmg dung xe
dién va du an DIY:

 Cong suit manh mg: Cong suat dinh mirc 350W, cung cdp mo-men xoan cao (khoang
0.98-1.93 Nm tuy cau hinh), 1y tudng cho xe dap di¢n, scooter, hoac robot tai trong
180-220 kg.

o Tbc do giam tde: Toe d6 dinh mac khoang 330 RPM (sau giam t(‘),c tu 24Q0—3700
RPM khong tai), phu hop cho cac ting dung yéu cau luc kéo 16n ¢ toc do thap.

« Hop sb tich hop: Ty I¢ giam toc 23.2:1, sir dung banh rang xich #410 (9 hoac 16
rang), ting mo-men xoan va dam bdao truyén luc hiéu qua.

e Dién 4p linh hoat: Hoat dépg ¢ 24V hodc 36V (tuy model), véi dong dinh mirc
khoang 13.7-14.8A, hi¢u suat dong co dat 70—76%.

o Thiét ké bén bi: Stir dung 100% day dong, vo thép chéc chan, va bao vé than may loai
kin (enclosed type), phu hop cho cac moi truong khac nghiét nhu xe dia hinh (ATV)
hodc robot ngoai troi.

 Tuy chinh linh hoat: Hb tro cac tily chon nhu truc dai (55 mm), banh xe rang ty do
(freewheel), hodc dai rong roc (belt pulley), phtt hop cho nhi€u trng dung khéac nhau.

 Tiéng ép thap: Pong co hoat dong ém 4ai, giam rung va tiéng 6n nho thiét ké banh
rang xoan (helical gear) va nam cham vinh ctru (PMDC).

D& lap dat: Kich thudc nho gon (dudng kinh truc 17 mm, chiéu dai tong thé khoang
100—150 mm), d€ tich hop vao xe dap, scooter, hodc robot.

3. Cach str dung dong co MY 1016Z2-350W véi Arduino IDE va VSCode
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DPong co MY 1016Z2-350W 1a dong co DC chdi than, thuong duoc diéu khién bang bo diéu
khién téc do (motor controller) nhu IC diéu tdc (vi du: IC 24V 500W hodc bd diéu khién
PWM) thay vi driver budc nhu NEMA 23. Dudi ddy 1a hudng déan chi tiét cach sir dung dong
co ndy voi Arduino IDE va VSCode, cung cach tich hop véi YOLOvS5/YOLOvS8 néu can.

3.1. St dung v6i Arduino IDE

 Chuén bj phan cimg:

DPong co MY 1016Z2-350W: Dién ap 24V, cong suit 350W, banh rang xich 9
rang (#410).

B¢ diéu khién tdc do: Sir dung IC dicu téc 24V 500W hodc module PWM
nhu L298N (cho thir nghiém cong suat thap) hodac ESC (Electronic Speed
Controller) cho xe dién.

Bo mach Arduino: Arduino Uno hodc Mega, v6i ngudn 24V DC (pin hoic
adapter).

Phu kién: Chéan ga, cong tac ddo chi€u (néu can), va day dau noi.

o K&t noi phan cliing:

Két nbi dong co v6i bo diéu khién toc do: Pong co MY 1016Z2-350W ¢6 2
day (do va den) ndi véi dau ra cia IC dicu toc.

N&i IC diéu tdc v6i Arduino: Chan PWM (nhu chan 9) diéu khién téc do,
chan digital (nhu chan 8) diéu khién chiéu quay (néu c6 dao chiéu).

Két ndi chan ga (néu st dung): Day do (5V), den (GND), va xanh (tin hiéu)
cua chan ga n6i véi IC diéu toc.

Két ndi ngudn 24V véi IC didu tbc va GND chung vé6i Arduino.

o Lap trinh trong Arduino IDE:

cpp

Str dung PWM dé diéu khién toc do dong co:

const int pwmPin = 9; / Chan PWM diéu khién téc do

const int dirPin = 8; // Chan diéu khién chiéu (néu c6)

void setup() {

pinMode(pwmPin, OUTPUT);

pinMode(dirPin, OUTPUT);
analogWrite(pwmPin, 0); // Tbc do ban dau = 0
digitalWrite(dirPin, HIGH); / Chiéu quay thuan

void loop() {

// Tang tc @6 tir 0 dén 100%
for (int speed = 0; speed <= 255; speed +=5) {

Phu luc

15



analogWrite(pwmPin, speed);
delay(100);

}

delay(2000);

// Giam toc do vé 0

for (int speed = 255; speed >= 0; speed -=5) {
analogWrite(pwmPin, speed);

delay(100);
}
delay(2000);
b
e Bién dich va nap ma qua Arduino IDE.
 Kiém tra va tinh chinh:
e Str dung Serial Monitor dé theo doi toc do va trang thai.
« Diéu chinh gia tri PWM (0-255) d¢ dat toc d6 mong mudn.
 Néu sir dung chan ga, doc tin hiéu analog tir chan ga (A0) dé diéu khién toc
do:
cpp

int speed = map(analogRead(A0), 0, 1023, 0, 255);
analogWrite(pwmPin, speed);
3.2. Str dung v61 Visual Studio Code (VSCode)
o Cai dat moi truong:
« Cai dat VSCode va phan mé rong PlatformIO hodc Arduino.
e Tao du an Arduino trong PlatformIO, chon bo mach (Arduino Uno/Mega).
e Viét va nap ma:

e Sir dung ma tuong ty nhu trong Arduino IDE, tin dung IntelliSense va g& 16i
cua VSCode.

« Nap mi qua cong USB bang lénh:
bash
pio run --target upload
« Uu diém cia VSCode:
e HO) trg quan ly du an 16n, tich hop Git, va g 16i.

« Phu hop cho cac hé théng phuc tap két hop nhiéu thanh phan (vi du: dong co
va YOLOVS).

3.3. Tich hop v6i YOLOvV5/YOLOVS (néu can)
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Trong cac du an nhu gobot tu hanh hodc xe di¢n thong minh, MY 1016Z2-350W c6 thé duoc
diéu khién dya trén dau ra tr YOLOvVS5/YOLOV8 (duoc huan luyén trén Google Colab, nhu
trong Phu luc 3 va 4):

e Quy trinh:

e St dung YOLOVS trén Colab dé phat hién ddi twong (vi du: ngudi, xe,
chudng ngai vat).

e Truyén toa d6 hoic lénh (qua giao tiép UART hoic Wi-Fi) tir may
tinh/Raspberry Pi chay YOLOvV8 dén Arduino.

e Arduino diéu khién MY1016Z2-350W dé di chuyén, ding, hodc dbi hudng
dua trén 1é€nh.

e Vidu: Néu YOLOVS phat hién ch}r('mg ngai vat ¢ phia trude, gui Iénh “STOP” dén
Arduino, Arduino dat PWM = 0 dé¢ dung dong co.

e Ma mau (Arduino nhan lénh tir Serial):
cpp
if (Serial.available() > 0) {
String command = Serial.readStringUntil("\n");
if (command == "STOP") {
analogWrite(pwmP1in, 0);
} else if (command == "FORWARD") {
analogWrite(pwmPin, 255);
digital Write(dirPin, HIGH);
b

}
4. Uu diém ctia dong co MY 1016Z2-350W

e C(Cong suat manh mé&: 350W, phu hop cho xe dién tai trong 180-220 kg hodc robot
nang.

e Mo6-men xodn cao: Hop s giam tdc tang luc kéo, 1y twong cho xe dia hinh, scooter,
hodc xe kéo mini.

o  Chi phi hop ly: Gia thanh tir 900.000-1.500.000 VND, ré hon nhiéu so v&i dong co
BLDC cung cong suat.

