KINEMATICS JOINT i JOINT i+1

Operational space or task space: z(q) J //‘ |'9‘-:f;
ne[f ] = <= []- i "‘“‘“;ij,@ﬁ%ﬁ;
Post-multiplication: “ﬁ'((tl‘) j—""‘ @ —_ﬁ%f_’xT
Cs, —80,Ca; 80,5  QiCy | 0, % IpINT ANGLE
0 0 0 1 + d; - link offset: coordinata di O, lungo =,

e B; — joint angle: angolo di rotazione da z;_; a x; attorno all’asse z (positivo
quando la rotazione & anti-oraria)

« g; = 0; for revolute joints;
_ . * a; — link length: distanza (con segno) fra O; e Oy
o ; = d«; for prismatic joints.

* o; — link twist: angolo di rotazione da z;,_; a z; attorno all’asse x; (positivo quando
la rotazione & anti-oraria)

Spherical Wrist ~ W (q1,q2,43) = p — dsa

DIFFERENTIAL KINEMATICS p1 = }-71'—1 + Vi-1,; + Wi—1 X Ti—14| |Wi = Wi—1 + Wi—1

Geometric Jacobian:

o for a prismatic joint
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Analytical Jacobian: z dp % = ax _ Ox dq = J4(9)d J(Q) AN JA(Q)
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W dq . 61; ¢;69 (QJ 0 T(qf)) A(q)
y=Jg =3 g=d A Tl dtlj adj(J)
st ‘det(J[qs)) =0 = q, is asingular conﬁguration‘
det(J) =0 = J ! = o0
Inverse Kinematics: 4= J1 (q)b‘ q =J%u, M 9(q) = %QTWQ v =J(q)q
1 & o i =
JIt=JJr 3t =1, Lagrange: g(d,)) = 5¢" Wi+ X (v —J§) => ¢=TW LW Ey
T T =J0(770V T £ 1. = Ri K - T — Jt N6y = J+3 Damped least-square:
(JJ7)"'J # I, =>Right pseudo-inverse q p+( )dd P 7 T )]
STATICS 7=J/(a)F H(q) = VAHT (@) TT(@) .

. " - - J ' = ——adj(J)
Manipulability Measure: w(q) = y/det(JJT) = [Mda---Ao| = |det(J)|| 77 dq =F" J(q)dq det(J)
Velocity manipulability
Ellipsoid: By = {v 0TI =1} pasticity: 0Wrer =W, Va(t) < r'dq=F'dp
Force manipulability . . Ay — — e 1T
Ellipsoid: B —(F :F(JF=1)] AP=Jaq=JK, 1.=JK JF=CJF
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Equation of motion ¥ n
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4 ; Dynamical model
= C(9.9)9 inyt”haer?gcif]t'?;ac‘z B(q)d + C(q, &)a + Fué + Fusgn(d) + g(a) = 7 — J7 (q)h




TRAJECTORY PLANNING

‘ q; = Qp
q(ti) = ast? + ast? + art; + ap 3 9
a(ty) = asts + aot? + aaty + ao qi=0 => Qf—agtf—I—aztf—I—mthrao
d(t;) = 3ast? + 2a5t; + a; di = Gg 5
q(ty) = 3a3tf + 2a9ty + aq q'f o G,gt + aztf T
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Cruise velocity assignment:
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CONTROL
am = K,q
Dynamical model manipulator:  B(q)G + C(q,4)d + F,g + g(q) =
o T = K lr
B(q) = B+ AB(q) e )
s ES d e Vit,z) >0
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MOBILE ROBOTS

n—k
q=Y_gi(g)u; = G(q)u i € N(AT(q)) #8inf — fcosf =0
Jj=1 r i ey ;
. . o rlwrter) g sin(f + ¢) — yycos(f + @) =0
. COS I COS ¢ = — :
Bicycle - Linﬁ'msqﬁ il-| 2 zsin(0 + ¢) — ycos(@ + ¢) — LOcosp =0
= [ sin ¢/ L {JJ r(wp — wr)
0 1 ™
d b [i]
el = d(qr —
: : Z 1o (g — 4
g =G(qluy + Galqlus  (us = w) if front drive: uy = v, if back d.: w, = (_(;cj
: ' . (T w ,
o] sin (E - n) = cos(a); cos (3 - n-) = sin(a)
sin(2a) = 2sin(a) cos(a) (1 0 0 T T )
R.(6)= |0 cosé Sin9:| sm(§+ﬂ) = cos(a): cos(a +a-) = —sin(a)
2 . 2
poslZle) e (o] — atlal] L0 sinf cosd sin (7 — ) = sin(ax); cos (7 — a) = — cos(a)
sin(a + 3) = sin(a) cos(3) + cos(a) sin(3) [ cos@ 0 sinf il il — ) SR 0] —— al)
R,(0) = 0 1 0 3 3
sin(a — 3) = sin(a) cos(3) — cos(a) sin(3) | _sind 0 cosf sin (irr — n) = —cos(a); cos (5” = a) = —sin(a)

sinf cos® 0

cos(a + 3) = cos(a) cos(3) — sin(a) sin(3) [Cosa —sind 0:| sin (gn + n-) = —cos(a); cos (gvr + u) = sin(a)

cos(a — 3) = cos(a) cos(3) + sin(a) sin(3) 0 0 1

sin(—a) = —sin(a); cos(—a) = cos(a)



