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Mé& dau

Hién nay, viéc robot xuat hién da thay ddi rat nhiéu tht trong cudc séng cua con
ngudi ndi chung va cac nganh cong nghiép noi riéng. Hau hét moi nguoi ¢6 nhitng
hiéu biét vé robot chi dirng lai & cac hinh anh nhu: nhitng chi robot véi tri thdng minh
nhan tao, ¢ thé giao tiép, gitip d& viéc nha, ban hang trong siéu thi, cham séc cac cu
gia hay trong tré... Va hau hét chiing ta déu khong dé y dén vai tro dac biét quan trong
cua canh tay robot trong nhirng nganh cong nghiép, ché tao, lap rap va san xuat hién
dai & khip cac nha may, cong xuong trén thé gigi.

Canh tay robot 1a mot trong nhirng robot phé bién nhét duogc sir dung trong cac
quy trinh san xuét. Canh tay robot déu duoc lap trinh va sir dung trong hau hét céc
truong hop dé thuc hién cac nhiém vu cu thé, phd bién nhat cho san xuat, ché tao va
cac trng dung céng nghiép.

Tuy nhién viéc lap trinh énh diéu khién canh tay robot 1 diéu khong don gian,
n6 doi hoi sy chinh xé&c va on dinh. Vi vay viéc 1ap sin 1 doan chuong trinh c¢6 sin s&
gilp viéc diéu khién mot cach dé dang va tich kiém thoi gian, hon thé nita c6 thé ap
dung chuong trinh nay dén tat ca canh tay robot khac. Piéu nay gilp tiét kiém duoc
thoi gian va céng stc. Viéc hoc tap va thuc hanh ngay trén cac tay may robot cong
nghiép khi chua thanh thao va hiéu rd chuyén dong caa robot 13 hét sic nguy hiém. Do
d6, str dung phan mém dé thyc hién mé phong hoat déng cua robot 14 rat quan trong.
Trong dao tao thi nhu cau thiét ké va mé phong hoat dong cua cac tay may dugc mong
muén sir dung rat nhiéu gilp ngudi hoc ndm chic vé cau tao, nguyén ly hoat dong, giai
cac bai toan dong hoc, ciing nhu diéu khién robot. Tuy nhién cac phan mém dé phuc
vu chuyén biét @& md phong robot trong ddo thi con rat han ché, dé ciing 13 1i do ta
chon dé tai md phong canh tay robot ¢& nho phuc vu dio tao.


https://www.fasolutions.vn/su-xuat-hien-cua-canh-tay-robot-trong-cong-nghiep/

Chwong 1. Tong quan

1.1. Pit van dé

Tir thoi €6 xua, con ngudi dd mong mudn tao ra nhitng vat gidong minh dé bat
ching phu vu cho ban than minh. Vi du nhu trong kho than thoai Hy Lap c6 chuyén
ngudi khong 16 Promethe duc ra nguoi tir dat sét va truyén cho ho sy séng. Cho dén
nhitng ndm 40 nha vin vién tuong nguoi Nga, Issac Asimow, md ta robot 1a mét chiéc
maéy tu dong, mang dién mao cua con ngudi, duoc diéu khién bang mot hé than kinh
kha trinh Positron, do chinh con nguoi lap trinh. Asimov ciing dat tén cho nganh khoa

hoc nghién citu vé robot 1a Robotics, trong d6 ¢6 3 nguyén tic co ban:
- Robot khong duoc xuc pham con ngudi va khéng gay tén hai cho con
nguoi.
- Hoat dong cua robot phai tuan theo cac quy tac do con ngudi dat ra. Cac quy

tac nay khdng duoc vi pham nguyén tac tha nhat.

- Mot robot phai bao vé sy séng ctia minh, nhung khong duoc vi pham 2

nguyeén tic trudc.
CAac nguyén tic trén sau nay tro thanh nén tang cho viéc thiét ké robot.

Tur su hu cdu cua khoa hoc vién tudng, robot dan dan dugc gi6i ki thuat hinh
dung nhu mét chiéc may dic biét, duoc con ngudi phong tac theo ciu tao va hoat dong
ctia chinh minh, dung dé thay thé minh trong mot sé cong viéc nhat dinh. Pé hoan
thanh nhiém vu d6, robot can ¢ kha ning cam nhan cac thdng s trang thai caa moi
truong va tién hanh cac loat hoat dong twong ty con nguoi. Kha niang hoat dong cua
robot dugc dam bao bai hé théng co khi, gdm co cdu van dong dé di lai va co cu hanh
dong dé co thé 1am viéc. Viéc thiét ké va ché tao hé thdng nay thuoc linh vuc khoa hoc

Vé co cau truyén dong, chap hanh va vat liéu co khi.

Chtic nang cam nhan, gém thu nhan tin hiéu vé trang thai méi trudng va trang
thai cua ban than hé thdng, do cac cam bién (sensor) va cac thiét bi lién quan thuc
hién. Hé thong nay duoc goi 1a hé théng thu nhan va xt Iy tin hiéu, hay don gian 1a hé

thdng cam bién.



Muén phdi hop hoat dong cua hai hé thdng trén, dam bao cho robot c6 thé tu
minh tu diéu chinh “hanh vi” ciia minh va hoat dong theo ddng chic nang quy dinh
trong diéu kién mdi truong thay doi, trong d6 robot phai c6 hé théng diéu khién. Xay
dung cac hé thdng diéu khién thudc pham vi dién tir, ki thuat diéu khién va cong nghé

thong tin.

Mot cach don gian, Robotics duoc hiéu 1a mét nganh khoa hoc, ¢6 nhiém vu
nghién ciru vé thiét ké, ché tao cac robot va tng dung ching trong céc linh vuc hoat
dong khac nhau caa x& hoi lodi ngudi, nhu nghién ctu khoa hoc-ky thuat, kinh té,
qudc phong va dan sinh. Tir hiéu biét so bo vé chuc nang va két cdu cua robot, ching
ta hiéu Robotics 1a mot khoa hoc lién nganh, gém co khi, dién tir, k§ thuat diéu khién
va cdng nghé tin hoc. Theo thuat ngir hién nay, robot 1a san pham caa nganh co- dién

tur (Mechatronics).

Theo khia canh nhan vin va khia canh khoa hoc — ki thuat caa viéc ché tao
robot théng nhat & mot diém: thuc hién hoai bao cua con ngudi, 12 tao ra thiét bi thay

thé minh trong nhitng hoat dong khong thich hop véi minh, nhu:

- Céc ¢ong viéc lip di 1ap lai, nham chén, nang nhoc: van chuyén nguyén vt

liéu, 1ap rap, lau don nha, ...

- Trong mdi truong khac nhiét hodc nguy hiém: nhu ngoai khéng gian vii tru,

trén chién trudong, dudi nude sau, trong 10ng dat, noi c6 phong xa, nhiét do cao, ...

- Nhirng viéc doi hoi do chinh x4c cao nhu thong tic mach mau hoic céc dng

dan trong co thé, Iap rap cac cau tu trong vi mach, ...

Linh vuc ¢ng dung cua robot rat rong va ngay cang duoc ma rong thém. Ngay nay,
khéi niém vé robot ¢4 ma rong hon khai niém nguy@n thay rat nhiéu. Su phong tac vé
két cau, chuc nang, dang vé cia con nguoi 1a can thiét nhung khéng con ngu tri trong
ky thuat robot nira. Két cay cua co thé nguoi va ching ciing c6 thé thuc hién duoc
nhitng viéc vuot xa kha nang cua con nguoi.

Hién nay, véi viéc phat trién vuot bac caa khoa hoc céng nghé da giup chung ta
rat nhiéu trong viéc xay dung va san suat, dac biét 1a trong linh vuc cdng nghiép [1].
Nho sy phat trién cia nhitng robot diéu khién da gia ting ning suat lam viéc va phat
trién, dac biét 1a cac tay may robot trong cong nghiép. Robot cong nghiép thudng co
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hai loai cau triic: dang chudi hoic song song. Robot ciu tric dang chudi ¢ khong gian
lam viéc rong nhung do chinh xac va kha nang chiu tai kém hon. Do vay, viéc sir dung
cau truc loai nao thuong phu thudc vao tng dung cu thé. Vi du nhu ¢ng dung gap tha
vat, phun son, k¥ thuat han va lap rap thuong dung robot chudi, trong khi d6 ¢ng dung

gia cong co khi hay thiét bi mé phong budng 1ai thuong ding robot song song.

Trong thuc té cong nghiép, thi robot chudi van dugc phd bién hon va viéc phan
tich, thiét ké cho chung ciing c6 phan don gian hon robot song song. Su linh hoat va
khdng gian 1am viéc cua robot chudi phu thudc vao sb bac ty do. Vi vay ma nhiéu loai

robot cdng nghiép 5 hoic 6 bac ty do dugc cac cong ty chi trong phat trién.

Tién loi 13 nhu vay nhung viéc diéu khién cac tay may robot khdng phai 1a diéu
don gian, ching ta phai nhap céc 1énh chwong trinh 1am viéc dé cd thé diéu khién
nhitng tay may robot nay. Thé nhung viéc lap trinh cach doan dir liéu dé co thé diéu
khién cénh tay robot I rit mat thoi gian hon thé nira trong viéc l4p trinh ta c6 thé xay
ra nhitng 15i lién quan dén cac ma lénh vi vay viéc lap trinh dé diéu khién canh tay

robot 12 rat mat thoi gian va d& c6 sai sot.

Hién nay c6 kha nhiéu phan mém cua cac hang Ion trén thé gigi hd trg thuc
hién md phong hoat dong robot. Chang han nhu phan mém easy-rob, diy a mot phan
mém phuc vu cho viéc 1ap ké hoach va md phong san xuat khi st dung céc té bao
robot trong day chuyén. Tat ca cac chudi xu Ii khi sir dung robot vi du nhu: cam niam,
lip rap, son phi, han déu duoc lap chuong trinh cu thé bang phan mém nay va cac tinh
toan d6 ngay 1ap tac duoc cu thé héa bang md hinh 3D ngay trong phan mém. Cac
hoat dong cua robot duoc md phong cd thé gdm chi 1 robot hoic cung mét ldc nhiéu

robot véi cac phién ban cao cap hon ctia phan mém. Phan mém nay cho phép:

- Kiém tra dugc tinh nang va hoat dong cua mat cu hinh robot di c6 sén, hd
tro cho viéc sir dung, sip xép mot tram robot hiéu qua hon ciing nhu gitp
cho viéc quyét dinh dau tu vao mét loai robot nao d6 dwogc hop Ii va chinh
xac hon, tir d6 tiét kiém dwoc rat nhiéu chi phi va thoi gian.