« D& lip dat: Thiét ké nho gon, banh ring xich tiéu chuan, d& tich hop vao xe dap,
scooter, hodc robot.

o DO bén cao: Vo thép, day déng 100%, va bao v¢ kin, chiu dugc moi truong khéc
nghiét.

. U’ng dung da dang: Phu hop cho xe dién, robot, mdy td1 mini, hodc may phat dién tu
ché.

5. Han ché cta dong co MY 1016Z2-350W

« Choi than hao mon: La dong coDC chéi than, chdi than can thay dinh ky, giam tudi

tho so véi dong co khong chdi than (BLDC).
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Tiéng On va rung: Mic du duogc tdi wu, dong co van co tiéng on tir hop sé va chdi
than, khong ém ai nhu BLDC.

Hiéu suét trung binh: Hiéu sudt 70-76%, thap hon so véi dong co BLDC (thuong
>85%).

Khong diéu khién vi tri chinh xac: Khong pht hop cho cac tmg dung can diéu khién
vi tri nhu dong co buéc NEMA 23.

Yéu cau bo diéu khién phu hgp: Can IC diéu toc hogc ESC manh dé xir Iy dong 13.7-
14.8A, tang chi phi h¢ thong.

Bao hanh ngdn: M6t s6 nha cung cap chi bao hanh 15 ngay cho 16i san xuét, can kiém
tra ky trudc khi str dung.

6. Ung dung thuc té ciia dong co MY 1016Z2-350W

MYIQ 1672-350W duoc st dung rong rai trong nhiéu linh vuc nhd cong sut manh va chi
phi thap:

Xe dap dién va scooter: Nang cép hodc ché tao xe dap dién, scooter v&i tde do 25—
30 km/h, quang duong 15-17 km (v6i pin 7.5Ah).

Xe dién tré em: Diéu khién 6 to dién, xe may dd choi voi tai trong lén dén 100 kg.

Robot va xe tu hé}nh: Str dung trong robot chién dau (combat robots), robot ATV,
hoac xe tu hanh két hop véi YOLOvS/YOLOVS.

Dy an DIY: May toi mini, may phét dién tu ché, hodc xe kéo nho.

Cong nghiép nhe: Didu khién bang chuyén nhé hoic thiét bi van chuyén trong xudng
san xuat.

Ung dung IoT: Két hop voi Arduino/Raspberry Pi va YOLOvS dé tao xe dién thong
minh hodc robot giam sat.

7. Tai nguyén va hd trg

Phu luc

Nha cung cip: Cac nén tang nhu Shopee (shopee.vn/motor2hand), Amazon
(www.amazon.com) (www.amazon.com), Zbotic (zbotic.in), va KitsGuru
(kitsguru.com) cung cap MY 1016Z2-350W vé1 gia canh tranh.

Tai lidu ky thuat: Datasheet tir nha san xuat (nhu Changzhou Lunyee) hoic tai liéu
tur Motor2Hand (www.motor2hand.com) (www.motor2hand.com) cung cap thong s6
chi tiét.

Cong dong: Dién dan  Arduino, nhém  Facebook  Motor2Hand

(www.facebook.com/motor2handhn)  (www.facebook.com/motor2handhn), hoac
phutungxedapdien.net ho trg vé lap dat va di€u khién.

Huéng dan truc tuyén: Video YouTube tir Motor2Hand hodc bai viét trén
xedienmotordien.com hudng dan ché xe dién vo1t MY 1016Z22-350W.
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PHU LUC 6: BO PIEU KHIEN PONG CO BTS7960

1. Téng quan vé bo diéu khién dong co BTS7960

BTS7960 1a mot bd didu khién dong co H-cau (H-bridge motor driver) cong sut cao,
dugc thiét ké boi Infineon Technologies, mot cong ty ban dan hang dau co tru so tai
Dtrc. Module BTS7960 str dung chip BTS7960 (thudc dong NovalithIC™) bao gom
mdt MOSFET kénh-p phia cao (p-channel high-side) va mdt MOSFET kénh-n phia
thip (n-channel low-side), tich hop v6i mot mach diéu khién (driver IC) trong mot
g6i duy nhét. Module nay thudng dugc cdu hinh véi hai chip BTS7960 dé tao thanh
mot H-cau hoan chinh, cho phép diéu khién dong co DC cong sut 16n, nhu dong co
MY 1016Z2-350W (da dé cap trong Phu luc 6), voi dong dién 1én dén 43A va dién
ap tir 6V dén 27V.

BTS7960 duoc thiét ké dé diéu khién cac dong co DC, dong co budc (stepper motor),
hoic dong co BLDC ba pha (3-phase BLDC) trong cac tng dung yéu cau dong cao,
chang han nhu xe dién, robot, may CNC, hoic cac dy an ty dong hoa. Module nay
hd tro diéu ché d6 rong xung (PWM) vdi tan s 1én dén 25 kHz, cho phép diéu khién
tbc do va hudng quay ciia dong co mot cach muot ma. Ngoai ra, BTS7960 tich hop
cac tinh nang bao v¢é nhu chéng quéa nhiét, qua ap, thép ap, qua dong, va ngén mach,
dam bao an toan cho ca dong co va vi diéu khién.

BTS7960 thuong dugc su dung vdi cac vi diéu khién nhu Arduino, ESP32, hoic
Raspberry Pi, va c6 thé dugc lap trinh thong qua Arduino IDE hodc VSCode. Trong
cac du an phuc tap, BTS7960 co thé duoc tich hop véi cac hé théng thi gidc may tinh
nhu YOLOV5/YOLOVS (dugc huin luyén trén Google Colab) dé diéu khién dong co
dua trén két qua phat hi¢n ddi tuong.

2. Céc tinh nang chinh cia BTS7960

Phu luc

BTS7960 noi bt voi nhiéu tinh nang tién tién, pht hop cho cac ing dung diéu khién
dong co cong suat cao:

Dong dién cao: Ho trg dong dién dinh 43A (véi tn nhiét phu hop), phtt hgp cho dong
co nhu MY 1016Z2-350W hodc cac dong co DC khéc.

bién 4p rong: Hoat dong tir 6V dén 27V, tuong thich véi nguén 12V hodc 24V thuong
dung trong xe di¢n va robot.

H-cau tich hop: Sir dung hai chip BTS7960 dé tao H-cau, cho phép diéu khién ca tdc
do va hudng quay (thuan/nguorc).

PWM tan §6 cao: Hb trg PWM 1én dén 25 kHz, dam bao diéu khién tdc d6 muot ma
va giam tiéng 6n dong co.

