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Tom tit

Ngay nay, robot dwgc nhic dén nhu mot cong cu hd
trg hét sic déc lyc cho con nguoi trong nhitng hoat
dong san xuét kinh doanh, y t& hay gido duc. Bang
cach tim hiéu phuong thirc giao tiép giira canh tay
robot RV-2AJ va may tinh thong qua viéc sir dung
mot thiét bi haptic — Bamboo™Pad, bai béo nay trinh
bai mot tmg dung méi trong viéc diéu khién robot dé
vé& ky hoa. Bé thuc hién duogc viée 1ap trinh cho robot
v&, can trai qua bon giai doan nhu: i) Thyc hién md
phong robot RV-2AJ trén phan mém Matlab; i) Giai
ma tin hiéu théng tin ctia robot RV-2AJ thdng qua
viéc st dung phan mém Serial Port Minotor dé thu
thap tap 1énh qua cng RS232; iii) Thiét ké phan mém
diéu khién robot théng qua giao tiép RS232 va phim
cham Bamboo™Pad; iv) Kiém ching hoat dong cia
robot va phan mém thiét ké. Két qua cho thy, robot
c6 thé thuc hién viéc vé ky hoa trén mot mat phéng
bat ky trong khong gian hoat dong ctia robot.

Tir khéa: Canh tay robot RV-2AJ v& ky hoa, Thiét bi
haptic, Phan mém Matlab

Abstract:

Nowadays, robots are known as a supported tool very
effectively for people in the industrial activities,
business activities, medical or educational fields. By
understanding the mode of communication between
the robot arm RV-2AJ and computers through the use
of a haptic device - Bamboo™Pad, this paper presents
a new robot application towards the application of
robot to do the sketches. To implement the mode to
do the sketches, four specific phases were carried out:
i) Simulating robot RV-2AJ on Matlab software; ii)
Decoding information signals of RV-2AJ robot
through the use of Serial Port Monitor software to
collect instructions through RS232 port; iii)
Designing the robot’s control software by using
RS232 port and Bamboo™Pad; iv) Checking the
operation of the robot and designed software. As a
result, the robot can be able to stimulate the sketch on
a certaint plane within its reachable space.

Keywords: Doing the sketch by Robot arm RV-2AJ,
Haptic devices, Matlab software.
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g Vector 5 phan tir twong tng
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touchpad

P Vector trung gian

p Vector toa do can dat duoc
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Chir viet tat

PMAC Programmable Multi-Axies Controller

FMS Flexible Manufacturing System

1. Phin mé& dau

Mot cach ty nhién, chung ta thudng nghi ngay dén
mot ¢d may, hinh dang twong ty con nguoi va co
nhitng hoat dong tuong tu con nguoi khi ¢ ai d6 dé
cap dén chii dé robot. Nhung trén thyuc té, tir “robot”
bao ham rong hon rat nhiéu. Robot 1a tit ca nhing
may dién hay may co c6 kha nang thuc hién mot
chudi hanh dong phirc tap mot cach ty dong hay ban
tu dong (Oxford Dictionaries, 2014).

Thuat nglr “Robot” dugc nhic dén 1an dau tién trong
vo kich “Rossum’s Univesal Robot” ctuia Karel Capek
nam 1922[1]. Nam 1961 robot cong nghiép dau tién
dugc tmg dung trong nha may lip rap 6 to cua
General Motor - USA [1]. Tir ndm 1970 dén nay da c6


mailto:vmtri@ctu.edu.vn
mailto:lecongkhanh382@gmail.com
mailto:nghia_cantho001@yahoo.com
mailto:hoangsonle27@gmail.com

Hoi nghi toan quédc 1an thir 3 vé Diéu khién va Ty dong hoa - VCCA-2015

hon 20 béo céo chinh thirc vé sit ménh chinh phyc
khong gian cia cac robot dugc guri di dé tham hiém
Hé mat troi [2].

Ngay nay cong nghé robot hau nhu dugc ap dung lén
moi linh vuc trong xa hoi. Trong twong lai, robot ¢
thé thay thé con nguoi thyc hién cic cong viée phic
tap nhu diéu khién 6td tham gia giao thong[3]. Cac
robot hién dai ¢ ciu trac dic biét c6 thé tu tach ra
hodc két hop lai dé cing phdi hop thyc hién nhiéu
tinh nang khic nhau theo yéu cau coéng nghé cu
thé[4].