- Thiét ké m&i mét loai robot nao dé, c6 thé sir dung phan mém nay két hop
véi hé théng 3D CAD kiém tra kha nang lam viéc cia cau hinh robot. Kha

nang nay hd tro rat tét cho viéc thiét ké mai.



Kha nang hd trg nghién ciu hoc tap vé robot. Nho kha niang mé phong
chinh xé&c va linh hoat cac cau hinh robot ma phan mém Easy-rob ¢ thé xay
dung cac gido cu ao truc quan cho phép ngudi hoc va ngudi nghién ciru co
thé quan sét va tinh toan cu thé cac ciu hinh robot ciing nhu hiéu hon vé qué
trinh diéu khién robot bang phuong phap day hoc ma khéng can co robot

thuc té.

Hozc phan mém FD on Desk 1a phan mém méd phong robot nachi va cho phép

phan mém caa bo diéu khién FD/CFD hoat dong qua diéu khién caa may tinh trén ban

lam viéc hodc bat ky may tinh nao c6 cai dit phan mém FD on Desk. Phan mém FD on

Desk c¢6 cac tinh nang dac biét sau :

C6 thé duoc dung ¢ bat ctr dau, véi bat ctr hé diéu hanh nao. Khong yéu cau
phan cimg dic biét

Lap trinh robot, kiém tra chuong trinh trudce khi dua robot vao van hanh,
kiém tra trinh tu cac budc van hanh, ...

CAc tap tin CAD (nhu IGES, STEP v...v...) c¢6 thé duoc insert vao trong
viéc md phong robot nachi . Vi vay, cd thé thuc hién 1ap trinh ngoai tuyén
va kiém tra su giao thoa giira cac thiét bj ngoai vi v..v...

Cho phép thuc hién md phong theo thoi gian chu trinh vai d6 chinh xac cao
Bang cach két ndi may tinh véi bo diéu khién FD/CFD, c6 thé thuc hién céc
thiét 1ap cua FD/CFD ma khong can diéu khién robot truc tiép. C6 cac chuc
nang giam sat tir Xa.

C6 thé 1ap trinh ngoai tuyén (“day”) mot chuong trinh lam viéc khi dang xac
nhan tu thé robot hay tin hiéu 1/0.

C6 thé thiét dat chuong trinh PLC, cac diéu kién han, thiét ké IFP v...v...
C6 thé thiét 1ap cac thong sé khac nhau cho cac chuwong trinh PLC, diéu kién
han va thiét ké giao dién bang diéu khién ciing nhu cac chuong trinh lam
Viéc.

Tat ca c4c tap tin hoan toan twong thich v&i bo diéu khién FD/CFD, cho
phép d& dang phat lai cac trang thai hoat dong cua cac don vi thuc té trén
ban lam viéc.



- FD on Desk gilp ching ta ¢ thé dao tao ma chua can c6 robot nachi thuc
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te.

Bén canh d6 con cocac phan mém RobotStudio md phong robot cua hing ABB,
hodc cua hang Universal Robots. Tuy nhién day déu l1a nhitng phan mém di kém voi
cac robot cia cac hang, do d6 viéc str dung phan mém véi mot mé hinh robot bat ky
khac s& gap kho khan va van dé ban quyén.

Viéc md phong chuyén dong céanh tay robot c6 thé gidp ta hiéu dugc nguyén Iy
ciu tao va hoat dong cua canh tay robot. Tao ra duoc lénh diéu khién robot c6 thé ap
dung dén nhitng canh tay robot khac, gilp ta tiét kiém thoi gian lap trinh chuong trinh
chuyén dong va ting cao do chinh xac. Gilp ta hiéu hon vé phan mém SolidWorks va
lap trinh ung dung véi Visual Studio bang C++ dé xay dung chuong trinh mé phong
3D dong hoc cua robot phuc vu trong dao tao.

1.2. Ly do lya chon dé tai

Hién nay tai Khoa Co khi — Co dién tor da ¢6 mé hinh tay may robot c& nhoe
duoc ché tao phuc vu quang b tuyén sinh, nhung tay may nay hoat dong dya trén mot
quy dao duoc xac dinh truéc trong bo diéu khién. Pé thuc hién md phong va diéu
khién theo nhitng quy dao khac chwa duoc thuc hién. Tir mong muén xay dung mot
phan mém c6 thé md phong dugc hoat dong cua robot va tién toi diéu khién truc tiép
tay may robot do, dé tai ngién ctru va md phong chuyén dong tay may robot mini da
duogc lya chon. San pham cua dé tai s& gidp hoc sinh va sinh vién ¢6 thé hiéu rd hon vé

CAu tao va hoat dong cua céanh tay robot.

1.3. Muc tiéu

Nghién cau tim hiéu ang dung phan mém SolidWorks va lap trinh ¢ng dung
véi Visual Studio bang C++ dé xay dung chwong trinh mé phong 3D dong hoc cua
robot phuc vu trong dao tao. Chuong trinh dugc tao ra c6 thé thyc hién mé phong
dong hoc cua céc tay may robot khac nhau nho vao viéc vé md hinh trén SolidWorks
hodc phan mém vé& 3D bat ky va thiét 1ap tép tin cu hinh mé ta robot do.
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Chuwong 2. Xay dweng mo hinh 3D cta robot

2.1. Tim hiéu phan mém SolidWorks
2.1.1. Lich si¢ phan mém SOLIDWORKS:

SOLIDWORKS la phan mém thiét ké 3D chay trén hé diéu hanh Windows va
cd mat tor nam 1997, dugc tao boi cdng ty Dassault Systemes SOLIDWORKS
Corp.,la mot nhadnh cua Dassault Systemes, S. A. (Vélizy, Phép) [2].
SOLIDWORKS hién tai duoc dung bai hon 2 triéu kj su va nha thiét ké voi hon
165,000 cong ty trén toan thé gioi.

2\
PS SOLIDWORKS

Hinh 2.1: Logo phan mém SOLIDWORKS

Cong ty SolidWorks duoc thanh 1ap vao thang 12 nam 1993 boi Hirschtick, tot
nghiép truong MIT noi tiéng- Massachusetts Institute of Technology; Hirschtick st
dungl triéu $ ma anh ta gay dung duoc khi Ia thanh vienMIT Blackjack Team dé
thanh 1ap cong ty. Tru so ban ddu ¢ Waltham, Massachusetts, USA, Hirschtick tuyén
dung mot nhdm k§ su nham tao mot phan mém 3D CAD dé sir dung, gia ca phai
chang, va co thé tiy bién trén Windows desktop. Sau nay d6i dia chi 1a Concord,
Massachusetts, SolidWorks da phat hanh phién ban dau tién SolidWorks 95, nim
1995. Nam 1997 Dassault, Cong ty néi tiéng nhat véi phan mém CATIA, d3 mua lai
SolidWorks véi 310 triéu d6 la c6 phiéu. SolidWorks hién tai c6 mot sé phién ban nhu
SolidWorks CAD, eDrawings mét cdng cu hd trg, va DraftSight, mot san pham 2D
CAD.SolidWorks duogc diéu hanh béi John McEleney tir 2001 toi July 2007 va Jeff
Ray tir 2007 t6i thang 1-2011. CEO hién tai la Bertrand Sicot.
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2.1.2. Tdt cd nhitng tinh néng ciia phan mém SOLIDWORKS:

a) Thiét ké mé hinh 3D

Trong phan mém SOLIDWORKS thi day duoc coi 1a tinh ning ndi bat véi viéc
thiét ké cac cac bién dang 2D ban s& dung duoc cac khéi 3D theo yéu cau.

b) Lap rap cac chi tiét

Céc chi tiét 3D sau khi duogc thiét ké xong bai tinh nang thiét ké co thé lap rap
lai v&i nhau tao thanh mot b phan may hoac mét may hoan chinh. Tinh nang nay giup
ban dé dang chinh stra, thoa strc sang tao va nghién ciu dé dang cho nhiing san pham

moi.
c) Xudt ban vé dé dang

Phan mém SOLIDWORKS cho phép ta tao cac hinh chiéu vudng goc cac chi
tiét hodc cac ban lap vai ti 18 va vi tri do nguoi s dung quy dinh ma khéng anh huong
dén kich thuéc.

Cong cu tao kich thudc tu dong va kich thudc theo quy dinh cua nguoi sur
dung. Sau d6 nhanh chéng tao ra cac chu thich cho cac 16 mét cach nhanh chdng. Chuc
ning ghi d6 nham bé mit, dung sai kich thudc va hinh hoc duoc st dung dé dang.

d) Tinh nang Tab va Slot

Phan mém SOLIDWORKS 2018 cho phép ngudi dung tu dong tao ra céc tinh
ning tab va slot duoc sir dung dé tu Iip ghép cac bo phan han. Céc tinh ning cai tién
kim loai khac bao gom tinh ning Normal Cut mé&i dam bao duy tri khoang céach thich
hop cho san xuat, va kha niang udn méi cho phép nguoi ding tao méi va trai phang
g6c udn.

e) Cdi tien Quan Iy duw &n va quy trinh

SOLIDWORKS Manage cung cap cong cu quan ly di liéu, du an, va quan ly
quy trinh trong mot géi phan mém quen thudc. Cac kha nang quan ly cac du &n, va
quan ly quy trinh dugc thém vao SOLIDWORKS PDM Professional.

f) Caéc tién ich cdi tién

Online Licensing gilp cho viéc sir dung céc license trén nhiéu may tinh tién lgi
12



hon trudce rat nhiéu. SOLIDWORKS Login s& chuyén cac noi dung va cai dit cac tly
chin dén bat ky may tinh nao dwoc cai SOLIDWORKS, trong khi Admin Portal cho
phép quan ly c&c san pham va dich vy cua SOLIDWORKS dé dang hon.

9) Tinh nang gia cOng

Giai phap gia cong CAD CAM két hop, giai phép c6 tén SOLIDWORKS
CAM, né duoc tach ra dé ban riéng. Giai phap nay kha don gian va dé dung. Céc
modul don gian than thién. Vay nén deé trai nghiém ban cd thé dang ki tai day dé ding
thtr ngay giai phap nay cho gia cong.

h) Phan tich dong luc hoc

SOLIDWORKS Simulation cung cip c4c cong cu md phong dé kiém tra va cai
thién chat luong ban thiét ké cua ban. Cac thudc tinh vat lidu, méi ghép, quan hé hinh
hoc duoc dinh nghia trong sudt qua trinh thiét ké duoc cap nhat day du trong md
phong.

2.1.3. Quy trinh xay deng m6 hinh trén solidworks

Phan mém solidworks quan ly cac tai lieu dang PART, ASSEMBLY,
DRAWING, dé thyc hién vé thi dau tién ta can vé dang PART sau d6 ta bat dau lap
rap (ASSEMBLY) lai véi nhau tao thanh mot mé hinh 3D hoan chinh. Véi dang
PART thi nguyén li co ban I vé tir cac dang sketch sau d6 ta bat dau dyung 18n. Sau khi
c6 PART ta bat dau tién hanh Iap rap lai voi nhau.

