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Chuyén dbi gitra gdc tinh toan va géc diéu khién
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TOM TAT

Bai béo dé cap dén mot vi dy thyc tién trong didu khién Robot Rascal théng qua viée chuyén dbi géc tinh
toan trong bai toan dong hoc ngugc sang goc dicu khién thuc té trén Robot. Mot vi du minh hoa trong
phong thi nghiém st dung thudt todn nay ciing dugc trinh bay.

Tur khéa: Pong hoc Robot, Robot Rascal, Robot cong nghiép

1. Dit van dé

Bai toan diéu khién Robot dugc xdc dinh thong qua giai cac phuong trinh dong hoc thuan va nghich.
Khi quy dao chuyen dong dé gip vat 1a xac dinh. Tuy nhién viéc giai cac phuong trinh trén rét kho giai
truc tiép, va vin dé nay ciing xay ra dbi vdi hau hét cac tay may robot. Vi thé, can phai xay dung cic
thuat toan hiéu qua c6 hé thdng dé giai quyét dua vao ciu triic dong hoc dic biét cua timg tay may. Trong
khi vin dé dong hoc thuan ludn c6 16 giai duy nhat bang cach thay céc gid tri goc tinh toan cua timg bién
khép vao cac phuong trinh dong hoc thudn, thi vin de dong hoc nguoc c6 thé khong c6 10i giai. Chon
nghiém cho bai toan dong hoc nguoc phu thude vao yéu t toan hoc va cong nghé. Vi du, chuyén dong
ctia khép quay c6 thé bi gidi han nho hon mét vong quay 360° dwa dén viéc khong phai tat ca nghiém cua
phuong trinh dong hoc déu c6 dugce vi tri vat ly that twong Gng trén tay may.

Chinh vi 1y do nay bai bio dé cip dén mét vi du thuc tién trong didu khién Robot Rascal thong qua
viéc chuyén ddi géc tinh toan trong bai toan dong hoc nguoc sang goc diéu khién thyc té trén Robot duge
trinh bay trong phan 2. Cudi bai bio 1a phan két luan.

2. Bai toan diéu khién Robot Rascal

M6 hinh nghién ctru dugc thyc hién tai phong thi nghiém B moén Tu dong hoa. Trong nghién ctru nay,
tac gia st dung Robix-6, cé cau truc k¥ thuat mé ta nhu trong Hinh 1 (Robix Rascal Project Book, 2005).

Hinh 1. Cdu tric ky thugt Robix-6
Robot Rascal voi cac duong lién ke ¢6 the thao roi va lap dat tuy theo tung bai todn dét ra, cac khép
quay lién két su dung dong co servo vdi bude diéu khién tu -1400 + +1400.

2.1. Dong hoc thuin Robot Rascal

Dé thyuc hién bai toan diéu khién Robot, viéc xac dinh cac tham sb vé hé toa do cac khép gilr vai tro
quan trong. B tham s6 nay dugc xac dinh thong qua cac budc sau:

- Buée 1: Xac dinh céc tryc khoép va dat tén twong tmg 2, ... Z,,_, .

*Tac gia lién hé
Email: nguyenduckhoat@humg.edu.vn

137



- Buére 2: Xéc 1ap hé toa do nén. Pat géc cua hé toa do nay tai bét ky diém nao trén truc z, . Céc truc
X,va ¥, dugc chon thoa qui tic tam dién thuan. Lap i = 1,..., 72 — 1 1an thyc hién budc 3 dén budc 5.

- Buée 3: Xéc dinh cac gbc O, 1a giao diém cua duong vudng goc chung giira zZ;va z, |V6i z;. Néu
z, giao véi z, |, dat O, tai giao diém nay. Néu z, song song véi z, ,, dat O, tai bat ky vi tri ndo trén
Z, sao cho thuén tién.

- Buédc 4: Xdc dinh X, doc theo duong vudng goc chung gitta z, , va z;di qua O,, hodc theo hudng
vudng goc véi miat phang tao boi Z,,va z; néu Z,_,va z, giao nhau.

- Budre 5: Xac dinh ), thoa qui téc tam dién thuan.

- Buéc 6: Xac dinh hé toa d6 tac dong cudi 0,Xx,y,Z,. Gia st khép nla khép quay, dit z, = a doc
theo huéng z, | . Xac dinh gbec 0, bat ky trén z, sao cho tudn thu quy tic ban tay phai, thuong 13 tim
ctia bd kep hay tai ddu dung cu ma tay may phai mang. Pt y, = s theo huéng kep va dat x, theo s X a.
Néu dung cu kep khong don gian thi dat X, va y, tao thanh tam di¢n thuan.