Cung véi sy tién bo ciia ki thuat robot trén thé gioi,
cdng nghé robot tai Viét Nam ciling c6 nhiing budc di
dang ghi nhan.Tinh tir ndm 2006, d3 c6 nhiéu bai bao
trong nudc va nudc ngoai ghi nhan sy tién bo cia ki
thuat robot tai Viét Nam v&i nhiéu dai dién nhu:
Robot chién truong cua Hoc vién k¥ thuat quan sy,
Robot hat bui thong minh, Robot nhay mua TOSY,
Robot danh bong ban TOPIO, dai dién cho Robocon
Viét Nam dd dat 05 huy chuong vang cac giai
Robocon quéc té [5]. Pén nay, nude ta da nhap khiu
va trién khai nhiéu robot phiu thuét phuc vu diéu tri
cho cdc bénh doi hoi cao vé sy chinh xac - nhu cac ca
phau thuat cot song tai cac tuyén trung wong [6]
Robot han, robot ldp rap, robot phan loai va nhiéu
chung loai robot cong nghiép khac ciing dugc dau tu
nghién ctru nghiém tac [7].

Cung v6i sy phat trién ciia cong nghé san xuat phan
cung va thuat toan diéu khién s, robot hién dai khong
chi 12 mot khoi thiét bi cing nhic ma con duoc trang
bi cic cam bién nhu 1a cac gidc quan. “Haptic
control” 14 thuat ngir chi mét mé hinh didu khién ma
trong d6 nguoi diéu khién va thiét bi c6 twong tac truc
tiép hodc gian tiép v6i nhau. M6 hinh nay tai tao lai
toan bd hay mot phan cam gidc cia con ngudi khi
tham gia twong tic véi thiét bi[8]. Gan ddy, Wacom
cling da cho ra doi mot thiét bi haptic thuong mai ¢
thé ma hoa dugc toa do va luc tac dong cua but vé
trén mot mat cam (tng Bamboo™Pad nhu hinh 1.

H.1  Bamboo™Pad ciia hing Wacom

Nhim khai théc céc thiét bi hién c6 va cb gang bat kip
su phat trién cua khoa hoc cong nghé thé gigi, nhom
tac gia dé xuat mot giai phap méi diéu khién canh tay
robot RV-2AJ trong day chuyén san suit linh hoat
FMS cua hiang FESTO thong qua viéc sir dung thiét bi
Haptics - Bamboo™Pad dé diéu khién robot v& ky
hoa. Két qua cho théy, robot ¢6 thé vé ky hoa 1én mdt
mit phing bét ky dat trong khong gian lam viéc cua
robot.

2. N¢i dung chinh
2.1 So lwge vé robot RV-2AJ
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Robot RV-2AJ la canh tay robot 5 bac ty do ciia hing
Mitsubishi — Nhat Ban. Céc thanh phan chinh bao
gom:

e Mot canh tay may 5 bac tu do —
e BO diéu khién CR1-571.

e BO diéu khién va lap trinh vi tri bang tay -

Teaching box R28TB.
Tong quan robot dugc md ta trong hinh 2.

Main Body.

H.2  Cénh tay robot Mitsubishi RV-2AJ
Céc thong s6 co ban cua Robot RV-2AJ:
e Sébac ty do: 5 béc.
Kiéu ciu truc: Pung, toan khép quay.
Pong co dan dong: AC servo.
Do chinh xac: +0.02mm.
e Kha nang mang tai: Tinh 2kg, dong 1,5kg.

e S6ngdIn/Outsé: 16 In/ 16 Out.
e (Conggiao tiép:  RS232/RS422.
e Diénépstrdung: 220VAC.

