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TOM TAT

Tén dé tai: Nghién ctru didu khién canh tay robot tu dong rot bia sir dung Al
Sinh vién thyc hién: VO Ba Phuc S6 thé SV:105200339
Phan Phuéc Bic S6 thé SV: 105200322

Lép: 20TDH2

Trong d& tai nay, hé théng canh tay robot tir dong rot bia dugc nghién ctru va phat
trién nham phuc vu cac day chuyén tw dong hoa trong linh vuc dich vu. Hé théng ung
dung céc thuat toan tri tu¢ nhan tao (Al) két hop véi xur 1y anh nhdm nhan dién chinh
xac vi tri ly bia va xac dinh lugng bia da rot.

Hinh anh khu vuc lam viéc dugc thu nhan thong qua hé théng camera, sau d6 mo
hinh AI thyc hién nhan dién miéng ly va than ly trong anh. Thong qua cac thuat toan xur
1y anh va phan tich mau sic trong khong gian HSV, hé thong xéac dinh chinh xac vi tri
ly va tinh toan lugng bia hi¢n cé trong ly.

Dt liéu xur ly dugc truyén vé bo diéu khién trung tam, thuc hién tinh toan dong hoc
va diéu khién cac khdp ciia canh tay robot di chuyén chinh xac dén vi trf rot bia. Trong
qua trinh van hanh, hé théng lién tuc giam sat muc bia va diéu chinh téc d6 rét phu hop
nham dam bao chat lugng san pham va tranh hién tugng tran bia.

Viéc két hop giita tri tué nhan tao, thi gidc may tinh va cong nghé diéu khién chuyén
dong chinh xac gitip hé théng van hanh 6n dinh, dat d6 chinh xac cao va dap ung tot yéu

cau tu dong hoa trong thuc té.
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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 | Hoténsinhvién | S6thé SV Lop Nganh

V5 B4 Phiic 105200339 | 20TDH2 | K§ thuat Diéu khién va Tu dong hoa

2 | Phan Phudc Bac | 105200322 | 20TDH2 | K¥ thuat Piéu khién va Tu dong hoa

1. Tén dé tai do an:

Nghién ctru diéu khién cénh tay robot ty dong roét bia st dung Al

2. Dé tai thude dién: OCS ky két théa thudn sé hitu tri tué doi véi két qua thyc hién
3. Cdc s6 liéu va dit lidu ban dau:

4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung
1 | Phan Phudc Bic - Tong quan vé dé tai
Vo B4 Phuc - Nghién ctru dua ra giai phap

- Thi cong mo6 hinh
- Lap trinh diéu khién Robot

b. Phan riéng:

TT Ho tén sinh vién No6i dung
1 Phan Phudc Bic | - M6 hinh hoéa canh tay Robot
- Thiét ké bo diéu khién, xdy dung mé hinh mé phong
MATLAB, SolidWorks
- Thiét ké canh tay Robot
- Viét bao cao chuong 3, 4
2 V& Ba Phiic - Thiét ké so do cong nghé
- Tinh chon thiét bj

- Huén luyén mo6 hinh Al nhan di¢n ly, 1ap trinh doc va

chuyén doi toa do ly, xir Iy anh doc % bia trong ly

- Viét bao céo chuong 1,2, 5

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

a. Phan chung:
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TT Ho tén sinh vién No6i dung

1 | Phan Phudc Bic
Vo B4 Phuc

b. Phan riéng:

TT Ho tén sinh vién No6i dung
Phan Phuéc Bic Ban v& chi tiét cac khau cia canh tay Robot
2 | Vo Ba Phuc So dd cong nghé
6. Ho tén nguoihwéng dan: Phan/ Néi dung:

TS. Tran Thi Minh Dung

7. Ngady giao nhiém vu do an:  6/3/2024
8. Ngay hoan thanh dé dn: 26/6/2024

Pa Nang, ngay  thang 6 nam 2025
Truéng Bo mon Ty dong hoa Nguwoi hwéng din

TS. Giap Quang Huy TS. Tran Thi Minh Dung
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Ho tén sinh vién: Phan Phuéc Bic

Vo B4 Phuc

DAI HOC BA NANG
TRUONG PAI HOC BACH KHOA

KHOA DIEN

(Phiéu danh cho ngudi huéng dan/sinh vién)

Tén dé tai DATN:

S6 thé SV:105200322
S6 thé SV : 105200339

Nghién ctru diéu khién canh tay robot tyr dong rét bia st dung Al

Ho tén nguoi HD: TS. Tran Thi Minh Dung DPon vi: Truong Pai hoc Bach Khoa - DPHDN

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

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

|Tu5n| Ned Khéi lwgng GVHD |
gay da thue hién (%) tiép tuc thuc hién (%) ky tén
Nhan dé tai Xac dinh giai phap va hudng
1 3/3/2025 | Tim hidu so lugc vé hé théng  [tiép cén
Tim hiéu t‘c;)ng quan vé robot Doc, tham khao tai liéu trén
2 | 10/3/2025 |Céac yéu cau cho diéu khién internet
robot
Ung dung cuia robot Viét bao cao chuong 1
3 | 17/3/2025 |pya ra dé tai
Duyét lan 1: Danh gi4 khoi lugng hoan thanh % :
4 | 24/3/2025 |pugec tiép tuc lam PATN Y Khéng tiép tuc thyc hién DATN Y
Hoan thanh bao cdo chuong 1  |Liét ké nhiing kho khan trong
5 3/4/2025 dd tai
Dua ra nhiing giai phap dé giai |Tim hiéu so do cong nghé,
6 | 10/4/2025 quyét kho khan trong d6 an quy trinh cong nghé
Thiét ké so' do cong nghé, so' do [Tinh chon thiét bi
7| 17/472025 |xée néi Viét bao cdo chuong 2
Duyét 1an 2: Danh gia khoi lugng hoan thanh % :
8 | 24/4/2025 |pugc tiép tuc lam DPATN Y Khong tiép tuc thuc hién PATN Y
Hoan thanh bao cdo chuong 2 |[Nghién ctru dong hoc nghich
9 3/5/2025 |Tinh toan dong hoc thuan Nghién ctru dong luc hoc
Tinh toan dong hoc nghich Thiét ké bo diéu khién
10| 10/5/2025 |Tinh toan dong luc hoc Nghién ctru m6 hinh Al
Thiét ké md hinh AT
111 17/5/2025 | Trién khai hé théng Al Viét bao cao chuong 3
Duyét lan 3: Panh gia khdi lwong hoan thanh % :
12| 24/5/2025 |pugc tiép tuc lam DPATN Y Khong tiép tuc thuc hién PATN Y




Hoan thanh bao cdo chuong 3

Tién hanh mo phong trén

13 | 1/6/2025 |Tién hanh mé phong trén simcape

Matlab

Dua ra két qua va phan tich so  |Tién hanh thi cong mé hinh
14 | 8/6/2025 |q4nh

So sanh véi két qua thuc nghiém|Hoan thi¢n ndi dung bao cao
15 | 15/6/2025
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LOINOI PAU VA CAM ON

Trong nhiing nam gan ddy, cling v&i sy phat trién manh mé ciia cong nghé tri tué
nhan tao (Al) va tuy dong hoa, cac hé théng robot ngay cang dugc ing dung rong rai
trong doi séng va san xuat. Xuat phat tir thuc tién d6, dé tai "Nghién ctru diéu khién
canh tay robot ty dong rot bia st dung AI" dugc thuc hién nham ung dung cac thanh tyu
cong nghé hién dai, gop phan nang cao hiéu qua va mic do ty dong hoa trong linh virc
phuc vu.

Trong qué trinh thuc hién, nhom da nghién ctru va van dung cac k¥ thuat xir 1y anh,
nhan dang ddi tuong bang mé hinh hoc siu, két hop vdi hé thong diéu khién chuyén
dong chinh xac nham xay dung nén mot hé thong canh tay robot c¢6 kha ning nhan dién
vi tri ly, gidm sat myc bia va diéu khién thao tac rot bia tu dong mot cach on dinh va
hiéu qua.

Pé hoan thanh dé tai nay, nhom xin bay té 1ong biét on sau sic dén quy thay cb trong
Khoa Dién, dic biét 1a Tién si Tran Thi Minh Dung, ngudi da tan tinh huéng dan, ho tro
va tao diéu kién thuan loi cho nhém trong subt qua trinh nghién ctru va thyc hién. Nhom
cling xin giri 10i cam on chan thanh dén gia dinh va ban bé da ludn déng hanh, dong
vién trong sudt thoi gian hoc tap va nghién ciru.

Mic du d3 nd luc hoan thanh, song do gidi han vé thoi gian va kinh nghi¢m, dé tai
chic chin van con nhitng thiéu sot. Nhom rat mong nhén dwgc nhimg ¥ kién dong gop
quy bau tir quy thdy c6 va cac ban dé tiép tuc hoan thién hon trong twong lai.

Nhom ching em xin chan thanh cdm on!
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LOI CAM POAN LIEM CHiNH HQC THUAT

Chung em xin cam doan d6 an t6t nghiép voi dé tai "Nghién ciru diéu khién canh tay
robot tw déng rét bia sir dung AI" 13 két qua cta qua trinh hoc tap, nghién ciru va lam
viéc nghiém tic ctia chinh nhoém chiing em. Trong qua trinh thyc hi¢n, nhém da tuan thu
day du cac quy dinh vé liém chinh hoc thuat, khong sao chép noi dung tir cac cong trinh

nghién ctru khac ma khong trich dan hodc dugc su cho phép.

Moi s6 liéu, hinh anh, két qua nghién ctru, tinh toan trong dd an déu duoc thu thap,
xur Iy va trinh bay trung thyc, diing véi thuc té nghién ctru. Néu c6 bat ky vi pham nao
lién quan dén van dé liém chinh hoc thuét, nhém ching em hoan toan chiu trach nhi€ém

truéc Hoi dong va cac quy dinh cta nha trudng.

Sinh vién thyuc hién
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Hinh dang robot véi cac goc quay trén

Vi tri diém cuoi cua robot

Két qua mo phong trén Matlab/Simulink

Hinh dang robot véi cac goc quay trén

Vi tri diém cudi cudi robot

So d6 khéi kiém chimg tinh todn dong hoc nghich

Mo hinh kiém chimg dong hoc nghich trén Matlab/Simulink.

Két qua kiém chtng Simscape

Két qua kiém chtng Simulink

Két qua kiém chting Simscape

Két qua kiém chtng Simulink

So dd khoi bd diéu khién PD

So d6 mo phong kiém chimg bo diéu khién PD.

Tin hiéu diéu khién va dap tmg Khdp 1; Khép 2; Khép 3; Khop 4
Gia trj sai s6 goc quay Khép 1; Khop 2; Khép 3; Khép 4

So d6 md phong matlab
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

MO DAU

Trong nhitng nim gan ddy, cung vé6i su phat trién manh m& cua khoa hoc k¥ thuat,
viéc tmg dung robot cong nghiép vao san xuét va dich vu ngay cang phd bién. Dic biét,
cac hé thdng robot két hop xir Iy hinh anh va diéu khién chinh xac dd mang lai nhiéu
gidi phéap hi€u qua trong tu dong hoa cac quy trinh phuec tap.

Muc dich thwe hién dé tai

Nghién ctru, thiét ké va xay dung hé théng diéu khién canh tay robot thuc hién thao
tac rot bia tu dong dua trén nhan dién hinh anh, gép phan nang cao kha ning tng dung
thuc té cua robot trong linh vuc phuc vu va san Xuat.

Muc tiéu deé tai:

+ Thiét ké, 1ap rap hé thong robot.

+ Xay dyng hé thong nhan dién vi tri ly va lugng bia trong ly bang xur 1y anh va Al.

+ Xay dung thuat toan diéu khién robot rét bia chinh xac, ddm bao an toan va 6n

dinh.
Pham vi va ddi twong nghién ciru:

+ Doi twong nghién ciru: hé thdng robot 4 bac tu do két hop véi camera va xir 1y

hinh anh.

+ Pham vi: nhan di¢n ly, x&c dinh vi tri ly trong vung lam viéc va diéu khién robot

1ot bia.
Phwong phap nghién ciru:

+ Nghién ctru 1y thuyét vé robot cong nghiép, xtr Iy anh va thi gidc mdy tinh.

+ Ung dung OpenCV va AI (YOLOVS) trong xir 1y anh.

+ MO0 phong va diéu khién thyc té hé thong robot.

+ Danh gia qua cac thi nghiém thuc té.

Céu tric dd an tot nghiép:
Ngoai phﬁn mé dau, két luan va tai liéu tham khéo, d6 an gé)m:

+ Chuong 1: Tong quan dé tai
Chuong 2: Nghién ciru va thiét ké canh tay robot rot bia
Chuong 3: Co s& Iy thuyét tinh toan robot rét bia
Chuong 4: M6 phong hé théng robot rét bia

+ 4+ o+ +

Chuong 5: Thiét ké va thi cong mo hinh

SVTH: V& Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

CHUONG 1: TONG QUAN DPE TAI
1.1. Tong quan vé canh tay robot
1.1.1. Gidi thi¢u
Canh tay robot 1a mot trong nhitng cu triic phd bién va quan trong nhét trong linh
vuc robot hoc va tir dong hoa. Thiét bi nay mé phong chuyén dong va chirc ning cia
canh tay ngudi, bao gdm cac khdp ndi va bo didu khién, nham thyc hién céc tic vu co
hoc chinh x4c, linh hoat va c6 thé lap lai. Trong bdi canh cude cach mang cong nghiép
4.0 va hudng t6i 5.0, canh tay robot dong vai tro then chdt trong viée tdi wu hoa san
xuét, hd tro y té, phuc vu con ngudi va nhiéu linh vuc khéc.
Canh tay robot dugc rng dung rong rii trong nhiéu linh vuc
v' Trong cong nghiép: robot thyc hién cac cong viéc lap di lap lai, nguy hiém hozc
yéu cau d6 chinh x4c cao nhu han, lip rap, dong goi, kiém tra san pham.
v' Trong y té: robot phau thuat (nhu da Vinci), hd tro phuc héi chitc ning, hd trg
cham s6c nguoi bénh.
v’ Trong dich vu: robot pha ché, phuc vu tai nha hang, khach san, cham s6¢ nguoi
cao tuoi.
v Trong nghién clru va gido duc: mé phong, thi nghiém, dao tao k¥ su va nha
nghién curu.
M&i linh vuc st dung yéu cau cac dic diém k¥ thuat khac nhau: do chinh xac, tde

do, luc tac dong, kha nang phan hoi, va mirc do an toan khi lam viéc véi con nguoi.

Hinh 1.1: Ung dung cta canh tay Robot trong cong nghiép
1.1.2 Lich sir phdt trién
a) Giai doan dau phat trién (1950-1970)

SVTH: V& Ba Phuc Huéng dan: TS. Tran Thi Minh Dung
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Canh tay robot hién dai bat dau hinh thanh vao gitta thé ky 20. Nam 1954, k¥ su
ngudi My George Devol di phat minh ra mot thiét bi diéu khién tir xa c6 thé tai 1ap
chuyén dong, dugc goi 1a Unimate — robot cong nghiép dau tién trén thé gidi.

Unimate dugc dua vao st dung tai nha may san xuét 6 t6 General Motors vao nim
1961, thuc hién cong viéc han trén ddy chuyén san xuat. Py 1a budc ngodt lich st danh

dau su ra doi cua robot cong nghiép hién dai.

Hinh 1.2: Robot Unimate, robot cong nghiép dau tién trong nha xuéng
b) Giai doan phat trién manh (1970-1990)

Trong giai doan ndy, cac hing cong nghé 16n trén thé gi¢i nhu FANUC (Nhat Ban),
KUKA (Puc), ABB (Thuy Si) bt ddu phat trién hang loat canh tay robot phuc vu cho
cac nha may. Su ra doi cua vi diéu khién va lap trinh s6 gitip robot trd nén thong minh
va chinh xac hon.

Cénh tay robot dugc trng dung dé thuc hién cac thao tac nhu han, lép rap, phun son,
dong goi... gop phan lam thay doi toan dién phuong thirc san xuat truyén thong.

SVTH: V& Ba Phuc Huéng dan: TS. Tran Thi Minh Dung
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Hinh 1.3: Robot KUKA trong nganh cong nghiép oto
¢) Giai doan hién dai (1990-nay)

Tt nhitng ndm 1990 dén nay, cong nghé robot phat trién vuot bac. Cac canh tay robot
ngay nay khong chi nhanh va chinh xdc ma con dugc tich hop Al thi gidc may, cam
bién luc, thim chi ¢ kha nang hoc tap va tu diéu chinh hanh vi.

Ngoai robot cong nghiép, mot thé hé méi goi 1a robot cong tac (collaborative robots
— cobots) dugc phét trién. Nhitng robot nay cé thé 1am viéc cing con ngudi ma khong

can hang rao bao vé, gitp ting tinh linh hoat trong san xuat.

Hinh 1.4: Mt Robot tich hop thi gidc may tinh

SVTH: V& Ba Phuc Huéng dan: TS. Tran Thi Minh Dung
Phan Phuéc Béc



Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

1.2. Piéu khién phéi hop

Trong cac hé théng to dong hi¢n dai, dac biét l1a robot va cac hé théng da tac tu
(multi-agent systems), khai niém diéu khién phdi hop ngay cang trd nén quan trong.
Diéu khién phéi hop cho phép nhiéu déi tuong cung thuc hi¢n mot nhi€ém vy mot cach
d(‘A)ng b, ti wu hoa hiéu suit, nang cao do chinh xéc va tinh linh hoat ctia hé théng.

Diéu khién phdi hop (Coordinated Control) 1a mot phuong phéap diéu khién trong d6
nhiéu d6i tugng (robot, thiét bi chap hanh, hay cic hé théng con) twong tac v6i nhau
nham thyc hién mot muc tiéu chung.

Piéu khién phdi hop yéu ciu
— Trao d6i thong tin giira cac ddi tuong.

— Thiét ké luat diéu khién phu hop dé dat muc tiéu chung.

— Can bang gitra tinh doc 14p va tinh dong bo ciia cac phan tir.
1.2.2. Cdc phwong phdp diéu khién phéi hop hién nay

a) Piéu khién phan tan (Distributed Control)

MJi tac nhan c6 bo diéu khién riéng, st dung giao thic ddng thuin (consensus
protocols) dé trao d6i thong tin véi cac tac nhan lan can, huéng t6i muc tiéu chung. Cac
thuat toan nhu giao thirc ddng thuan trung binh (average consensus) hoic toi da/hdi thiéu
(max/min consensus) thuong dugc ap dung.

e Ung dung
— Day chuyén san xuit cong nghiép, vi du: canh tay robot lap rap 6 to.

— Hé thdng robot y té trong phiu thuat chinh xac.

= - i

Hinh 1.5: Cénh tay robot lap rap 6 to
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b) Piéu khién phi tip trung (Decentralized Control)

Trong phuong phap nay, mdi robot ¢6 bd diéu khién riéng, tu xir 1y thong tin cuc bd
va phdi hop véi cac robot khac thong qua giao tiép. Céac robot ra quyét dinh dya trén
thong tin tir cam bién ctia chinh minh va dit liéu nhan duoc tir cac don vi khac.

. ['Tng dung
— Dan robot (swarm robotics) trong nhi€ém vy tim kiém va ctru ho.

— Hé thdng robot di dong tu hanh trong kho bii hoac logistics.

¢) Piéu khién phén cip (Hierarchical Control)

Phuong phéap nay két hop uu diém cia diéu khién tap trung va phan tan, chia hé
théng thanh cac cép bac. Cép cao chiu trach nhiém lap ké hoach chién lugc va ra quyét
dinh téng thé, trong khi cép thép thuc hién cac nhiém vu cu thé dua trén [énh tir céip cao.

e Ung dung

— Nha may thong minh (smart factory) voi nhiéu robot phdi hop.

— Hé théng giao thong thong minh véi cac phuong tién tu hanh.
d) Piéu khién dwa trén hanh vi (Behavior-based Control)

Phuong phép nay dua trén viéc thiét ké cac hanh vi don gian (nhu tranh chudng ngai
vat, di chuyén dén muc tiéu, hodc hop tac voi robot khac) va két hop ching dé dat duoc
muc tiéu chung. Mdi robot hoat dong dua trén tap hop céc hanh vi dugc 13p trinh san.

. [’Tng dung
— Robot tim kiém va ciru hd trong mdi trudng nguy hiém.

— Pan robot tu t6 chirc trong ndng nghiép hodc gidm sat moi truong.

SVTH: V& Ba Phuc Huéng dan: TS. Tran Thi Minh Dung
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e) Piéu khién dya trén hoc may va tri tué nhéin tao

Str dung céc thuat toan hoc may, chrflng han nhu hoc sdu hodc hoc tang cuong dé
robot tu hoc cach phéi hop dya trén dir 1i¢u hodc kinh nghi¢m thyc té. Céc robot co thé
thich nghi véi méi truong va téi vu héa hanh vi theo thoi gian.

e Ung dung

— Robot tu hanh trong giao thong do thi.

— Hé théng robot hop tac théng minh trong san xuat hoic kham pha khong gian.
1.2.3. Cdc yéu cau ky thudt cho diéu khién phéi hop

e D chinh xac

+ Robot phai thuc hién nhi€ém vu véi sai s6 tbi thiéu (vi du: sai s6 vi tri dudi 1 mm

trong san xuat cong nghiép).

+ Pam bao cac robot phdi hop ding véi muc tidu chung, dic biét trong cac tng

dung yéu cau do chinh xac cao nhu phau thuat hoic lap rap.
. Toc dd

+ Thoi gian phan hdi nhanh dé dam bao phdi hop thoi gian thyec.

+ Tdc d6 xu Iy va truyén dir liéu gifra cac robot hodc tir bo diéu khién trung tam

phai da nhanh dé dap Gmg yéu cau nhiém vu.
. P 6n dinh

+ Hé thong phai duy tri hoat dong on dinh, khong bi gian doan hodc 15i khi ¢

nhiéu, thay ddi moi truong hoac mat két ndi tam thoi.

+ Pam bao tinh lién tuc trong phdi hop, tranh xung dot giira cac robot.
. Kha nang mé rong

+ Heé théng phai hd tro ting sb lugng robot ma khong 1am giam hiéu suat.

+ Phu hop véi cac tng dung tir vai robot dén hang trim robot (nhu dan robot).
. Giao tiép

+ Bing thong giao tiép cao, do tré.

+ Giao thirc giao tiép dang tin cay dé chia sé dit liéu nhu vi tri, trang thai.
. Do linh hoat

+ Kha nang thich nghi véi cdc moéi truong dong hodc khong xac dinh (vi du: robot

ctru ho trong moi truong thay doi).

+ HO trg tai cAu hinh nhiém vu ma khong can 1ap trinh lai toan b hé théng.
. Tiét kiém ning luong

+ Tbi vu héa tiéu thu ning luong trong tinh todn, giao tiép va chuyén dong dé kéo

dai thoi gian hoat dong.

+ Dac biét quan trong véi robot di dong hodc dan robot.