- Bu6e 7: Lap bang tham s DH cho cac khau trén robot

o a,: khoang cich theo phuong X, tir O, dén giao diém ciia céc truc X;vaz,_, .

o d., : khoang cach theo phuong z,  tir O, dén giao diém clia céc truc X, va z, ,, d, thay déi khi
khép i 1a khop truot.

o @, :1a géc quay quanh truc X, tr Z, , dén z,.

o 6,:1a goc quay quanh truc z, | tir X, dén X, .

- Bu6e 8: Tir cac ma tran bién ddi thudn nhat A ; bang cach thay cac tham s trén vao.

- Buée 9: Tinh Tn0 = A, ... A, . Ma tran niy cho ta biét dugc vi tri va huéng ddi véi hé toa dd nén cia

tay kep gén trén khau cudi.
Cén clt cac budc tir 1-6, tham s6 cac hé toa d6 cuia bai toan dugce xac dinh va mé ta trong hinh vé 2

Hinh 2. Bg tham s6 Denavit-Hartenberg
Vi cac tham s6 hé toa d6 xac dinh, bd cac tham s6 DH cda ma tran thuan nhat dugc xac dinh theo
Bang 1.

Bang 1. B6 tham s6 Denavit-Hartenberg

1 li (cm) di (cm) ai (radians) 0i (radians)
1 9.8 15.7 0 01 +m/2
2 9.6 0 /2 02

3 6 0 0 63

4 0 0 /2 04 +m/2
5 0 11 0 05
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Ma tran thudn nhat Qps thé hién mdi quan hé giita cac khép cua Robot duoc xéc dinh:
' |
0.25cos({{ ) =0.25cos(g)+0.25cos(A)+0.5sm (5 )—0.5smiy),
0.25sin{g)—023sin()—025sin(n }+0.25sin{ A}+0.5cos(y)+0.5cos(d),
O5sm{a)=05sn(g),
5.5sin(a)—55sin( p )—3sinid, +86, +8,)—3sin(6, +8, —8,)—9 6sin(8, +8,) -9 8sin(8,) |

025smiy IIOQS';'mI/'. 0.25sin{g)}—025sin( }+0.5cos(y)—0.5cos(d),
0.25cos(A)+0.25cos(n }+0.25cos({)—025cos(e)+0.5sin(8)+0.5s5mn(y),
O = [}:-cos-p +0.5cos(al,
=Fe15 5c0s( p )4+ 0 5cos{a)+3cos(#, +8, —6,)+3cos(8, +8, +8,)+9 6cos(, +8,)+9 8Beos(F, )| (1)

0.5cos(8; +8, —8;)+0.5cos{8; +6, +8;),
05sin(8, +6, +8,)+05sin( 8, +8, +8;),
sin(8, +48,),
15.7+11sin(8; +8,)+6sin(8,)

0.0.0.1

VOi:
a=01+602+03 +64; p = 01 +02 —03 —64; y = 01 +62 —65
0=01+62 +65 ; &= 01 +62 +03 +64 +65; (= 01 +62 +63 +64 —65
n=01+62—-03 —64 +65; 1 = 01 +62 —63 —64 —65

2.2. Dong hoc nguwgc Robot Rascal

Véi ma trn Qps, viée diéu khién Robot chuyén dong theo cac goc tinh toan can duoc chuyén ddi sang
goc diéu khién dong co budc thuc té cua Robot. Rascal véi cau hinh gép vét trong phong thi nghiém duoc
diéu khién boi 6 dong co Servo vdi vi tri diéu khién mic dinh tir -1400 dén +1 400 twong ung véi cac goc
diéu khién 16n nhat va nhé nhét trong bang 2. Tir cdc vi tri diéu khién thuc té nay viéc chuyén dbi gitra
gbc tinh toan & bai toan dong hoc thudn va goc diéu khién (budc didu khién) dugc thé hién tai Béng 2.