Béo vé toan dién: Bao gdm bao v¢ chéng qué nhiét, qua ap, thap ap (tat tai 5.4V, bat
lai tai 5.5V), qua dong, va ngan mach, ting d6 an toan va tudi tho.

Tich hgp cam bién dong: Cung cép tin hi¢u chan doan dong (current sense) qua cac
chan R_IS va L IS, gitip giam sat trang thai dong co.

Giao tiép vi diéu khién d& dang: Hd tro mirc logic 3.3V-5V, trong thich v&i Arduino,
ESP32, hoac Raspberry Pi.

Tan nhiét hi¢u qua: Module di kém tan nhiét 16n, nhung can bd sung tan nhiét phy
khi hoat dong & dong trén 25A lién tuc.
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Céch ly tin hiéu: Str dung chip 74HC244 dé cach ly vi diéu khién va dong co, gidm
nhicu dién tir (EMI).

Kich thudc nhé gon: Kich thude khoang 50 x 50 x 43 mm, dé tich hop vao céc du an
robot hodc xe dién.

3. Céch str dung BTS7960 véi Arduino IDE, VSCode, va MY 1016Z2-350W

Phu luc

BTS7960 dugc st dung dé diéu khién~ cac dong co DC cong sudt cao nhu
MY1016Z22-350W. Duéi déay 1a hudng dan chi ti€t cach sir dung module nay voi
Arduino IDE va VSCode, cung cach tich hop vdi YOLOvVS5/YOLOvVS néu can.
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PHU LUC 7: BO PIEU KHIEN PONG CO BTS7960

1. Téng quan vé bo diéu khién dong co BTS7960

BTS7960 1a mot bd didu khién dong co H-cau (H-bridge motor driver) cong sut cao,
dugc thiét ké boi Infineon Technologies, mot cong ty ban dan hang dau co tru so tai
Dtrc. Module BTS7960 str dung chip BTS7960 (thudc dong NovalithIC™) bao gom
mdt MOSFET kénh-p phia cao (p-channel high-side) va mdt MOSFET kénh-n phia
thip (n-channel low-side), tich hop v6i mot mach diéu khién (driver IC) trong mot
g6i duy nhét. Module nay thudng dugc cdu hinh véi hai chip BTS7960 dé tao thanh
mot H-cau hoan chinh, cho phép diéu khién dong co DC cong sut 16n, nhu dong co
MY 1016Z2-350W (da dé cap trong Phu luc 6), voi dong dién 1én dén 43A va dién
ap tir 6V dén 27V.

BTS7960 duoc thiét ké dé diéu khién cac dong co DC, dong co budc (stepper motor),
hoic dong co BLDC ba pha (3-phase BLDC) trong cac tng dung yéu cau dong cao,
chang han nhu xe dién, robot, may CNC, hoic cac dy an ty dong hoa. Module nay
hd tro diéu ché d6 rong xung (PWM) vdi tan s 1én dén 25 kHz, cho phép diéu khién
tbc do va hudng quay ciia dong co mot cach muot ma. Ngoai ra, BTS7960 tich hop
cac tinh nang bao v¢é nhu chéng quéa nhiét, qua ap, thép ap, qua dong, va ngén mach,
dam bao an toan cho ca dong co va vi diéu khién.

BTS7960 thuong dugc su dung vdi cac vi diéu khién nhu Arduino, ESP32, hoic
Raspberry Pi, va c6 thé dugc lap trinh thong qua Arduino IDE hodc VSCode. Trong
cac du an phuc tap, BTS7960 co thé duoc tich hop véi cac hé théng thi gidc may tinh
nhu YOLOV5/YOLOVS (dugc huin luyén trén Google Colab) dé diéu khién dong co
dua trén két qua phat hi¢n ddi tuong.

2. Céc tinh nang chinh cia BTS7960

Phu luc

BTS7960 noi bt voi nhiéu tinh nang tién tién, pht hop cho cac ing dung diéu khién
dong co cong suat cao:

Dong dién cao: Ho trg dong dién dinh 43A (véi tn nhiét phu hop), phtt hgp cho dong
co nhu MY 1016Z2-350W hodc cac dong co DC khéc.

bién 4p rong: Hoat dong tir 6V dén 27V, tuong thich véi nguén 12V hodc 24V thuong
dung trong xe di¢n va robot.

H-cau tich hop: Sir dung hai chip BTS7960 dé tao H-cau, cho phép diéu khién ca tdc
do va hudng quay (thuan/nguorc).

PWM tan §6 cao: Hb trg PWM 1én dén 25 kHz, dam bao diéu khién tdc d6 muot ma
va giam tiéng 6n dong co.

Béo vé toan dién: Bao gdm bao v¢ chéng qué nhiét, qua ap, thap ap (tat tai 5.4V, bat
lai tai 5.5V), qua dong, va ngan mach, ting d6 an toan va tudi tho.

Tich hgp cam bién dong: Cung cép tin hi¢u chan doan dong (current sense) qua cac
chan R_IS va L IS, gitip giam sat trang thai dong co.

Giao tiép vi diéu khién d& dang: Hd tro mirc logic 3.3V-5V, trong thich v&i Arduino,
ESP32, hoac Raspberry Pi.

Tan nhiét hi¢u qua: Module di kém tan nhiét 16n, nhung can bd sung tan nhiét phy
khi hoat dong & dong trén 25A lién tuc.
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Céch ly tin hiéu: Str dung chip 74HC244 dé cach ly vi diéu khién va dong co, gidm
nhicu dién tir (EMI).

Kich thudc nhé gon: Kich thude khoang 50 x 50 x 43 mm, dé tich hop vao céc du an
robot hodc xe dién.

3. Céch str dung BTS7960 véi Arduino IDE, VSCode, va MY 1016Z2-350W

BTS7960 dugc st dung dé diéu khién~ cac dong co DC cong sudt cao nhu
MY1016Z22-350W. Duéi déay 1a hudng dan chi ti€t cach sir dung module nay voi
Arduino IDE va VSCode, cung cach tich hop vdi YOLOvVS5/YOLOvVS néu can.

3.1. St dung v6i Arduino IDE

Chuan bj phan ctng:

Module BTS7960: Module H-cau d6i véi dong tbi da 43A.

bong co: MY 1016Z22-350W (24V, 350W, 13.7A).

Bo mach Arduino: Arduino Uno hodc Mega.

Ngudn dién: Nguon DC 24V, cong suat ti thicu 400W (dam bao dong >15A).
Day nbi: Day chiu tai cao cho dong co va day tin hiéu cho Arduino.

Két ndi phan cing:

Nguén dong co: Noi VM+ (B+) va GND (B-) ctia BTS7960 v&i ngudn 24V.

Nguodn logic: Néi VCC (5V) va GND cua BTS7960 vg1 5V va GND cua Arduino
(hodc dung nguodn 5V tich hop trén module).

Pong co: N6i hai day ciia MY 1016Z2-350W véi M+ va M- cia BTS7960.
Tin hiéu diéu khién:

RPWM (PWM thuan) — Chan PWM Arduino (vi du: chan 5).

LPWM (PWM ngugc) — Chan PWM Arduino (vi du: chan 6).

R _EN (kich hoat thudn) — Chan digital Arduino (vi du: chan 7).

