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Kinematics of serial manipulators
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Serial manipulator Kinematics
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6 transformations
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i—1 __ i—1 4 int

i

cosf; —sind;, 0O
sind;, cosd; 0
1
)]

Serial manipulator kinematics in the Denavit-Hartenberg convention

Transformation in a joint is described by 4 parameters

Jomnti+1
(87 ‘ a; ‘ 91' ‘ di

C0sf; —sinf;cosq; sing;sina; a;C0OSH;
_ Sin 6, C0Sf; Cosa; —COSH;Sina; a;Sinb;
‘ - 0 Sin a; COS d;

0 0 0 1

. R. S. Hartenberg and J. Denavit, “A kinematic notation for lower pair mechanisms based
* on matrices,” Journal of Applied Mechanics, vol. 77, pp. 215-221, June 1955.

Jednoenainy a efektivol popis jednotlivych transformaci mitzeme nalézt metodon  Denavitovou-
Hartenbergovou (Denavitova—Hartenbergova notace ). Viz Obr. 9. Popisujeme kloub i.

1. Nalezneme osy otaceni kloubii ¢ — 1, &, ¢ + 1.

2. Nalegneme piicku (spolednon normalu) os kloubd ¢ — 1 ad a os kloubi i a i+ 1.
3. Nalegneme body O, H;, O;.

4, Oszu z; poleime do osy kloubu i 4+ 1.

5. Osu r; poloime do prodlouzeni piicky H,O;.

6. Osa y; tvoll s ostatnimi pravetodéivou soustavu,

. Oznacme vzdalenost bodn |0y, H;| = d;.

[
¥

8. Oznaéme vedalenost bodu |H;, ;| = a;.

-

8. Oznaéme thel mezi prickami &;.

12. Pro chapadlo je moZné opét zvolit bod O, a orientaci osy z,, pil dodrzeni ostatnich pravidel.

0 a - 10. Oznaéme 1thel mezl osami klonbi 2, ¢ 4+ 1 o;.
i
ol ) 0 11. Pro ram je mozné zvolit polohu bodu O, kdekoliv na cse kloubu a osu zo orientovat libovolne.
B111 CF; Napiiklad tak, aby dy = 0.
COS 01 0
1

0

- 13. Jsou-li osy dvou po sobé jdoucich kloubi rovnobéing, je modné polohn pricky svolit, napiiklad tak,
fie dz' = (.

14. Pro posuvné klouby lze polohu asv kloubu zvolit.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Transformation in a joint is described by 4 parameters

Jomnti+1
(87 ‘ a; ‘ 91' ‘ di

C0sf; —sinf;cosq; sing;sina; a;C0OSH;
_ Sin 6, C0Sf; Cosa; —COSH;Sina; a;Sinb;
‘ - 0 Sin a; COS d;

0 0 0 1

. R. S. Hartenberg and J. Denavit, “A kinematic notation for lower pair mechanisms based
* on matrices,” Journal of Applied Mechanics, vol. 77, pp. 215-221, June 1955.

Jednoenainy a efektivol popis jednotlivych transformaci mitzeme nalézt metodon  Denavitovou-
Hartenbergovou (Denavitova—Hartenbergova notace ). Viz Obr. 9. Popisujeme kloub i.

1. Nalezneme osy otaceni kloubii ¢ — 1, &, ¢ + 1.

2. Nalegneme piicku (spolednon normalu) os kloubd ¢ — 1 ad a os kloubi i a i+ 1.

i—1
Ai

_ i—1 4 int

i

3. Nalegneme body O, H;, O;.

4, Oszu z; poleime do osy kloubu i 4+ 1.

Al =

ik
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5. Osu r; poloime do prodlouzeni piicky H,O;.
6. Osa y; tvoll s ostatnimi pravetodéivou soustavu,
. Oznacme vzdalenost bodn |0y, H;| = d;.

8. Oznaéme vedalenost bodu |H;, ;| = a;.

-

8. Oznaéme thel mezi prickami &;.

12. Pro chapadlo je moZné opét zvolit bod O, a orientaci osy z,, pil dodrzeni ostatnich pravidel.

0 a - 10. Oznaéme 1thel mezl osami klonbi 2, ¢ 4+ 1 o;.
i
ol ) 0 11. Pro ram je mozné zvolit polohu bodu O, kdekoliv na cse kloubu a osu zo orientovat libovolne.
B111 CF; Napiiklad tak, aby dy = 0.
COS 01 0
1

0

- 13. Jsou-li osy dvou po sobé jdoucich kloubi rovnobéing, je modné polohn pricky svolit, napiiklad tak,
fie dz' = (.