2.2. Tim hiéu két cAu tay may robot
V& mit ciu tao robot dugc ché tao rit khac nhau, nhung ching duoc xac dinh
tir cac thanh phan co ban nhu: tay mdy, ngudn cung cap, bo diéu khién [1].

Tay may hay c6 thé la canh tay co khi cua robot céng nghiép thong thuong 1a
chudi hd duoc tao thanh tir nhiéu khau duogc lién két véi nhau nho cac khop dong,
khau cudi cua tay may thuong c6 dang mét tay gap hoic gin cong cu thao tac. Mdi
khau dong trén tay may c6 ngudn din dong riéng ning luong va chuyén dong truyén

dén cho chiing duoc diéu khién trén co sd tin hiéu nhan dugc tir bo phan phan hoi.

Thong thuong c&c tay may c6 trén mot bac tu do, sé bac tu do hay bac chuyén
dong cua tay may la kha ning chuyén dong doc 1ap cua nd trong khong gian hoat
dong. Trong linh vuc robot hoc nguoi ta goi méi kha nang chuyén dong (co thé 1a
chuyén dong tinh tién doc theo truc song song véi mot truc khéac hoic chuyén dong
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quay quanh truc 1a mét truc twong ung theo mot truc 1a toa do suy rong dung dé xéac
dinh vi tri cua truc trong khong gian hoat dong. Sau bac chuyén dong s& duoc b tri

N
A

gom:
Ba bac chuyén dong co ban hay chuyén dong dinh vi.
Ba bac chuyén dong bd sung hay chuyén dong dinh huéng.

2.2.1. Tay may robot cdng nghiép

Canh tay robot cong nghiép duoc hiéu 1a hé théng may md phong cac hoat dong
cua ca canh tay véi muc dich phuc vu viéc hoan thanh day chuyén san xuat (Hinh
2.2). Pay 1a loai may moc bao gébm cac bo phan cua canh tay nguoi. Hoat dong linh
hoat véi nhimg wu diém ciing nhu co ché vuot troi. Ngay nay, canh tay robot cong
nghiép dang duoc &p dung vao nhiéu linh vyc khac nhau, nhung déu c6 mot 1i do d6 1a
thay thé ban tay cua con nguoi va 1am viéc véi ning suat cao trong cac hoat dong. Mot
tay may robot thuong cé cac thanh phan chinh sau:

Hinh 2.2: Canh tay robot cdng nghiép

a) Tay may:

Pay 1a mot bo phan dung dé thuc hién cac thao tac, tdc dong va hoan thanh
cdng viéc. La bo phan gan két cac chi tiét khac véi nhau nho cac khép (vi du véi cac
khép nhu trén Hinh 2.3). Pugc ché tao véi kha nang thuc hién chuyén dong dé dang,
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co tay linh hoat, khéo léo, ... Canh tay robot dugc lap dat mot cach chac chan dam bao
du d6 an toan va gan két.

Sl Truc 6

C-:{ chucd tay
Cghm cac khép 4, 5 6

Hinh 2.3: Cac khdp lién két trong tay may robot

b) Hé thong diéu khién

Pay chinh 1 bd phan dugc dung dé diéu khién cac thao tac sau khi tiép nhan
va xur |y céc tin hiéu dén tir bén ngoai. Béi voi mdi yéu cau hoat dong khac nhau,
ching ta s& c6 nhiing chic ning diéu khién canh tay robot khac nhau. Bam nhan céc
hoat dong theo nhiéu cip d6 nhu xac dinh vi tri, toa d6 hang, cac noi di qua, ...Hoic
cling c6 thé tinh toan céc thong sé nhu dong luc, cac bai tinh toan, cac quy dao, xi ly
c4c 16i bat gap, ...

¢) Phan mém quan Iy va vdn hanh

La khong gian 1ap trinh, thudng s& duoc stir dung dé nhan va truyén dat théng
tin v& ménh Iénh ciing nhu yéu cau dén véi robot. Phan mém lap trinh yéu cau phai
ddng bo véi ngbn ngix 1ap trinh, dé sir dung.

2.2.2. Tay may robot mini cé' nhé
Sau khi xem két cau tay may robot céng nghiép c6 dang thiét ké nhu nao nhu
vay ta di sang viéc xay dung tay may robot mini phuc vu dao tao. O day gi6i thiéu tay
may robot mini dd dugc ché tao tai Khoa Co khi — Co dién tir nhu trén Hinh 2.4.
Gidng nhu tay may cong nghiép, tay may robot mini c6 thé tinh tién 1én xudng va quay
quanh truc trong khéng gian. Bé phuc vu cho dao tao ta lwa chon md hinh thiét ké kich
thuéc sir dung nhitng bo phan c¢6 sdn nhu cum truc vit, dai ¢, bo mach Arduino,

Module cdng tac hanh trinh. Tay may nay co ban gom céac bo phan:
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Khau 0: khau dé cd dinh

Khau 1: di chuyén tinh tién 1én xudng nho truyén dong truc vit dai ¢, duoc
diéu khién bai dong co budc 23KM-K255-G3V dit ¢ trén dinh robot.

Khau 2 va 3: 1a cac khau dang thanh dugc lién két vai nhau bang khop quay,
khau 2 duoc lién két voi khau 1 nho mot khop quay vai truc quay thing
dang. Céc chuyén dong quay nay duoc diéu khién boi dong co budc 28BYJ-
48.

Tay kep: gdm hai ngén thuc hién dong mo dé kep vat. Hai ngén tay duoc
lién dong véi nhau bang an khép ring va duoc diéu khién bang dong co
budc 28BYJ-48.

Hinh 2.4: Hinh anh tay may robot mini
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2.3. Xay dung mo hinh 3D tay may robot c& nhé phuc vu dao tao

Dé cd thé xay dung mé hinh canh tay robot mini trén Solidworks, trudc tién can
phai v& cac PART. Bé v& PART ta can cd nhiing s liéu vé kich thude d6 dai, do rong,
va do cao cua cac bd phan trong canh tay robot. Pau tién v& khau 0 (khau dé, Hinh
2.5) cua tay may, dé vé ta st dung Sketch dé vé ra hinh dang cua vat, sau khi chon
hinh dang cua vat can vé ta dung Smart Dimension dé lia chon kich thuéc cua vat( luu
y phai chon theo dting kich thudc dé khi ta lap rap s& khéng xay ra bat ki 15i gi vé kich
thugc cua vat). Khi da v& dugc hinh dang vat ta chon vao phan Features sau d6 chon
Extruded Boss dé dung vat 1&n thanh hinh khéi, dé c6 thé cit got di nhitng phan khong
can thiét trén hinh khéi ta chon Extruded Cut dé cat. Khi vé dugc dé, ta bt dau vé ray
try, tru ding, truc vit( dé co thé cat duoc hinh xoan éc ta s dung Iénh Curves va chon
Helix and Spiral ), vit, dai 6c, hop dung mach Arduino, khop ndi. Khi di c6 day du
cac PART ta tién hanh Iap rap chang lai voi nhau, dau tién ta lap dé roi dén géan 2 ray
tru vao dé va tru dung ciing nhu vay sau d6 1ap 2 6 dé c6 thé cb dinh truc vit lai sau d6
gan Step Motor 1én dinh cua khau 0, sau d6 gin cac vit va dai 6c lai cac diém dé cb
dinh cac PART va dé tich kiém thoi gian ta chi gan gan mot bén va st dung Mirror dé
c6 thé tao ra nhitng vit va dai dc da gan & bén phia con lai sau d6 gin khop ndi, cudi
cuing la gan hop dung bo mach Arduino ¢ duéi phan dé dé hoan thanh khau 0.

Tiép dén thuc hién v& khau 1 (Hinh 2.6), vé nguyén ly cac vé PART thi déu sir
dung Sketch va Extruded Boss giéng nhu vé PART & khau 0. Dé c6 khau 1 ta can vé
khau dé, con truot ray tron, dai dc vit, Step motor, tim chan gia d& khau, oc bi, dai dc,
vit, khdi chan cong tic khau, va module cong tic hanh trinh. Sau khi da c6 day du cac
PART ta bat dau lap rap khau 1.
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tay kep (Hinh 2.8).
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Chwong 3. Xay dung phan mém md phéng robot

3.1. Tim hiéu lap trinh &ng dung Windows bang Visual Studio 2019

Nguyén ly co ban cua lap trinh Window 1a co s& xt 1y thong diép nhu mo ta
trén Hinh 4.1 [3]. Tuy nhién dé lap chuong trinh bang cac ham API 1a v6 cung phirc
tap va rat khé quan 1y, do d6 véi lgi thé cua ngdn ngit lap trinh hudng dbi tuong,
Microsoft d3 tap hop cac ham API d6 lai va déng goi lai thanh cac 16p nén tang cua
Microsoft va dugc goi la MFC (Microsoft Foundation Class). Do vay, chuong trinh
mo phong ¢ day s€ duoc xay dung dua trén cac 16p MFC.

Windows

| Windows AP :

Khéi Loi ﬁ

cﬁﬁzﬁgL 20 J e

inh API
WinMain() ] - WinProc()
Dinh nghia, Xir 1y thong diép

Khéi tao ctra s6 [* »
Chuong trinh tng dung

Hinh 3.1: M0 ta co ché ldp trinh xit Iy théng diép trén Windows

Dé tao dé an (project) khung cho chwong trinh mé phong, ching tdi dung tién
trinh tao dé an cua bo Microsoft Visual Studio vai phién ban Visual Studio 2019. Quéa

trinh ndy gdém cac budc nhu sau:

T trinh thuc don (menu) cua Microsoft Visual Studio C++, chon “File\New
...”, & ¢ hop thoai “New” xuit hién nhu trén Hinh 4.2. Trén hop thoai ndy, can chon
trang “Project” rdi chon “MFC AppWizard (exe)” rdi 4n nut OK dé bat dau tién trinh
tao khung (ng dung véi nén tang MFC, tién trinh nay sé trai qua cac budc dugc mo ta

bén dudi.

21



Create a new project p-
Recent project templates ‘ All languages - All platforms - All project types
.0 MEC App C++ =" Empty Project

(b J Start from scratch with C++ for Windows. Provides no starting files.

=] Windows Desktop Application C++ C++ Windows Console

= Console App
Run code in a Windows terminal. Prints "Hello World” by default.

C++ Windaows Console

m CMake Project

Build modem, cross-platform C++ apps that don't depend on .sin or .vexproj files.

C++ Windaows Linux Console

;l‘!-.*l Windows Desktop Wizard

Create your own Windows app using a wizard.