SVTH: V& Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
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. An toan va bao mat
+ Dam bao robot phdi hop khéng gy nguy hiém cho con ngudi hodc méi trudng.
+ Bao vé hé théng khoi cac cudc tan cong mang, ddc biét trong cac h¢ théng st
dung Al hoic giao tiép khong day.
o Khi niing dong bd
+ Céc robot phai hoat dong dong bo vé thdi gian va khong gian (vi du: sai s6 dong
b6 dudi 1 ms trong san xuat).
+ Pam bao cac hanh dong phdi hop (nhu di chuyén hodc thao tic) dién ra ding
trinh tu.
1.3. Ung dung va dic thu ky thuit theo tirng linh vue
Cénh tay robot 14 mot trong nhitng ciu trac phd bién nhét trong linh vire robot hoc,
v6i kha nang mé phong chuyén dong cua canh tay con ngudi dé thuc hién cac nhiém vu
tu dong hoa. Trong nhiéu thip ky qua, canh tay robot d3 dugc tmg dung rong rii trong
nhiéu linh vuc khac nhau, mdi linh vyuc lai dit ra nhirng yéu ciu k¥ thuat riéng biét nham
dap Ung dac thu vé moi truong hoat dong, mirc d chinh xéc, tinh linh hoat va 6 an
toan. Trong phan nay, ta s& phan tich bon nhom linh vyc tng dung chinh: cong nghiép,
y té, dich vu va nghién ctru.
1.3.1. Ung dung trong céng nghiép
Trong nganh cong nghiép, dic biét 1a san xuat va lap rap, canh tay robot dugc tng
dung pho bién trong cac cong doan nhu: gip — dit (pick and place), lap rap linh kién,
han tu dong, phun son, kiém tra san pham, dong goéi va van chuyén hang héa. Nhiing hé
thong robot cong nghiép nay thuong lam viée theo chu ky lién tuc, yéu cau toc d6 va do
chinh x4c cao dé dam bao chét luong va ning suét.
e Cic yéu cau ky thuit dic trung:
+ Do chinh xac cao: Trong cac dy chuyén lap rap vi mo nhu linh kién dién tir, sai
s6 cho phép chi tir 0.01 — 0.05 mm.
+ Tbc d6 va tinh 1ap lai: Robot phai thyc hién céc tac vu 1ap lai vdi thoi gian ngén

va d on dinh cao.
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Hinhl 1.7: Canh tay robot boc xép hang hoa

1.3.2. Ung dung trong y té

Trong linh vuc y té, canh tay robot dong vai tro hd tro hoic thay thé bac si trong cac
cong viéc yéu cau do chinh x4c va 6n dinh cao nhu phiu thuat, chan doan hinh anh, phuc
hdi chirc nang, phan phat thudc hoidc hd trg nguoi khuyét tat. Mot vi du ndi bat 1a hé
thdng robot phiu thuat Da Vinci, cho phép bac si diéu khién tir xa cac canh tay robot dé
thuc hién thao tac mé chinh xac t&i tirng milimet.

e Yéu ciu k¥ thuat dic trung:

+ Do chinh xac va d6 6n dinh cuc cao: Phiu thuat yéu cu do sai 1éch t6i da chi tir
0.1 mm, tham chi nho hon.

+ Diéu khién lyc tinh vi: Céc dong tac can muot ma, chinh xac va ¢ phan hoi lue
dé khong gay ton thuong mo mém.

=2

| Hinh 1.8: Robot phiu fhuét Da Vinci
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1.3.3. Ung dung trong dich vu

Robot dich vu dang ngay cang phat trién, dic biét trong cac linh vuc nhu nha hang,
khach san, chim séc nguoi gia, hd trg gia dinh, hodc cac quy tiép tan tu dong. Cac
robot nay thudng co thiét ké than thién, d& twong tac va c6 kha ning thyuc hién cac nhiém
vu don gian nhu mang d6, pha ché nuéc, noi chuyén, hodc hd tro ngudi dung thuc hién
cac thao tac co ban.

e Yéu ciu k¥ thuét diic trung

+ Giao tiép V61 con nguoi: Robot can nhén dién giong noi, guong mat, cu chi, hodc
diéu hudng trong khong gian c¢6 ngudi di chuyén.

+ An toan va mém déo: Do hoat dong g;ﬁn con nguoi, robot can han ché lyc va

cham va st dung vat li¢u mém, nhe.

Hinh 1.9: Robot pha ché
1.3.4. Ung dung trong nghién ciru va dao tao

Robot dang canh tay duoc sir dung phd bién trong cac phong thi nghiém, vién nghién
ctru va co s& dao tao dé nghién ctlru cac thuat toan diéu khién, tri tué nhan tao, mo phong
chuyén dong con ngudi, hodc tich hop cac cong nghé cam bién mai. Nhiéu trudng dai
hoc str dung robot nay dé giang day mén hoc nhu diéu khién robot, xtr Iy anh, 14p trinh
hé théng nhung, ROS...

e Yéu cdu k¥ thuit diic trung:

+ Tinh linh hoat va tuy bién: Can hd tro nhiéu ciu hinh khac nhau, d& thay d6i mo
hinh co khi, phan mém.

+ Tich hop dé dang: H trg giao tiép véi phin mém mo phong nhu MATLAB,
ROS, hoic cac ngdn ngit diéu khién pho bién (Python, C++).

10
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1.4. Tinh hinh trong nwéc va ngoai nuwéc

e Tinh hinh quéc té

O Hoa Ky
+ Barrett Technology: Cong ty nay ndi tiéng v6i canh tay robot WAM (Whole Arm
Manipulation) 7 bac ti do, dugc thiét ké dé twong tac truc tiép voi con ngudi va
dugc ting dung trong céc linh vuc nhu phiu thuét va phuc hdi chirc nang.

O Nhat Ban
+ Kawasaki Robotics: La mdt trong nhitng cong ty tién phong trong linh vuc robot
cong nghiép, Kawasaki da phat trién robot cong nghiép dau tién ctia Nhat Ban vao
nam 1969, mé dudng cho sy phat trién manh mé clia nganh cong nghiép robot tai
qudc gia nay.
+ Cyberdyne: Cong ty nay noi tiéng véi san pham HAL (Hybrid Assistive Limb),
mot bo khung xuong trg luc st dung trong y té dé hd tro nguoi khuyét tat van dong.

O Pirc
+ KUKA: La mot trong nhitng nha san xuat robot cong nghiép hang dau thé giai,
KUKA cung cap cic giai phap tu dong hoa toan dién cho nhiéu nganh cong nghiép,
bao gom 6 to, dién tir va logistics.
+ Franka Emika: Cong ty nay phat trién robot cong tac Franka Research 3, noi bat
v6i kha ning cdm nhan lyc chinh x4c va dé dang tich hop vao cac ng dung nghién
curu va gido dyc.

e Tinh hinh trong nudc
+ Vién Han 14m Khoa hoc va Cong nghé Viét Nam (VAST): P phat trién canh tay
robot 6 bac tr do SM6, tng dung trong diy chuyén san xuit phan bon vi sinh.
+ Trudng Pai hoc Cong nghiép Ha Noi: Nghién ctru thiét ké canh tay robot diéu
khién bang tin hiéu dién co (EMG) dé hd trg nguoi khuyét tat, mo ra hudng di méi
trong ng dung robot y té tai Viét Nam.
+ Cong ty TNHH Robot Viét Nam (VNRobotics): Phat trién bo kit robot gido duc,
duge So Khoa hoc va Cong nghé TP.HCM chap thuédn, phuc vu cho viéc hoc tap va

nghién ctru ctiia hoc sinh, sinh vién.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

Bang 1.1: So sanh cong nghé trong va ngoai nudc

Tiéu chi

Qu("ic té

Viét Nam

Mirc dd phat trién

Cong nghé tién tién, tich
hop Al, cam bién luc, va

kha nang hoc may.

Pang trong giai doan
nghién ctru va phat trién, tap

trung vao ung dung cu thé.

Ung dung

Pa dang: cong nghiép, y té,

dich vy, nghién curu.

Chu yéu trong gido duc,
nghién ctru va mdt s6 Ung

dung cong nghiép.

Kha nang san xuat

San xuat hang loat vdi tiéu

chuéan qudc te.

San xuat quy mo6 nhd, chu

yéu phuc vu nghién ctu va

Doi ngii nhan lue

nghi¢m, déi ngli R&D

manh.

dao tao.
Chi phi Cao, phut hop véi cac doanh | Thap hon, Phl‘l hop véi dicu
nghié¢p 1on. kién kinh té trong nudc.
Chuyén gia giau kinh Pang phat trién, can dao tao

thém vé chuyén mon va ky

nang.

1.5. Lua chon va xac dinh dé

tai

Nham déap tng nhu cau ty dong hoa trong phuc vu d6 uéng, nhom tién hanh nghién

ctru hé thong canh tay robot c6 kha nang rét bia ty dong bang cach ing dung cong nghé

xur Iy anh va tri tu¢ nhan tao (Al).

Pé tai dwoc lra chon:

"Nghién ciru diéu khién canh tay robot tw dong rét bia sir dung AI"

e Co sé lra chon dé tai

Trong xu thé phat trién cua cong nghé robot dich vy, viéc tu dong hoa cac tac vu lap

di 1ap lai nhu rét bia, phuc vu d6 udng dang ngay cang duoc quan tim tai cac nha hang,
quén bar va khong gian dich vu thong minh. Cac bai toan nay khong chi doi hoi robot
thuc hién thao tic chinh xac, ma con can kha nang nhan thirc dugc moi trudng — nhu vi
tri ly va luong bia da c6 trong ly.

Tir thuc té d6, dé tai huéng dén viée xay dung mot hé thdng st dung canh tay robot
4 bac tu do, két hop véi thi gidc may dé nhan dién va xac dinh vi tri ly, dong thoi co thé
diéu chinh luong bia rot dua trén viéc phan tich hinh anh thuc té cua ly.

e Khoing trong nghién ciru
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

+ Phan 16n céc dé tai hién nay dung lai ¢ viéc robot thuc hién thao tac rét theo thoi
gian ¢b dinh, chua tich hop kha ning phén tich mtc nudc trong ly dé didu chinh
luong rot.

+ Trong nudc, sé lugng nghién ciru tich hgp xir 1y anh — diéu khién robot — giam
sat phan hoi trong mot hé théng déng bd con han ché, dic biét vai cau hinh robot
bac tu do thap hon.

e Tinh kha thi

+ Vé phén cung: Canh tay robot 4 bac ty do c6 thé duoc ché tao tr vat liéu nhe, sir
dung servo két hop STM32 va Raspberry Pi dé diéu khién — chi phi thap va dé ché
tao.

+ Vé xir 1y anh: Dung OpenCV va mé hinh YOLOvVS dé nhan dién ly va xac dinh
vi tri miéng ly dé robot rot chinh xac vao vi tri.

+ Vé do lugng bia: St dung xtr 1y anh (twong phan gitra phan c6 bia va phan rdng)
va mo hinh AI don gian dé xac dinh phan tram mirc day cua ly.

e Gia tri thuec tién

+ Ung dung thuc té: Co thé tmg dung trong khong gian quéan bar, nha hang ti phuc
vu, tiét kiém nhan lyuc, tang trai nghiém khach hang.

+ Tinh gido dyc va hoc thuat: La mdt bai toan téng hop cac k¥ nang vé co dién tu,
tu dong hoa, thi giac may va diéu khién robot — phit hop véi sinh vién k¥ thuat.

+ Tinh mé rong: C6 thé nang cap cho cac tmg dung khac nhu rét nude, pha ché ty
dong, phuc vu trong linh vuc dich vu thong minh.

So d0 cau tric ciia PATN:

robot va lya chom mo binh Al Chwvng 1
( Gist chigu tomg quan ve robot va Al

Ket qui kicm cheng Clreng 5
v [ T'hi cdag md Mok vi kit luds
A
Chwrag 2 3 2 » 4
Nyhiin ciry vit thidt K# camh tay robot it bia Ak ey ke A AL M A R AL 5
4 . | Chiong 4
Két qui dip éng Mi phong va kivm chamg
A
- | M6 hish YOLO
Ciu 50 ci hé thing Chuvag) Thudt todn didu khidn cinh tay robot
> Carit ty thuyés tinh todn rebot rot bin va Al £ hinh 1
Hinh 1.10: Luu d6 két noi cong viée
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

CHUONG 2: NGHIEN CUU VA THIET KE CANH TAY ROBOT ROT
BIA
2.1. Béi canh
2.1.1. Xu huong cong nghé trong thoi dai Cong nghiép 4.0

Trong ky nguyén Cong nghiép 4.0, cac hé théng san xuat va dich vu dang dan chuyén
d6i theo hudéng tw dong hoa thong minh — noi robot khong chi thue hién hanh dong theo
chuong trinh c6 sdn ma con c6 kha ning cam nhan, phan tich va tu dwa ra quyét dinh
dura trén dit liéu dau vao tir moi trudng. Ba xu huéng cong nghé then chét dang thiic day
su phat trién cua robot, dic biét 1a canh tay robot, bao gom:

— Tri tué nhan tao (AI): Cho phép robot hoc cach nhan biét vat thé, phan tich hinh
anh, va tu ra quyét dinh.

— Internet of Things (IoT): Két nbi robot véi cac thiét bi khac nhu camera, cam
bién hoic hé théng giam sat tir xa, tao nén moi trudong diéu khién linh hoat, c6 thé mo
rong.

— Ty dong hoa tich hop (Cyber-Physical Systems): Tang cuong kha niang diéu phdi
giita phan cing (canh tay robot) va phan mém (xr 1y anh, diéu khién AI), gép phan tao
ra h¢ théng san xuat dich vu thong minh.

2.1.2. Pdnh gid nhu cdu thi truong

< Trén thé giéi

Theo bao céo tir nhiéu to chirc nghién ciru cong nghé nhu IFR (International
Federation of Robotics) va MarketsandMarkets, thi truong robot dich vu va robot cong
tac (cobot) dang tang truéng manh mé:

— Cac quéc gia nhu Nhat Ban, Duc, Han Quéc, My da dua robot vao cac mé hinh
dich vu ty dong, tir nha hang sushi cho dén hé thdng pha ca phé tu phuc vu bing robot.

— Robot tich hop thi gidc va Al ¢6 mirc ting trudng kép hang nim (CAGR) 4n
tuong >20%.

< O Viét Nam

— Trong nudc, nhu cau vé robot gid ré, linh hoat, dé tich hop trong méi truong nho
(nha hang, quan bar, nha may vira va nhd) dang ngay cang tang.

— Céc linh vyc nhu F&B (thyc pham — d6 udng) dang tim kiém giai phap toi uu
héa van hanh, nhat 1a sau dai dich COVID-19.

— Tuy nhién, hién tai phan 16n hé thong robot & Viét Nam con don gian, chua tich
hop Al hay thi giac may mot cach thuc su hidu qua — tao ra khoang trong 16n cho nghién

curu va phat trién.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

—> Trong bdi canh chuyén ddi sé toan cau va nhu cau thi trudng thyc tién, viée phat
trién mot hé théng canh tay robot 4 bac tu do tich hop xtr Iy anh va Al dé rot bia tu dong
khong chi 1a mot bai toan k¥ thuat thu vi ma con c6 gia tri tng dung cao, c¢6 thé nhan
rong cho nhiéu mé hinh dich vu théng minh tai Viét Nam va qudc té.

2.2. Pit van dé

Mic du canh tay robot da dugc phét trién va tng dung tir nhiéu thap ky qua, tuy
nhién trong cac tng dung dich vu doi séng nhu rét bia, pha ché, phuc vu khach hang,...
nhiéu mé hinh robot hién tai van chua thé dép g dy du cac yéu cau vé do chinh xac,
tdc d6 va chi phi. Mot s6 han ché chinh c6 thé liét ké nhu sau:

2.2.1. Cic han ché pho bién
e Chi phi dau tu cao
Céc robot thurong mai dén tir Nhat Ban, MY, Buc tuy c6 d6 chinh xac va do tin
cdy cao nhung thudng c6 gia tir vai chyc triéu dén hang trim triéu dong.

e Do chinh xac chwa dap &ng yéu ciu rét chit 1ong

Viéc khong tich hop cam bién lyc hodc thi giac chinh xac lam gidm kha ning
diéu chinh vi tri theo thoi gian thyc.

e Téc @j xir Iy cham, dd tré cao

Thoi gian tir khi nhan dién hinh anh — xtr Iy — phan h6i — diéu khién co thé
dan dén do tré 1-2 gidy, gay sai 1éch néu ly bi di chuyén hoic rung nhe.

o Kha ning thich ing kém trong mdi truong thay doi

Robot khong tich hop Al hodc hoc may s& khong thé tu diéu chinh theo céac thay
d6i nhu: goc camera thay doi, anh sang yéu,...
2.3. Thach thire

Trong qué trinh trién khai hé théng canh tay robot 4 bac tu do ing dung thi gidc may
va tri tué¢ nhan tao (Al) dé thuc hién nhiém vu rét bia chinh xac vao ly, nhém nghién
ctru da xac dinh nhiéu kho khan 16n lién quan dén ca mat k¥ thuat, chi phi trién khai, va
tich hop cong nghé phirc tap. Nhitng thir thach nay khong chi anh hudng dén tién do va
chét lugng dé tai, ma con 1a cic rao can 16n néu mudn mo rong tng dung vao thuc té
san xuat va dich vu.

2.3.1. Kho khan ky thudt
a) Po tré hé thong va phan hoi thoi gian thue

Mot hé théng robot tu dong rét bia phai hoat dong gﬁn nhu theo thoi gian thuc. Qua
trinh bao gém nhiéu budc lién tuc nhu: camera ghi hinh — mé hinh AI xéc dinh vi tri
ly — tinh toan toa d¢ thuc — truyén 1énh dén robot — robot thuc hién thao tac. Mdi
budc déu c6 do tré rieng:
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

e DO tré xtr Iy anh: Néu st dung md hinh nhu YOLOVS, viée xir Iy anh du vao c6
thé mét tir 100 dén 500ms tiy thudc cdu hinh phan cing.

e Do tré truyén thong: Giao tiép giira cac thiét bi nhu camera — may tinh — vi diéu
khién ciing tao ra do tré, dic biét néu dung giao tiép nbi tiép toc do thap (UART).

Tong hop cac yéu td trén co thé dan dén do tré tong 1én dén 1-2 gidy, gy sai léch
nghiém trong néu ly bi dich chuyén hodc robot rot sai vi tri.
b) Sai s6 tir cim bién va truyén dong

e Sai sd dinh vi tir camera: Cac camera thong thuong khong dugc hiéu chuan chinh
xé4c s& ¢ 16i do méo hinh, anh sang yéu, hodc anh bi nhiéu. Piéu nay khién viéc tinh
toan toa d¢ ly trong khong gian thyc khong chinh xac.

e Do sai léch tir dong co: Pong co thudng gip sai s6 +1-3 d6 goc, twong dwong 5—
10mm & dau canh tay — gay anh huong nghiém trong dén vi tri miéng chai khi rét.
¢) Do phiic tap trong thuit toan diéu khién robot

Viéc diéu khién mot robot 4 béac tu do tuy don gian hon robot cong nghiép 6 bac,
nhung van yéu cau xir 1y:

e DPong hoc nghich dé tinh toan goc can quay tir toa do thuc cua ly.

e Quy hoach chuyén dong dé di chuyén muot ma, khong gy do bia, léch hudng.

e DPong bo hoa céc truc dé dua miéng chai dén dung vi tri miéng ly, voi d6 nghiéng
vira di dé rét dung luong bia.
2.3.2. Thdch thirc vé chi phi trién khai
a) Chi phi phén citng va vat liéu

Pé dam bao hé théng hoat dong on dinh va chinh xac, mét s6 thanh phén bét budc
phai dau tu dang mirc:

e (Camera c6 dg phan giai du cao va 6n dinh khung hinh, dac biét 1a trong diéu kién
anh sang yéu hodc moi truong ngoai troi.

e Dong co servo chét luong tot dé giam sai sb dinh vi.

e Khung co khi nhe, chic chan, thuong lIam tir nhom dinh hinh hodc nhya in 3D
chét lugng cao, co thé doi chi phi Ién nhiéu lan so véi in nhua gia ré.
b) Chi phi nhan luc va dao tao

e Hé théng can ngudi co kha nang lap trinh Python (xir Iy anh), C/C++ (vi diéu
khién), kién thirc vé Al (huén luyén mé hinh YOLO) va co khi dong hoc (robot).
¢) Chi phi bio tri va thay thé

e Caéc thiét bi nhu servo, khung in 3D dé hu hong khi hoat dong lién tuc.

e Viéc bao tri, thay thé phy tung néu khong duogc thiét ké modul hoa s& phuc tap
va ton cong.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

2.3.3. Khé khan trong tich hop AI va phin mém diéu khién
a) T6i wu mé hinh AI dé chay thuec té
+ Mic di mé hinh YOLOVS c¢6 thé chay trén CPU hodc cac thiét bj nhu Jetson
Nano, Raspberry Pi 4, nhung van can tdi vu hoa téc do bing cach giam kich thude
mo hinh hodc dung dinh dang TensorRT, ONNX.
+ Viéc trién khai mé hinh AI can hiéu biét vé méi truong 4o, thu vién OpenCV,
PyTorch, hodc Ultralytics.
b) Két ndi da nén tang
+ Camera thudng giao tiép qua USB nhung vi diéu khién diéu khién robot lai qua
UART, PWM — can phén mém trung gian xu 1y viéc doc anh, suy ludn Al, tinh
toan goc va giri 1énh diéu khién.
¢) Pong b héa thoi gian thuc
+ MOdi bd phan (camera, Al vi diéu khién) c6 thoi gian xir 1y riéng, viéc déng bod
dir liéu giira cac thanh phan nay 13 mot thir thach 16n.
+ Mot 16i nho vé thoi gian co thé khién robot rét sai hoan toan — vi du Al phat hién
ly & vi tri cii nhung ly d4 bi ngudi dung dich chuyén trong thuc té.
2.4. Giai phap
Trong bdi canh xu hudng ty dong hoa hién nay, giai phap dé xuit nham hién thuc
hoa mot hé théng canh tay robot 4 bac ty do thong minh, c6 kha nang tu dong nhén dién
ly, xac dinh vi tri va lugng bia trong ly, tor d6 diéu khién dong co dé rot lugng bia chinh
xéc can thiét. Hé thong két hop dong thoi ba mang k¥ thuét chinh: diéu khién dong hoc
chinh x4c, thi giac may ing dung Al, va thiét ké phan ctng tdi uu cho thao tac thuc té.
2.4.1. Gidi phdp diéu khién
a) X4y dung mé hinh dong hoc biang phwong phap Denavit-Hartenberg (DH)
v’ Dé diéu khién chinh xéc vi tri dau robot, nhom dé tai st dung md hinh dong hoc
thuan/nghich dua trén phuong phap DH.
v/ Thong qua md hinh nay, toa do cia miéng ly dugc chuyén doi thanh chudi goc
quay cua ting khop trén robot.
v’ Viéc xdy dung bang DH gitp don gian héa viéc tinh toan ma tran bién doi giira
cac khop, tir 6 giam tai cho vi diéu khién khi tinh toan thoi gian thuye.
b) Piéu khién dong co biang dong co servo AC cong nghi¢p
v Hé th6ng sir dung 4 dong co servo AC, mdi dong co diéu khién mot bac tu do
(DOF) cua canh tay robot.
v Cac dong co servo duoc diéu khién thong qua bd diéu khién servo cong nghiép,
dam bao kha nang diéu khién chinh xac vi tri, tbc do va mdé-men xodn theo yéu cau.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

v’ Bo diéu khién trung tam tinh toan cac tham ) dong hoc va phat tin hi¢u diéu
khién thong qua giao thirc xung (Pulse/Direction) dén bo driver servo.
v Hé thdng dong co servo AC cong nghiép cho phép canh tay robot van hanh voi
do chinh xac cao, chuyén dong muot ma, on dinh, chiu duoc tai trong 16n va thich
hop cho cac trng dung tu dong hda trong cong nghiép.
v’ Giai phap sir dung servo AC gitp nang cao hiéu sudt van hanh, do tin cay va tudi
tho cho toan bo hé théng robot.
¢) On dinh chuyén dong bing thuit toan PID
v/ Pbi véi nhitng chuyén dong yéu cau do chinh xac cao va muot, dic biét 1a khi
robot dung dung vi tri dé rot bia, thuat toan PID duoc st dung dé tinh chinh d6 1éch
gifra goc dit va goc thuc té.
v’ Thuit toan PID gitip dam bao robot khong rung lic khi dirng, va thao tac rot bia
dién ra tron tru, khong bi giat.
2.4.2. Thi giac may va Al
a) Nhan dién miéng ly bing YOLOVS
e M0 hinh YOLOVS dugc huan luyén véi anh thuc té dé nhan dién miéng ly — d6i
tuong hinh tron véi duong kinh xéc dinh.
e Sau khi x&c dinh bounding box quanh miéng ly, h¢ théng tinh toan toa do tam va
quy doi tir toa do anh sang hé truc robot dé diéu khién dau rot di chuyén chinh xéc.
b) Xac dinh lwgng bia bang xir 1y hinh anh trong bounding box than ly
e Sau khi robot dinh vi duoc vi tri ly, hé thong tiép tuc nhan dién than ly va trich
xuét anh nam trong bounding box nay.
e Cac budc xt ly anh nhu sau:
+ Chuyén anh sang khong gian mau HSV dé dé phén biét mau sic.
+ Sir dung ham cv2.inRange() dé loc ving mau vang — dai dién cho bia.
+ Céac mau khac duoc gan gia tri 0 (mau den) nham loai bo nhiéu.
+ Pém s6 luong pixel mau vang, so sanh véi chidu cao cta ly dé udc lugng phan
tram bia con lai.
e Tur két qua nay, hé thong tinh toan luong bia can rot thém cho di mic mong
mudn.
2.4.3. Gidi phap co khi va vit li¢u
v Toan bd canh tay robot dugc ché tao tir vat liéu sat, nham:
+ Tang do cung viing khi nang chai bia — vat ndng va tron.
+ Chiu tai tot, han ché bién dang trong qua trinh di chuyén, rot bia.
+ Tang tudi tho sir dung trong moi trudng c6 dd am cao nhu quéan bar, nha hang.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

v’ B gip ciing duogc thiét ké chic chin dé giir chit chai bia, tranh truot khi
nghiéng dé rot.

