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Tén dé tai: “Nghién ciru thuit toan diéu khién tay may Robot 3 bac tw do”

Sinh vién thyc hién 1: Luu Quang Thai
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Sinh vién thyc hién 2: Nguyén Péc Thanh
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Phan mé dau:

Giéi thiéu bdi canh d@ tai, 1i do chon dé tai cling nhu muyc tiéu dé ra.

Chuwong 1: Téng quan deé tai

Noi dung chuong nay gidi thiéu so lugc qua trinh hinh thanh va phat trién ctia Robot
cong nghi¢p, vai tro va ing dung ctia Robot cong nghiép trong céc quy trinh tw dong
trong san xuat va nghién ctru hién nay. Ngoai ra, phan nay con gidi thiéu cac khai
niém, dinh nghia va cau tric co ban ciia tay may Robot cong nghiép.

Chuong 2: Xay dung m6 hinh dong luc hoc Robot 3DOF

Noi dung chuong nay trinh bay co sé 1y thuyét vé tay may (dong hoc thuan, dong hoc
nguoc, dong luc hoc). Thiét ké m6 hinh tay may trén phén mém Solidworks va Matlab
Simulink.

Chuwong 3: Cac phwong phap diéu khién canh tay Robot

Noi dung chuong nay trinh bay phuong phap thiét ké cac bo diéu khién bao gdm bod
diéu khién PID va bo diéu khién hoc lap ILC dé tmg dung diéu khién tay may hoat
dong mdt cach chinh xac theo quy dao cho trudc.

Chuwong 4: M6 phong canh tay Robot va danh gia két qua

Noi dung chuong nay trinh bay phin mé phong va xuit ra két qua trén phin mém
Matlab Simulink.

Phan két luin

Tir két qua mo phong két hop véi cac chi tiéu chat lugng dwa ra két qua phan tich so
sanh gitta cac phwong phap diéu khién. Panh gia lai toan b qua trinh 1am dd an, dua

ra nhitng két qua dat duoc ciing nhu hudng phat trién trong trong lai.
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NHIEM VU PO AN TOT NGHIEP

TT Ho va tén MSSV Lép Nganh
. K¥ thuat diéu khién va
1 Luu Quang Thai 105200383 | 20TDHCLCI A ]
Tu dong hoa
. . K¥ thuat diéu khién va
2 | Nguyén bBac Thanh | 105200430 | 20TDHCLC2 A ]
Tu dong hoa

. Ten dé tai do an:

“Nghién ciru thudt todn diéu khién tay mdy Robot 3 bic tw do”

2. Pé tai thude dién: O C6 ky két théa thudn sé hivu tri tué doi voi két qua thuc 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 Noi dung
Viét bao cdo va thuyét minh.
1 Luu Quang Thai Tim hiéu cac phuong phap diéu khién tay may Robot
3 bac tu do (PID va ILC).
2 | Neuyén Béc Thanh Dénh gi‘é, nhéP xét két qua so ’sénh gitra hai phuong
phép dicu khién PID va PID két hop ILC.
b) Phan riéng:
TT | Ho tén sinh vién Noi dung
Phan tich dong hoc thuén tay may Robot 3 bac tu do.
Phan tich dong hoc nghich tay may Robot 3 béc tu
do.
Phan tich va xac dinh phuong trinh dong luc hoc tay
may Robot 3 bac tu do.
1 Luu Quang Thai Tim hiéu phuong phép diéu khién tay may Robot 3

béc tu do sir dung bo diu khién PID.

Mo phéng diéu khién tay may Robot 3 bac tu do st
dung bo diéu khién PID.

Mo phéng diéu khién tay may Robot 3 bac tu do st
dung bo diéu khién PID két hop ILC.




- Tim hiéu tong quan, cau tric vé tay may Robot 3 bac
tu do.

- Luya chon thong ) tay may Robot 3 bac tu do theo
tay may Robot c6 trong thuc té.

2 | Nguyén Dic Thanh | - Nhan dang mé hinh déng co.

- Thiét ké tay may Robot 3 bac tu do trén SolidWork.

- Tim hiéu phuong phap diéu khién tay may Robot 3
béc tu do sir dung bo diéu khién ILC.

- Lya chon céc ti€u chi danh gia chét luong hé théng.

5. Cdc ban vé, dé thi (ghi ré cdc logi va kich thuéc bdan vé):
6. Ho tén huwéng dan: TS. Truong Thi Bich Thanh

Noéi dung huéng dan:

- Hudng dan tu van huéng di cho dé tai.

Pé xuat nhan dang dong co, phuong phap diéu khién ILC cho viéc diéu khién

tay may Robot.

Dénh gia viéc mo6 phong cua de tai.

Hudng din 1am bao céo thuyét minh cho dé tai.

Theo dbi tién d6 dy an hang tuan.
7. Ngay giao nhiém vu do an: 03/03/2025
8. Ngay hodan thanh do an: 02/06/2025

Truong bd mon GVHD

TS. Gidp Quang Huy TS. Truong Thi Bich Thanh
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(Phiéu danh cho nguoi hudng dan/sinh vién)

Ho tén sinh vién 1: Luu Quang Thai

Ho tén sinh vién 2: Nguyén Dac Thanh

S thé SV : 105200383
S thé SV : 105200430

CONG HOA XA HQI CHU NGHIiA

Tén dé tai DATN: “Nghién ciru thuit toan diéu khién tay may Robot 3 bic tw do”
Ho tén nguo1 HD: Truong Thi Bich Thanh

Don vi: Khoa Dién

Tuin|  Nea Khéi lwong GVHD
gay da thuc hién (%) tiép tuc thwe hién (%) ky tén
1 |03/03/2025 Nhan d& tai. Trao doi de tai v6i nguoi
hudéng dan.
Lua chon linh vyc loai tay may Thiét ké: va lya chon phuong
2 106/03/2025| Robot muén thi€t ké va diéu phép diéu khién cho tay may
khién. Robot.
Thiét ké tay mdy Robot 37DOF Phan tich dong hoc thuan,
3 |10/03/2025| trén SolidWork va tim hi€u cac | nghich cho tay may Robot
phuong phép di¢u khién. 3DOF.
Duyét 1an 1: Panh gia khdi luong hoan thanh 15% :
4 |13/03/2025 Pugc tiép tuc lam DATN (1 Khong tiép tuc thyc hién DATN []
A A A an Xay dung phuong trinh dong
5 |17/03/2025 thm tich dong tlrluan, dong hoc luc hoc cho tay may Robot
nghich cho tay may Robot 3DOF. 3DOF
A . A Nhéan dang m6 hinh dong co.
6 |24/03/2025| %2 dume phuong wih Q908 WC | iy higy 1y didu khién PID
0 CHo Tay May Bobo ' va bg diéu khién ILC.
Nhén dang m6 hinh dong co. Tim Ap dung dugc b diéu khién
7 131/03/2025| hi€u cac phuong phap tinh chinh | PID cho viéc md phong diéu
bo diéu khién PID. khién tay may Robot 3DOF.
o duns du i s i | TS Sk 1LC
8 [07/04/2025| cho vidc md phong didu khién tay | ¥2 2P ung @ ntay
méy Robot 3DOF may Robot sir dung b diéu
' khién PID két hop ILC.
Duyét 1an 2: Panh gia khdi lwong hoan thanh 65 % :
9 |11/04/2025 Puoc tiép tuc lam PATN O Khong tiép tuc thuc hién DATN [J
Ap dung dugc bd diéu khién PID Ap dunA’g dugc bo d1'e;u khle‘n
két hop ILC kidu D cho vic mo | FLD kethop ILCkieu P va
10 |14/04/2025 °op i kiéu PD cho vi¢c mo phong

phong diéu khién tay may Robot
3DOF.

diéu khién tay may Robot
3DOF.




Ap dung dugc bd diéu khién

Ap dung dugc bd diéu khién PID ! 7
két hop ILC kicu P cho viéc mé |PID két hop ILC kiéu PD cho
viéc mo phong diéu khién tay

2100472025 5o didu khién tay méy Robot
3DOF. may Robot 3DOF.

Ap dung duogc bd diéu khién PID | Pua ra céac chi tiéu danh gia

chat lugng hé thong dé tién

két hop ILC kiéu PD cho viéc mé
hanh so sanh céc phuong

12 |28/04/2025| 1 5o didu khién tay méy Robot 1 céc p
3DOF. phap di€u khién

So sanh phuong phap diéu
Y a2 gk khién st dung bd PID véi sur

13 |05/05/2025| Puara3chitidudanhgidchat | =g oo prp két hop TLC

lugng h¢ thong. A A A

trong viéc mo phong diéu

khién tay may Robot 3DOF.
Duyét 1an 3: Panh gia khéi lugng hoan thanh 95 % :

14 [12/05/2025

Pugc tiép tuc lam DATN [ Khong tiép tuc thuc hién DATN [

151910572025} (i Gir dung bo PID két hop 1LC

Lép cac bang so sanh hai phuong |
phap dicu khién str dung bo PID | Tong hop tai liéu, hoan thién
viét bdo céo thuyét minh.

va danh gia két qua.

16 [26/05/2025

Viét bao cdo thuyét minh.

17 102/06/2025

Chuan bi cho thuyét trinh do 4n.




LOI NOI PAU VA CAM ON

Trong nhitng nim gan day, su phat trién manh mé& cta cong nghé tu dong hoa va
Robot di tao ra nhitng budc dot pha dang ké trong nhiéu linh vic, tir san xuét cong
nghiép dén dich vu y té, gido duc va ca trong doi sdng hang ngay. Tu dong hoa, thong
qua viéc tmg dung cac hé théng Robot, khong chi gitip nng cao hiéu quéa céng viéc ma
con giam chi phi, ting ning suét lao dong va dam bao chit lwong san pham.

Véi sy ra doi va ing dung cua cac loai Robot cong nghiép, cac hé thong tu dong
hoa di va dang thay doi cach thirc hoat dong trong cac nganh cong nghiép, dic biét 1a
trong cac cong doan yéu cau do chinh xac cao. Nhirng Robot nay khong khong chi gitp
giam thiéu su can thiép ctia con ngudi ma con nang cao ning suat lao dong, gop phan
vao sy phat trién bén viing cua doanh nghiép.

Qua thoi gian hoc tap trén ghé nha trudng va tong hop tir nhitng kién thirc hoc duoc
lién quan dén linh vyc Robot thi chiing em da chon d¢é tai: “Nghién ciru thuit toan diéu
khién tay may Robot 3 bac twr do”. Nghién ciru dé tai nham ciing c6 kién thirc va nhan
ra sy lién hé mat thiét gitra kién thirc da duoc hoc ¢ truong va kién thirc thuc té bén
ngoai, tir d6 rat ra duoc nhitng kinh nghiém va ki ning can thiét cho cong viéc sau nay.

Nhom ching em xin cdm on dén GVHD TS.Truong Thi Bich Thanh da tin tinh
huéng dan va gitp d& nhom trong qua trinh thuc hién do an t6t nghiép nay. Pong thoi,
nhém ciing xin cam on céac thay cb trong khoa Dién di giang day, cung cap kién thirc
cho chiing em trong nhitng ndm thang hoc trén giang duong.

Vi kién thire con han ché, nén khong tranh khoi thiéu sot trong qua trinh thuc hién
d6 an. Nhom chiing em rat mong nhan duoc sy dong gop v kién cia quy thay, co dé bao

céo tot nghiép dat duoc két qua tot nhat.

Chung em xin chan thanh cam on.



LOI CAM POAN LIEM CHINH HQOC THUAT

Db an nay 13 cong trinh nghién ctru ctia nhom dudi sy hd tro tir giang vién hudng
dan TS. Truong Thi Bich Thanh. Tat c4 cac doan vin, y kién, quan diém cua ngudi khac
dugc st dung trong dd 4n nay déu dugc dan nguén mét cach cu thé. Cac thanh vién
trong nhom da doc r& quy dinh cta nha trudng va hiéu rd dao vin 13 mot 16i nghiém
trong trong hoc tdp. Chung t6i xin chiu hoan toan trach nhiém néu c6 bt ky sy sao chép,

gian doi két qua nao trong san pham do an nay.

Sinh vién thuc hién Sinh vién thuc hién

Luu Quang Thai Nguyén Pic Thanh
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

MO DAU

1. Gi6i thiéu bbi canh deé tai:

Trong bdi canh cach mang céng nghiép 4.0 dang dién ra manh mg&, Robot cong
nghiép ngdy cang déng vai tro then chét trong ty dong hoa san xuat, dic biét trong cac
linh vuc nhu lép rap, han, in 3D, son, van chuyén linh ki¢n, va thao tac chinh xac trong
moi trudng khic nghiét. Mot trong nhitng ciu trac phd bién va nén tang nhat trong linh
vuc Robot 1a canh tay Robot 3 bac tu do (3 DOF - Degrees of Freedom).

Dé tai “Nghién ciru thuit toan diéu khién tay may Robot 3 bic tw do” dugc xiy
dung nham nghién ctru vé cac thuat toan diéu khién ap dung cho canh tay Robot c¢6 cu
truc 3 bac tu do, mot dang Robot don gian nhung duoc sir dung nhiéu cho cac ung dung
thuc té.

Trong c4u hinh 3 bac tu do, Robot c6 thé thuc hién cac chuyén dong trong khong
gian 2D hodc 3D tiy theo thiét ké khdp quay (revolute) hodc khép tinh tién (prismatic).
Viéc nghién ctru diéu khién loai Robot ndy dong vai trd quan trong trong viéc xay dung
nén tang cho cac hé thong Robot phirc tap hon.

2. Ly do chon d@ tai:

Trong sb cac ciu hinh Robot, canh tay Robot 3 béac tu do (3-DOF) 1a dang nén tang,
thuong duoc st dung dé nghién clru co ban vé dong hoc, dong luc hoc va cac phuong
phap diéu khién. Vi cu triic don gian nhung di phirc tap dé thé hién ban chit ctia nhiéu
van dé ky thuat, Robot 3-DOF 13 d6i twong 1y tudng dé thir nghiém va phat trién cac
thuat toan diéu khién hién dai.

Viéc nghién ctru cac phuong phap diéu khién khac nhau nhu PID, diéu khién hoc
lap (ILC), s& gitip danh gia dugc wu nhuge diém cua timg phuong phap, tir d6 lwa chon
giai phap pht hop cho timg yéu cau Gmg dung cu thé. Didu nay khong chi co gid tri vé
mit hoc thuit ma con mang tinh tng dung thyc tién cao trong viéc phat trién cac hé
thdng Robot thong minh, linh hoat hon.

3. Muc tiéu dé tai:
- Tim hiéu cAu tric, dong hoc va dong luc hoc cua canh tay Robot 3 bac tu do.
- Xay dung va md phong mé hinh canh tay Robot bang phan mém Solidworks va
Matlab/Simulink.

- Nghién ctru va so sanh hiéu qua cta phuong phap diéu khién PID va diéu khién

hoc lap (ILC).

- Phan tich va danh gi4 két qua dat duoc thong qua két qua mo phong thuc nghiém.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

4. D6i twong va pham vi nghién ciru:

a.

Doi twong nghién ciru:

Mo hinh canh tay Robot 3 bac tu do (3-DOF).

Phuong phap diéu khién PID.

Phuong phap diéu khién hoc 1ip (ILC).

Pham vi nghién cvru:

Dé tai chi nghién ciru canh tay Robot véi 3 bac tw do (3-DOF), gébm 3 khép quay
(cAu trac R-R-R).

Tap trung vao viée thiét ké, mo phong, so sanh phwong phap diéu khién PID va
diéu khién hoc lap (ILC).

Mo phéng tap trung nhiém lam sao cho canh tay Robot hoat dong bam theo mot

quy dao cho trudc.

5. Phwong phap nghién ciru:

Tim hiéu co s& 1y thuyét vé mé hinh canh tay Robot 3 bac tu do (3-DOF) thong
qua cac bai bao khoa hoc, internet, sach...
Thiét 1ap mo6 hinh dong hoc va dong luc hoc cho canh tay Robot 3 bac tu do (3-
DOF) bang céc cach sau:

e Phép bién ddi Denavit-Hartenberg (D-H) dé mo ta cau trtc hinh hoc.

e Phuong trinh Lagrange dé xay dung mé hinh dong luc hoc.
Thiét ké va mo phong tay may bang phan mém Matlab Simulink va Solidworks.
Tao ra mot quiy dao khong gian cho trudc 1a dau vao cta cac bo dicu khién trén
phan mém Matlab Simulink.
Tim hiéu 1y thuyét vé cac phuong phéap diéu khién cho tay may Robot 3 bac tu
do hoat dong bam theo quy dao cho trudc.

6. Cau triic ciia do an tot nghiép:

Muc luc

Danh sach cac bang, hinh vé

Danh sach céc ky hiéu, chir viét tat

Mo dau

Chuong 1: Tong quan dé tai

Chuong 2: Xay dung mo hinh dong luc hoc robot 3dof
Chuong 3: Cac phuong phap diéu khién canh tay robot
Chuong 4: M6 phong diéu khién canh tay robot va danh gia két qua
Két luan va huéng phat trién

Tai liéu tham khao

Phu luc
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Chuwong 1: TONG QUAN PE TAI

1.1.  So lwgc qua trinh phat trién ciia Robot

Thuat ngit “ Robot” xuét phat tir tiéng Sec (Czech) “Robota” c6 nghia 13 cong viéc
tap dich trong v& kich Rossum’s Universal Robots cuia Karel Capek, vao nam 1921.
Trong v& kich nay, Rossum va con trai ctia ong ta dd ché tao ra nhirng chiéc may gan
gidng véi con ngudi dé phuc vu con ngudi. Co 18 d6 1a mot goi y ban dau cho cac nha
sang ché k¥ thuat vé nhitng co cdu, may moc bit chudce cac hoat dong co bip cua con

nguoi.

Hinh 1.1: Robot trong vo kich Rossum s Universal Robots

Dau thap ky 60, cong ty My AMF (American Machine and Foundry Company)
quang cdo mot loai may tu dong van nang va goi la “Nguoi may cong nghi¢p” (Industrial
Robot). Ngay nay nguoi ta dat tén ngudi may cong nghiép (hay Robot cong nghi¢p) cho
nhirng loai thiét bi c6 dang dap va mot vai chirc ning nhu tay ngudi duge diéu khién tir
dong dé thuc hién mot sd thao tac san xuét.

V& mit k¥ thuat, nhirg robot cong nghiép ngay nay, c6 ngudn gde tir hai linh virc
k¥ thuat ra doi sém hon d6 1a cac co cdu diéu khién tir xa (Teleoperators) va cac may
cong cu diéu khién s (NC - Numerically Controlled machine tool).

Céc co ciu diéu khién tir xa (hay cac thiét bi kiéu chi-té) da phat trién manh trong
chién tranh thé gi6i 1an tht hai nham nghién ctru cac vat liéu phong xa. Nguoi thao tac
duogc tach biét khoi khu vuc phong xa boi mét birc tuong c6 mdt hodc vai ctra quan sat
dé co thé nhin thay dugc cong viée bén trong. Cac co cau dicu khién tir xa thay thé cho
canh tay clia ngudi thao tic; nd gdm cé mot bd kep & bén trong (t6) va hai tay cam &
bén ngoai (chu). Ca hai, tay cam va bo kep, duoc ndi v6i nhau bﬁng mdt co cau sau bic
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

tu do dé tao ra cac vi tri va hudng tuy ¥ cua tay cam va bd kep. Co cdu dung dé diéu
khién bo kep theo chuyén dong cua tay cam.

Vao khoang nim 1949, cac may cong cu diéu khién s ra doi, nham dap tng yéu
ciu gia cong cac chi tiét trong nganh ché tao may bay. Nhitng Robot dau tién thuc chit
13 su ndi két gitra cac khau co khi cta co cdu diéu khién tir xa v6i kha ning 14p trinh cua
may cong cu diéu khién sb.

Mot trong nhitng Robot Cong nghiép dau tién duoc ché tao 13 Robot Versatran cua
cong ty AMF, My. Ciing vao khoang thoi gian nay & My xuat hién loai Robot Unimate
(1900) dugc dung dau tién trong k¥ nghé 6to.

Tiép theo MY, cac nudc khac bit dau san xuat Robot cong nghiép: Anh (1967),
Thuy Pién va Nhat (1968) theo ban quyén cia My, CHLB Puc (1971), Phap (1972), Y
(1973)...

Tinh ning lam viéc cia Robot ngay cang duoc ning cao, nhét 1 kha ning nhan
biét va xtr y. Nam 1967 & trudng Pai hoc tong hop Stanford (M) dd ché tao ra mau
Robot hoat dong theo mé hinh “mét-tay”, ¢6 kha ning nhan biét va dinh hudng ban kep
theo vi tri vt kep nho cac cam bién. Nam 1974 Cong ty My Cincinnati dua ra loai robot
dugc diéu khién bang may vi tinh, goi 13 robot T3 (The Tomorrow Tool: Céng cu ctia
tuong lai). Robot nay c6 thé nang dugc vat c6 khoi luong dén 40 Kg.

C6 thé noi, Robot 1a sy to hop kha ndng hoat dong linh hoat cua cac co ciu diéu
khién tir xa v6i mac do “tri thire” ngay cang phong phu cta hé théng diéu khién theo
chuong trinh sb cling nhu k¥ thuat ché tao cac bd cam bién, cong nghé 1ap trinh va cac
phat trién cta tri khon nhan tao, hé chuyén gia...

Trong nhitng ndm sau nay, viéc nang cao tinh nang hoat dong ctia Robot khong
ngimg phat trién. Cac Robot duoc trang bi thém cac loai cam bién khac nhau dé nhan
biét moi truong xung quanh, cting voi nhitng thanh tyu to 16n trong linh vuc Tin hoc -
Dién tir d4 tao ra cac thé hé robot véi nhiéu tinh nang dac biét, S luong Robot ngay
cang gia tdng, gid thanh ngay cang giadm. Nho vy, Robot cong nghiép da ¢ vi tri quan

trong trong cac day chuyén san xuat hi¢n dai.

1.2.  Vai tro va ing dung ciia Robot trong sin xuét

Theo wdc tinh ciia Lién doan Robot quéc té (IRF), hién nay trén thé gidi c6 khoang
50% sb lugng Robot duogc st dung tai chau A (trong d6 Nhat Ban chiém 30%), 32% &
Chau Au, 16% & Béc My, 1% & Australia va 1% ¢ chau Phi.

Trong do, Robot duoc st dung trong cac nganh ché tao 6 t6 chiém 33,2%, nganh

unseecified chiém 25%, nganh dién- dién tir 9,9%, nganh hoa chit + cao su + nhua
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do

chiém 9,4%, nganh ché tao may 4,3%, nganh dién tu vién thong chiém 2,5%, san xuAt
metal chiém 3,7%, nganh san xuat gd 2,5% va cac nganh khac 1a 10,3%.

Tir khi méi ra doi Robot cong nghiép duogc ap dung trong nhiéu linh vuc dudi goc
do thay thé strc ngudi. Nho vay cac ddy chuyén san xuit dugc t6 chie lai, ning suat va
hiéu qua san xuat ting 1én rd rét.

Muc tiéu tng dung Robot cong nghiép nham gép phan nang cao ning suét day
chuyén cong nghé, giam gia thanh, nang cao chét lugng va kha ning canh tranh cua san
phém déng thoi cai thién diéu kién lao dong. Pat dugc cac muc ti€u trén 1a nho vao
nhirng kha ning to 16n cia Robot nhu : 1am viéc khong biét mét moi, chiu dugce phong
xa va cac moi truong lam vi¢e doc hai, nhiét do cao, “cam théy” duoc ca tur truong va
“nghe” dugc ca siéu 4m... Robot duoc ding thay thé con ngudi trong cac truong hop
trén hodac thyc hién cac cong viéc tuy khong nang nhoc nhung don diéu, dé gay mét moi,
nham 1an.

Trong nganh co khi, Robot dugc sir dung nhiéu trong céng nghé dic, cong nghé
han (hinh 1.2), cét kim loai, son, phun phu kim loai, thdo 1ap van chuyén phoi, lap rap
san pham... Ngay nay da xuit hién nhiéu diy chuyén san xuét tr dong gébm cic may
CNC v6i Robot cong nghiép, cac ddy chuyén d6 dat mirc tu dong hoa cao, muc do linh
hoat cao...O day cac may va Robot dugc diéu khién bang cing mét hé théng chuong

trinh.

Hinh 1.2: Robot trong ddy chuyén san xudt é t6
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Tén dé tai: Nghién cvu thudt toan diéu khién tay may Robot 3 bdc tw do

Hinh 1.3: Robot trong linh vuc néng nghiép
Ngay nay d xuat hién nhiéu day chuyén san xuat ty dong gdom cac may CNC véi
Robot cong nghiép, cac day chuyén dé dat muc ty dong hod cao, mirc do linh hoat
cao...0 day cac may va robot dugc didu khién bang cting mot hé théng chuong trinh.
Ngoai cac phan xudng, nha may, k¥ thuat robot ciing dugc sir dung trong viéc khai
thac thém lyc dia va dai duong, trong y hoc, sir dung trong qudc phong, trong chinh

phuc vii tru (hinh 1.4), trong cong nghiép nguyén tur, trong cac linh vuc xa hoi...

Hinh 1.4: Robot trong linh vyc tham do vii try

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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R rang 13 kha ning lam viéc ctiia Robot trong mot sé diéu kién vuot hon kha ning
ctia con ngudi, do d6 no 1a phuong tién hiru hidu dé ty dong hoa, ning cao ning suit lao
dong, giam nhe¢ cho con ngudi nhitng cong viéc nang nhoc va doc hai. Nhuoc diém lén
nhat ciia Robot 14 chua linh hoat nhu con ngudi, trong ddy chuyén ty dong, néu c6 mot
Robot bi hong c6 thé 1am ngimg hoat dong cua ca diy chuyén, cho nén Robot van luén

hoat dong dudi sy giam sat cuia con nguoi.

1.3.  Cac khai ni¢m va dinh nghia vé robot cong nghié¢p
1.3.1. DPinh nghia vé Robot cong nghiép

Hién nay c6 nhiéu dinh nghia vé Robot, ¢ thé diém qua mot s6 dinh nghia nhu
sau:

Dinh nghia theo ISO 8373 (Té chirc Tiéu chudn héa Quoc té): Robot cong nghiép
12 mot thiét bi co khi tu dong, co thé l1ap trinh dugc theo nhiéu truc, c¢6 kha nang di
chuyén va thao tac cac vat thé, cong cuy, hoac thiét bi chuyén dung thong qua cac chuong
trinh dinh sin dé thyc hién cac nhiém vu tw déng trong cong nghiép.

Dinh nghia theo vién Robot Hoa Ky (RIA - Robotic Industries Association): Robot
cong nghiép 1a mot thiét bi diéu khién ti dong, c6 thé 1ap trinh lai nhiéu 1an, c6 tinh linh
hoat cao, hoat dong trong méi truong ba chiéu dé thyc hién mot chudi cac nhiém vy nhu
1ap rap, han, son, xir 1y vat liéu... trong cong nghiép.

Dinh nghia theo GOCT 25686-85 (Nga):Robot cong nghi¢p 1a mdt may ty dong,
duoc dat ¢ dinh hoac di dong duoc, lién két gifra mgt tay may va mot hé théng diéu
khién chuong trinh, c6 thé lap trinh lai dé hoan thanh cac chirc ning van dong va diéu
khién trong qua trinh san xuét.

C6 thé n6i Robot cong nghiép 1a mot may tu dong linh hoat thay thé timg phan
hodc toan bg cac hoat dong co bép va hoat dong tri tu¢ cia con nguoi trong nhiéu kha
nang thich nghi khac nhau.

Robot cong nghiép c6 kha nang chuong trinh héa linh hoat trén nhiéu tryc chuyén
dong, biéu thi cho s bac tu do cua chiing. Robot cong nghiép duoc trang bi nhitng ban
tay may hodc cic co ciu chip hanh, giai quyét nhitng nhiém vu dugc xac dinh trong cac
qua trinh cong nghé hoic tryc tiép tham gia thuc hién cac cong doan (son, han, phun
phu, 1ot kim loai vao khudn duc, 1ap rap mdy...) hodc phuc vu cic qua trinh cong nghé
(théo lap chi tiét gia cong, dao cy, do da...) voi nhimng thao tic cAm nam, van chuyén va
trao d6i cac ddi tuong véi cac tram cong nghé, trong mot hé théng may tu dong linh
hoat, dugc goi la “H¢ théng tu dong linh hoat Robot héa” cho phép thich rng nhanh va
thao tac don gian khi nhiém vu san xuét thay ddi.

1.3.2. Cac khdi niém
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- Bdc tw do cua Robot:
Bac tu do 14 s6 kha ning chuyén dong cua mot co cdu (chuyén dong quay hoic
tinh tién). Dé dich chuyén dugc mot vat thé trong khong gian, co cu chip hanh
cua Robot phai dat dugc mat s6 bac tu do. No6i chung co hé cia Robot 1a mot co

cAu ho, do do bac tu do ctia n6 co thé tinh theo cong thtrc:
5

w :6n—2ipl.

i=1
O day: 7 - s6 khau dong;
D;- s6 khép cac loai i (i=1,2,...,5: sb bac tu do bj han ché).
Dbi voi cac co cau ¢ cac khau duoc ndi voi nhau bang khdp quay hodc tinh tién
(khdp dong loai 5) thi s6 bac t do bang véi s6 khau dong. Ddi véi co cdu hd, s6
bac tu do béng téng s6 bac tu do cia khép dong.
Pé dinh vi va dinh huéng khau chap hanh cudi mét cach tuy ¥ trong khong gian 3
chiéu Robot can ¢6 6 bac tu do, trong do6 3 bac tu do dau dé dinh vi va 3 bac tu do
con lai dung dé dinh hudng. Mot s6 cong viéc don gian nhu nang ha, sip xép...co
thé yéu cau sd bac tu do it hon. Cac Robot han, son.. .thuong yéu cau 5 hodc 6 bac
tu do. Trong mat $6 truong hop can su khéo 1éo, linh hoat hodc khi yéu cau toi uu
quy dao,...ngudi ta ding Robot vai s6 bac tu do 16n hon 6. Khi s6 bac tu do 16n
thi két cdu ctia Robot va viéc 1ap trinh diéu khién s& phirc tap, gia thanh Robot cao
hon.
- Hétoa do:
M&i Robot thudng bao gom nhiéu khau (links) lién két v6i nhau qua cac khép
(joints), tao thanh mot xich dong hoc xuat phat tir mot khau co ban (base) dung
yén. H¢ toa do gén voi khau co ban goi 1a hé toa do co ban (hay hé toa do géc).
Cac hé toa do trung gian khac gén voi cac khau dong goi 1a hé toa do suy rong.
Trong tirng thoi diém hoat dong, cac toa do suy rong xac dinh cau hinh ctia Robot
bang cac chuyén dich dai hodc cac chuyén dich goc ciia cac khép tinh tién hoic

khép quay. Cac toa do suy rong dugce goi la bién khép.
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Y

Hinh 1.5: Cac toa do suy rong ctia Robot
Cac hé toa do gan trén cac khau ciia Robot phai tuan theo quy tic ban tay phai:
Dung tay phai, nam hai ngon tay at va ap ut vao 10ng ban tay, xoe 3 ngoén: cai, tro
va gitra theo 3 phuong vudng goc nhau, néu chon ngoén cai 1a phuong va chiéu cia
tryc z, thi ngén tré chi phuong, chiéu cia truc x va ngon giira s& biéu thi phuong

va chiéu cua truc y.

Hinh 1.6: Quy tic ban tay phai
Trong Robot ta thudng dung chit O va chi sé n dé chi hé toa do gan trén khau thir
n . Nhu vay hé toa do co ban (hé toa dd gin voi cac khau cb dinh) s& duogc ky hiéu

1a O, , hé toa d6 gan trén cac khau trung gian twong tng sé 1a O,, O, ..., O, ,, hé

n-1> 1€
toa d9 gan trén khau chap hanh cudi ky higula O, .