L _EN (kich hoat ngugc) — Chan digital Arduino (vi du: chan 8).

R IS va L_IS (cam bién dong, tily chon) — Chén analog Arduino (vi du: A0, Al)
néu can giam sat dong.

So dd két ndi (tham khao tir Instructables):

Lap trinh trong Arduino IDE:

St dung PWM dé diéu khién téc do va hudng quay cia MY 1016Z2-350W:
cpp

Str dung Serial Monitor dé theo di trang thai.

Diéu chinh tan s6 PWM (mic dinh Arduino ~970Hz, ¢6 thé ting 1én ~3.92kHz trén
Arduino Mega bang cach cau hinh timer, nhu trong ma mau tir Instructables).

Kiém tra tan nhiét: Néu dong vuot 25A, can thém tan nhiét phu trén chip BTS7960.

3.2. Str dung voi1 Visual Studio Code (VSCode)

Phu luc

Cai dat moi truong:
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o Cai dat VSCode va phan mé rong PlatformIO hodc Arduino.
e Tao du an Arduino trong PlatformIO, chon bo mach (Arduino Uno/Mega).

e Vi€t va nap ma:

e St dung mi tuong tu nhu trong Arduino IDE, tdn dung IntelliSense va g& 16i cua

VSCode.
« Nap mi qua cong USB bang 1énh:
bash

pio run --target upload

Phu luc
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PHU LUC 8: BQ PIEU KHIEN PONG CO TB6560

1. Téng quan vé TB6560

TB6560 13 mot bo diéu khién dong co bude (stepper motor driver) cong sut trung
binh, sir dung chip TB6560AHQ cua Toshiba, duoc thiét ké dé diéu khién dong co
budc 2/4 pha, 4/6 diy, nhuw NEMA 23 (dd dé cap trong Phu luc 5). Module nay hd
trg dong dién tdi da 3.5A (dinh), dién &p 10-35V DC, va cac ché do microstepping
(1/1, 1/2, 1/8, 1/16), phu hop cho cac trng dung nhu may CNC, in 3D, hodc robot.
TB6560 tich hop bao vé qua dong, qua nhiét, va thap ap, nhung khong c6 bao vé dao
nguoc dién ap, doi hoi can than khi két nbi ngudn.

TB6560 duoc diéu khién qua cac tin hiéu STEP, DIR, va ENABLE, tuong thich véi
vi diéu khién nhu Arduino hodc Raspberry Pi, lap trinh bang Arduino IDE hoic
VSCode. So v&i BTS7960 (Phu luc 7), TB6560 danh riéng cho dong co budc, khong
phu hop cho dong co DC nhu MY 1016Z22-350W.

2. Tinh néng chinh

Dong dién va dién ap: HO tro dong tdi da 3.5A, dién ap 10-35V, phu hop cho NEMA
23 (dong <3A).

Microstepping: Ché do 1/1, 1/2, 1/8, 1/16, tang d§ min va gidm rung.

Bao vé: Chdng qué dong, qué nhiét, va thap ap, nhung thiéu bao vé ddo nguoc dién
ap.

Opto-coupler: Tich hop 6N137 tdc d6 cao, cach ly tin hiéu STEP/DIR, giam nhiéu.
Ché d¢ giam dong: Giam dong khi dong co dimg, tiét kiém nang lugng va giam nhiét.
Kich thudc nho: 50 x 75 x 35 mm, dé lip dat.

Cai dat linh hoat: Sur dung cong tac DIP dé diéu chinh dong, microstepping, va ché
do suy giam (decay mode).

3. Cach sur dung v6i Arduino IDE va VSCode

TB6560 duoc st dung dé diéu khién dong co budc nhu NEMA 23, khong twong thich
v6oi dong co DC nhu MY 1016Z22-350W.

3.1. St dung v61 Arduino IDE

Phu luc

Chuan bi phan ctng:

TB6560: Module véi dong tdi da 3.5A.

bong co: NEMA 23 (<3A, vi du: 23HS22-2804S, 2.8A).
Arduino: Uno hodc Mega.

Ngudn: 24V DC (>100W).

Két nbi:

Ngudn: VCC va GND cta TB6560 v6i ngudn 24V.
Pong co: Nbi A+, A-, B+, B- v6i dau ra TB6560 (theo datasheet dong co).
Tin hiéu:

CLK+ (STEP) — Chan PWM Arduino (chan 9).

CW+ (DIR) — Chan digital Arduino (chan 8).
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e CLK-, CW- — GND Arduino.
o EN+, EN-: Dé ngo (enable mic dinh).
e Cai dat DIP switch: Vi dy, S1-S2 (dong 2.8A), S3-S4 (1/8 microstepping).
e Lap trinh:
e Su dung thu vién AccelStepper:
* Cpp
#include <AccelStepper.h>
AccelStepper stepper(AccelStepper::DRIVER, 9, 8); // STEP: 9, DIR: 8
void setup() {
stepper.setMaxSpeed(1000);
stepper.setAcceleration(500);
b
void loop() {
stepper.moveTo(1600); // 1 vong (200 budc x 8 microsteps)
stepper.runToPosition();
delay(1000);
stepper.moveTo(0);
stepper.runToPosition();
delay(1000);
b
Nap ma qua Arduino IDE.
e Kiém tra:
« Sir dung Serial Monitor dé theo dai.
« Diéu chinh microstepping va dong qua DIP switch dé giam rung.
3.2. Str dung v61 VSCode
o (Cai dat PlatformIO trong VSCode, tao du 4n Arduino.
« St dung ma twong tu nhu Arduino IDE, tan dung IntelliSense va g& 16i.
« Nap mi bang 1énh: pio run --target upload.
e VSCode phu hgp cho du an 16n, tich hgp vé1 YOLOvVS hoac Git.
e 3.3.Tich hop v6i YOLOvS5/YOLOVS

 Trong dy an robot, YOLOV8 (huép luyén trén Google Colab, Phu luc 4) phat hién
doi tuong (vi du: muc tiéu di chuyén).

« Diu ra YOLOV8 (toa d0) dwoc giri qua UART/Wi-Fi dén Arduino, diéu khién
TB6560 va NEMA 23 d¢€ xoay hodc di chuyén.

e Vidu: Néu YOLOVS phat hién muyc ti€u, Arduino ra I¢nh quay 90° (500 budc véi
1/8 microstepping).
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4. Uu diém

Hi€u qua chi phi: Gia ~300.000-600.000 VND, ré hon TB6600 hoac DM542.
Hiéu suét t6t: HY trg microstepping, giam rung va tiéng on.

Bao vé tich hop: Chéng qua dong, qua nhiét, va thap ap.

Tuong thich rong: Pidu khién NEMA 23, 42, 57, 86 (dong <3A).

D@ str dung: Cong tic DIP don gian hoa cai dit dong va microstepping.

5. Han ché

Thiéu bao vé dao nguoc: Can ki€ém tra nguon can than.

Hi¢u §u§t kém hon driver sé: So véi DM542/DM556, TB6560 (analog driver) co
tiéng On va rung cao hon.

Tan nhiét han ché: Can tan nhiét phu khi dong >2.5A.