14. Pro posuvné klouby lze polohu asv kloubu zvolit.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juin e

Jont ¢ - 1 Transformation in a joint is described by 4 parameters

Jomnti+1
(87 ‘ a; ‘ 91' ‘ di

C0sf; —sinf;cosq; sing;sina; a;C0OSH;
_ Sin 6, C0Sf; Cosa; —COSH;Sina; a;Sinb;
‘ - 0 Sin a; COS d;

0 0 0 1

. R. S. Hartenberg and J. Denavit, “A kinematic notation for lower pair mechanisms based
* on matrices,” Journal of Applied Mechanics, vol. 77, pp. 215-221, June 1955.

Jednoenainy a efektivol popis jednotlivych transformaci mitzeme nalézt metodon  Denavitovou-
Hartenbergovou (Denavitova—Hartenbergova notace ). Viz Obr. 9. Popisujeme kloub i.

1. Nalezneme osy otaceni kloubii ¢ — 1, &, ¢ + 1.
2. Nalegneme piicku (spolednon normalu) os kloubd ¢ — 1 ad a os kloubi i a i+ 1.

3. Nalegneme body O, H;, O;.

i—1 __ i—1 4 int

int 4, Oszu z; poleime do osy kloubu i 4+ 1.

5. Osu r; poloime do prodlouzeni piicky H,O;.

cosf; —sind;, 0O

Al gind; cos#; 0O
' 1

)

6. Osa y; tvoll s ostatnimi pravetodéivou soustavu,
. Oznacme vzdalenost bodn |0y, H;| = d;.
ind il il

o 0 0 - 10. Oznaéme 1thel mezl osami klonbi 2, ¢ 4+ 1 o;.

8. Oznaéme vedalenost bodu |H;, ;| = a;.

-

8. Oznaéme thel mezi prickami &;.

E'

11. Pro ram je mozné zvolit polohu bodu O, kdekoliv na cse kloubu a osu zo orientovat libovolne.

COsr; — Bl G Napiiklad tak, aby dy = 0.

BNy, COS 0

0 0

- - 13. Jsou-li osy dvou po sobé jdoucich kloubi rovnobéing, je modné polohn pricky svolit, napiiklad tak,
fie dz' = (.

it
Ai —

12. Pro chapadlo je moZné opét zvolit bod O, a orientaci osy z,, pil dodrzeni ostatnich pravidel.

=2 o 9 =

= o o

14. Pro posuvné klouby lze polohu asv kloubu zvolit.
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Determining 6,

A;;tl Xz’nt
gintl 81 (_}H ) (-2{_3 o
0 0
(cosf; —sinb; O
sing; cosd; O
0 01
0 O O

Serial manipulator kinematics in the Denavit-Hartenberg convention
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juin e

Jont ¢ - 1 Transformation in a joint is described by 4 parameters

Jomnti+1
(87 ‘ a; ‘ 91' ‘ di

C0sf; —sinf;cosq; sing;sina; a;C0OSH;
_ Sin 6, C0Sf; Cosa; —COSH;Sina; a;Sinb;
‘ - 0 Sin a; COS d;

0 0 0 1

. R. S. Hartenberg and J. Denavit, “A kinematic notation for lower pair mechanisms based
* on matrices,” Journal of Applied Mechanics, vol. 77, pp. 215-221, June 1955.

Jednoenainy a efektivol popis jednotlivych transformaci mitzeme nalézt metodon  Denavitovou-
Hartenbergovou (Denavitova—Hartenbergova notace ). Viz Obr. 9. Popisujeme kloub i.

1. Nalezneme osy otaceni kloubii ¢ — 1, &, ¢ + 1.
2. Nalegneme piicku (spolednon normalu) os kloubd ¢ — 1 ad a os kloubi i a i+ 1.

3. Nalegneme body O, H;, O;.

i—1 __ i—1 4 int

i

4, Oszu z; poleime do osy kloubu i 4+ 1.

5. Osu r; poloime do prodlouzeni piicky H,O;.

cosf; —sind;, 0O

Al gind; cos#; 0O
' 1

)

6. Osa y; tvoll s ostatnimi pravetodéivou soustavu,
. Oznacme vzdalenost bodn |0y, H;| = d;.
ind il il

o 0 0 - 10. Oznaéme 1thel mezl osami klonbi 2, ¢ 4+ 1 o;.