- Truong cong tac cua Robot:
Trudng cong tac ( hay vung lam viée, khong gian cong tac) cuia Robot 1a toan bg
thé tich duoc quét boi khau chap hanh cubi khi Robot thuc hién tit ca cac chuyén
dong co thé. Trudng cong tac bi rang budc bsi cac thong sb hinh hoc ciia Robot

cling nhu céc rang budc co hoc cia khop, vi du nhu mét khép quay co chuyén dong
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Nguyén Pic Thanh 9



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

trong pham vi nhd hon 360 . Ngudi ta thuong ding hai hinh chiéu d& mo ta truong

cong tac cua mdt Robot.

Hinh chiéu ding Hinh chiéu bang

Hinh 1.7: Trudong cong tac cua Robot

1.4.  Cau triic co ban ciia Robot cong nghiép
1.4.1. Cdc thanh phdn chinh ciia Robot cong nghiép

Mot Robot cong nghiép thuong bao gdm cac thanh phan chinh nhu: canh tay
Robot, hé théng dan dong, dung cu thao tac, cac cam bién, bo diéu khién, may tinh...céc

chuong trinh diéu khién ciing duoc coi 1a mot thanh phan cua hé théng Robot.

- 3 - £ d.
Cac cam bién %€

Y

CAc churong trinh o| Bo diéukhién va »| He théng din déng »|  Canh tay Robot
diéu khién may tinh

Y

Dung cu thao tac

Hinh 1.8: Cdc thanh phan chinh ciia hé thong Robot
- Cénh tay Robot ( tay may) 1 két cdu co khi gdm cac khau lién két v6i nhau bang
cac khop dong dé tao nén nhitng chuyén dong co ban ciia Robot.
- Hé théng dan dong thuong ding trong Robot 14 cac dong co dién (mot chiéu hodc
dong co bude), cac hé thdng xi lanh khi nén, thuy luc dé tao dong luc cho tay may

hoat dong.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- BO6 diéu khién va may tinh 13 trung tdm xtr 1y thong tin, dong vai trd thu thap dir
lidu dau vao, xtr 1y 1énh diéu khién va gui tin hiéu dén hé thong din dong. Ngoai
ra, b diéu khién con nhan Iénh tir ph?m mém diéu khién, thuc hién cac tinh toan,
1ap ké hoach quy dao, déng thoi doc dit liéu tir cac cam bién phan hoi.

- Dung cu thao tac duogc ga"m trén khau cubi ctiia Robot, dung cu cua Robot co thé co
nhiéu kiéu khac nhau nhu: dang ban tay dé bat ddi twong hoidc cac cong cu lam
viéc nhu mo han, dau phu son, dau laser. ..

- Céac phan mém dé 1ap trinh va cac chuong trinh diéu khién Robot duoc cai dit trén
may tinh, dung dé diéu khién Robot théng qua bo diéu khién (Controller). Chuong
trinh diéu khién 1a cic ma 1énh, thuat toan hodc cac phan mém do con ngudi lap
trinh, nham quy dinh chuyén dong, quy dao, luc va cac phan hoi cta Robot.

- Céc cam bién duoc st dung phé bién trén Robot dé nhan biét trang thai cua ban
than hodc biét d6i tuong lam vi¢c va moi truong chung quanh, tao ra cac tin hiéu
phan hoi vé bo diéu khién dé diéu chinh cac hoat dong ciia Robot.

1.4.2. Canh tay mdy Robot

Tay may la thanh phan quan trong, né quyét dinh kha nang lam viéc cia mot hé
théng Robot. Két cdu cua tay mdy 1a mot co cau co khi ¢6 ciu triic duge mo phong theo
cAu tao va chiic ning clia canh tay ngudi, bao gdm nhiéu khép ndi va doan lién két, duoc
thiét ké nham thuc hién cac thao tac tu dong nhu gép, han, lép rap hodac dich chuyén vat
thé. V& co ban, tay may bao gdm céc thanh phan chinh sau:

Phéan dau tién 1a dé, dong vai trd 1am nén tang viing chic cho toan bo Robot. Bé
thuong duoc ¢6 dinh xudng san hodc bé may, dong thoi chira khép quay dau tién cho
phép toan bo tay may xoay quanh truc thang dimg , tao nén chuyén dong quay co ban.

Tiép theo 13 cac doan tay dugc két ndi v6i nhau thong qua cac khép ndi. Cac khép
nay c6 thé 1a khp quay (cho phép xoay quanh truc) hodc khép tinh tién (cho phép truot
theo tryc thang). Mdi khdp tuong tmg véi mot bac tu do (DOF - Degree of Freedom).
Mot tay may Robot thong thudong co tir 3 dén 6 bac tu do, cho phép dinh vi chinh xac vi
tri va dinh hudng cta dau chap hanh trong khong gian ba chiéu.

Phan cudi cia tay may 14 co cdu chap hanh, 1a bd phan tiép xuc truc tiép véi ddi
tugng can thao tac. Ty vao Umg dung, co ciu niy c6 thé 1a kep, sting han, bat vé&, dau
hut chan khong hodc cac dung cu dac bi¢t khac.

Toan bd hé théng duoc didu khién thong qua bd didu khién trung tam , két hop véi
céc ¢co cAu truyén dong nhu dong co servo, dong co budce, khi nén hodc thuy luc, giap
tao ra chuyén dong chinh xdac tai tirng khop ndi. Ngoai ra, cadc cam bién vi tri, lyc hodc
goc quay c6 thé duoc tich hop dé nang cao kha ning diéu khién va phan hoi cta hé
théng.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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1.5.

Sau:

Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Phan loai Robot cong nghiép
Robot cong nghiép rit phong phu da dang, c6 thé duoc phéan loai theo cic cach

e Phdn logi theo két cdu:
Theo két ciu cua tay may nguoi ta phan thanh Robot kiéu toa do Pé-Cac, kiéu toa
d6 tru, kiéu toa do cau, kiéu toa d6 goc, Robot SCARA.
e Phdn logi theo hé thong truyén dong:
C6 cac dang truyén dong pho bién la:
Hé truyén dong dién: Thudng dung cac dong co dién 1 chiéu (DC: Direct Current)
hoic cac dong co budc (step motor). Loai truyén dong nay dé diéu khién, két cau
gon.
Hé truyén dong thuy lwc: Co thé dat duoc cong suit cao, dap ing nhimg diéu kién
lam viéc ning. Tuy nhién hé thong thiy luc thuong co két ciu cong kénh, ton tai
d6 phi tuyén 16n kho xir 1y khi diéu khién.
Hé truyén dong khi nén: C6 két cdu gon nhe hon do khéng can cau din nguoc
nhiing lai phai gan lién véi trung tam tao ra khi nén. Hé nay lam viéc véi cong suat
trung binh va nho, kém chinh xéc, thuong chi thich hgp véi cac Robot hoat dong
theo chuong trinh va nhd, kém chinh xéc, thudng chi thich hop véi cac Robot hoat
dong theo chuong trinh dinh sin voi cac thao tac don gian “nhac 1én - ha xudng”
e Phan logi theo vng dung:
Dua vao ng dung ctia Robot trong san xut cd Robot son, Robot han, Robot lap
rap, Robot chuyén phoi...
e Phdn logi theo cdch thirc va dic trung ciia phwong phdp diéu khién:
C6 Robot diéu khién ho (mach diéu khién khong c¢6 cac quan hé phan hoi), Robot
diéu khién kin (hay diéu khién servo): sir dung cam bién, mach phan hoi dé tang
do chinh x4c v6i mitc 9 linh hoat khi diéu khién.
Ngoai ra con c6 thé cd cac cach phan loai khac tuy theo quan diém va muc dich
nghién curu.

Két luén: Trong chuong nay, chung ta dd diém qua téng quan vé lich sir hinh thanh

va so lugc qua trinh phat trién ciia Robot, ngoai ra con tim hi€u co ban vé cau truc, cac

khai niém va dinh nghia vé Robot cong nghiép. Su ra doi ctia Robot cong nghiép da lam

thay do6i can ban cach thirc van hanh cua day chuyén san xuat, nang cao nang suat, chat

lwong san pham ma con dam bao do chinh xac. Tir vai tro thay thé strc lao dong thu cong

Robot dang dan tré thanh nguoi cong tac thong minh ciia con ngudi trong nhiéu linh

vuc. Hién nay, Robot 3 bac tu do (3DOF) xuét hién phé bién trong cac ung dung nhu

day chuyén san xuét ty dong, phong thi nghiém nghién ctru, gido duc STEM va cé trong
Sinh vién thue hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

linh vuc mé phong phiu thuat y té. Véi cdu trac co khi don gian nhung van dam bao
duogc su linh hoat nhat dinh, Robot 3 DOF d& dang trién khai va van hanh, chi phi ché
tao thfip hon so v&i cac Robot ¢6 nhiéu bac tu do, déng thoi dé kiém soat va 1ap trinh.
Diéu nay dit ra yéu cau cp thiét vé viéc nghién ctru, phat trién va ing dung cua cac
phuong phéap diéu khién, mé hinh Robot phu hop, ca vé cdu tric, tinh ning va chi phi
dé phuc vu nhu ciu thyc tién. Day ciing chinh 13 I do nhém ching em chon dé tai
“Nghién ciru thuit toan diéu khién tay may Robot 3 béc tw do” cho d an tt nghiép

lan nay.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Chuong 2: XAY DUNG MO HINH PONG LUC HQC ROBOT 3DOF

2.1. CAu tric va thong sb canh tay robot 3 bac tw do
2.1.1. Céu triic canh tay robot 3 bic tw do

Canh tay Robot 3 bac tu do ¢o cau triic chung nhu hinh 2.1 sau:
w X

Hinh 2.1: Co cau Robot 3 bac tu do (RRR)

Mot canh tay Robot bao gdm cac khau duoc ndi vdi nhau bang cac khép. Cac khau
thuong 1a cac vat climg tao nén cdu trac cua mot canh tay, trong khi d6 cac khép co thé
1a khép quay hodc khdp tinh tién cho phép chuyén dong tuong ddi giira cac khau. Goc
khép ki hiéu 1a theta d6i voi khép quay, diéu khién vi tri va hudéng cia timg khau trong
canh tay robot.

Canh tay Robot 3 bac tu do s& gdbm c6 1 dé va 3 khau chinh dugc ndi voi nhau boi
3 khép (quay hodc tinh tién) tao thanh chudi dong hoc ciia canh tay Robot.

Theo phan loai cac dang chuyén dong ciia cac khép canh tay robot thi ta c6 3 dang
chuyén dong co ban:

- Khop quay (Revolute — R): quay quanh truc
- Khop tinh tién (Translation — T): tinh tién theo truc
- Khép ciu (Spherical — S): quay 3 chiéu (nhung it dwgc sir dung)

Vi canh tay robot 3 bac tu do, ta s€ c6 cac cAu hinh dién hinh sau [5]:

- RRR (3 khép quay): phd bién, thuong gidng canh tay ngudi, thuong dung
trong loai canh tay robot PUMA 3 béac tu do.

- RRT (2 khdp quay, 1 khop tinh tién): thuong dung cho loai canh tay robot
SCARA 3 béc tu do.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- TRR (1 khop tinh tién, 2 khép quay): thuong duoc dung nhiéu trong cac diy
chuyén san xudt linh kién.

- TTT (3 khop tinh tién): thuong duoc dung trong tng dung in 3D, may CNC,
khéc laser,. ..

Trong dé tai nay, loai canh tay robot 3 béc tu do tip trung nghién ctru 1a loai c6 3
khép quay RRR. Day 1a loai Robot rat phd bién trong cong nghiép nho vao nhitng wu
diém: it tbn khong gian, d& dang b tri trong khong gian 1am viée, dd khéo 1éo, linh hoat
cao. Tuy nhién n6 c6 nhuge diém 1 d6 cimg ving theo phuong dtng thap, do chinh xéac
giam theo tam hoat dong.

Céc thanh phan chinh ctia cach tay Robot 3 bac tu do (RRR) gom: Dé, khop 1,
khép 2, khop 3, cac canh tay va ban tay Robot.

Chtre ning cia thanh phan chinh:

- Dé: Dung dé gan khép 1 va ¢d dinh canh tay Robot.

- Khép 1: Dung dé xoay toan b canh tay Robot theo truc ding.

- Khop 2: Dung dé nang va ha canh tay Robot.

- Khop 3: Dung dé diéu chinh vi tri va goc ciia cong cu thao tac cudi.

- Céc canh tay: La thanh ndi giita cac khép dung dé hd trg truyén luc va tao
chiéu dai va hd tro khong gian 1am viéc.

- Ban tay Robot: Dung dé thuc hién céc thao tic cudi cung, tiy vao ting tng
dung ma cAu trac canh tay c6 thé thay doi

2.1.2. Théng so canh tay robot 3 bic tw do

Mot canh tay Robot mudn hoat dong mot cach hi¢u qua vaoi do chinh xac cao thi
phai 6 ty 18 chiéu dai giita cac khau hop 1y. Ty 1é hop 1y d6 sé& giup cho canh tay robot
dat duoc su can gitra kha nang vuon xa va kha nang diéu khién chinh xac. Néu khau
cudi qua dai, robot co thé mo rong duge ving lam viéc nhung s& gip kho khan trong
viéc diéu khién. Nguoc lai, néu khau dau qua ngén thi canh tay robot c6 thé mat tinh on
dinh va kho tao ra momen du 16n dé nang vat ning. Vi vdy, viéc thiét ké chiéu dai cho
céc khau can dua trén muc dinh st dung cu thé, kha nang tai trong, pham vi hoat dong
mong mudn.

Dua vao thong sb chiéu dai cac khau canh tay robot 3 bac tu do thuc té thi ty 1¢
céc khau cua canh tay robot thuong dao dong trong khoang ty 18 pho bién 1a (1:1:1 ~
1:1.5:2).

Tuy vao ung dung cu thé ciia mdi loai canh tay robot thi ty 1& chiéu dai cac khau
s€ khac nhau, vi du nhu:

- Ung dung trong gido duc — dao tao co ban: ty 1& chiéu dai cac khau thuong 13 1:1:1,

vi né c6 thiét ké ddi xing don gian cho viéc mé hinh hoa, diéu khién va mo phong.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

7
M)

H[..- iy

Hinh 2.2: Canh tay Robot 3DOF co ty ¢ cac khdu 1:1:1 dung trong gido duc va dao
tao
- Ung dung gip cac vat nho trong ban kinh c¢d dinh: ty 18 chiéu dai cac khau thuong
14 1:1.5:1, vi no s& tang tAm v&i & khau gitta dé c6 thé gap dugc nhiéu vi tri ma van

gilr cho khau dau dugc 6n dinh.

Hinh 2.3: Cdnh tay Robot 3DOF c6 ty Ié cdc khdu la 1:1.5:1 ding trong ving dung gdp
vat
- Ung dung v& trén mit phang 2D: ty 18 chiéu dai cac khau thuong 13 1:1.5:2, vi can

vung lam viéc theo phuong ngang, khau cudi dai giup v& dugc bién 16n hon.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Hinh 2.4: Canh tay Robot 3DOF co ty I¢é cac khdu la 1:1.5:2 dung trong vé 2D
Trong pham vi d6 an 1an niy, nhom ching em lya chon kich thuéc cu thé theo mo
hinh canh tay robot cong nghiép nho gon cia ZEKEEP ma s ZKBOT-3042B nhu hinh
2.5 voi ty 1€ cac khau 1a 1:1.5:1.7, tai trong 1kg, tam véi téi da 400mm, trong luong 7
Kg [10]. Pay la loai robot 3DOF phd bién, thudng sir dung trong cac linh vuc nhu in
3D, vé& tranh 2D, khéc logo hodc hinh béng laser,...

Hinh 2.5: M6 hinh canh tay Robot 3 bac ty do ZEKEEP ma s6 ZKBOT-3042B
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Duéi day 1a cac thong sb ctia canh tay robot:

Théng sb Ky hiéu Gia tri Pon vi
Ban kinh link 1 R 92.5 mm
Chiéu dai link 1 (khong tinh dé) L 132 mm
Chiéu dai link 2 L, 200 mm
Chiéu dai link 3 (tinh ca mii v&, in) L5 230 mm
Trong luong link 1 my 3 Kg
Trong luong link 2 m, 2 Kg
Trong luong link 3 ms 2 Kg
Gia tdc trong trudng g 9.8 m/s?

Bang 3.1 Théng sé canh tay robot 3 bdc tir do

2.2. Dong hgc thuin canh tay Robot 3 bac tu do

Sau khi d xac dinh dugc céu tric va thong s6 canh tay robot 3 bac tu do ma chiing
ta mudn thiét ké, thi budc ké tiép trong qua trinh xay dung mé hinh dong luc hoc canh
tay robot la tién hanh phan tich dong hoc thuan dé xac dinh duoc vi tri va hudng cua
dau cudi khi ta biét cac goc khaop.

2.2.1. Gin hé toa dé cho tirng khiu

bé thuc hién phan tich dong hoc thuan canh tay robot, chung ta can gén hé toa do
cho tirng khau ctia robot nham mé ta chinh xac chuyén dong va vi tri twong ddi giita cac
khau. Viéc gan hé toa d6 toa do tudn theo quy tic Denavit - Hartenberg (D-H) [1], cho
phép m6 hinh héa hinh hoc ctia robot mét cach c6 hé thong va dé dang xay dung cac ma
tran chuyén d6i giita cac khau. Pay 13 budc nén tang quan trong gitip biéu dién cic quan
hé khong gian gitra cac khau trong mo hinh toan hoc, tir d6 phuc vu cho vi¢c tinh toan
vi tri dau cubi va xdy dung bd diéu khién trong cac chuwong tiép theo.

Vé hé toa do, ta xem mdi Robot nhu mot xich dong hoc gém céc khau lién két bai
cac khép quay va tinh tién. Pé nghién ctiru dong hoc ta s& gan hé toa do 1én mdi khau.
Viéc gan hé toa do s& dugc thuc hién tir gdc dén khau chap hanh, thudng thi truc z x&
duogc dat trung voi truc chuyén dong cua khép, truc x thuong dugc dat vuong goc chung
véi truc z ctia 2 khau lién ké nhau, con truc y duoc dat sao cho ba truc x y z tao thanh
hé toa dd vudng goc chuan quy tic tay phai.

O day, sb bac tu do cua canh tay Robot ta nghién ctru 1a 3 bac, ta s€ chon hé toa do
gbc 0, ctia Robot nhu hinh ,cac truc z s& duoc dit cing phuong véi cac truc khép.

Tiép theo, ta gz“'ln hé toa dd nhu hinh 2.6 sau:
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

A 4

11

Y

Hinh 2.6: Canh tay Robot 3 bac tu do trong hé truc toa do
2.2.2. Lap bang théng sé D-H (Denavit-Hartenberg)

Sau khi gén hé toa d6 cho mdi khau ctia canh tay Robot thi mdi hé toa do d6 s& mo
ta vi tri va hudng ctia khau d6 so véi cac khau trude thong qua ma tran bién d6i. Phuong
phap Denavit-Hartenberg (D-H) gitp ta chudn hoa cach xac dinh cac hé toa do nay dua
trén 4 tham s6 dic trung [1].

Vi mdi khau thir i, ta can xac dinh 4 tham sé D-H:

- a; — Do dai phap tuyén chung: Khoang cach giita 2 truc z.

- a; — Goéc gitra cac truc khép: Goc hop gitra 2 truc z.

- d; — Khoang céach doc truc: Khoang cach gitra 2 truc x.

- 0; — Goc xoay khop: Goe hop gitra 2 truc x.

Ta c6 bang thong sé D-H cho canh tay Robot 3 béac tu do nhu sau:

Khau a; a; d; 0;
0 —90° l q1

2 L 0 az

l3 0 4z

Bdng 2.1: Bang thong s6 D-H cho canh tay Robot 3 bac tu do
2.2.3. Xac dinh cdac ma tran suy rong A;

Vi tri va huéng gitra cac hé toa do duoc biéu dién bang cac phép bién doi thuan
nhat. Cac phép bién doi nay s& duoc biéu dién bang cac ma tran suy rong 4,, thé hién
phép quay va phép tinh tién giita hai khau lién tiép nhau [1].

Céc ma tran the hién phép quay va phép tinh tién c6 dang nhu sau:

- Quay quanh truc x 1 goc a:
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

1 0 0 0
Roty (c) = 0 Cf)S a -—-sina 0
0 sina cosa O
100 0 1]
- Quay quanh trucy 1 goc a:
[ cosa 0 sina O]
Rot.(t) = 0 1 0 0
Y —sinad 0 cosa O
0 0 O 1
- Quay quanh truc z 1 géc a:
[cosa —sina 0 O]
sin¢  cosa 0 O
Rot,(a) = 0 0 L o
|0 0 0 1)
- Tinh tién theo x 1 khoang d:
1 0 0 d]
01 00
Trans,(d)= 00 1 0
0 0 0 1]
- Tinh tién theo y 1 khoang d:
1 0 0 O]
01 0 d
Trans 3 (d)= 00 1 0
00 0 1]
- Tinh tién theo z 1 khoang d:
1 0 0 O]
01 0 O
Trans,(d)= 00 1 d
0 0 0 1]

DPé mo ta chuyén dong tuong ddi giira hai khau lién tiép trong robot thi chung ta
can xay dung mot ma tran bién ddi biéu dién sy chuyén ddi tir hé toa d6 khau trudce sang
khau sau duoc goi 1a ma trdn suy rong 4. Ma tran suy rong A nay bao gém ca phép

quay va tinh tién va dugc biéu dién duéi dang:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do
r-p
A=
0 1

- 7:matrin quay 3x3 thé hién hudng cta khau sau so v6i khau trude.

Trong do:

- p:vecto tinh tién 3x1 thé hién vj tri caa géc hé toa dd sau so vo1 hé toa do
trudec.

Phuong phap D-H [1] chuin héa phép bién ddi giita 2 khau bang cach chia n6
thanh 4 budc co ban, két hop cac phép quay va tinh tién 1an luot theo céc truc. Dé bién
ddi tir hé toa d6 khau trudce i—1 sang khau sau i thi ta thyuc hi¢n:

- Quay quanh tryc Z 4 mot goc (91. —>R0tZ(t9l.)

- Tinh tién doc truc Zi 4 mot doan di — Trans,(d i)
- Tinh tién doc truc X; mot doan a; — T ransx(al.)
- Quay quanh tryc x; mdt goc @, —>R0tx(al.)

Ma tran suy rong chuyén d6i 4, tir khau truéc i —1 sang khau sau i 1a tich cua cac
phép quay va tinh tién duogc viét dudi dang sau:

A: = Rot_(68)xTrans_(d,)xTrans (a;)x Rot (c;)
A 2 ; 5 A ~ <~ . A s NERT A i1

Vay dang tong quat ciia ma tran suy rong gitra hai khau 7/ —1 va i lama tran ", 4
co6 dang:

[cosq —singcosa singsina  acosq |
. sing cosgcosa —cosgsina asing
1A= _ 2.1)
0 sinx cosa d
0 0 0 |

Dua vao bang Denavit-Hartenberg (D-H) d3 lap thi ta s& thay 4 thong s6 vao cong
thirc ma tran suy rong i_l.lA (2.1) dé x4c dinh cic ma tran suy rong cua tung khau, cu thé

nhu sau:

- Ma tran suy rong khau 1:

(cosq, 0 —sing, O]
singg 0 cosq, O
'4= : : (2.2)
0 -1 0 A
i 0 0 0 1_
- Ma tran suy rong khau 2:
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[cosq, —sing, 0 [,cosq,
sin coS 0 [ sin
21A _ 9, 9, 2 SIg, (2.3)
0 0 1 0
0 0 0 1]
- Ma tran suy rong khau 3:
[cosq, —sing; 0 [cosgq, |
sin cos 0 [sin
32A: q; q; 3 S, (2.4)
0 0 1 0

0 0 0 1

Vay, ta da xac dinh duoc cac ma tran suy rong A cua tirng khau thé hién hudng va
vi tri gitra cac khau véi nhau ctia canh tay robot 3 bac tu do.

2.2.4. Xdc dinh ma trdn vecto cudi T theo cdc ma trin A;

Sau khi da xac dinh dugc cac ma tran suy rong bién doi gifra cac h¢ toa do ké tiép
nhau theo phuong phap D-H [1] thi tiép theo 1a x4c dinh ma tran chuyén doi tong thé tir
hé toa do géc dén hé toa d6 cua khau chép hanh goi l1a ma tran 7, 1a tich cac ma tran
suy rong (2.2) (2.3) (2.4). Ma tran chuyén doi tong thé T " mo ta hudng va vi tri ciia hé
toa do gén vo1 khau chép hanh so vé1 hé toa do géc. V61 canh tay robot 3 bac tu do thi

ma tran 7, s& c6 dang nhu sau:

nw Ny Ny Py
i T o P,
o B3 P,

0 0 0 1

T ="Ax A% A= (2.5)

(cosq cos(g, +q;) —cosqsin(g,+¢;) —sing, cosgq, (L, cos(g, +4q5)+1,cosq, )_

sing, cos(g, +¢;) —sing,sin(g,+q;) cosg, sinql(l3cos(q2+q3)+lzcosq2)

—sin(q2+q3) —cos(q2+q3) 0 [ —1sing, —1 sin(q2+q3)
] 0 0 0 1 |
Cubi cung ta s€ xac dinh dugc vi tri diém cudi tir ma tran (2.5) nhu sau:
P, =C0sq, (13 cos(q2 +4, ) +1, cos qz) (2.6)
p, :sinqu(l3 cos(q, +q;)+1, cosqz) (2.7)
p. =1, —1,sing, —L;sin(q, +¢,) (2.8)
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Sau khi chung ta da xay dung dugc ma tran ZT thé hién hudng va vi tri cia hé toa
d6 khau chap hanh so vGi hé toa dd goc tir cac ma tran suy rong A thi ta sé cé duoc vi
tri di€ém cudi cia khau chap hanh so véi he toa do goc, tur do giup ta c6 dir liéu dau vao

dé tiép tuc tinh toan dong hoc nghich cho canh tay Robot.

2.3. Dong hoc nghich canh tay Robot 3 bac tu do

Tiép theo, chiing ta s& nghién ctru bai toan dong hoc nghich cho canh tay robot 3
bac ty do sau khi da xac dinh vi tri va hudng ctua khau chép hanh. Bong hoc nghich 1a
qua trinh ngugc lai vo1 dong hoc thuan, tim ra cac tham sb diéu khién cua robot ( nhu
goc quay) khi d biét trudc vi tri va huéng mong mudn cua khau chip hanh. Bai toan
dong hoc nghich co thé s& phtrc tap hon so véi dong hoc thuén do co thé ton tai nhiéu
nghi¢m, v6 nghiém hodc cac nghiém ky di. Déi véi canh tay Robot 3 bac tu do ta co thé
stt dung phuong phéap dai s6 dwa vao cach giai “Bai toan dong hoc nguoc ciua Robot
Elbow” dé tinh toan dong hoc nghich mot cach don gian [1].

Theo phuong phép dai s6, sau khi tinh toan dong hoc thuan va xac dinh dugc ma
tran 7, mo ta hudng va vi tri ctia hé toa do gén khau chép hanh so voi toa do géc thi ta

c6 dugc ma tran dang 3x1 xac dinh vi tri ciia khau chép hanh:

p. ] |cosq, (L, cos(g, +4q5)+1, cosq,)
p=|p,|=|sing, (13 cos(q, +q,)+1, cosqz)
p. l,-1,sing, —1;sin(q, +q; )
- Tinh to&n géc quay ¢, :
e Tu phuong trinh (2.6) va (2.7) ta co:
sin
Ly _smg q, = arctan2(py,l9x)
px COS ql
- Tinh todn goc quay g;:

e Nhén cosg,cho (2.6) va nhan sing, cho (2.7) ta duoc:
P, €0Sq, =COS” ¢, (12 cosq, +1;cos(q, + q))

p, sing, =sin’ g, (12 cosq, +1; cos(q, + g, ))
e Cong vé theo vé ta dugc:

p.€cosq, +p, sing, =1, cosq, +1, cos(q2 + q3)
e Tu phuong trinh (2.8) ta co:

l,—p.=1sing, +1sin(g, +q;)
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e bit E=p cosq, + p,sing,, ta dugc:
E=1,co0sq, +1,cos(q, +q,) (2.9)
I, —p, =l,sing, +1;sin(q, +q,) (2.10)

Binh phuong hai vé cta (2.9) va (2.10), ta duogc:

E? =1, cos’ q, + 2Ll cosq, cos(q, + q, ) +1;* cos’ (g, +g;)

12 =20 p. + p.> =1,>sin’ q, + 2L1;sing, sin(q, +¢,) +1;” sin’ (g, + ¢ )

Cong 2 vé cua 2 phuong trinh, ta duoc:
E*+1>-2lp.+p.°=1>+2L1, (cos ¢, cos(q, +¢q; ) +sing, sin(q, +g; )) +17
SE +1P-2lz,+z,—1>—1> =2l cosq,

Tadit: F=E* +112 -2z, +za,2 —122 —132

= F' =21/, cosq,
= cosq, = 71;3 = sing, =+4/1—cos’q,
A arctan 2(sin ¢,,cosq, )
Vay g, = :
arctan 2 (— sin q,,c08q, )
- Tinh to&n goc quay ¢,:
e Theo cong thic lugng giac, ta co:
cos(q2 + g, ) = C0s ¢, C0Sq; —Ssing, sing,
e Thay cong thuc lugng gidc vao phuong trinh (2.9), ta co:
E =1, cosq, +1,cosq,cosq, —[;sing,sing,
< E=cosq, (L, +1,cosq,)—1;sing, sing, (2.11)
e Tuong tu vdi cong thirc luong giac:
sin(g, +¢, ) =sing, x cos g, + cosq, xsing,
e Thay vao phuong trinh (2.10), ta c6:
l,— p.=1inq, +[;sinq, cosq, +,cosq, sing,

<1, — p, =sing, (I, +1;cos g, ) +,cosg, sing, (2.12)
e Rt cosg, tr phuong trinh (2.11), ta dugc:
cosq, = E+1;sing,sing, 2.13)

[, + 1, cosg,
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e Rut sing, tir phuong trinh (2.12), ta dugc;

Zl —P.— Z3COSQ2 sin 93 (2.14)
[, + 1, cosg,

sing, =

e Thay sin g, & phuong trinh (2.14) vao phuong trinh (2.13), ta dugc:

— p. —l,c0sq, sing,
[, + 1, cosq,

E +1;sing, h

cosq, =
[, + 1, cosg,
<> cosq, = E(l, +1ycosg,)+1ysing, (I, — p. —Lcosq, sing;)
2 (1, +1,cosq, )
E(l,+L,cosq, )+ sing, (], —
< c0sq, = (5 +1cosgy)+1sings (4 - p.)

(I, +1,cosq,)” +1sin’ ¢,
e Thay cosq, ¢ phuong trinh (2.13) vao phuong trinh (2.14), ta dugc:

E +1,sing,sing,
[, +1,cosq,

[,—p.—1lsing,

sSing, = L1 cosq.