e  Ngobn ngir 1ap trinh: MELFA-BASIC
MOVEMASTER COMMANDS.
2.1.1 B$ diéu khién (Controller)
La thanh phin quan trong quyét dinh kha nang linh
hoat va do chinh xac cua Robot. Bo diéu khién cua
robot MJ-2AV dugc trang bi CPU kién tric
RISC/DSP 64bit[9] cing cac ngd In/Out s ¢6 thé 1ap
trinh dwoc. Cong truyén thong co ban RS232/RS422.
B6 diéu khién c6 thé nang cip Card truyén thong qua
mang LAN.
2.1.2 Ngon ngir 14p trinh
Ngon ngit 1ap trinh cho robot 1a MELFA-BASIC IV
hoic MOVEMASTER COMMANDS[10]. Phin mém
giao dién di kem 1a COSIROP dung dé giao tiép giita
robot véi may tinh va 1ap trinh diéu khién.
Trén day chuyen FMS, Cac toa do vi tri va chuyén
dong cua robot RV-2AJ dugc 1dp trinh trude béng
phin mém COSIROP va nap vio bd diéu khién. Dé
mé rong phuong thic diéu khién, nhom tac gia dé
xuit mét md hinh méi 1a diéu khién robot truc tiép tir
thiét bi haptic théng qua chuong trinh diéu khién linh
hoat trén nén ngdén ngit MATLAB.

IV hoac

2.2 Bo tri thi nghi¢m

Nhu d3 gi6i thidu, nhém téc gia st dung phan mém
MATLAB lap trinh giao di¢n su kién, doc dir li€u tu
thiét bi haptic, phan tich, tinh toan dir liéu va xuat dix
liéu diéu khién thong qua cdng truyén thong RS232
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ctia bo diéu khién. So d6 bd tri thi nghiém dwge mo ta  trong hinh 3.
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H.5  Robot RV-2AJ dugc md phong trén Matlab
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Sau khi mo6 phong thanh cong robot trén Matlab, mot
trong nhitng thi nghiém quan trong va ciing 1 méau
chét & nghién ciru nay 1a doc va giai ma tin hiéu dicu
khién ciia robot RV-2AJ dé c6 thé diéu khién robot
thuc hién nhitng yéu cau cong viéc dat ra.

2.2.2 Giai ma tin hiéu ciia Robot dé diéu khién

Pa s6 robot ché tao sin trong thoi diém hién tai déu
dugce dong goi cing v6i phin mém bién dich va bo
diéu khién. De diéu khién robot tir mot phan mem ung
dung khac, can ¢6 duge thong tin ma phin mém giao
tiép truyén qua cong giao tiép. Piéu nay di duogc thuc
hién boi nhiéu don vi nhu cong ty Nation
Instruments[11], cac nghién ctu sinh & dai hoc
Quindio — Amenia — Colombia[12], va mét s6 don vi
khac. Nhung diéu dang luu tam la tién mua ban quyén
s& hitu tri tué co the 1én dén 1200$[11], khoan tién

nay vuot xa kinh phi nghién ctru khoa hoc ma don vi
¢6 thé cung cip. Vi thé ching t6i da tim dén nhiing
giai phap it ton kém hon nhim muc dich “loc” lay
thong tin hai chiéu gitra may tinh va robot.

Sau khi tim hiéu nhiéu phan mém loc tin hi¢u. Nhom
tac gia quyét dinh chon chwong trinh Serial Port
Monitor ctia Eltima vi tinh 6n dinh, nhiéu chirc ning
hitu ich nhu luu thong tin duédi dang txt, loc sy kién,
hién thi cac ngét thoi gian, ngét su kién.

Nhur vay c6 thé néi, thi nghiém giai ma tin hiéu robot
0 day chinh la viéc thu thap tap 1énh truyen nhén gilta
robot va phan mém COSIROP qua cong giao tiép
RS232 thong qua viée sir dung phan mém Serial Port
Monitor. Giao dién phin mém Serial Port Monitor
duoc mo ta trong hinh 6.
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Thong tin thu thap dugc twong ty nhu hop nglr, mot
ngon ngit 1ap trinh cap thap, gom co so Hex, chit cai

Giao dién diéu khién cia phin mém Serial Port Monitor

viét tit, ddu cau va nhiéu phan tir khac. Mot doan
chuong trinh thu dugc c6 dang nhu hinh 7.
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H.7
Chung ta biét ring thong tin ndy c6 mot quy lut nhit
dinh. Tuy nhién dé hiéu dugc thong tin nay, nhom tac
gia di phai thiét 1ap rt nhiéu thi nghiém lién quan.
M3di thi nghiém phai tip trung vao mot chi tiét nhét
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Mbt doan chuong trinh didu khién robot RV-2AJ dugc thu thap

dinh, thay dbi cic thong s6 nhat dinh dé nhan ra sy
khéc biét. Timg thong so thiét 1ap c6 thé nhin thiy, do
dai chwong trinh, thay déi cdu lénh ciing nhu tht tu
cua céc cau 1énh, toa do cling nhu thay ddi céac thuat
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toan dugc ho tro. Sau khi x4c dinh dugc quy luat cua
cac cau lénh va két hop véi ngén ngir lap trinh
MELFA-BASIC IV nhom tac gid da giai ma duoc tép
lénh cia phan mém COSIROP diéu khién robot va
Chuyen sang giai doan thiét ké chuong trinh diéu
khién.