C++ Windows Desktop Console Library

Windows Desktop Application

A project for an application with a graphical user interface that runs on Windows.

C++ Windows Desktop

Hinh 3.2: Giao dién tao dé an méi cua Visual Studio C++

Budc 1 (Step 1): 1a bude dau tién caa tién trinh, cho phép ngudi ding lya chon
dang khung giao dién ang dung muén tao (Hinh 4.3).

Single Document (SDI: Single Document Interface): cho phép tao ng dung
don tai liéu, tai mdi thoi diém chwong trinh chi c6 thé ma mot tai liéu.

Multi Documents (MDI: Multi Documents Interface): cho phép tao ing dung da
tai liéu, tai mdi thoi diém chwong trinh c6 thé mé dong thoi nhiéu tai lieu, mdi tai lidu
dugc quan |y béi mot cira s6 riéng nam gon trong ctra s6 chinh ciia chuong trinh.

Dialog Based: tao (rng dung la mot hop thoai. Pay la loai tng dung don gian
nhat.

Véi muc dich cua chuong trinh md phong ¢ dé tai nay, ching tdi lua chon dang
khung trng dung don tai liéu (Single Document).

22



MFC Application

Application Type Options
Application Type
User Interface Features

Advanced Features

Generated Classes

Hinh 3.3: Giao di¢n lira chon dang giao dién i:ng dung mudn tao

Budc 2 va 3 ¢6 giao dién nhu trén Hinh 4.4. Cac budc nay cho phép nguoi 1ap
trinh thiét dat mot sb tiy chon cho khung tng mudn khei tao. O day, cac lua chon da
phU hop v&i muc dich cta chuong trinh md phong nén khong can thay do6i gi. Chi can
nhan nat “Next” dé chuyén qua budc tiép theo.

Budc 4: cho phép tly chon mét sé thé hién trén giao dién cua wng dung s& duoc
tao 1ap (Hinh 4.5). Chang han nhu c6 tao ra c4c thanh cong cu c6 kha ning tha ndi va
bat dinh vao khung tng dung hay khong, ¢ thanh trang thai hay khong, cé chirc ning

Document Ternplate Properties

Application type
Multiple Documents -
Application type options:

Tabbed documents

Docurnent/View architecture support

Dialog based options

Compound document support

<none> -
Document support options:

Active document server

Active document container

Support for compound files

in va quan sat trudc khi in hay khong, ...
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Project style

Visual Studio

Visual style and colors

Visual Studic 2008

Enable visual style switching
Resource language

English {United States)

Use of MFC

Use MFC in a shared DLL

Mext



MFC Application

Application Type Options

Application Type

Document Termplate Properties
User Interface Features
Advanced Features

Generated Classes

Hinh 3.4: Giao dién cia buéc 2 va 3 trong tién trinh tao dé &n

MFC Application

Application Type Options

Application type
Multiple Documents -
Application type options:

Tabbed documents

Document/View architecture support

Dialog based options

Compeound document support

“nones> -

Document support options:
Active docurment server
Active documnent container

Support for compound files

Document Template Properties

User Interface Features

Advanced Features

Generated Classes

Application type:

|Mu|tip|e Documents '

Single Document

Multiols Document:

Dialog based

Multiple top-level documents port

Security Development Lifecycle (SDL) checks

Dialog based options:

Compound document support:
=naone= -
Document support options:

Active document server

Active document container

Support for compound files

Project style

|Visual Studio

Visual style and colors

[visual Studio 2008

Enable visual style switching

Resource language

[English (United States)

Use of MFC

[Use MFC in a shared DLL

Praject style:

Visual Studio

Visual style and colors:

Visual Studio 2008

Enable visual style switching

Resource language:

English (United States)

Use of MFC:

Use MFC in a shared DLL

Hinh 3.5: Giao dién cia buéc 4 trong tién trinh tao dé an
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BCGControlBar Application Wizard B BCG
Advanced Features o
Application Type Advanced features: Advanced frame panes:
¥ Printing and print preview ¥ | Exploder docking pane
Document Template Propenties Aboation 7] Qutpat ckng pbe
User [nterface Features +| Activel controls +| Propertigs docking pane
MAPT (Messaging AR ] outlook pane

Command Bars ]
Eindows sockets
Advanced Features Active ACcetebilly
| Support Restin Manager

Generated Classes . .
¥| Reopen praviowsly open dotuments

+| Support application FECoyery Caplion bar
Use graphics manager in view Task pane
o Enable dook M pands uto-hide | Tog B praie

Atomatically hide soroll bas Mutmiber of fites on recent file st

How 10wt Varsion: 31.1 Provvios Mt Finigh Cancel

Hinh 3.6: Giao di¢n cua chic nang Advance Options

Trong budc ndy can cha y dén nat “Advance”. Néu nhan vao ndt nay sé cho ra
hop thoai “Advance Options” nhu trén Hinh 4.6. Trén d6 c6 hai trang véi cac yéu cau
lya chon khac nhau. O trang thir nhat 13 “Document Template Strings” cho phép dit
tén va phan mo rong cua loai tai liéu c6 thé ma duoc bang hop thoai mo tép (Open)
cta chuong trinh. Con ¢ trang tha hai 1a “Window Styles” cho phép lya chon khung
g dung khi dugc khai tao c6 cac nat phong to, thu nho cta s, thue don hé thdng
hay khi xuat hién c6 phong to hét khung man hinh may tinh hay khong.

Budc thir 5 ¢6 giao dién nhu ¢ Hinh 4.7, cho phép lya chon giao dién tng dung
theo kiéu chuan cua MFC hay theo phong céch cua ung dung Windows Explorer, c6
thém cac ghi chl vao tép tin md ngudn hay khdng, hay cé st dung thu vién MFC theo
cach chia sé hay lién két tinh vao ung dung.
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-1
e

b b Attoch

¢ MFC Application
Generated Classes Options

Show output from

Hinh 3.7: Giao dién cia buéc 5 trong tién trinh tao dé an

Budc thir 6 1a bude cudi cling caa qua trinh ndy va c6 giao dién nhu trén Hinh
4.8. Trong budc ndy s& tong hop lai cac 16p d6i twong s& duoc tao ra dé quan ly khung
g dung chinh. O day, nguoi ding c6 thé lua chon lép ddi teong quan Iy khung quan
sat trong trng dung la Cview, CeditView, CformView, ... tuy thuéc vao muc dich cua
tng dung. Trong dé tai nay, ching tdi st dung 16p Cview dé quan ly khung quan sét,
d6 s& 1a ving dugc dat mdi truong dé hoa OpenGL dé thé hién cac mé hinh mé phong.
Danh sach céac 16p sé duoc tao ra:
CxxxView dugc ké thura tir 16p quan sat, c6 thé 1a CView (mic dinh),
CEditView, CFormView, .... dm nhan cong viéc thé hién tai liéu trong chuong trinh.
Puoc dat trong file “xxxView.h" va "xxxView.cpp".
CxxxApp dugc ké thira tir I6p CWndApp, dam nhan cdng viéc khai tao
va quan ly ung dung. Pugc dat trong file "xxx.h" va "xxx.cpp".
CMainFrame duoc ké thira tir 16p CFrameWnd néu chuong trinh dang
Single Document, con néu 1a Multi Document thi ké thira tur I6p CMDIFrameWnd, la

l6p quan ly cira so chinh cua chuong trinh. Puoc dat trong file "MainFrm.h" va
"MainFrm.cpp".

CxxxDoc dugc ké thira tir I6p CDocument, quan ly tai liéu cua chuong
trinh. Dugc dat trong file "xxxDoc.h™ va "xxxDoc.cpp”.
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Néu chuong trinh 13 dang MultiDocument thi s& c6 thém Iép
CChildFrame ké thira tir I16p CMDIChildwnd, 1a 16p quan Iy ctra s6 con Gng voi mdi
tai liéu dang co dugc dat trong file "ChildFrm.h" va "ChildFrm.cpp™.

3.1.1. Lam viéc véi Menu, ToolBar, Status
3.1.1.1. Sita @i Menu va ToolBar c6 san

Mic dinh ban dau caa MFC s& tao ra cho ban mot menu va mét thanh cong cu
véi ID 1a IDR. MAINFRAME, day s€ la menu va thanh cong cu mac dinh cta chuong
trinh va gan véi cira s6 tng dung chinh va duoc khai tao bai CMainFrame. Menu va
thanh céng cu ndy mai chi c6 mot s chirc ning co ban ¢ & da sb cac (g dung.
Pé bo xung thém chirc nang mai ciia menu va thanh cong cu trén ban nén ding trinh
soan thao Resource cua Microsoft Visual Studio.Dé tao cong viéc xir Iy su kién ban
can tao ra mot ham xir ly sy kién va tao ra anh xa thong diép dé quy chiéu sy kién tgi
ham d6, cong viéc nay co thé dugc thuc hién nhanh chéng nho ClassWizard hodc ¢6
thé kich chuot phai 1én tén 16p (6 vingWorkSpace) roi chon "Add Windows Message
Handler ...". Trong file tiéu dé (.h) dugc bd xung thém dong khai b4o ham thanh vién

cé dang :
afx_msg ReVal memberFxn (ListParam);
ReValla gia tri tra vé ciia ham
ListParamla danh sach tham s, afx_msgchi rang ham nay 1a mot ham xu
1y thong di€p.
Trong file ngudn (.cpp), bd xung thém anh xa thong diép vao gitra khu vuc :

BEGIN_MESSAGE_MAP()

END_MESSAGE_MAP()

BS xung trién khai cua ham thanh vién di dugc thém khai bao trong file tiéu dé

(thudng duge dit vao cudi cuing cua file cpp).

3.1.1.2. Khai bao m¢ét thanh cbng cu mai :
CToolBar m_wndToolBar;
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Trong ham int CMainFrame::OnCreate(LPCREATESTRUCT IpCreateStruct)
thém cac dong Iénh sau dé khoi tao va gan bién trén véi mot thanh cong cu di tao

trong tai nguyén théng qua ID cua né:
if ("m_wndToolBar.CreateEx(this, TBSTYLE_FLAT, WS_CHILD |

WS_VISIBLE | CBRS_TOP | CBRS_GRIPPER | CBRS_TOOLTIPS | CBRS_FLYBY
| CBRS_SIZE_DYNAMIC) ||

Im_wndToolBar.LoadToolBar(IDR_MAINFRAME))

{

TRACEO("Failed to create toolbar\n™);

return -1,  // fail to create

¥

ID caa thanh cong cu 1a IDR_MAINFRAME, c6 thé thay ID khac.

3.1.2. Vétrén Windows
Dé thuc hién cong viéc vé& ban can c6 bién quan ly cong viéc vé thudc kiéu
CDC hoic CPaintDC, CClientDC, ... (déu ké thira tir CDC), 16p nay can dugc nhan

duoc con tro cua lép diéu khién s& duoc vé 1én do.