& sing, = (ll _pZ)(lz + 13 €084, ) _13 Sin% (E +l3 Sinq2 sinq3)
2 (1, +1; cosg, )2

<> sing, = (h—p. )l +1icosq;) ~1;sing,E

(L, +L cosq,) +12sin’ g,
e Viy: = ¢, =arctan2(sing,,c0sq,)

Sau khi tinh toan dong hoc nghich biang phuong phap dai sé dua vao cach giai “Bai
todn dong hoc ngugc cua Robot Elbow” thi chung ta thu dugc cac goc quay khi biét
trudc vi tri cua khau chép hanh so v&i goc toa do, nhu sau:

q, = arctan 2 (py , D, )

q, = arctan 2 (sin q,,€08¢, )

arctan 2(sing,, cosq; )

q; = .
' | arctan 2(—sing,,cosq, )
Két qua & day ta thay co 2 gia tri clia goc quay ¢ ,viéc lya chon goc quay ¢, s&
phu thude vao viéc chung ta thuc nghi€ém mo6 phong dong hoc nghich trén phén mém
Matlab Simulink. Bang cach dua cac gia tri dit goc quay vao khdi dong hoc thuan tir 46
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chung ta s& duoc cac gia trj toa d6 x y z ctia khau chip hanh, tiép theo ta dua cac gia tri
hé toa do d6 vao cho khoi dong hoc nghich thi két qua chung ta s¢ nhan dugc nhiéu tap
nghiém goc quay khac nhau va ta s€ lya chon dugc goc quay ¢; nao co gia tri trung voi
goc quay ¢, dit & dau vao ciia khdi dong hoc thuan thi ta s& chon cong thirc goc quay
q, 4o dé dua vao mé phong canh tay Robot 3 bac tu do.

Sau khi da xac dinh duoc vi tri khau chép hanh tir dong hoc thuan dua trén cac goc
quay tu canh tay Robot va xac dinh dugc goc quay cua cac khép tir dong hoc nghich
dua trén vi tri diém dat mong mudn ciia khau chap hanh dé mé phong quy dao canh tay
Robot, thi tiép theo ching ta can xac dinh mo hinh dong lyc hoc cho canh tay Robot 3
bac tu do.

2.4. Xac dinh mo hinh dong luc hgc ciia canh tay Robot 3 bac tu do

Sau khi da tinh toan dong hoc thuan va dong hoc nghich, budc tiép theo trong viéc
mo hinh héa canh tay robot 13 xdy dung dong luc hoc. Trong khi dong hoc mé ta mdi
quan hé giita chuyén dong dau ra va bién trang thai (vi tri, van tdc, gia toc) cua robot thi
dong luc hoc lai mo6 ta mbi quan h¢ gitra momen tac dong (T) va cac bién chuyén dong,
mo ta chuyén dong thyc cua Robot tir d6 danh gia dd sai léch trong qua trinh diéu khién.

Muc ti€u cua viéc xay dung mo hinh dong lyc hoc 1a xac dinh mbi quan h¢ gitra
cac momen diéu khién (T) tac dong vao cac khdp va cac chuyén dong tao ra (goc, van
tbc, gia toc) cla cac khau.

bé xay dung mo hinh dong lyc hoc cho canh tay Robot 3 bac tu do, ta thuong st
dung mét trong hai phuong phap phd bién:

- Phuong phéap Lagrange — Euler.
- Phuong phap Newtow — Euler.

Trong hai phuong phap phd bién, phuong phap Lagrange — Euler thudng dugc wu
tién stir dung dé xay dung mo hinh dong lyc hoc cho canh tay robot vi tinh hé théng va
dé dang mé rong cho céc co ciu phirc tap. Phuong phap nay dua trén ning luong dong
hoc va thé nang, gitp loai bo truc tiép cac lyc rang bude va khong phu thude vao hé toa
d6 tham chiéu, tir 46 giam thiéu sai st trong qué trinh mé hinh hoa. Nguoc lai, phuong
phap Newton — Euler mdc du hi€u qua trong tinh todn dong luc hoc nguoc va phu hop
v6i cac hé théng c6 ciu trac don gian, nhung thudng phirc tap hon khi ap dung cho céc
hé nhiéu bac tu do do phai xt 1y lyc va m6 men tac dong chi tiét tung khau mot cach
tuan tu. Vi vay, Lagrange — Euler 1a Iya chon phé bién hon trong nghién ctru va thiét ké
diéu khién robot da bac tu do [4]. Trong d6 4n nay, nhom ching em sir dung phuong
phap Lagrange — Euler [1] (goi tat 1a phuong phap Lagrange) dé xay dung mé hinh dong
luc hoc canh tay Robot 3 bac tu do. Phurong phép Lagrange bat dau trién khai bang cach

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
Nguyén Pic Thanh 26



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

xéac dinh ning luong cua hé théng bang ham Lagrange, duoc dinh nghia nhu 13 hiéu cua
tong dong ning va tong thé ning cua hé:
L=K-P (2.15)
Trong do:
K - Tong dong ning cia hé do chuyén dong quay va tinh tién cua cac khau.
P - Tong thé nang ctia hé do anh hudng cua trong lyuc 1én cac khau.
Pé x4c dinh dugc tong dong nang K va tong thé ning P cia hé, ta tién hanh phan
tich dong ning va thé ning cua ting khau.
Ta dat canh tay robot vao mat phéng va géc toa do duoc dat & dé canh tay robot,
nhu hinh 2.7.

¥ m3g

& >y
Hinh 2.7: Canh tay Robot 3 bac tu do trén mit phang 2D
Cac budc xay dung mo hinh dong luc hoc canh tay Robot 3 bac ty do dua trén viéc xay
dung ham Lagrange nhu sau.
- Budc 1: Xac dinh vi tri trong tdm cua cac khau

x,=0
e Khiu I: /
= -
L 2
12
X, =08,
e Khau 2:
I, .
v, =l +—=sing,
2
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x, =1,cosq, +l—3cos(q2 +q3)
e Khiu 3: 2

) l, .
y, =1 +1,sing, +53sm(q2 +q,)

- Budc 2: Xac dinh vén tdc cua trong tim ting khau bang cach 1ay dao ham theo thoi

gian cua cac toa do ¢ budc 1 thi ta s€ thu dugc céc thanh ph?m vén toc

0
V,=x%=0
e Khau 1: l .
V)’lzylzo
D Lo .
V., =X, =—2g¢,sing,
e Khau 2: 2
V, =¥ —qu €0sq,
0 o LD 5.
V., =x,=-l,q,sing, _E(q2+q3)51n(q2 +%)
e Khau 3:

0 0 l 0 0
V, =¥s=1q,c0sq, +53(q2+ Q3JCOS(Q2 +4;)
- Budc 3: Tinh dong nang cua canh tay Robot 3 bac tu do
e Khau I chi c6 dong nang quay quanh tryc v6i momen quan tinh 7, = %mle [2]

con dong ning tinh tién bang 0 do khau 1 khong cé van téc doc truc. Vay tong
dong nang khau 1 la:

1 AU 2
KIZEII q, +Em1(V;1+VJ’1)

11 L\ oY 1 (oY
=S\ 7mR 4 ) FO0=m g

e Khau 2 c6 trong tim nam & giita thanh nén c6 s& c6 dong ning quay quanh truc

. (o 1 < aa < . £ ,
z vO1 momen quan tinh 7, = Emzlz2 [2] va dong nang tinh tién doc truc x cb

cong thiuc K = %szf . Vay tong dong ning khau 2 la:
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1 (oY 1
K2:E]2 q, +Em2V2

11 ey 2, 2
_5(61%12 j(gzj +5mz(Vx2 +V, )
11 1N 1 LAY
=55m2122(q2) +5m2i7(%j
1 1\ 1y
:ﬂmzl;(qz) +§mzlz2(%j

2
=—m q
6 22 |1
e Khau 3 c¢6 trong tAm nam & giita thanh nén c6 s& c6 dong ning quay quanh tryc

. o 1 NP Iy . A
z v6i momen quan tinh 7, = —m,l,” [2] va ddng ndng tinh tién doc truc x c¢6 cong

thirc K = %11131/32 . Vay tong dong ning khau 3 la:
1 ooy , ,
K3:513 9>+ 4; +Em3(l/x3 +V, )
11 (% oYV 1 0 L(o oY, ’
:EEsz (%"'%j +Em3 _lz(%jsm%_E(%"'%jsm(%+Q3)
0 L(0 O 2
+| 1] q, cosq2+5 q,+ 4, cos(q2+q3)
1 Na | Na: | Na 2
:ﬁmsl3 (%""%j +§m312 (%j +§m313 (%""%j
1 0 0 o
+5m31213(%j(%+%)005%

1 Na | e | 0 0 O
=gm3l3 (%"'%j +5m3l3 (%j +Em3lzl3 (%j(%"'%jcos%
- Buéc 4: Tinh thé nang cua canh tay Robot 3 bac tu do, thé nang do trong luc tac

dong 1én timg khau, gia st thé ning tai mit phang day bang 0 khi y=0

e Thé nang khau 1 do tac dong cua trong luc khi & do cao h =y,

[
— _ 1
p=mgy,=mg-—
2
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e Thé niang khau 2 do tac dong cua trong luc khi & do cao A=y, :

L .
P, =m,gy, :ng(ll +§Slnq2j

1 .
=m, gl + Englz Sing,

e Thé nang khau 3 do tac dong cua trong lyc khi & do cao h=y;:

. 13 .
Py =m,gy, =myg| I +1,s1ng, +Esm(q2 +q3)

i 1 i
=m,gl, +m,gl, sinq, + E;mgl3 sin (g, +¢; )

- Budc 5: Sau khi tinh dugc tong dong ning va tong thé ning ciia Robot thi ta s& co

dugc ham Lagrange (2.15) dé tiép tuc xay dung mé hinh dong luc hoc cho Robot:

L=YK->P

K, +K, +K,~B-P,~P,

1 o 7 ’ m, my) (" tl 2
:L:ZmlR ql + ?4'? lz q2 +gm3l3

o 0\2
Q2+Q3j

1 o/ 0 o m,
+Em3lzl3 q, [%"‘ q3jCOSq3 _(7 + mzjgll —mygl,

m . 1 :
- (72 + m3jglz Sing, — 5m3gl3 Sln(q2 + %)

Dé tiép tuc xay dung mo hinh dong luc hoc cho canh tay Robot 3 bac tu do bang

phuong phap Lagrange [1] thi tiép theo chung ta can xdy dung phwong trinh Lagrange

dé biéu dién moi quan hé giira cac bién dong hoc (goc quay, van toc, gia toc), ning luong

ctia hé v&i momen diéu khién (T) tac dong 1én canh tay Robot, dugc viét dudi dang sau:

dl oL | aL

T=2 Bl (2.16)
i 0
dt aql (3ql
0
- Budc 6: Tinh dao ham ham Lagrange L theo g,
oL 1 .
—5 = Emle a9
04,
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oL m oo 00 1 00
0 :(?2"' ’”3)122 QZ+§m3l32 (%"‘ Q3j+§m31213 (2%"'%)0056]3

0q,
oL 1 of P00 1 .
— = §m3l3 9+ 4q; |+ Em3lzl3 9, €08 9;
a%
- Buodc 7: Tinh dao ham i 8_LD
" ag,
M
4 8_[5 —lmle q,
dt
86]1

d| OL m | moomy M
—| :(?2+m3j122q2+§m3l32(q2+q3j+5mslzl3(2q2+q3)cosq3

1 0o 1\2 _
_5m3lzl3 2%%"‘(6]3) Sing,

d aL 1 5 m m 1 o 1 oo .
—| — :§m3l3 q,+ 4, +5m3lzl3q2008q3 _Em3lzl3%%sm%

dt
0q,
- Budc 8: Tinh dao ham ham Lagrange L theo ¢;

L
AL _y
g,
oL m, 1
—=—| 2 +m, |gl,cosq, ——m,glicos(q, +q;)
oq, 2 2
oL 1 R 1
8_(]3 = —5m31213 49| 9,795 |SIng; — 5m3gl3cos(q2 + %)

- Budc 9: Sau khi da tinh cac dao ham c6 trong phuong trinh Lagrange thi ta c6 phuong
trinh Lagrange cua cac khau nhu sau:
e Phuong trinh Lagrange khau 1, tir phuong trinh (2.16) ta co:

1 M

T = 5m1R2 q,

e Phuong trinh Lagrange khau 2, tir phuong trinh (2.16) ta c6:
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I’I/Z2 2 ED 1 2 o W 1 2 . 1 "
T, = ?+m3 l,"q, +§m3l3 q,+mll; q, COSQ3+§m3Z3 %""5”73[2[3 45 COSq;

0o o

) 1 oy m 1
—myll, q, g, sing; — Emzlzlz (%j Sing, +(?2+ ms jglz C0s ¢, +Em3gl3 COS(% + %)
e Phuong trinh Lagrange khau 3, tr phuong trinh (2.16) ta co:
1,01 i 1,0 1 1\ 1
T, = §m3l3 92"'5’”312]3 q,Cosqg; + §m3l3 q;+ 5’"3[2]3 q, | smgq, + 5m3gl3 COS(% + %)

Sau khi dd xac dinh duoc phuong trinh Lagrange biéu dién mdi quan hé giita cac
bién dong hoc (gbc quay, van tdc, gia tdc), ning lwong cta hé véi momen diéu khién (
T) tac dong Ién canh tay Robot, thi budc cudi cing trong viéc xay dung md hinh dong

luc hoc cénh tay Robot 3 bac tu do 1a tach phuong trinh Lagrange ra cadc ma tran riéng
D 2
biét: ma trAn quan tinh M (q), luc Coriolis va ly tim C (q, qj va trong luc G(g) dé tang

kha niang phan tich, mo phong, diéu khién va t6i vu hé thong. Phuong trinh Lagrange

biéu dién dong luc hoc canh tay Robot sau khi tach riéng biét ra cac ma tran s& c6 dang

nhu sau:
mJ O\ 0o
T:M(q)q+C(q,qjq+G(q) (2.17)
B 2 -
E mlR 0 0
M= 0 3 +m, |7+ §m3l3 + m,l,1; cos g, §m3l3 + 5m3lzl3 cos ¢,
1 1 1
0 3 myl, + 5m3lzl3 oS ¢, §m3l32
0 0 0
D . D . D .
C=10 — myll gy sing, —myhl; q,sing; - Em3lzl3 q; S g,
1 0
0 5m31213 q,sing, 0
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0

m,

1
G= (7+ m3jgl2 cos ¢, +§m3gl3 cos(g, +q;)

1
Ml cos(q, +q;)

K&t luan: Sau khi x4y dung phuong trinh Lagrange cho canh tay Robot 3 bac tu
do thi ta thu dugc hé phuong trinh dong luc hoc phi tuyén (2.17), mé ta mdi quan hé
gifta momen tac dong (7)va chuyén dong cua cac khdp. Dua vao phuong trinh do,
chung ta s& c6 thé mo phong chuyén dong va quy dao khi c6 momen dau vao ciia mod
hinh dong luc hoc cho canh tay Robot 3 bac tu do bang phan mém Matlab Simulink.
Tiép theo, ta sir dung cac phuong phap diéu khién nhu PID, ILC,... dé gitp diéu khién
chuyén dong cho canh tay Robot.

2.5. Thiét ké mé hinh Robot 3DOF trén Solidworks

Sau khi da xac dinh dugc mo hinh dong luc hoc cho canh tay Robot 3 bac tu do,
chung ta s& tién hanh thiét ké mo hinh canh tay Robot trén SolidWork dé c6 thé so sanh
v61 mo hinh dong luc hoc da xac dinh. Muc dich thiét ké canh tay Robot trén SolidWork
1a dé danh gia tinh chinh x4c ctia mo hinh dong luc hoc vi mé hinh trén SolidWork 14
mo hinh gin véi thuc té nhat.

Dau tién 13 dé canh tay robot dugc mé phong trén SolidWork véi cdu trac gan

gidng mo hinh thuc té, nhu hinh 2.8:

140,00

Hinh 2.8: Céu triic dé canh tay Robot 3DOF trén SolidWork
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Tiép theo 1a cdu trac khau 1 cta canh tay Robot gan gidng mé hinh thuc té duoc
mo phong trén phan mém SolidWork nhu hinh 2.9:

135,00

82.00

132,00

Systern

Hinh 2.9: Céu hinh khau 1 canh tay Robot 3DOF trén SolidWork
Tiép theo 1a cau trac khau 2 cia canh tay Robot gan gidng mé hinh thue té duoc
mo phong trén phan mém SolidWork nhu hinh 2.10:

200.00

Hinh 2.10: Cau trac khau 2 canh tay Robot 3DOF trén SolidWork
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Cudi cing 14 cdu tric khau 3 (khau chip hanh) cta canh tay Robot gan giébng mé

hinh thuc té dugc mé phong trén phan mém SolidWork nhu hinh 2.11:

Hinh 2.11: Cau tric khau 3 canh tay Robot 3DOF trén SolidWork
Cénh tay Robot 3 bac tw do gan gidng v6i mo hinh thyc té sau khi két hop cac khau
lai v6i nhau nhu hinh 2.12:

F
ﬁoggl.m'e Systemi

Hinh 2.12: Céu tric canh tay Robot 3 bac ty do trén SolidWork
Sau khi hoan tat két ndi cac link ciia canh tay Robot lai véi nhau, mo hinh canh tay

Robor trén Solidwork s& dugc chuyén qua phan mém Matlab Simulink dé tién hanh mé
phong bang cach sau:
- Trén thanh cong cu chon Tools — Simscape Mutilbody link — Export — Simscape
Mutilbody...
- Dit tén va bam Save, sau khi chuyén qua Matlab thanh cong s& c6 thong bao nhu
hinh 2.13 sau:
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Simscape Multibody Link Export Complete X
The Simscape Multibedy Import XML file has been saved t¢ the file
CAUsers\thailOneDrive\May tinh\Thai02\RBarm3DoF xml.

QK

Hinh 2.13: Thong bao chuyén mé hinh tir SolidWork sang Matlab thanh cong

- Tiép theo vao Matlab gd 1énh smimport(RBarm3DOF.xml") viao Command
Window dé dwa mo hinh cénh tay Robot vao Matlab Simulink. Sau d6, mé hinh
canh tay Robot nhu hinh 2.14 s& dugc tao trén Matlab Simulink dé tién hanh mé

phong diéu khién.

| S
Traregoem Rasefln | RIGID Rt Mhglt 7 RGO Rawchsm Wropd t RWGID Raeshm? Hhop(D 4 RGD

Hinh 2.14: Mb hinh canh tay Robot trén Solid khi duoc chuyén sang Matlab Simulink

2.6. Nhin dang mo hinh dong co

Chuing ta di xay dung mé hinh dong luc hoc canh tay Robot ¢ phan trudc, bay gio
chung ta tién hanh xay dung mé hinh dong co cho mdi khép ciia canh tay Robot 3 béc
tu do. Pé xay dung md hinh dong co thi chiing ta can dya vao mé hinh canh tay Robot
trong SolidWork dé 1dy cac thong s6 phu hop, vi ta di noi ¢ phan trudc 1a mo hinh
SolidWork 12 mé hinh gan gidng véi thuc té nhat. Thyc té, mo hinh SolidWork chi cung
cap cho ta cdu trac vat Iy cua cac khdp, nén mé hinh dong co can duogc gia 1ap cho phu
hop véi thuc té. Do d6, nhom dé xuat dung phuong phap nhan dang mé hinh dé lua chon
cac thong s6 dong co véi gia thiét mo hinh SolidWork 13 mo hinh ddi tugng.

Pé thiét ké duoc mo hinh cho dong co thi chung ta can tim duoc phuong trinh tdc
d6 ctia dong co bang cach sau:

Ta c6 2 phuong trinh dién 4p va momen ctia dong co dién DC [1].

- Phuong trinh di¢n ép:

U(r) :L%+R.i(t)+ K p.o(r)
- Bién ddi sang mién S, ta duoc:

U(s)=LsI(s)+RI(s)+K po(s)
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U(s)- K go(s)
Ls+R

=I(s)= (2.18)
- Phuong trinh momen:
dw

J—=K ol —-T
dt m¢ It

oad

- Bién d6i sang mién S, ta dugc:
Js.o(s)=K,p1(s)-T,., (2.19)
- Thay I(S) cua (2.18) vao (2.19), ta duogc:

U(s)-K,po(s)
: =K = -T
JS a)(S) m¢ LS+R load
PN a)(s) _ Km¢U(S)_KeKm¢2w(S) _ T ud
JS(LS+R) Js
K oU T, .(Ls+R
S o(s)=— U (5) S — s (L5 +R) . (2.20)
JLs" +JRs+K K ¢~ JLs"+JRs+K K, ¢
- Xét dong co cua canh tay Robot luc khong tai 7,,,,=0
K
= o(s)=— Uls)K,¢ - (2.21)
JLs” +JRs + K K, ¢
- Dang ham truyén dat ctia dong co nhu sau:
Kd (2.22)

W= 5
ITs" +Ts+1
- So sanh 2 phuong trinh (2.21) va (2.22) ta duogc:

L
=T =—
R
_ RJ
‘ KeKm¢2
1
=>K,=—=K, ¢
K, ¢

Sau khi tim dugc dang phuong trinh tdc do cho dong co, ta tién hanh nhan dang
d6i twong dong co tir mé hinh SolidWork bing Matlab Identification Toolbox.
Pau tién, ta 1§y dit liéu dau vao va dau ra ctia mé hinh SolidWork trén Matlab

Simulink:
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:

Y — >

¥

g

-0

y2r 2
i
; 3
é Senai2 %]

*
|

tlels

:

7

{

Hinh 2.15: M hinh 13y dit lidu dau vao va dau ra tir mé hinh SolidWork
Tiép theo, ta léy dir liéu da tim dugc dua vao Matlab Identification Toolbox dé tim
ham truyén dat cho dong co:

- Budc 1: Luu dit liéu dudi dang ma tran 1 cdt, béng cau lénh sau:
>>]oad('t1r.mat")
>>rl = ans(2,:)'
>>]oad('t]l.mat")
>>ql = ans(2,:)'
>>save ident rl ql

- Buoc 2: DBua dir liéu vao Matlab Identification Toolbox:

"y wibifh . * import Dite . o X
Fle Cptiors Window Help Dwia Format tor Signale
ot modets Tire Dossn Sgnasis
Operatons 4
- Pregrocess ’ ] ‘ |
| [ e ——
[ ] ,j I I e :
‘ Outpes Q
] e I Ll |
C I e e
|  Estmem J Dests Narre et
Oata Views = o Moded Views: S0 Tiw P
Ry | Workapaco ATH Viewet Mokl Lt Tidruserd 1wig e BT T |
— Moahe| s Franercy = [BRas [T
-
rpot Res
Trash a Data
o g
Lrder it and 0Dt Wariable narmes

Hinh 2.16: Giao di¢n nhap dit liéu vao Matlab Identification Toolbox
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- Budc 3: Chon dang ham truyén gidng v6i dang ham truyén toc do:

"y & Poocens Modely E u] x
Fie Optione Window  Help Par oown Vil WA OGusss Boungs
Taareder Fuhion
ot Sl ) Ao [t i
Cpenn .
3 oo X To? Aun o]
‘ Prepiocess 11+ Tprajis To2e) o2 Aun o]
oot f (
‘ [ """ . Poses i
—_— * | pnopt 2 Al
Wokeny Duin
Zoro Intia! Gamrey
0
‘ =R © Ao sedachedt
"’
| oy - P From eestng mod
Vg
Dt \dewrs Usse debrnd Viske >tndey] Guprey
To To g
Time plot Worspace | | LT) Ve
Dradanance Moo a0y Ao g Regubaraaton
Diata spocten .
- Foam Sarusabon Comnmna - Eqmuie Ophore
Froguency furcson | '
— Oeplay progress S Beaatary
Trow
Choeso moded ST asd (6 Nere ” Etimam Clorse [T

Hinh 2.17: Giao dién nhan dang ham truyén dat Matlab Identification Toolbox

-  Buéc 4: Léy thong s6 ham truyén dat vira nhan dang duoc:

- & Dorarmodel Inho: 12 - (=] X
File Opbioss Window Hel " =
Yo 2
Argn sy Cakar 0oy

l Oposbons
r ¥ rm— | Trocess modml with tranafes fusctice:
Pregeooess i
)

|_sems_| |
______ S — f Iivrpl 1eTp

o B o+ 1.000%
' 145
=5 ] o
| -
Worneng D
Dy ard Notwy
‘ RS
’ | Edevak & Impoze (1
T - px stipticn
Luda Vvews Frocevt (khopt, 'F ©
= To
Trme i Workaoaon | | LTI Vit
Dia sgcan
Frecpavey finctan ’
o Show I8 LT) Wewar
Trmh
Caoh achoowiedy) Fresent Expart Cionm Meip

Hinh 2.18: Giao dién két qua ham truyén dat nhan dang dugc tr Matlab Identification
Toolbox
- Vay ta ¢6 ham truyén dat ctia dong co la:
1.0005
G(s)=
(1 + 0.00149S)(1 + 0.0014953S)

1.0005
<:>G(S)= -6 2 -3
2228105 +2.9853x10 s +1
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Kd
TTs*+Ts+1

- Tu phuong trinh (2.22), ta c6: @ =

=K, :L:Km;zs =1.0005
K, ¢
= K,$=0.9995
T, =2.9853x10 :LZ:RJ
KK,

TT =2228x10"
4 L
=T =7.4623x10 =

RJ =2.9853%x10

=4 L
E=7.4623x10

- Vi day la hé phuong trinh 3 an 2 phuong trinh nén ta phai chon thong s6 R cia
dong co:
R=0.05 (Q)
L=3.71615x10"(H)
J=0.0597(Kg.m’)
- Vay thong cua dong co tim duogc la:
L=3.71615x107(H)
R=10.05 (Q)
J=0.0597(Kg.m")
K,9=0.9995
K ¢ =1.0005
Két luin: M6 hinh dong co ma chung ta xdy dung & trén c6 thong sé duoc lya
chon duya trén mé hinh ddi twong canh tay robot trong SolidWork dam bao gan gidng
voi thue té nhat nho st dung cong cu nhan dang ham truyén dat dbi tuong co trong phén
mém MATLAB (Matlab Identification Toolbox) dé dua ra ham truyén dat cho dong co.
Tir d6, chiing ta c¢6 thé md phong diéu khién cac khdp cua canh tay robot nhd didu khién
m6 hinh dong co gin tai mdi khdp dé canh tay robot c6 thé hoat dong theo cac yéu dé
ra tu truoc.
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Chuong 3: CAC PHUONG PHAP PIEU KHIEN CANH TAY ROBOT

3.1. Téng quan vé diéu khién Robot

Dua trén co s& phuong trinh dong luc hoc ctia canh tay Robot da duoc xay dung
0 chuong 2, thi muc ti€u chinh cta viéc diéu khién canh tay robot la ddm bao cho hé
thdng thue hién chinh x4c cic chuyén dong theo quy dao da duoc thiét ké trude do. Noi
cach khéc, cac khdp clia robot can phai van dong mét cach ddng bo va chinh xac dé dau
cudi (end-effector) di chuyén dung theo quy dao mong mudn vé ca vi tri va vén téc theo
thoi gian. Loi giai cho bai toan didu khién thudng dugce trinh bay kha phuec tap do anh
huong cia cac yéu to phi tuyén, luc quan tinh, twong tac giita cac khau, ciing nhu nhiéu
tir moi trudng xung quanh. Do d6, bai toan diéu khién Robot s& duoc chia thanh hai ndi
dung chinh:

- Xay dyng mé hinh dong luc hoc ciia Robot, phan anh day du cac yéu to anh hudng

dén chuyén dong ctia Robot, ndi dung nay da duoc trinh bay & chuong 2.

- Dua trén mo hinh nay ta s& thiét ké bo diéu khién nham dat dugc dap tng dau ra
mong mudn mot cach chinh xac va on dinh.

Phén tich viéc diéu khién thi qua trinh diéu khién chuyén dong cta canh tay Robot
thudng dugc chia thanh hai giai doan chinh. Giai doan dau 13 giai doan diéu khién quy
dao, lam cho Robot di tur vi tri nay sang vi tri kia theo ding quy dao dinh trudce. Giai
doan thir hai 13 giai doan diéu khién d6 chinh xac ctia chuyén dong, trong giai doan nay
cac tuong tac dong luc hoc cua canh tay Robot vdi1 quy dao cho trude duge xac dinh
bang thong tin thu tir cam bién dé dua Robot di ding quy dao mong mudn.

Trong cong nghiép thoi ndy, co rat nhiéu loai Robot dugc didu khién bang cac ciu
tric don gian nhu 1a diéu khién ting khop riéng 1é ctia Robot ma khong xét dén cac yéu
t6 phi tuyén va twong tac giita cac khdp véi nhau 1am cho két qua cua viée diéu khién
xuat hién nhiéu han ché, dic biét 12 v&i cac bai toan yéu cu do chinh x4c cao hodc quy
dao l3p lai. D3 c6 nhiéu phuong phap duoc nghién ctru va img dung nham nang cao do
chinh x4c va d6 on dinh ctia hé thdng. Phuong phap diéu khién PID dugc st dung phd
bién nho tinh don gian va hiéu qua trong cac hé thong tuyén tinh co ban. Tuy nhién, véi
cac hé thong phi tuyén nhu robot, PID thuong khong dit manh dé xu 1y cac twong tac
giita cac khop. Do d6, cac phuong phap hién dai nhu diéu khién tuyén tinh héa phan
hdi, diéu khién truot va diéu khién tdi vu nhu LQR hoidc MPC di duoc phat trién nhim
cai thién hiéu suat [6]. Pic biét, phuong phap diéu khién hoc lip (ILC) cho phép robot
cai thién dan higu suat dua trén sai s & cac chu ky trudce, rat phi hop véi cac bai toan
c6 tinh 13p lai nhu v& hinh hodc gap-tha lap. Bén canh d6, cac phuong phap diéu khién
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thong minh nhu mang no-ron hay hoc ting cuong ciing dang dwoc nghién ciru dé ap
dung trong cac tinh hudng phirc tap hon.

Dé viéc diéu khién dat duoc chat luong cao thi bo didu khién can tinh day du dén
cac yéu t6 anh huong dén dong luc hoc cua hé¢ théng. Vi vay, viéc lua chon mot bd diéu
khién pht hop cho canh tay Robot & nghién ciru nay anh hudng rat nhiéu dén két qua
nghién ctru, yéu t6 then chét 13 phai dam bao cho canh tay Robot chuyén dong chinh
xac va 6n dinh. Bo diéu khién PID (Proportional - Integral - Derivative) duogc sit dung
pho bién nho tinh don gian, dé trién khai va hiéu qua v6i nhidu hé thong. Tuy nhién,
trong bai toan diéu khién canh tay Robot c6 tinh 1ap lai nay thi bo diéu khién PID thuong
chua dat dugc hiéu suét tét nhat. Do d6, ching ta dé xuat thém phuong phéap diéu khién
hoc 1ap ILC (Iterative Learning Control - ILC), ILC cho phép hé théng cai thién hiéu
suat sau mdi 1an hoc bang cach sir dung 15i tir chu ky trudc.

Tir d6, nghién ctru 1an nay sé tap trung nghién ciru va so sanh hai phuong phap
diéu khién 13 PID va ILC dé danh gia kha ning dép tng cua canh tay Robot trong cac
diéu kién khac nhau (v& 2D hay in 3D).

3.2. Phuong phap diéu khién canh tay Robot sir dung b diéu khién PID
3.2.1. Tong quan vé bé diéu khién PID

—» P Ke(t)

Set Point -

value e(t) >
> K |e(t)dr
(3 I«

y(t)

Control Device

D K42

Hinh 3.1: So @b khéi bo diéu khién PID

Bo diéu khién PID (Proportional — Integral — Derivative) 1a mot co ché phan hoi
vong diéu khién téng quat duoc st dung rong rii trong cac hé thong cong nghiép, bao
gdm ca hé théng canh tay Robot. Mot bo diéu khién PID tinh toan mot gid tri sai s6 1a
hiéu sb giira gid tri phan hdi do duoc thuc té va gia tri dat, tir d6 PID diéu chinh gia tri
diéu khién dau vao dé giam sai s theo thoi gian [7]. Dang toan hoc ctia bo diéu khién
PID nhu sau:
de(t)

u(t) =K e(t)+K, jo e(r)dr + K,

Trong do:
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- u(?): tin hiéu diéu khién dau ra
- e()=r(t)—y(t): sai sb giira gia tri dit va gid tri phan hoi
- K,,K,,K,: cac h¢ 50 ti 18, tich phan va vi phan
% Khautilg¢ (P):
u,()=Ke(?)
Khau ti 1& 12 khau gitp thay d6i gia tri dau ra va ti 16 voi gia tri sai s6. Dé dép tng
duoc yéu cau vé ty 1¢, ta thuc hién diéu chinh d6 loi béng cach nhan sai s voi 1 héng
s6 ti 16 (Kp) nhu cong thirc trén. O khiu nay, sai s6 cang 16n thi phan tng sé& cang
manh, gitp hé¢ thong phan hdi nhanh chéng.
+¢ Khau tich phan (I):
t
u,(t) =K, jo e(r)dr

Khau nay sé& ti 1¢ thuan véi bién do sai so, quing thoi gian xdy ra sai s6, nham loai
bo sai s6 tinh va cai thién d6 chinh xac 1au dai. Dau ra cia khau nay s€ duoc tinh
toan nhu cong thuc trén.
+ Khau vi phan (D):
de(t)
dt

Khau nay gitp ta du doan xu hudng thay doi ctia sai s6 bang cach tinh toc do bién

u,()=K,

d6i cua sai s6, gitip giam do quéa diéu chinh va cai thién do 6n dinh. Puoc tinh bang

cong thirc trén.