2.2.3 Thiét ké chwong trinh diéu khién robot

Yéu cau hién tai cia phan mém diéu khién gdm cé:
Két ndi, ngat két ndi.

Dung robot.

Reset 16i.

Khéi dong robot.

DPong/ma tay gap.

Poc vi tri, goc quay.

Tra robot vé vi tri home.

Tang/giam vi tri tay gap, di chuyén robot.
Tang/giam goc quay cac khop, di chuyén robot.

Doc thong sb cac khop.

Theo yéu cau di dé ra, va v6i sy hd tro cua Matlab-
guide, mdi don vi nat bim trén giao dién hinh 8 s&
thuc hién mot chirc ndng chinh va két hop méi mot sd
chure nang khac:

e Chuc ning reset 16i s& thyc thi sau chic ning
dung robot.

Chtrc nang tra vé vi tri home s& thyc thi sau khi
khai dong robot.

Chtrc nang tang/giam vi tri s€ di kém vdi vong
lap di d& cap & phan Pong hoc nguoc dé tién
hanh mé phdng robot.

Chtre ning doc thong s6 khop thuc thi trude khi
Iénh di chuyén robot dugc gui di dé dam bao toa
d6 tiép theo van nam trong khong gian lam viéc
cua robot.

Hinh 8 trinh bay giao dién diéu khién robot ao:

Mo phong trong khong gian 4o ba chiéu.
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H.8 Giao dién dicu khién robot 4o trén Matlab Guide

Giao dién trinh bay trong hinh 8 cho phép tao chuyen

ddng cho robot tir vi tri hién tai dén vi tri méi bang

cach thay d6i goc quay cua cac khép hay thay d6i vi

tri khau tac dong cudi.

Khi chuyén sang ché d6 két ndi véi robot, 1énh tir giao

dién diéu khién s& truyén dén canh tay robot thdng

qua cong RS232

a) Giao tiép qua RS232

Dé thuc hién giao tlep v6i RS232, nhom tac gia da tao

ra mot ham diéu khién vi tri trén Matlab c6 dang nhu

Sau:

function[output args]=Robot Mitsubishi

( s,xx,vyy,zz,rol,pitch,yar )

Ham nay duogc tao ra véi 5 muyc dich chinh:

Két ndi MATLAB véi cong truyén thong RS232.

Diéu khién khép b tay cua robot dén vi tri xac

dinh trong khong gian.

Pong két ndi voi cong RS232.

PressureTest GraphicTablet.m

wPtr Screen ('OpenWindow',

thu thép dt liéu

WinTabMex (0, wPtr);

WinTabMex (2) ; %

pkt=WinTabMex (5) ;
Return_ Value=pkt;

while (~isempty (pkt))
pkt WinTabMex (5) ;
if (~isempty (pkt))

0, 0, [0 O 30 301);
%$Kich hoat driver,

$Truy sudt dit liéu theo phuong
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két nbi vao curta sb
B&t dadu ghi nhan va xu ly sbé liéu.

Két hop vé6i cac vong 1ap tao thanh chu trinh didu
khién.

Thir tdc d6 truyén théng véi robot.

Chung ta c6 thé can thiép vao ham nay khi can thay
ddi tdc do truyén thong bang cach thém cac Init-
commands can thiét cho Robot.

b) Giao tiép véi Graphic Tablet sir dung
Psychtoolbox:

Psychtoolbox 1a mét hdp cong cu dugc tao ra cho
Matlab gitp cho viéc trinh bay céc kich thich va thu
thap phan ung hanh vi trd nén dé dang hon. Trong
nghién ctru ndy, nhom tac gia sir dung Psychtoolbox
dé ghi nhan chuyén dong cua bat va ap lyc cua dau
bat trén Bamboo™Pad.