CDC : Class of Device-Context, 16p ngit canh thiét bi, dé vé tat ca cac thi déu
théng qua cac ham thanh vién cua Iép nay. CDC cung cap cac chirc ning thao tac ngit
canh thiét bi, 1am viéc véi cac cong cu V&, lua chon cac ddi tuong giao dién thiét bi d6

hoa (GDI : Graphics Device Interface), lam viéc vi mau va bang mau.

V& trong cira s6 cua chuong trinh Dialog thong qua ham OnPaint(), con Véi
khung View thi théng qua ham OnDraw(CDC *pDC). Mét s6 ham vé cua CDC :

ArcTo LineTo Polygon TextOut
Ellipse MoveTo Rectangle DrawText
FillRect Pie  RoundRect

FloodFill PolyBezier SetTextColor

CPen quan ly c4c nét vé véi kiéu duong, do rong va mau vé.
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CBrush quan Iy viing t6 véi kiéu t6, mau to.

CFont quan ly kiéu chi.

Dé chon mot kiéu but va chdi td mgi cho CDC sir dung ham :
CDC::SelectObject

Néu s dung cac d6i twong but, choi t6 va font chit dugc dinh nghia san trong
Window:

virtual CGdiObject* SelectStockObject(intnindex);

véi nindex la mét trong nhirng gié tri:
BLACK_BRUSH DKGRAY_BRUSH GRAY_BRUSH
HOLLOW_BRUSHLTGRAY_BRUSH NULL_BRUSH
WHITE_BRUSH BLACK PEN NULL_PEN

WHITE_PEN DEVICE_DEFAULT_FONT SYSTEM_FONT

void CDIgTest::OnPaint()

{

CRect clientRect;

GetClientRect(clientRect);

CPaintDC dc(this);

clientRect.InflateRect(-5,-5,-5,-5);

dc.Rectangle(clientRect);

dc.DrawText("Draw Text : My HelloWorld program.”,-1, clientRect,
DT_SINGLELINE|DT_CENTER|DT_VCENTER);

dc.MoveTo(5,5); dc.LineTo(100,100);

¥
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3.1.2.1. Butve
Cach don gian nhat dé tao bat 12 sir dung d6i twong CPen va truyén cho ching
c4c tham s dinh nghia but :

CPenpen(PS_SOLID,1,RGB(255,0,0));

Phuong phap thir hai 1a xay dung dbi twong but chua truyén tham sé réi goi
ham thanh phan CreatePen dé khai tao bt

CPenpen;
pen.CreatePen(PS_SOLID,1,RGB(255,0,0));

Phuong phap thtr ba 14 khoi tao ddi twong CPen nho cau tric LOGPEN bang
ham CreatePenlIndirect:

CPenpen;

LOGPEN Ip;
Ip.lopnStyle=PS_SOLID;
Ip.lopnWidth=1;
Ip.lopnColor=RGB(255,0,0);

pen.Createlndirect(&Ip);

3.1.2.2. Choi td
Chdi t6 ¢6 3 loai co ban: dong nhat (solid), soc (hatch) va mau (pattern).

Choi ddong mau duoc 1ap chi vai tham sé gia tri mau COLORREF :

CBrushbrush(RGB(255,0,0)); hoic c6 thé thuc hién khai bao khéng truyén
tham s6 va khoi tao chdi té dong mau véi ham CreateSolidBrush :

CBrushbrush;
brush.CreateSolidBrush(RGB(255,0,0));

Chdi soc dugc khoi tao ngoai tham sé gia tri mau con can thém tham sé xac
dinh kiéu soc :
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CBrushbrush(HS_BDIAGONAL,RGB(255,0,0)); hodac khoi tao voi ham
CreateSolidBrush :

CBrushbrush;

brush.CreateHatchBrush(HS_BDIAGONAL,RGB(255,0,0)); kiéu gach ¢ thé :
HS_BDIAGONAL, HS_CROSS, HS_DIAGCROSS,
HS_FDIAGONAL, HS HORIZONTAL, HS_VERTICAL

3.2. Tim hiéu méi trwong dé hea 3D véi OpenGL
3.2.1. OpenGL la gi?

OpenGL la viét tit cua Open Graphic Library, nghia 1a thu vién dd hoa mo,
duoc phat trién dau tién boi Silicon Graphic, Inc., 12 mot giao dién phan phan mém
huéng tha tuc theo chuan cdng nghiép hd tro d6 hoa 3 chiéu [4]. Thu vién cung cap
khoang 120 tac vy dé vé céc primitive trong nhiéu mode khac nhau. Pay 1a mot giao
dién phan mém doc lap vai phan cang (hardware — independent software interface) ho

tro cho lap trinh dd hoa.

(. ]

nvibia

Only Cross Platform 3D API

Hinh 3.8: OpenGL

Dé sir dung cac ndi dung trén caa OpenGL trong dé &n chuong trinh, thém cac

dong sau vao header file (nén dua vao stdafx.h):
#include <gl\gl.h>

#include <gl\glu.h>
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#include <gl\glaux.h>

#pragma comment(lib, "opengl32.lib™)
#pragma comment(lib, "glu32.lib™)
#pragma comment(lib, "glaux.lib™)

3.2.2. Céc kiéu dir lieu
OpenGL dinh nghia nhiéu kiéu dir liéu c6 thé sir dung trong chuong trinh
OpenGL.:

Ki€u dit liéu Kiéu twong duong
GLbyte signed char
GLshort short

GLint int

GLsizei long

GLfloat float

GLclampf float

GlLdouble double
GLclampd double
GLubyte unsigned char
GLboolean unsigned char
GLushort unsigned short
GLuint unsigned long
GLenum unsigned long
GLbitfield unsigned long
Glvoid void

HGLRC HGDIOBJ

3.2.3. Ng# canh dién ta (rendering context)
C6 5 ham "WGL" duoc cung cap trong trién khai OpenGL trong WindowNT

chiu trach nhiém quan ly cac ngir canh dién ta duoc liét ké trong Bang 1.1.
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Tén ham

St dung

wglCreateContext()

tao |ap mot nglt canh dién ta mai.

wglDeleteContext()

x0a bé mot ngit canh dién ta.

wglGetCurrentContext()

tra vé mot diéu khién t&i nglt canh dién ta hién thoi.

wglGetCurrnetDC()

13y diéu khién t&i DC cong tac vdi ngit canh dién ta hién

thoi.

wglMakeCurrent()

dwa mdt ngtr canh dién ta thanh hién hanh.

Bang 3.1: Cac ham quan ly ngit canh dién ta

3.2.4. Cdc dinh dang diém anh

Trude khi chuong

trinh ctia ban co thé tao 1ap mot ngir canh dién ta, nd phai

dugc dat dinh dang diém anh cua thiét bi ma né chira cac thudc tinh cho bé mit vé cua

thiét bi bang cac ham ¢ Bang 1.2. Cac thudc tinh nay duoc gop vao trong bé mat vé

sir dung ché do mau RGBA hoic chi sb, hoidc ving dém diém anh sir dung ving dém

don hay kép, s bit mau, sé bit duoc sir dung trong cac vang dém sau va khung to, va

c4c thdng tin d6 hoa khac cia OpenGL.

Tén ham

St dung

ChoosePixelFormat()

tra lai dinh dang diém anh bj dong cudi cung khi dat mot

dinh dang mai.

DescriblePixelFormat()

thu dugc théng tin vé dinh dang diém anh.

GetPixelFormat()

Lay dinh dang diém anh cla ngit cdnh thiét bi.

SetPixelFormat()

D4t mot dinh dang diém anh cda ngit canh thiét bi.

Bang 3.2: Cac ham Win32 quan 1y cac dinh dang diém anh

33




3.2.5. Thiét diat mét dinh dang diém anh

Mét khi ban c6 cAu traic PIXELFORMATDESCRIPTOR d3 khéi tao, ban c6
thé thiét dat mot dinh dang diém anh. Poan mi sau trich tir mot chwong trinh MFC
thé hién cach 1am viéc nhu thé ndo : CClientDC clientDC(this);

int pixelFormat = ChoosePixelFormat(clientDC.m_hDC,&pfd);
BOOL success = SetPixelFormat(clientDC.m_hDC,pixelFormat,&pfd);

Trong dong dau tién, chuong trinh 1dy mot DC cho ving 1am viéc cua cira s6

ung dung.

Dong thir 2 goi téi ChoosePixelFormat() roi yéu cau mét chi sé dinh dang diém
anh cho mot dinh dang diém anh gan nhat lam thanh dinh dang yéu cau. Hai d6i muc
cuia ham nay 1a mot diéu khién téi DC cho lya chon dinh dang diém anh va dia chi cua
cau tric PIXELFORMATDESCRIPTOR nam giir cac thugc tinh cua dinh dang diém
anh yéu cau. Néu ham goi sai, ChoosePixelFormat() tra lai 0, nguoc lai n6 tra lai chi
s6 dinh dang diém anh.

Dong tht 3 trong doan ma don gian goi SetPixelFormat() dé dit dinh dang
diém anh. Ba d6i muc cua ham nay 1a diéu khién téi DC, chi s6 dinh dang diém anh
va dia chi cua cau tric PIXELFORMATDESCRIPTOR. Ham tra lai gid tri TRUE néu
thanh cong, nguoc lai no tra lai FALSE.

3.2.6. Tgo ldp ngi canh dién ta

Trong phuong phép thir hai cta viéc quan ly ngir canh dién ta, chuong trinh tao
lap va g& bo DC cua Window mdi lan chuong trinh phai vé Ién cira s6, do d6 chuong
trinh khéng can phai gitt DC cho toan chuong trinh trong lic chay. Mdi lan chuong
trinh tao lap DC, du sao, n6 ciing phai nam ngit canh dién ta thanh hién hanh.