Uu diém ctia bo diéu khién PID 14 hoat dong rat hidu qua, dé tinh chinh d6i v6i mo
hinh hé théng tuyén tinh con khi st dung bo PID cho canh tay Robot 1a mot mo hinh hé
théng phi tuyén thi bo PID truyén théng s& tOn tai mot vai han ché. Cu thé, nd khong xét
dén su tuong tac dong luc hoc gitra cac khop, ma chi tap trung diéu khién tai tung khop
riéng 1. Khi chuyén sang diéu khién mot khép khac, qua trinh sé bat dau lai tir dau, diéu
nay c6 thé dan dén sai 1éch tich lily trong quy dao tong thé cua dau cudi robot. Do do,
dé ning cao hiéu suit diéu khién va giam thiéu sai s6, can xem xét két hop PID véi cac
phuong phap diéu khién khac nham bu trir twong tac va cai thién do chinh xac cia hé
théng.

3.2.2. Cdc phwong phdp tinh chon tham soé by diéu khién PID

Pé hé thong dicu khién dat dugc hiéu suat tdi wu nhét thi viéc then chét 1a chiing
ta phai lya chon dugc hé sé PID. Co nhiéu phwong phap Iya chon thong sé PID khac
nhau trong thyc tién dé tinh chinh bo diéu khién PID, nhu la:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do
% Phwong phdp diéu chinh thii cong:

Day 12 mot phuong phap co6 cach tiép can don gian va truc quan nhét cho ngudi dung.
Chung ta s& lan luot thay d6i cac thong sb diéu khién PID dya trén quan sat phan hoi
ctia hé théng nhim dat dugc muc tiéu diéu khién nhu giam thoi gian qua do, ting
duoc do 6n dinh, gidm sai s6 xéc lap va han ché dao dong [7].

Pau tién ching ta s& cho 2 hé s6 K . va kK, bang 0 va bat dau ting dan K » 10i quan
sat h¢ thong, néu h¢ thong phan hoi cham ching ta s€ taing K, dé€ hé thong dap tmg
nhanh hon va ngugc lai giam K, khi hé théng dao dong va mat 6n dinh. Tiép theo,
chung ta s€ thém K, vao dé giam sai s6 xac 1ap. Tang K . dan dan va quan sat hé
théng, néu hé théng xac lap cham thi tang hé s6 K ; 1én va nguoc lai néu hé théng
dao dong va xuat hién hién twong qua diéu chinh thi giam K, xuéng. Cubi cing,
thém K, vao dé cai thién dao dong va cai thién 6n dinh néu K , va K, chua dap ing
cac diéu trén, lua chon hé s6 K , phu hgp sao cho hé thong phan hoi muot, giam dao
dong, cai thién qua diéu chinh, khong gy ra nhiu hodc cham phan hoi do khuéch
dai nhiéu cao tan. Vay, ching ta s€ 1ap lai cac budc trén dé tinh chinh cho dén khi hé
théng dat duoc cac yéu clu vé qua do, on dinh va sai sd.

s Phwong phdp Ziegler-Nichols:

Phuong phap Ziegler-Nichols dugc phat trién vao nhitng nim 1940 1a mot k¥ thuat
thuc nghiém pho bién dé diéu chinh cac hé sb trong bo diéu khién PID. Khi ap dung
v6i vong didu khién kin, thi d4u tién ta cling s& cho cac hé s6 K ¢ bang 0 va bat
dau tang K, cho dén khi hé thong bat dau dao dong dieu hoa lién tyc thi ching ta s&
ghi lai gid tri K, tai thoi diém dao dong ri gan cho gié tri K, (goi 1a hé s6 ultimate
gain). Tiép theo ta do khoang thoi gian giita 2 dinh lién ké nhau cta cac dao dong va
dat do 1a P, (chu ki dao dong — ultimate period) [7]. Cubi cing , ta s& ap dung cac

cong thire trong bang sau dé tim cac h¢ s6 K, va K, :

Loai diéu khién K, K, K,
P 0.5K,
PI 0.45K, 12K, /P,
PID 0.6K, 2K,/ P, K,P./8

Bang 3.1: Bang phuong phap Ziegler-Nichols
s Phwong phdp Auto tuning dwoc tich hop trong phan mém Matlab Simulink:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Trong nhitng nim gan ddy, viéc tinh chinh bo diéu khién PID tré nén thuan tién va
chinh x4c hon nho cac cong cu hd tro thiét ké mot cach tu dong trong céc phﬁn mém
mé phong, dién hinh 13 phin mém Matlab Simulink v&i cong cu PID Tuner, giup
ngudi dung diu chinh va danh gia nhanh cac thong sé PID ma khong can phai tinh
toan tht cong hay thir qué nhiéu l1an giy tén kém thoi gian. V6i cong cu nay sé cho
phép tur ddng x4c dinh cac thong sb t6i wu cta bd didu khién PID dwa trén mé phong
cac hé thong tuyén tinh, né s& dap tmg cac tiéu chi nhu téc do dap tng, d6 6n dinh
va kha ning loai bo nhiéu [7].

Pé tién hanh st dung cong cu nay thi diu tién ching ta can tao mé hinh hé thong
trong Matlab Simulink sau d6 chén cac khéi PID controller tir thu vién Simulink vao
dung vi tri cAn dit bo diéu khién PID vao mé hinh mé phong. Tiép theo , cho chay
thir nghiém mot 1an dé bd diéu khién xac dinh dugc d6i tugng dicu khién, sau dé
bam vao khdi PID Controller rdi nhan “Tune...” dé m& PID Tuner, PID Tuner s& tu
dong tinh toan va dwa ra bo thong sé phu hop véi déi twong can diéu khién. Ta co
thé sir dung cac thanh trugt Response Time (thoi gian dap tng) va Transient Behavior
(46 dao dong) dé tinh chinh theo ¥ mudn ctia minh va xem db thi dap tng. Cudi
cung, khi di ung y véi do thi dap tng do thi ta bdm “Update Block” dé gan cac hé
sd PID vao khéi PID Controller roi tién hanh chay mé phong lai xem két qua.

% Phwong phap Relay-feedback:

Phuong phap Relay-feedback [8] 1a mot ki thuét tw dong tinh chinh bo diéu khién
PID dugc dé xuat vao dau nhirng nim 1990. Phuong phap nay cho phép uéc luong
cac thong sd quan trong cta hé théng nhu bién d6 dao dong va tan sé dao dong ma
khong can mo hinh toan hoc chi tiét, tir d6 suy ra cac thong s6 PID thich hop.
Phuong phap nay thay thé bo diéu khién PID ban dau bang mot relay ON — OFF phi
tuyén trong mot khoang thoi gian ngén, dua tin hiéu diéu khién dang song vudng vao

hé thong, diéu khién dau ra dao dong di€éu hoa xung quanh diém lam viéc.

- Relay _}
r + | W) — 1 y(1)
- '\_> Process [

o I
L g Controller

Hinh 3.2: So d6 khéi phuong phap Relay - Feedback
Pé thuc hién tinh chinh b diéu khién PID bang phwong phap Relay — feedback
thi dau tién chung ta s& thay thé PID bang khéi relay (+d) trong vong kin nhu hinh.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Theo thoi gian thi hé théng s& dao dong diéu hoa 6n dinh, chiing ta tién hanh do bién do
daura (a ) va chu ky dao dong (P,) duogc do truc tiép tir dap Gmg dau ra va ap dung cong
thirc sau:

x =4

u

za
Véi:
K, : d¢ lo1 t61 han cua hé théng.
a : Bién do dao dong dau ra caa hé théng.
d : Bién dg cua tin hi¢u relay
Sau khi da tim duoc K, va P, ta 4p dung phuong phap Ziegler — Nichols dé
tinh toan cac thong sb K, K.K,.

3.2.3. Lwa chon théng sé b diéu khién PID cho cdnh tay Robot 3 bic tw do

Dé dat duoc hiéu qua t6i vu nhéat cho viéc lwa chon cac thong sé PID thi ching ta
s& str dung PID Tuner trong Matlab/Simulink dé tinh chinh thong s6 cho bo diéu khién
PID. Sau day chung ta s€ sir dung b0 diéu khién PID cho canh tay Robot 3 bac tu do. Ta
tién hanh theo cac budc sau:
- Budc 1: Pau tién ta md PID Tuner trong khbi PID Controller:

%4l 8lock Paramaters PO Cortrabert X
P10 1dof {mask) (link)

This bock Implements continuous- and discrete-time PID controf algorthms and inchides advanced features such as anti-windup, external reset,
and signal tracking, You can tune the PID gains automatically using the Tune...' button (reguires Simulink Controd Design )

Controder: PID * Form: Paraliel
Time domarn: Discrete-teme settings
© Continuous-time

Sampile time (-1 for Inhented):
Discrete-time

¥ Compensator formuta

P-Ll'n»;\:i
P
.

Main  Intlalization  Output Saturation  Data Types  State Attributes
Controlier parameters

Sowrce: intermal .
Proportional (P): 120

integral {I): 240 $ Usa I*Ts (aptimal for codegen)

Dervative (D): 15

Filter coefficient (N): 100

Automated tunng

Select tuning method: Transfer Function Based (PID Tuner App) .

@ Enable zero-crossing detection

0K Cancel Help

Hinh 3.3: Huong dan sir dung PID Tuner dé lwa chon thong s6 PID
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do

Budc 2: PID Tuner s€ tu dong tinh toan cac hé sd6 K p,Kl.,K , vaduara dd thi dap
mg tuong tng véi hé s6 K K, K, d6. Ching ta s€ sir dyng cdc thanh truot

Response Time va Transient Behavior dé cai thién chat luong dic¢u khién.

@ 1D Tunwr (DATH Hogot3Dol_TamisgMO/P0 Contmbert)
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Pt (v Step Plot; Reference tracking
l. Tuned response
[ “ g [~ = sk reaponee
" N
1|'\' |
' AU Pi\
g \f"-""‘a Ve
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gl '.’ ’I"' "H lh' .
I
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Hinh 3.4: Huéng dan sit dung PID Tuner dé lwa chon théng sé PID

Budc 3: Sau khi da hai long v6i d6 thi dap ung thi tién hanh dua cac thong s6 vao
khéi PID Controller bang cich nhan Update Block.

@ N0 Tuner [DATN Bobot Dol Turnng®v#0 Corercllart) o x
Ty 9100 Daman > - - no0:e 3- ——
M - - St Fasgnae Thte [secosay Py il S22 <
Parabl " -
1 e - 3 o fe Show U
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Nare | etass
Part = Step Plot: Reference tracking
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Hinh 3.5: Huéng dan sir dung PID Tuner dé lira chon théng sé PID

GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

- Budc 4: Cudi 1a chay md phong va xem két qua dép ting cua bd diéu khién PID sau
khi da dugc t61 uvu bang PID Tuner.
IO A0 G-I I st STV S CL0Ss sdwisond feetu | oy « o () I+ SRR R B

0 Sond kg You Can sure e F10 ged maomatically usng the Tune . Satten {1

Forme Pecabs

Dvsrete-(ame wetings

[

on Ouipar Satwration Do Types 2 Mirinetes

Ton ) 19 x 0n

» Caced (230

Hinh 3.6: Do thi két qua sau khi sir dung PID Tuner dé chon théng sé PID

3.3. Phuwong phap diéu khién canh tay Robot sir dung bd diéu khién ILC
3.3.1. Tong quan vé bj diéu khién ILC

ln(r)

Fk(r)

Cong thirc u (1) | Doitwgng | Y ()
" Ll . .2 _.-
,| chinh dinh dieu khién
Bo nho

{“.i:—l } - {.y.!:—l }

Hinh 3.7: So' d6 hé diéu khién hoc ldp véi b diéu khién ILC
B6 diéu khién hoc lap (ILC — Iterative Learning Control) 1a mot phuong phéap diéu
khién phi truyén théng duoc thiét ké dé cai thién hiéu suat diéu khién ciia cac hé thong
13p lai cung mdt tac vu trong mot khoang thoi gian xac dinh (finite time interval).
Trong phuong phap diéu khién ILC, thong tin tir cac lan lip trude duogc sir dung
dé diéu chinh tin hiéu diéu khién cho cac 1an thuc hién sau, nham giam sai sb va dat hiéu
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

sut t6i wu. Hé théng “hoc” tir nhitng sai 1éch trong qua khur dé ty cai thién qua timg chu
ki.

Diéu khién hoc 13p (Iterative Learning Control) 12 mot trong sb it cic phwong phap
thiét ké b diéu khién ma khong can m6 hinh toan hoc chinh xé4c cua dbi tuong diéu
khién. Vi nguyén 1y hoat dong cua né dwa vao thong tin cua cac 1an lip 1an trude, chi
khong dya vao mo hinh hé¢ théng dé tinh toan diéu khién. Vi vay, n6 cd su khac biét so
v6i cac phuong phap diéu khién truyén thong. Trong nhiéu truong hop tmg dung, khi
ma & d6 mot minh bo diéu khién hoc lap khong thé giai quyét duoc cac nhiém vu diéu
khién dit ra, nguoi ta ¢ thé két hop thém véi nd nhitng bd diéu khién truyén thong.
Cong thirc tong quat ctia ILC c¢6 dang nhu sau:

u, (O)=u, (1) +Ke, (?)
Véi ¢, (6)=r(t)~, (0)

Trong do:

- u, (¢): Tin hiéu diéu khién tai 1an lip thir &
u,,,(t): Tin higu diéu khién tai l1an lap tha & +1

- e, (1)=r(t)—y,(t): Sai s6 giira tin hiéu mong muén 7(¢) va dau ra hé thong

¥V, ()
- K : Toan tir hoc (learning operator) — xac dinh cach cai tién diéu khién dua
trén sai so
Bo diéu khién hoc lip nay c6 tén goi 1a “hoc”, vi thay cho mé hinh toan, né 1ay
thong tin dong hoc cua dbi tuong diéu khién qua cac 14n thtr roi chinh stra tin hiéu diéu
khién nham giam sai léch bam cho t6i khi vetor tin hiéu diéu khién cudi cung thda man
chét luong yéu cau, duoc hiéu 14 tin hidu diéu khién ma véi né, dap tng dugc yéu cu
dit ra vé sai léch bam theo nghia:
||r—y||z0h0';1c ||r—y||<€
Véi mot chuan tin hiéu nao d6, chang han nhu chuin bac P, chuén Euclid, chuan
ham mii, chuan vo cing v.v., trong d6 & 1a mot s6 thuc dwong dii nhé cho trudce. Ciing
chi sau khi c6 duogc chat lugng, tin hiéu diéu khién cudi cing tim duoc méi thuc sy du
diéu kién 4p dung vao thuc té. Vi 18 d6 ma phuong phap c6 tén goi 1a “lap” (iterative).
Dy ciing 12 diém khéc biét so véi nhirng thuat toan diéu khién “hdi quy” (recursive), 1a

phuong thirc ma & d6 nhitng két qua trung gian ciing van c6 thé tam dung dé diéu khién.
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3.3.2. Quy trinh hoc lgp ciia b diéu khién ILC

Chonhimhoe pemeeee- FAR

Gin k=0 p--=-=~-~ u(t). ¢ gIIJ,Tl

Pua 4, (f) vao diéu khién |

QL-A TRINH HOC d61 hrgng va do v, (1)

Tinh n,  (7)

Gan k =k +1

Ghinhin N=k p======= W (1)= S0y (7). ¥y (7).0)

l

Két thire qua trinh hoc. Bua v (1), j =N vao dien khién doi teong
Hinh 3.8: So do khoi cac buoc hoc va chinh dinh trong diéu khién hoc lap
Sau day, la tom tat lai cac budc thiét ké cua bg diéu khién hoc 1ap ILC nhu & hinh

3.10.

- Budc 1: Trudc tién, ta can lya chon ham hoc / (D) phu hop. Ham hoc nay
dong vai tro 13 quy luat cap nhat tin hiéu diéu khién qua mdi vong lap. Ham
hoc c6 thé dua trén luét cong sai sb hodc dua trén méd hinh hé théng.

- Budc 2: Ta gan chi sb vong lap dau tién k& =0. Sau d6 khéi tao tin hiéu diéu
khién ban dau u, (t ) trong khoang thoi gian € [O, T ]

- Budc 3: Ta 4p dung tin hi¢u diéu khién va do dau ra. Pua tin hiéu u, (l‘) vao
hé thong diéu khién. Reset trang thai dau ctia hé thong (trd vé diéu kién ban
dau truée mdi chu ky dé dam bao tinh 1ap). Tién hanh do ddura y, (1) sau khi
ap dung u, (l‘)

- Budc 4: Ta kiém tra va tinh toan sai sb theo ddi theo cong thuc:

e ()= y () —r(t)
Tiép theo d6 ta so sanh voi sai sé cho phép &
|yk () —r() | €
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Néu dang, tuc 1a sai s6 nho, d hdi tu thi két thuc qua trinh hoc. Néu sai, tuc 1a
chua dat yéu cau chinh x4c thi ta ting vong ldp va tinh tin hiéu diéu khién méi U, (t)
(nhu ¢ budc 5).

- Budc 5: Dua trén ham hoc fz (D) da chon dé tinh toan cap nhat tin hiéu diéu

khién méi. Tang chi s6 vong lip k =k +1, sau d6 quay lai budc 3 dé tiép tuc
vong lap voi tin hiéu diéu khién méi.
- Budc 6: Sau khi diéu kién hoi tu dugc thoa man, ghi nhan ) vong 1dp hoi tu
N =k . Ta c6 tin hiéu diéu khién 6n dinh luc nay la:
Uy (t):f;(UN_l (T)oyzv—1 (T),t)

Tu vong lap j = N, st dung tin hiéu u; (t) dé diéu khién hé théng chinh thirc vi
n6 da hoi tu va dam bao bam quy dao véi sai s6 nho.

Trong diéu khién hoc 1ip (Iterative Learning Control — ILC), s6 1an hoc (hay con
goi 12 86 vong lip) 1a s6 1an hé théng thuc hién lai cing mét tac vu dé cai thién hiéu suat
diéu khién dua trén sai sd cua céac 1an trude. Viéc xac dinh sb 1an hoc 1a yéu to quan
trong anh hudng dén d6 chinh xac va hiéu qua cta qua trinh diéu khién. C6 hai cach phd
bién dé x4c dinh s6 1an hoc:

- Chon trude s6 lan hoc (fixed number of iterations)

Trong phuong phap nay, sé 1an hoc dugc xac dinh trude, thudng dua trén kinh
nghi¢m, gi61 han thoi gian thuc nghiém. Hé théng s& thuc hién diéu khién 1ap lai dung
N vong lip cho trude, sau d6 ding lai va str dung két qua & vong cudi cung, bat ké sai
s6 16n hay nho.

Uu diém:
e D2 trién khai
e Thoi gian thuc hién duoc kiém soat tot
Nhuoc diém:
e (o thé ding qua sém khi sai s6 con qua 1on
e Higu sut diéu khién chua t6i uu
- Hoc theo ham muc tiéu ( goal-based or performance-based learning)

Vé6i phuong phap nay, qué trinh hoc tiép tuc cho dén khi dat dwgc mot muc tiéu
dinh trude vé hiéu suit diéu khién. Muc tiéu ndy thuong 1a mot ngudng sai sé da nho
hozc mot diéu kién hoi tu nhat dinh. Qua trinh hoc dung lai khi sai sé tuyét d6i nhé hon

mot gid tri € ( ngudng sai sb toi da cho phép) :
Y ) -] <e
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Noi theo cach khac, néu ¢ vong lap thir &, sai s6 tai moi thoi diém déu nho hon &, thi
coi nhu hé théng da hoc du tdt, khong can hoc 13p thém nfra.
Uu diém:
e Giup hé thdng dat duoc hiéu suat diéu khién t6t hon
e Tranh lang phi hoc qua it hodc qua nhiéu
Nhuoc diém:
e Thoi gian hoc c6 thé kéo dai néu hé cham hoi tu
e (Can xac dinh ngudng sai s6 phu hop

Tuy vao yéu cau thuc té cta hé théng, nguoi thiét ké c6 thé lua chon s6 1an hoc ¢d
dinh cho trude néu mudn don gian, hoac s6 1an hoc theo ham muc tiéu dé dat d6 chinh
xéc cao hon. Trong cac ing dung yéu cau chét luong dau ra cao va do chinh xac 16n (vi
du nhu Robot han, Robot y té), phuong phap hoc theo myc tiéu thuong dugc wu tién sir
dung.

3.3.3. Thudt todn diéu khién hoc lip ILC cho cdnh tay Robot 3 bic tw do

bic diém cia canh tay Robot 3 bac tu do 1a mot hé khong on dinh c6 thé dao dong,
nén khong thé dung ILC dang don gian nhu cho cac hé 6n dinh. Ngoai ra hé con c6 tinh
phi tuyén manh, cac khép lién két chit ché véi nhau nén nhiu hay 16i & mot khép anh
huong dén toan hé.

Pé ¢6 thé ap dung duogc diéu khién hoc 1ap cho céc ddi tuong c6 dong hoc khong
6n dinh, ta can phai 6n dinh hoa né trudc bang mot bo diéu khién phan héi tin hiéu dau
ra hodc phan hdi trang thai dang truyén théng duoc goi 1a mach vong diéu khién kin
truyén théng roi sau d6 mai dua bd diéu khién hoc 1ap ILC vao véi vai tro 1a mot bo
diéu khién ho cho mach vong diéu khién kin nay.

Nhu vay, néu xét vé cdu trac tong thé thi ¢ day bo diéu khién hoc lp ILC s& giir
vai trd nhu mot b diéu khién thong minh dang tién xir 1y hodc dang truyén thing trong
mach vong kin, tirc 13 mot bo diéu khién tac dong téi dau vao cua doi tuong tir cac dau
vao khac ctia mach vong kin do, chéng han nhu tir tin hiéu dit hodc nhiéu v.v., thay vi
tir du ra cta d6i tuong.

Pé diéu khién cho canh tay Robot 3 bac tu do trong dé tai nay, nhém sir dung
phuong phap diéu khién hoc lap ILC két hop vé6i bd diéu khién truyén thong 1a PID. He

thdng nay ap dung cho cac bai toan diéu khién co tinh lap lai theo chu ky.
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ILCer X

F=———"

r(¢) Bo diéu khién Bc’?i tuong (1)
. truyén thong | u(z) Diéu khién

Hinh 3.9: So d6 mé ta mét hé thong két hop giita bo diéu khién truyén thong va bé
diéu khién hoc lap ILC

So dd diéu khién mé ta mot hé thong két hop giira b diéu khién truyén théng PID
va bd diéu khién hoc lap (ILC — Iterative Learning Control) nhim ning cao hiéu qua
diéu khién qua cac chu ky ldp lai. Trong hé thong nay, dau vao 1 tin hiéu tham chiéu
r (t) , dai dién cho quy dao hoac dau ra mong mudn theo thoi gian. BO diéu khién truyén
théng PID xtr 1y sai s6 hién thoi giita tin hiéu mong mudn va dau ra thuc té ciia hé théng,
duoc tinh 1a e(t)z r(t) —y(t) , dé tao ra tin hiéu diéu khién co ban u (t) )

Tin hiéu diéu khién nay sau d6 duoc dugc dua vao d6i twong diéu khién, trong bai
toan diéu khién nay ddi trong diéu khién 13 canh tay Robot 3 bac tu do. Péi twong diéu
khién nhan tin hidu (¢ ) va phan hoi lai dura y (7). Tuy nhién, dé cai thién chat lugng
diéu khién theo thoi gian, dic biét trong cac tac vu mang tinh lap lai, hé théng con su
dung thém mot bo diéu khién hoc lap ILC. Bo diéu khién nay ghi nhé va sir dung thong
tin tir cac 1an 1ap trude nhu sai s6 e, (Z')zr(r)—yk (Z‘) va 1énh diéu khién u, (t) , tr do
tinh ton 1¢nh diéu khién cai tién cho 1an 13p tiép theo u, (t )

Tin hiéu diéu khién cudi cing dua vao hé théng 1a su két hop giita hai thanh phan:
1énh tir b diéu khién truyén thong va 1énh hoc dugce tir ILC, cu thé 1a:

u(?) =Uypen thong (¢) +u, ILC(t)

Bo diéu khién truyén thdng PID giup nhan biét sai sb gitta ddu ra thuc té va quy
dao mong mudn rdi tir 6 tinh toan dua ra mot 1énh diéu khién dé diéu chinh Robot hoat
dong gan dang hon.

Bo diéu khién ILC gitip canh tay Robot ghi lai quy dao mong mudn, sai sd giira
thue té va dau ra mong mubn e, (Z)Vé tin hiéu diéu khién di dung ¢ 1an trudc u, (l‘)
Dua vao d6, ¢ 1an thyc hién tiép theo bo diéu khién s& cip nhat 1énh diéu khién sao cho
Robot bam quy dao mong mubn mot cach tét nhat.
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Cach két hop nay dam bao canh tay Robot vira 6n dinh ngay tir 1an diéu khién dau
tién, vira c6 kha ning cai thién d6 chinh x4c trong cac 1an lip sau. Nho do, canh tay
Robot c6 thé ty hoc tir sai sb ciia chinh nd va ngay cang diéu khién chinh xac hon.
Phuong phap nay dic biét hidu qua trong cic tng dung diéu khién lip nhu Robot v&,
Robot han, in 3D.

3.3.4. Thiét ké bj diéu khién hoc lap ILC cho cinh tay Robot 3 bic tw do
3.3.4.1 Thiét ké hoc Idp kiéu P

Trong s6 cac thuét toan ILC, ILC kiéu P 13 dang co ban va phd bién nhat. N6 c6
wu diém 1a cu trac don gian nhét cua diéu khién hoc 1ap, trong do tin hi¢u diéu khién &
mdi 1an 1ap dugc xay dung dya trén sai s6 hién tai ma khong xét dén toc do thay ddi sai
sO tlr cac 1an l3p trude d6. Gia str hé thong roi rac tuyén tinh bat bién theo thoi gian, tin

hiéu dau ra duoc xac dinh:

Ta lay (1) — (2), duoc phuong trinh:
Yj+l - Y] :P(UjH - Uj)

Trong ILC, tin hi¢u diéu khién duoc cap nhat sau mdi lan lap: Uj+l =U i+ V] , VOl
V', 1a thanh phan diéu chinh dya trén sai sO.

=Y, —Y =PV,

J+l J

Trong do:

Yj : Pau ra hé thong tai 1an lip Jj

- Y,,: Paurah¢ thong tai lan 1ap j +1

- U,: Tin hi¢u diéu khién tai lan lap

- U,,,: Tin hiéu diu khién tai lan 1ap j +1

- P:Toan ti biéu dién dong hoc ctia hé thong ( ma tran)

Sai s0 dau ra dugc xac dinh:

Ta ldy (3) — (4), duoc phuong trinh:
Ej+1_Ej:_<Yj+l_Yj) (5)
<E, =E —-PV (6)
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Trong do:

- Ej : Sai s6 tai 1an lap Jj

- Ej+1: Sai s0 tai lan 1ap j +1

- Y] - Tin hiéu dau ra tai lan lap J

- Y,,;: Tin hiéu dau ra tai lan lap j+1

- Y,:Tin hiéu dat

Ta c6 cong thic dang P (Proportional) cia VJ :
V,=K,E,

Trong d6 v6i K, 1a hang sb ty 1é gitp diéu chinh 1énh diéu khién dya trén do 16n
sai s6 tai thoi diém hién tai. Néu sai s6 16n thi tin hiéu diéu khién s& duoc diéu chinh
nhiéu hon, nguoc lai néu sai s6 nho thi diéu chinh it lai.

Ta thay V; =K E vao (6), ta s¢ dugc phuong trinh sai s6 lap ILC kiéu P:

E,, =E, - PK,E,
SE,=(I-PK,)E,
Gia st ta cho P=G, vai tro ciia G 1 toan tir ciia hé thong ( biéu dién cac ma tran
hodc ham truyén ), ta s& c6 phuong trinh rat gon cua ILC kiéu P
E, = G.E i
Trong do:
G, =1-GK,

Trong diéu khién hoc lap ILC kiéu P, muc tiéu la lam cho sai s dau ra gitra tin
hiéu mong mudn va tin hiéu thuc t& giam dan sau mdi chu ky lip. Khi d6 can dam bao
diéu kién:

AR

Néu chuin ||GC || nho hon 1, thi:

Jj+l

<[&]

= Sai sb giam dan qua cac vong lap, hé théng on dinh theo nghia hoi tu.

Viéc chon K, rat quan trong va dam bao diéu kién hoi tu. Néu chon K » qué cao
thi 1a hé dé dao dong, sai ) tdng va mat 6n dinh. Con néu chon K » qua théip thi hé hoc

rat cham, can rat nhiéu vong 1ap mai dat sai s6 nhd.
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Sau nhiéu lan tinh chinh thyc nghiém Kp de tim ra gid tri phu hop trong diéu khién
hoc ldp kiéu P . Tir d6 lya chon gi4 tri Kp cudi cung cho sai s6 gidm nhanh, 6n dinh va

khong dao dong cho hé thong.

Uu diém: Diéu khién hoc lip ILC kiéu P c6 cdu trac diéu khién don gian, chi
can st dung mot hé sb hoc Kp , gitip d& dang trién khai trong thyc té ma khong yéu cau
mo hinh toan hoc phire tap cta hé thong. Co kha ning dé dang tich hop véi cac bo diéu
khién khac, tir 36 nang cao 6n dinh va tdc d6 hoi tu gitip hé théng hoat dong mot cach
6n dinh va chinh x4c nht.

Nhuwge diém: Diéu khién hoc 1ap ILC kiéu P kho ap dung cho cac hé khong lap
hodc dau vao thay ddi lién tuc gitra cac chu ki. B¢ nhay cua hé théng ddi véi gia tri cia
Kp , néu chon qua nho thi tdc d6 hoc s& cham va khi chon qua 16n co thé khién hé mat
6n dinh hoic dao dong manbh.

Két luan: Diéu khién hoc lap ILC kiéu P 1a mét cong cu manh mé va hiéu qua
khi dugc 4p dung dung trong cac hé théng 1ap tuan hoan. Tuy nhién, dé dat duoc hiéu
qua t6i wu, ngudi thiét ké can co phuong phap lua chon va tinh chinh hé sé hoc Kp phu
hop véi dic tinh cia hé thong.
3.3.4.2Thiét ké hoc ldp kiéu D

Thuat toan diéu khién hoc 1ap ILC kiéu D 1a mot phwong phép st dung bién thién
sai s6 giita cac 1an 1ap dé cap nhat tin hiéu diéu khién. Khong giéng nhu ILC kiéu P,
von chi st dung sai s6 hién tai thi ILC kiéu D quan tam dén toc do thay ddi sai s6, nham
phan tng nhanh hon v&i xu hudng sai 1éch dau ra. Gia str hé théng roi rac tuyén tinh bat
bién theo thoi gian, tin hiéu dau ra duoc xé4c dinh:

Yj+1 :P Uj+1 (1)
Y, =PU, (2)

Ta lay (1) — (2), duoc phuong trinh:

Yin—1, :P(UJ+1 B UJ)

Trong ILC, tin hi¢u diéu khién duogc cap nhat sau moi lan lap: Uj+1 =U ;T VJ , VOl

V;1a thanh phan diéu chinh dua trén sai s6.