8. Oznaéme vedalenost bodu |H;, ;| = a;.

-

8. Oznaéme thel mezi prickami &;.

E'

11. Pro ram je mozné zvolit polohu bodu O, kdekoliv na cse kloubu a osu zo orientovat libovolne.

COsr; — Bl G Napiiklad tak, aby dy = 0.

BNy, COS 0

0 0

- - 13. Jsou-li osy dvou po sobé jdoucich kloubi rovnobéing, je modné polohn pricky svolit, napiiklad tak,
fie dz' = (.

it
Ai —

12. Pro chapadlo je moZné opét zvolit bod O, a orientaci osy z,, pil dodrzeni ostatnich pravidel.

=2 o 9 =

= o o

14. Pro posuvné klouby lze polohu asv kloubu zvolit.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juin e

Jont ¢ - 1 Transformation in a joint is described by 4 parameters

Jomnti+1
(87 ‘ a; ‘ 91' ‘ di

C0sf; —sinf;cosq; sing;sina; a;C0OSH;

A{L:_l — Sin 6, C0Sf; Cosa; —COSH;Sina; a;Sinb;
v 0 Sin a; COS «; d;
0 0 0 1

. R. S. Hartenberg and J. Denavit, “A kinematic notation for lower pair mechanisms based
* on matrices,” Journal of Applied Mechanics, vol. 77, pp. 215-221, June 1955.

Jednoenainy a efektivol popis jednotlivych transformaci mitzeme nalézt metodon  Denavitovou-
Hartenbergovou (Denavitova—Hartenbergova notace ). Viz Obr. 9. Popisujeme kloub i.

1. Nalezneme osy otaceni kloubii ¢ — 1, &, ¢ + 1.
2. Nalegneme piicku (spolednon normalu) os kloubd ¢ — 1 ad a os kloubi i a i+ 1.

3. Nalegneme body O, H;, O;.

i—1 __ i—1 4 int

i

4, Oszu z; poleime do osy kloubu i 4+ 1.

5. Osu r; poloime do prodlouzeni piicky H,O;.

cosf; —sind;, 0O

Al gind; cos#; 0O
' 1

)

6. Osa y; tvoll s ostatnimi pravetodéivou soustavu,
. Oznacme vzdalenost bodn |0y, H;| = d;.
ind il il

o 0 0 - 10. Oznaéme 1thel mezl osami klonbi 2, ¢ 4+ 1 o;.

8. Oznaéme vedalenost bodu |H;, ;| = a;.

-

8. Oznaéme thel mezi prickami &;.

E'

11. Pro ram je mozné zvolit polohu bodu O, kdekoliv na cse kloubu a osu zo orientovat libovolne.

COsr; — Bl G Napiiklad tak, aby dy = 0.

BNy, COS 0

0 0

- - 13. Jsou-li osy dvou po sobé jdoucich kloubi rovnobéing, je modné polohn pricky svolit, napiiklad tak,
fie dz' = (.

it
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12. Pro chapadlo je moZné opét zvolit bod O, a orientaci osy z,, pil dodrzeni ostatnich pravidel.

=2 o 9 =

= o o

14. Pro posuvné klouby lze polohu asv kloubu zvolit.
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Denavit-Hartenberg convention - step by step

R. S. Hartenberg and J. Denavit, A kinematic notation for lower
pair mechanisms based on matrices, Journal of Applied Mechanics,

vol. 77, pp. 215221, June 1955.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juin e

Jonti—1
Joimti+ 1

Transformation in a joint is described by 4 parameters

i—1 __ i—1 4 imt
Al = Ai-lpint

i

| a;|6;|d;

[ cos®. —sin® 0 0 Cosf; —sind;cosq; sind;sina; a; COSH;
i i . . .
. _ _ i-1 sing; C0sf;cosc; —COsH;sSina; a;sSinb;
A;:} = Emﬂgt ng* ? E ; Al = 0 sin oy COS «; d;
: 0 0 0 1
LY 0 0 1 |
[ 1 0 0 ;]
Aint _ 0 cosay; —sine; 0O
| 0 sino;  cosa; 0
| 0 0 0 1]
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3.2
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3.4
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4.1
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Denavit-Hartenberg convention (for the joint 7)

Find all motion axes mqy, ..., m;j_1, m;,
M1, - -
Find the shortest transversals t; between m;

and mMi41-
If m; is parallel to m;4 1, then t; can be cho-

sen arbitrarily, but the simplest is to make ¢;
intersect ¢;_1.