Mot cach trién khai cua phuong phap tha hai cua viéc quan ly ngit canh dién ta

trong chwong trinh MFC ¢6 thé giéng nhu sau :

int CChapter4View::OnCreate(LPCREATESTRUCT IpCreateStruct)
{

if (CView::OnCreate(lpCreateStruct) == -1) return -1;
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// TODO: Add your specialized creation code here
PIXELFORMATDESCRIPTOR pfd=
{
sizeof(PIXELFORMATDESCRIPTOR),
1,
PFD_DRAW_TO_WINDOW |
PFD_SUPPORT_OPENGL|PFD_TYPE_RGBA,
24,
0,0,0,0,0,0,
0,0,0,0,0,0,0,
32,
0,0,
PFD_MAIN_PLANE,
0,
0,0,0
j3
CClientDC clientDC(this);
int pixelFormat=ChoosePixelFormat(clientDC.m_hDC,&pfd);

BOOL success

=SetPixelFormat(clientDC.m_hDC,pixelFormat,&pfd);
m_hRC=wglCreateContext(clientDC.m_hDC); return O;

}

void CChapter4View::OnDraw(CDC* pDC)
{
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CChapter4Doc* pDoc = GetDocument();
ASSERT_VALID(pDoc);

// TODO: add draw code for native data here
wglMakeCurrent(pDC->m_hDC,m_hRC); DrawWithOpenGL();
wglMakeCurrent(pDC->m_hDC,NULL);

}

CChapter4View::OnDestroy()

{
CView::OnDestroy();

// TODO: Add your message handler code here
wglDeleteContext(m_hRC);

}

Ham OnCreate() dap lai théng diép WM_CREATE véi viéc dau tién lay DC
cta ving 1am viéc caa cira so, roi goi ChoosePixelFormat() dé tim lai chi 6 toi dinh
dang diém anh cho DC va goi SetPixelFormat() d¢ dit dinh dang diém anh.

Tiép theo, OnCreate() goi wglCreatContext() dé tao 1ap ngix canh dién ta. Doi
muc don cta ham nay 1a diéu khién cia DC. Néu thanh cong, n6 tra vé diéu khién toi
ngir canh dién ta, nguoc lai no tra lai O.

Trong doan chuong trinh nay, OnCreate() tao Iap chi mot DC tam thoi, boi
pham vi dia phuong cua nd, né tu dong duoc xo0a bo khi ham két thic. Vi DC bi xoé
bo, né khdng thé 1am ngir canh dién ta thanh hién hanh ¢ diém nay trong chuong
trinh.

Pé cap nhat noi dung cua ctra s6 tng dung, MFC goi ham OnDraw() cua 16p
quan sét. Bay gid, nd goi ham OnDraw() dé 1am ngir canh dién ta thanh hién hanh, n6
thue hién bang 101 goi ham wglMakeCurrent() str dung diéu khién cua dbi tuong DC
chuyén t6i ham. Ham nay c6 2 d6i myc 1a diéu khién téi DC va diéu khién cua ngir
canh dién ta. Néu thanh cong, wglMakeCurrent() tra lai TRUE, nguoc lai n6 tra vé
FALSE.
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Sau khi lam ngit canh dién ta thanh hién hanh, OmPaint() goi ham
DrawWithOpenGL() dé V&, sau d6 goi téi wglMakeCurrent() lan tha hai véi ddi muc
NULL Ia tham s thir 2, 1am ngir canh dién ta khdng con Ia hién hanh. (Ban phai ty

viét l1dy ham DrawWithOpenGL() dé biéu dién nhitng gi ban muén thé hién).

Cudi cuing, khi tng dung dong lai, MFC goi ham OnDestroy() cia I6p quan sat.
Trong OnDestroy(), chwong trinh chi goi wglDeleteContext() dé xo& bé ngit canh
dién ta. Ham nay c6 d6i muc don 1a diéu khién cua ngit canh dién ta. Néu thanh céng,
ham nay tra vé TRUE, nguoc lai tra vé FALSE. Bégi vi DC di duoc tao lap va bi pha
phé& huy trong thong diép WM_PAINT, khong c6 DC dé x0a ¢ cudi chuong trinh..

3.2.7. Tao ldp thw vi¢n hé tro OpenGL vdi Visual C++

Trong linh vyc co khi c6 rat nhiéu phan mém cho phép nguoi ding co thé tién
hanh xay dung cac md hinh va thuc hién md phong véi cac mé hinh 3 chiéu (3D) va
c6 thé tién hanh giai cac bai toan phan tir hiru han trén cac mé hinh dé. Khi tién hanh
xay dung cic md hinh doi hoi d6 chinh xac va kha ning thay ddi mé hinh theo tham
sb dau vao ctia mot bai toan thi van chua thuc hién duoc. Do 1a 1y do tai sao véi cong
viéc nghién ciu khi xay dung cac mé hinh doi hoi thay doi theo cac théng sé dau vao,
ngudi nghién ctu van phai tién hanh tu 1ap 1dy mot chuong trinh riéng dap tng duoc
yéu cau cong viéc. Nhung dé xay dung mot chuong trinh mé phong 3D lai gip nhiéu
kho khan, hién nay da sb moi ngudi sir dung cac thu vién d6 hoa DirectX hoic
OpenGL. Véi thu vién d6 hoa OpenGL va dya trén thu vién d6 dé xay dung cong cu
gillp qua trinh 1ap mot chuong trinh mé phong 3D tré nén dé dang diing cho céc

chuong trinh duoc 1ap bang Visual C++.

3.2.7.1. Mgt 6 van dé khi sir dung thir vién OpenGL

OpenGL la mot thu vién d6 hoa ma, bao gom céc ham, cac kiéu dir liéu va cac
hang s dugc dinh nghia sin. Thu vién ndy giup nguoi lap trinh c6 duoc kha ning tién
hanh xay dung cac mé hinh 3D va thuc hién md phong. Khi lap mot dé an (project)
cho mot chuong trinh mai phai tién hanh khai tao méi truong cho OpenGL [3], day 1a
mot cong viéc kha kho khian va mat thoi gian. Viéc s dung va quan Iy mot chuong
trinh voi nhiéu giao dién OpenGL lai cang phtc tap. Dé sir dung thu vién OpenGL

trong mot dé an can thyc hién cac budc :
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1. Gop cac tép tin tiéu d& (*.h) va tép thu vién (*.1ib) can sir dung caa thu vién
OpenGL vio dé an :
- GOp CAc tép tin tiéu dé vao dé an :
#include <gl\gl.h>

#include <gl\glu.h>

#include <gl\glaux.h>

- Cac tép tin thu vién :
opengl32.lib
glu32.lib
glaux.lib
2. Khai tao moi treong cua OpenGL tng vai mot ngix canh :

-Khai tao cau tric (struct) diém anh PIXELFORMATDESCRIPTOR,
cAu trlc nay cé 26 truong thong tin. Sau d6 lya chon dinh dang d6 cho ngir
canh mudn khoi tao bang ham ChoosePixelFormat().

-Truyén dia chi cua cau tric vira khoi tao cho ham SetPixelFormat().

-Tao lap ngir canh dién ta cho OpenGL vé&i ham wglCreateContext().

3. Thuec hién cac thao tac vé hoac dung mo hinh :
MJdi 1an muén thyuc hién v& véi OpenGL, can phai thuc hién goi ngit canh cua
OpenGL thanh hién hanh va sau khi v& xong thi can dat tra n6 thanh khéng hién hanh

véi ham wglMakeCurrent().

4. Khi két thic chuong trinh hodc giao dién OpenGL can phai xoé& bo ngi
canh dé giai phong bo nhé vai ham wglDeleteContext().

3.2.7.2. Xay dung lép diéu khién COpenGLCtrl
Khi tao mot dé an mai phai thuc hién 13p lai nhitng cong viéc trén s& rat mat
thoi gian va khéi tao méi truong sao cho hop ly la khong don gian. Trén co s& d6 xay
dung 16p diéu khién COpenGLCtrl ké thira tir I6p CWnd caa MFC (MFC : thu vién
I6p nén tang cua Microsoft) [5], da dong géi toan bd cac budc trén, do d6 ngudi lap
trinh khéng phai quan tdm t&i cac céng viéc d6 ntra. Lop COpenGLCtrl cho phép
nguoi 1ap trinh s dung thu vién OpenGL don gian, nhanh chdng va hiéu qua véi mot

s6 chirc nang thuan tién trong quéa trinh thao tac trén giao dién nhu : di chuyén (pan),
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quay (rotate), phong to thu nho (zoom), dat vi tri quan sat theo cac hudng trén (top),
dudi (bottom), trai (left), phai (right), phia trudc (front) va phia sau (back) [5]. Lép
nay con cho phép khai tao diéu khién COpenGLCtrl theo nhiéu cach khac nhau :

-Khoi tao tryc tiép : ding mot trong hai phuong thic sau BOOL
COpenGLCitrl::Create(  const RECT& rect, CWnd* parent,
UINT nID, DWORD dwsStyle =

WS_CHILD |[WS_TABSTOP | WS_VISIBLE);
BOOL COpenGLCitrl::CreateEx(

const RECT& rect,

CWnd* pParentWnd, UINT nID,

DWORD dwStyle=WS_CHILD
IWS_TABSTOP | WS_VISIBLE,

DWORD dwsStyleEx=
WS_EX_CLIENTEDGE);

- Khai tao tir mot diéu khién tinh (Static Control) c¢é trén giao dién :
BOOL CreateFromStatic( UINT nID, CWnd* pParent ); trong d6 nID Ia chi
danh cua diéu khién Static d3 c6 trén giao dién (phai khac IDC_STATIC).

- Khai tao tir diéu khién khach (Custom Control) c6 trén giao dién :

Tao mot diéu khién Custom dit trén giao dién va dat cac thudc tinh :
ID : chi danh cua diéu khién, tuy dit sao cho d& nhé va dé hiéu.
Class : bt buoc phai dién vao "MFCOpenGLCtrl".

Trong ma ngudn cua lép quan ly giao dién trén bd xung céc dong :
COpenGLCtrl m_OpenGLCitrl;

dat trong khai bao cua 16p quan ly giao dién.

DDX_Control(pDX, IDC_CUSTOM_PREVIEW, m_OpenGLCitrl); dat trong
trién khai ham

DoDataExchange ( CDataExchange* pDX)
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cua 16p quan ly giao dién, véi IDC_CUSTOM_PREVIEW la chi danh cua diéu khién
Custom vira tao, m_OpenGLCtrl 1a bién thuoc 16p quan ly giao dién cd kiéu
COpenGLCitrl.

Ngay sau khi khéi tao xong, khi thyc thi chuong trinh sé cho giao di¢n cua
COpenGLCtrl nhu trén Hinh 3.9.

Mothing

Pan

Zoom

Rotate

Raokate Around

Reset Original

Projection

Hinh 3.9: Giao dién ban dau ciia COpenGLCtrl

Pé thyc hién vé mo hinh 1én diéu khién COpenGLCtrl tién hanh theo mét trong
hai cach:
- Cach 1: Qué trinh v& dugc dat trong mot ham doc lap, c6 ct phap  void
FunctionDrawOpenGLCtrl(COpenGLCtrl *);
Véi FunctionDrawOpenGLCtrl 12 tén ham tuy dat. Sau d6 truyén con tré ham
nay tgi COpenGLCtrl, COpenGLCitrl s& tu dong goi t6i ham d6 khi can thé hién mo
hinh. Truyén con tro ham thyc hién qué trinh vé cho COpenGLCtrl sir dung phuong

thuc:

void COpenGLCtrl::SetFunctionDrawOpenGL (FunctionDrawOpenGLCitrl f);
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trong d6 FunctionDrawOpenGLCtrl Ia kiéu con tré cho cac ham co6 dinh dang ham néu
trén.

