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1a)R(9=0)=?

1

1b) R(-9) =2
10)R(9) 1=2R" (6)
1d) v3 = R(62)v2 = R(62)R(61)v1 = R(?)V1 ? (7)
1e) R(62)R(61) = R(BL)R(62)?
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Example of use: Let us assume a movement of the point v1 in two phases composed of

1.) rotation (always around the origin O for all this section 2.1.2) by an angle 61 S
2.) translation of t1 ——->- Hom
s = MQ@«W

Let us apply again a motion composed of two phases (R(62), t2 ) tov2 :

3.) rotation around the origin O by an angle 62 b H

4.) translation of t2 © M gg(&o%

to finally get v3 : ‘ 1 (M H
é WS 2

v3=R(62) v2 + t2 = R(62) R(61) v1 + R(02) t1 + t2

These four consecutive movements (R(61), t1, R(62), t2 ) can be expressed in a single homogeneous
matrix which is calculated simply by matrix products.

Exercise: Perform this operation with the help of two homogeneous matrices. Calculate the
homogeneous matrix of the complete operation by matrix product. This result will contain
the total translation and the total rotation equivalent to the four movements.
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Ex 2a): Pur ation? Pure translation?
Ex. 2b) Translation of t, then rotation of 3

Ex. 2c) Rotation, then translation

Reverse? (Check it !)
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Exercise (on slides):

a.) Koam(9i ) = (rot ¥1 around [0, O]T) then (rot &2 around [Lic1, L1s;]T) then (rot 94 around

[Lica+ chlz,]T) Po . Pﬂ
b.) Kogm(®) = (rot @4 around [ ?]T) then (rot ¥ around | ?]T)

then (rot & around [ ?]T)

c.) Calculate Kpem(9i ) of the SCARA. Which method will be simpler? Where does the rotation
matrix come from around 4, left or right in the chain of multiplications?

Exercise (on slides): A working point of the wrist is at a horizontal distance L4 from the axis

of 34 with P(8i =0)=[L1+L2+L4,0,0, 1]T'Give the position of this point as a function of
the robot variables P(Ji ).

a_. Ret g, , Ahowd @r@ — H(\'-’\Qo

=
Bot Q,mud p(lyty Lotads by s

o
Ul

o Pq-Ref
® 1

———

@t 8, . aveud. , s (hata tlatyr s L9 *La.‘nx
t 9 .1

Hy | Ra Pg - ®a P

o 1

/

7, H-T H4-H3~H1 :kDGM (91191/?_4)

to  dosslap



b. We oo v
o &;ﬁt&(\gﬂ %Q:w‘mi‘;&\*ofw & Nw

01, by, %
%Eglé;k =t

[L 1 1«1 “":-

L‘I‘L-

ql(\ g‘f )mu"‘"{’ Pro= O’\"' r0>"b\‘\4“

@0{: 9 aM
W\de H R R
2) Payf =(L1-, 0)..9 g T [F2 P F2¥e

@0, , avoud tvige _944,,:\?'; 0\

TR
= 4.“&.H4 / @’Mb‘f

C- He 8‘00**}2‘ (W\ll‘fwo\) W i QoLh
I+ o Ha o frefecfed o M
W (
thdle MeMonM Yo adhigh DEM w Aé’mgg'




kﬁDGN\ (6):‘ H'«- (on -

H¥\' wm SWeh \o

l




Exercise 3

The homogeneous matrices Ks and Kg of the DGM of the PUMA (see figure below) are given in the course (see
lecture slides). Give the missing matrices K;, fori=1,2,3,4.

The homogeneous matrices of the PUMA DGM (according to the generalized coordinate system of the course) are
as follows:

—S4 0 D3 Vy
C4 0 _D3 54

Ca
Sa
0 0 1 0
0 0 0 1
1 0 0 0
K _ 0 C3 —S3 Lst
A0 8 & Ik
0 0 0 1
1 0 0 O
[0 ¢ =5, O
K.=1o s, ¢ 0
0 0 0 1
0
0
0
1

o= OO0
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Exercise : Find the homogeneous transformation matrix leading from the form {A, B, C}to {A ",
R g ]

r
A={100]",8=[000]" andC=[010]"toA'=[101)",8'=[1-11] andC=[0-11]"

What are the axis. the angle of rotation, the translation in irecti e axis? The

solution is easily found with a small drawing. Imagine the three points linked to a solid.

Exercise:
43) Is the previous paragraph completely correct?

4b) Find the center of rotation 1.) by a drawing, 2.) using the previous formula 3.) by
looking for an eigenvector of the homogeneous matrix.

4c) Find the homogeneous matrix which describes a rotation of 60 ° around O

4d) Find the homogeneous matrix which describes a translation of un indirection x , then
a rotation of 60 ° around O

4e) Find the homogeneous matrix which describes a 60 ° rotation around [1,1] T.

4.f) An object with two points v1, wl is moved so that these points are found at locations

v2, w2.
T, % g 5 7§
vli=[1.0] ' wl=[1.1] v2=0.5[1-v3.1-Vv3] 'w2=0.5[2-v3.1]
Find the homogeneous matrix, 6, p (graphical solution) which describes this
displacement.
Exercise 4
Find the IGM (Inverse geometric model) of a 2 DOF planar robot (see figure below): given x and y, what are 6, and
pr———; ] —
X = Lici + LaCy.z
Y =Lsi+ Lasi..
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Hint: use the trigonometric formulas for the sine and cosine of the sum of two angles, as well as the one of the sum
of squares of sine and cosine, to obtain a system of 4 equations with 4 unknowns, and discuss the results.