Du¢i day la doan chuong trinh dugc tao ra trén
MATLAB:

$Tao ra moét cta sb kich thudc 30x30 dé& phuc vu

‘wPtr’.

thtc FIFO

%$Ghi dir 1iéu thu thdp dugc vao bién tra vé
2Vong lip loai boéd céc diém thwta ghi nh&n dugc tu tablet
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Return_Value=pkt;
end
end

if (~isempty (Return Value)) %Tra vé vi tri méi nhdt ngudi dung tac déng lén Tablet
output_args=[Return Value ([l 2],1);Return Value(9,1)];

%disp (Return Value([1 2],1))

end
WinTabMex (3) ; % Stop/Pause ghi nhdn va xu 1y sb liéu.
WinTabMex (1) ; % Shutdown driver.

Screen ('CloseAll");

2.2.4 Kiém tra hoat dong ciia md phong va thue té
a) Kiém tra khong c6 két ndi

Piu tién, mé phan mém tng dung va rit cap két ndi,
két qua dugc mo ta nhu hinh 9.
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H.9  Quan sat cac chuyén dong cua robot trén phan mém
mo phong

(a) - Robot tai vi tri home; (b) - Gidi han mét bén clia

khép 1; (c) - Gidi han trén cua khéop tha 2; (d) - Gidi

han trén ctia khép thir 3; (e) - Gidi han trén cua khop
thr 4; (f) - Gi6i han dudi ctua khép thir 4
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Sau khi tién hanh kiém tra, nhom tac gia nhan thiy
rang tng dung mé phong robot hoat dong dung vai du
kién.

b) Kiém tra c6 két ndi

Khi tién hanh kiém tra c6 két ndi, nhom da b tri it
nhit hai nguoi dé vira giam sat phan mém vira giam
sat phan cung, dimg khan cip robot khi ¢6 déu hiéu
bat thuong. Trong ché do d3 két ndi, toa do cta robot
duoc cdp nhat 1én giao dién theo thoi gian dinh trudec.
Két qua duoc trinh bay trong hinh 10.
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H.10 Quan sat cac chuyén dong ngoai thyc té caa robot
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(a) - Robot tai vi tri home; (b) - Gidi han mét bén clia
khép 1; (c) - Gidi han trén ctua khop thir 2; (d) - Gidi
han trén ctia khép thir 3; (e) - Gidi han trén cua khép
thr 4; (f) - Gidi han dudi ctia khép thir 4
Sau khi tién hanh kiém tra c6 két ndi, nhan thay robot
hoat dong dung nhu khi gia lap.
2.3 Ung dung robot RV-2AJ vé ky hoa
Robot RV-2AJ dugc biét dén rong rai 1a mot Robot
cong nghiép. Phuong thirc didu khién thong thudng 1a
lap trinh cho robot mdt chudi cac thao tac tai cac toa
d6 cb dinh biét trude. Trong nghién ctru ndy, Nhém
tac gia mudn mé rong tmg dung cua robot nay trong
diéu kién thyc té. Va nhu di néu, nhom da nghién ctru
sau hon phuong phap diéu khién robot nham phuc vu
cong tac dao tao, thuc day tinh than hoc tap nghién
clru cua sinh vién tai truong. Nghién ctu nay s& lam
tién dé cho cac tmg dung tiép theo phuc vu nhidu muc
tiéu nghién ciru trong tuong lai.
Ung dung mo hinh Haptic control vao thyc té diéu
khién robot s& mé ra mot hudng ung dung méi theo
xu thé cua thoi dai. Ung dung robot v& ky hoa chi 1a
budc dau trong chudi cac tng dung tiép theo nhu diéu
khién Iyc, diéu khién tong tro, diéu khién mém dgo.
Két qua cua nghién ctru sé& duoc tng dung vao viéc
thiét 1ap mot phuong thire méi trong viée diéu khién
robot lién tuc tir thiét bi thu nhéan dit liéu.
Bang 1: Cac thong sd Denavit-Hartenbergs

2.3.1 Xac dinh va thiét 13p bai toan dong hoc phu
hop

Dé tinh toan cac bai toan dong hoc, can phai dat vao
cic khép robot mot hé toa do moéi theo quy tic
Denavit-Hartenberg[13] nhu trinh bay trong hinh 11.