2.4.4. Tich hop phan cirng va phin mém

a) Phin cirng
e Hé thong thu nhan hinh anh: Sir dung camera két ndi qua cong USB, lip dit
phia trude ving 1am viée cia robot dé thu thap hinh anh phyc vu cho qua trinh nhan
dién va xur 1y.
e B¢ xir ly hinh dnh: Raspberry Pi 4 ddm nhiém chtrc ndng xur ly anh, van hanh
cac thuat toan nhan dang ddi tuong (YOLOVS) va phan tich mau sic dé xac dinh vi
tri ly va luong bia can rot.
e Bj vi diéu khién diéu khién chuyén dong: STM32F103C8T6 thyc hién tinh
todn dong hoc va diéu khién chuyén dong céac khop robot dya trén dir liéu nhan dugc
tir b xur ly hinh anh, tao tin hiéu diéu khién truyén dén cac bo driver servo.
e H¢ thong truyén dong:

+ Trang bi 4 dong co servo AC Delta ECMA-C20604SS, mdi dong co diéu
khién mot bac ty do (DOF) trén canh tay robot.

+ Cong sudt mdi dong co: 400W; dién ap céip: 220V AC; dong dién van
hanh dinh murc: 2.6A; dong dién cuc dai: 7.8A.

e B diéu khién ddng co (servo driver):

+ Sir dung bo diéu khién servo Delta ASD-A2-0421-L chuyén dung, cong
suat 400W, dién ap cip 220V AC (1 pha).

+ HO tro nhiéu ché d6 diéu khién vi tri, toc do, mé-men xodn, d@)ng thoi ¢co
kha ning giao tiép truyén thong cong nghiép nhu EtherCAT, CANopen, bao dam
kha nang mé rong va tich hop cao.

e H@ thong cAp ngudn: Trang bi bo ngudn 6n ap 5V cip ngudn cho vi diéu khién,
camera va céc thiét bi ngoai vi khac trong hé thong.
b) Phin mém

Python + OpenCV cho xir Iy anh dau vao.

YOLOVS8 (Ultralytics) thuc hi¢n nhan dién ddi tuong trong thoi gian thuc.
Thuat toan xir Iy mau HSV dé xac dinh lugng bia.

Giao tiép giita Raspberry Pi va vi diéu khién STM32F103C8T6 qua UART
(Serial) dé truyén lénh géc quay tir mo hinh DH.

—> Tong két giai phap
Giai phap dé tai khong chi dimg lai ¢ viéc diéu khién robot co ban, ma con két hop Al,
thi giac may va diéu khién chinh xéc, gitp robot ¢ thé:
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

e Tu phat hién ly va udc lugng luong bia.

e Tinh toan goc di chuyén chinh xac.

e ROt bia véi lugng vira du, han ché tran hodc rot thira.
Hé thdng mang tinh thuc tién cao, c6 thé ap dung cho cic md hinh nha hang thong minh,
bar ty dong, hodc dy chuyén san xuat dong chai, déng thoi dé mo rong trong tuong lai.
2.5. Thiét ké
2.5.1. So' do cong nghé

Quy trinh hoat dong cta hé thong dugc mé ta théng qua so d6 cong nghé dudi day.

Pé thé hién rd ciu tric co khi va hinh dang tong thé cua canh tay robot, nhém vé so
dd cong nghé nham thé hién vi tri cac khdp, chiéu cao timg doan tay va cic thanh phan

co khi quan trong, phuc vu cho qua trinh thiét ké, ché tao va lap rap.

Wil

e

Hinh 2.1: So db cong nghé canh tay robot tu dong rot bia

bé phuc vu cho qua trinh thiét ké, ché tao va lép rap, nhom da thyc hién ban vé thé
hién kich thudc chi tiét ctia canh tay robot
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

334,07

R

0 3o 153*,%

680,995 163,63

633,05

427,18 1%
! e
- 110,11
o — e '
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883,00

Hinh 2.2: Kich thudc cua canh tay Robot
Do so d6 cong nghé khong thé hién day d vi tri cua ti diéu khién ciing nhu cach b
tri cac thiét bi trén mat phéng lam viéc, nhom da xay dung thém hinh chiéu bﬁng dé thé
hién rd hon méi lién hé va vi tri tuong ddi gifra canh tay robot, tu diéu khién va cac thiét

bi ngoai vi khéc.
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Nghién ciru diéu khién canh tay robot tw dong rét bia sir dung Al
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Hinh 2.3: So d6 cong nghé tu diéu khién
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

bé hé théng hoat dong mot cach tron tru va chinh xac, cac budc xur ly can duoc thuc
hién theo mat trinh ty nhét dinh. Phan duéi day trinh bay quy trinh cng nghé cua hé
thng canh tay robot rot bia.

BAT DAU
NHAN DIEN LY ( CAMERA \
NHAN DIEN % BIA Q 5 |
TRONG LY )
Y Xur li anh
XAC BINH VI TRI YOLOvVS :
MIENG LY :
TINH TOAN TOA DO :
ROBOT 5
X )  Thidt ké ba did 33 \‘ [ Dicu khién canh tay Robot |
ROBOT DI CHUYEN Thiet ke b dicu khién )
DEN VI TRI ROT
} g S
ROT BIADIEU » s
CHINH LUONG 4
. 5 / __\\ //;
KET THUC

Hinh 2.4: Quy trinh cong nghé
So d6 md ta toan bd quy trinh hoat dong ctia hé théng rot bia ty dong, st dung su két
hop gitra camera Al, xur ly anh béng tri tué nhan tao, tinh toan diéu khién va canh tay
robot thyc thi. Dy 1a mot hé thong tich hgp nhiéu linh vic cong nghé nhu thi gidc may
tinh (Computer Vision), diéu khién tu dong, robot hoc va tri tu¢ nhan tao (Al).
a) Camera Al — Khéi thu nhin dir liéu hinh anh
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

D4y 1a thiét bi dau vao cla toan bd hé théng, sir dung camera (thudng 1a webcam do
phan giai cao) dé thu nhan hinh anh thyc té tai khu vuc 1am viée — noi dat ly bia. Camera
hoat dong lién tuc va ghi lai hinh anh thoi gian thuc. Dt liéu hinh anh nay s€ l1a dau vao
dé xur Iy nhan dang ddi twong va phan tich muc chit long. Vi tri lip dit camera duoc
tinh toan sao cho goc nhin bao quat dugc toan bd khu vuc ly bia, ddng thoi tranh nhidu
tor anh sdng moi trudng.

b) Xit Iy anh — Nhén dién doi twong va phén tich mirc bia

Khéi xtr 1y anh dwoc thyc hién trén may tinh hodc vi diéu khién c6 hd trg Al
(Raspberry Pi 4). Tai day, hai k¥ thuat xi ly anh chinh dugc sir dung:

v' Nhin dién ddi twong bing YOLOVS

+ YOLOV8n la mé hinh AI hién dai, phién ban nhe (nano), t6i uu cho thiét bi c6
tai nguyén han ché.

+ MO0 hinh duoc hudn luyén dé nhan dién miéng ly va than ly trong anh.

+ Sau khi nhan dién, hé théng tra vé toa do bounding box (toa do pixel) cua cac doi
tuong, cu thé 1a:

— Toa do chinh xac cua miéng ly — dé dinh vi diém can rot.

— Toa do than ly — dé phan tich mirc bia trong ly.

v' Phan tich mic bia bing xir Iy mau HSV

+ Sau khi biét ving chira than ly, hé thong chuyén anh sang khong gian mau HSV
dé loc mau vang dic trung cia bia.

+ K¥ thuat phan ngudng HSV gitp loai bo cac vung khong phai la bia, gitt lai ving
chtra chat long.

+ Bang cach do chiéu cao viing mau vang so voi chiéu cao toan b than ly, hé thong
woc luong phan traim luong bia dang co trong ly.
¢) Tinh toin diéu khién — Chuyén déi toa d va diéu khién dong co

Sau khi xtr Iy anh xong, hé théng s& thue hién céc tac vu diéu khién, bao gém:

e Chuyén ddi toa d6 anh sang toa dd robot

+ Do camera va robot nam & hai hé quy chiéu khac nhau, nén can chuyén doi tir toa
do pixel sang toa dd thuc té.

+ Qua trinh nay sir dung ma tran bién d6i toa do.

e Tinh toan vi tri va géc nghiéng phu hgp

+ Dua trén vi tri miéng ly va mirc bia hién tai, hé thong tinh toan:

— Vi tri can di chuyén t6i.

—  Goc nghiéng dé rot dung luong bia con thiéu.

e Diéu khién phan cirng
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

+ Céc tin hiéu diéu khién duge gui dén driver diéu khién dong co Driver Delta
ASD diéu khién cac truc X, Y, Z.
+ Heé théng tich hop thuat toan PID hoic diéu khién theo quy dao dé dam bao canh
tay di chuyén muot ma, chinh xac.
d) Canh tay robot — Thue thi hanh dong rét bia
Dy 1a phan tir chap hanh cua toan hé théng:
e Canh tay nhan 1énh tir b diéu khién va di chuyén chai dén dtng vi tri miéng ly.
e Sau khi dén dung vi tri, robot nghiéng chai bia ¢ dinh dé rét bia vao ly.
e Hé thong giam sat hinh anh dé cap nhat murc bia trong ly theo thoi gian thyc.
e Khi hé thong xac dinh d3 rot du, robot s& dimg rot va quay vé vi tri ban dau.
Pé ngudi doc dé hinh dung cach hé thong hoat dong, nhom da xay dung so do két
nbi tong quan. So dd nay giup thay 1 cac thiét bi st dung trong hé théng va cach ching
duoc lién két v6i nhau.

Encoder

Cinh tay Robot 4 [ >
DOF

Nguon 220V

' ‘ ‘ PWM
Ding co ciae khop < = <}—
cinh tay ] ] Driver \\

\/
> Vi diéu khién

USB | UART
Camera [ > My tinh nhing [

i

Ngudn 5V

Hinh 2.5: So dd két ndi tong quan cta hé théng
2.5.2. So d6 két néi
Heé thng bao gom cac thiét bi chinh: USB Camera, Raspberry PI 4,
STM32F103C8T6, Driver Delta ASD-A2-0421-L, dong co servo AC Delta ECMA-
C20604SS canh tay robot va ngudn to ong 5V-2A. Céc thiét bi duoc két ndi nhu sau:
Camera noi véi Raspberry PI 4

Camera dugc két ndi truc tiép vao cong USB ctia Raspberry Pi 4.
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Dt li€u hinh anh thu nhan tir camera duoc truyén vao Raspberry Pi 4 dé thuc hién qua
trinh xur Iy dnh va nhan dién ddi tuong.

Raspberry PI 4 ndi v6i Vi diéu khién

Str dung chuan giao tiép nbi tiép UART (Serial).

Raspberry Pi 4 sau khi xir Iy anh va xac dinh dugc cac tham sb vi tri, s& truyén dit liéu
toa d6 va 1énh diéu khién sang STM32 théng qua céng UART dé diéu khién chuyén
dong robot.

Ngudn to ong 24V — 5A du vo6i dién lwéi 220V

St dung ngudn t6 ong 5V-2A dé cép ngudn 6n dinh cho Raspberry Pi 4,
STM32F103C8T6 va cac mach diéu khién phu tro.

Bo ngudn dugce dau ndi vao dién ludi 220V AC véi cac chan két ndi: L (day pha), N
(day trung tinh) va GND (tiép dat).

Pam bao cic yéu cau an toan dién trong qua trinh dau ndi voi day dan 2 15i boc cach
dién.

Két ndi Delta ASD-A2-0421-L véi dong co servo AC Delta ECMA-C20604SS

Két ndi ngudn dong lwe: Pau ra U, V, W cua driver servo duoc ndi tuong ting voi cac
dau U, V, W cuaa dong co servo.

K#ét ndi tin hiéu phan hdi encoder: Cap encoder tir dong co duoc ndi vé cong CN2 cia
driver servo, bao g6m cac tin hiéu A+, A-, B+, B-, Z+, Z-, cung cép thong tin phan hoi
vi tri chinh xac vé bd diéu khién.

S6 lugng: Lap lai cho 4 cip ASDA-A2 va dong co (mdi khép mot cap).

Tir nguyén 1y két ndi giira cac thiét bi, so d6 dau day dudi ddy trinh bay chi tiét cach

cac phan tu trong hé thong dugc cap nguon va truyen tin hi€u diéu khién.

L
N
a '
USB UART PWM
R g ‘o
Hinh 2.6: So d6 nbi day
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

CHUONG 3: COSO LY THUYET TiNH TOAN ROBOT ROT BIA

Trong chuong 3 nhém s€ 1am r6 nhitng van dé sau

5 . Tinh duge toa d6 nr
Dong hoe thuan e
che goe dit

M@ hinh hon canh tay | Tinh dugc cic gia tni

Dong hoc nghich

Robot £0c tir cic gl tr| X y z
Phuong trinh vi phin
Bong Iy hoe cua canh tay may 4
DOF rét bia
Thiét ké bo dicu khién
Fuzzy PD
Cor 3 1§ thuyét #  BO diéu khién
i hict ke bo dicu khién
PD
Thiét ké va trién khai _| Kién tric md hinh
he thong ] YOLO

Ung dung AT nhin
dién ly va mirc bia

Nhan dién Iy

Co so Ly thuyet > => Doc toa do
== Pua ra % bia

Hinh 3.1: Céu trtc chuong 3

3.1. M6 hinh héa canh tay robot

Muc dich: Xac dinh mi quan hé gitra cac bién khdp (géc quay hodc khoang cach
trugt) va vi tri/hudng cua diém dau cudi trong khong gian.
3.1.1 Ly thuyét dpng hoc thudn

a) Ly thuyét

Bai toan dong hoc thuan nham xac dinh vi tri va hudng cua diém dau cubi trong hé
toa d0 Descartes so vo1 hé toa do géc, dya trén cac tham sb khop va khau da cho. Cac

budc giai bang phuong phap Denavit-Hartenberg (DH) duoc tom tat nhu sau
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Xéac dinh sb bac tu do
Gan hé truc toa do

Xac dinh tham sé DH

Tinh ma tran chuyén
dbi

Tim quan hé gée dau
cubi

Hinh 3.2: Céac budc giai bang phuong phap DH
Buée 1: Xac dinh s6 bac ty do cia robot va tai mdi khop 1a chuyén dong gi, thong
thudng c6 hai chuyén dong 1a quay va tinh tién.
Buwée 2: Gan cac hé truc tai mdi khau hodc mdi khép cho robot.

Buéc 3: Xac dinh céc thong sb ciia Denavit-Hartenberg.

Hinh 3.3: M6 hinh thiét 1ap hé truc Denavit-Hartenberg (DH) cho robot
Tinh todn dong hoc thuan bang phuong phap Denavit-Hartenberg 1a phuong phap
dat cac truc toa dd tai cac khop cta robot. Ta c6 ma tran chuyén doi téng quat gitra hé
truc thur {i-1} va h¢ truc th {i}
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

cos 0, —sin @, 0 a,
iy sing,cosa, ;, cosf cosa,, —sing,, -—sina, d, 3.1)
sinfsine, , cos@sing,, cosa,, cosa, d,
0 0 0 1
Béng 3.1: Chu thich

0. Goéc quay quanh tryc Z, | dé dua hé truc vé vi tri mong mudn.
%ict Goc xoay quanh truc ¥ tir truc %~ dén truc

d, Khoang cich doc theo truc Z, , tir gbc O, , dén giao diém véi truc x
a, Khoang cach doc theo truc x, tir géc O, dén giao diém véi truc z,

Bang 3.2: Bo tham s6 Denavit-Hartenberg

1 a ay di 01
1 a, a, dl 6,
2 a, a, da, 0,
n anfl anfl dn en

Buwé'c 4: Tinh toan cic ma trdn chuyén doi cta timg khéu.
Budre 5: Tim ra moi lién hé gilta hé truc toa do géc va hé truc toa d6 cudi cung.
Tim ma tran tong 7"
+ Nhan cac ma tran chuyén doi dé tim mbi quan h¢ gitra hé toa do goc va h¢ toa do
cubi
T =T°xT) x..xT"" (3.2)
+ Matran T’ gdém
Ma tran xoay R’: Huéng dau cudi
Ma tran vi tri P°: Vi tri ddu cudi
Xac dinh mdi khép 1a chuyén dong quay (rotational) hay tinh tién (translational).
+ Lap bang tham s6 DH
e Tinh ma tran chuyén déi dong nhat 7"

+  Sir dung cong thirc ma tran chuyén d6i DH

SVTH: V& Ba Phuc

cosd, —sinb.cose;,, sinfsing, ,
.y _|sin@  cosfcosa,, —cosfsing,, O (3.3)
i . .
0 sing, , cosa, d,
0 0 0 1

Phan Phuéc Bic
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

+ Tinh 7' cho timg khau tri=1déni=n

e Tinh ma trn tong 7"

+ Nhan cac ma tran chuyén do6i dé tim moi quan hé gitra hé toa do goc va hé toa do

cudi
7—;10 :TioxTzlx.nxT;qn—l (34)
Tinh toan dong hoc thuan cho canh tay may
+ Ma tran xoay:
o he s
A
SR=\1 1y Ry (3.5)
By By I3

#R 1a ma trn xoay 3x3 thé hién phép xoay tur hé truc toa do B sang h¢ toa do A

+ Ma tran vi tri:

P,
"Pyore =| P, (3.6)
F,
4P, orc 1a ma tran 3x1 biéu thi diém P cua hé toa do B trong hé toa do A.
+ Ma tran chuyén doi:
‘R ‘P
A — B BORG 37
’ {o 0 0 1 } G-7)

47 1a ma tran chuyén doi déng nhét bién d6i tir hé toa do B sang h¢ toa dd A,
e Dé bién doi gifra h¢ truc (n-1) sang h¢ truc n, ta co:
“IT=R, ()T, (a.)R,(0)T,(d) (3.8)
b) Tinh toan dong hoc thuian cho canh tay robot rot bia
Buéc 1: Robot c6 tong cong 4 bac tu do, tai mdi khdp déu 1a chuyén dong xoay.

Buwde 2: Dat cac hé truc cho Robot.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

X3

Z3 64
i 5 : V2 |7

""""" Ly

[

X002 |3
ZyZ, Zy
X
Xy V.
01
11
12 )

A

Hinh 3.4: Dat hé truc toa do cho robot
Bang 3.3: Chu thich cac khoang cach va hudng trong h¢ toa do robot

d, | khoang cach giita hai truc 21 dén 22 tinh doc theo truc X |

J khoang cach giita hai mat phang chira X 0 dén X , cung vudng goc
2

voitruc Z,

d, khoang cach giira hai truc 23 dén Z , tinh doc theo truc X R

I khoang cach gifra hai truc
2

Buée 3: Xac dinh céc thong sb ciia Denavit-Hartenberg.
Bang 3.4: Thong s6 bang DH

i a, a, d, 0,
1 0 0 0 6,
2 L, -90 0 0,
3 L, 0 0,
4 0 ~90 L, )
5 0 0 L 0

Bué'c 4: Tinh toan cic ma trdn chuyén doi cta timg khéu.

Ta c6 ma tran chuyén doi tong quat tir hé i —1 sang hé thir Z,
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

co, —s0, 0 a;,
271 _ sOca,, sOca,, —sa., -—sa,_d, (3.9)
sOsa, cOsa,, ca_, ca_d,
0 0 0 1
Ma tran chuyén dbi dong nhat tir hé 1 sang hé 0
¢q =5, 0 O
0 0
A (3.10)
0 0 1 d,
0 0 0 1
Ma tran chuyén d6i dong nhat tir hé 2 sang hé 1:
c, -5, 0 L
0O 0 1 0
\T= (3.11)
-s, —c¢, 0 0
0 0 0 1
Ma tran chuyén doi dong nhat tir hé 3 sang hé 2:
c; —s; 0 L,
5 sy ¢ 00
T= 3.12
o0 100 G-12)
0 0 0 1
Ma tran chuyén doi ddng nhat tir hé 4 sang hé 3:
¢ -5, 00
0 0 10
T = (3.13)
-s, —¢, 0 0
0 0 0 1
Ma tran chuyén doi dong nhét tir hé 5 sang hé 4:
1 0 0 O
010 O
iT= (3.14)
0 0 1 L
0 0 0 1

Bude 5: Tim ra mdi lién hé gitta hé truc toa do géc va hé truc toa do cudi cung cua
Robot.
Ta c6 ma tran chuyén d6i dong nhat tir hé 5 sang hé 0 1a
T = ITITTIT (3.15)
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

815, =€ (C18,8; =C10y6;) €8, +8,(618,83 —€10,63) =S¢ C(Ly = LySy; = Lssyy + Locy)

| TOSs 6 (818,8; = 816563)  8,(818,83 —8516,6) =iy =838 8(Ly = LySyy — Lisyy + Loycy)
8536, §2354 —Cy —L,Cyy = LsCyy — Lys,
0 0 0 1
Vi tri di€ém dau cuoi so voi hé 0:
F, (L) = LySy; = LSy, + Lscy)
1= 8 (L = Lysyy — Lssyy + Lycy) (3.16)

F —Lycyy — Lscyy — Lys,

z

0P5=

3.1.2 Dong hoc nghich

Budce 1: Xac dinh
vi tri va hudng
mong muép cua

déu cuodi —»| Phuong phap daisd. |

v

Pong hoc nghich

Budce 2: Chon
phuong phap giai

Tinh ra céc goc
cua timg khau

Phuong phap hinh hoc.

1 Phuong phapséhoc |

Hinh 3.5: C4u tric muc 3.1.2

Bai toan dong hoc nghich 1a tim tat ca tap hop vi tri goc quay tai cac khdp, khi cho
trude vi tri va huéng cua diém cudi robot dé tao ra chuyén dong cho co cdu chap hanh.
Tuy nhién d6i véi bai toan dong hoc nghich s& kho giai quyét hon vi tai mdi diém dau
cudi ctia robot s& co thé cho ra nhiéu tdp hop cac goc quay khac nhau tai mdi khép.