Han ché microstepping: Chi hoat dong tdt & 1/8 va 1/16, ché do full/half step co thé
khong 6n dinh.

Khong phu hop dong co DC: Khong dung dugc voi MY 1016Z2-350W.

6. Ung dung thuc té

Phu luc

May CNC: Diéu khién truc X, Y, Z.

May in 3D: Di chuyén dau in hozc ban in.

Robot: Diéu khién canh tay hodc banh xe véi NEMA 23.
Tu dong hoa: Hé thdng bang chuyén, cira tu dong.

IoT va thi gidc may tinh: Két hop véi YOLOVS trong robot gidm sat hoic diéu hudng.

26



PHU LUC 9: CAC MA CODE SU DUNG TRONG DU AN:

Code Arduino IDE

1. Thém cac thw vién va chan

WO oo~ 3w B W N

[ T N T N T = T Ty Sy T
(W N T I < B e R v« B R VR ) [ O U R N T I v

#include <Arduino.h>
#include <Accelstepper.h>

#include <SoftwareSerial.h>

#include <PID v1.h>
#include <Encoder.h>

#define DEBUG MODE // « Chi can comment dong nay lai 1a tat debug

// binh nghia chan két néi

int step X = 11; int Dir X = 12; int ena X = 13;
int step ¥ = 8; int Dir ¥ = 9; int ena Y = 10;

// Khai bao cac chan bong co

#define PWM A 6
#define PWM B 7

// binh nghia cdng tac hanh trinh

#define end X A9
#define end ¥ A8

// Khai bao cac chan encoder

#define EncoderaA 2
#define Encoderg 3
#define EncoderC 4
#define EncoderD 5

2. Khai bao, dit cac gia tri ban dau :
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25
26
27
28
29
308
31
32
33
34
35
36
37
38
39
10
41
42
43

a5
46
a7

T T N W W

wr
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// Cdu hinh théng sé xe

double Duong Kinh Banh Xe = ©.19; // bon vi: m
int Xung_Encoder A = 600;

int Xung_Encoder B = 600;

// Khai bao dir lieu cho PID
double W _Feed Back From DC A;
double PWM Output DC A;
double W_Feed_Back_From_DC_B;
double PWM Output DC B;

double Initial PWM =4@ ; // Giam xung ban dau dé quay nhe

// Cac bién set gia tri
double Set Speed DC A = @; // bon vi: m/s

double Set RPM A = @; // bon vi: vong/phut
double Set Speed DC B = @; // bon vi: m/s
double Set RPM B = @; // bon vi: vong/phut
double Set Speed = 0.8; // bon vi: km/h

// Bién luu gia tri dém encoder
volatile int var_Encoder A = ©;
volatile int var_Encoder B = ©;

// Hé s6 aidu chinh cho distancel
double K_DISTANCE « @.8; // Hé sd didu chinh tdc do banh xe dus trén distancel

J/ ¥hal bdo chan encoder
Encoder myEncoderl(EncoderA, EncoderB);
Encoder myEncoder(EncoderC, EncoderD);

double Sampling Time DC « 100; // Thid pilan 13y mdu 100ms
double Sampling Time Camera = Sampling_Time OC;

// Tham s& PID L4684 vy hoa

double Kp A = 0,05, Xi_ A = 0,01, Kd A = 0.01;

double Kp_B = 9.12, Ki_8 = 9.21, Xd_B = ,05;

// Tham sd PID khoil dong nhe nhang - giam tich phan dé tranh vot 16

double Warmup_Kp A = 8, Warmup_Ki_A = @, Warmup Kd_A = ©;
double Warmup Kp B = 0, Warmup Ki B = @, Warmup Kd B = 9;

[/ HE s8 didu chinh tir khodng cach va goc
double KD = @,7; /{ HE &8 khodng cach
double KTHETA = 2.0; // Hé s& gic

[/ whai bido d6l tugng PID

PID myPID A(&W_Feed Back_From DC_A, &PWM Output OC_A, &Set RPM A, Kp A, Ki_A, Kd A,
PID myPID B(BW Feed Back From DC 8, &PWM Output DC B, &Set RPM B, Kp B, Ki 8, Kd B, DIRECT);
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// Thong <8 robot

wdefine STEPS_PER _DEGREE 4.44 // S0 bugc trén mdi do

#define L1 40.0 // Chidu dai dogn 1

gdefine L2 31.5 // Chidu dai dogn 2

#define R 46.5 // khoang cach tir tém xe 0fn line cBn vE (cm)
#define L 115.0 //Chidu dail cia xe (cm)

// TO1 WU SIEU T - Tang tdc 49 dong co

wdefine MAX SPEED 1000 // Tang tir 1000 1&n SQ0

#define MAX_ACCELERATION S€@ // Tang tir 580 len 4600

#define STEPS_PER_LOOP 1000000 // 56 buoc thye higén mdi 1dn trong runMotors

// khiri tao djng co budc
AccelStepper Step X(1, step X, Dir X);
AccelStepper Step Y(1, step ¥, Dir_Y);

// Bién luu trio dir lidu
float anglel = 0.0;
float distancel = 0.0;
float angle2 = 0.9;
float distance2 = 8.0;

3. Ham khéi tao ban dau khi cip ngudn ciia xe va set up gia trj ban dau :

713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738

an
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void setup()

{
float q1, q2;
/7 731 W Tang tdc dg truydn thong
serial.begin(115200); // tang tir 9680 lén 115200
Sariall.begin(115200); // Tang tir 9600 lén 115200
seriall.setTimeout(5); // TOI Vu: Giam timecut tir 168ms xudng Sms
serial.printin("SUPER BEAST MODE ACTIVATED!");

pinMode(PwM_A, OUTPUT);
pinMode(PWM_B, OUTPUT);

pinMode(EncoderA, INPUT _PULLUP);
attachinterrupt(digitalpinToInterrupt(EncoderA), Interrupt Encoder A, CHANGE);
pintMode(EncederB, INPUT_PULLUP);
attachInterrupt(digitalPintoInterrupt (Encoderg), Interrupt_Encoder_ 8, CHANGE);
pinMode(EncoderC, INPUT_PULLUP);

// B3t PID & ché dp MANUAL va reset I-term
myPID _A.SetMode(MANUAL);

myPID B.SetMode(MANUAL);
myPID_A.Setoutputtimits(e, @);
myPID_B,SetOutputtimits(e, @);
myPI0_A.Compute();

myPID_8.Compute();
myPID_A,SetOutputiimits(@, 255);

—TEFL 11 C bl eidt tmibe i e,

29



// Khdi tao PUM = 0
analoghrite(PuWM A, @);
analoghirite(PwWMm B, ©);

// Tinh toan tham sé& ban dau
Tinh_toan_tham so();

// Cdu hinh chan GPIO
pinMode(end X, INPUT PULLUP);
pinMode(end Y, INPUT PULLUP);

// C&u hinh dong co

Step X.setEnablePin(ena X);

step X.setPinsInverted(false, false, true);

Step X.setMaxSpeed(MAX SPEED); // TOI UU: Tang téc do téi da
Step_Y.setEnablePin(ena Y);

step Y.setPinsInverted(false, false, true);

home X(); // Tim vi tri géc cha dong co X
home_Y(); // Tim vi tri géc cla dong co Y
delay(3000);