Bdng 2. Tham s6 chuyén doi géc diéu khién

Gicdbukinion  Géc didu khign | 11 30 chuyén ddi thuc s 300 i
Péng co v e (bude didu khidn/do) (g];’:n ! :lf;iat“
khép)
1 77 73 -18.6666 37.3333
2 85 -89 -16.0919 -32.1800
3 87 -84 1163742 24.5614
4 83 -88 16.3742 40.9356
81 2100 -15.4500 -145.0000

Trong bai toan dong hoc ngugc Robot Rascal viée tr quy dao lam viéc cua robot xac dinh lai cac goc
diéu khién tuong ting dugc tac gia thuc hién qua doan chwong trinh diéu khién chuyén dong cac khép:
invert 1, 2, 3 on; invert 4, 5, 6 off
accdec all 200; maxspd all 25;
minpos all -1500; maxpos all 1500;
macro zpos; move all to 0; end
macro top; move 1, 4 to -280, 2, 5 to 100, 3, 6 to 250; end;
macro mid; move 1, 4 to 200, 2, 5 to 1100, 3, 6 to 750; end;
macro bot; move 1, 4 to 735, 2, 5 to maxpos, 3, 6 to 1000; end;
macro squat; top; mid; bot; mid; end;
macro rrub; move 1 to -280, 2 to 100, 3 to 250, 4 to 735, 5 to maxpos, 6 to 1000;
end;
macro lrub; move 1 to 735, 2 to maxpos, 3 to 1000, 4 to -280, 5 to 100, 6 to 250;
end;
macro rub; rrub; lrub; end;
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macro rrock; move 1 to 1335, 2 to maxpos, 3 to maxpos, 4 to -578, 5 to -118, 6 to -
1096; end;

macro Irock; move 1 to -578, 2 to -118, 3 to -1096, 4 to -1335, 5 to maxpos, 6 to
maxpos; end;

macro rlean; move 1 to 1019, 2 to 94, 3 to 241, 4 to -1328, 5 to 94, 6 to 244; end;
macro llean; move 1 to -1328, 2 to 94, 3 to 244, 4 to 1019, 5 to 94, 6 to 241; end;
macro aframe;

move 1, 4 to 450, 2, 5 to 660, 3, 6 to -403; wait 3

move 1, 4 to 650, 2, 5 to 860, 3, 6 to -603; wait 10

move 1, 4 to 850, 2, 5 to 1060, 3, 6 to -803;

end;

macro manipulate;

squat 3; rub 3; mid; rrock; mid; Irock; mid;

top; Ilean; top; rlean; mid; aframe;

end;

zpos wait 20

top

wait 10

manipulate

2.3. Két qud diéu khién
Bai toan diéu khién dat ra:
e Di chuyén tay may gap vat tir ving A chuyén sang vung B.

e V6i doan chuong trinh trong bai toan dong hoc ngugc vung lam viéc (quy dao chuyén dong) cua
Robot dugc xac dinh nhu Hinh 3.

Hinh 3. Ving lam viéc cua Robot )
Bai toan gap vat va di chuyén mot vat tir khu viuc A sang khu vuc B dugc thuc hién voi cac tham so
dicu khién cac khép cho ¢ Hinh 4, Hinh 5.

Hinh 4. Diéu khién Robot gap vat
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Hinh 5. Phan hoi tham so goc diéu khién va bude diéu khién

3. Két luan

Trong bai toan diéu khién Robot, viéc xdc dinh va dat cac h¢ toa do thé hién mdi quan h¢ gilra cdc
khép cua Robot tir d6 x4c dinh bd tham s DH, ciing nhu quy dao chuyén dong dé giai quyet bai toan
dong hoc ngugc gitt mot vai trd hét sic quan trong. Bai bao trinh bay thuat toan chuyén doi géc chuyén
dong cua cac khop sang bude didu khién cua dong co bude ciing nhu mot vi du minh hoa. Bai toan dit ra
tiép theo 12 viée xay dung b diéu khién tu dong didu chinh tham sé bam theo quy dao 1am viée cho trudc
théng qua bai toan nhan dang va xir Iy anh dé diéu chinh géc va budc diéu khién.
Tai liéu tham khao
Desk@robix.com, www.Robix.com ‘Robix Rascal Project Book’, 2005

ABSTRACT

Converting between the computational angle and the actual control
angle on the industrial robot

Nguyen Duc Khoat!, Pham Minh Hai!
! Hanoi University of Mining and Geology

This paper discusses a practical example in controling Rascal robot through converting the
computational angle in the inverse kinematics domain into the actual control angle on the robot. An
illustrated example in the lab using this algorithm is also presented.

Keywords: Robot Kinematic, Rascal Robot, Industrial Robot
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