Céc phuong phap giai bai toan dong hoc nghich: Ngay nay c6 rat nhiéu phuong phap
dé giai bai toan vé dong hoc nghich tuy nhién van dia trén 3 phuong phap chinh sau:

v" Phwong phap dai so.

v Phuong phép hinh hoc.

v Phuong phap sd hoc.

e Tinh toan dong hoc nghich
Tinh dong hoc nghich (Inverse Kinematics) bang phwong phap dai sé

e Tinh 6,

e Tinh 6,
— Tinh 6,

— Dua vao goc rot bia tim dugc 6,
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

bat
nx = pycl +pxsl
n,=p,.c = DS
n =
: = P (3.17)
m, =L, —L,s,, — Lss,, + Lyc,
m, = 0
m, =—L,Cy; — LsCy; — Lys,
v Tinh ?
Tu n,=m,ta co
pei—ps =0 (3.18)
Chuyén vé ta duoc
Py 5 (3.19)
px Cl
Goc 0, tim dugc la
6, =arctg2(p,, p,) (3.20)
v Tinh %
Tacd n, =m_va n,=m_ hay
{pxcl +p,s = L, —L,sy, — Lss,; + Lyc, — {pxcl + D5 =L, =Lic, —(Ly+ L,)s,;3 *)
D. ==L,y — LsCyy — Lys, p. =—Lys, —(Ls+ L,)cy

Binh phuong 2 vé hé phuong trinh ta duoc:

{(pxcl +p,5,—L,) =(Lyc, (L + L,)s,,)’
p22 =(=L;s, —(Ls + L,)cy, )2

Tir (*) cong vé theo vé ta dugc:

(p.c+ PySi— L, )2 + p22 =(Ly¢, = (Ls +L,)s,3 )2 +(=Lys, —(Ls +L,)cy )2

(po+pys—L, )+ pz2 =(Lc, ) — 2L.c,(Ly+Ly)sy) + (L + L, )523)2 +(Lss, )+ 2((Ls+L)cy)Lys, +(Ls+ L, )023)2
(po+ DS ~-L, )2 + pz2 = Lf (cz2 + s22) +(Ls+1, )2 (0232 + 3232) —2Lc,(Ls+1L,)sy, +2(Ls + L, )cy, s,
(p.G+p,s—L Y +p. =L —(L+ L) ==2L,¢,(Ls +L,)s,, +2(Ls + L)cy Lss,

bat

A=(p.+ p,s—L, )+ pzz _L32 —(Ls+ L4)2

A=2Lys)(Ls + L,)Cyy = 2(Ls + L)y Lyc, = 2Ly (L + L, )(5,655 = €58;) = 2Ly (Ls + L, )s,
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B A _ (p.c +Dp,s, ~L,) +p. _L32 — (L +L,)’
’ 2L,(L; + L) 2L,(L; + L)

Ta co
sy +e] =l=>¢, = iwll—sf
0, = [arctg2(s3,03);arctg(s3,—c3)]

Chon nghiém:
6, = arctg2(s,,c;) (3.21)

— Tinh %
Twr géc 6, vira tim dwoc ta tinh dwoc goc 0,dwa vao phwong trinh (¥)
{pxcl +P,5 —L, =L, = (Ls+L,)sy, =>{ B=Lc,—(Ls+L,)sy =>{ B =Lic, = (L + L,)(¢,8; +5,¢3)
p.=—Lys,—(L;+L))c,, C=-L;s,—(Ls+L,)cy, C=-L;s,—(Ls+L,)c,c; +5,5;)
_ { B=Lic, = (L + L,)c,sy — (Ls + L, )s,¢4 :>{ B =(Ly—(Ls + L;)sy)c, = (Ls + L,)s,c;
C=-Ls,—(Ly+L,))c,c; +(Ly + L,)s,s, C=(L,+(L;+L,)s;)s, — (L +L,)c,c,

. _ B+ (Ls+L,)s,cy
L=
L —(L+L
— 3= (Ls +L,)s; (3.22)
_CH(Ls+Ly)cye

SZ =
Ly —(Ls+L,)s,

Thay s, vao ¢, ta dugec:

B+(L+L,)| - C+(Ls+L,)c,c, c3
_B+(Ls+L,))s,cy L, —(Ls+Ly,)s,
’ Ly —(Ls+L,)s, L= (Ls+Ly)s,

_ BULy = (Ls + L)) + (Ls + L)(=C = (Ls + L )e,6y)e
(L, —(Ls+L,)sy)’
_ B(Ly—(L;+L)sy) - C(Ls + L), — (L + L)’ ¢’c,
(L, —(Ls+L,)s,)’
_B(L,—(Li+L)sy) - C(Li+ L)e, — (Li+L,)°c)’ .
(L, — (L, +L,)s,)’ (L, —(Ly+1L,)s,)* °
e [1+ (Ly+ L) ¢ 2 j _B(L,— (L +L4)s3)—C(L25 +L,)e,
(L, — (L + L,)s;) (L, —(Ls + L,)s;)
=> ¢, ((Ly = (Ls + L,)sy) +(Ls + L) ¢;7 ) = B(L; = (Ls + L)) = C(Ls + L, )c,
_ et pys — L)L~ (Ls +Ly)s;) — p.(Ls + Ly)e
(L, —(Lg+L,)sy)* +(Ls+ L) ¢’

=>c,

Thay c, vao s, ta dwgc:
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—C—(L, +L4)[i +_(](‘2+ fz)‘;f jq
3 s T Ly )S5
L,—(Ls+L,)s,
—C(Ly —(Ls + L,)sy) —(Ls + L)(B+(Ls + L,)s,65)c,
(L, = (Ls + L, )53)2
—C(Ly—(Ls+ L,)s;) = B(Ly + L)c; —(Ls + L4)252C32
(L3 - (Ls + L4)S3 )2
_ _C(L3 _(Ls +L4)S3)_B(L5 +L4)C3 _ (Ls +L4)2032
(Ly—(Ls+L,)s, )2 (L, —(Ls + L4)S3)2

=, (1_‘_ (Ls "_th)zcs2 J _ _C(L3 _(LS +L4)S3)_B(L5 +L4)C3
(L, —(Ls +L4)S3)2 (Ly —(Ls "'L4)S3)2
=5 ((L3 ~(Ls+Ly)sy)" + (Ls +L4)ZC32): —C(L, = (Ls+Ly)s;) — B(L; + L,)cy
_ _pz(L3 _(Ls +L4)S3)_(pxcl +pySl _Lz)_B(LS +L4)C3
L, — (L, +L4)Ss)2 +(Ls +L4)2 C32

=>5,

Ta tinh dwoc goc 6,

6, =arctg2(s,,c,) (3.23)
Tim goc 6,
Dua vao goc rot bia tim duoc 6,

Két luan

6| |arctig2(p,,p,)
0, _ arctg2(s;,c;) (3.24)
0, arctg2(s,,c,)
0, A
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3.1.3 M6 hinh dong luc hoc

Cac bude xay dung mo hinh dong lyc hoc bang
phuong trinh Lagrange goc khép

v

Bude 1: X4c dinh céc bién tong quét va tham sb

__ ., Biéntongquit Toc do

Gia toc

22. Tinh thé ning (V) l Tham s6 hé théng
Budc 2: Tinh dong nang (T) )
Sl G Khéiluong  Chidudai  Viuftamknsi MO men Gia to¢
2.1. Tinh dong ndng (T) *— l quan tinh trong trudng

Bude 3: Tinh thé ning (V) ciia hé
thong

|

Budc 4:Xay dyng ham Lagrange L=T—V
Keét hop (T) va (V).

|

Budc 5:Ap dung phuong trinh : ;
Lagrange —— » Tinh dao ham dé tim m{)i quan hé¢
l gitra m6 men va chuyén dong.

Budc 6:Pua vi ((}Izi.zgh:uﬁzrcl Phuongtrinh _ - () b+ C( 0, 9) O+g (6)+7, =7
Hinh 3.6: CAu tric muc 3.1.3

a) Ly thuyét

Pong lyc hoc trong canh tay may 13 nghién ciru vé cac luc lién két voi canh tay may.
Dé thuc hién mét nhiém vu cu thé, canh tay may duoc tang tbe tir trang thai nghi dé bat
dau chuyén dong, sau d6 khau cudi ctia canh tay may c6 thé duoc yéu cau di chuyén véi
véan tbc khong d6i va sau d6 duoc giam tde dé dwa noi vé trang thai xac 1ap tai diém
mong mudn. Chuyén dong nhu vay doi hoi su bién d6i ciia mo-men xoén tai cac khdp
bang co cau truyén dong theo quy dao mong mudn.

Phuong trinh dong luc hoc nghich (Inverse Dynamics) 1a phuong trinh véi dau vao
1 tin hiéu dit bao gdém vj tri, van tdc, gia téc cua timg goc khdp; ngd ra 1a tin hiéu mo-
men diéu khién. Quy dao véi su thay ddi cua vi tri, van tdc va gia tdc dugce dua ra va
mo-men xodn can thiét tai cac khép thao tac dé di chuyén doc theo quy dao mong mudn.

Phuong trinh dong luc hoc thuan (Forward Dynamics) la phuong trinh voi dau vao
1 tin hiéu mé-men diéu khién; ngd ra bao gdm vi tri, van tbc, gia téc cta tirng goc khép.
Céc tin hiéu diéu khién moé-men xoin duoc dua ra va chuyén dong cia canh tay may
phai dugc tim théy, né ¢6 thé lién quan dén viéc tim kiém vi tri, van toc va gia tdc.

C6 hai phuong phap dé tim phuong trinh dong luc hoc cta hé canh tay may do6 1a
phuong trinh Lagrangian dua theo ning lugng dong nang va thé ning va phuong trinh

Newton-Euler dua theo lyc va mo-men tac dong 1én timg khau ctia canh tay may. O day
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nhom tién hanh phan tich dong luc hoc cta hé theo phwong phap sir dung phuong trinh

Lagrangian.
Van toc goc va van toc dai ciia canh tay may.

Vin toc goc cta khau i+1 so véi hé truc toa do {i +1}

"o, =""Ro+6, "z, (3.25)
Van toc g6c cua khau i +1 so voi hé truc toa dd goc
0 = R0, (3.26)
Van tdc dai cua khau i +1 so voi hé truc toa @ {i+1}
"o, ="R('0+ @ x'py) (3.27)
Van tdc dai ctia khau i+1 so véi hé truc toa dd géc
", = R, (3.28)
Vi tri trong tdm tai khau i+1 so véi hé truc toa do géc
P, =T P, (3.29)
Van tdc dai tai trong tam khau 1+1 so vdi hé truc toa do géc
"o = R(M0, T @, x T pe) (3.30)

Bang 3.5: Cac dai luong dong luc hoc trong thuat toan Newton-Euler

"R | ma trén xoay cua h¢ truc thur {i} 1én hé tryc thr {i+1}

“lg. | van toc goc cua khau thu {i+1}

‘w | van toc goc cua khau thir {i}

van toc goc tai khép tha {i+1}

Z,., | vecto cua truc Z tai hé truc tha {i+1}

#y, | van toc tuyén tinh & diém goc cta hé tryc ther {i+1}

v, | van toc tuyén tinh ¢ diém goc cua hé truc thr {1}

vi tri diém gdc cua hé truc thir {i+1} chiéu 1én hé truc thir {i}

p | vitri trong tAm ctia khép {i+1} chiéu 1én toa do {i}.

Cin

Cong thtrc tinh toan dong luc hoc cho canh tay may.

Tinh toan tong ning lugng dong ning cua hé.

: n (1 1 . -
K(0,0)= Zi_l(am[(uci )'v, +§(’a),.)T "I[’a)[j (3.31)
Tinh toan tong ning luwong thé ning cua he.
U0)=3" (-m'e"p, +U,,) (332)
SVTH: V& Ba Phuc Hudng dan: TS. Tran Thi Minh Dung

Phan Phuéc Bic

38



Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Tir két qua tinh toan dong ning va thé ning cta hé thay vao phuong trinh chuyén

dong Larange cua hé.
L(0.6)=K(6.6)-U(0) (3.33)

Bang 3.6: Chu thich cac dai lugng dong luc hoc cua robot

m, | 1a khoi luong ctia khau thir {i}

Ve, | van tde dai tai trong tam khau thtr {i}

‘w, | van tdc goc tai khau thir{i}

%I | mo-men quan tinh tai trong tdm khau thtr {i}

g | vec-to gia toc trong truong

p. | vitritrong tim khau thir {i} so v&i h¢ toa do gbe {0}

gbc thé nang

Tinh phuong trinh dong lyc hoc ctia hé

d[aL(Hﬁ)]LaL(Q’Q)J:T (3.34)

di| 00 00

Phuong trinh vi phan cua canh tay mdy dua vé dang tong quat

M(0)6+C(0.0)0+g(0)+z,+J'F, =1 (3.35)
Bang 3.7: Cha thich cac dai lugng trong phuong trinh dong Iuc hoc robot
reR™ vec-to van toc tai mdi khép quay
6 eR™! vec-to vi tri ctia mdi khép quay
0 e R™ véc-to van toc ciia modi khép quay
v ( 0) e @a tran quan tinh c6 tinh chat d6i xtmg va xac
dinh duong
C(6,0) e R™" ma trin Coriolis/centrifugal
g(0)eR™ vec-to trong truong
7, =FO+F Sign(g') v6i F, =diag([b,,b,,..,])1a hé sb ma sat nhét

F, = diag([cl,cz,...,cn]) e | 12 hé s6 ma sat finh

J ma tran Jacobia

F ngoai luc tac dong 1én robot tai khau cudi

e

Phuong trinh dong luc hoc thuan cua h¢ nhu sau:

6=M(0) (r-C(0.6)0-g(0)-7,-J'F) (3.36)

SVTH: V& Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
Phan Phuéc Béc

39



Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Phuong trinh dong luc hoc nghich ctuia h¢ nhu sau:
r:M(G)é+C(6’,«9)€+g(6’)+rf+JTF; (3.37)
b) Tinh toian dfng lwc hoc canh tay may
<% Diéu ki¢n ban dau

Van tdc gbc cua hé toa do géc nhu sau:

‘w,=[0 0 0] (3.38)
Van tdc dai tham chiéu cho hé toa do géc:

"u,=[0 0 0] (3.39)
Gia tdc trong trudong cua hé toa do goc theo phuong Z va hudng xudng:

g=[0 0 g] (3.40)

Toa dd trong tdm tai mdi khau:

1

pq:[xl Y Zl]T

2

pc2=[x2 W2 Z2]T

. - (3.41)
p. =[x » z]
p=lx vzl
Moment quén tinh tai mdi khau:
I, -1, -I.
“A=\-1, I, -1, (3.42)
-1 xz, -1 3z, 1 zz
I xx, -1 X9 -1 Xz,
°L=\-1, I, -I_ (3.43)
-1 xz, -1 yz, I z,
1 -1, -1
“L=-1, I, -I. (3.44)
-1 Xz, -1 yz3 I zz
A
=1, I, -I. (3.45)
-1 Xz -1 yz3 1 2z

Bang 3.8: Chu thich
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]xx’_ moment quan tinh tdc dong 1€n truc X cua hé truc toa do thir {i}
]W’_ moment quan tinh tdc dong 1€n truc Y cua hé truc toa do thir {i}
1 . moment quan tinh tdc dong 1€n truc Z cua h¢ truc toa do tha {i}
Ixy,. moment quan tinh tdc dong 1én truc XY cua hé truc toa do thu {1}
[le_ moment quan tinh tdc dong 1én truc XZ cua h¢ truc toa do thir {i}
I moment quan tinh tdc dong 1én truc YZ cua h¢ truc toa do thir {i}

v" Tai khau 1

Van tdc gbc cua khau 1 so véi hé truc toa do {1}

‘o, = R0, +6)'2, (3.46)
Van tdc gbc cua khau 1 so véi hé truc toa do goc
‘o, =R'o, (3.47)
Vian tdc dai caa khau 1 so véi hé truc toa d6 {1}
' = R("v,+* @,x"p,) (3.48)
Van tdc dai cta khau 1 so véi hé truc toa do géc
'v, =Ry, (3.49)
Vi tri trong tdm tai khau 1 so v6i hé truc toa do géc
Opc1 = ?Tlpc1 (3.50)
Van toc dai tai trong tdm khau 1 so voi hé truc toa do géc
e, =R ("0, + %' p ) (3.51)

v' Tai khau 2:

Van tdc g6c cua khau 2 so véi hé truc toa do {2}
‘0, = R'o,+0,’%, (3.52)

Van toc g6c cua khau 2 so véi hé truc toa do géc
‘w, = ,Ro, (3.53)

Van toc dai cua khau 2 so v6i hé truc toa do {2}
21)2:12R<11)1+lco1><1pz) (3.54)

Van tdc dai ctia khau 2 so véi hé truc toa do géc
‘v, =, R, (3.55)

Vi tri trong tdm tai khau 2 so voi hé truc toa do géc
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"pe, =571, (3.56)
Van tdc dai tai trong tam khau 2 so voi hé truc toa do géc
v, = ;R(zuz + @, X 2pcz) (3.57)

v Tai khéu 3:

Van tdc gbc cua khau 3 so véi hé truc toa do {3}

‘o, = JRw, + 6,2, (3.58)
Van tdc gbc cua khau 3 so véi hé truc toa do goc
‘o, = R o, (3.59)
Vian tdc dai caa khau 3 so véi hé truc toa d6 {3}
v, = R(*v, + @, %7 p,) (3.60)
Van tdc dai ctia khau 3 so véi hé truc toa do géc
‘v, = IRy, (3.61)
Vi tri trong tdm tai khau 3 so v6i hé truc toa do géc
"pe, =P, (3.62)
Van tdc dai tai trong tam khau 3 so vo1 hé truc toa do géc
‘v, = ;)R(3U3 + 0)3X3Pc3) (3.63)

v' Tai khéu 4:

Van toc goc ctia khau 4 so voi hé truc toa do {4}

‘o,= IRw,+6,'z, (3.64)
Van tdc g6c cua khau 4 so véi hé truc toa do goc
‘o,= R'o, (3.65)
Van tdc dai ctia khau 4 so véi hé truc toa do {4}
‘0, =R’ + o, % p,) (3.66)
Van tdc dai ciia khau 4 so véi hé truc toa do géc
‘v, =R, (3.67)
Vi tri trong tdm tai khau 4 so voi hé truc toa do géc
"pe, =" pe, (3.68)
Van tdc dai tai trong tam khau 4 so véi hé truc toa do géc
‘o, = {R(‘0,+ 0,x"p,, ) (3.69)

¢ Tinh toan dong luwc hoc robot.

Tinh toan tong ning lwong dong ning dwa vao cong thirc véin = 4.
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K(6,0) = Zi—l(E miUc,TUc,» + 2 lwir Cilila)ij (3.70)

Tinh toan tong nang luong thé ning dya vao cong thirc n=4.
u(@)=Y"(-m 2" " p, +U,,) (3.71)
Tir két qua tinh toan dong nang va thé nang cta hé thay vao phuong trinh chuyén dong
Larange.
L(0.0)=K(0.0)-U(0) (3.72)
Tinh phuong trinh dong Iuc hoc ctia hé.

i[&(a,é)}_[a(e,é)}_r 673

dt| 00 00

Phuong trinh vi phan cua canh tay mdy dua vé dang tong quat
M(6)6+C(0,6)0+g(0)+7, =7 (3.74)
Phuong trinh dong luc hoc thuan cua hé¢ nhu sau:
6"'=M(9)_l (T—C(Q,é)é’—g(é’)—Fvé—chign(é)) (3.75)
Phuong trinh dong luc hoc nghich cuia hé nhu sau:

r=M(0)0+C(0.6)0+g(0)+F,0+F.sign(0) (3.76)

3.2. Thiét ké bd diéu khién PD
3.2.1 Bj diéu khién PID

B6 diéu khién PID 1a mot phuong phap diéu khién phd bién trong cong nghiép va
robot hoc, duoc sir dung dé diéu chinh dau ra cta hé thong (goc khdp ciia robot 4-DOF
rét bia) nham dat gia tri mong mudn véi sai s6 nho nhat, duoc trinh bay cong thirc

upp =K e(t)+K, %jtl(lje(t)dt (3.77)

Trong d6, u 1a tin hiéu diéu khién va e 1a sai léch diéu khién. Tin hiéu diéu khién la
tong cua 3 thanh phan: ti 18, vi phan va tich phan.

Nhiém vu ctia ngudi thiét ké bo diéu khién PID duoc xac dinh bdi cong thic trén, 14
chon lya b ba gid tri {K,,K,,K,} théa man céc yéu cau vé chat lugng diéu khién dugc

trinh bay trong so d6 diéu khién sau

gt i

Dong hoc i BQ diéu Robot i .| Donghoc
nguoc khién PID ’ 4 DOF "l thuan

Hinh 3.7: So d6 diéu khién
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Trong so d6 diéu khién c6 khéi dong hoc nguoc dé chuyén ddi tir vi tri ban du sang
cac goc tham chiéu ngd ra ctia robot 4dof c6 khdi dong hoc thuin dé chuyén ddi cac goc
thuc sang vi tri thyc tai tam chuyén dong
Thiét ké bo diéu khién vi phan ti 1& cho hé thong
Pit x, =0eR*™; x, =0eR* va X, = dong luc hoc canh tay may duoc thé hién theo
phuong trinh khong gian trang thai nhu sau.

{ o h=n . (3.78)
Xy =M"(x)(u-C(x;,x,)x, - g(x)) - Fx, - F_sign(x,))
Sai s6 vi tri:
e=x,-Xx (3.79)
3.2.2 B¢ diéu khién PD

Trong cong nghiép, hién twong bio hoa tich phan trong cic bd diéu khién PID 1am
cho hé kin c6 d6 qua diéu chinh 16n, thoi gian diéu chinh ting 1én va c6 thé gy ra mat
6n dinh dé tranh viéc sai sot trong qua trinh diéu khién boé qua khéu tich phan, xét bd
diéu khién vi phan ti 1€ dugc dua ra nhu sau.

t=K,e+K,é (3.80)
Béang 3.9: Chu thich
K, Kp4]) c®> | ma tran dudng chéo xac dinh duong 1a hé sb
khau ti 1¢

K, =diag([K K, K,5.K,,])eR** | la ma tran dudng chéo xac dinh duong la h¢

pl’Kp2’

K, =diag ([K

s6 khau vi phan.
3.2.3:B¢ diéu khién tw diéu chinh FUZZY — PD cho mé hinh cdnh tay robot rot bia

KK,

=

A 4

Xref T B0 dicu LA s Di tugng X
khién PD m; dieéu khién

Y

B6 diéu khién mo

Hinh 3.8: Bo diéu khién ty diéu chinh FUZZY — PID
Piéu khién PD tu diéu chinh mo dua trén diéu khién PID kinh dién va st dung cac
quy tac suy ludn mo dé 1am cho céc tham sd PID tu chinh dinh dya trén sai léch e(t) va

dao ham de(¢).
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- Bo diéu khién Fuzzy 1y sai s6 goc va dao ham sai s6 goc dé diéu chinh hé sé goc
ra. Tur d0, cac hé sb gbc ra thay ddi theo thoi gian dugc dua vao khéi khuéch dai tin hiéu
dé dua ra gia trj diéu khién.

Viéc xay dung cac ham lién thudc, cac khoang gia tri ctia bién vat 1y va bién ngon
nglr dya trén kinh nghiém chinh dinh nhu sau:

Bang 3.10: Quy udc luat diéu khién

Am nhiéu | Am vira Am it Zero Duong it | Dwong vira | Duong nhiéu

NB NM NS 70 PS PM PB

Luat diéu khién M& PD (Fuzzy - PD): Muc tiéu 1am hé phan hdi nhanh hon khi sai s6
16n va dap ung trong thoi gian s¢ m nht.
+ E 1a sai sb.
+ dE la dao ham sai sb
Gia tri: Paurau la gia tri diéu khién gdc.
Bang 3.11: Luat diéu khién

PB PB PM PM PS Z Z
PB PM PM PS Z Z NS
PM PM PS Z NS NM NM
PM PS Z Z Z NS NM
PS Z NS V4 NS NM NM
Z NS NM NM NM NM NB
Z NM NM NM NB NB NB
Giai thich luat:
Muc tiéu:

+ Khi sai s6 16n (NB hoic PB), hé can phan hdi nhanh, nén gia tri dau ra u duoc
tang manh (vi du: PB khi E = NB va dE = NB).
+ Khi sai s6 gan 0 (ZO), gia tri goc dugc giit nguyén (ZO) dé tranh giao dong.
+ Khi sai s 16n, gié tri goc ra ting dé dap ing nhanh hon, nhung can muot ma dé
giam dao dong.