=Y, —Y =PV,

J+l J
Trong do:
- Y,: Daura h¢ théng tai lan lap j
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- Yj ., Paura h¢ thong tai lan 1ap j+1
- U ; Tin hi¢u diéu khién tai lan lap j
- U,,;: Tin higu diéu khién ti lan 13p j +1

- P:Toan ti biéu dién dong hoc cta hé thdng ( ma tran)

Sai s6 dau ra dugc xac dinh:

Ej+1 :Y;l _)fj+l (3)
E=Y,-Y, @

Ta ldy (3) — (4), duoc phuong trinh:
Ej+l _Ej = _(Yj+1 - Y/) (5)

©E, =E~PV, (6

Trong do:

E: Sai s0 tai lan 13p j

- EM: Sai s6 tai lan lap j+1

- Yj : Tin hiéu dau ra tai lan lap j

- Y,,,: Tin hiéu déu ra tai lan lap j +1

- Y,: Tin hiéu dat

Ta c6 cong thirc dang D (Derivative) cua V' :

V;. = KDEJ. — KDEJ._1

Trong d6 K, 1a hé sé dao ham phan 4nh xu huéng thay doi ctia sai so. Viéc sir

dung K, gitp hé théng phan tng theo tbe do thay ddi cua sai s, gitp lam muot va on

dinh qua trinh hoc lap, giam dao dong va tang do hoi tu.
Tathay V,= K ,E, — K E, ,vao (6), ta s€ dugc phuong trinh sai s6 lap ILC kiéu
D:
B =E; - P<KDEJ B KDEJ'—l)
< E,., =(I-K,P)E, + K,PE,_,
Gia st ta cho P=G, vai trd cta G 1 toan tir ciia hé théng ( biéu dién cic ma tran

hozc ham truyén ) va F 1 toan tir tré theo vong lip trong biéu thirc tong quat ctia ILC (
E, = FE)), ta s€ c6 phuong trinh rat gon cua ILC kiéu PD:
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E = G.E ;
Trong do:
G =1-K,G +K,GF
Trong diéu khién hoc lip ILC kiéu D, muc tiéu 1 1am cho sai sb dau ra giira tin
hiéu mong mudn va tin hiéu thuc t& giam dan sau mdi chu ky lip. Khi d6 can dam bao
diéu kién:

AR

Néu chuan ||GC || nho hon 1, thi:

Jj+l

<|£

—> Sai sd giam dan qua cac vong lip, hé 6n dinh va dau ra dan khop véi mong
mudn.

Viéc chon K, rt quan trong va nhay cam. Néu chon K, qua Ién thi thuat toan
diéu khién s& phan Gmg qua mirc. Con néu chon K p qua nho thi hé van hoi tu va khong
bi dao dong tuy nhién tdc do hoi tu rat cham.

Sau nhiéu lan tinh chinh thyc nghiém K ,, dé tim ra gia tri phut hop trong diéu khién
hoc lap kiéu D .Tur d6 lya chon giatri K D cudi cung cho sai s6 giam nhanh, 6n dinh
va khong dao dong cho hé thong.

U'u diém: Piéu khién hoc lap ILC kiéu D gifip ting toc do hoi tu sai sd, dic biét
khi sai s6 thay d6i nhanh. Ngoai ra con 1am cho hé giam dao dong nhanh va 6n dinh
muot hon & cac vong lip sau. Thich hop cho cac hé dap tmg nhanh hodc chtra nhiéu
thap.

Nhuwoe diém: Diéu khién hoc lip ILC kiéu D rét nhay vé6i nhiéu do tinh dao ham
tir sai s6, dé khuéch dai nhiéu tan sb cao. Khong phan tGng véi sai s6 tinh, néu sai sb
khong thay doi theo thoi gian, thanh phan D s& khong dong gop. Thuong két hop véi
thanh phan P dé dam bao hoi tu day du tao thanh ILC kiéu PD .

Két luan: Thuat toan diéu khién hoc lap kiéu D 1a mot phuong phéap diéu chinh
1énh diéu khién dya trén dao ham ciia sai s6 theo thoi gian trong ciing mot vong lap. Khi
dugc sir dung dung cach va trong hé théng c6 dac tinh dong nhanh hoac it nhiéu, hoc
lap kiéu D c6 thé gitp rit ngan thoi gian hdi tu va cai thién hidu qua dicu khién. Tuy
nhién, dé tang do 6n dinh va kha nang bu sai sb tinh, thuat toan nay nén dugc két hop
voi ILC kiéu P dé tao thanh bo diéu khién PD .
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3.3.4.3 Thiét ké hoc ldp kiéu PD
Thudt toan hoc 1dp kiéu PD 1a sy két hop cuia thanh phan ti 1¢ (P) va thanh phan
dao ham (D) ctia sai sO. Day 1a dang ILC nang cao gitp cai thién téc d6 hoi tu va giam

dao dong. Muc tiéu cua ILC la cai thién chit lugng d4u ra sau mdi 1an lap béng cach hoc
tlr sai s6 1an trude. Gia st hé théng roi1 rac tuyén tinh bat bién theo thoi gian, tin hi¢u

dau ra duoc xac dinh:

Yj+1 :PU/'H (1)
Y=PU, (2

Ta lay (1) — (2), dugc phuong trinh:
Yj+l _Yj :P(Uj+l - UJ)

Trong ILC kiéu, tin hiéu diéu khién duoc cap nhat sau moi lan lap: U e =U fh VJ
, VOl Vj 1a thanh phan diéu chinh duya trén sai s6.

=Y, ~Y, =P,

Trong do:
- Yj : Pau ra hé thong tai 1an lap j

- Y, : Paurah¢ thong tai lan 1ap j +1

- U,: Tin higu diéu khién tai 1an lap j
- U,,,: Tin hiéu diu khién tai lan 1ap j +1
- P:Toan ti biéu dién dong hoc ctia hé thong ( ma tran)
Sai s6 dau ra duoc xac dinh:
Ej+1
F =

J

Y, =Y., G
-Y, @

Q‘%

Ta lay (3) — (4), duoc phuong trinh:
Ej+l_Ej:_(Yj+l_Yj) (5)
<E, =E—-PV (6)
Trong do:
- E;:Sais tailan l3p j
E.,, : Saisd tailanlap j+1
- Y] - Tin hiéu dau ra tai lan lap J
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Yj .- Tin hiéu dau ra tai lan lap j+1
- Y, : Tin hiéu dat

Ta c6 cong thirc dang PD (Proportional-Derivative) cia V,:

Vv, =(K, +KD)Ej - KyE,

Trong do:

- K, :Hang s ty 18, giup diéu chinh 1énh diéu khién dya trén do 16n sai s tai
thoi diém hién tai. Néu sai s6 16n thi tin hi¢u diéu khién s& dwoc diéu chinh
nhiéu hon, nguoc lai néu sai sé nho thi diéu chinh it lai.

- K,:H¢ s6 dao ham, phan anh xu hudng thay doi cua sai s6. Viée sir dung
K, giup hé théng phan mg theo toc do thay doi cua sai sd, gitp 1am muot
va On dinh qua trinh hoc ldp, gidm dao dong va tang do hai tu.

Tong hop hai thanh phan P va D tao thanh bo diéu khién hoc lap ILC kiéu PD
gitip diéu khién h¢ 13p dua trén hai yéu t6 1a d6 1éch hién tai va xu hudéng sai léch.

Ta thay V,=(K,+K,)E, — K, E, | vao (6), ta s€ dugc phuong trinh sai s6 lap
ILC kiéu PD:

E,, =E,-P|(K,+K,)E, - K,E,_, |
S E, =[1-(K,+K,)P|E, + K,PE,

Gia sir ta cho P=G, vai tro ciia G 1 toan tir ciia hé thong ( biéu dién cac ma tran
hozc ham truyén ) va F 14 toan ttr tré theo vong lip trong biéu thirc tong quat ctia ILC
kiéu PD ( E, = FE)), ta s€ c6 phuong trinh rat gon cua ILC kiéu PD:

E. . =GE,

Trong do:

G =1-(K,+K,)G+ K,GF

Trong diéu khién hoc lp ILC kiéu PD, muc tiéu 13 1am cho sai s6 dau ra gitta tin
hiéu mong mudn va tin hiéu thuc t& giam dan sau mdi chu ky lip. Khi d6 can dam bao
diéu kién:

IG.| <1

Néu chuan ||GC || nho hon 1, thi:

|

j+l

<|&)]
J
= Sai s0 gidm dan qua céac vong lap, hé 6n dinh va dau ra dan khép véi mong
muon.
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Hai hé s hoc lip K »va K, c6 vai tro rit quan trong trong diéu khién hoc lap
ILC kiéu PD 1a yéu té quyét dinh dén téc do hoi ty, do on dinh va kha nang triét dao
dong ctia hé thong. Néu chon qué 16n thi lam cho hé dao dong, phan ky va gay ra khuéch
dai nhidu dao ham. Con néu chon qua nho thi toc do hoc rat cham va hiéu suét diéu
khién thép.

Sau nhiéu lan tinh chinh thuc nghiém K ,va K p mot cach can than, bat dau tir
gia tri nho, sau d6 theo ddi phan tmg diéu khién va ting dan hop 1y. Tir d6 lya chon gia
tri K,va K, cudi cung cho sai s6 giam nhanh, 6n dinh va khong dao dong cho hé
théng.

U'u diém: Diéu khién hoc l3p kiéu PD 1a mot mo rong cua ILC kiéu P, vu diém
chinh cta hoc lp kiéu PD 1a tang téc d6 hoi tu. Thanh phan P gitip giam sai s6 theo
cach tryc tiép, trong khi thanh phan D dy doan xu huéng bién ddi sai sé va phan tmg
som, nhd d6 rat ngan qua trinh hoc va dua hé nhanh chéng tién gan quy dao mong muén.
Bén canh d6, thanh phan dao ham con gitip giam dao dong va 1am muot dap (mg, nhat
la trong giai doan qua do. Diéu nay dac biét c6 loi trong cac hé théng dé bj rung hoac
nhiéu dong nhe. Hon nita, ILC kiéu PD van giit dugc cu trac don gian va dé trién khai
trong thuc té, phu hop véi nhiéu loai hé théng diéu khién roi rac.

Nhwoe diém: Tuy nhién, phuong phap nay ciing ton tai mot s nhugc diém nhat
dinh. Pau tién, viéc lwa chon cac hé sb hoc lip K, va K, 1a khong dé dang, doi hoi
phai c6 qua trinh tinh chinh can than dé dam bao hé théng vira hdi tu nhanh vira tranh
dao dong. Néu K p dugc chon qua 16n, hé théng d& bi khuéch dai nhiéu dao ham, gay
bt 6n hodc phan ky. Mat khac, néu cac hé sb qua nho thi tdc do hoi tu lai rat cham, 1am
giam hiéu qua hoc. Ngoai ra, trong cac hé c6 nhiéu manh hodc phi tuyén, viéc sir dung
dao ham sai s6 co thé can két hop vdi bo loc hodc k¥ thuat giam nhidu bo sung dé dam
bao tinh 6n dinh.

Két luan: Viéc lya chon K » va K, trong ILC kiéu PD phai dua trén dic tinh
ctia hé thong (6n dinh, nhifu, d6 dao dong), va phai duoc tinh chinh tirng budc qua thir
nghiém thyc té. K » dong vai tro gidm sai sO chinh, trong khi K, gitip 1am muot dap
g va ngin dao dong, nhung rat dé gay bat 6n néu khong xir Iy nhidu dao ham. Do do,
phuong phép an toan 1a: bat ddu nhd —> ting dan —> theo ddi sai s6 —> dung tai

ngudng On dinh t6t nhat.
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Chuong 4: MO PHONG PIEU KHIEN CANH TAY ROBOT VA PANH
GIA KET QUA

4.1. So d0 khoi diéu khién va cac chi tiéu danh gia chit lwgng hé théng mé hinh
canh tay Robot 3 bac tu do
4.1.1. So do khoi diéu khién mé hinh SolidWork va mé hinh Pong luc hoc si dung
bé diéu khién PID

So d6 khéi m6 hinh canh tay Robot 3DOF x4y dung trén SolidWork st dung bd
diéu khién PID duoc thé hién nhu hinh 4.1.

| v
~ 4 e i 2 Pong hoc
Gt dit | xyz ref | DOng hoc 7N\ ql-ql.q}J lhl'u‘llﬁ d(m X%
cac toa do nghich dua i } PID e T SRR -
¢ v 3 fo o ane | 91923 ref \ - Jsaisoq u(t) a toa diém
Xyz ra goc dat =

cuoi

-

M6 hinh SolxdWork

Hinh 4.1: So' d6 khéi mé hinh SolidWork sir dung bg diéu khién PID
So d6 khdi mé hinh dong luc hoc canh tay Robot 3DOF sir dung bo diéu khién
PID dugc thé hién nhu hinh 4.2.

Momen
: ]
NSt s * . . Pang hoc
Giatri dat | xyz ref | D¥ng hoc , . Dong Mo hinh | g1 42,43 lh;l.lﬁ du X.yZ
¢ - ’ . / \ | ; A= i a
cie wa do nghich dua | + } { PID ¢ co t dong lue Y s 3 Gidm
, 2493 ref \ £ i . ra toa de
Xy7 ragocdat [9Ha2A3 el N\ - Jsmiwq] || hoc Robot :
: = ) ' cuol

Hinh 4.2: So' @6 khéi mé hinh ddng liec hoc sir dung bé diéu khién PID

Cac gia tri dat toa do x y z cua hinh v€ 2D hoac 3D mong mudn s& duogc dua vao
khéi Bong hoc nghich dé tinh toan goc dat g4 cho cac khdp quay. Goc dit q s& duoc so
sanh voi goc g, tir md hinh Robot, sai 1éch goc quay s& duoc dua vao bo diéu khién PID
dé dua ra tin hiéu diéu khién u dua vao cho mé hinh Robot dé tinh toan va dua ra goc
q, va dua vao khdi bong hoc thuan dé tinh toan va cho ra toa do x y z tai diém cubi &
khau chap hanh cua canh tay Robot.

Yéu cau diéu khién: Pua diém cudi & khau chap hanh ctia canh tay Robot dén diing
vi tri dit theo thoi gian, dam bao chuyén dong muot, chinh x4c va 6n dinh khi thyc hién
v& 2D va in 3D. B6 diéu khién PID can diéu khién tung truc toadd x y z dé giam sai )
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

vi tri dén gi4 tri nho nhét co thé, dam bao phan hoi nhanh va chinh xéac, thoi gian 6n dinh
ngén.
4.1.2. So do khoi diéu khién mé hinh SolidWork va mé hinh Dong luc hoc sir dung
bé diéu khién ILC

So d6 khbi mo hinh canh tay Robot 3DOF xdy dung trén SolidWork st dung bo
diéu khién PID két hop bo diéu khién ILC dugc thé hién nhu hinh 4.3.

u kit)
Gaa tri dit xv.r ref l)l.‘ns hoc

— 1LCer
| u_ k(1)
r— ‘ . - A . Dong hoc
cic toa do » nghich dua - }

- \ | ) = XV,
{ \ ‘ 91.42.63 | thugn dua | *¥
o e PI1D > e > dié -
PR | y oy 4 . i
Xy 2z m goc dit qlq2a3_ref \_- Fsaishq | e ra toa diem

cuot

Mo hinh SolidWork

Hinh 4.3: So' d6 khéi mé hinh SolidWork si dung bé diéu khién PID két hop b diéu
khién ILC
So d6 khdi mé hinh dong luc hoc canh tay Robot 3DOF sir dung bo diéu khién
PID két hop bo diéu khién ILC dugc thé hién nhu hinh 4.4.

u kit) Momen
q :] [LCer |
| < o mi — —

. 3 A . Pong hoc
Giatn &t | xyr rer | DOng hoc TN Bong Mo hinh | gl g2.q3 e Y.z

! 2 - A f \ . vy 3 thudn dua 2
cictoa dd | —+ nghich dua PorErE b J PID —+ . % co —*% dingluc TR T

Qi e el \ /s SO 4 ! ™ loa diem
Xyz r g gt | 1ARALRMA - Jaishq ") bl hoe Robot ey Pl
‘ cum

Hinh 4.4: So' d6 khéi mé hinh Béng liee hoc sir dung bé diéu khién PID két hop bé
diéu khién ILC

Cac gia tri dat toa do x y z cua hinh v€ 2D hoac 3D mong mudn s& duogc dua vao
khéi Pong hoc nghich dé tinh toan goc dit g, cho cac khdp quay. Goc dit ¢ s& dugce so
sanh vo1 goc g, tir mo6 hinh Robot, sai léch goc quay sé dugc dua vao b diéu khién
PID dé dua ra tin hiéu diéu khién u dua vao cho mo hinh Robot dé tinh toan va dua ra
goc g, tac dung cua viéc sir dung bo diéu khién PID & day 1a dé 1am cho gia tri g, bam
v6i gid tri dat g4 hay noi cach khac 1 1am cho hé théng nay on dinh trudc khi sir dung
bo diéu khién ILC. Tiép theo, sau khi gia tri dau ra dd bam gia tri dat thi ta tién hanh két
hop str dung bo diéu khién PID véi bo diéu khién ILC dé giam sai 1éch va lam muot dap
mg dau ra hon. Cudi cung gia tri dau ra g, duoc dua vao khdi Pong hoc thuin dé tinh

toan va cho ra toa do x y z tai diém cudi & khau chap hanh cua canh tay Robot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Yéu cau diéu khién: Pua diém cudi & khau chip hanh cua canh tay Robot dén diing
vi tri dat theo thoi gian, ddm bao chuyén dong muot, chinh xac va 6n dinh khi thuc hién
v& 2D va in 3D. B0 diéu khién. Bo diéu khién ILC can giam dan sai s6 gitra déu ra thuc
té va dau vao mong mudn qua cac 1an hoc lap, dam bao khong ting sai sd qua cac lan
1ap, tang d0 muot va gidm rung cho dau ra, dic biét phai khtr dugc nhiéu tir tac dong
bén ngoai (rung dong, va cham,...) va giit cho sai s6 nho nht ngay ca khi c6 nhidu qua
cac 1an hoc 1ap.

4.1.3. Cdc chi tiéu dinh gid chit lwong ciia hé thong

Viéc danh gia céc chi tidu chat luong nhu 6 qua diéu chinh, thoi gian qua do va
sai s6 xac 1ap [9] dong vai tro quan trong nham dam bao dd chinh xac, 6n dinh va hiéu
qua trong hé thong diéu khién canh tay Robot 3 bac tir do. Céc chi tiéu ndy phan anh
kha nang dap tng cta hé thong dbi voi cac tin hiéu diéu khién va 1a co s¢ dé danh gia
mirc d6 phi hop ciia b diéu khién dbi voi yéu cau thyc té.

Trong nghién ctru 1an nay, chung ta s& dung 3 chi tiéu (sai sd xac lap, d6 qua dicu
chinh va thoi gian xac 1ap) dé danh gia chat luong cua hé théng canh tay Robot 3 béc tu
do g dung in 3D va vé 2D.

- Do qua dicu chinh: Hién tuong do qua diéu chinh 14 hién tuong dap Gmg cua hé

thong vuot qua gia tri xac 1ap ciia né nhu hinh 4.5:

Cmax S - A
: Cmax -Cxl
Cxl Y
A
\
Cxl
Y

L
>

t
Hinh 4.5: D6 thi hién tiwong do qud diéu chinh trong dap iing qud dé ciia hé thong
Dé danh gia hién tuong d6 qua diéu chinh thi ta dung tiéu chi d6 qua diéu chinh
phan tram POT la dai lugng danh gid murc 46 qua diéu chinh ciia hé théng, dwa vao dd

thi hinh 4.5 ta c¢6 cong thirc tinh d6 qua diéu chinh phan traim POT nhu sau:

cmax — cxl

POT = x100%

c

xI
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Véi:

c,. . glatrilon nhit dap ung diu ra cia hé thong.
c,, . gia tri xac lap dap tng dau ra cta hé thong.

Dbi véi hé thdng canh tay Robot dé dam bao cho canh tay Robot 6n dinh nhanh
nhat c6 thé thi chiing ta phai chap nhan mot ngudng d6 qué diéu chinh cho phép khoang
POT <60%.

- Thaoi gian xac 14p ¢, : 1a thoi gian can thiét dé sai 1éch gitra dap Gmg cua hé thong

va gia tri xac lap ciia n6 khong vuot qua €% mong mudén nhu hinh 4.6:
c(t)

(1+epsilon%)"'Cxl

Cxl '

(1-epsilon%)"Cxl

e
r

ts t
Hinh 4.6: D¢ thi biéu dién thoi gian xdac lap cua hé théng

Dé xac dinh duoc thoi gian hé thong bat dau xac 1ap ta s& xac dinh khoang bién do

xac lap cho hé théng v6i bién d6 nam trong khoang:
((1+ &%) xc,3(1-%)xc,, )

Néu gia tri dap tng dau ra ciia hé thong bat dau nam trong khoang bién d6 xac lap
thi hé thong bat dau xac 1ap va thoi gian xac lap t, s€ dugc tinh tur thoi diém =0 dén
thoi diém hé thong bat dau xac 1ap.

Vi hé thdng didu khién canh tay Robot 3 bac ty do dé dam bao cho hé thng dap
g nhanh va chinh x4c thi thoi gian xac 1ap tdi thiéu can dat duoc 1a t, <0.15 gidy.

- Sai s6 xac 1ap: 1a sai s6 dap ing dau ra ciia hé thong so vai gia tri dat khi hé thong

& trang thai xac lap. Dé danh gia chi tiéu sai s6 xac 1ap ta sir dung phan tram sai s6

xéc 1ap €% dugc biéu dién bang cong thirc:

£% = |22 | 100%
yref
Vi
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

y, . Gia tri dap Ung dau ra cta hé thong khi xac lap.
Vit + Gid tri dau vao mong mudn cia hé thong.
Pé dam bao d6 chinh xac trong cac hinh v& 2D va in 3D thi gia tri phan trim sai

s6 x4c 1ap cua hé théng canh tay Robot 3 bac tu do can dat duoc 1a €% < 2% .

4.2. Két qua md phong hé théng diéu khién canh tay robot 3 DOF sir dung bd
diéu khién PID

Sau khi tinh toan xac dinh dugc phuong trinh dong luc hoc va nhan dang dong co
cho tirmg khép ctia canh tay Robot thi ta tién hanh thuc hién mé phong mé hinh canh tay
Robot 3 bac tu do trén phﬁn mém Matlab Simulink nhu hinh 4.7:

(D)
qQl
»(2)
q2
(32
q3
O
e a » ot T »_ 11
[T =
Dong co 1
U2 @ @ 2 >z ]
T2 12
Dong co 2 D
U3 P%) 9 ) »< (13
v
Dong co 3 D
ROBOT 3DoF

Hinh 4.7: So do mé phong mé hinh dong luc hoc canh tay Robot
Dbi voi md hinh canh tay Robot thiét ké trén SolidWork sau khi da gan cac khau
v6&i nhau thanh mgt canh tay Robot hoan chinh thi mé hinh sau khi dugc dua qua Matlab

Simulink nhu hinh 4.8:

.

: ] '.:7: .In v | s’ ¥ :v| ab){.; [l r|| F Q?’

| o | 2 b | b

Traneform BossRB 1 FUGID Fomvcd utm KhopO1_2 RIGID Revvofutet dhop2 1 _RIGID Reovolsie2 kropl_4_RIGID

) »m ) »em () wom

! uz u3

ey = ¢ ,} o 1) o 2 ) o 1 )
qt Q2 Q3

Hinh 4.8: So' d6 mé phong canh tay Robot SolidWork trén Matlab Simulink
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do

4.2.2. Mo phéng diéu khién mé hinh SolidWork va mé hinh Péng lwc hoc khi chua
stz dung bé diéu khién

So d6 khdi mo phong ca hai mé hinh dong luc hoc va SolidWork khi chwa st dung
b¢ diéu khién nhu hinh 4.9.

't
b
{e]
¢
@

N
:g.?:
(‘Iv':

H
s

. =
o

......

Hinh 4.9: Sor do mé phong diéu khién mé hinh SolidWork va Dong luc hoc khi chua co
b¢ diéu khién.
- Két qua md phéng ca hai mo hinh khi chua st dung bo diéu khién nhu hinh 4.10.

08 thy 3¢ st tow 30T x 0w 2 el hirk: Bdeg At hoe vh SOk Bec T11 gan 5 194 50 3dvh ok 95 iy g 2 08 e D6 Ao hiae vl Scbirk Heo 1 gun

Toa 40 Y0 y dan}

‘. , [ 1 .
Tren jwoccends | Temse (dexorads)

08 thy w2 st 6w 30 Ty £ 0w 2 el hirk: B8eg At hoe v ScoVok fhes T3 gan

"
3 DU

’
Tren jmecoenda)

Hinh 4.10: o thi toa dé truc Xy z cua 2 mo hinh SolidWork va Dong lyc hoc khi chua

c6 bg diéu khién
Nhan xét: Khi chua str dung bo diéu khién dé diéu khién cho 2 mé hinh canh tay Robot
thi do thi két qua dau ra hoan toan khong bam véi gid tri dat va bi mét on dinh. Vi vay,
chung ta can st dung bo diéu khién dé diéu khién canh tay Robot 3 bac tu do chuyén
dong on dinh, bam dung gia tri dat theo thoi gian.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
4.2.3. So dé mé phong diéu khién mé hinh SolidWork va mé hinh Déng luc hoc khi
sit dung chung I thong sé bé diéu khién PID
O day, chiing ta sé dung mot bo diéu khién PID chung cho 2 mé hinh dong lyc hoc

canh tay Robot va mo hinh canh tay Robot trén phan mém SolidWork dé danh gia xem

mo hinh dong luc hoc canh tay Robot ma chung ta xdy dung da giéng véi mo hinh thyc

‘
té hay chua.
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Hinh 4.11: So' d6 mé phong diéu khién mé hinh SolidWork va Péng luc hoc sir dung
bé diéu khién PID
4.2.4. Két quia mé phong diéu khién mé hinh SolidWork va mé hinh Péng luc hoc
khi siv dung chung 1 théng sé bé diéu khién PID
Bang cach str dung phuong phap tinh chinh bd diéu khién PID & chwong 2 thi
ching ta lya chon dugc thong s6 bd diéu khién PID cho 2 md hinh la:
K, =664.23; K, =36020.25; K, =1.985

4.2.4.1 Két qud mé phéng in 3D

Quy dao hinh in 3D dau vao cho mé hinh canh tay Robot gdm hinh trong toa do
khong gian Oxyz (hinh bén tréi), hinh trong toa d6 mat phang Oxy (hinh & giira) va hinh
trong toa dd mat phang Oxz (hinh bén phai) nhu trong hinh 4.12.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
Nguyén Pic Thanh 68



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Quy dpo xodm 8¢ trén Mgt cdu vors tim (20, 9, 5}

Hinh 4.12: Hinh in 3D mong muon
- Két qua toa do x y z khi thyc hién in 3D sir dung chung bd diéu khién PID cho ca
hai m6 hinh cho thay cac toa d6 x y z ddu ra ciia mo hinh SolidWork dao dong véi

tAn s rat cao nhu hinh 4.13.
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Hinh 4.13: Do thi toa dé Xyz dau ra cho hinh in 3D cia 2 mé hinh sir dung chung 1
bé diéu khién PID
- Két qua sai léch goc quay trong hinh 4.15 cho thiy tai m6 hinh SolidWork thi sai
1€ch bi dao dong voi tan s cao.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.14: D06 thi sai s6 géc quay cho hinh in 3D ciia 2 mé hinh sir dung chung 1 bg
diéu khién PID
- Két qua dd thi mat phang Oxy (hinh bén trai) va Oxz (hinh bén phai) ctia mé hinh
SolidWork nhu trong hinh 4.15 cho thay cac nét dao dong manh.

W (Toa 90 yuo x. Toa do truc y # (Toa o uo x. Toa oo e 1)

Hinh 4.15: D6 thi theo 2 mdt phang Oxy va Oxz ciia mé hinh SolidWork
- Két qua dd thi mit phang Oxy (hinh bén trai) va Oxz (hinh bén phai) ctia mé hinh
dong luc hoc nhu trong hinh 4.16 cho thay cac nét dao dong ban dau rat nhe nhang
chting t6 canh tay robot it bi giat luc ddu hon mé hinh SolidWork.
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do
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Hinh 4.16: Do thi theo 2 mdtphcfng Oxy va Oxz cua mo hinh dong luc hoc

4.2.4.2 Két qud mé phong vé 2D

| (Toa 0o truc x, Toa do truc y)

3

Hinh 4.17: Hinh vé 2D mong muén
- Két qua d6 thi toa do x va y khi thuc hién v& 2D nhu hinh 4.18 cho thay céc toa do

dura x va y bi dao dong manh & md hinh SolidWork.
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Hinh 4.18: Pé thi toa dé dau ra cho hinh vé 2D ciia 2 mé hinh sir dung chung 1 bo
diéu khién PID
- Két qua sai léch cac khop nhu hinh 4.19 cho théy tai khép 3 sai 16ch rat cao.
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do

Bt 50 sdem sax 58 glc quary g1 g 2 mid hinh Bng At 7oc w ScbdWork thao Ihot glon B3 i 50 sdh 51 88 pic quay 42 gAra 2 = ek g Wrs hoo v SohaiVork theo ot gian
' | at \ ¥ . .
nary {=w! 8w || —m2 AW
' = ag DAl - = =~ wgd DUS
At 2o
|
e O v o a0}
> ' i
! +
oml-| 3om
i g™
2 - - z
'
| 5 s il
g:nt £ | W ‘,LA " T e D ——
2 132}
" 2o
: am o8 [ ) k) rm o nee O ' ore [ 10 [T ol [
Time {seconcs| Termm (msconds)

2" 00 104 m shrd sai ad ;x (g g3 Gitw 2 md hinh E)0ng e hoc wh SobdVeek B they G

s W
----- is o

Sai ¢d Qoc wmay g3

Torem {xocoods)

Hinh 4.19: Bé thj sai s6 géc quay khi vé 2D ciia 2 mé hinh sir dung chung 1 b diéu
khién PID
- Két qua hinh v& 2D dau ra ciia m hinh SolidWork nhu hinh 4.20 cho thay canh tay
Robot da bi git rat manh luc bat dau vé.

W (Toa oo truc x, Toa do truc y)

Hinh 4.20: D6 thi két qua vé 2D ciia mé hinh SolidWork
- Két qua hinh v& 2D d4u ra cia md hinh dong lyc hoc nhu hinh 4.21 cho thay canh
tay Robot chuyén dong nhe vé vi tri bat dau v& it bj giat hon mé hinh SolidWork.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

» (Toa 00 ue X, Tos ¢o uc y

Hinh 4.21: Pé thi két qua veé 2D cua mo hinh dong lyc hoc

Nhan xét: M6 hinh dong luc hoc canh tay Robot 3 bac tu do da duoc xay dung
gan giong voi thuc té khi ca 2 moé hinh dong luc hoc canh tay Robot va mé hinh xay
dung trén SolidWork déu cho ra do thi bam véi gia tri dat khi stir dung chung 1 thong s6
bo diéu khién PID. Tuy nhién, do thi ddu ra ciia mé hinh xay dung trén SolidWork bi
dao dong manh lic dau do thong s bo diéu khién PID dugc dung ¢ day 1a bo thong sb
duoc lya chon tdi wu dya trén mé hinh dong luc hoc chua phai 1a bd thong sb6 PID toi
uu nhat cho md hinh SolidWork, vi thé nén d6 thi dau ra ciia 2 m6 hinh s& c6 su khac
biét. Nguyén nhan dan dén su khac biét nay la khi xay dung moé hinh dong luc hoc cho
canh tay Robot 3 bac tu do thi c6 mot vai thong sb cua dong co chung ta phai lya chon
nhirng tham $6 gén ding, mo6 hinh dong luc hoc bd qua ma sat, o tré, bén canh d6 mo
hinh trén SolidWork thi bao gdm ca ma sat, momen quén tinh c6 thé khong d6i ximg.
Nhitng nguyén nhin d6 dan dén su khac nhau giita 2 mé hinh.