// homeY(); // Tim vi tri g8c cla dong co Y

Step_X.setAcceleration(MAX ACCELERATION); // TOI UU: Tang gia téc

Step_ Y.setMaxSpeed(MAX SPEED); // TOI UU: Tang téc do téi da
Step Y.setAcceleration(MAX ACCELERATION); // TOI UU: Tang gia téc

Khoi tao dong luc hoc cho ROBOT sau khi da set Home:

387

388 void initisikinemsticSETuP({float x, float y, float 8q1, float 8q2) {
382 fleat distToTarget = sqri(x™x + y*y);

390 if (distToTarget > (L1 + L2)) {

391 /{ TOI W: Tinh todn nhanh hom va b0 Serial.println
392 X =% * (L1 + L2 - 1) / distToTarget;

393 y =y * (L1 + L2 - 1) / distToTarget;

304 }

395

396 float c2 = (x*™x + y*y - LI7LT - L2%02) / (2 * 11 * 12);
a7

398 // Gl&d han €2 trong khoang [-1, 1] 88 tranh 161 math
399 €2 = constrain(c2, -1.0, 1.8);

400

491 /! Sir dung -sqrt dé co q2 & (elbow-down confiuration)
492 2 = atan2(-sqrt(1 - c2%c2), c2); // Gac g2 si& ludn am
403

494 float s2 = sin(q2);

405 float k1 = L1 + L2 * c2;

496 float k2 = L2 * s52;

aa7 gl = atan2(y, x) - atan2(k2, k1); // Gaoc y1

198

400 {/ b= bae q1 lun duong

418 if (q1 < @) {

411 gl #= 2 * PI;

a12 }

413
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765
766
s?
768
769
770
mn
772
773
774
775
776
777
778
779
788
781
782
783
784
785
786
787
788
789
790
791

4. Ham set vi tri ban dau cho dong co step diéu khién co cdu Robot 2 DOF:

347

Step X.setAcceleration({MAX_ACCELERATION); // TOL Uu: Tang gia tdc
Step Y.setMaxSpeed(MAX_SPEED); [/ 101 WUz Tang toc d) tai da
Step Y.setAcceleration{MAX_ACCELERATION); // TOI Uu: Tang gia tdc

/] &3t ddng co
Step X.enableOutputs();
Step_Y.enableOutputs();

/7 khdi tao vi tref ban dhu khi xe chwa 1éch
initialkinemat icSETUP(R, @, 91, g2);

// Chuyén a8l gic q1, q2 <ang budc (step)
int stepl = (int)(ql * STEPS_PER_DEGREE);
int step2 « (int)(q2 * STEPS_PER_DEGREE);

// Byt vi tri dich cho ca hal dong co
Step X.moveTo(stepl);
Step Y.moveTa(step2);

J/ TOI Wiz 08 chuydn vd vi tri ban dAu nhanh hon

while (Step X.distanceToGo() 1= @ || Step_Y.distanceToGo() |= @) {
if (Step X.distanceToGo() |« @) Step X.run();
if (Step_Y.distancetoGo() |=8) Step Y.run();

1

nifdef DEBUG_MODE
serial.print("Moving to steps: X=");

348 w void home_X() {

349
350
351
352
353
154
358
356
57
158
59 v
369
361
62
363
64
365
366

357
RS
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Step X.setMaxSpeed(200); J/ TOT WU Tang tdc O homing d& nhanh hon
step_X.setarceleration(1e@); // 101 (U Ting gia tdc haming
Step_X.enahleoutputs();

serial.println("Homing X axis...");

Step X.moveTo(-48@9); // Di chuyén vE bén tril

unsigned long startTime = millis();
const unsigned long timeout = 5060; // TOI VU Gidm timeout tu 10s xudng 55

while (digitalfead(end X) == 1 &R (miilis() - startTime < timeout)) {
Step_X.run();
/7 301 v Hé delayMicraseconds 8 tdag toc 49

)

Step X.setCurrentPosition(@);
serial.printin(*X axis homed|");
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369
370
371
372
373
374
375
376
377
378
EvE
380
381
382
383
384
385

387

v void home_Y() {
step_V.setMaxSpeed(500); // TO1 Wu: Tang téc d¢ homing dé nhanh han
Step_Y.setAcceleration(3e@); // T0I WU: Tang gia tdéc homing
Step_Y.enableOutputs();
Serial.printin("Homing Y axis...");

Step_Y.moveTo(100000); // DI chuy@n vE bén trai (hudng vE endstop)

unsigned long startTime « millis();
const unsigned long timeout = 5000; // TO1 vu: Gidi hgn thoi gian homing

~  while (digitalread(end_Y) == HIGH && (millis() - startTime < timeout)) {
Step_Y.run();

}

Step_Y.setCurrentPosition(@);
serial.printin("y axis homed!");
v}

5/ Tinh toan gia tri output dé diéu khién dong co banh xe :

267 last_pwm A = PWM_Output DC_A;

263 last_pwm £ = PWM_Output_DC_B;

269 ¥ else {

278 /! Gial dogn hogt dgnp hinh therimg ol thae s8 PID day dd
271 myPID A.Compute();

272 myPI0_B.Computel);

273 }

274

275 // Gigi han giid tri Pus trong phas vi hop |6

276 WM _Output_DC_A = constrain(PM_Output_DC_A, @, 255);

277 PWM_Output DC_B = constrain(PWM Output DC B, @, 255);

278 } else {

279 [/ Dong ca khdng boat diog, gil PWM & mic thip

2808 PWM_Output DC_A = Initial PwM;

281 M Output DC B = Initial PWM * 1.15;

282 1

283

284 // tinh toaa va didu chinh tic 40 dus trén dir 1igu camera

285 if (runtvery(Sampling Time Camera, 1) 4& Is Power On) {

286

287 double omega = KD * distance2;

288 //distance > @ -> Xe nghiéng trai, ting tdc banh trai (DC A), gidm banh phai (DC_8)
289 //distance ¢ @ -> X nghiéng phai, tang tdc banh phai (DC D), pide banh trai (DC A)
798 [/GiT nguyén toc @& trung bioh cla xe

201 double base_specd_ms = Set_Speed * 1000.6 / 3600.0;

292

293 Set_Speed DC_A = base_speed ms + (omega * 0.6 / 2.9);

294 set_Speed DC_B = base_speed_ms - (omega * 0.6 / 2.0);

SO L EEE I
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22

23 v void Control DC() {

24
25
26
27
28
29
30
31
32
33
34
35
36
37w
38
39
49
41
42
43

45

46 }

47

// Xudt gia tri PWM dén dong co
analoglirite(PWM A, PWM Output DC A);
analoglirite(PWM B, PWM Output DC B);

// Debug information
serial.print("FB_A:"); Serial.print(W_Feed Back From DC A);

Serial.print(

Serial.print("

serial.print(”
(
(

Serial.print(”
Serial.print

Set A:"); Serial.print(Set RPM _A);

PWM A:"); Serial.print(PWM Output DC A);
FB_B:"); Serial.print(wW_Feed Back From DC B);
Set B:"); Serial.print(Set RPM B);