Phén tich mét s6 quy tic:
+ E=NB, dE = NB — u = PB: Khi sai s6 4m 16n va ting nhanh (dao ham am 16n),
hé can diéu chinh manh vé duong dé bu dap nhanh.
+ E=7Z70, dE =Z0 — u = ZO: Khi sai s6 va tc do thay d6i gan 0, giit nguyén goc
dé hé 6n dinh.

45
SVTH: V& Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
Phan Phuéc Béc



Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

+ E=PS, dE = NS — u = NS: Khi sai s6 dwong nhé va giam (dao ham am), diéu
chinh giam nhe dé tranh vuot qua.
+ E=PB, dE = PB — u = NB: Khi sai s6 duong 16n va ting nhanh, giam manh dé
kiém ché.
Két qua:
Phan hoi nhanh khi sai sb 16n: Cac quy tic & goc NB va PB (vi du: PB, PM) dam bao
diéu chinh manh, pht hop v6i muc tiéu.

Giir nguyén goc khi sai sé gan 0: Quy tic E = ZO, dE = ZO — u = ZO gitp 6n dinh hé.

3.3. Ung dung Al trong nhén dién ly va wéc lwong lwong bia
3.3.1. M6 hinh YOLO (YOU ONLY LOOK ONCE)

M6 hinh YOLO, do Joseph Redmon phat trién 1an dau tién vao nim 2016, 13 mot
kién triic mang no-ron tich chap (CNN) mang tinh dot phé trong linh vuc phat hién va
phan loai ddi tugng. Diém dic biét cia YOLO nam ¢ kha ning xir 1y toan bo hinh anh
chi trong mot 1an truyén qua mang (one-stage detector), cho phép mé hinh vira xac dinh
nhin dbi tugng vira du dodn chinh xac vi tri thong qua cac khung giéi han (bounding
box). Mic dut so véi mot sé md hinh hai giai doan khac, YOLO d6i khi ¢ thé thua kém
mot chut vé do chinh xac tuyét d6i, nhung bu lai nd vuot troi vé toc do xur 1y va kha
nang nhan dién theo thoi gian thye.

Trai qua nhiéu thé hé cai tién, YOLO ngay cang dugc hoan thién ca vé kién trac 1an
hiéu ning. Trong khudn kho dé tai, nhém lya chon sir dung phién ban YOLOvV8 — phién
ban moi nhat v6i nhiéu cai tién dang ké vé do chinh xac, kha nang toi wu tham sé ciing
nhu toc d6 huén luyén va nhan dién. Viéc 4p dung YOLOVS nhim tin dung nhitng wu
thé ciia mo hinh trong viéc nhan dang va xac dinh chinh xac vi tri ctia cac ddi tuong,
qua d6 nang cao hiéu qua toan dién cho hé thdng xtr Iy hinh anh va diéu khién robot.
3.3.2. Kién triic mé hinh YOLO

YOLO (viét tat ciia You Only Look Once ) 1a mét trong nhitng mé hinh mang no-
ron sdu ndi bat trong linh vuc phat hién dbi tuong (object detection). Khac véi céac
phuong phap hai giai doan nhu R-CNN hay Faster R-CNN, YOLO x1r ly bai toan phat
hién d6i twong chi trong mot 1an truyén mang duy nhat, gitip dat duogc toc do xir 1y rat
cao, phu hop cho ung dung thoi gian thye.

- Base Network : La chudi cic 16p convolutional (v&i batch normalization va
activation Leaky ReLU) kém theo mdt s6 fully-connected layer, chiu trach nhiém trich

xuat dac trung tir anh dau vao.
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- Extra Layers (Detection Head) : La cic 16p bd trg phia sau mang co so, dam
nhiém vai tro du doén vi tri, kich thudc va 1op ddi tuong trén cac dac trung da dugc trich
Xudt.

A\
A\ full i
\ ‘e

connected

\g onnected i < "
Input | | Q( = ) { babl'ty\
9 1 XYW, score Class proi i1
image = . DarkNet ><
“. * Architecture length: 58+C

U 7x7x1024 4096 7x7x30
448x448x3

Hinh 3.9: So dd cdu trac mang YOLO

YOLOV3 st dung Darknet-53 1am mang nén véi 53 16p tich chap lién tiép, mdi 16p
kém Batch Normalization va ham kich hoat Leaky ReLU, dong thoi ap dung cac 16p
tich chap stride =2 dé giam kich thudc feature map ma van bao toan thong tin dic trung.

Pau vao anh pho bién trong YOLOV3 1a 416x416 hodc 608x608 . Trong qua trinh xur
1y, kich thudc anh bi gidm dan theo cép s6 nhan, din dén viéc thu dugc cac feature
map & nhiéu mirc d6 khac nhau:

- Vi dau vao 416x416 : Feature map lan lugt 1a 13x13 , 26x26 , 52x52 .

- Véi dau vao 608x608 : Feature map lan lugt 1a 19x19 , 38x38 , 76x76 .

Céc feature map nay gitp mé hinh phat hién ddi twong & nhiéu ti 16 khac nhau, cai
thién dang ké kha nang nhan dién vat thé nho va ¢ xa.
3.3.3. OUTPUT ciia YOLO

Output cia md hinh YOLO 12 mét véc to s& bao gdm cac thanh phan:
Y =] o (ttytunty) (P P2sns p.) | (3:81)

Trong do:

- 6 =atan 2[ } (3.82) 1a x4c suét du bao vat thé xuét hién trong bounding box.

YE =V,

- <t £, > giup xac dinh bounding box. Trong d6 ¢,,¢, 1a toa do tdm va ¢ ,z, 1a kich

x2byotwo
thudce rong, dai cia bounding box.
- < Dy> Paseees pc> 1a véc to phan phoi xéac suat du bdo cua céc classes.

Viéc hiéu output kha 13 quan trong dé chung ta cau hinh tham sé chuan x4c khi huan
luyén model qua céc open source nhu darknet. Nhu vy output s& duge xac dinh theo sd
luong classes theo cong thirc (n_class+5). Néu hun luyén 80 classes thi ban s& c6 output
1a 85. Truong hop ban ap dung 3 anchors/cell thi s6 lugng tham s output s& la:
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Hinh 3.10: Kién tric mét output cia model

3.3.4 Feature map

Tuong tu nhu SSD, YOLO ciing du doan vat thé trén nhiéu feature map. Trén mdi
cell cua feature map s€ co6 3 anchor box dé dyu doan vat thé, nhu vay ta tinh dugc sb
lugng cac anchor box trong md hinh YOLO 1a (3 feature map x 3 anchor box) = 9. Tu
d6 ta c6 thé tinh dugc sb lugng anchor box trén mot burc anh la:

(13x13+26x26+52x52) x 3=10647 (anchor box)

Véi s6 lugng 16n thé nay thi qua trinh huin luyén s& rat cham boi ta phai du bao nhan

va bounding box trén tirng anchor box.

92 X 52
Hinh 3.11: Céc feature maps cua mang YOLOV3 véi input shape 1a 416x416, output 1a
3 feature maps

3.3.5. Anchor Box

YOLO s& can cac anchor box dé ude lugng va tim bounding box cho vét thé. Ban dau
cac anchor box nay s& xac dinh va bao quanh vat thé, sau d6 thut todn regression
bounding box s& tim ra bounding box dy doan cho vat thé. Mdi vat thé s& duoc phan bo
vé mot anchor box. Trong trudng hop c6 nhiéu anchor box cung bao quanh vat thé thi

thuat toan s& chon ra anchor box ¢6 IOU véi ground truth cao nhat.
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N B bounding box
i candidates in total
1

Gnds

The “responsible” predictor
X # in cell i has the highest loU
Cell i with the ground truth

'
]
"

Truth bounding box

Hinh 3.12: Cach xac dinh anchor box cho vét thé
M ta: Tur cell i ta xac dinh duoc 3 anchor box vién xanh. Tuy nhién chi anchor box
vién xanh dam 1a dugc chon vi ¢6 IOU véi ground truth bounding box 1a cao nhét. Bén
canh d6, mdi vat thé con duoc phan bd vé mot cell trén feature map chira diém mid point
ctia vat thé. Tu cell d6 ta c6 thé xac dinh cac anchor box cua doi tuong. Tom lai, dé xéc
dinh vt thé ta can quan tam dén anchor box va cell.

Before 1 object p/ celi

AN & s - J . Anchor Box 2
P i . )
g. - .
y=| b
b,

Anchor Box 1

P,
b,
b,
by, ~1AB
b,

Here both objects' centers are close to the cell 2.2

Hinh 3.13: Céch x4c dinh vét thé cia YOLO
3.3.6. Non-max suppression
Non Maximum Suppression (NMS) 13 mét budc hau xir Iy ma hau hét cac thuat toan
Object Detection sau nay déu st dung. Muc tiéu cia NMS 14 Iya chon mét bounding
box thich hop nhat cho déi tuong.
NMS tinh theo 2 tiéu chi: Objectiveness score duoc tra vé boi model -Overlap hodc

IOU gitra cac bounding box.
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Do thuét toan YOLO du béo ra rat nhiéu bounding box trén mot burc anh nén ddi véi
nhitng cell ¢ vi tri gin nhau, kha niang cac khung hinh bi overlap 14 rit cao. Trong
truong hop d6 YOLO sé& can dén non-max suppression dé giam bot sb luong cac khung
hinh duoc sinh ra

Hinh 3.14: Non-max suppression tir 3 bounding box xudng con 1 bounding box

Néu chi s6 nay 16n hon ngudng threshold thi diéu d6 chting to 2 bounding boxes dang
overlap nhau rat cao. Ta s& x6a cac bouding c6 xac suat thip hon va gii lai bounding c6
x4c suit cao nhat. Cudi cung, ta thu dugc mot bounding box duy nhat cho mot vat thé.
3.3.7. Phédn loai YOLOvS

C6 5 m6 hinh khac nhau: YOLOSn, YOLOSs, YOLO8m, YOLOSI, YOLOS8x. Pau
tién 1a nho nhét va kém chinh xac nhét, cudi cing 1a 16n nhat v6i d6 chinh xac 16n nhat.
Tat ca cac mo hinh déu chay trén PyTorch.

56
54
52
50
48
46
44

COCO mAP 50-85

42
40
38

36
0 2 4 6 3 10 12 14 16 13

Hinh 3.15: So sanh hiéu suit 5 md hinh YOLOvS8
Phién ban YOLOv8 danh dau nhirng budc phat trién vuot bac vé ca tde do suy luan
14n d6 chinh x4c khi so sanh v&i cac thé hé trude. Trong céac bai kiém tra benchmark,
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YOLOV8 dugc ddi chiéu voi cac phién ban tir YOLOvS dén YOLOV7, cho thiy su cai
thién ro rét. Két qua minh hoa trén Hinh 2.20 cho théy YOLOVS lién tuc vuot 1én dan
dau, dat do chinh xac mAP trén tap COCO cao hon, déng thoi van gitt duoc tbe do xir
1y nhanh hon so véi cac phién ban tién nhiém.

Cu thé, cac phién ban khac nhau cia YOLOVS (gdm yolov8n, yolov8s, yolov8m va
yolov8x) tao thanh mot dai hiéu ning rd rang, trong d6 mdi bién thé dat mAP50-95 cao
hon & muc d6 tré tuong tmg. Pang chu v, phién ban yolov8x dat dugc khoang 53-54%
mAP50-95 voi do tré rat thép, vuot troi hoan toan so véi cac thé hé trude.

Pbi v6i cade mo hinh tim trung nhu yolov8m, hiéu nang cling dugc cai thién dang ké
khi cho d¢ chinh xac twong duwong v61 nhitng mo hinh kich thude 16n hon cua céc phién
ban cii, nhung vé6i thoi gian xir Iy ngan hon nhiéu. Dic biét, & dai d6 tré rat thap (tir 2—
6ms), yolov8s van duy tri dugc do chinh xac khoang 46-47% mAP50-95, mirc ma trude
day chi c6 thé dat duoc boi nhitng mé hinh kém chinh xac hon. Day 14 yéu t quan trong
v6i nhitng tmg dung thoi gian thue doi hoi su can bang giita toe do va do chinh xac.

Bén canh d6, duong cong hiéu ning cia YOLOVS ciing cho thay kha ning mo rong
linh hoat giita cac bién thé, gitp nguoi dung co6 thé dé dang lya chon cAu hinh mé hinh
pht hop véi timg yéu cau cu thé vé hiéu suit va thoi gian xir 1y.

3.3.8. Phuwong phdp chuyén doi hé toa dp xdc dinh vi tri déi twong

Muc dich cua viéc chuyén d6i hé toa do 1a léy dugce vi tri cua vat thé tir toa d6 camera
dem chuyén sang toa d6 Robot dé diéu khién Robot di chuyén dén tiép can ddi tuong va
xu ly.

C6 rat nhiéu phuong phap chuyén d6i hé toa do camera sang hé toa do Robot.
Nhém di chon phwong phap chuyén déi dwa theo mé hinh thye té, diy 13 phuong

phép chuyén doi dua trén vi tri cac thiét bi trong thuc té chir khong dua vao cac

v ,

thong sO co6 san clua camera.

R

u CHUYEN DBOI HTD PIXEL CHUYEN BOI HTD ANH Y
v SANG HTD ANH SANG HTD ROBOT R
Z R

Hinh 3.16: Phuong phap chuyén d6i hé toa do xac dinh vi tri ddi tuong
Uu diém ciia phwong phap:
- Phuong trinh chuyén d6i don gian, c6 thé dé dang chinh sira khi mudn thay

do1 vi tri camera va Robot.
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- Khéng can nguoi lap trinh phai ¢ kién thire vé xtr Iy cac ma trin thong sd
cua camera.

- Vi khong phai dya vao thong s6 ciia camera nén do chinh xac twong d6i cao.

Nhuoc diém ciia phwong phap:

- Vi la phuong phap chuyén d6i dya theo mé hinh thuc té nén khong thé ap
dung phuong phap cho cac moé hinh khac. Pay la phuong phap riéng biét.

- Khi muén st dung phuong phap cho mé hinh khac phai tién hanh ldy thong
sb va tinh toan lai tir dau.
3.3.9. Thiét ké va trién khai hé thong
Mo hinh 1: Nhin dién miéng ly bing mé hinh YOLOvVSn

Thuthfpdd = | Ginnhandr| [Tinxwlgdr| [ Hufnluyén
» —>

gy e | ligu ~ mé hinh " mo b

Hinh 3.17: Quy trinh huén luyén Al
a) Thu thap dir liéu
Viéc thu thap anh chat luong cao 1a budc quan trong dé xdy dung tap dit liéu huan
luyén cho hé théng nhan dién miéng ly béng tri tu¢ nhan tao (Al). Chup anh miéng ly tur
nhiéu gbc do, diéu kién anh sang khéac nhau.

Hinh 3.18: Dt li¢u hinh anh dugc thu thap vao 1 file
Nhom d3 tién hanh thu thap tong cong 605 hinh anh miéng ly, duoc chup tir nhiéu

goc nhin va trong cac diéu kién 4nh sang da dang nham ting cudng tinh tong quat va

kha nang thich itmg ctia mo hinh.
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b) Gin nhin dir liéu

Viéc gin nhén dit liéu mot cach chinh x4c va hiéu qua 1a bude nén tang dé xiy dung
cac hé théng Al dang tin ciy. Anaconda cung cAp méi trudng tich hop voi cac thu vién
nhu pandas va Label Studio dé t6i vu héa quy trinh gin nhin

Budc 1: Sau khi tai va cai dat Anaconda trén may tinh, ta khdi dong Anaconda
prompt va gd 1énh “conda create --name yolo-env1 python=3.12” dé khoi tao mdi trudng
lam viéc médi

) Anaconda Prompt - conda cr X + v

(base) C:\Users\ACER>conda create -—-name yolo-envl python=3.12
Retrieving notices: done
WARNING: A conda environment already exists at 'C:\Users\ACER\anaconda3\envs\yolo-envl'

Remove existing environment?
This will remove ALL directories contained within this specified prefix directory, including any other conda environment

S.

(y/[nDD? y
l

Hinh 3.19: Anaconda prompt
Sau d6 dung 1énh “conda activate yolo-env1” dé st dung moi truong vira khoi tao.
Budée 2: Tai va cai dat Label Studio vao méi truong vira khai tao bang dong 1énh
“pip install label-studio”
Viéc cai dit nay co thé mat vai phat dé thuc hién.
Buée 3: Sir dung 1énh “label-studio start” dé khoi tao va chay label studio va chuong
trinh s& chay 1 trang web c6 duong dan nhu trong dnh

Yy -7

Initializing database
April 15, 2025 - 088:36:40
Django version 5.1.8, using settings 'label_studio.core.settings.label_studio'
Starting development server at

Quit the server with CTRL-BREAK

. 600]

Ding nhap va str dung label studio dé gin nhin
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TEORTEFAAFEFREMN

Hinh 3.21: Tién hanh gin nhin

Sau khi hoan tt qué trinh gan nhén cho tap dit liéu, nhoém d3 tién hanh xuat cac tép nhan

vé may cuc bd dé chuan bi cho budc huin luyén mo hinh.
¢) Tién xir 1y dir liéu

e Giai nén dir liéu

Bo6 dit liéu da duoc nén trong tép data.zip va dugc giai nén truc tiép vao thu muc
/content/custom_data trén mdi truong Google Colab.

Thao tac nay giup to chirc dit liéu huan luyén mot cach gon gang va thuan tién cho
cac budc tién xtr Iy va huan luyén mé hinh sau do.

e Phan chia dir liéu

Dé chia bo dit liéu ban dau thanh tap huén luyén va tap kiém tra, mot script ¢ san
tor GitHub 1a train_val split.py da dugc st dung. Script nay gitp ty dong phan chia dir
lidu vai ti 18 90% danh cho huan luyén va 10% cho kiém tra

Két qua: Dit liéu dugc to chirc lai thanh cac thu myc chuan cho YOLO, bao gom:

+ train/images, train/labels — chira anh va nhin ding dé huan luyén
+ validation/images, validation/labels — chira anh va nhan dung dé kiém tra mé hinh

e Tao t&p cAu hinh YAML cho dit liéu

Pé m6 hinh YOLO c¢6 thé hiéu ciu trac caa dit liéu huén luyén, can tao file cAu hinh
data.yaml. File ndy chtra cac thong tin quan trong nhu dudng dan dir liéu, sé luong 16p
va tén cac 16p.

Mot ham Python da duoc xay dung nham tu dong tao file data.yaml dya trén noi
dung cua file classes.txt. File classes.txt bao gdm danh sach tén cac 16p d6i twong can
nhan dién (trong trudong hop nay la: mouth cup).
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d) Huén luyén mé hinh

e Cai dat thu vién can thiét

Trude khi bat dau huan luyén, thu vién ultralytics — cung cap céc tién ich dé sir dung
mo hinh YOLOvS

e Céu hinh huén luyén

M0 hinh: YOLOvS8n (yolov8n.pt) — 1a phién ban nhe (nano) cia YOLOVS, thich hop
cho cac hé thong yéu cau tdc do cao va tai nguyén thap.

S6 vong lip (epochs): 70

Kich thudc anh: 320%320 pixel

File c4u hinh dit liéu: /content/data.yaml, bao gém thong tin duong dan dir liéu, s6
lugng va tén cac 16p.

e Thuc thi huin luyén
Két qua ciia qua trinh huén luyén

train/box_loss train/cis_loss train/dfl_loss metrics/precision(B) metricsirecall{8)
06 JL —e— resuits 3901
[ x smoath | 9937 0.954 094
0.54 1.5 2o
[ 090+ 97 0.8
{ 0.851
04 : Lo : | 0.74
085+ 0.80 4
0.3 0.6
).5 ]
0.80 [
024 0.70 .51
0 50 0 50 0 50 0 50 0 50
val/box_loss val/cls_loss val/afl_loss metrics/mAPSO(H) metrics/mAPS0-95(8)
f y 2 1 134 L0 T y 107
| 25 £ |
|
0.8 ‘ 0.9
[ 20 114 0.9
1 081 |
061 15 104 084 | 0.74
|
‘ 10 . 061
044 09+ 074
| 0.51
a |
0.4
064 044
0 50 0 30 c 30 Q 50 Q 50

Hinh 3.22: Két qua cua qua trinh huin luyén nhan dién miéng ly

Nhin xét

Trong qua trinh huin luyén, mo hinh ¢6 sy hoi tu on dinh va dat két qua tdt. Cac chi
s loss trén tap hudn luyén (train) va tap kiém tra (validation) déu giam dan theo s6 vong
lap (epoch) va 6n dinh vé cubi. Cuy thé:

+ Ham mat mat box_loss giam tir 0.6 xubéng con khoang 0.2.

+ Ham mat mat cls_loss giam manh tir khoang 1.5 (train) va 2.5 (val) vé dudi 0.3.

+ Ham mat mat dfl_loss giam 6n dinh tir khoang 1.0 vé gan 0.8.

Céc chi s6 danh gia dg chinh xac déu dat gia tri cao:

+ Precision (d chinh xéc) dat trén 95%.

+ Recall (d0 bao phu) dat trén 90%.
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+ mAP50 (mean Average Precision voi IoU = 50%) dat gan 100%.

+ mAP50-95 dat trén 90%, phan anh kha ning tong quat hoa tot cia mo hinh.

Két qua trén cho thdy mé hinh da hoc tdt, khong c6 hién twong quéa khdp (overfitting),
va o thé sin sang ap dung vao bai toan nhan dién miéng ly trong thyc té.
Hién thi va doc toa dé ly

a) Lwu db thuit toan

Bat dau

Tai mo6 hinh Al (YOLOv8)

[ J
e )

4 N
Boc khung hinh tir Camera
& J
\ 4
4 N
Chay m6 hinh YOLOv8
Phat hién ly
o J
A
~
Tinh toa d6 tam
Bounding Box
J
\ 4
~
Chuyén doi toa do
Camera - Robot
J

A

Ap dung sai s6 £22mm

Xuét toa do
truy&n cho robot

[
[
[
E

J
=

Hinh 3.23: Luu dd thuat toan nhan dién mi¢ng ly
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b) Chuyén ddi toa dd tir anh (pixel) sang hé toa dd thwe (mm)

Bai toan dit ra la 1am sao dé xu 1y duoc toa do ciia tdm miéng ly dé chuyén tur toa do
pixel sang toa d6 s6 dé truyén qua cho robot.

bé chuyén ddi chinh x4c toa do tim miéng ly tir anh vé hé toa do thuc cua robot,
nhém st dung phép bién ddi ddng nhét hinh hoc (Homography). Phuong phéap nay cho
phép anh xa cac diém trén mat phang anh sang mit phiang lam viéc thuc té, ké ca khi
camera dit nghiéng hodc c6 bién dang phdi canh.

Quy trinh thyc hién

« Chon truéc 6 diém chuén trén mit ph'fmg lam viéc va do chinh xac toa do thuc

cua ching.