H.11 Hg¢ toa do dat cho céac khop

STT khép ai[m] a;[%] dilm] 8.1
1 0 -90 0.3 0
2 0.25 0 0 -90
3 0.16 0 0 90
4 0 -90 0 -90
5 0 0 0 0

Phan biét loai bai toan dong hoc:

e Bai toan dong hoc thudn: Tu thong sb cua cac
khop (goc/dd dai) tim ra duge vi tri va hudng cla
tay robot (end-effector)[13].

e Bai toan dong hoc nguogc: Biét toa do va hudng
can dat duoc cua tay robot, xac dinh thong s6 can
thiét cuia cac khép[13].

D& dang thiy rang dé thuc hién thao tac v& ky hoa Ién

thiét bj haptic va sau do robot s& thuc hién theo chinh

Ia mot bai toan dong hoc nguoc.

C6 nhiéu phwong phap c6 thé str dung dé giai bai toan

nay, tuy nhién dé thuan tién cho viéc 1ap trinh va mo

phong trén may tinh thi phuong phap tinh dong hoc
nguoc su dung ma tran chuyén ddi Jacobian 1a mot

Iwa chon tot. Sir dung phuong phéap nay, goc quay cua

robot s& cap nhat trong vong lap dén khi sai sb giita

goc mong mubn va goc hién tai 1a chap nhan duoc.

Néu dit vector cot cac goc quay cua khop thir k 13 0

thi luong thay doi: |

Dg=al’e (1)

Trong d6 € 14 vector 5 phan tir tuong ung voi 5 khop

cua robot, Dy biéu ‘'hién cho sai s6 gitra vi tri hién tai

va vi tri mong mudn robot dat dwoc, a dugc chon rat
gan cuc tidu coa € va J' 1a ma trén jacobian dugc

chuyén vi [14].

VCCA-2015

2.3.2 Tinh toan toa dd tuyét ddi ciia diém vé trén
hé toa d¢ robot

Thuat toan tinh toan toa do can di chuyén cua but vé
duge mo ta trong luu d6 hinh 12,

Read Pen Position (pkt)

v

Pyx=pkt(1)
Py=pkt(2)
P,=pkt(3)
p:Mtf XP

End

H.12 Luu dd thuat toan tinh todn toa do but vé trong hé
toa do cua Robot
My La ma trin bién ddi thudn nhat tir hé toa do cua
mit phing bang vé vé hé toa do gdc ciia robot[13].
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iX jX n OX

[M :IZ iy jy n, Oy
! iZ jZ nZ OZ

0 0 0 1

i,j,n 1an luot 1a vector don vi truc x,y,z va O la vector
toa do gdc O trén bang v&.

Két thuc luu do, chuong trinh s& thu duoc toa d6 cac
diém ma bat v& can di chuyén dén trong khong gian
cong tac cua Robot. Két qua nay s& duoc Xuét sang bo
diéu khién dé diéu khién robot thong qua cong
RS232[9]. Két qua thu duoc trinh bay trén hinh 13.

|

H.13 Robot RV-2AJ thuc hién thao tac ky tén

3. Kétluan

Tir két qua nghién ctru phuong thirc giao tiép gitra
robot va may tinh théng qua viéc st dung thiét bi
haptic — Bamboo™Pad, nhom di thiét 1ap mot tmg
dung diéu khién robot méi theo hudng nghién ctru,
phat trién phuc vu cong tac dao tao va thyc hanh, dac
biét 1a viéc tng dung robot dé v& ky hoa. Két qua nay
chi 1a mot budc khiém tén trong cong cudc dua thiét
bi k¥ thuat hién dai vao thuc té, nhung nhom tac gia
tin tuong dé tai nay di sin sang cong bd dé thé thu
hep khoang cach tng dung tién bo khoa hoc vao thue
tién. Pat nén méng cho tinh than nghién ctru hoc hoi
va mo rong ing dung cac thiét bi san c¢6 trong mdi
sinh vién Viét Nam. Két qua nghién ctru c6 thé tiép
tuc ké thira dé phat trién cac ing dung khac quan
trong hon, hi€u qua hon, c6 1oi ich to 16n hon nham
phuc vu cho cong ddng.
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