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Robotics - forward kinematics

Drawing 1. Model of manipulator.

Table with Denavit-Hartenberg’s parameters

a1 aj—q dl 61
1 0 0 dy (1) 0
Vs
2 -5 L 0 0, ()
Vs
3 - 0 ds(t) 0
2
s
4 -3 0 0 0,(t)

Matrix '~IT describes transformation form coordinate system ,i” to coordinate system
"i - 1"

Cei —Sei 0 a;_q
i-1p _ |SOi-caiy cOircaiy —s@ig —saiqcd;
sO;-sa;_, cO;-sa;_q caj_q ca;_q-d;

0 0 0 1
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In transformation matrix we use shortened notation of trigonometric functions
s0; = sin6; oraz cH; — cosb;
s8; = sinf; and c6; - coso;
Transformation matrix which describes transformation from system "i = 1" to "i = 0".

co, —50, 0 a
or = sO;-ca, cB,-cay, —sa, —Say-d;
sO,-sa, cB;-sa, cay cay-dq
0 1

0
0
d1(t)
1

cocopRr
coro 9
or oo

Transformation matrix which describes transformation from system "i = 2" to "i = 1".

co, —s0, 0 a,
1T = sO,-ca; cB,-ca; —sa; —sa;-d,
sO,-sa; cO, -sa; cay ca,-d,

0 0 0 1
ng(t) _Saz(t) 0 0
| 0 0 1 1
2 —56,(t) —cB,(t) 0 0O
0 0 0 1

Transformation matrix which describes transformation from system "i = 3" to "i = 2".

cOs —s0; 0 a,
2T = sO;-ca, cO3;-ca, —sa, —sa,-ds
sO;-sa, cOs-sa, ca, ca,-ds

0 0 0 1
10 0 0

op |0 0 =1 —ds(t)

3 01 0 0
0 0 0 1

Transformation matrix which describes transformation from system "i = 4" to "i = 3".

C94 _564 0 a3
3T = sO,-casz cO,-caz; —saz —Saz-d,
SO, sasz cO,-saz cas cas-dy

0 0 0 1
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cO,(t) —sO,(t) 0 O
3 _ 0 0 1 0
4 —50,(t) —cO,(t) 0 0
0 0 0 1

TO=T70-T}-T2 T3

Position of any vector P in coordinate system "i = 4" defined in coordinate system "i = 0",
is given by equation.

P'=TY P*
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