(100, 100) (130, 100)

L ] o
(140, 80)
L ]

(110, 70)

L ]
(60, 60)
L J
L J
(100, 40)

Hinh 3.24: Léy toa d6 6 diém trén thuc té
o Lay toa do pixel twong tng ctia 6 diém nay trén anh.
« Sir dung ham cv2.findHomography() trong OpenCV dé tinh toan ma tran
Homography.
« Dung ma tran nay dé chuyén doi cac toa do pixel thu dugc tir mo hinh Al sang
toa do thuc cua robot.
Viéc sir dung Homography gitip hé théng hoat dong chinh xac hon va giam sai s6
khi camera khong dit vudng goc hoan toan véi mat phang lam viéc.
¢) Két qua
Day 1a két qua thir lai véi toa d6 (60,60), cho thdy sai s6 trong phép do 1a 2mm (phu

hop trong bai toan nhan dién miéng ly)
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Rb:(58.8,60.0)mm

Hinh 3.25: Chay thtr m6 hinh nhéan dién miéng ly
e Nhan xét
+ Hiéu suét giam trong diéu kién anh sang cuc doan
+ Chua nhén dién tot v6i cac loai ly co thiét ké dic biét
+ Can cai thién do chinh xac véi goc nhin nghiéng
e Hudng phat trién trong twong lai
+ Tich hgp nhan di¢n 3D dé xé4c dinh ca dd sau va hudng cia miéng ly
+ Phat trién mo hinh siéu nhe (<IMB) cho thiét bj IoT
+ Mo rong mo hinh dé nhan dién cac thudc tinh khac cua ly nhu vét nirt, bién dang
M hinh 2: PO LUONG % BIA CO TRONG LY
Quy trinh thye hién
e Thu thap va chuén bi dit liéu
S6 lugng anh: 1000 anh
Nguén dir liéu: Chup tryc tiép, dit liéu mo, va tong hop
Diéu kién 4nh sang da dang (trong nha, ngoai troi,...)

i
i

i

+ Cac goc do chup khac nhau

+ Nén da dang (ban, quay bar, tay cam,...)
N

Str dung cong cu Labellmg dé gan nhin hop gi6i han cho ly
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—> Phan chia dit liéu: 90% huén luyén, 10% kiém tra

e Huén luyén mé hinh

+ M0 hinh: Str dung YOLOvV8n (phién ban nhe) tur Ultralytics.

+ Mbi trudng: Google Colab véi GPU (NVIDIA RTX 3060 hodc twong duong) dé
huan luyén.

e Tham sd huin luyén:

+ Epochs: 60

+ Kich thudc anh: 320x320.

+ Batch size: Mac dinh cua YOLOv8n

Két qua ciia qua trinh huan luyén

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metricsfrecall(B)
14 3.04 ——— results E 101 PQ( 10
o« th 14
12 = mooth 1‘ 0.84 0.9
| ¢
1.0 124 0.6 1 0.8 1
0.84 | 0.44 0.7
101
0.6 | D.24 0.6 1
0.4 : : y 084 ; 0.0 4 ()‘:<'
0 25 50 0 25 50 0 25 50 0 25 30 0 25 50
val/box_loss valjcis_loss validn_loss metrcs/mAPSOB) metrics/mAPS0-95(B)
0.80 ; 1.004 1.0 { gr—
0.75 251 0.8
084
0.701 204 0.951
0.6
0.65 1.5 0.6
0.90 4
0.60 el , 0.4
0.44
0.55 [
0.5+ 0.854
0.50 l
™ r U n by U Y 0.2 Y " v 94 T T v
0 25 50 o 25 50 0 25 50 0 25 50 0 25 50

Hinh 3.26: Két qua mé hinh nhén dién than ly

e Nhin xét

Loss function (train/val)
+ Cac ham mat mat (box_loss, cls_loss, dfl loss) ¢ ca tap huan luyén (train) va
kiém tra (val) déu giam dan 6n dinh theo s epoch.
+ Trong giai doan dau (0-20 epoch), cac gia tri loss giam nhanh, sau do tiép tuc
giam dan va hoi ty on dinh sau khoang 50 epoch.
+ Val/box_loss dao dong nhe & cac epoch sau, thé hién mé hinh van con diéu chinh
nhe nhung khong c6 dau hiéu overfitting.

Precision va Recall:
+ Precision va Recall déu tang nhanh ngay tir dau va dat gia tri gan 1 sau khoang
20 epoch, chiing t6 mo6 hinh nhan dién tbt, chinh xac cao va do bao phu tot.

mAP (Mean Average Precision):
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+ mAPS50 nhanh chéng dat gﬁn 1, thé hién kha nang nhan di¢n rat chinh x4c véi

ngudng [oU 50%.

+ mAP50-95 ting dan déu va dat mirc trén 0.8 vao cudi qua trinh hun luyén, phan

anh mo hinh gitr dugc do chinh xac cao trén nhiéu mitrc IoU khac nhau.

X4c dinh phn trim bia c6 trong ly

a) Lwru do thuit toan

Bat dau

l

Tai md hinh YOLOV8

l

Kha&i tao camera

l

Boc khung hinh

l

Nhan dién ly (YOLOv8)

l

Cét viing bounding box

l

Tao mask mau vang

l

Tim contour va loc dién tich > 200px

l

Tinh d6 cao ving vang (néu khéng cé contour thi gan 0)

l

Tinh ti 1 % bia (3/4 chiéu cao)

l

V& két qua va hién thi

l

Két thuc

Hinh 3.27: Luu do thuat toan doc % bia
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b) Xir Iy nguwéng dé doc phén trim bia trong ly

e Phuong phép xur Iy ngudng

Chuyén d6i va phan doan mau vang: Vung anh tir bounding box dugc chuyén doi
sang khong gian mau HSV dé tach biét ving bia. Chuyén d6i sang HSV dé phan doan
mau vang dua trén Hue (15-35), Saturation (50-255), va Value (80-255). Tao mask nhi
phén, gan pixel trong pham vi HSV 1a 255 (vung bia) va ngoai pham vi la 0.

Phan tich viung bia: Vung mau vang dugc phan tich dé xé4c dinh chiéu cao va loai bo
nhiéu. Tim contour trong mask nhi phan va loc cac contour c6 dién tich 1én hon 200
pixel dé loai bo nhidu nhu bot bia. Po chiéu cao ving bia bang cach xac dinh diém cao
nhat (toa d6 y 16n nhat) va thap nhét (toa do y nho nhét).

Tinh ti 18 va hién thi két qua: Ty 1é bia duoc tinh toan theo cong thirc va hién thi truc
quan trén khung hinh video.

Tinh ty 1é phan trim theo cong thirc

Chieu cao vung bia

Tile = x100 (3.83)

2 Chieu cao bounding box

Cong thirc str dung 3/4 chiéu cao bounding box lam mirc day tham chiéu dé udc
lugng ty 1€ bia.

Hién thi ty 1¢ trén video, ding mau xanh néu ty 18 > 100% va dé néu < 100%, kém
vung bia dugc lam ndi bat.

¢) Két qua

% beer: 72.&1*

Hinh 3.28: Két qua doc % bia trong ly
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e Uudiém
+ Phuong phép cung cip két qua nhanh va dang tin ciy trong diéu kién anh sang
6n dinh.
+ Hiéu qua, toc do cao, phu hop véi xtr 1y thoi gian thyec.
+ Chinh xéc khi anh sang on dinh nho phan doan HSV va loc contour.
e Han ché
+ Phuong phép gap thach thirc trong moi truong anh sang phure tap va khi co bot
bia.
+ Phu thudc anh sang, pham vi HSV ¢ dinh kém linh hoat khi 4nh sang thay doi.
+ Nhiéu tir bot bia do mau sic twong tu ving bia, gay sai 1éch phan doan.
Bang 3.12: Goc nghiéng vo1 tung % bia

0-30% 35
30-50% 45
50-80% 60
80-90% 75

90% 50
100% 0

Goéc nghiéng 6, cua canh tay robot dugc xac dinh thong qua qua trinh do ludong thuc
nghiém thay vi tinh toan 1y thuyét. Nhoém tién hanh thir rét bia vao ly & cac mic day
khac nhau, quan sat dong chay va diéu chinh géc nghiéng thu cong dén khi dat hiéu qua
t6t nhat (bia chay déu, khong trao, khong sui bot). Cac goc nay duoc ghi nhan va lap
thanh bang tra (Bang 3.12), ing v&i timg mirc phan trim bia trong ly.

Phuong phap do thuc té nay gitip phan anh chinh xac diéu kién moi truong va dic
tinh vat ly nhu d¢ sanh, tbc do chay, hinh dang ly, cho két qua on dinh hon so véi mo
phong. Hé thong sau khi ap dung bang goc nghiéng da thyc hién qua trinh rét bia chinh

xac va muogt ma, dap ing tot yéu cau thyec te.
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CHUONG 4: MO PHONG

4.1. Md phéng kiém chirng dwa trén MATLAB Simscape Multibody
4.1.1. M6 phong kiém chieng tinh todn dong hoc thugn.

Dé kiém chimg tinh ding ddn cta viéc tinh toan dong hoc thuan chung ta di so sanh
vi tri diém dau cubi tur phuong trinh dong hoc thuan da tinh toan véi vi tri diém dau cubi
trén m6 hinh mo6 phong Simscape.

Mo phong kiém chimg tinh toan dong hoc thuan véi 2 truong hop goc dat:

Truong hop 1: Gia trj dat 1 6 =0,6, =0,6, =0,6, =90

Truong hop 2: Gia tri dit 2 6, =0,6, = 0,6, =-90,6, =90

Tir 2 két qua kiém nghiém trén dé két luan tinh chinh xac cia mé hinh toan dong hoc

. .| Dong hoc
e || "t -

M6 hinh
simscape

thuan.

Hinh 4.1: So d6 khdi kiém chirng tinh toan dong hoc thuan

H_1p
+PEE
2 1)
¢
" s
13_1}
r
R
DONG HOC THUAN_3 DONG HOC NGHICH3

*Thetat
*Theta2
»Thetad
*Thetad
MO HINH SIMSCAPE1
Hinh 4.2: M6 hinh kiém chung tinh toan dong hoc thudn trén matlab simulink
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Ta cho cac ngd vao caa khéi “Dong hoc thuan” 1a vi tri goc quay tai mdi khdp ,ngd ra
13 vi tri ctia diém dau cudi cua robot. Dong thoi ngd ra cua khdi “Pong hoc thuan”
ciing 1 ngd vao ctia khdi “Pong hoc nghich” va ngd ra cua khéi nay 1a vi tri goc quay
tai cac khép. Dé biét tinh dung sai ciia phuong trinh dong hoc ma ta di tinh toan,ta lay
ngo ra cua khéi “Pong hoc thuan™ 1a vi tri cia diém dau cudi so sanh véi vi tri ta tinh
toan dugc trén mo hinh thyc. Kiém chting viée tinh toan phuong trinh dong hoc thuan

Giatridit1 0 =0,0,=0,6,=0,0, =90

[in1] + 0 [in3] 1.042e-14

[ind1] - [ind3] -

[

[in2] . || -4.834e-15

[ind]

(indz] - [indd4] -

T
180
D

Hinh 4.3: Két qua mo phong trén Matlab/Simulink

Hinh 4.4: Hinh dang robot vi cac goc quay trén
1034

_ 0
-973.4

Hinh 4.5: Vi tri diém cubi cta robot
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Tai cac khép ciia robot tat ca vi tri goc quay bang 0 nén robot c¢6 hinh dang nhu ban
dau. Ta co thé tinh dugc vi tri diém P so véi truc Xo ctia hé toa do gdc:

P =L,+L,=376.11+657.5=1033.61

Vi tri diém P so véi truc Yo:

P, =1033.61

Vi tri diém P so véi truc Zo

P =—(L, +L,) =—(430.43+543.01) = —973 44

Tu d6 ta tinh duge vi tri diém dau cudi dua trén thong s6 mé hinh thuc c6 toa do
P(P,P,P) hay P(1034,-973.4) sau d6 ta so sanh vi tri diém P tinh todn véi két qua mo
phong duge tir phuong trinh dong hoc thuan c6 thé thay hai két hoan toan gan gidng
nhau nén phuong trinh dong hoc thuén ta da tinh toan la hoan toan dung.

Gia tri dit 2: 0, =0,6,=0,6, =-90,6, =90

fin1] N SN i3]

[ind1]

]
|

[ind3] -

fin2] RO S ina] S SN

iRy

ind2] - [ind4] -

1

Hinh 4.6: Két qua mo phong trén Matlab/Simulink

Hinh 4.7: Hinh dang robot vi cac goc quay trén
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2007
0
y -0

Hinh 4.8: Vi tri diém cubi cudi robot

Vi gia tri dat 2, tai khdp 3 quay goc -90, nén robot c6 hinh dang nhu hinh 4.7. Vo1
hinh dang trén robot c6 diém dau cudi xa géc toa do nhat.ta c6 thé tinh duoc vi tri diém
P so véi truc Xo cua hé toa do géc:

P =L, +L+L,+L =376.11+657.5+430.43+543.01 = 2007.5

Vi tri diém P so véi truc Yo: P, =0

vi tri diém P so véi truc Zo: P=0

Tur d6 ta tinh duge vi tri diém dau cudi dua trén thong s6 mo hinh thuc c6 toa dod
P(P,P,,P.) hay P(2007.5,0) sau d6 ta so sanh vi tri diém P tinh toan véi két qua mo
phong duoc tir phuong trinh déng hoc thuan c6 thé thiy hai két qua hoan toan gidng
nhau nén phuong trinh dong hoc thuén ta da tinh todn 1a hoan toan diang.

Két luan: Tir 2 két qua kiém nghiém trén ta ching minh duogc gia tri tinh toan mo
hinh dong hoc thuan hoan toan chinh xac.
4.1.2. Kiém chirng dpng hoc nghich

Kiém ching mé hinh dong hoc nghich véi 2 truong hop:

Budc 1: Xac dinh vi tri mong mubn

Trudng hop 1: P, [906.5 329.9 -1392]'

Truong hop 2: P,,[2007 0 0]

Budc 2: Giai phuong trinh dong hoc nghich

Budc 3:Dua gia tri gbe tinh todn tir khoi dong hoc nghich vao mo hinh

Simscape dé xuat ra hinh anh moé phong vi tri diém cudi.

Budc 4:Dung md hinh dong hoc thuan dé tinh ra gia tri diém cudi.

Budc 5: So sanh gia tri vi tri dat va vi tri tinh duoc tir khdi dong hoc thuén thu duogc.
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= K&t luan tinh chinh x4c ctia md hinh toan dong hoc nghich.

Pdng hoc M6 hinh Pong hoc

Quy dgo nghich Simscape thuan

Hinh 4.9: So db khéi kiém chimg tinh toan dong hoc nghich

VITRI DAT

505,
o329
13

VI TRI THAT

DONG HOC THUAN_4

Hinh 4.10: M hinh kiém chimg dong hoc nghich trén Matlab/Simulink.

Khbi quy hoach quy dao: dua vao gia tri toa d0 mong muén. Khéi dong hoc nghich
nhan gié tri tir khdi quy hoach quy dao toa d6 mong mudn, dé tir d6 tinh duoc cac goc
6,.6,,6,,6,,phtl hop véi timg bo nghiém. Khdi dong hoc thuan 1a khéi nhan gia tri goc
khép duoc tinh tir khéi mé phong chuyén cuia robot va feedback vé gia tri goc khép.

Kiém chimg mo hinh véi 2 trudng hop sau:

Truong hop 1: dwa gid tri diu vao khéi quy hoach quy dao la:
P, [906.5 3299 -1392]

Két qua:

Hinh 4.11: Két qua kiém chimg Simscape
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V| TRI DAT

[ 906.5,
s 3299
| -1392|

V| TRI THAT

Hinh 4.12: Két qua kiém ching Simulink

Truong hop 2: dua gia tri dau vao khdi quy hoach quy dao 1a: P,.[2007 0 O]T

Hinh 4.13: Két qua kiém chimg Simscape

VI TRI THAT

Hinh 4.14: Két qua kiém chtg Simulink
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Khi so sanh két qua cua vi tri diém dau cubi giira gia tri dit ddu vao voi gia tri dau
ra khi di qua cac khdi 12 hai két qua gidng nhau va két qua gia tri cac vi tri goc quay 60
mo phong duge khi so sanh véi goc quay tai cac khop trén moé hinh simscape thi giéng.
Tir nhitng phén tich trén, ta c6 thé két luan rang phuong trinh dong hoc da tinh toan 1a
dang.
4.1.3. Mé phéng kiém chieng thiét ké bé diéu khién PD cho hé thong

Mo phong kiém chung thiét ké bo diéu khién PD dya vao so d6 khéi nhu hinh duéi
day.

u s ao
Quy 14 Bodiéu |r | Mo hinh |2,

q';%‘-‘;:o | khién PD [~ | Simscape

4

Hinh 4.15: So d6 khdi bo diéu khién PD

‘ o | =P Ter Theta ! \:lhpis

n PO _Contml

K4
MO HINH TOAN ROBOT

BOQ DIEU KHIEN PD

Hinh 4.16: So d6 mo phong kiém chimg bo diéu khién PD.
Pép tng ngd ra cia ting goc tai mdi khép duoc thé hién nhu sau,véi duong nét lién
mau den 13 tin hiéu dit cho ting gdéc quay thong qua quy dao duoc quy hoach san va

duong mau do nét dat 1a dap ing ngd ra cia md hinh.
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GOC KHOP 1 GOC KHOP 2

T T T

Ref |7

— T — e |

[ | 15

Ampiitude (Deg)
Amplitude (Deg)

GOC KHOP 3 GOC KHOP 4

[F— [E——

Demuw2 Ref |

Amplitude (Deg)
‘Amphluce (Deg)
o

20k i i i i i - -20E i i i i i
0 5 10 15 20 25 k) 0 5 10 15 20 25 30
Time (seconds) Time (seconds)

Hinh 4.17: Tin hiéu diéu khién va dap ung Khép 1; Khép 2; Khop 3; Khép 4

Tir két qua mo phong trén, c6 thé rat ra mot sé nhan xét:

« Doi véi khép 1 (Hinh a): Tin hiéu diéu khién va dép tmg thuc té (6,) bam kha
sat nhau trong su6t qué trinh hoat dong. Sai s6 nhé va nhanh chéng duoc triét tidu sau
mdi lan thay dbi tin hiéu diéu khién. Piéu niy cho thdy bo diéu khién thuc hién t6t viéc
theo d&i quy dao mong mudn.

- Doi véi khép 2 (Hinh b): Dap ting (6,) cling bdm sat tin hiéu tham chiéu Ref.
Tuy c6 mot vai dao dong nhe & cac diém chuyén tiép nhung nhin chung hé thong van
ddm bao d¢ chinh x4c diéu khién tot.

« Doi véi khép 3 (Hinh c¢): Duong cong dap g Demux/2 gan nhu tring khit voi
el, thé hién sy chinh x4c rat cao trong diéu khién khép 3. Sai s6 khong dang ké.

« Poi voi khép 4 (Hinh d): Pap Gmg e3 va tin hiéu Ref gan nhu trung nhau. Hé
thdng diéu khién c6 d6 6n dinh cao, dap g nhanh va bam sét tin hiéu tham chiéu trong
toan bg qua trinh.

Tong két: Hé thong diéu khién dd dam bao dugc kha ning diéu khién chinh xac vi
tri cac khop. Sai s6 bam quy dao nho, dao dong sau qua d6 nhanh chong bi dap tat. Diéu
nay chimg t6 rang bo diéu khién dugc thiét ké c6 do chinh xac cao va phi hop dé tng
dung diéu khién chuyén dong cho canh tay robot 4 bac tu do.

70
SVTH: V6 Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
Phan Phudc Bac



=1
Qo.
e
[+¥]
-
S
=
o
£
=8

0.4

Amplitude (Deg)

Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

SAISO 1 SAISO2

I

=]

<
i

Amplitude (Deg)

=
ha
T

L

i

w
T

=
s
T
I

SAISO 3 SAISO4

0.6F

=]
i
T

<
ra
T

=]

=
ha
T

Amplitude (Deg)

0.5 1 1

15
Time (seconds)

|
15 20 25
Time (seconds)

Hinh 4.18: Gia tri sai s6 goc quay Khép 1; Khép 2; Khép 3; Khop 4
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Tur két qua mo phdng gia tri sai sO trén, c¢6 the rit ra cdc nhan xét sau:

SVTH: V& Ba Phuc

Sai s6 khép 1 (Hinh a):

Sai sb ban dau dao dong kha 16n do tdc dong qué do ban dau, sau do bién do
dao dong giam dan va hdi tu vé mirc 6n dinh xép xi khoang 0.6 do. Do hoi tu
nhanh, sai s6 cudi nho ching to6 bo diéu khién hoat dong hi¢u qua.

Sai s6 khép 2 (Hinh b):

Bién d6 dao dong ban dau khoang +0.3 dg, sau d6 cling gidm dan va hoi tu vé
mirc nhé hon. Qué trinh diéu chinh dao dong nhanh chong duogc dap tat va dat
sai s6 6n dinh nho.

Sai s6 khép 3 (Hinh c):

Bién d¢ dao dong nho so voi cac khop trudce, dao dong ban dau khoang 0.2 d9,
sau d6 hoi tu nhanh vé 0. o chinh xé4c cua diéu khién khép 3 1a khé cao.

Sai s6 khép 4 (Hinh d):

Bién do dao dong ban dau 16n nhat trong cac khop (~1.5 - 2 d6), nhung qua
trinh hoi tu dién ra 6n dinh va giam dan vé mirc sai s6 nhé hon 0.5 d6. B¢ diéu

khién van ddm bao kha nang triét ti€u sai so tot.
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Téng két: Mic du ban dau cac khép déu xuét hién dao dong qua do, nhung sau d6
hé théng da nhanh chong 6n dinh, sai s6 goc quay duoc triét tiéu dang ké. Didu nay
ching minh rang bo diéu khién dugc thiét ké c6 kha niang thich timg tét v6i hé thong

robot nhidu bac ti do, ddng thoi dam bao d6 chinh xéac diéu khién trong qué trinh lam

viéc.
xd »Px "1 bQ:l L e
yd|——+iPy 2.1 i ThataZ Theros?}
o, 95, A ol SR
2d Pz : 31 Thata3 Thatass —
R}- 14 141 Thatss Thesase )t d—e
1 |
QUY BAO DONG HOC NGHICH | BO DIEU KHIEN MO - DONG HOC THUAN
Hinh 4.19: So d6 m6 phong matlab
Phén tich so do

a) Quy Pao (Quy dao mong mudn)
+ Toa d¢ ly bia nhan tur bo xur li Al ->x,y,z
+ Mic bia doc dugc,qua bd didu khién AI-> gbc quay t4(gdc rot bia)
b) Bong Hoc Nghich (Pong hoc nghich dao)
+ Céc ham tinh toan s& tinh ra cac gia tri géc quay clia timg bién khdp ctia robot
4dof rot bia tir cac gia tri toa do x,y,z duogc gui vé tir xur 1i AL
¢) B6 Diéu Khién (M6 Hinh Bo Diéu Khién)
+ BO diéu khién:hé sb Kp,Kd dugc xac dinh bﬁng phuong phap thir sai.Qua nhiéu
1an mo phong thir nghiém,ta chon dugc bd thong ) Kp,Kd t61 uu nhat:
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al
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Hinh 4.20: B thong s6 Kp, Kd
KET QUA MO PHONG:

Hinh 4.21: Hinh anh robot robia td1 vi tri dat

SVTH: Vo B4 Phuiic
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al
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Hinh 4.22: Hinh Gi4 tri dt va dap ing ngd ra ciia hé thong
Khi vi tri dit thay doi thi tin hiéu diéu khién thay doi nhanh chong bam theo gia tri dit.
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Hinh 4.23: Sai s6 giita gia tri dit va dap ing ngd ra cua hé théng
Bo diéu khién c6 thé hién kha ning bam theo tot khi c6 thay doi, voi sai s6 ban dau

gidm nhanh va tién vé 0

SVTH: V5 B4 Phic
Phan Phuéc Bic
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Két luan: Hé thong phan hdi nhanh khi sai sé 16n, phi hop véi muc tiéu thiét ké bo
diéu khién PD mo. Sau khi dat gia tri mong mudn, cac khép (1, 2, 3, 4) 6n dinh ma
khong xuét hién dao dong rd rét, cho thdy hiéu qua diéu khién. Ngoai ra, hé thng con
dam bao do chinh x4c vi tri trong qué trinh di chuyén, giam thiéu thoi gian qua d6 va sai
s6 trang thai ding. Kha ning thich tmg tdt v6i cac nhidu loan nhé va dic tinh phi tuyén
clia co cAu robot gitip nang cao do tin cdy khi van hanh trong méi trudng thuc té. Két
qua mo phong va thuc nghiém déu x4c nhan tinh on dinh, d6 chinh x4c va hiéu qua cua

hé thong di€u khién dé xuat.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

CHUONG 5: THI CONG MO HINH

O chuong 2 cua dé tai,nhom d3 tinh chon thiét bi va linh kién dya trén cac yéu cau
thue t& d6i voi mot cach tay robot rot bia tmg dung trong cong nghiép.Cac yéu cau ndy
bao gém kha ning mang tai,hoat dong 6n dinh trong méi trudng cong nghiép,kich thudc
phu hop voi khong gian 1am viéc trong nha hang,quan an....,hoat dong lién tuc trong
thoi gian dai,dam bao dd tin cdy.Do do cac thiét bi dugc lua chon cé cong suit phu hop
v6i thyc té ctia dé tai,do bén co khi,cong suat cao,dap ing duoc cac didu kién trong moi
truong cong nghiép.