If m; intersects m;,, the t; becomes the
intersection point and the direction perpen-
dicular to m;, m;4q.

Op can, in principle, be placed anywhere on
m1, but the simplest choice is Og = H;.
Find origins O; = t; Am;41 and points H; =
m; N\ ;.

If m; intersects m;; 1, then O; = H;

Opn can, in principle, be placed anywhere,
but the simplest choiceisOy = Hy = Opn_1.
Choose axis zp along the motion axis mj.

There are two choices of the orientation,
which are equivalent and can be chosen at

warill

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.1
5.2

Choose axis Zg along t1 in the direction from
Og to O1. at will.

Choose axis yg to form a right-handed coor-
dinate system.

Place z; axis alongh the m,;_ 1 axis, preferably
to contain a sharp angle with the z;_1.

Place Z; axis along t; in the direction from
H?; to O’L
If m; intersects m;, 1, then place Z; in the

direction perpendicular to m;, m;y41, prefer-
ably to contain a sharp angle with #;_q.
Choose axis y; to form a right-handed coor-
dinate system.

Construct the intermediate coordinate sys-
tem (H;,Tint = Ti¥imt = Zi-1 X Tjy Zint =
Z;_1) and define a; such that

i = cos(a;) Fint + Sin(ey) Zint-

Define 6; such that #;,; = cos(6;)Z;_1 +
sin(6;) i1

Define a; such that O; = H; + a; T;n;

Define d; such that H; = 0,1+ d; Z; 1
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Joint =1

m;—1

68

ok -1

1. Find all motion axes m1, ...

JUIn e

mg

D

Link t

/

Serial manipulator kinematics in the Denavit-Hartenberg convention

Jointi+1
m; 41

S
\

y Myy_—1, TNy, m,l;_|_1,
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint

Jomte—1 m;
Jonti+1

m;—1

2.1 Find the shortest transversals ¢; between m; and m;4 ;.

69 pajdla@cmp.felk.cvut.cz




Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint

Jointe—1 m; Jonti+1

2.2 If m; is parallel to m;4 1, then t; can be chosen arbitrarily,
but ...
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Juint

Jointe—1 m; Jonti+1

m;—1

71

... the simplest is to make t; intersect t;_1.

Serial manipulator kinematics in the Denavit-Hartenberg convention
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint

Jointi -1
m;—1

t; — point 4 direction

2.3 If m; intersects m; 4, the t; becomes the intersection point
and the direction perpendicular to m;, m;4 1.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint 2
Joint 1 mo

Joint 3

3.2 Og can, in principle, be placed anywhere on mq,
but ...

73 pajdla@cmp.felk.cvut.cz




Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint £
Joint 1 mo

Joint 3
m1

m3

... the simplest choice is Og = H;.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juine g

Jonte -1 my;
Joint1+ 1

m;—1

\ /

\ O

H; 4 N /, (
O;—1

3.3 Find origins O; = t; Am;y41 and points H; = m; N t;.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint

Jointi -1

Jont i1+ 1
m;—1

m;4 1

3.4 If m; intersects m; 1, then O; = H;
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint H-1

Joint B=-2 my_1

Joint W

3.5 Opn can, in principle, be placed anywhere,
but ...
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint H-1

M = m —
Jont N=2 N—1 Joint N

... the simplest choice is Oy = Hy = Opn_1.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint £
Joint 1 mo

Joint 3

m
1 ma

. Ho[  t2
<0
O
OOZHNN / |

4.1 Choose axis zZp along the motion axis mi. There are two
choices of the orientation, which are equivalent and can
be chosen at will.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint £
Joint 1 mo

Joint 3

m
1 ma

. Hoh  t2
20
O
O = Hy t1 ; 2
Fo /
O1

4.2 Choose axis g along t1 in the direction from Og to O1. at
will.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Joint £
Joint 1 mo

Joint 3
m1

m3

4.3 Choose axis yg to form a right-handed coordinate system.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juini i

Jont: -1 my Jont s+ 1

Li—1

4.4 Place z; axis alongh the m;; axis, preferably to contain a
sharp angle with the z;_1.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint i