PWM B:"); Serial.print(PWM Output DC B);

// Thém trang thai kh&i dong vao debug

if (Is Warming Up) {
serial.print(" | Warming-up: ");
Serial.print((millis() - Warmup Start Time) / 1060.0);

Serial.println("s");
} else if (Is_Power On) {
serial.printIn(" | Normal™);

} else {

Serial.println(” | 1dle");

6. Ham nhan gia tri tt YOLO:
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A57 bool PC To Slave() {

458 if (Seriall.available() > @) {
459 String data = Seriall.readStringUntil('\n');
460 data.trim(); // Xod ky tu \r hodc khodng trang
461
462 // TOI UU: Kiém tra nhanh dinh dang, bé dém diu phdy
463 int i1 = data.indexOf(",");
464 int i2 = data.indexof(',"', i1 + 1);
465 int i3 = data.indexof(',", i2 + 1);
466
467 if (i1 <=0 || i2 <= i1 || i3 <= i2) {
468 // binh dang khong dung
469 return talse;
470 1
471
472 // Tach dir 1liéu
473 String al str = data.substring(e, il);
474 String d1_str = data.substring(il + 1, i2);
475 String a2 str = data.substring(i2 + 1, i3);
476 string d2 str = data.substring(i3 + 1);
A77
A78 // Chuyén sang float nhanh hon
479 float al = al str.toFloat();
480 float d1 = d1_str.toFloat();
481 float a2 = a2 str.toFloat();
482 float d2 = d2_str.toFloat();
7. Ham thut toan diéu khién cho canh tay Robot:
208 f
569 s void LechTraiHuongTrai(){
570 // Tinh gia tri delta tir khodng cich (don vi cm)
571 float Xp = R + (distancel + distance2)/2.@ ;
572 float K = abs(Xp - R);
573
574 float delta = cos(anglel * PI / 180.@) * K;
575
576
577 // Tinh toan vi tri X va v
578 float X = R + delta;
579 float ¥ = 0;
580
581 // s&r dung ham moveRobot vdi géc bu -anglel
582 moveRobot(X, Y, -anglel);
583 }
584
585 v void KhonglechHuongTrai(){
586 moveRobot(R, @, -anglel);
587 }
528
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584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
2@
31
32
33
34
35
36

void KhonglechHuongTrai(){
moveRobot(R, @, -anglel);

¥

void LechPhaiHuongTrai(){
float Xp = R + (distancel + distance2)/2.@ ;
float K = abs(Xp - R);

float delta = cos(anglel * PI / 188.8) * K;
// Tinh todn vi tri X va vy

float X = R - delta;

float ¥ = @;

// str dung ham moveRobot vdi gdéc bu -anglel
moveRobot(X, Y, -anglel);

¥

void LechTraiHuongPhai(){
// Tinh gia tri delta tir khoang cach (don vi cm)
float Xp = R + (distancel + distance2)/2.e ;
float K = abs(Xp - R);

float delta = cos(anglel * PI / 188.8) * K;

// Tinh toan vi tri X va y

// St dung ham moveRobot v&i gdc blu anglel
moveRobot (X, Y, anglel);

void KhongLechHuongPhai(){
moveRobot(R, 8, anglel);

h

void LechPhaiHuongPhai(){
// Tinh gia tri delta tir khoang cach (don vi cm)
float Xp = R + (distancel + distance2)/2.0;
float K = abs(Xp - R);

float delta = cos(anglel * PI / 188.8) * K;
// Tinh toan vi tri X va vy

float X = R - delta;
float Y = @3

// St dung ham moveRobot vdi géc bl anglel
moveRobot (X, Y, anglel);

h

Ham diéu khién tong:
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637  void controlRobot() {

638 // Kifm tra cac didqu kign dé didy khién robot
639

640 /7 TOI wu: Sap xfp lai divu kién d€ kiém tra nhanh hon
641 if (distancel > @ &% distance2 < @) (

642 // Xe nghiéng ben trai

643 if (distancel > abs(distance2)) {

644 LechTraiHuongTrai();

645 } else if (distancel == abs({distance2)) {
646 Khonglech#uongTrai();

647 } else if (distancel < abs(distance2)) {
648 LechPhaituongTrai();

649 }

650 } else if (distancel < ® &% distance2 > 0) {
651 // Xe nghiéng bén phii

652 if (abs(distancel) < distancez) {

653 LechTraiduongphai();

654 } else if (abs(distancel) == distance2) {
655 KhongLechHuengPhai();

656 } else if (abs(distancel) > distance2) {
657 LechPhaiHuongPhai();

658 }

659 } else {

660 serial.printin(™ X D& 1iéu khdng hop 1&: Khdng thda man bat ky didu kién naol"™);
G661 }

662 |}

Ham tinh toan dong hoc sau khi da tinh toan lai gia tri md&i nho thuat toan:

—_—
419 vold calculatelnverseKinematics(float x, float y, float 8q1, float &q2) (
420 f/ TOI wu: Sir dong cac phép tinh true tidp, giam bién trung pian
421 float distToTarget = sqrt(x*x + y'y);

422 if (distToTarget > (L1 + L2)) (

423 /J 101 vu: B0 S=rialiprintln 98 tang tdc oG

424 fleat ratio = (L1 + L2 - 1) / distToTarget;

425 X *= ratio;

426 y *= ratio;

427 1

428

429 float ¢2 = (x*x + y* - L1%L1 - L2%L2) / (2 * 11 * L2);

43

a3 /] Gidl hgn 2 trong kbhodng (-1, 1] 48 trdah 131 math

432 €2 = constrain(c2, -1.9, 1.90);

433

434 /4 101 (UL S dyrg phép tinh todn mit 13n

435 q2 = atan2{-sgrt(1 - <2%c2), c2); // Goc g2 s& ludn am

436

437 float s2 = sin(q2);

438 float k1 = L1 4 L2 * c2;

430 float k2 = L2 * s52;

440 ql = atan2{y, X) - atani(k2, k1); // &oc q1

441

442 [/ Dam Bdo gl ludn duong

443 if (1 <o) {

414 qQl +=2 * PI;

445 }

e Code trén google colab:

1. Cai dat thu vién:

" Ipip install ultralytics roboflow numpy opencv-python pillow
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2. Tai dit lidu dd duoc gin nhén tir Roboflow:

o Ipip install roboflow

from roboflow import Roboflow

rf = Roboflow(api key="MoplLnzxuUfIraklyekT")

project = rf.workspace("datn-phwgz").project("datn-3eout")
version project.version(8)

dataset = version.download("yolovg™)

3. Tién hanh train md hinh thi gidc may tinh:
© from ultralytics import YOLO

# Tao md hinh
model = YOLO( 'yolov8n-seg.pt”) # Phién ban segmentation

# Training (khéng can chi dinh boxes/mask & day)
results = model.train(
data="/content/DATN-8/data.yaml’,
epochs=1@8,
imgsz=640,
batch=16,
device=8 # GPU

)

o Code trén Visual Studio:
1. Tai céc thu vién can thiét:
import cvi
import numpy as np
import math
import serial
import time
from ultralytics import YOLO