Tuy nhién, dé phu hop véi pham vi va diéu kién thuc hién,trong bdi canh gi6i han vé
tai nguyén,chi phi va thoi gian trién khai,hé thong dugc nhom thuc hién thi cong 6 mo
hinh thu nhé.Trong md hinh thu nhé niy vin dam bao nguyén 1y hoat dong va cdu triic
diéu khién co ban nhung c6 mot s6 han ché vé kha ning linh hoat,thoi gian dap tng,do
tré va do bén vat liéu.Nhung nhin chung mé hinh van danh gia khach quan vé mé hinh
de tai.

Tong quan quy trinh thi cong mé hinh:
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

5.1. Thiét bj sit dung

Hinh 5.1: Camera USB Dahua 2MP Hinh 5.2: B xu Iy Al

Hinh 5.5: Ngudn t6 ong 24V 5A Hinh 5.6: Step Motor

5.2. Ché tao canh tay robot 4DOF rét bia
Xay dung co ciu 4 bac tu do v6i khép xoay tron cudi dé thuc hién nhiém vy rét bia.

SVTH: V6 Ba Phuc Hudng dan: TS. Tran Thi Minh Dung
Phan Phudc Bac
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Hinh 5.7: Khép xoay tron thuc hién nhi€ém vu rét bia

Hinh 5.8: Két ndi camera voi laptop
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Hinh 5.10: Két laptop va Arduino Mega

SVTH: V6 Ba Phuc Huéng dan: TS. Tran Thi Minh Dung
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

7.

Hinh 5.12: M6 hinh khi hoan thién
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Nghién ciru diéu khién cénh tay robot tu dong rot bia sir dung Al

Hinh 5.13: Két qua khi chay thir mé hinh
Trong do6:
1 1a két qua ciia mo hinh doc % bia trong ly
2 1a két qua mé hinh nhan dién miéng ly va chuyén doi toa do

3 14 hinh anh thyc té ctia qua trinh rét bia
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

Két luin:

Mo hinh thue té sau khi duoc ché tao va ldp rap di co ban dap tng dang yéu cau
thiét ké va muc tiéu dé ra. Cac thanh phan chinh nhu khung co khi, déng co, hé thong
diéu khién va camera nhan dién déu hoat dong 6n dinh. Canh tay robot co thé thuc hién
cac thao tac can thiét nhu di chuyén dén vi tri ly, diéu chinh gbc rét va thuc hién thao
tac rot bia voi do chinh xac trong ddi cao. Viée sir dung dong co bude két hop véi driver
TB6600 cho phép diéu khién vi tri chinh x4c, gitp giam thiéu rung lic khi rot.

Hé théng nhan di¢n hinh anh st dung Al (YOLOVS) hoat dong hi€u qua trong viéc
phat hién miéng ly va than ly. Toa do thu dugc tir xir Iy anh duoc chuyén doi thanh toa
do thyc trong khong gian lam viéc cua robot, gitp canh tay robot dinh vi chinh xac.
Ngoai ra, viéc str dung xir Iy ngudng mau dé phat hién luong bia trong ly cling mang lai
két qua kha quan, gitip hé thong diéu chinh luong rét pht hop véi dung tich con lai.

Tuy nhién, trong qua trinh van hanh thyc té, van con mot sd sai sd nhét dinh do cac
yéu t6 khach quan nhu: diéu kién 4nh sang moi trudng thay d6i, nhidu tir camera, do tré
tin hiéu giita cac thiét bi, va giéi han vé co khi nhu d6 cting cua khung hodc sai s6 lip
rap. Mot s6 1an robot rot hoi 1éch vi tri do sai 1éch nho trong chuyén ddi toa do hodc khi
ly dat 1éch so véi vi tri tiéu chuan.

Nhin chung, m6 hinh thyc té d3 thé hién duoc tinh kha thi cao va thuc hién duoc cac
chtrc ning co ban ding nhu muc tiéu dé tai. Két qua nay cho thdy hudng nghién ctru va
giai phap k¥ thuat da lya chon 1a hop 1y, ¢6 thé duoc cai tién thém dé dat d6 chinh xéac

va do 6n dinh cao hon trong cac ung dung thuc té.
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Nehién ciru diéu khién cénh tay robot tuw déng rét bia sir dung Al

KET LUAN

Sau qua trinh nghién ctru va thyc hién, dé tai “Thiét ké va diéu khién canh tay robot
4 bac tu do thuc hién nhi€ém vu nhan dién ly va rét bia ty dong” da hoan thanh cadc muc
tiéu dat ra ban dau. Hé théng da duoc xay dung va van hanh thr nghi€ém thanh cong,
dap ung cac yéu cau vé d6 chinh xac, d6 On dinh va kha nang hoat dong thuc té.

Trong qué trinh thue hién dé tai, nhom nghién ctru d3 tmg dung thanh céng mé hinh
tri tué nhan tao YOLOVS trong bai toan xur 1y anh, giip nhan dién chinh xac vi tri mi¢ng
ly va tinh toan duoc lugng bia con lai trong ly véi téc do xir Iy nhanh, pht hop cho cac
mg dung thoi gian thyc. Pong thoi, hé thong ciing da thiét ké va diéu khién thanh cong
cac dong co budc thong qua driver TB6600, dam bao cac khdp ctia canh tay robot di
chuyén on dinh, chinh xac. Bo diéu khién két hop gitta PID va Fuzzy Logic duoc xay
dung nham t6i wu héa qué trinh diéu khién rot bia, han ché dao dong, nang cao do chinh
xac vi tri va on dinh hé théng trong sudt qué trinh van hanh.

Két qua dat dugc cua dé tai cho thiy tiém niang ap dung ciia cac giai phap diéu khién
thong minh két hop véi tri tué nhan tao vao thuc té san xuat va ty dong hoa cong nghiép.
Mo hinh x4y dung c6 kha ning mé rong va phat trién thém dé ing dung vao nhiéu bai
toan ty dong hoa khac nhau trong tuong lai.

Mic du di dat duoc cac muc tiéu dé ra, hé théng van con ton tai mot sé han ché nhat
dinh, dac biét 1a sy phu thudc vao diéu kién anh sang moi trudng trong qua trinh nhan
dién hinh anh. Trong cac nghién clru tiép theo, can tap trung cai thién kha ndng nhan
dién trong diéu kién anh sang phuc tap, mé rong hé théng nhan dién vdi da dang loai ly,
vi tri dat ly cling nhu cac loai chat 16ng khac nham ting tinh linh hoat, da ning cho hé
théng.

Nhin chung, d¢ tai da hoan thanh t6t cac ndi dung nghién ciru, thir nghiém va kiém
chung, déng gop mot giai phap kha thi trong viéc két hop gitta cong nghé Al va diéu

khién robot vao céac bai toan tu dong hoa thuc té.
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Tén thiét bi

Hinh dnh minh hga

Théng s6 chinh

Gia thanh

Nguén to
ong 5V 2A

Dién ap dau ra: 5V DC

Dong dién tdi da: 2A

Cong suit toi da: 10W

Pién ap dau vao: 100-240V AC ~
50/60Hz

Kiéu ngudn: Switching Power Supply
(ngudn t6 ong)

Hiéu suat: ~85%

Bao vé: Chdng qua dong, qua ap, ngan

mach

200.000
VND

Driver
Servo Delta
ASD-A2-
0421-L

Cong suat: 400W

bién ap: 220V AC, 1 pha

Dong dinh muc: 2.6A

Dong cuc dai: 7.8A

Ché d¢ diéu khién: Vi tri, toc d9, mo-
men xoan

Giao tiép: EtherCAT, CANopen

HO trg két ndi encoder phan hoi

7.000.000
VND

4

May tinh
nhiing
Raspberry
Pi 4 Model
B

CPU: Broadcom BCM2711, Quad-core
Cortex-A72 (ARM v8) 64-bit, 1.5GHz
RAM: 4GB LPDDR4-3200 SDRAM
Bd nh¢ luu trir: Thé nhé microSD (tuy
chon)

Cong két nbi: 2x USB 3.0, 2x USB 2.0,
Ethernet Gigabit, 2x micro-HDMI (4K)
WiFi 802.11ac, Bluetooth 5.0

Dién ap cap: 5V DC (USB-C), dong tdi
da 3A

Kich thudc: 85.6mm x 56.5mm

2.000.000
VND




Laoi xur Iy: ARM Cortex-M3
Tbc d6 xung nhip: 72 MHz

STM32F10 B0 nh¢ Flash: 64 KB
3C8T6 Blue RAM: 20 KB
Pill ARM Dién 4p hoat dong: 2.0V ~ 3.6V 200.000
Cortex-M3 Giao tiép: UART, SPI, 12C, PWM, ADC VND
Sb chan I/O: 37 chan I/O kha dung
bong goi: LQFP-48
Cong suét: 400W
bién ap dinh muc: 220V AC
Dong dién dinh muc: 2.6A
Dong dién cuc dai: 7.8A
bong co Téc d6 dinh mirc: 3000 vong/phut
servo AC (RPM) 8.000.000
Delta Toc do toi da: 5000 RPM VND
ECMA- Do phan giai encoder: 17-bit (131072 4)
C20604SS Xung/vong)
Mé-men xodn dinh mirc: ~1.27 Nm
Chuan bao vé: IP65 (chéng bui, nudc
nhe)
bién 4p dinh mirc: 250V AC/ 5A
Dién ap sir dung trong mach diéu khién:
5V DC (thuong dung vdi1 Arduino)
Cong tic Loai tiép diém: 1 NO+ 1 NC (thuongmg | 10-000(4)
hanh trinh + thuong dong) VND
KWII-N D6 bén co khi: >1,000,000 1an dong/ngt
Kiéu tac dong: can gat 10 xo
bién 4p hoat dong: 4.8V ~ 7.2V DC
Momen xoan:
+ 9.4 kg.cm (tai 4.8V)
Dong Co + 11 kg.cm, (tai 6V) | 100.000
RC Servo G(:)c quay: ~0° dén 180° (tuy vao tin hi¢u VND
MG996R diéu khién)

Tin hiéu diéu khién: PWM (Pulse Width
Modulation)
Téc d6 quay: ~0.17s/60° (tai 4.8V)




Trong luong: ~55g

Loai banh rang: Banh rang kim loai

Céam bién: CMOS Full HD
Do phan giai: 1920x1080 (1080p @
301ps), 720p @ 60fps

Webcam Goéc nhin: 78°
Logitech Lay nét: Tu dong
€922 Can bang sang: Ty dong diéu chinh anh | 2.400.000
FULLHD sang yéu VND
1080P Micro: Tich hop 2 mic da huéng
Két nbi: USB 2.0 (twong thich Raspberry
Pi)
Ngudn cap: 5V qua cong USB
Day cap, ~1.000.000
jack nbi VND

Chi phi

66.000.000 VND
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1.Code Raspberry PI 4
2.Code Arduino diéu khién canh tay dén toa dé dat
3.Code matlab/Simulink

a) Code khdi dong hoc thuin

b) Code khoi dong hoc nghich

¢) Code khdi dong luc hoc

1.Code Raspberry PI1 4 :
Code nhan di¢n ly va muc bia:
import cv2

import numpy as np

from ultralytics import YOLO

import 0s

# Puong dan dén mo6 hinh YOLOVS da huan luyén
model path =1"C:\Users\ACER\OneDrive\May
tinh\Phantrambia\my model\train\weights\best.pt"

# Tai mo6 hinh YOLOv8
model = YOLO(model path)

# Khoi tao USB camera
cap = cv2.VideoCapture(0)

if not cap.isOpened():
print("Khong thé mé USB camera!")
exit()

# Ham chuyén d6i khung mau va lam noi bat mau vang
def highlight_yellow(frame):
hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)
lower yellow = np.array([15, 50, 80])
upper_yellow = np.array([35, 255, 255])
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mask = cv2.inRange(hsv, lower yellow, upper yellow)
yellow highlight = cv2.bitwise and(frame, frame, mask=mask)

return mask, yellow highlight

while True:
ret, frame = cap.read()
if not ret:
print("Khong thé doc khung hinh tir camera!")
break

frame with_highlight = frame.copy()
results = model(frame)

for result in results:
boxes = result.boxes.xyxy.cpu().numpy()
confidences = result.boxes.conf.cpu().numpy()

class_ids = result.boxes.cls.cpu().numpy()

for box, conf, cls_id in zip(boxes, confidences, class_ids):
if conf > 0.8:
X_min, y_min, X_max, y_max = map(int, box)
bbox_region = frame[y min:y _max, X_min:x_max]|

mask, yellow_highlight = highlight yellow(bbox_region)

contours, = cv2.findContours(mask, cv2.RETR _EXTERNAL,
cv2.CHAIN_APPROX SIMPLE)
valid_yellow pixels y =[]
for contour in contours:
area = cv2.contourArea(contour)
if area > 200:
y_coords = contour[:, :, 1].flatten()

valid_yellow pixels y.extend(y coords)
if len(valid_yellow pixels y) > 0:
yellow_top = np.min(valid_yellow pixels_y)

yellow_bottom = np.max(valid_yellow_pixels_y)
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yellow height = yellow bottom - yellow top

else:

yellow height =0

bbox height =y max -y min
three fourth height = bbox_ height * 0.75
if three fourth height > 0:
height ratio = (yellow_height / three fourth height) * 100
else:

height ratio=10

# V€ bounding box

cv2.rectangle(frame, (x_min, y_min), (x_max, y_max), (0, 255, 0), 2)

cv2.rectangle(frame with_highlight, (x_min, y_min), (x_max, y_max), (0,
255,0), 2)

# Hién thi ty 1& phan traim voi nhin "% beer" va mau theo khoang
label = "% beer: {height ratio:.2f}%"
if height ratio <= 30:
label color = (0, 0, 255) # Dé
elif height ratio <= 60:
label color = (0, 165, 255) # Cam
elif height ratio <= 89:
label color = (0, 255, 255) # Vang
else:
label color = (0, 255, 0) # Xanh I&
cv2.putText(frame, label, (x_min, y min - 10),
cv2.FONT HERSHEY SIMPLEX, 0.9, label color, 2)
cv2.putText(frame with_highlight, label, (x_min, y min - 10),
cv2.FONT HERSHEY SIMPLEX, 0.9, label color, 2)

# V& duong thang biéu thi chiéu cao ving mau vang
if yellow_height > 0:
yellow_top global =y min + yellow_top

yellow_bottom global =y min + yellow_bottom
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cv2.line(frame, (x_min + 5, yellow top global), (x min + 5,
yellow bottom global), (0, 255, 255), 2)

cv2.line(frame with highlight, (x_min + 5, yellow top global), (x_min +
5, yellow bottom global), (0, 255, 255), 2)

frame with highlight[y min:y max, x min:x max] = yellow_highlight

cv2.imshow("Beer Pour Detection", frame)
cv2.imshow("Yellow Highlighted Region", frame with highlight)

if cv2.waitKey(1) & OxFF == ord('q"):
break

cap.release()
cv2.destroyAllWindows()
2.Code Arduino diéu khién canh tay dén toa do dit:

#include <AccelStepper.h>
#include <AccelStepper.h>

AccelStepper stepperX(1,2,5);
AccelStepper stepperY(1,3,6);
AccelStepper stepperZ(1,4,7);
class Robot_Control{

private:

const float pi = 3.14159;

float Gear ratiol =4.5;

float Gear ratio2 = 4.5;

float Gear ratio3 =4.5;

float ref thetal = -(97.5+1);

float ref theta2 = (137-5);

float ref theta3 = -(114.2-5);

float thetal = 0, theta2 = 0, theta3 =0,

inten=3§;
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int dirX = 5;

int stepX = 2;
int endX =9;
int dirY = 6;
int stepY = 3;
int endY = 10;
ntdirZ =7;
int stepZ = 4;
int endZ =11;
public:

Robot Control(int vx, int ax, int vy, int ay, int vz, int az)
{
pinMode(en, OUTPUT);
digital Write(en, LOW);
pinMode(stepX, OUTPUT);
pinMode(dirX, OUTPUT);
pinMode(stepY, OUTPUT);
pinMode(dirY, OUTPUT);
pinMode(stepZ, OUTPUT);
pinMode(dirZ, OUTPUT);
stepperX.setMaxSpeed(vx);
stepperX.setSpeed(vx);
stepperX.setAcceleration(ax);

stepperY .setMaxSpeed(vy);
stepperY .setSpeed(vy);
stepperY .setAcceleration(ay);

stepperZ.setMaxSpeed(vz);
stepperZ.setSpeed(vz);
stepperZ.setAcceleration(az);

pinMode(endX, INPUT PULLUP);
pinMode(endY, INPUT PULLUP);
pinMode(endZ, INPUT PULLUP);
stepperX.setCurrentPosition(0);
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stepperY .setCurrentPosition(0);
stepperZ.setCurrentPosition(0);
}
void Config( int v,int a){
stepperX.setMaxSpeed(v);
stepperX.setSpeed(v);

stepperX.setAcceleration(a);

stepperY .setMaxSpeed(v);
stepperY .setSpeed(v);
stepperY .setAcceleration(a);

stepperZ.setMaxSpeed(v);
stepperZ.setSpeed(v);
stepperZ.setAcceleration(a);

b
void CalibJ1()

{

digital Write(dirX,HIGH);

while(digitalRead(endX))

{
digital Write(stepX, HIGH);
delayMicroseconds(1000);
digital Write(stepX, LOW);
delayMicroseconds(1000);

}

stepperX.setCurrentPosition(0);

b
void CalibJ2()

{
digital Write(dirY, HIGH);
while(digitalRead(endY))
{
digitalWrite(stepY, HIGH);
delayMicroseconds(1000);
digital Write(stepY, LOW);
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delayMicroseconds(1000);
}

stepperY .setCurrentPosition(0);

b
void CalibJ3()

{
digital Write(dirZ,LOW);
while(digitalRead(endZ))
{
digitalWrite(stepZ, HIGH);
delayMicroseconds(1000);
digitalWrite(stepZ, LOW);
delayMicroseconds(1000);
}

stepperZ.setCurrentPosition(0);

b
void Gripper_On(){

b
void Gripper_ Off(){

}

void GetPosition(float thetal, float theta2, float theta3){
int pulse 1 = Gear_ratiol *(thetal-ref thetal)*200*16/360;
int pulse 2 = Gear_ratio2*(theta2-ref theta2)*200*16/360;
int pulse 3 = Gear ratio3*(theta3-ref theta3)*200*16/360;
stepperX.moveTo(-pulse 1);
stepperY.moveTo(pulse 2);
stepperZ.moveTo(-(pulse 3+pulse 2));

while((stepperX.distanceToGo()!=0)||(stepperY .distanceToGo()!=0)||(stepperZ.distanc
eToGo()!=0))
{
stepperX.run();
stepperY .run();
stepperZ.run();

b
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}
void Calib_home(){

CalibJ1();
CalibJ3();
CalibJ2();
GetPosition(0,125,-130);
}
void Inverse(float px, float py, float pz, float *thetal, float *theta2, float *theta3){
float d1 =9.6,a2=13.5,a3=14.7,a4=5.2, a5 = 6;
*thetal = atan2(py,px);
px = px - ad*cos(*thetal);
py = py - ad*sin(*thetal);
pz =pz+ a5;
float r = sqrt(pow(px,2) + pow(py,2) + pow(pz-d1,2));
*theta3 = -acos((pow(r,2) - pow(a2,2)- pow(a3,2))/(2*a2*a3));
*theta2 = asin((pz-d1)/r) + atan(a3*sin(abs(*theta3))/( a2 +
a3*cos(abs(*thetal))));
*thetal = round(*thetal*180*100/p1)/100;
*theta2 = round(*theta2*180*100/p1)/100;
*theta3 = round(*theta3*180*100/p1)/100;
b
void Path Planning(float point A[3], float point B[3],float point C[3], int type){
if(type)
{
float s = sqrt(pow(point_B[0] - point A[0],2)+pow(point B[1] -
point A[1],2)+pow(point_B[2] - point A[2],2));
float kx = (point_B[0]-point_A[0])/s;
float ky = (point_B[1]-point_ A[1])/s;
float kz = (point_B[2]-point A[2])/s;
for (int i=0; 1<=30; i++)
{
float x = point_ A[0] + kx*(s/30)*1;
float y = point_ A[1] + ky*(s/30)*1;
float z = point_ A[2] + kz*(s/30)*1;
Inverse(x, y, z, &thetal, &theta2, &theta3);
Serial.println(thetal);
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Serial.println(theta2);
Serial.println(theta3);
GetPosition( thetal, theta2, theta3);

b
b
else
{
float al = pow(point_ B[0]-point C[0],2) + pow(point B[1]-point C[1],2);
float bl = pow(point_A[0]-point C[0],2) + pow(point A[1]-point C[1],2);
float c1 = pow(point_A[0]-point_B[0],2) + pow(point_A[1]-point B[1],2);
float x TS =al*(bl+cl-al)*point A[0] + bl*(al+cl-bl)*point B[0] +
cl*(al+bl-cl)*point C[0];
floaty TS =al*(bl+cl-al)*point A[1] + bl*(al+cl-bl)*point B[1] +
cl*(al+bl-cl)*point C[1];
float MS = al*(bl+cl-al) + bl1*(al+cl-bl) + cl1*(al+bl-cl);
float x_ O =x_TS/MS;
floaty O=y TS/MS;
float R = sqrt(pow(x_O-point_ A[0],2) + pow(y_O-point A[1],2));
float phil = atan2(point_A[1]-y_O, point_A[0]-x_O);
float phi2 = atan2(point_B[1]-y_O, point B[0]-x O);
float phi3 = atan2(point C[1]-y_O, point C[0]-x_O);
float phi_max = max(phil,phi2);
phi_max = max(phi_max,phi3);
float phi_min = min(phil,phi2);
phi_min = min(phi_min,phi3);
for (int 1=0;1<=50;i++)
{
float x = R*cos(phi_min+(phi_max - phi_min)*i/50) + x_O;
float y = R*sin(phi_min+(phi_max - phi_min)*i/50) +y O;
float z=5.2;
Inverse(x, y, z, &thetal, &theta2, &theta3);
Serial.println(thetal);
Serial.println(theta2);
Serial.println(theta3);
Serial.println("/////");
GetPosition(thetal, theta2, theta3);

Phu luc 11



}

}
void Classify Object(int flag){

switch (flag)
{
case 0:
GetPosition(50,45,-100);
break;
case 1:
GetPosition(65,45,-100);
break;
case 2:
GetPosition(80,45,-100);
break;
default:
break;

}
}
}s
3.Code matlab/Simulink
a) Code khoi dong hoc thuin

function [P_E,R_E]=FK_4DOF(thel,the2,the3,the4)
%% Thong sé cla robot/mm
L1=393 ; L2=376.11; L3=657.5; L4=430.43; L5=543.01;

%% LO1i gidi dong hoc thuan

PE=] cosd(thel)*(L2 - L4*sind(the2 + the3) - L5*sind(the2 + the3) +
L3*cosd(the2));

sind(thel)*(L2 - L4*sind(the2 + the3) - L5*sind(the2 + the3) +
L3*cosd(the2));