Jont: -1 m;

Jointi1 +1

Li—1

4.5 Place z; axis along t; in the direction from H; to O;.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint

Jointi -1 m;

4.6 If m; intersects m;4 1, then place z; in the direction per-
pendicular to m;, m;y 1, preferably to contain a sharp angle
with fi—l-
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juini i

Jonti—1 my Jont s+ 1

Li—1

4.7 Choose axis y; to form a right-handed coordinate system.
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Serial manipulator kinematics in the Denavit-Hartenberg convention

JUinte

Jont: -1 m;

m;—1 D)
" L‘n‘ﬂ. | T \

Jointi +1

Linkt

—P

4.8 Construct the intermediate coordinate system
(H?:afint — ﬁiag‘int — g’i—l X f’i,agint — :Zi—l) and
define a; such that y; = cos(«;) ¥ + Sin(ey) Z5py
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juint i

Jont:—1 my Jont 14 1

mi;—1

4%

Ti—1
4.9 Define 6; such that Z;,; = cos(6;) ©;_1 + sin(6;) ¥;_1
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Juine g

Jonte -1 my;

mi;—1

5.1 Define a; such that O; = H; + a; T

88

Serial manipulator kinematics in the Denavit-Hartenberg convention

Jont i1+ 1
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Juine g

Joint i

5.2 Define d; such that H; =0, 1+ d; z;_1

89

Serial manipulator kinematics in the Denavit-Hartenberg convention

+1
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Serial manipulator kinematics in the Denavit-Hartenberg convention

Juin e

Jonti—1
Joimti+ 1

vwnSformation in a joint is described by 4 parameters

i—1 __ i—1 4 imt
Al = Ai-lpint

it a; [ a;|0;|d;

[ cos®. —sin® 0 0 Cosf; —sind;cosq; sind;sina; a; COSH;
i i . . .
. _ _ i-1 sing; C0sf;cosc; —COsH;sSina; a;sSinb;
A;:} = Emﬂgt ng* ? E ; Al = 0 sin oy COS «; d;
: 0 0 0 1
LY 0 0 1 |
[ 1 0 0 ;|
Aint _ 0 cosay; —sine; 0O
| 0 sino;  cosa; 0
| 0 0 0 1]
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Kinematics of Mitsubishi RV-6S/6SC Robot
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RV-6S/6SC

o | a;l|6;|d;

Ccosf; —sinf;cosq; Sin@;sina; a; CoSH;
sinf; C0sH;Ccosa; —COSH;Sinc; a;Sinb,;
0 Sin o COS ¢ d;
0 0 0 1

X1 = ATX,
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ay |ay |01 |dy

—3|a1]b1|ds
[ cosf; —sinficosaq sinfqsina; aj COSHq
A9 — sinf; Co0sSAyCcoSay —COSHiSinay aqSindy
1= 0 sin aq CcoS oy dq
0 0 0 1

cosfi; —sinf#qycos—m/2 sinfqsin —mw/2 a1COSHq
sinf; cosficos—m/2 —cosfisin—n/2 aiSinf;
0 sin —m /2 cos —m/2 dq
0 0 0 1
cosf#; O —sinf#; aqcC0Shy
Sin 64 O cosf#i1 ajsingy
0 —1 0 dy
0 0 0 1
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[ cosf>

sin 6>

[ cos 6>

sin 6>

[ cosf>

sin 65
0
0

aQ‘aQ‘HQ‘dQ
O‘GQ‘QQ 0

—Sinf#> Ccos as Sinf>Sinas asCOSHo
C0SfH>COSanr — COSHrSinan ansSinds

Sin ao COS ap do
0 0 1

—sinf#>cos0 Sinf>sin0 ap CoOSH>
cosf>cos0 —cosfrsin0 ansinés

—sinés
COoS 65
0

0

sin0 cosO0 0
0 0 1

0O aoCOSH>

0 a»>sSiné>

1 0

0 1
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2
A3 asz|asz |63 |ds
—5]az|03] O

[ cosf3 —sinfszcosas sinf3sinaz a3 CoOSh3

A2 — sinf3 COSf3CO0Sa3z —COSf3Sinaz aszSinds
3 0 sin as CoS s ds
0 0 0 1

COsSf3 —sinfzcos—m/2 sinfzsin —w/2 a3COSH3
sinfz cosf3cos—m/2 —Ccosfssin—m/2 azSinfs
0 sin —m/2 cos—m/2 0
0 0 0 1
cosf3 O —sinf3 a3zCOSO3
sinf3 O cosf3 a3Sinfs
0 -1 0 0
0 0 0 1
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[ cosf, —sinfycosagy sinfssSinay a4 COSO4