- Céch 2 : Tao mot Iop diéu khién ké thira tir I6p COpenGLCtrl, qué trinh vé&
dugc dat trong ham ao, ¢6 cl phép :
virtual void COpenGLCitrl::DrawlnOpenGL();

3.2.7.3. Xay dung mét so I6p va ham tién ich

Dé xay dung chuong trinh véi mé hinh dong, tic 1a ¢ hinh dang va kich thudc
thay d6i theo cac thdng sé ngudi dung dua vao thi nguoi 1ap trinh phai tu dung mo
hinh tryc tiép trong chuong trinh, day 1a mot cdng viéc rat phic tap. Nham tao thuan
tién cho qué trinh xay dung mé hinh, trong thu vién cung cap mot sé 16p va ham tién
ich, du6i day 1a mot s6 16p, cau tric va ham chinh :

GL_LIGHT : cau trac luu trit cac bién thanh phan khai tao nguon sang.

GL_MATERIAL : cau trac luu trit cac bién thanh phan khai tao vat liéu.

CPoint2d, CPline : 16p luu trir diém trong mat phang va 16p luu trix Kiéu dudng
Polyline.

CRegionGL : 16p tao va v& mot mién phing, gidp thuc hién vé mot mién phang
bat ky, co thé khoét cac 15 trén do.

DrawTriangles, DrawQuads : cac ham vé& céc hinh tam gidc hoac ta giac, do la
cac hinh co ban dé ghép lai thanh mot md hinh dang bé mit.

ExtrudePline, ExtrudeRegion : cac ham thuc hién dung 1én mét hinh tru tor mot
duong da tuyén (polyline) hozc mién (region).

RevolvePline, RevolveRegion : cac ham thuc hién tao mot hinh tron xoay tir
mot dudng da tuyén (polyline) hozc mién (region).

Ngoai ra con c6 nhiéu I6p va ham tién ich khéc.
3.2.7.4. Bong goi cong cu

Céc cong cu trén di dugc tién hanh dong géi thanh cac thu vién lién két dong

(Dynamic Linked Library : DLL). Thu vién duoc cung cap gdm cac tép tin :

* 1 1 c4c tép tin tiéu dé, dung dé gop (include) cac khai bao vao dé én.
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OpenGL.lib, CreateModel.lib : tép tin thu vién, chira cac dia chi lién két cua
thu vién. Tép tin nay duoc dua vao dé an dé trinh bién dich C++ tién hanh lién két
chuong trinh v&i tép tin thu vién lién két dong (DLL).

OpenGL.dll, CreateModel.dIl : tép tin thu vién lién két dong, céc tép tin nay
duogc dat cung thu muc cia chuong trinh thyce thi (*.exe) va dugc dung toi khi chay
chuong trinh thyc thi do.

Nho thuc hién viéc dong goi nay, khi ngudi 1ap trinh tao mot chuong trinh maéi
chi can sao chép cac tép tin trén ti dé an mai va tién hanh khéi tao nhu da néu & trén.
Diéu d6 gitp nguoi 1ap trinh xay dung chuong trinh méi dé dang va nhanh chong.

3.2.8. Swr dung thw vi¢gn OpenGLSetting
3.2.8.1. Nhiém vu cua thu vién nay
Pit vat liéu va chiéu sang véi nhiéu tham sé khé rac rdi, dic biét 1a khi phai
thiét dat chiing mot cach thia cong.
Thu vién OpenGLSetting cho phép thiét dat tham sb vat liéu va anh sang

théng qua giao dién hop thoai mot cach tuong minh.
Trong thu vién ndy dinh nghia sin 2 hop thoai:
CDIgSettingLight - Hop thoai thiét dit tham sé anh sang

CDlgSettingMaterial - Hop thoai thiét dat tham s6 vat lieu Ky thuat

lap trinh m6 phong R bt va cac hé co dién tir

3.2.8.2. Pua thur vién vdo dé an

Copy thu muc “OpenGLSetting” vao thu muc cua project da tao.

bua file“OpenGLSetting\bin\OpenGLSetting.lib”hoac“OpenGLSettingd .lib”

(tly theo ché do bién dich cua dé an) vao dé an bang chirc ning “Add Files to Project

Trong file “stdafx.h” thém dong sau
#include “OpenGLSetting/Inc/OpenGL Setting.h*
Khai bao sir dung hop thoai thiét dit anh séng:

CDlgsSettingLight dlg;
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dlg.SetData(m_glLight, &m_openGL);
dlg.DoModal();

Str dung hop thoai dat vat ligu CDIgSettingMaterial tuong tu.
3.3. Xay dung phan mém md phéng 3D tay may robot
Chuong trinh “System Simulation” dugc lap trinh bang ngdn ngit C++ trén mai

treong Microsoft Visual Studio.

Dé thuc thi chuwong trinh, ngudi ding mé tép “System Simulation”, giao dién
ban dau cta chuong trinh nhu Hinh 3.10

. System Simulation - Untitled

file View Demo Mouse Done
0w 7

"3 Manual Mode Trajectory Mode
MANUAL MODE

Paramel ter name

Cunent Walus 238.5

2 |q2 0| 314150 rad
3 |q3 2084 2004/0 rad
4]qt 0 1]0 rad

Hinh 3.10: Giao dién ban dau cia chwong trinh
3.3.1. Gidi thigu vé cac cong cu chinh ciia chwong trinh:

. Systern Simulation - Untitled
Eile Yiew Demo

Oe 7

Mouse Dane Setting Help

Dé c6 thé mé file mai ta co thé nhim vao biéu tusng D hoac co thé nhin phim tit
Ctrl+N dé cho nhanh.

& : mo mot tép tin tai liéu dugc tao ra va duge luu trén cac thiét bi luu trix
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Pé c6 thé thay doi cong dung caa con chudt ta chon “Mouse Done”. Khi nhan vao

day ta c6 5 cong cu khac nhau:

-9 : dung dé duy chuyén mé hinh xung quanh méi trudng chuwong trinh.
Q. dung dé phong to hoic thu nho mé hinh 3D .

B o dung dé xoay chuyén mé hinh theo y muén caa ngudi dung.

_ ). ding dé xoay vat theo huéng vong tron.

X dung dé x6a hét cac 1énh ma nguoi ding sir dung luc trudc.

Pé cd thé lya chon mau sac cho mo hinh ta nhan vao phan “Setting” va chon phan
“Light” con néu mudn lya chon nguyén vat liéu cho mé hinh ta chon phan

“Material”.

Setting Light x

Ambient

T

i

Specular

Red Green  Blue Alfa Red Green  Blue Alfa Red Green  Blue Alfa
Position Spot Attenuation Eimenite

"= ’]7 precten Constant ’15‘7

P x=|1 p=|1 z=1 | ; lm

A= h Linear Default

Quadratic |0 Ca

ncel
0K

Hinh 3.11: Giao dién hdp thogi cai dat thong sé anh sang Setting Light

Exponent |0 Cut DI |1 80

[ Directional source
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Select element X

Please select an element for setting material

Element 1 j

Object

| =

Cancel 0K |

Hinh 3.12: Giao dién hép thoai lwa chon déi twong dat théng sé vt liéu

Trong chuong trinh gdm 2 ché d6 d6 1a ché do thi cong(Manual Mode) va ché do quy
dao( Trajectory Mode).

Manual Mode cho phép ta xem dugc quy dao chuyén dong cua ting khép tay caa mo
hinh.Khi chon vao ting phan caa bang sé liéu ta c6 thé diéu khién duoc ting khop

chuyén dong gilp ta biét duoc gigi han di chuyén va cach di chuyén cua tay may.

Trajectory Mode cho ta xem quy dao chuyén dong cua tay may bang cach nap vao mot

doan chuong trinh di duogc viét sdn dé kich hoat chuyén dong tay may.

2]
File  View Demo MouseDone  Setting  Help
D 2> ¥[8 Qllga

13 Manual Mode Trajectory Mode
TRAJECTORY MODE

oo | | pase | s |

| DAMyPhenikaaUniSynciHos C++\0penGLASystemSim

313.139.. | -49.9013...| 100.500... | 128.50(
316.266... |-49.6057...|101.000... | 129.00(
319.369.. -49.1143.. 101.500... 129.50(
322434.. -48.4291..102.000.. 130.00(
325.450... |-47.5528..|102.500... 130.50(
328.406.. |-46.4888..|103.000.. 131.000

a\|u\|h‘w‘ru =

~

8 |331.288.. |-45.2413.. 103.500... 131.50(
9 334.087... |-43.8153...|104.000... 132.00(
10 |336.791.. |-42.2163.. 104.500.. 132.50(

339.389... | -40.4508..|105.000... 133.00(
341.871.. | -38.5256..|105.500... | 133.50(
344.277.. -35.4484.. 106.000.. 134000

=

14 | 346.448.. |-34.2273.. 106.500.. 13450
15 [348.525.. |-31.8711... 107.000.. 135000
16 [350.450... |-20.3892... 107.500.. |135.50(
17 |352.216... |-26.7913... 108.000... 136.00(

13 |353.815.. |-24.0876.. 108500.. 136.50(
19 |355241.. |-21.2869..| 109.000.. | 137.00(
20 |356.488.. |-18.4062.. 109500, 137.50(
21 |357.552.. |-15.4508.. 110.000.. 138.00( v
< >
Ready - ) NUM

Hinh 3.13: Giao dién phan mém ¢ ché dg trajectory mode
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3.3.2. Tép tin cdu hinh quan Iy md hinh tay may robot.