- L4*cosd(the2 + the3) - L5*cosd(the2 + the3) - L3*sind(the2)];

end

b) Code khoi dong hoc nghich

function[tl_1,t2 1,t3 1,R]= IK_DOF(Px, Py, Pz,r)
%% Thong sé cla ROBOT/don vi mm

L1=393 ; L2=376.11; L3=657.5; L4=430.43; L5=543.01;
R=r

Phu luc
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%% BO nghiém so6 1
%tim thetal > ©
t1_1=atan2d(Py,Px);
%tim theta3 > ©
a=(Px*cosd(t1_1)+Py*sind(t1_1)-L2)"2+Pz"2-L372-(L5+L4)"2;
s3_1=-a/(2*L3*(L4+L5));
c3_1=sqrt(1-s3_172);
t3_1=atan2d(s3_1,c3 1);
%tim theta2 > ©
b=Px*cosd(t1_1)+Py*sind(t1_1)-L2;
c=Pz;
c2_1=(b*(L3-(L5+L4)*sind(t3_1))-c*(L4+L5)*cosd(t3_1))/((L3-
(L4+L5)*sind(t3_1))"2+(L4+L5)"*2*cosd(t3_1)"2);
s2_1=(-c*(L3-(L4+L5)*sind(t3_1))-b*(L4+L5)*cosd(t3_1))/((L3-
(L4+L5)*sind(t3_1) )22+ (L4+L5)*2*cosd(t3_1)"2);
t2_1=atan2d(s2_1,c2_1);

¢) Code khoi dong luc hoc

function dde = Dynamics(e, de, Tor)

%%

el=e(1); e2=e(2); e3=e(3); ed=e(4);
del=de(1); de2=de(2); de3=de(3); ded=de(4);
%% thong sob

ml=2;m2=2; m3=2;m4=2;%%kg

L1=1; L2=1;L3=1;L4=1;

g =-9.8;

b1=0.1; b2=0.1; b3=0.1; b4=0.1;

c1=1E-6; c2=1E-6; c3=1E-6; c4=1E-6;

b=[bl 0 0 0;

M =[ (L2”"2*m2)/8 + (L2”2*m3)/2 + (L2”2*m4)/2 + (L372*m3)/8 + (L3"2*m4)/2 +
(3*L472*m4)/16 - (L4~2*m4*cos(2*e2 + 2*e3 - 2*e4))/32 - (L4"2*md4*cos(2*e2 + 2*e3 +
2*e4))/32 + (L272*m2*cos(2*e2))/8 + (L2”2*m3*cos(2*e2))/2 + (L2"2*md4*cos(2*e2))/2
- (L4"2*m4*cos(2*e4))/16 - (L372*m3*cos(2*e2 + 2*e3))/8 + (L3"2*md*cos(2*e2 +
2*e3))/2 - (L4"2*md*cos(2*e2 + 2*e3))/16 - (L2*L4*ma*sin(e3 + ed))/4 -
(L2*L4*m4*sin(2*e2 + e3 - ed4))/4 - (L3*L4*md*sin(2*e2 + 2*e3 + e4))/4 +
L2*L3*md*cos(e3) - (L2*L3*m3*sin(e3))/2 + L2*L3*m4*cos(2*e2 + e3) -
(L2*L3*m3*sin(2*e2 + e3))/2 - (L2*L4*md*sin(e3 - e4))/4 - (L3*L4*md*sin(2*e2 +
2*e3 - ed))/4 - (L2*L4*m4*sin(2*e2 + e3 + ed))/4, -(LA*ma*(4*L2*sin(e2)*sin(ed) +
4* 3*cos(e2)*sin(e3)*sin(e4) + 4*L3*cos(e3)*sin(e2)*sin(ed) +
L4*sin(2*e4)*cos(e2)*cos(e3) - L4a*sin(2*e4)*sin(e2)*sin(e3)))/8, -
(L4A*m4*(4*L3*cos(e2)*sin(e3)*sin(e4) + 4*L3*cos(e3)*sin(e2)*sin(e4) +
L4A*sin(2*ed4)*cos(e2)*cos(e3) - L4*sin(2*ed4)*sin(e2)*sin(e3)))/8,
(L4*m4*(L4*cos(e2)*sin(e3) - 2*L2*cos(e2)*cos(ed4) + LA*cos(e3)*sin(e2) -
2*L3*cos(e2)*cos(e3)*cos(ed) + 2*L3*cos(e4)*sin(e2)*sin(e3)))/4;

-(L4*ma*(4*L2*sin(e2)*sin(e4) + 4*L3*cos(e2)*sin(e3)*sin(e4) +
4* 3*cos(e3)*sin(e2)*sin(e4) + L4*sin(2*ed)*cos(e2)*cos(e3) -

L4A*sin(2*ed4)*sin(e2)*sin(e3)))/8, (L2722*m2)/4 + L272*m3 + L272*md +
(L37~2*m3)/4 + L372*m4 + (L4~2*md*cos(ed)"2)/4 + 2*L2*¥L3*mad*cos(e3) -
L2*¥L3*m3*sin(e3) - L2*L4*md*cos(ed)*sin(e3), (L372*m3)/4 + L372*m4

+ (L4A~2*m4*cos(e4)~2)/4 + L2*L3*md*cos(e3) - (L2*L3*m3*sin(e3))/2 -
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(L2*L4*m4*cos(ed)*sin(e3))/2,
-(L4*m4*sin(ed)*(L3 + L2*cos(e3)))/2;

-(L4*m4*(4*L3*cos(e2)*sin(e3)*sin(e4) + 4*L3*cos(e3)*sin(e2)*sin(e4) +
L4*sin(2*ed4)*cos(e2)*cos(e3) - L4*sin(2*ed)*sin(e2)*sin(e3)))/8,
(L372*m3)/4 + L372*m4 + (L4~2*md*cos(ed)"2)/4 + L2*L3*m4*cos(e3) -
(L2*L3*m3*sin(e3))/2 - (L2*L4*md*cos(ed)*sin(e3))/2,

(L372*m3)/4 + L3"2*m4 + (L4"2*m4)/8 + (L4"2*m4*cos(2*e4))/8,
-(L3*L4*m4*sin(ed))/2;

(L4*m4*(L4*cos(e2)*sin(e3) - 2*L2*cos(e2)*cos(ed4) + La*cos(e3)*sin(e2) -
2*L3*cos(e2)*cos(e3)*cos(ed) + 2*L3*cos(ed)*sin(e2)*sin(e3)))/4,
-(L4*md*sin(e4)*(L3 + L2*cos(e3)))/2,

-(L3*L4*m4*sin(ed))/2,

(L4"2*m4)/4];

G =[(g*m3*cos(el)*(L3*sin(e2 + e3) - 2*L2*cos(e2)))/2 - g*m4*(cos(el)*(L3*cos(e2 +
e3) + L2*cos(e2)) - (L4*(cos(el)*cos(e2)*cos(ed)*sin(e3) - sin(el)*sin(ed) +
cos(el)*cos(e3)*cos(ed)*sin(e2)))/2) - (L2*g*m2*cos(el)*cos(e2))/2;
(g*sin(el)*(L3*m3*cos(e2 + e3) +
2*¥L3*m4*sin(e2 + e3) + L2*m2*sin(e2) + 2*L2*m3*sin(e2) + 2*L2*md*sin(e2) +
L4*m4*cos(e2)*cos(e3)*cos(ed) - La*m4*cos(ed)*sin(e2)*sin(e3)))/2;

g*ma*((L4*(cos(e2)*cos(e3)*cos(ed)*sin(el) - cos(ed)*sin(el)*sin(e2)*sin(e3)))/2 +
L3*sin(e2 + e3)*sin(el)) + (L3*g*m3*cos(e2 + e3)*sin(el))/2;

-(L4*g*m4*(cos(e2)*sin(el)*sin(e3)*sin(e4) - cos(el)*cos(ed) +
cos(e3)*sin(el)*sin(e2)*sin(e4)))/2];

C =[ (L4"2*ded4*md*sin(2*ed))/8 - L272*de2*m3*sin(2*e2) - L2”2*de2*md*sin(2*e2) -
(L272*de2*m2*sin(2*e2))/4 + (L3*2*de2*m3*sin(2*e2 + 2*e3))/4 -
L37r2*de2*m4*sin(2*e2 + 2*e3) + (L372*de3*m3*sin(2*e2 + 2*e3))/4 -
L372*de3*m4*sin(2*e2 + 2*e3) + (L4"2*de2*m4*sin(2*e2 + 2*e3))/8 +
(L4~2*de3*m4*sin(2*e2 + 2*e3))/8 + (L4*2*de2*m4*sin(2*e2 + 2*e3 - 2*ed))/16 +
(L4~2*de2*m4*sin(2*e2 + 2*e3 + 2*e4))/16 + (L4"2*de3*m4*sin(2*e2 + 2*e3 -
2*e4))/16 + (L4~2*de3*md*sin(2*e2 + 2*e3 + 2*e4))/16 - (L4A*2*ded*md*sin(2*e2 +
2*e3 - 2*e4))/16 + (L4"2*ded*m4*sin(2*e2 + 2*e3 + 2*ed))/16 -
(L2*L4*de2*md*cos(2*e2 + e3 + ed))/2 - (L2*L4*de3*md*cos(2*e2 + e3 + e4))/4 -
(L2*L4*ded*m4*cos(2*e2 + e3 + ed))/4 - (L2*L4*de3*mb*cos(e3 + ed))/4 -
(L2*L4*ded*m4*cos(e3 + ed))/4 - (L2*L4*de2*md*cos(2*e2 + e3 - ed))/2 -
(L2*L4*de3*m4*cos(2*e2 + e3 - ed))/4 + (L2*L4*ded*m4*cos(2*e2 + e3 - e4))/4 -
(L3*L4*de2*md*cos(2*e2 + 2*e3 + e4))/2 - (L3*L4*de3*md*cos(2*e2 + 2*e3 + ed))/2 -
(L3*L4*ded*md*cos(2*e2 + 2*e3 + e4))/4 - (L2*L3*de3*m3*cos(e3))/2 -
L2*L3*de3*md*sin(e3) - L2*L3*de2*m3*cos(2*e2 + e3) - (L2*L3*de3*m3*cos(2*e2 +
e3))/2 - (L2*L4*de3*md*cos(e3 - e4))/4 + (L2*L4*ded*md*cos(e3 - ed))/4 -

2* 2% 3*de2*m4*sin(2*e2 + e3) - L2*L3*de3*m4*sin(2*e2 + e3) -
(L3*L4*de2*md*cos(2*e2 + 2*e3 - e4))/2 - (L3*L4*de3*md*cos(2*e2 + 2*e3 - e4))/2 +
(L3*L4*ded*m4*cos(2*e2 + 2*e3 - e4d))/4, (L4*de3*ma*(4*L3*sin(e2)*sin(e3)*sin(ed) -
4*| 3*cos(e2)*cos(e3)*sin(e4) + L4*sin(2*ed)*cos(e2)*sin(e3) +
L4a*sin(2*ed4)*cos(e3)*sin(e2)))/8 + (L4*de2*ma*(4*L3*sin(e2)*sin(e3)*sin(e4) -
4*3*cos(e2)*cos(e3)*sin(ed) - 4*L2*cos(e2)*sin(e4) + L4*sin(2*ed)*cos(e2)*sin(e3)
+ L4*sin(2*ed)*cos(e3)*sin(e2)))/8 - (L4*ded*md*(4*L2*cos(ed)*sin(e2) +

4*| 3*cos(e2)*cos(ed)*sin(e3) + 4*L3*cos(e3)*cos(ed)*sin(e2) +
2*L4*cos(e2)*cos(e3)*(2*cos(ed4)"2 - 1) - 2*¥L4*sin(e2)*sin(e3)*(2*cos(e4)"2 -
1)))/8, (L4*de2*ma*(4*L3*sin(e2)*sin(e3)*sin(e4) - 4*L3*cos(e2)*cos(e3)*sin(ed) +
L4*sin(2*e4)*cos(e2)*sin(e3) + L4*sin(2*ed)*cos(e3)*sin(e2)))/8 +

(L4*de3*ma* (4*L3*sin(e2)*sin(e3)*sin(ed4) - 4*L3*cos(e2)*cos(e3)*sin(ed) +
L4A*sin(2*ed4)*cos(e2)*sin(e3) + L4*sin(2*ed4)*cos(e3)*sin(e2)))/8 -

(L4*ded4*m4* (2*L3*sin(e2 + e3 - e4) + 2*L3*sin(e2 + e3 + e4d) +
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2*¥L4*cos(2*ed4)*cos(e2 + e3)))/8, (L4*de3*ma*(L3*sin(e2 + e3 - ed) + L4*cos(e2 +
e3) + L3*sin(e2 + e3 + e4)))/4 + (L4*de2*m4*(L4*cos(e2)*cos(e3) +
2*¥L2*cos(ed)*sin(e2) - L4*sin(e2)*sin(e3) + 2*L3*cos(e2)*cos(e4)*sin(e3) +
2*L3*cos(e3)*cos(ed)*sin(e2)))/4 + (L4*ded*ma*sin(ed)*(L3*cos(e2 + e3) +
L2*cos(e2)))/2;

(L272*del*m2*sin(2*e2))/8 + (L272*del*m3*sin(2*e2))/2 + (L272*del*md*sin(2*e2))/2
+ (L4~2*de2*md*cos(e2 + e3 - 2*ed))/32 - (L4A"2*de2*md*cos(e2 + e3 + 2*ed))/32 +
(L4~2*de3*m4*cos(e2 + e3 - 2%ed))/32 - (L4"~2*de3*md*cos(e2 + e3 + 2*ed))/32 -
(L4ar2*ded*md*cos(e2 + e3 - 2*ed))/8 - (L4"2*ded*md*cos(e2 + e3 + 2*e4))/8 -
(L372*del*m3*sin(2*e2 + 2*e3))/8 + (L37*2*del*m4*sin(2*e2 + 2*e3))/2 -
(L4~2*del*m4*sin(2*e2 + 2*e3))/16 - (L4"2*ded4*md*cos(e2 + e3))/8 -
(L4A"2*del*m4*sin(2%e2 + 2*e3 - 2%e4))/32 - (L4"2*del*md*sin(2*e2 + 2%e3 +
2*e4))/32 + (L2*L4*del*m4*cos(2*e2 + e3 + ed))/4 + (L3*L4*de2*m4*sin(e2 + e3 -
e4))/8 + (L3*L4*de3*m4*sin(e2 + e3 - e4))/8 - (3*L3*L4*ded*md*sin(e2 + e3 - e4d))/8
- (L2*L4*de2*m4*sin(e2 + e4))/8 - (3*L2*L4*ded*m4*sin(e2 + ed))/8 +
(L2*L4*del*m4*cos(2*e2 + e3 - ed))/4 + (L3*L4*del*md*cos(2*e2 + 2*e3 + e4d))/4 +
(L2*L3*del*m3*cos(2*e2 + e3))/2 + L2*L3*del*m4*sin(2*e2 + e3) +
(L2*L4*de2*ma*sin(e2 - e4))/8 - (3*L2*L4*ded*ma*sin(e2 - ed))/8 -
(L3*L4*de2*m4*sin(e2 + e3 + e4))/8 - (L3*L4*de3*m4*sin(e2 + e3 + e4))/8 -
(3*L3*L4*ded*ma*sin(e2 + e3 + e4))/8 + (L3*L4*del*md*cos(2*e2 + 2*e3 - ed))/4,

- L2*de3*(L3*m3*cos(e3) + 2*L3*m4*sin(e3) + L4*md*cos(e3)*cos(ed)) -

(L4A*del*ma* (4*L3*sin(e2)*sin(e3)*sin(ed4) - 4*L3*cos(e2)*cos(e3)*sin(ed) -
4*2*cos(e2)*sin(e4) + L4*sin(2*ed)*cos(e2)*sin(e3) +
L4*sin(2*ed4)*cos(e3)*sin(e2)))/16 - (L4*ded*md*sin(ed)*(L4*cos(ed) -
2*¥L2*sin(e3)))/2,

- (L2*de3*(L3*m3*cos(e3) + 2*L3*m4*sin(e3) + L4*md*cos(e3)*cos(ed)))/2 -
(L4A*del*ma* (4*L3*sin(e2)*sin(e3)*sin(ed4) - 4*L3*cos(e2)*cos(e3)*sin(ed) +
L4*sin(2*e4)*cos(e2)*sin(e3) + L4*sin(2*ed)*cos(e3)*sin(e2)))/16 -
(L4*ded4*m4*sin(ed)*(L4*cos(ed) - L2*sin(e3)))/2,

(L2*L4*de3*m4*sin(e3)*sin(ed))/2 - (L4*ded*md*cos(ed)*(L3 + L2*cos(e3)))/2 -
(LA*del*ma*(L4*cos(e2)*cos(e3) + 2*L2*cos(ed)*sin(e2) - L4*sin(e2)*sin(e3) +
2*3*cos(e2)*cos(ed4)*sin(e3) + 2*L3*cos(e3)*cos(ed)*sin(e2)))/8;
(L4~2*de2*m4*cos(e2 + e3 - 2*ed))/32 - (L4"2*de2*m4*cos(e2 + e3 + 2*e4d))/32 +
(L4~2*de3*m4*cos(e2 + e3 - 2*e4))/32 - (L4"2*de3*md*cos(e2 + e3 + 2*e4))/32 -
(L4~2*ded*ma*cos(e2 + e3 - 2*e4))/8 - (L4"2*ded*md*cos(e2 + e3 + 2*e4))/8 -
(L372*del*m3*sin(2*e2 + 2*e3))/8 + (L372*del*m4*sin(2*e2 + 2*e3))/2 -
(LAr2*del*md*sin(2*e2 + 2*e3))/16 - (L4"2*ded*md*cos(e2 + e3))/8 -
(L4~2*del*m4*sin(2*e2 + 2*e3 - 2*e4d))/32 - (L4"2*del*md4*sin(2*e2 + 2*e3 +
2*e4))/32 + (L2*L4*del*md*cos(2*e2 + e3 + e4))/8 + (L3*L4*de2*md*sin(e2 + e3 -
e4))/8 + (L3*L4*de3*ma*sin(e2 + e3 - ed4))/8 - (3*L3*L4*ded*m4*sin(e2 + e3 - e4))/8
+ (L2*L4*del*md*cos(e3 + e4))/8 + (L2*L4*del*md*cos(2*e2 + e3 - e4))/8 +
(L3*L4*del*md*cos(2*e2 + 2*e3 + e4))/4 + (L2*L3*del*m3*cos(e3))/4 +
(L2*L3*del*m4*sin(e3))/2 + (L2*L3*del*m3*cos(2*e2 + e3))/4 + (L2*L4*del*m4*cos(e3
- e4))/8 + (L2*¥L3*del*md*sin(2*e2 + e3))/2 - (L3*L4*de2*m4*sin(e2 + e3 + e4))/8 -
(L3*L4*de3*md4*sin(e2 + e3 + e4))/8 - (3*L3*L4*ded*md*sin(e2 + e3 + ed))/8 +
(L3*L4*del*md*cos(2*e2 + 2*e3 - ed))/4,

(L2*L3*de2*m3*cos(e3))/2 - (L4*2*ded*md*sin(2*ed))/4 - (L2*L3*de3*m3*cos(e3))/4 +
L2*L3*de2*md*sin(e3) - (L2*L3*de3*m4*sin(e3))/2 + (L2*L4*de2*m4*cos(e3)*cos(ed))/2
- (L2*L4*de3*m4*cos(e3)*cos(ed))/4 + (L2*L4*ded*md*sin(e3)*sin(ed))/4 -
(L4~2*del*m4*cos(e2)*cos(ed)*sin(e3)*sin(ed))/8 -
(L472*del*md*cos(e3)*cos(ed)*sin(e2)*sin(ed))/8 +
(L3*L4*del*m4*cos(e2)*cos(e3)*sin(ed))/4 -
(L3*L4*del*m4*sin(e2)*sin(e3)*sin(e4))/4,

(L2*de2*(L3*m3*cos(e3) + 2*L3*md*sin(e3) + L4*md*cos(e3)*cos(ed)))/4 -
(LAr2*ded*ma*sin(2*e4))/4 - (LA*del*md*(4*L3*sin(e2)*sin(e3)*sin(ed) -
4*[3*cos(e2)*cos(e3)*sin(ed) + L4*sin(2*e4)*cos(e2)*sin(e3) +
L4A*sin(2*ed4)*cos(e3)*sin(e2)))/16,

- (L4*del*m4*(L3*sin(e2 + e3 - ed4) + L4*cos(e2 + e3) + L3*sin(e2 + e3 + e4)))/8 -
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(L3*L4*ded*m4*cos(ed))/2 -(L2*L4*de2*m4*sin(e3)*sin(ed))/4;
-(L4*m4*(L4*del*sin(2*ed) - 2*L4*de2*cos(e2)*cos(e3) - 4*L4*de3*cos(e2)*cos(e3) -
12*L2*de2*cos(ed)*sin(e2) - 4*L2*ded*cos(e2)*sin(ed) + 4*L2*del*sin(e3)*sin(ed) +
2*L4*de2*sin(e2)*sin(e3) + 4*L4*de3*sin(e2)*sin(e3) +

4* 3*del*cos(2*e2)*sin(2*e3)*sin(ed4) + 4*L3*del*cos(2*e3)*sin(2*e2)*sin(ed) -
12*L3*de2*cos(e2)*cos(ed)*sin(e3) - 12*L3*de2*cos(e3)*cos(ed)*sin(e2) -
12*L3*de3*cos(e2)*cos(ed)*sin(e3) - 12*L3*de3*cos(e3)*cos(ed)*sin(e2) -
4*| 3*ded*cos(e2)*cos(e3)*sin(e4) + L4*del*cos(2*e2)*cos(2*e3)*sin(2*e4)
4*| 3*ded*sin(e2)*sin(e3)*sin(e4) - L4*del*sin(2*e2)*sin(2*e3)*sin(2*e4d)
2*L4*de3*cos(2*ed)*cos(e2)*cos(e3) - 4*L4*de2*cos(e2)*cos(e3)*cos(ed)”2 +

4% 2*del*cos(2*e2)*sin(e3)*sin(e4) + 4*L2*del*sin(2*e2)*cos(e3)*sin(e4) +
2*L4*de3*cos(2*ed)*sin(e2)*sin(e3) + 4*L4*de2*cos(ed)*2*sin(e2)*sin(e3)))/16,
(LA*del*ma* (4*L2*cos(ed)*sin(e2) + 4*L3*cos(e2)*cos(ed)*sin(e3) +

4* 3*cos(e3)*cos(ed)*sin(e2) + 2*L4*cos(e2)*cos(e3)*(2*cos(ed4)”2 - 1) -
2*L4*sin(e2)*sin(e3)*(2*cos(e4)”2 - 1)))/16 - (L4*ded*md*cos(ed)*(L3 +
L2*cos(e3)))/4 + (L4*de2*m4*sin(ed)*(L4*cos(ed) - 2*L2*sin(e3)))/4 +
(L4*de3*m4*sin(ed)*(L4*cos(ed) - L2*sin(e3)))/4 +
(L2*L4*de3*m4*sin(e3)*sin(ed))/2,

(L4~2*de3*ma*sin(2*e4))/8 + (L4*del*m4*(2*L3*sin(e2 + e3 - e4) + 2*L3*sin(e2 + e3
+ ed) + 2*L4*cos(2*ed)*cos(e2 + e3)))/16 - (L3*L4*ded*md*cos(ed))/4 +
(L4*de2*m4*sin(ed)*(L4*cos(ed) - L2*sin(e3)))/4,

(L4*de2*ma*cos(ed)*(L3 + L2*cos(e3)))/4 - (L4*del*md*sin(ed)*(L3*cos(e2 + e3) +
L2*cos(e2)))/4 + (L3*L4*de3*md*cos(ed))/4];

de = [del,de2,de3,ded]’;

dTor=b*de+c*sign(de);

%% phuong trinh dong luc hoc

dde=inv(M)*(Tor - C*de - G - dTor);

-+
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