Pé xuit huéng di tiép theo: Dé dam bao viéc md phong trong dd an ndy tao ra
két qua tt nhat thi chung ta nén sir dung bo diéu khién t6i wu nhét cua tirng mo hinh dé
thyc hi¢én mo6 phdng, tranh tao ra nhirng tré ngai khi két hop bd diéu khién PID véi b
diéu khién ILC ¢ phan sau.

4.2.5. Két qui mé phéng diéu khién mé hinh Pong liec hoc khi siv dung b diéu khién
PID

Bang cach sir dung phuong phép tinh chinh b diéu khién PID & chuong 2 thi
chung ta lya chon dugc thong s6 bo diéu khién PID cho mé hinh Dong luc hoc la:

K, = 664.23; K. =36020.25; K, =1.985

4.2.5.1 Két qua mé phong in 3D khi khéng c6 nhiéu va khi ¢é nhiéu tac dong

- Két qua d6 thi dau ra cua céc truc toa do x y z khi khéng c6 nhiéu nhu hinh 4.22.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.22: Pé thi toa do Xyz dau ra cho hinh in 3D ciia mé hinh dong lyc hoc s
dung b diéu khién PID khi khéng cé nhiéu
- Khi ¢6 nhiéu tac dong vao géc quay ¢, nhu trong hinh 4.23, tai thoi diém nhiéu tac
dong thi do thi toa do x y z déu bi anh huong. B diéu khién PID di xt Iy nhiéu kha
t6t, bam nhanh vé vi tri cii va 6n dinh ngay, tuy nhién néu nhiéu nay ct tiép dién qua
cac 1an in hodc v& tiép theo thi bo PID khong thé khir nhidu hoan toan dugc.
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Hinh 4.23: Do thi toa do xXyz dau ra cho hinh in 3D ciia mé hinh dong luc hoc su
dung bo diéu khién PID khi c6 nhiéu
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
- Sai léch goc quay bi anh hudng nhiéu nhat 14 tai goc quay ¢, do nhiéu tac dong truc
tiép vao goc quay g, , con sai s6 2 goc quay con lai it bi anh huéng hon do nhiéu chi

tac dong vao khau chip hanh nhu trong hinh 4.24.
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Hinh 4.24: Pé thi sai léch goc quay cho hinh in 3D cua mé hinh dong luc hoc su dung
bé diéu khién PID khi khéng c6 nhiéu va khi ¢é nhiéu

- Khi c6 nhiéu (hinh 4.25 bén phai) tic dong vao 1 khdp thi hinh in 3D sau khi in ra

s& bi 16i tai thoi diém c6 nhidu so véi lic khong 6 nhiu. Can cai thién nhidu qua

cac lan in ti€p theo n€u con nhiéu nhu nay.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
Nguyén Pic Thanh 75



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.25: Do thi theo 2 mdt phéng Oxy va Oxz cua mo hinh dong luc hoc khi co

nhiéu va khi khong co nhiéu
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

4.2.5.2 Két qua mé phong vé 2D khi khong c6 nhiéu va khi ¢é nhiéu tac dong

- Két qua dd thi diu ra cua céc truc toa do x y khi khong ¢6 nhiéu nhu hinh 4.26.
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Hinh 4.26: Do thi toa do Xy dau ra cho hinh vé 2D cia mé hinh dong luc hoc sur dung
bé diéu khién PID khi khéng c6 nhiéu
- Khi c6 nhiéu tac dong vao goc quay ¢, nhur trong hinh 4.27, tai thoi diém nhiéu tac
dong thi dd thi toa do x y déu bj anh hudng. Bo diéu khién PID da xur 1y nhiéu kha
t6t, bam nhanh vé vi tri cii va 6n dinh ngay, tuy nhién néu nhiéu nay ct tiép dién qua
céc 1an in hodc vé tiép theo thi by PID khong thé khtr nhiéu hoan toan dugc.
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Hinh 4.27: Dé thi toa d Xy dau ra cho hinh vé 2D ciia mé hinh dong lyc hoc su dung
bé diéu khién PID khi c6 nhiéu

- Sai léch goc quay (hinh 4.28) bi anh hudng nhiéu nhat 13 tai goc quay g, do nhiéu

tac dong truc tiép vao goc quay g, con sai sd 2 goc quay con lai it bi anh hudng

hon do nhiéu chi tic dong vao khau chip hanh.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.28: Do thi sai s6 goc quay cho hinh vé 2D cua mé hinh dong luc hoc swr dung
bé diéu khién PID khi khéng c6 nhiéu va khi ¢é nhiéu
- Khi c6 nhiéu (hinh 4.29 bén phai) tac dong vao 1 khép thi hinh v& 2D sau khi vé& ra
s& bi 16i tai thoi diém c6 nhidu so véi lac khong 6 nhiu. Can cai thién nhidu qua

cac lan in ti€p theo n€u con nhiéu nhu nay.
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Hinh 4.29: Dé thi két qua vé 2D cua moé hinh dong lyc hoc sw dung bo diéu khién PID
khi khéng cé nhiéu va khi c6 nhiéu
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

4.2.5.3 Panh gid chat lwong hé thong khi sir dung bé diéu khién PID

Dua trén céc tiéu chi chit lugng ma chung ta di dé ra tir phan trude thi ta co cac

chi s0 chat lugng sau:

- Thot gian x4c 1ap ¢, <0.15 giay.
- Sai sb x4c 1ap trung binh e,

- Phan tram sai s6 xéc lap trung binh £% <2%.
- Phan traim d¢ qua diéu chinh POT < 60%.

Ta xac dinh dugc bang ti€u chi chét luong cho toa do x y z dau ra cua hé théng

canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t, (giay) e, &% (%) POT (%)
Truc x 0.0383 0.0069 0.0345% 15.24%
Trucy 0.0258 0.0018 0.0322% 9.58%
Truc z 0.0808 0.0065 0.1174% 241.8%

Badng 4.1: Bang chi tiéu danh gid chat heong hé théng sir dung bé diéu khién PID ciia

mo hinh dong lyc hoc khi in 3D

Ta xac dinh dugc bang tiéu chi chét luong cho toa do x y dau ra cua hé théng canh

tay Robot 3 bac ty do khi thuc hién vé 2D nhu sau:

t, (giay) € €% (%) POT (%)
Truc x 0.0383 0.0037 0.0189% 14.56%
Trucy 0.0191 0.002 0.3474% 7.06%

Badng 4.2: Bang chi tiéu ddnh gid chat heong hé théng sir dung bé diéu khién PID ciia

mo hinh dong luc hoc khi veé 2D

Nhin xét:

Sinh vién thue hién: Luu Quang Thai

Dua trén két qua danh gia chét lugng hé thong mé hinh dong luc hoc canh tay Robot
3 bac tu do thuc hién in 3D va v& 2D thé hién trong Bang 4.1 va Bang 4.2, ¢6 thé
nhan thay rang thoi gian x4c 1ap ¢, va phan tram sai sd xac lap trung binh £% déu
dap tng tSt cc tiéu chi da dé ra. Tuy nhién, phan trim d6 qua diéu chinh POT (%)
cta tryc Z van con tuong ddi cao va can dugc cai thién.

Mit khéc, cac két qua nay dugc thu thap trong diéu kién mé phong khong cé nhiéu.
Khi hé thong chiu tic dong nhiéu tai khau 3, gy ra sai léch goc tai khép 3, bo dicu
khién PID van cho thdy kha ning dap tmg nhanh va duy tri tinh 6n dinh cho hé thong.
Tuy vay, bo diéu khién PID khong thé hoan toan loai bo anh huéng ciia nhiéu, dan
dén gia ting sai s6. Nguyén nhan 1a do PID khong c6 kha ning uéc lugng hay bu
nhiéu. Do d6, dé cai thién kha nang khir nhidu va nang cao d chinh x4c, can xem
xét két hop thém bo diéu khién ILC vao hé théng.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

4.2.6. Két qui mé phong diéu khién mé hinh xdy dung trén SolidWork khi siv dung
thong sé bé diéu khién PID

Biang cach sir dung phuong phap tinh chinh bo diéu khién PID & chwong 2 thi
ching ta lya chon dugc thong s6 bd diéu khién PID cho mé hinh xay dung trén

SolidWork 1a:
K,=19152;K,=1010.485

4.2.6.1 Két qua mé phong in 3D khi khéng c6 nhiéu va khi ¢é nhiéu téc dong

Két qua dd thi diu ra cua céc truc toa do x y z khi khong c6 nhiéu nhu hinh 4.30.
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Hinh 4.30: Do thi toa do Xyz dau ra cho hinh in 3D ciia mé hinh SolidWork sir dung
bé diéu khién PID khi khéng c6 nhiéu
- Ciing giéng nhu mé hinh dong lyc hoc, thi khi c6 nhidu tic dong vao goc quay ¢,
nhu trong hinh 4.31, tai thot diém nhiéu tac dong thi dd thi toa do x yZ déu bij anh
huong. Bo diéu khién PID di xur 1y nhidu kha t6t, bam nhanh vé vi tri cii va 6n dinh
ngay, tuy nhién néu nhiéu nay ct tiép dién qua cac lan in hodc v& tiép theo thi bo

PID khong thé khir nhidu hoan toan duoc.
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Tén de tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tw do
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Hinh 4.31: Do thi toa dé xXyz dau ra cho hinh in 3D ciia mé hinh dong luc hoc su
dung bé diéu khién PID khi c¢é nhiéu
- Cing nhu mo6 hinh dong luc hoc, thi sai Iéch gbc quay bi &nh huong nhiéu nhét 14 tai
gbc quay g, do nhiéu tac dong truc tiép vao goc quay q, , con sai s6 2 goc quay con
lai it bi anh huéng hon do nhiéu chi tic dong vao khau chap hanh nhu trong hinh
4.32.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.32: Dé thi sai léch goc quay cho hinh in 3D cua mo hinh SolidWork su dung bo
diéu khién PID khi khéng c6 nhiéu va khi ¢é nhiéu

- Pbi véi d6 thi khong c6 nhidu (hinh 4.33 bén trai), duong di ctia khau chap hanh kha

déu, cho théy su diéu khién mugt ma va on dinh. Con khi ¢6 nhiéu (hinh 4.33 bén

phai), quy dao duong di ciia khau chap hanh bi méo, 1éch ra ngoai, lam hong do

chinh x4c cua hinh in 3D.

Sinh vién thue hién: Luu Quang Thai
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.33: D6 thi theo 2 mdt phang Oxy va Oxz ciia mé hinh SolidWork khi khéong c6
nhiéu va khi c6 nhiéu

4.2.6.2 Két qud mé phong vé 2D khi khdng cé nhiéu tic dong

Két qua db thi dau ra cua cac truc toa do x y khi khong c6 nhiéu nhu hinh 4.34.
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Hinh 4.34: Dé thi toa d6 dau ra cho hinh vé 2D ciia mé hinh SolidWork sir dung bo
diéu khién PID khi khéng c6 nhiéu
- Ciing giéng nhu mé hinh dong luc hoc, thi khi c6 nhidu tic dong vao goc quay ¢,
nhu hinh 4.35, tai thoi diém nhidu tac dong thi dd thi toa do x y z déu bi anh huodng.
Bo diéu khién PID d3 xt Iy nhidu kha tot, bAm nhanh vé vi tri cii va 6n dinh ngay,

Sinh vién thue hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

tuy nhién néu nhidu nay ct tiép dién qua cac lan in hodc v& tiép theo thi bd PID

khong thé khtr nhifu hoan toan dugc.
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Hinh 4.35: D6 thi toa do Xy dau ra cho hinh vé 2D ciia mé hinh dong lyc hoc swr dung
b¢ diéu khién PID khi c6 nhiéu

- Ciing nhu md hinh dong luc hoc, thi sai 1éch goc quay bi anh hudng nhiéu nhat 1a tai

goc quay ¢, do nhiéu tac dong truc tiép vao goc quay g, , con sai s6 2 goc quay con

lai it bi anh huéng hon do nhiéu chi tac dong vao khau chép hanh nhu hinh 4.36.
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Hinh 4.36: D06 thi sai s6 géc quay khi vé 2D ciia mé hinh SolidWork sir dung bé diéu
khién PID khi c6 nhiéu
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Khi khéng c6 nhiu (hinh 4.37 bén trai), hinh 2D duoc v& ra rit muot va on dinh,
cho thdy bo diéu khién dap tng t6t gia tri dit. Con khi c6 nhiéu (hinh 4.37 bén phai)
vao thi hinh 4anh 2D bi léch 2 dudng khé dai, anh huéng dén chét lugng hinh v&, cho

thiy bo diéu khién xtr Iy nhiéu chua t6t lim.

= (Toa do truc x, Toa do truc y) ® (Toa do ¥uc x. Toa do s i)

Hinh 4.37: D6 thi két qua vé 2D ciia mé hinh SolidWork khi khéng c¢é nhiéu va khi ¢6
nhiéu
4.2.6.3 Banh gid chat lwong hé théng
Dua trén céc tiéu chi chat lugng ma chung ta di dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:
- Thoi gian xac 1ap ¢, <0.15 giay.
- Sai s6 x4c lap trung binh e, .
- Phén trim sai s0 x4c 1ap trung binh £% < 2%.
- Phén trim d¢ qua diéu chinh POT < 60%.
Ta x4c dinh dugc bang ti€u chi chat luong cho toa d§ x y z dau ra cta hé théng
canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t, (giay) e, &% (%) POT (%)
Truc x 0.01 0.018 0.0898% 92.05%
Trucy 0.01 0.0146 0.2825% 102.2%
Truc z 0.0141 0.0011 0.0227% 3662%

Bang 4.3: Bang chi tiéu ddanh gid chat heong hé théng sir dung b diéu khién PID ciia
mo hinh SQlidWork khi in 3D ‘ )
Ta xac dinh dugc bang tiéu chi chat lugng cho toa do x y dau ra ctia hé thong canh

tay Robot 3 bac tu do khi thuc hién vé& 2D nhu sau:

t. (gidy) e, £% (%) POT (%)
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

Truc x 0.01 0.0112 0.0584% 80%

Trucy 0.012 0.0032 0.0869% 88.7%

Bdng 4.4: Bang chi tiéu ddnh gid chat heong hé thong sir dung bé diéu khién PID ciia
mo hinh SolidWork khi vé 2D
Nhén xét:

- Dua trén két qua danh gia chat luong hé théng mé hinh canh tay Robot 3 bac ty do
xay dung trén SolidWork thuc hién in 3D va vé 2D dugc thé hién trong Bang 4.3 va
Béng 4.4, co thé nhan thay rang thoi gian xac lap ¢, va phan trim sai s6 xac lap
trung binh £% déu dap tng tbt cac tiéu chi di dé ra. Tuy nhién, phan trim do qua
diéu chinh POT (%) cua truc Z van con kha cao va can duoc cai thién.

- Mit khéc, cac két qua nay duoc thu thap trong diéu kién mo phong khong co nhiéu.
Khi h¢ théng chiu tdc dong nhiéu tai khau 3, gay ra sai léch goc tai khép 3, bod diéu
khién PID van cho thay kha ning dap Gmg nhanh va duy tri tinh 6n dinh cho hé
théng. Tuy vay, bd diéu khién PID khong thé hoan toan loai bo 4nh hudng ciia nhiéu,
dan dén gia ting sai s6. Nguyén nhan 1a do PID khong c6 kha nang udc lugng hay
bt nhiéu. Do d6, dé cai thién kha niang khir nhidu va nang cao do chinh xéc, can
xem xét két hop thém bo diéu khién ILC vao hé thong.

- So séanh giita bo diéu khién PID khi str dung mé hinh solidwork va str dung mé hinh
dong luc hoc cua ddi tuong, ta nhan théy, chét luong diéu khién twong tu nhau. Nhu
vay, viéc xay dung mod hinh dong luc hoc va tinh chon thong ) dong co bﬁng

phuong phap nhéan dang 1a phu hop.

4.3. Két qua md phong hé thdng diéu khién canh tay robot 3 DOF sir dung bd
diéu khién PID két hop bd dieu khién ILC
4.3.1. So dé mé phong diéu khién mé hinh Pong lwc hoc khi siv dung bp diéu khién
PID két hop b diéu khién ILC

O phan trude, khi str dung b diéu khién PID dé diéu khién canh tay Robot thi
ching ta ¢3 mo phong trong mién lién tuc. Pén phan nay, khi tich hop thém bo diéu
khién ILC vao dé cai thién kha nang khir nhidu thi b diéu khién ILC can duoc roi rac
hoa hay néi cach khac 1a bo didu khién ILC phai mé phong trong mién roi rac, nén tin
hiéu khi dua vao cho bo diéu khién ILC xir Iy phai duoc roi rac héa trude. Vi can do
chinh xéc cao va hiéu qua khi &p dung tir ro1 rac qua lién tuc thi ta nén chon thoi gian
14y mau khoang 0.001 giay.

Chung ta s& st dung 2 khdi Quantizer két hop v6i khdi ZOH dé 1dy miu va luong
tr hoa tin hiéu dau vao dé dua tin hiéu ddu vao tir mién lién tuc sang mién roi rac roi
dura vao bo diéu khién ILC. Tiép theo, sau khi b diéu khién ILC xir 1y tin hiéu xong va
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

dua ra tin hiéu diéu khién dang roi rac thi chung ta sur dung 1 khdi ZOH dé gitr tin hiéu
101 rac va bién nd thanh tin hiéu kha dung trong mién lién tuc. Tir d6, tin hiéu diéu khién
tir ILC s& két hop tin hiéu diéu khién PID ¢ trong mién lién tuc dé diéu khién canh tay
Robot 3 bac tu do nhu hinh 4.38.

Vi gid tri lugng tw héa 1a 6x107 va chu ki 1dy mau 7. = 0.001,

[d ]
—PJ_,/’I—DP—L—bem U1—>J_LL bD
G =1
Quantizer Zero-Order Zero-Order
Hold ILCer 1 Hold3
o+
- » PID(s) P+ —‘

Hinh 4.38: Roi rac héa tin hiéu diéu khién va bién tin hiéu diéu khién dau ra vé mién
lién tuc cho bé diéu khién ILC
- Ap dung bo diéu khién ILC vao so dd mo6 phong nhu trong hinh 4.39.
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Hinh 4.39: So doé mé phong diéu khién mé hinh Dong luc hoc su dung bo diéu khién
PID két hop bé diéu khién ILC
4.3.2. Két qua mé phong diéu khién mé hinh Pong liec hoc khi sir dung b diéu khién
PID két hop b diéu khién ILC kiéu D
Dua vao cong thic hoc 1ap ctia bd diéu khién ILC kiéu D, ta tién hanh mé phong
bd diéu khién ILC kiéu D trén Matlab Simulink nhu sau:

- Cong thure hoc 1ap cua bd diéu khién ILC kiéu D & mién roi rac:
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

o () =0, (1) + K, ) = (t=1)

s

- Mo phong b diéu khién ILC kiéu D trén Matlab Simulink:

[ etk t }

(:ﬁ-j »17 eIkl L i ii.;«u.,n } L '!AI TED

{ u.‘:k_t + >

J

Hinh 4.40: So' d6 mé phong bé diéu khién ILC kiéu D
Sau nhiéu lan tinh chinh hé s6 K , thi ta lya chon dugc thong s6 ciia bo diéu khién
ILC kiéu D véi hé s6 K, vasd lanhoc n 1a K, =0.03 va n=10.
4.3.2.2 Két qud mé phong in 3D khi ¢é nhiéu tic dong

- Két qua db thi so sanh cac tryc X y z trong hinh 4.41 cho thay d6 qua diéu chinh ban
dau tang do thanh phan dao ham D 1am ting do nhay v6i d6 qué diéu chinh ban dau.
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Hinh 4.41: D6 thi so sanh toa dd x y z khi in 3D giita bé diéu khién PID véi b diéu
khién PID két hop ILC kiéu D khi ¢6 nhiéu ciia mé hinh dong lyc hoc
- Két qua xtr Iy nhiéu cua bd ILC kiéu D cho thdy nhiu duoc xur Iy hoan toan sau 2
1an hoc nhu trong hinh 4.42.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.42: D6 thi so sanh kha nang xir Iy nhiéu ciia 2 b diéu khién PID véi PID két

hop ILC kiéu D

- Két qua so sanh do thi sai 1éch goc quay khi xir 1y nhidu giita hai phuong phap diéu
khién dugc thé hién trong hinh 4.43, cho thiy bd diéu khién c6 ILC xur 1y nhidu kha
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Hinh 4.43: D06 thi so sanh sai s6 goc quay khi in 3D giita bg diéu khién PID véi bo

diéu khién PID két hop ILC kiéu D khi ¢é nhiéu ciia mé hinh déng liec hoc

- Két qua so sanh hinh in 3D trén hai mit phang Oxy va Oxz giira hai phuong phap
PID (hinh 4.44 & trén) va PID két hop ILC kiéu D (hinh 4.44 ¢ dudi) cho thiy duong
di ctia khau chap hanh khi dung bo diéu khién PID két hop bo diéu khién ILC kiéu
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

D di dugc xur Iy nhidu hoan toan, dudng di khong con bi 1éch gdy anh hudng dén

chat lugng dau ra cua hinh in.

. (Tt x, Toa L 0 (Tod 20 trad », TOS G0 byt 2)

Hinh 4.44: Do thi so sanh theo 2 mdtphcfng Oxy va Oxz cua mé hinh dong luc hoc
gitta b diéu khién PID véi bé diéu khién PID két hop ILC kiéu D khi c¢6 nhiéu
4.3.2.3 Két qud mé phong vé 2D khi ¢é nhiéu tic dong
- Két qua d6 thi so sanh cac truc x y trong hinh 4.45 cho thay d6 qua diéu chinh ban

dau tang do thanh phan dao ham D lam tang d0 nhay véi do qué di€u chinh ban dau.
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Hinh 4.45: Dé thi so sanh toa do x v z khi vé 2D giita bo diéu khién PID véi bo diéu
khién PID két hop ILC kiéu D khi ¢6 nhiéu ciia mé hinh dong lyc hoc
- Két qua xtr Iy nhiéu cua bd ILC kiéu D cho thdy nhiu duoc xur Iy hoan toan sau 2
1an hoc nhu trong hinh 4.46.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.46: Do thi so sanh kha nang khuw nhiéu ciia 2 bo diéu khién PID véi PID két
hop ILC kiéu D
- Két qua so sanh do thi sai 1éch goc quay khi xir 1y nhidu giita hai phwong phap diéu
khién dugc thé hién trong hinh 4.43, cho thay bo dicu khién c6 ILC xur 1y nhiéu kha

tot.
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Hinh 4.47: D6 thi so sanh sai léch géc quay khi vé 2D giita b diéu khién PID véi bo
diéu khién PID két hop ILC kiéu D khi ¢6 nhiéu ciia mé hinh dong lyc hoc
- Két qua so sanh hinh v& 2D trén hai mit phang Oxy gitra hai phwong phap PID (hinh
4.48 bén trai) va PID két hop ILC kiéu D (hinh 4.48 bén phai) cho thay duong di cia
khau chép hanh khi ding bo diéu khién PID két hop bo diéu khién ILC kiéu D da
dugc xtr Iy nhidu hoan toan, duong di khong con bi 1éch gy anh huong dén chat

lugng dau ra cua hinh vé.
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8 (Toa 00 tuc x, Toa do moc ¥ # [Toa 2o truc », Toa o truc y)

Hinh 4.48: Do thi so sanh két qua vé 2D giita bo diéu khién PID véi bé diéu khién
PID két hop ILC kiéu D khi ¢6 nhiéu cia mé hinh dong lyc hoc

4.3.2.4 Panh gid chat lwong hé thong

Dua trén céc tiéu chi chat lugng ma chung ta da dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:

- Thoi gian x4c 1ap ¢, <0.15 giay.

- Sai sd x4c 1ap trung binh e, .

- Phan tram sai s0 xéc lap trung binh £% <2%.

- Phén trim d¢ qua diéu chinh POT < 60%.

Ta xac dinh duogc bang ti€u chi chét lwong cho toa do x y z dau ra cta hé théng
canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t, (gidy) e, &% (%) POT (%)
Truc x 0.0378 0.0059 0.0293% 23.7%
Trucy 0.0245 0.0014 0.0258% 9.4%
Truc z 0.0796 0.0062 0.1113% 300%

Bdng 4.5: Bang chi tiéu danh gid chat heong hé thong sir dung b diéu khién PID két

hop ILC kiéu D ciia mé hinh dong lyc hoc khi in 3D

Ta xac dinh dugc bang ti€u chi chét lugng cho toa d§ x y z dau ra ctia hé théng

canh tay Robot 3 bac tu do khi thyc hién v€ 2D nhu sau:

1, (gidy) e, £% (%) POT (%)
Truc x 0.0375 0.0029 0.0144% 22.36%
Truc y 0.016 0.0018 0.334% 9.4%

Bang 4.6: Bang chi tiéu danh gid chat lirong hé thong sir dung bé diéu khién PID két
hop ILC kiéu D cua mé hinh dong lyc hoc khi vé 2D
Nhan xét:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Dua trén két qua danh gia chét lugng hé thong mé hinh dong luc hoc canh tay Robot
3 bac ty do thyc hién in 3D va v& 2D bang phuong phép st dung bo diéu khién PID
két hop bd diéu khién ILC kiéu D dugc thé hién trong Bang 4.5 va Bang 4.6, co thé
nhan thiy thoi gian xéac lap ¢, va phan trim sai s xac lap trung binh £% di giam
so v6i khi chi sir dung bo diéu khién PID, chi c6 do qua diéu chinh POT (%) cia
truc x va z la c6 xu hudng tang nhe.

- Dbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu dd duoc loai bé gin nhu hoan toan chi sau 2 1an hoc. Diéu nay ching
minh ring viéc tich hop thém bo diéu khién ILC giup hé théng nang cao kha ning
chéng nhidu mét cach hiéu qua, vuot trdi so véi viée chi ding bo diéu khién PID don
thuan.

4.3.3. Két qui mé phéng diéu khién mé hinh Pong lic hoc khi siv dung b diéu khién

PID két hop b diéu khién ILC kiéu P

Duya vio cong thirc hoc lap ctia bo diu khién ILC kiéu P, ta tién hanh mo phong
bo diéu khién ILC kiéu P trén Matlab Simulink nhu sau:
- Cong thuc hoc 1ap cua bd diéu khién ILC kiéu P & mién roi rac:
u, () =u, (1) + K e, (1)
- Mo phéng bo diéu khién ILC kiéu P trén Matlab Simulink:

Hinh 4.49: So' do6 mé phong bé diéu khién ILC kiéu P
Sau nhiéu 1an tinh chinh hé sé K , thi ta lya chon dugc thong s6 ctia bo diéu khién

ILC ki€u P v6i hé s6 K, vasd lanhoc n 1a K, =30 va n=10.
4.3.3.2 Két quda mé phong in 3D khi ¢6 nhiéu tic dong

- Két qua d6 thi so sanh cac truc X y z trong hinh 4.50 cho thay thanh phan P gitip giam

sai léch nhanh chéng nhung lai lam ting d nhay vé6i d6 qua diéu chinh ban dau.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.50: D6 thi so sanh toa dé x y z khi in 3D giita b diéu khién PID véi bo diéu
khién PID két hop ILC kiéu P khi c6 nhiéu ciia mé hinh déng lec hoc
- Két qua xir 1y nhidu ctia bo ILC kiéu P cho thay nhidu dugc xir Iy hoan toan sau 2

1an hoc nhu trong hinh 4.51.
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Hinh 4.51: Pé thi so sanh kha nang khw nhiéu cia 2 bé diéu khién PID véi PID két
hop ILC kiéu P
- Két qua so sanh d thi sai 1éch goc quay khi xir 1y nhiéu giita hai phuong phap diéu
khién duoc thé hién trong hinh 4.52, cho thay bg diéu khién c6 ILC xir 1y nhiéu kha

I4

tot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.52: D6 thi so sanh sai s6 goc quay khi in 3D giita bg diéu khién PID véi bo
diéu khién PID két hop ILC kiéu P khi ¢6 nhiéu ciia mé hinh dong luc hoc
- Két qua so sanh hinh in 3D trén hai mat phang Oxy va Oxz giira hai phuong phap
PID (hinh 4.53 & trén) va PID két hop ILC kiéu P (hinh 4.53 & duéi) cho thiy duong
di cia khau chap hanh khi ding bo diéu khién PID két hop bo diéu khién ILC kiéu
P da duoc xir Iy nhidu hoan toan, dudng di khong con bi léch gdy anh huéng dén

chat lugng dau ra cua hinh in.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.53: Do thi so sanh theo 2 mdtphcfng Oxy va Oxz cua mo hinh dong lyc hoc
giita b diéu khién PID véi bg diéu khién PID két hop ILC kiéu P khi ¢6 nhiéu

4.3.3.3 Két qud mé phong vé 2D khi c¢é nhiéu tac dong

Két qua do thi so sanh céc truc x y trong hinh 4.54 cho thay thanh phan P gitp giam

sai 1éch nhanh chong nhung lai 1am ting d6 nhay voi do qué diéu chinh ban déau.
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Hinh 4.54: Dé thi so sanh toa do x v z khi vé 2D giita bo diéu khién PID véi bo diéu
khién PID két hop ILC kiéu P khi cé nhiéu ciia mé hinh dong luc hoc
- Két qua xir 1y nhidu ctia bo ILC kiéu P cho thay nhiéu dugc xir Iy hoan toan sau 2

1an hoc nhu trong hinh 4.55.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.55: D6 thi so sanh kha néing khir nhiéu ciia 2 bg diéu khién PID véi PID két
hop ILC kiéu P
- Két qua so sanh do thi sai 1éch goc quay khi xir Iy nhidu giita hai phuong phap diéu
khién dugc thé hién trong hinh 4.56, cho thiy bd diéu khién c6 ILC xur 1y nhiéu kha
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Hinh 4.56: Pé thi so sanh sai s6 goc quay khi vé 2D giita bo diéu khién PID véi bé
diéu khién PID két hop ILC kiéu P khi ¢ nhiéu ciia mé hinh dong luc hoc
- Két qua so sanh hinh v& 2D trén hai mat phang Oxy gitta hai phuong phap PID (hinh
4.57 bén trai) va PID két hop ILC kiéu P (hinh 4.57 bén phai) cho thdy duong di ciia
khau chap hanh khi dung bo diéu khién PID két hop bo diéu khién ILC kiéu P da
dugc xir 1y nhidu hoan toan, duong di khong con bi léch gay anh hudng dén chat

lugng dau ra cua hinh vé.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do
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Hinh 4.57: D6 thi so sanh két qua ve 2D giita bo diéu khién PID véi bé diéu khién PID
két hop ILC kiéu P khi ¢6 nhiéu ciia mé hinh dong luc hoc

4.3.3.4 Panh gid chat lwong hé thong

Dua trén céc tiéu chi chat lugng ma chung ta da dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:

- Thoi gian x4c 1ap ¢, <0.15 giay.

- Sai sd x4c 1ap trung binh e, .

- Phan tram sai s0 xéc lap trung binh £% <2%.

- Phén trim d¢ qua diéu chinh POT < 60%.