B p e

[sa I ¥}

2. Khéi tao mo6 hinh va camera:

9  model = YOLO( 'final.pt') # Model 43 train

16 cap_left = cv2.VideoCapture(®, cv2.CAP_DSHOW) # Camera trai
11
12 cap_right = cv2.VideoCapture(1l, cv2.CAP DSHOW) # Camera phai
13

3. Khai bo cac bién:
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14 angle left = None
15 distance mm_left = Mone
16 angle right = None
17 distance mm_right = None

19  # Ty 1& mm/pixel cho timg camera (can hiéu chinh rié&ng)
28 MM_PER_PIXEL_LEFT = ©.0989 # Vi du: 1 pixel = @.1mm (camera trii)
21 MM _PER_PIXEL RIGHT = 8.8633 # Vi du: 1 pixel = ©.895mm (camera phai)

4. Ve tryc toa do va hién thi khoang cach:
def draw visual guides(frame, wire intersect_y=MNone, mm_per pixel=HNone):
"""V& truc toa d6 va hién thi khodng cach (mm) - -hd trg ty 1& riéng"""
h, w = frame.shape[:2]
center x, center vy =w // 2, h f/ 2

# V& truc toa dd (gilt nguyén)

cvZ.line(frame, (center_x, @), (center_x, h), (8, 255, @), 1)

cvZ.line(frame, (8, center_y), (w, center_y), (255, @, @), 1)

cvZ.drawMarker(frame, (center_x, center_y), (255, 255, 255), cv2.MARKER_CROSS, 15, 1)

# Hi2n thi khoang cadch bang mm néu cd ty 18 va giao diém
if wire intersect y is not None and mm_per pixel is not None:

distance_px = wire_intersect_y - center_y
distance_mm = distance_px * mm_per_pixel

cv2.circle(frame, (center_x, int{wire_intersect_y)), 8, (8, 255, 255), -1}
cv2.putText(frame, f"{abs{distance_mm):.1f mm",

(center x + 18, int{wire_intersect y) + 28),

cv2.FONT_HERSHEY SIMPLEX, @.5, (@, 255, 255), 1)

5. Ham xtr ly anh, phat hién day va xu 1y géc 1éch:
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43 def process_frame(frame):

44 UK 1y frame va trd vB goc 18ch, khoang cach""”

45 results « model(frame, confed 5)

46 if results{@].masks iz not Mone:

47 mask = results[0].nacks[0].datal0].cpul).numpy()

48 contours, _ = cv2.findContours((mask*255).astype(np.uint8), cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_SIMPLE)
49 if contours:

50 largest_contour = max{contours, key<cvl,contouridraa)

S1 [wx, vy, x, y] = ev2.fitline(largest_contour, cv2.DIST_L2, &, 0.01, 0.01)
52 vx, vy, x; y = vx[@], vy[e], x[0], y[e]

53

54 ® Tinh goc 18ch [-5@°, 90Y]

55 angle_rad « math.atanl{vx, vy)

5 angle_deg = math.degrees{angle_rad) - %@

57 anglo_deg = abs{angle_deg - 360 if anglo_deg > 20 eolse angle_deg + 360 if angle_deg < )70 eolsae angle_deg)
58

59 # Tinh glao d1&n w1 tryc doc gida (thay vi Ttryc ngang)

60 hy w = frame.shape[:2]

61 center_x = w f/ 2

62 if vx !» @: # Tranh chia cho @

63 slope = vy / wx

&d y_intercept = y - slope * x

65 y_intersect « slope * center_x + y_intercept

66 else: # Duitmg thang Gimg

&7 y_intersect = y

68

69 return angle_deg, y_intersect, (wx, vy, x, y)

70 return None, None, None

6. Khoi tao két ndi Arduino:

# K&t ndi vdi Arduino qua USB-to-TTL (COM tiy mdy ban, vi du COMB)

arduino = serial.Serial('COM7', 1152808 , timeout=1) # CHI cAn DOI coMm MAY
time.sleep(2) # Bgi Arduino khdi déng

last_sent _time = time.time()

SEMD_TNTERVAL = 8.1 # Giay

7. Vong lap chinh-Poc camera, xur Iy anh, v€ hinh va guri dir li¢u:

8 # Vong 13p chinh
79 while True:

e ret_left, frame left - cap_left.read()

81 rat_right, frame_right = cap_right.read()

(M if not ret_left or rot ret_right:

81 break

84

85 ¥ Xu 1y frame va ohdn két qua

b angle_left, y_intersect_left, coords_left = process frace(frame_left)

7 angle_right, y_intersect_right, coords_right = process_frame(frame_right)

i1

89 ¥ X 1y cho camera TRAL

5% drau_visual guldes{frams_left, y intersect_left, MM_PER_PIXEL_LEFT)

) if angla_laft is not Yone:

a2 VX, VY, X, y = coords_left

33 cv2. line({frame_left, (int(x - wx*1063), int{y - vy*1080)),

9 (int(x + vx*1000), Snt(y + vy*1000)), (B, 0, 255), 2)

95

9 distance_mw_left = (y_intersect_left - frame_left.shape|D|//2) * WM _PER_PIXEL_LEFT if y_intersect_left is mot Noms else Nooe
7 cv2.putText(frame_left, £°L: (angle_left: 1¢!° | (distance_me _left:.ifjm",
98 (18, 38), cv2, FONT_HERSHEY SIMPLEX, 0.7, (255, 255, @), 2)
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e # Xir 1y cho camera PHAL

" draw_visual_guides(frame_right, y_intersect_right, WM_PER_PIXEL_RIGHT)

[ 1€ angle_right is mot hone:

a3 vX, ¥y, X, ¥ = coords_right

[ cv2.line(frame_right, (int(x - vx*1808@), int{y - vy*1000)),

5] (int{x + vx*12290), int(y + vy*1060)), (9, 8, 255), 2)

05

o7 distanco_m_right « (y_intersect_right - frame_right.shape[0]//2) * MM_PER_PIXEL_RIGHT if y_intersect_right is nct None elsa YNore
L ov2. putText(frame_right, +"R: [angle_right:.14)° | {eistance_m_right:. 14|m",
L] (19, 30), cv2.FONT_HERSHEY SIMPLEX, 0.7, (255, 255, 9), 2)

w

1

12 # Truykn ¢ Ligu néu dU

13 if looe not in (angle_left, distance mm_left, angle_right, distance_me_right):
L current_tine = tise. tise()

15 if current_time - last sent_time »>» SEND_INTERVAL:

15 data_str « " {angle_left:. 1F] {distance_mn_loft: 1} {angle_right:.1¢}, {cistance_mm_right: Lf}\n"
17 arduino. urite(data_str.encode())

in last_sent_time = current time

149 print(f°0a gt (data_str.steip()]”)

20

21

23 else:

4 print(“Skipping frame due to missing data®)

8. Hién thi va thoat:

126 cv2.imshow("Left Camera”, frame left)
127 cv2.imshow("Right Camera™, frame_right)
128

129 if cv2.waitKey (1) == 27:

138 break
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Driver Step Motor TB6560
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- Acquy 12V

- Webcam

- USBto TTL
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