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Robotics

Introduction and tools
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History

* Karel Chapek (1890-1938)....... 1917.

® |ssac Asimov (1920-1992), Run-around 1941, IROBOT 1951.

* ROBOT: (Robotics Institute of America RIA): A reprogrammable multifunctional manipulator
designed to move material, parts, tools or specialized devices through variable programmed

motions for the performance of a variety of tasks.

* ROBOTICS: A term refers to the study and use of robots.
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Robotics Science

Mechanical Part Control Part
® Coordinates & Frames ® Sensors
® Position & Orientation ®* Motors
®* Joints & Movements * Controllers

® Transformations Programming
* Kinematic model (direct & inverse) * Communications
* Velocity model (direct & inverse) ° ...

* Dynamic model (direct & inverse)

https://manara.edu.sy/
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[ Robot Presentation ] [

Transformation Kinematic, velocity and
Matrices

acceleration models
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Matrices

Homogeneous transformation, rotation matrix, partitioned matrix, orientation matrix.
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Geometric (Homogeneous ) transformation

Transformation = Rotation+ Translation
I'=R+P

)6 L) mera

R P\
h= RR. RP +P

\0 1 >:>71X7;: 1-%2 1= 2 1
r_[R PZ] 0 1
-

\0 1,
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Rotation matrix

The rotation matrix from R to R is the matrix formed by
the coordinates of R unit vectors in R

’ y
7 > 7 o 7 - | Yro
L.t J.r k.
R t t' =17 - 2 5 = N (\,"_' - )
otationgg =|t.j j.g k.j s
S, P a—— |
.k j.k k.k X
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Rotation about Cartesian axes

Rotation about Z 20, 21

X . Xg Yo Xo  Zy X,
R} . pl N
0——>LRy = X.Yy Yi.¥o 7Y,

X.Z, YiZ, Z,.Z,

Zx: = C0s(6) \

X..Y, =sin(0) cos(d) —sin(d) O

y,.X, =—sin(@) t = Ry =R, , =| sin() cos(d) O

Y:-Yo = C0s(0) 0 0 1]
2,2, =1

J
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Rotation abouty and x

[ cos(d) 0 sin(d)
R,s = 0 1 0

| —sin(d) 0 cos(d)
Example:

1 0
R, =0 cos(0)
10 sin(0)

R,=R,,Rf =R,, >Ry =R, xR,

R? =

Ry

—sin(p) 0 cos(op)

| —sin(¢)cos(0)

cos(p) 0 sin(p)

[cos(d) —sin(6)

0 1 0 |[x|sin(@) cos(0)

0 0

cos(p)cos(d) —cos(p)sin(9) sin(p) |
sin(6) cos(6) 0

sin(p)sin(9)  cos(p) |

0
—sin(6)

cos(0) |

C,C

= S@

| —5,C,

—C¢S

C@
S,

NOTE

Ri" = R3 =R

Det(R)=1

https://manara.edu.sy/
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Partitioned Matrix

B e lexml’c c lexmz’D e Rmzxnrl’E c Rr;:3><1113
A ERmxm } A _B C_
— —

m=m, +m,

A =

(B—C.E".D)”

—E'.D(B-C.E".D)"

is partitioned matrix

B C(E-DB'C)"
(E-D.BC)"

https://manara.edu.sy/
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Geometric transformation is a partitioned matrix
B c R3X3,C c R3X1,D c RlXS,E c Rlxl

D=[0 0 O],E:1:>A:P§ C}

1
Ai_|B? -BC
0 1

B : Orthogonal

n1_|BT -B'C
0 1

https://manara.edu.sy/
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Roll-Pitch-Yaw
-

Yaw

Pitch

mm@\ﬂ

Euler
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c, —S, 0
R= Sy €y 0
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g 8, Ly

Euler angles

-5, 0 C,Cp—5,Ce5,
c, O|=]s,c,+c,cgs,
0 11 S6S,

—C,S, = 5,C4C,
= 5,5, +C,ChC,

SQCQ)

S,Se
—¢,S,

Co
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Euler Condition Example

Rotation Matrix 1 Rotation Matrix 2
—0.3536 —-0.3536 0.8660 -0.7071 —0.7071 0
0.7071 -0.7071 —0.0000 0.7071 -0.7071 0
0.6124 0.el24 0.5000 0 0 1.0000
CoCo—SyCoSy  —CySy—5uCeC, SySe

$,Cp €, CoS, —S,5,+C,CoC, —C,S

S¢S, S6C, cy

w=atan2(z,,—z,)
p=atan2(x,y,)

Z, ¢i1:>«9=acos(z'z):{

https://manara.edu.sy/
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L 0, 0 5,1 0 o

¢, Ol 0 T OHO ¢ =5

0 1ff=s5 0 ¢;,[|0 s, ¢
—8,C, +CuSpS, 8,8, +C,8,C, g
C,C,+ 85,858,  —C,S, +S,5,¢, |=|x,
¢y, cse, | RE2
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RPY Condition

Rotation Matrix 1

Rotation Matrix 2

0.0000
0.0000
-1.0000

-0.2588
0.9659
0.0000

0.9€359
0.2588
0.0000

S4S, +CoS4C,

—C,S, +5,55C,

0. 0000 —0.7071 0.7071
0.5000 0.el24 D.elz24
—0.8cel 0.3536 0.3536
C,Cs —8,C, +CoS 48,
B c.c +5,5,5,

c

/307

ﬁ¢i%:>,8=atan2(—x'z, X'X2+X'y2):>

a =atan2(x, X, )
y=atan2(y,z,)

https://manara.edu.sy/
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Trigonometric
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Trigonometric Formula

. COS(Q) — 4 2 solutions in2method§ - iacos(a) - { 0 = atanZ( ,—1 — az’ a)
0 = atan2(—V1 — a?,a)

in(6) 2 solutions in 2 methods 6 = asin(a) { 0 = atan2(a, V1 — az)
SIn —a > =

6 =m—asin(a) ~ |g = atan2(a,—V1 — a?)

_ _two solutions 6 = atan? (Cl, b)
a X cos(f) — b xsin(8) =0 ' {g = atan2(—a, —b)
2 solutions

a X cos(0) + b xsin(8) =c >0 = atanZ(c, tVa? + b? — ¢?) — atan2(a, b)

3/10/2024 Robotics
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Important case

a X cos(6) + b x sin(8) = m) solution g p1[cos(O)
== |

c X cos(0)+dxsin(8) =n

- |

R [COS(Q)

C sin(6)

() —1 _
Z(I)IT(H) - ad — bc[ cd —ba] [777’:]

sin(6)

] _ [‘é] = 0 = atan2(B, A)

|2
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Remember......... Unit Circle
(-1 3) (0,1) (131 (cos 0, sino)
L2712, \2° 2
(V3 VB (72 A2
\ 2 "2 ) \ 272 )
(—/3 1) (V3 1)
(2 2/ \ 2 "2/

(—/3 :1\ (3 -1)
U2 "2 \272)
(—dﬁ-—dﬁ v ¢ (\2._d§\

272 ) @ 272 )
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Thanks
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