[ cosfs —sinfgcosm/2 SinfasSinT/2 a4 COSHy

[ cosf, O sing, O

Sinfly C0SH4COSy —COSO4SiNay agSiNbg
0 Sin agy COS g dg
0 0 0 1

Ssinf, COSOscosm/2 —cCoSfsSinT/2 agSinfy
0 sinm/2 cosm/2 dg
0 0] 0 1

sind, 0 —cosf; O
01 0 dg
0 O 0 1
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A5 ‘a5‘95‘d5
2| 0l#s] 0

MLH%

[ cosfs —sinfgcosas sinfssin as ag COSas

A4 — Sinfls CcosfsCcosas — COSfsSinasg asSinasg
5 0 sin as Cos as ds
0 0 0 1

Ccosfs —sinfscos—m/2 sinfssin —w/2 0cos—7/2
sinfs cosfscos—m/2 —cosfgsin—n/2 0sin—n/2
0 sin —m /2 Ccos —m/2 0
0 0 0 1
cosfls O —sinfg O
sinfs O cosfs O
0 -1 0 O
0O O 01
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[ cosfg
Sin B¢

[ cosfg
sin 06

[ cosfg
Sin fg
0
0

4 a

6| a6 |
0| 06s|ds
—Sinfg COS ag
COS g COS g
SinOé6
0
—SinfgCcosO
COSfgCcosO
Sin 0
0

—Sil’l96 0 0]

cosfg O
01
00

de
1

Sinfg Sin ag  ag COS ag
— COSlgSinag agSinag
COS ag de

0 1

Sinfgsin0 0cosO
—C0SfgsSin0 0sin0
cosO de

0 1
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— A0 Al A2 43 14 5
G = AJA5ASAJACAZ

C0S 64 0O —sinf#1 aqicoshy
a1 ‘ aq ‘ 01 ‘ dq AO — Sin 61 0 CO0sfy1 ajsinb;
—%‘al‘el‘dl 1 0 -1 0 dl
0 0 0 1
[ cosf#> —sinfs 0 aoCOSH>
ao ’ ‘ 0> ’ do A% — sin 65 cost> 0 ansinds
Plealtal® o oo 1
[ cosfs; 0 —sinf3 a3CoSH3
a3 ‘ as ‘ 03 ‘ d3 A2 — Sin 63 0O cosf3 azsinds
LSS B S
[ cosf, O sinfs 0]
a4‘a4‘94 ‘d4 A3 — Sin94 O —cosfs O
T 06a|da 4 01 0 da
00 0O 1]
~J?
""I [ cosfs 0O —sinfs O
o5 ‘ as ‘ 05 ‘ ds A4 _ Sin fs5 0 cosfs O
=] 0]6s| O 5 0 —1 00
0 0 01
[ cosfg —sinfg O O
b Qg ‘ ag ‘ fs ‘ dg A5 — Sinflg cosfg O O
0] 06| ds © 0 0 1 de
+.J ] i 0 0 0 1
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700~

00 ]

500

400 ~|

300 ]

200~

100~

MATLAB simulation in ROBOT toolbox:

MRV6S =

RV-6S (6 axis, RRRRRR) [Mitsubishi] <home = [0.000000 -1.047198 -0.523599 0.000000 0.785398 0.000000]>
grav = [0.00 0.00 9.81]

alpha_i
-1.570796
0.000000
-1.570796
1.570796
-1.570796
0.000000

ai
85.000
280.000
100.000
0.000
0.000
0.000

theta i
parameter
parameter
parameter
parameter
parameter
parameter

d i
350.000
0.000
0.000
315.000
0.000
85.000

V00O IOIL

Robot Description — Matlab Robotic Toolbox

P

standard D&H parameters
(std)
(std)
(std)
(std)
(std)
(std)
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Robot Description — Matlab Robotic Toolbox

2 joints with intersecting rotation axes

700~
00 -

500 / Joint (osa)

400~

<“— Rotation axis

300~

Link (rameno)

200

I3

100~

&600
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Robot Description — Drawings

Top view (narys)

Side view (bokorys) . ap view

0 200 400
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