M6 hinh tay may robot mini khi dwoc xuat ra tap tin STL gom rét nhiéu
bo phan va chi tiét khac nhau. T4t ca cac bo phan can sy chuyén dong doc 1ap
phai duoc Xuat ra cac tap tin STL riéng. Hon nira cac bo phan di khéng chuyén
dong doc 1ap ma mudn thé hién sy khac biét vé mau sic va vat liéu ciing can
duoc xuat ra cac tap tin STL khac nhau. Do vay, trong chuyén dé tac gia da tao
ra mot tép tin dé quan Iy mé hinh c6 cau trac dinh dang tuan thua theo ciu tric
duoc gidi thiéu trong bai bao [6]. Viéc doc dinh dang tép tin nay duoc thuc hién
dé dang nho cac ham da duoc xay dung va gidi thiéu trong bai bao do. Theo

dinh dang, tép tin quan ly mé hinh ¢6 ciu tric theo vi du nhu sau:

[workspace]

400 ;Length of Axes

1 ;type of model file - 0: stl in ASCII ; 1: stl in binary ; 2: mdf
;num Elements

{0 1 2 3 4 5

[elements]

BO Bl B2 B3 B4 B5

TO T1 T2 T3 T4 T5

;name min  max init  unit

[parameters]

ql  131.5 298.5 298.5 "mm"

g2 O 3.14150 "rad"

q3  -2.0942.094 0 "rad"

g4 O 1 0 "rad"

[constants]

al 55 "mm
a2 150 "mm"
a3 190 "mm"
ad -60  "mm"
d 75 "mm"

46



d2 05 "mm"
d3 46,5 "mm"
d4 0 "mm"

:‘Transform matrixes

[T0]

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1
[T1]

1 0 0 al
0 1 0 0
0 0 1 qidl
0 0 0 1
[T2]

sin(q2) c0s(g2) 0 al+a2*sin(g2)

-c0s(g2) sin(q2) 0 -a2*cos(q2)

0 0 1 ql-d1+d2

0 0 0 1

[T3]

sin(q2+q3) cos(g2+q3) O al+a2*sin(g2)+a3*sin(q2+q3)

-cos(g2+qg3) sin(g2+g3) O -a2*cos(qg2)-a3*cos(q2+q3)

0 0 1 ql-d1+d2+d3

0 0 0 1

[T4]

sin(q2+q3-q4) cos(g2+g3-g4) 0
al+a2*sin(g2)+(a3+a4)*sin(g2+q3)+10.2*cos(q2+q3)

-c0s(g2+g3-q4) sin(g2+qg3-g4) 0 -a2*c0s(g2)-

(a3+a4)*cos(q2+q3)+10.2*sin(q2+q3)

0 0 1 ql-d1+d2+d3+d4
0 0 0 1
[T5]
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sin(q2+q3+qg4) cos(g2+g3+q4) 0 al+a2*sin(g2)+(a3+a4)*sin(g2+93)-
10.2*cos(q2+q3)

-c0s(q2+qg3+g4) sin(q2+q3+qg4) 0 -a2*co0s(q2)-(a3+a4)*cos(g2+g3)-
10.2*sin(g2+qg3)

0 0 1 gql-d1+d2+d3+d4

0 0 0 1

*X0 YO ZO0 - translation of an element - not used at moment

;filename R G B X0 YO zZ0 phi theta - XO, YO,
Z0, phi, theta are not used at moment

[BO]

*0 0 0

"st\00. Khau 0 - DE-TRU DUNG.STL" 0 1 1 0 0 0 0
0

"st\00. Khau 0 - GOI O.STL" 0 05 075 0 0 0 0 0

"st\00. Khau 0 - HOP DUNG ARDUINO.STL"0.75 1 025 0 0 0
0 0

"st\00. Khau 0 - KHOP NOI.STL" 0 0 1 0 0 0 0
0

"st\00. Khau 0 - RAY TRU.STL"0.25 0.25 1

o
o
o
o
o

"st\00. Khau 0 - STEP MOTOR.STL" 1 0 0 0 0 0 0
0

"st\00. Khau 0 - TRUC VIT.STL" 1 1 1 0 0 0 0
0

"st\00. Khau 0 - VIT-DAI OC.STL" 1 1 0 0 0 0 0
0

;"sth\00. Khau 0.STL" 1 0 0 0 0 0 0 0
[B1]

*0 0 0

"st\00. Khau 1 - DE.STL" 1 1 0 0 0 0 0 0
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"st\00. Khau 1 - GIADO.STL" 05 1 0 0

"st\00. Khau 1 - CON TRUOT.STL" 0 1 0.25
0

"st\00. Khau 1 - VIT-DAI OC.STL" 0 1 1
0

;""sth\00. Khau 1.STL" 0 1 0 0 0
[B2]

*0 0 0

"st\00. Khau 2 - MODULE.STL"0.25 0.25 025 0

"st\00. Khau 2 - STEP MOTOR.STL" 0 0 1
0

"st\00. Khau 2 - TAM CHAN GIA DO KHAU.STL" 0.75
0 0 0

"st\00. Khau 2 - TAY KHAU.STL" 0 0 1
0

"st\00. Khau 2 - VIT-DAI OC.STL" 0 0 1
0

;"st\00. Khau 2.STL" 0 1 1 0 0
[B3]

*0 0 0

"st\00. Khau 3 - MODULE.STL" 0.25 0.25 0.25

(@)

"st\00. Khau 3 - TAY KHAU.STL" 0 1 0
0

"st\00. Khau 3 - VIT-DAI OC.STL" 0 0 1
0

"stN\00. Khau 3 - TAY KEP.STL" 1 1 0 0

"st\00. Khau 3.STL" 1 1 0 0 0
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[B4]

*0 0 0

"sth\02. Ngon phai.STL" 1 0 1 0 0 0 0 0
[B5]

*0 0 0

"st\O1. Ngon trai.STL" 1 0 1 0 0 0 0 0

Trong d6, cac ky tu & sau dau chim phay “;” trén mdi mot dong 1a phan chd
thich, khong chua dir lidu. Cac tir duoc dat trong cac cap dau [] 1a cac tir khoa dé tra
ctru theo ving di liéu. Tir khoa “workspace” xac dinh viing dit liéu quy dinh viéc hién
thi khéng gian 1am viéc thuc hién viéc hién thi va mé phong mé hinh. T khoa
“elements” chi ra ving dit liéu cung cap cac tir khoa thuc hién tra ciu thdng tin dit liéu
cac khau. Tir phan dit liéu nay, ta s& c6 duoc cac ma tran chuyén caa cac khau la TO,
T1, con dit liéu vé céac tép tin chira céc chi tiét duoc quy dinh bai céc tir khda BO, B1.
Trong d6 phan dir liéu véi tir khda BO va TO sé& chua thong tin cia khau dé, khau 0,
con phan dit liéu véi tir khda B1 va T1 sé& chaa théng tin caa khau 1 tic 12 cum con
truot va dai 6¢ di chuyén Ién xudng. Cac ma tran chuyén dit trong vung di liu T
duoc cung cip & dang cong thire tham sb, phan mém mé phong sé doc va tinh toan céc
ma tran chuyén nay dua theo céc gia tri caa bién khép va hiang sé duoc cung cap. Céc
ma tran T c6 thé duoc xay dung dya theo ma tran Denavit Hartenberg [8]. Tir khoa
“parameters” cung cap ving di liéu caa cac bién khép trong md hinh. M&i mot dong
trong ving nay sé 1a thong tin caa mot bién khop. Tir khoda “constants” chi ving di
liéu chira cac thdng sé dang hiang sé trong md hinh. Dya vao théng tin caa cac tham sé
bién khap va hang sé trong mé hinh, cac ma tran chuyén ciia cac khau co thé duoc tinh
toan phuc vu viéc hién thi cac chi tiét dung vi tri. Hé thong céc truc toa do, tham sé va
bién khép duoc md ta trén Hinh 3.14.
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Hinh 3.14: Hé thong cac toa dé va trong tham sé trong mé phong tay may robot

3.3.3. Két qud chwong trinh mé phéngtay may robot mini.

Két qua cudi cuing cua chuong trinh mé phong tay may robot mini c6 giao dién
nhu trén Hinh 3.10 va 3.13. Khi chay chuong trinh mé phdong, nguoi dung s€ ¢ giao
dién diéu khién mé hinh theo céac bién khop (Hinh 3.10) hoic chay mé phong theo quy
dao yéu cau cho trudc (Hinh 3.13). Trong dé, quy dao duoc cho trudc 1a mot duong
xoin 4c, tir d6 cac bién khop da duogc giai bang excel va xuat két qua ra tép tin véi
dinh dang sau:

X Y z ql 92 q3 q4
310.000000  -50.000000  100.000000  128.000000  -4.099097  -1.413570  0.000000
313139526  -49.901336 100500000 128500000  -4.113523  -1.385061  0.000000
316266662  -49.605735 101000000  129.000000  -4.127251  -1.356511  0.000000
319369066  -49.114363 101500000 129500000  -4.140264  -1.328011  0.000000
322434494  -48.429158 102000000  130.000000  -4.152544  -1.299651  0.000000

325450850  -47.552826  102.500000  130.500000 -4.164071 -1.271526 0.000000
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328.406228  -46.488824  103.000000  131.000000 -4.174827 -1.243730 0.000000
331.288965  -45.241353  103.500000  131.500000 -4.184788 -1.216363 0.000000

334.087684  -43.815334  104.000000  132.000000 -4.193932 -1.189526 0.000000

Trong d6 ba cot dau thé hién toa do cua dau tay kep, bon cot sau thé hién gia tri cua
céc bién khop tai mdi thoi diém Gng véi vi tri cua tay kep. Trong ché do Trajectory
Mode, sau khi nguoi ding mo tép tin quy dao trén, c6 thé chon cac nut Run, Pause
hodc Stop dé thuc hién chay md phong hoat dong cua tay may robot mini.
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Két luan
Két qua dat dwoc:

Dé tai nay da tng dung thanh cong phan mém Solidworks dé dung mé hinh 3D
tay may robot mini. Pay 1a tay may robot mini phuc vu dao tao da dwoc ché tao thi tai
Khoa Co khi — Co dién tu.

Tim hiéu va tng dung duoc Iap trinh C++ trén méi truong Visual Studio va st

dung thu vién d6 hoa mo OpenGL dé thuc hién mé phong 3D hoat dong cua robot.

Pé tai da xay dung duoc phan mém md phong 3D hoat dong cua tay may robot
theo quy dao cho trugc. Phan mém duoc thiét ké dé d& dang thay ddi va tich hop cho
cac md hinh robot méi nhd dinh dang tép tin ciu hinh va mé hinh 3D caa robot. Day 1a
chie ning hitu ich gitp cac sinh vién c6 thé thiét ké va md phong hoat dong céc robot

méi, nho d6 nang cao kha ning hoc tap, thiét ké va st dung robot.
Han ché:

Péi véi dinh hudng phét trién, hién gio chuong trinh méi thuc hién md phong
va quy dao duoc giai truéc bai phan mém khéc chang han nhu file quy dao duoc tao ra
tu file excel.

Phan mém van chwa thyuc hién giai cac bai toan dong hoc nguoc, tic 1a tir dong
tac tir yeu cau chuyén dong cua tay may robot ma tinh ra dugc cac vi tri cua cac khop
s& xoay bao nhiéu hozc di chuyén bao nhiéu.

Pinh hwong phat trién:

Muc tiéu dau tién 1 giai bai toan dong hoc ngugc dé tir quy dao ban dau tinh ra
dugc céac khap.

Muc tiéu thir hai, tir cAc chuong trinh chay trén may tinh sau khi giai bai toan

d6ng hoc nguoc, ta ¢ thé diéu khién truc tiép tay may tir phan mém.
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