Ta xac dinh duogc bang ti€u chi chét lwong cho toa do x y z dau ra cta hé théng
canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t. (gidy) e, £% (%) POT (%)
Truc x 0.0137 0.0065 0.0326% 43.35%
Truc y 0.0069 0.0014 0.0249% 28.6%
Truc z 0.1062 0.0062 0.1109% 532.4%

Bdng 4.7: Bdang chi tiéu danh gid chat leong hé thong sir dung b diéu khién PID két

hop ILC kiéu P ciia mé hinh dong lyc hoc khi in 3D

Ta xéc dinh dugc bang tiéu chi chét lugng cho toadd x y dau ra cua hé théng canh

tay Robot 3 bac tu do khi thuc hién vé 2D nhu sau:

. (gidy) e, £% (%) POT (%)
Truc x 0.0147 0.0037 0.0184% 40%
Truc y 0.01 0.0017 0.312% 22.78%

Badng 4.8: Bdang chi tiéu danh gid chat herong hé thong sir dung b diéu khién PID két

Nhan xét:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Dua trén két qua danh gia chét lugng hé thong mé hinh dong luc hoc canh tay Robot
3 bac ty do thyc hién in 3D va v& 2D bang phuong phép st dung bo diéu khién PID
két hop bo diéu khién ILC kiéu P duoc thé hién trong Bang 4.7 va Bang 4.8, c6 thé
nhan thiy thoi gian xéac lap ¢, va phan trim sai s xac lap trung binh £% di giam
nhiéu so v6i khi chi sir dung bo diéu khién PID, d6 qua diéu chinh POT (%) cua truc
X y Z O xu hudng tang.

- Dbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu dd duoc loai bé gin nhu hoan toan chi sau 2 1an hoc. Diéu nay ching
minh ring viéc tich hop thém bo diéu khién ILC giup hé théng nang cao kha ning
chéng nhidu mét cach hiéu qua, vuot trdi so véi viée chi ding bo diéu khién PID don
thuan.

4.3.4. Két qua mé phéng diéu khién mé hinh Pong lic hoc khi siv dung b diéu khién

PID két hop bg diéu khién ILC kiéu PD

Duya vao cong thirc hoc 1dp cua b diéu khién ILC kiéu PD, ta tién hanh m6 phong
bo diéu khién ILC kiéu PD trén Matlab Simulink nhu sau:

- Cong thuc hoc 1ap cua bd diéu khién ILC kiéu PD & mién roi rac:
e()—¢ (-1

S

- M5 phong bo diéu khién ILC kiéu PD trén Matlab Simulink:

U, O =u,()+K e ()+K,

ulk t [ >

Hinh 4.58: So' do mé phéng bé diéu khién PD cho mé hinh SolidWork

Sau nhiéu 1an tinh chinh h¢ s6 K, va K|, thi ta lua chon duoc thong sd ctia bd diéu
khién ILC kiéu PD véi hé sé K ,K, vasdlanhoc n 1a K, =20;K, =0.02 va n=15.

4.3.4.2 Két qud mé phong in 3D khi ¢6 nhiéu tic dong
- Két qua db thi so sanh cac truc x y z trong hinh 4.59 cho thiy d6 qua diéu chinh van
tang so v4i PID do thanh phan P gitip giam sai 1éch nhanh chong nhung lai 1am ting

do nhay vadi do qua diéu chinh ban dau.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.59: D6 thi so sanh toa dé Xy z khi in 3D gitta b diéu khién PID véi bé diéu
khién PID két hop ILC kiéu PD khi c6 nhiéu ciia mé hinh dong luc hoc
- Két qua xir 1y nhiéu ctia bd ILC kiéu PD cho thdy nhiéu dugc xir Iy hoan toan sau 2
1an hoc nhu trong hinh 4.60.
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Hinh 4.60: D6 thi so sanh kha nang khir nhiéu ciia 2 bg diéu khién PID véi PID két
hop ILC kiéu PD
- Két qua so sanh d thi sai 1éch goc quay khi xir 1y nhiéu giita hai phuong phap diéu
khién duoc thé hién trong hinh 4.61, cho thdy bg diéu khién c6 ILC xir 1y nhiéu kha

I4
A

tot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.61: D6 thi so sanh sai léch géc quay khi in 3D giita b diéu khién PID véi bo
diéu khién PID két hop ILC kiéu PD khi ¢6 nhiéu ciia mé hinh dong lyc hoc
- Két qua so sanh hinh in 3D trén hai mat phang Oxy va Oxz giira hai phuong phap
PID (hinh 4.62 & trén) va PID két hop ILC kiéu PD (hinh 4.62 ¢ dudi) cho thiy
duong di ctia khau chp hanh khi ding bo diéu khién PID két hop bd diéu khién ILC
kiéu PD di duoc xur Iy nhiéu hoan toan, dudng di khéng con bi 1éch gy anh hudng

dén chat lugng dau ra cua hinh in.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

N =
| - =
» - O N 00 by » w0 o t
|
| \ 1
prag=—— 3 T
Sl T | J !
| |
¥
4 |
/ S
e -1

Hinh 4.62: Do thi so sanh theo 2 mc_itphcfng Oxy va Oxz cua mo hinh dong lyc hoc
gitta b diéu khién PID véi bé diéu khién PID két hop ILC kiéu PD khi c¢é nhiéu
4.3.4.3 Két qud mé phong vé 2D khi ¢é nhiéu tac dong
- Két qua d6 thi so sanh cac truc x y trong hinh 4.63 cho thiy d6 qua diéu chinh van
tang so v6i PID do thanh phan P gitip giam sai léch nhanh chong nhung lai 1am ting
d6 nhay vé6i d6 qua diéu chinh ban dau.
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Hinh 4.63: Dé thi so sanh toa do x v z khi vé 2D giita bo diéu khién PID véi bo diéu
khién PID két hop ILC kiéu PD khi ¢6 nhiéu ciia mé hinh dong luc hoc
- Két qua xir 1y nhiéu ciia bo ILC kiéu PD cho thay nhiéu dugc xir Iy hoan toan sau 2
14n hoc nhu trong hinh 4.64.

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
Nguyén Pac Thanh 102



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.64: Do thi so sanh kha nang khv nhiéu cua 2 bo diéu khién PID voi PID két
hop ILC kiéu PD

- Két qua so sanh do thi sai 1éch goc quay khi xir 1y nhidu giita hai phuong phap diéu
khién dugc thé hién trong hinh 4.61, cho thiy bd diéu khién c6 ILC xur 1y nhidu kha

tot.
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Hinh 4.65: Pé thi so sanh sai s6 goc quay khi vé 2D giita bo diéu khién PID véi bé
diéu khién PID két hop ILC kiéu PD khi ¢6 nhiéu ciia mé hinh dong luc hoc
- Két qua so sanh hinh v& 2D trén hai mat phang Oxy gitta hai phuong phap PID (hinh
4.66 bén trai) va PID két hop ILC kiéu PD (hinh 4.66 bén phai) cho thay duong di
ctia khau chap hanh khi ding bo diéu khién PID két hop bd diéu khién ILC kiéu PD
da dugc xir Iy nhidu hoan toan, duong di khong con bi léch gay anh huéng dén chat

lugng dau ra cua hinh vé.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do
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Hinh 4.66: D6 thi so sanh két qua vé 2D giita b diéu khién PID véi bg diéu khién PID
két hop ILC kiéu PD khi ¢6 nhiéu ciia mé hinh dong lyc hoc

4.3.4.4 Bdanh gid chat lwong hé thong

Dua trén céc tiéu chi chat lugng ma chung ta di dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:

- Thoi gian xac lap ¢, <0.15 gidy.

- Sai s xéc lap trung binh e, .

- Phan tram sai sd xéc lap trung binh £% <2%.

- Phan traim d¢ qua diéu chinh POT < 60%.

Ta xac dinh duoc bang ti€u chi chét lwong cho toa do x y z dau ra ctia hé théng
canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

1, (gidy) € £% (%) POT (%)
Truc x 0.0129 0.0066 0.0329% 51.1%
Trucy 0.0083 0.0014 0.0246% 36.2%
Truc z 0.1075 0.0061 0.1107% 645.5%

Badng 4.9: Bang chi tiéu danh gid chat leong hé thong sir dung b diéu khién PID két

hop ILC kiéu PD ciia mé hinh dong lyc hoc khi in 3D

Ta x4c dinh dugc bang ti€u chi chat luong cho topa d§ x y z dAu ra cta hé théng

canh tay Robot 3 bac ty do khi thuc hién v& 2D nhu sau:

t, (giay) € £% (%) POT (%)
Truc x 0.0133 0.0037 0.0184% 47.5%
Tryc y 0.01 0.0015 0.309% 29.1%

Bang 4.10: Bang chi tieu danh gia chat lwong hé thong sir dung bé diéu khién PID két
hop ILC kiéu PD cua moé hinh dong luc hoc khi vé 2D
Nhan xét:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Dua trén két qua danh gia chét lugng hé thong mé hinh dong luc hoc canh tay Robot
3 bac ty do thyc hién in 3D va v& 2D bang phuong phép st dung bo diéu khién PID
két hop bo diéu khién ILC kiéu PD duoc thé hién trong Bang 4.9 va Bang 4.10, ¢6
thé nhan thiy thoi gian xac 1ap ¢, va phan trim sai s6 xac lap trung binh % da
giam so v6i khi chi str dung bo didu khién PID, chi ¢6 do quéa diéu chinh POT (%)
ctia truc Z 13 van con xu hudng ting, can tinh chinh lai hé s P hop 1y hon.

- Dbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu dd duoc loai bé gin nhu hoan toan chi sau 2 1an hoc. Diéu nay ching
minh ring viéc tich hop thém bo diéu khién ILC giup hé théng nang cao kha ning
chéng nhidu mét cach hiéu qua, vuot trdi so véi viée chi ding bo diéu khién PID don
thuan.

4.3.5. Két qua moé phéong diéu khién mé hinh SolidWork khi stz dung bé diéu khién

PID két hop b diéu khién ILC kiéu D

Duya vao cong thic hoc 1ap ctia b diéu khién ILC kiéu D, ta tién hanh mé phong
bd diéu khién ILC kiéu D trén Matlab Simulink nhu sau:
- Cong thuc hoc 1ap cua bd diéu khién ILC kiéu D ¢ mién roi rac:

e)—e (-1
T

N

- M5 phong bo diéu khién ILC kiéu D trén Matlab Simulink:

U, (O =u,()+K,

etk t |} >
— ) »- b‘:y >
Kd

|
» uikit

D -‘ a1kl t etk 11 | )| o M } Nan'
eq! - e L *J_J
ol |
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Hinh 4.67: So' do mé phong bé diéu khién ILC kiéu D cho mé hinh SolidWork

Sau nhiéu lan tinh chinh hé s6 K, thi ta lwa chon dugc thong s6 ctia bo diéu khién
ILC kiéu D v6i hé¢ s6 K, vasd lanhoc n 1a K, =1.2x107 va n =10,

4.3.5.2 Két qua mé phong in 3D khi ¢6 nhiéu tic dong

- Két qua so sanh toa do cac truc x y z giita hai phuong phap diéu khién PID (hinh
4.68 bén trai) va PID két hop ILC kiéu D (hinh 4.68 bén phai) cho thiy d6 qua diéu
chinh da giam bét so véi khi chua dung ILC.
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Tén dé tai: Nghién ciru thudt toan diéu khién tay mdy Robot 3 bdc tu do
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Hinh 4.68: Do thi so sanh toa do x vz dau ra cho hinh in 3D ciia mé hinh SolidWork

gitta PID véi PID két hop ILC kiéu D

- Két qua d6 thi so sanh kha ning khtr nhidu tai toa do ba tryc x y z giira hai phuong
phap diéu khién PID (hinh 4.69 bén trai) va PID két hop ILC kiéu D (hinh 4.69 bén
phai) cho thay khi tich hop thém ILC vao thi chi sau 2 1an hoc 1a nhiéu da dugc xtr

Iy rat tot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.69: D06 thi so sanh kha nang xir Iy nhiéu ciia mé hinh SolidWork giita bé diéu
khién PID véi bé diéu khién PID két hop ILC kiéu D
- Két qua so sanh sai léch goc quay g, khi c6 nhiéu tac dong vao giita hai phuong
phap diéu khién PID (hinh 4.70 bén trai) va PID két hop ILC kiéu D (hinh 4.70 bén
phai) cho thay sai léch do nhiéu gay ra tai goc quay q, da giam dang ké khi tich hop
thém bo diéu khién ILC vao.
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Hinh 4.70: D6 thi so sanh sai léch géc quay q, khi in 3D cua mo hinh SolidWork gitra
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu D

- Két qua so sanh hinh in 3D trén hai mit phang Oxy va Oxz giira hai phuong phap

PID (hinh 4.71 & trén) va PID két hop ILC kiéu D (hinh 4.71 & dudi) cho thiy duong
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
di ciia khau chip hanh khi ding bo diéu khién PID két hop bo diéu khién ILC kiéu

D d3 dugc xir Iy nhidu hoan toan, dudng di khong con bi 1éch gdy anh hudéng dén

chat lugng dau ra cua hinh in.
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Hinh 4.71: D6 thi so sanh do thi theo 2 mdt phang Oxy va Oxz ciia mé hinh SolidWork
gitta bé diéu khién PID véi bg diéu khién PID két hop ILC kiéu D khi ¢é nhiéu

4.3.5.3 Két qud mé phong vé 2D khi ¢é nhiéu tac dong

- Két qua so sanh toa do cac truc x y giita hai phwong phap diéu khién PID (hinh 4.72
bén trai) va PID két hop ILC kiéu D (hinh 4.72 bén phai) cho thdy d6 qua diéu chinh
da giam bat so véi khi chua dung ILC.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.72: o thi toa dé Xyz dau ra cho hinh vé 2D ciia mé hinh SolidWork sir dung
bé diéu khién PID két hop bé diéu khién ILC kiéu D
- Két qua dd thi so sanh kha ning khtr nhiéu tai toa do ba tryc x y gitta hai phuong
phap diéu khién PID (hinh 4.73 bén trai) va PID két hop ILC kiéu D (hinh 4.73 bén
phai) cho thay khi tich hop thém ILC vao thi chi sau 2 1an hoc 1a nhiéu da dugc xtr
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Iy rat tot.
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Hinh 4.73: D6 thi so sanh kha ning xir Iy nhiéu ciia mé hinh SolidWork giita bg diéu
khién PID véi bé diéu khién PID két hop ILC kiéu D
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Két qua so sanh sai léch goc quay g, khi c6 nhiéu tac dong vao gifta hai phuong
phép diéu khién PID (hinh 4.74 bén trai) va PID két hop ILC kiéu D (hinh 4.74 bén
phai) cho thiy sai léch do nhiéu gay ra tai goc quay q, da giam dang ké khi tich hop
thém b diéu khién ILC vao.

D8 e asi 3 goc g §3 P thoe gan sl theng 5O du Miidn P
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Hinh 4.74: D6 thi so sanh sai léch géc quay q, khivé 2D cua mo hinh SolidWork giira
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu D
- Két qua so sanh hinh v& 2D trén miat phang Oxy giita hai phuong phap PID (hinh
4.75 bén trai) va PID két hop ILC kiéu D (hinh 4.75 bén phai) cho thay duong di ciia
khau chép hanh khi diung bo diéu khién PID két hop bo diéu khién ILC kiéu D da
dugc xtr Iy nhidu hoan toan, duong di khong con bi 1éch gy anh hudng dén chat
luong dau ra cta hinh vé.

® (Toa o fruc x: Toa do vwg ¥ ® (Toa do truo & Too 4o buc

Hinh 4.75: Do thi so sanh hinh vé 2D dau ra ciia mé hinh SolidWork giita bo diéu
khién PID va b diéu khién PID két hop bé diéu khién ILC kiéu D
4.3.5.4 Panh gid chat lwong hé thong
Dua trén céc tiéu chi chit lugng ma chung ta di dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:
- Thot gian x4c 1ap ¢, <0.15 giay.
- Sai s6 x4c 1ap trung binh e,, .
- Phan tram sai s0 xéc lap trung binh £% <2%.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Phén trim d¢ qua diéu chinh POT < 60%.

Ta x4c dinh dugc bang ti€u chi chit lugng cho topa d§ x y z dau ra cta hé théng

canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

1, (giay) €y £% (%) POT (%)
Truc x 0.0099 0.0128 0.0639% 75.8%
Truc y 0.0099 0.0127 0.2307% 52%
Truc z 0.012 0.001 0.0186% 1464%

Bdng 4.11: Bang chi tiéu danh gid chat hrong hé thong sir dung bé diéu khién PID két
hop ILC kieu D cua mo hinh SolidWork khi in 3D ,
Ta xac dinh duoc bang ti€u chi chat luong cho toa dd x y z dau ra cia h¢ thong

canh tay Robot 3 bac tu do khi thuc hién vé 2D nhu sau:

1, (gidy) €y £% (%) POT (%)
Tryc x 0.0099 0.0048 0.0238% 69%
Truc y 0.01 0.0026 0.0712% 44.3%

Bdng 4.12: Bang chi tiéu danh gid chat lwong hé thong sir dung bé diéu khién PID két
hop ILC kiéu D cua mo hinh SolidWork khi vé 2D
Nhan xét:

- Dua trén két qua danh gia chat lugng hé thong mé hinh canh tay Robot 3 bac ty do
xay dung trén SolidWork thyc hién in 3D va vé& 2D bang phuong phap st dung bo
diéu khién PID két hop bo diéu khién ILC kiéu D duoc thé hién trong Bang 4.11 va
Bang 4.12, ¢6 thé nhén thay thoi gian xac 1ap t, khong thay d6i nhiéu do bo PID da
t6i wu tot tidu chi ndy, phan trim sai s6 xac lap trung binh £% da giam so véi khi
chi sir dung bo diéu khién PID, con do qua diéu chinh POT (%) giam kha nhiéu tuy
nhung van con rit cao so vdi tiéu chi dé ra.

- Dbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu da dugc loai bo g::in nhu hoan toan chi sau 2 1an hoc. DPiéu nay chung
minh rang viéc tich hop thém bo diéu khién ILC gitp hé thong nang cao kha ning
chéng nhiéu mot cach hiéu qua, vugt troi so voi viée chi dung bd diéu khién PID.

4.3.6. Két qua mé phéong diéu khién mé hinh SolidWork khi siv dung bé diéu khién

PID két hop b$ diéu khién ILC kiéu P

Duya vio cong thirc hoc lap ctia bo diéu khién ILC kiéu P, ta tién hanh mo phong
b6 diéu khién ILC kicu P trén Matlab Simulink nhu sau:
- Cong thirc hoc lap cua bo diéu khién ILC kiéu P & mién roi rac:
u () =u, () +K /()
- Mo phong b diéu khién ILC kiéu P trén Matlab Simulink:

Sinh vién thuc hién: Luu Quang Thai GVHD: TS. Truong Thi Bich Thanh
Nguyén Pac Thanh 111



Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

I o utkit
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Hinh 4.76: So' d6 mé phong bé diéu khién ILC kiéu P cho mé hinh SolidWork

Sau nhiéu lan tinh chinh hé sé K , thi ta lya chon duoc thong s6 cua bo diéu khién

ILC kiéu P v6i hé s6 K, vasd lanhoc n 1a K, =0.15 va n=10.

4.3.6.2 Két qud mé phong in 3D khi ¢é nhiéu tic dong

- Két qua so sanh toa do cac truc x y z gitta hai phuong phap diéu khién PID (hinh
4.77 bén trai) va PID két hop ILC kiéu P (hinh 4.77 bén phai) cho thiy d6 qua dicu
chinh da giam bdt so véi khi chua dung ILC. Tuy nhién, thoi gian xéc 1ap tang nhe

do bo diéu khién ILC kiéu P giam sai s6 tir tir qua tirng vong hoc 13p can nhiéu vong

lip dé dat sai s6 nho.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

Hinh 4.77: Do thi so sanh toa do Xyz dau ra ciia mé hinh SolidWork gitta bo diéu
khién PID véi bg diéu khién PID két hop ILC kiéu P
- Két qua d6 thi so sanh kha ning khtr nhidu tai toa do ba truc x y z giira hai phuong
phép diéu khién PID (hinh 4.78 bén trai) va PID két hop ILC kiéu P (hinh 4.78 bén
phai) cho thiy khi tich hop thém ILC vao thi chi sau 2 1an hoc 13 nhiéu di duoc xur
ly rat tbt.
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Hinh 4.78: D06 thi so sanh kha nang xir Iy nhiéu ciia mé hinh SolidWork giita bé diéu
khién PID véi bé diéu khién PID két hop ILC kiéu P
- Két qua so sanh sai léch goc quay g, khi c6 nhiéu tac dong vao giita hai phuong
phap diéu khién PID (hinh 4.79 bén trai) va PID két hop ILC kiéu P (hinh 4.79 bén
phai) cho thiy sai 1éch do nhiéu gay ra tai goc quay q, da gidam dang ké khi tich hop
thém b diéu khién ILC vao.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.79: D6 thi so sanh sai léch géc quay q, khi in 3D cua mo hinh SolidWork gitia
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu P
- Két qua so sanh hinh in 3D trén hai mat phang Oxy va Oxz giira hai phuong phap
PID (hinh 4.80 & trén) va PID két hop ILC kiéu P (hinh 4.80 & du6i) cho thiy duong
di ctia khau chap hanh khi dung bo diéu khién PID két hop bd dicu khién ILC kiéu
P d3 duoc xtr Iy nhidu hoan toan, dudng di khong con bi 1éch gdy anh huéng dén
chat luong dau ra cta hinh in.
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Hinh 4.80: D6 thi so sanh do thi theo 2 mdt phang Oxy va Oxz ciia mé hinh SolidWork
gitta b diéu khién PID véi bg diéu khién PID két hop ILC kiéu P khi ¢6 nhiéu
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

4.3.6.3 Két qua mé phong vé 2D khi c6 nhiéu tac dong

- Két qua so sanh toa do céc truc x y giira hai phuong phap diéu khién PID (hinh 4.81
bén trai) va PID két hop ILC kiéu P (hinh 4.81 bén phai) cho thdy d6 quéa diéu chinh
da giam bét so véi khi chua dung ILC. Tuy nhién, thoi gian xac 1ap tang nhe do bo
diéu khién ILC kiéu P giam sai sd tir tir qua tirng vong hoc lip can nhiéu vong lap dé

dat sai s0 nho.
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Hinh 4.81: Pé thi so sanh toa do Xy dau ra ciia mé hinh SolidWork gitta bo diéu
khién PID véi bé diéu khién PID két hop ILC kiéu P
- Két qua d6 thi so sanh kha nang khtr nhiéu tai toa do 2 truc x y gitta hai phuong phap
diéu khién PID (hinh 4.82 bén trai) va PID két hop ILC kiéu P (hinh 4.82 bén phai)
cho thiy khi tich hop thém ILC vao thi chi sau 2 1an hoc 1a nhidu di dugc xir 1y rat
tot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.82: D6 thi so sanh kha nang xir Iy nhiéu ciia mé hinh SolidWork giita bé diéu
khién PID véi bg diéu khién PID két hop ILC kiéu P
- Két qua so sanh sai léch goc quay g, khi c6 nhiéu tac dong vao gitta hai phuong
phép diéu khién PID (hinh 4.83 bén trai) va PID két hop ILC kiéu P (hinh 4.83 bén
phai) cho thay sai léch do nhiéu gay ra tai goc quay q, da giam dang ké khi tich hop
thém bo diéu khién ILC vao.
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Hinh 4.83: D6 thi so sanh sai léch géc quay q, khivé 2D cua mé hinh SolidWork gitia
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu P
- Két qua so sanh hinh vé& 2D trén mat phang Oxy giita hai phuong phap PID (hinh
4.84 bén trai) va PID két hop ILC kiéu P (hinh 4.84 bén phai) cho thiy duong di ctia
khau chap hanh khi dung bo diéu khién PID két hop bo diéu khién ILC kiéu P da
dugc xir 1y nhidu hoan toan, duong di khong con bi léch gay anh hudng dén chat
luong dau ra cia hinh vé.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

W (Toa <o truc x. Toa co e y # (Toa 2o fruc x. Toa do 1

Hinh 4.84: Do thi so sanh hinh vé 2D dau ra ciia mé hinh SolidWork giita bo diéu
khién PID va bé diéu khién PID két hop bg diéu khién ILC kiéu P

4.3.6.4 Panh gid chat lwong hé thong

Dua trén céc tiéu chi chat lugng ma chung ta da dé ra tir phan trude thi ta co cac
chi s6 chat lugng sau:

- Thoi gian xac lap ¢, <0.15 gidy.

- Sai s6 xéc lap trung binh e, .

- Phan tram sai sd xéc lap trung binh £% <2%.

- Phén trim d¢ qua diéu chinh POT < 60%.

Ta xac dinh duogc bang ti€u chi chét luong cho toa do x y z dau ra cta hé théng
canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t, (gidy) e, &% (%) POT (%)
Truc x 0.013 0.0129 0.0645% 79.9%
Trucy 0.012 0.0127 0.2311% 66.5%
Truc z 0.014 0.00104 0.0189% 1962%

Badng 4.13: Bang chi tiéu danh gid chat lrong hé thong sir dung b diéu khién PID két

hop ILC kiéu P ciia mé hinh SolidWork khi in 3D

Ta xac dinh duoc bang tiéu chi chat luong chotoadd x y dau ra cua hé th6ng canh
tay Robot 3 bac tu do khi thuc hién vé 2D nhu sau:

1, (gidy) €y £% (%) POT (%)
Truc X 0.013 0.0049 0.0244% 71.8%
Truc y 0.012 0.0028 0.0756% 57.2%

Bang 4.14: Bang chi tieu danh gid chat lwong hé thong sir dung bé diéu khién PID két
hop ILC kiéu P cua mo hinh SolidWork khi vé 2D
Nhan xét:
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Dua trén két qua danh gia chit lvong hé thdng mé hinh canh tay Robot 3 bac tu do
xay dung trén SolidWork thyc hién in 3D va v& 2D bang phuong phap st dung bd
diéu khién PID két hop bo diéu khién ILC kiéu P duoc thé hién trong Bang 4.13 va
Bang 4.14, c6 thé nhan thay thoi gian xac 1ap ¢, tang nhe, tuy nhién phan trim sai
s6 x4c 1ap trung binh £% di giam so v6i khi chi str dung bd didu khién PID, con do
qua diéu chinh POT (%) giam so voi PID tuy nhung van con rat cao so véi tiéu chi
dé ra.

- Pbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu da dugc loai bo gén nhu hoan toan chi sau 2 1an hoc. Piéu nay ching
minh rang viéc tich hgp thém bo diéu khién ILC gitp hé thong nang cao kha ning
chéng nhidu mét cach hiéu qua, vuot trdi so vai viée chi dung bo diéu khién PID.

4.3.7. Két qua mé phéng diéu khién mé hinh SolidWork khi siv dung bé diéu khién

PID két hop bg diéu khién ILC kiéu PD

Dua vao cong thirc hoc 1ap ctia bo diéu khién ILC kiéu PD, ta tién hanh mo phong
b6 diéu khién ILC kiéu PD trén Matlab Simulink nhu sau:

- Cong thuc hoc 1ap cua bd diéu khién ILC kiéu PD & mién roi rac:
AQRAUG))

s

- Mo phéng bo diéu khién ILC kiéu PD trén Matlab Simulink:

U, O =u,)+K,e()+K,

ulk t [ >

Hinh 4.85: So' do mé phéng bé diéu khién ILC kiéu PD cho mé hinh SolidWork
Sau nhiéu lan tinh chinh h¢ s6 K, va K|, thi ta lua chon dugc thong so ctia bo diéu
khién ILC kiéu PD véi h¢ s6 K,,K, va s6 lan hoc n 1a K, =0.02;K, =0.0001 va
n=15.
4.3.7.2 Két qud mé phong in 3D khi ¢6 nhiéu tic dong
- Két qua so sanh toa do cic truc X y z giita hai phwong phap diéu khién PID (hinh
4.86 bén trai) va PID két hgp ILC kiéu PD (hinh 4.86 bén phai) cho thiy do qua diéu
chinh da giam bét so véi khi chua dung ILC.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.86: Do thi so sanh toa dé x vz dau ra ciia mé hinh SolidWork gitta bo diéu
khién PID véi bé diéu khién PID két hop b¢ diéu khién ILC kiéu PD
- Két qua d6 thi so sanh kha ning khtr nhidu tai toa do ba tryc x y z giira hai phuong
phap diéu khién PID (hinh 4.87 bén trai) va PID két hop ILC kiéu PD (hinh 4.87 bén
phai) cho thay khi tich hop thém ILC vao thi chi sau 2 1an hoc 1a nhiéu da dugc xtr

Iy rat tot.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.87: D6 thi so sanh kha nang xir Iy nhiéu ciia mé hinh SolidWork giita bé diéu
khién PID véi bé diéu khién PID két hop ILC kiéu PD

- Két qua so sanh sai léch goc quay g, khi c6 nhiéu tac dong vao giita hai phuong
phap diéu khién PID (hinh 4.79 bén trai) va PID két hop ILC kiéu P (hinh 4.79 bén
phai) cho thay sai léch do nhiéu gay ra tai goc quay q, da giam dang ké khi tich hop
thém bo diéu khién ILC vao.
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Hinh 4.88: D6 thi so sanh sai léch géc quay q, khi in 3D cua mo hinh SolidWork gitra
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu PD

- Két qua so sanh hinh in 3D trén hai mit phang Oxy va Oxz giira hai phuong phap
PID (hinh 4.89 ¢ trén) va PID két hop ILC kiéu PD (hinh 4.89 ¢ dudi) cho thy
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

duong di ctia khau chip hanh khi dung bo diéu khién PID két hop bd diéu khién ILC
kiéu PD d3 duoc xur Iy nhidu hoan toan, dudng di khéng con bi 1éch gy anh hudng

dén chat lugng dau ra cua hinh in.

Hinh 4.89: D6 thi so sanh do thi theo 2 mdt phang Oxy va Oxz ciia mé hinh SolidWork
gitta b diéu khién PID véi bé diéu khién PID két hop ILC kiéu PD khi c¢é nhiéu

4.3.7.3 Két qud mé phong vé 2D khi ¢é nhiéu tac dong

- Két qua so sanh toa d céac truc x y gitra hai phuong phap diéu khién PID (hinh 4.90
bén trai) va PID két hop ILC kiéu PD (hinh 4.90 bén phai) cho thiy do qua diéu
chinh da gidm bdt so vai khi chua dung ILC.
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do
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Hinh 4.90: Pé thi so sanh toa do x y dau ra ciia mé hinh SolidWork gitta bo diéu khién
PID véi bé diéu khién PID két hop ILC kiéu PD

- Két qua d6 thi so sanh kha nang khtr nhiéu tai toa d6 2 truc x y gitta hai phuong phap

diéu khién PID (hinh 4.91 bén trai) va PID két hop ILC kiéu PD (hinh 4.91 bén phai)

cho thiy khi tich hop thém ILC vao thi chi sau 2 1an hoc 1a nhidu di dugc xir 1y rat

tot.
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Hinh 4.91: D6 thi so sanh kha nang xir Iy nhiéu ciia mé hinh SolidWork giita bé diéu
khién PID véi bg diéu khién PID két hop ILC kiéu PD
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Tén dé tai: Nghién ciru thudt todn diéu khién tay mday Robot 3 bdc tir do

- Két qua so sanh sai léch goc quay g; khi c6 nhiéu tac dong vao giita hai phwong phip
diéu khién PID (hinh 4.92 bén trai) va PID két hop ILC kiéu PD (hinh 4.92 bén phai)
cho thiy sai 1éch do nhiu gay ra tai gbc quay g, da giam dang ké khi tich hop thém
b6 diéu khién ILC vao.
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Hinh 4.92: D6 thi so sanh sai léch goc quay q, khi vé 2D cua mo hinh SolidWork giita
bé diéu khién PID véi b diéu khién PID két hop ILC kiéu PD
- Két qua so sanh hinh v& 2D trén miat phang Oxy giita hai phuong phap PID (hinh
4.93 bén trai) va PID két hop ILC kiéu PD (hinh 4.93 bén phai) cho thay duong di
ctia khau chap hanh khi ding bo diéu khién PID két hop bd diéu khién ILC kiéu PD
da duoc xur Iy nhidu hoan toan, duong di khong con bi léch gdy anh huong dén chat
lwong dau ra cua hinh vé.

® (Toa 2o fruc x. Toa Go o ¥

Hinh 4.93: D6 thi so sanh hinh vé 2D ddu ra ciia mé hinh SolidWork giita bé diéu
khién PID va bé diéu khién PID két hop b¢ diéu khién ILC kiéu PD
4.3.7.4 Panh gid chat lwong hé thong
Duya trén cac tiéu chi chat luong ma chiing ta di dé ra tir phan trude thi ta c6 cac
chi s6 chat lugng sau:
- Thoi gian x4c 1ap ¢, <0.15 giay.
- Sai sb x4c lap trung binh e, .
- Phén trim sai s6 x4c 14p trung binh £% < 2%.
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

- Phan trim d6 qua diéu chinh POT < 60%.

Ta x4c dinh dugc bang ti€u chi chit lugng cho topa d§ x y z dau ra cta hé théng

canh tay Robot 3 bac tu do khi thuc hién in 3D nhu sau:

t, (gidy) e £% (%) POT (%)
Truc x 0.01 0.0128 0.0639% 75.4%
Trucy 0.01 0.0127 0.2306% 58.1%
Truc z 0.014 0.001025 0.0186% 1651.2%

Badng 4.15: Bang chi tiéu danh gid chat lrong hé thong sir dung bé diéu khién PID két
hop ILC kiéu PD cua mé hinh SolidWork khi in 3D ,
Ta xac dinh dugc bang tiéu chi chat luong cho toa do x y dau ra ctia hé thong canh

tay Robot 3 bac tu do khi thuc hién vé 2D nhu sau:

1, (gidy) ¢ £% (%) POT (%)
Truc x 0.01 0.0047 0.0237% 69.1%
Truc y 0.01 0.0025 0.0703% 50%

Bdng 4.16: Bang chi tiéu danh gid chat lwong hé thong sir dung bé diéu khién PID két
hop ILC kiéu PD cua mé hinh SolidWork khi vé 2D
Nhan xét:

- Dua trén két qua danh gia chat lugng hé thong mé hinh canh tay Robot 3 bac ty do
xay dung trén SolidWork thyc hién in 3D va vé& 2D bang phuong phap st dung bo
diéu khién PID két hop bo diéu khién ILC kiéu PD dugc thé hién trong Bang 4.15
va Bang 4.16, c6 thé nhan thay thoi gian x4c 1ap ¢, khong thay d6i nhidu do bo PID
d3 t6i wu tot tiéu chi nay, tuy nhién phan trim sai s xac lap trung binh £% da giam
so v6i khi chi sir dung bo diéu khién PID, con d6 qua diéu chinh POT (%) giam kha
nhiéu tuy nhung van con rat cao so véi tiéu chi dé ra.

- Dbi v6i nhidu tac dong, két qua cho thay khi str dung két hop bo diéu khién PID va
ILC, nhiéu da dugc loai bo g::in nhu hoan toan chi sau 2 1an hoc. DPiéu nay chung
minh rang viéc tich hop thém bo diéu khién ILC gitp hé thong nang cao kha ning

chong nhiéu mdt cach hiéu qua, vuot trdi so véi viée chi dung bo dieu khién PID.

4.4. So sanh, nhin xét két qua md phéng giira 2 phwong phap diéu khién sir dung
bo diéu khién PID v6i b diéu khién PID két hop ILC
4.4.1. So sinh, nhin xét két qui moé phéng mé hinh dong lwc hoc giva 2 phwong
phdp diéu khién

Sau khi thyc hién mo phong diéu khién mo hinh dong luc hoc canh tay Robot 3
bac ty do thuc hién in 3D va vé& 2D bang hai phuong phap diéu khién 13 st dung bo diéu
khién PID va sir dung bo diéu khién PID két hop cac bo diéu khién ILC kiéu D, P, PD
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Tén dé tai: Nghién cieu thudt todn diéu khién tay mdy Robot 3 béc tw do

thi ta thu duoc cac thong sé danh gia chit luong hé théng. Dua vao cac thong sb do,

chung ta 14p bang so sanh giita 2 phuong phap diéu khién cho mé hinh dong luc hoc

nhu sau:
- Débi véi hinh in 3D:
PID PID +ILC | PID+ILC | PID +ILC
D P PD
t, (giay) 0.0383 0.0378 0.0137 0.0129
True x e, 0.0069 0.0059 0.0065 0.0066
’ £% (%) 0.0345% 0.0293% 0.0326% 0.0329%
POT (%) 15.24% 23.7% 43.35% 51.1%
t, (giay) 0.0258 0.0245 0.0069 0.0083
T e, 0.0018 0.0014 0.0014 0.0014
rucy
£% (%) 0.0322% 0.0258% 0.0249% 0.0246%
POT (%) 9.58% 9.4% 28.6% 36.2%
t, (gidy) 0.0808 0.0796 0.1062 0.1075
T € 0.0065 0.0062 0.0062 0.0061
ruc z
£% (%) 0.1174% 0.1113% 0.1109% 0.1107%
POT (%) 241.8% 300% 532.4% 645.5%

Bang 4.17: Bdng so sanh két qua mé phong mé hinh dong luc hoc khi in 3D giita cac
phwong phap diéu khién khac nhau

- Déi véi hinh vé 2D:
PID PID +ILC | PID+ILC | PID +ILC
D P PD
t, (gidy) 0.0383 0.0375 0.0147 0.0133
T € 0.0037 0.0029 0.0037 0.0037
ruc x
£% (%) 0.0189% 0.0144% 0.0184% 0.0184%
POT (%) 14.56% 22.36% 40% 47.5%
t, (gidy) 0.0191 0.016 0.01 0.01
€ 0.002 0.0018 0.0017 0.0015
Trucy
£% (%) 0.3474% 0.334% 0.312% 0.309%
POT (%) 7.06% 9.4% 22.78% 29.1%

Bdng 4.18: Bang so sanh két qua mé phong mé hinh dong luc hoc khi ve 2D giita cac
 phwrong phap diéu khién khac nhau
Nhan xét: Dya trén két qua so sanh danh gia chat lugng hé thong moé hinh dong luc hoc

canh tay Robot 3 bac tu do thuc hi¢n in 3D va v€ 2D giita cac phuong phap sir dung bo
diéu khién PID véi bo diéu khién PID két hop ILC kiéu D, P va PD dugc thé hién trong
Bang 4.17 va Bang 4.18, ta c6 thé thay:
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e Dbi v6i phuong phéap sir dung bo didu khién PID: gitip cho hé théng dat duoc thoi
gian xac 1ap z,, sai sd xac 1ap va do qua diéu chinh & mirc chap nhéan duoc, tuy do
qua diéu chinh & truc z con kha cao. Bén canh d6, khi xt 1y nhiéu thi bo diéu khién
PID khong khir nhifu hoan toan ma chi giup hé dap tng lai va duy tri duoc 6n dinh
thoi, chir gia trj sai s6 lic xdy ra nhidu van con kha cao gy anh huéng dén chit
lwong hinh in va hinh v& déu ra.

e Déi véi phuong phap PID két hop ILC kiéu D: Viéc két hop PID véi bo diéu khién
ILC kiéu D giup cai thién dang ké sai sd xac 1ap trung binh e, Vva phan trim sai s6
xac lap trung binh £% trén ca ba truc x y z dau ra. Mirc d6 dao dong POT (%) duoc
kiém soat 6n dinh & mirc trung binh, tuy c6 tang nhe ¢ hai truc x va z. Con vé van dé
khir nhiéu thi ILC kiéu D xir Iy tot dugc nhiéu chi sau 2 1an hoc, diéu nay ching
minh rang viéc tich hgp thém bo diéu khién ILC gitp hé thong nang cao kha ning
chéng nhiéu mét cach hiéu qua.

e Dbi v6i phuong phap PID két hop ILC kiéu P: Bo diéu khién ILC kiéu P mang lai
thoi gian xac l1ap 7, ngén hon rat nhiéu so v6i bo PID va PID két hgp ILC kiéu D,
chtng t6 kha ning dap Gmg nhanh ciia hé théng. Tuy nhién, nhuge diém 16n cia
phuong phap nay 1a do quéa diéu chinh POT (%) rat cao va khong 6n dinh, dic biét
tai truc z, lam gidm do tin cdy va an toan trong diéu khién. Phan tram sai s xac 1ap
trung binh £% cling dugc cai thién vugt troi hon so véi ILC kiéu D. Con vé van dé
khir nhiu thi ILC kiéu P ciing xur 1y tot dugc nhidu chi sau 2 1an hoc nhu ILC kiéu
D, diéu nay chirg minh rang viéc tich hop thém bo diéu khién ILC gitip hé thong
nang cao kha nang chéng nhiéu mét cach hiéu qua.

e Dbi véi phuong phap PID két hop ILC kiéu PD: Pay la phuong phap cho két qua
téng thé can bang tot nhat gitta cac chi tiéu: thoi gian x4c 1ap ¢, nhanh, sai s6 trung
binh nho va sai sd tuong ddi thép. Tuy nhién, tuong ty nhu ILC kiéu P, d6 qua diéu
chinh tai tryc z van ting manh (c6 thé 1én dén gan 700%), gay lo ngai trong cac bai
toan yéu cau d6 6n dinh va chinh xac cao. O truc x va y, cac chi tiéu déu ting so véi
PID don thuén, cho thay can thém cac phuong phap méi dé giam do qua diéu chinh.
Con vé kha nang khir nhiéu ciing gidng nhu hai loai D va P, xtr Iy nhiéu t6t chi sau 2
lan hoc.

Két luan: Trong bon phuong phéap diéu khién duoc so sanh, PID két hop ILC kiéu PD

va PID két hop ILC kiéu D 14 hai lya chon téi wu hon PID don thuan vé d6 chinh xac va

thoi gian dap (mg. Tuy nhién, van dé d6 qua diéu chinh tai truc z van con ton tai, dic
biét khi sir dung cac phuong phap c6 thanh phan ti 1¢ (ILC kiéu P va ILC kiéu PD). Do
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d6, dé dat hiéu qua diéu khién toan dién, can tiép tuc nghién ctru giai phap giéi han do

qua diéu chinh.

4.4.2. So sinh, nhin xét két qua mé phéng mé hinh SolidWork giita 2 phwong phdp

diéu khién

Sau khi thyc hién mé phong diéu khién mé hinh canh tay Robot 3 bac tu do xay

dung trén SolidWork thuc hién in 3D va vé& 2D bang hai phuwong phap diéu khién 12 sir
dung bo diéu khién PID va sir dung bo diéu khién PID két hop cac bo diéu khién ILC

kiéu D, P, PD thi ta thu duoc cac thong sé danh gia chat luong hé thong. Dya vao cac

thong s do, chung ta 1ap bang so sanh giita 2 phwong phap diéu khién cho mé hinh

SolidWork nhu sau.
- Dbi véi hinh in 3D:
PID PID +ILC | PID+ILC | PID +ILC
D P PD
t, (gidy) 0.01 0.0099 0.013 0.01
T € 0.018 0.0128 0.0129 0.0128
ruc x
£% (%) 0.0898% 0.0639% 0.0645% 0.0639%
POT (%) 92.05% 75.8% 79.9% 75.4%
t, (giay) 0.01 0.0099 0.012 0.01
e, 0.0146 0.0127 0.0127 0.0127
Trucy
£% (%) 0.2825% 0.2307% 0.2311% 0.2306%
POT (%) 102.2% 52% 66.5% 58.1%
1, (giay) 0.0141 0.012 0.014 0.014
Truc z e, 0.0011 0.001 0.00104 0.001025
’ £% (%) 0.0227% 0.0186% 0.0189% 0.0186%
POT (%) 3662% 1464% 1962% 1651.2%

Badng 4.19: Bang so sanh két qua mé phong mo hinh SolidWork khi in 3D giita cac
phuong phap diéu khién khdc nhau

- Déi véi hinh vé& 2D:
PID PID +ILC | PID +ILC | PID +ILC
D P PD
1, (giay) 0.01 0.0099 0.013 0.01
Truc x e, 0.0112 0.0048 0.0049 0.0047
i £% (%) 0.0584% 0.0238% 0.0244% 0.0237%
POT (%) 80% 69% 71.8% 69.1%
, (gidy) 0.012 0.01 0.012 0.01
Trucy €, 0.0032 0.0026 0.0028 0.0025
£% (%) 0.0869% 0.0712% 0.0756% 0.0703%
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POT (%) 88.7% 44.3% 57.2% 50%

Bang 4.20: Bdng so sanh két qua mé phong mé hinh SolidWork khi vé 2D giita cdc

phirong phép diéu khién khdac nhau

Nhan xét: Dya trén két qua so sanh danh gia chét lugng hé thong mé hinh canh tay

Robot 3 bac tu do xay dung trén SolidWork thuc hién in 3D va v€ 2D gitra cac phuong
phap st dung bo diéu khién PID véi bo diéu khién PID két hop ILC kiéu D, P va PD
dugc thé hién trong Bang 4.19 va Bang 4.20, ta c6 thé thiy:

Déi véi phuong phap sir dung bo diéu khién PID: Thoi gian xac 1ap t, gan nhu giéng
nhau va rat nho trén ca ba truc (0.01-0.0141 gidy), cho thiy phan tmg nhanh, sai s6
xac lap trung binh e, va phan trim sai sb xac 1ap trung binh¢ % & mirc cao hon so
v6i cac phuong phap con lai, cho thdy do chinh xac con han ché, P9 qua diéu chinh
POT (%) dac biét 16n ¢ truc Z (trén 3600% khi in 3D), phan dnh su dao dong qua
d6 manh mé& va nguy co gy mat on dinh trong qua trinh diéu khién.

Déi voi phuong phap PID két hop ILC kiéu D: C6 sy cai thién rd rét vé do chinh
Xac, VOi e, vd £% giam manh & cé ba truc. Vi du, €% & truc x giam tir khoang
0.0898% xudng con 0.0639% (in 3D) va tir 0.0584% xudng 0.0238% (vé 2D). Po
qua diéu chinh POT (%) ciing dugc giam dang ké, dic biét ¢ tryc Z (giam con
khoang 1440—1480%), cho thay kha ning triét tiéu dao dong t6t hon PID thuan tiy.
Day 1a phuong phap can bang t6t giita thoi gian dap (mg nhanh va cai thién tinh 6n
dinh cho hé thong.

Déi véi phuong phap PID két hop ILC kiéu P: Phuong phép nay gitp gidm nhe sai
sd xac lap trung binh e, va van giit dugc thoi gian xic lap ¢, ngan tuy khong bang
PID. Tuy nhién, so v6i ILC-D, hiéu qua giam dao dong POT (%) khong cao bang,
dic biét van con dao dong 16n ¢ truc Z (khoang 1940-2000%). Mac du dd chinh xac
c6 cai thién, nhung kha ning lam giam d¢ qua diéu chinh khong manh bang ILC kiéu
D hay ILC kiéu PD.

Déi véi phuwong phap PID két hop ILC kiéu PD: Pay 1a phuong phap mang lai su
cai thién déng déu céa vé sai s6 va do qua diéu chinh & cé ba truc. Pic biét, do qua
diéu chinh & truc Z khi in 3D duogc giam xudng mic thap (~1650%), cho thay hiéu
qua trong viéc khir dao dong ban dau va nang cao do 6n dinh. Mrc sai sb trung binh
cling & muc thap, twong dwong hodc tét hon ILC kiéu D va ILC kiéu P. Tong thé,
day 1a phuong phap t6i wu nhét trong bon phuong 4n xét theo tit ca cac tiéu chi.

Két lun: Tl cac bang s6 lidu 4.19 va 4.20, cho ta thdy viéc két hop diéu khién hoc lap

(ILC) véi bo diéu khién PID rd rang cai thién déang ké chat lugng diéu khién so véi PID
thuan tay. Trong d6, PID két hop ILC kiéu PD cho két qua tot nhat vé tong thé (can bang
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giira tbc do, d6 chinh xac va mirc dao dong thap), PID két hop ILC kiéu D ciing 1a mot
lya chon hi¢u qua véi kha nang gidm sai s6 va dd qua diéu chinh kha t6t. Bén canh do,
viéc xur Iy nhiéu sau 2 14an hoc cua cac bo PID két hop ILC kha tdt, cho théy viéc tich
hop bo diu khién ILC vao giup hé thdng nang cao kha ning chdng nhidu mét cach hiéu

qua.
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KET LUAN VA HUONG PHAT TRIEN
1. Kétluin

Trong dd 4n tt nghiép 1an ndy, nhém da tip trung nghién ctru va trién khai cac
phuong phap diéu khién cho canh tay Robot 3 bac tr do, v6i muyc tiéu dénh gia hiéu
qua diéu khién giita hai phuwong phap phd bién 1a PID don thuin va PID tich hop
thém diéu khién hoc lip (ILC). Théng qua viéc xay dung mé hinh dong hoc, dong
luc hoc, thiét k& mé hinh 3D trén SolidWork va thwc hién mé phong trén
Matlab/Simulink, d0 4n d& hoan thanh dﬁy du cac ndi dung dat ra va dat dugc nhitng
két qua:

Cu thé, nhom di tién hanh nghién ctru tong quan vé robot cong nghiép, nhan
manh vao ciu tric, nguyén 1y hoat dong va ing dung thyc tién cta canh tay robot 3
bac tu do. Dya trén cac co so ly thuyét vé dong hoc va dong luc hoc, nhom da xay
dung mé hinh toan hoc cta robot bang phuwong phap Denavit—Hartenberg dé mo ta
dong hoc thuan va dong hoc nghich, dong thoi 4p dung phuong trinh Lagrange dé
thiét 1ap mo hinh dong luc hoc phan d4nh mdi quan hé giita momen va chuyén dong
ctia robot. Bén canh d6, mé hinh 3D cua canh tay Robot ciing duoc thiét ké bang
phén mém SolidWorks nham hd tro truc quan hoéa cAu truc co khi, trong khi toan bd
hé thong diéu khién va mo phong hoat dong cua robot dugc trién khai trén nén tang
Matlab/Simulink, qua d6 tao tién dé vitng chic cho viéc thir nghiém cac phuong
phap diéu khién trong cac chuong tiép theo.

Tiép ndi chuong xdy dung mo hinh, nhom di tién hanh trién khai hai phuong
phap diéu khién chinh cho canh tay robot 3 bac tu do, bao gém bo diéu khién PID
don thuan va b PID tich hop diéu khién hoc 1ap (ILC), véi muc tiéu diéu khién robot
bam theo quy dao cho truéc mot cach chinh xac va 6n dinh.

- Dbi voi bo diéu khién PID don thudn, nhom da xay dung mo hinh diéu khién
dua trén nguyén 1y hiéu chinh sai s theo ba thanh phan: ti 1& (P), tich phan (I)
va dao ham (D). Qua mé phong trén méi trudng Matlab/Simulink, b diéu khién
PID don thuan cho thay kha nang dap (mg nhanh, dé trién khai. Tuy nhién, trong
céc tinh hudng yéu cau do chinh xac cao qua nhiéu lan lap hodc hé thdng thay
d6i theo thoi gian, bo diéu khién PID boc 16 nhuoc diém nhu ting sai s6 tich liy
va giam kha ning thich nghi v6i nhiéu.

- Nguoc lai, phuong phap diéu khién bang bo PID tich hop diéu khién hoc lip
(ILC) duoc trién khai nham tan dung dic tinh 13p lai coa hé théng dé cai thién
dd chinh xac theo thoi gian. B diéu khién ILC hoat dong béng cach hoc tir sai
s6 & mdi chu ky 1ap va hiéu chinh diéu khién & cac chu ky tiép theo, giup hé
thong dan hoi tu dén quy dao mong mudn. Két qua mé phong cho thay tich hop
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thém ILC vao bo diéu khién PID dic biét hiéu qua trong cac tac vu lap lai, lam

giam dang ké sai s6 va dam bao dau cudi ciia canh tay robot dat vi tri chinh xé4c

hon sau mdi lan lap.

Viéc so sanh két qua mo phong giira hai phuwong phap cho thy ring bd diéu
khién PID két hop ILC c6 hi€u qua vuot troi hon so véi viéc chi st dung PID don
thuan. Tr d6, d6 4n d3 dwa ra danh gia rd rang vé hiéu qua thuc tién cua phuong
phap diéu khién tich hop, dong thoi gop phan dé xuit hudng ap dung phu hop cho
cac hé théng robot thuc té co yéu cau cao vé do chinh xac trong cac tac vu lap lai.

2. Huéng phat trién

Tir nhitng két qua da dat duoc trong qué trinh nghién ctru va mé phong diéu
khién canh tay robot 3 bac ty do bang bd diéu khién PID va két hop PID véi ILC,
nhém nhén thdy van con nhiéu tiém ning dé mé rong va nang cao chét luong diéu
khién trong cac nghién ctru tiép theo.

Trude hét, viéc trién khai mo hinh trén phén cung thuc té 1a bude can thiét nhim
kiém nghiém do chinh xac va tinh kha thi ctia bo diéu khién trong diéu kién méi
truong thue, ¢6 nhidu va sai sé khong mé phong duoc. Viée tich hop cam bién phan
hdi vi tri, toc do thuc va do luong sai sb quy dao sé gitip hiéu chinh mé hinh mot
cach chinh xac hon.

Bén canh do, c6 thé mo rong mo hinh tir canh tay robot 3 bac tu do 1én céc cAu
truc phuc tap hon nhu 4 hoac 6 bac tu do, tor d6 danh gia kha nang ap dung ctua bd
diéu khién PID két hop ILC trong cac hé théng robot cong nghiép da bac co tinh linh
hoat cao hon. Ngoai ra, viéc cai tién bo diéu khién ILC theo hudng thich nghi
(Adaptive ILC) hodc két hop thém véi cac bd diéu khién hién dai nhu LQR, MPC
cling 1a huéng di kha thi nham ting kha nang thich Gmg va t6i wu hoa hiéu suit diéu
khién trong cac méi trudng bién dong.

Cudi cing, nhom ciing dinh hudng phat trién hé théng diéu khién thong minh
hon bang cach két hop thuét toan hoc may (Machine Learning) dé ti uu héa thong
s6 diéu khién PID — ILC dua trén dit lidu thu thap dugc tir qua trinh van hanh thuc

té, gop phan nang cao do chinh xac va hiéu suat h¢ thong mot cach ty dong.
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PHU LUC

Code dau vao cho canh tay Robot:

Hinh v€ 2D:
function [x, y, z] = ngoi_sao(t)

n =5;

R = 10;

r =R * sin(pi / (2 * n)) / cos(pi / n);
X_center = 20;

y_center = 0;

z_center = 0;

T = 10;

theta = (©:2*n-1) * pi / n + pi/2;

radii = repmat([R, r], 1, n);

x_vertices = x_center + radii .* cos(theta);

y_vertices = y center + radii .* sin(theta);

segment_time = T / (2 * n);

index_float = mod(t / segment_time, 2 * n) + 1;

index = floor(index_float);

alpha = index_float - index;

x = (1 - alpha) * x_vertices(index) + alpha * x_vertices(mod(index, 2 * n)
+1);

y = (1 - alpha) * y_vertices(index) + alpha * y_vertices(mod(index, 2 * n)
+1);

z = z_center;

end

Hinh in 3D:
function [x, y, z] = hinh_cau(t)
R = 5;
n_turns
T_total
X0 = 20;
yo = 5.5;
z0 = 5.5;
if t <o
t =0;
elseif t > T _total
t = T _total;

10;
10;



end

s =t / T_total;

phi = pi * (1 - s);

theta = 2 * pi * n_turns * s;

X = X0 + R * sin(phi) * cos(theta);
y = y0 + R * sin(phi) * sin(theta);
z =20 + R * cos(phi);

Hinh 3D trén Matlab:

R = 5;

n_turns 10;

T total = 10;

t = linspace(@, T_total, 5000);

X0 = 20;

yo = 5.5;

z0 = 5.5;

X = zeros(size(t));

y = zeros(size(t));

z = zeros(size(t));

for i = 1:length(t)
s = t(i) / T_total;
phi = pi * s;
theta = 2 * pi * n_turns * s;
x(1) = x0 + R * sin(phi) * cos(theta);
y(i) = yo + R * sin(phi) * sin(theta);
z(i) = z0 + R * cos(phi);

end

plot3(x, y, z, 'b', 'LineWidth', 1.5);

axis equal;

grid on;

xlabel('X"); ylabel('Y'); zlabel('Z");

title('Quy dao xoan 6c trén mdt cau véi tam (20, @, 5)');

bong hoc nghich:

function [qlr, g2r, g3r] = DongHocNghich(xd, yd, zd)
11 = 13.7;

12 = 20;



13 = 23;

glr = atan2(yd,xd);

E = xd*cos(qlr) + yd*sin(qlr);
F = E~"2 + zd"2 - 2*zd*11 + 1172 - 1272 - 1372;

€3 = F/(2%12%13);
c3 = max(min(c3, 1), -1);
s3 = sgrt(1 - c372);

g3r = atan2(s3,c3);

TS c2 = E*(12 + 13*c3) + 13*s3*(1l1 - zd);
TS_s2 = (11 - zd)*(12 + 13*c3) - E*13*s3;
MS = (12 + 13*c3)"2 + (1372)*(s372);

c2 = TS_c2/MS;

s2 = TS_s2/MS;

g2r = atan2(s2,c2);

end

bong hoc thuan:

function [x_EE, y_EE, z EE] = DongHocThuan(qld, g2d, g3d)
11 = 13.7;

12 = 20;

13 = 23;

X_EE = cos(qld)*(12*cos(qg2d) + 13*cos(qgq2d + g3d));

y _EE = sin(qld)*(12*cos(qg2d) + 13*cos(g2d + q3d));
z EE = 11 - 12*sin(q2d) - 13*sin(q2d + q3d);
end

Phuong trinh Lagrange dong luc hoc canh tay Robot 3DOF:
function [T1,T2,T3] = fcn(q92,93,q91d,q2d,q3d,qldd,g2dd,q3dd)

11 = 13.7;
12 = 20;
13 = 23;
R = 9.25;
g = 9.8;
ml = 3;
m2 = 2;

m3 2;



mll = 0.5*ml*R;

m22 = ((m2/3)+m3)*(1272) + (1/3)*m3*(1372) + m3*12*13*cos(q3);
m23 = (1/3)*m3*(1372) + @0.5*m3*12*13*cos(q3);
m32 = m23;

m33 = (1/3)*m3*(1372);

M= [mll © ©9; © m22 m23; @ m32 m33];

cll = 0;

cl2 = 0;

cl3 = 0;

c2l = 0;

c22 = -m3*12*13*q3d*sin(qg3);

c23 = -m3*12*13*qg2d*sin(g3) - 0.5*m3*12*13*q3d*sin(qg3);
c31 = 0;

€32 = 0.5*m3*12*13*q2d*sin(q3);

c33 = 0;

C = [c11 c12 c13; c21 c22 c23; c31 c32 c33];
gl = 0;

g2 = (0.5*m2+m3)*g*12*cos(q2) + ©.5*m3*g*13*cos(q2+q3);
g3 = 0.5*m3*g*13*cos(q2+g3);

G = [gl;82;83];

dg = [qld;q2d;q3d];

ddg = [qldd;q2dd;q3dd];

T = (M*ddq) + (C*dq) + G;

T1 = T(1);

T2 = T(2);

T3 = T(3);

end

Code b¢ diéu khién ILC:

clc;

clear;

Ts = 0.001;

time = (0:Ts:10)";

a3_
a3_
a3_

noise value = zeros(size(time));
noise value(time >= 4 & time <= 4.1) = 0.25;
noise = [time, g3_noise_value];



elk t = [time zeros(length(time),1)];
elk_tl1 = [time zeros(length(time),1)];
ulk_t = [time zeros(length(time),1)];

e2k_t = elk_t;
e2k_t1 = elk_t;
u2k_t = ulk_t;

e3k_t = elk_t;
e3k_t1 = elk_t;
usk_t = ulk_t;

N =1;
n = 15;

for i = 1:n

if i==

nhieu = g3_noise;
else

nhieu = [time, zeros(length(time),1)];
end

sim( 'DATN_Robot3DOF_ILC_PD DLH');

elk ti1(2:end,2) = elk _t(1:end-1,2);
elk_ti(end,2) = elk ti(end-1,2);
elk_t = elkl_t;

ulk_t = ulkl_t;

e2k_t1(2:end,2) = e2k_t(1l:end-1,2);
e2k_til(end,2) e2k_ti(end-1,2);
e2k_t = e2kl_t;

u2k_t = u2kl_t;

e3k_ti1(2:end,2) = e3k_t(1l:end-1,2);
e3k_ti(end,2) = e3k_tl(end-1,2);
e3k_t = e3kl_t;

udk_t = u3kl t;

N=N+1;

end

Code tinh toan cac chi tiéu danh gia chit luong hé thong:



t = tout;

el = abs(xd - xr);
e2 = abs(yd - yr);
e3 = abs(zd - zr);

A up_x = 1.02*abs(xd);
A _down_x = 0.98*abs(xd);
nl = length(xr);
rangel = (abs(xr) >= A_down_x) & (abs(xr) <= A_up_x);
form = 1:n1
if all(rangel(m:end))
t x1 x = t(m);
break;
end
end

A up_y = 1.02*abs(yd);
A _down_y = 0.98*abs(yd);
n2 = length(yr);
range2 = (abs(yr) >= A_down_y) & (abs(yr) <= A_up_y);
for j = 1:n2
if all(range2(j:end))
txly = t(3);
break;
end
end

A up_z = 1.02*abs(zd);
A _down_z = 0.98*abs(zd);
n3 = length(zr);
range3 = (abs(zr) >= A _down_z) & (abs(zr) <= A up_z);
for 1 = 1:n3
if all(range3(l:end))
t x1_z = t(1);
break;
end
end

t_tinhtoan x = t >= t x1 x;
e tb x = mean(el(t_tinhtoan x));



xd_tb = mean(xd(t_tinhtoan _x));
pt_ex _tb = (abs(e_tb_x/xd_tb))*100;

t_tinhtoan_y = t >= t_x1_y;

e_tb_y = mean(e2(t_tinhtoan_y));
yd_tb = mean(yd(t_tinhtoan_y));
pt_ey_tb = (abs(e_tb_y/yd_tb))*100;

t_tinhtoan_z = t >= t_x1_z;

e_tb_z = mean(e3(t_tinhtoan_z));
zd_tb = mean(zd(t_tinhtoan_z));
pt_ez tb = (abs(e_tb_z/zd tb))*100;

fprintf('=== DANH GIA CHAT LUQONG HE THONG ===\n');

fprintf('Thdi gian xac lap x:
fprintf('Thoi gian xdac lap y:
fprintf('Thoi gian xac lap z:
fprintf('Sai s6 xac lap trung
fprintf('Sai s6 xac lap trung
fprintf('Sai s6 xac lap trung
fprintf('Phan tram sai sé xac
fprintf('Phan tram sai s6 xac
fprintf('Phan tram sai s6é xac

%.4Ff giay\n', t_x1_x);

%.4f giay\n', t_x1_y);

%.4f giay\n', t_x1_z);

binh x: %.4f\n', e_tb x);

binh y: %.4f\n", e_tb_y);

binh z: %.6f\n", e_tb_z);

lap trung binh x:%.4f%%\n',pt_ex_tb);
1ap trung binh y:%.4f%%\n',pt_ey_tb);
lap trung binh z:%.4f%%\n',pt_ez_tb);



