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Kinematics Yobst: N\..H:T\z rigik beddidS merennecee throwgh g7iets
Kinematics is a branch of classical mechanics that describes the motion of
points, bodies (objects), and systems of bodies (groups of objects) without
considering the mass of each or the forces that caused the motion

¢
® Forward Kinematics: calculation of the configuration T' = (R, p) of the
end-effector frame from joint variables 6 = (61,...,6,) T b, ~.6s)

W

® Velocity Kinematics (Next Lecture): Deriving the Jacobian matrix:
linearized map from the joint velocities 6 to the spatial velocity V of the

end-effector Vh (9| o o)
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lllustration Example (1/3) ‘A=¢""A.
ustration Example (1/3) iéw‘ﬁrm 3) .
o, !

Consider a 2R robot S’-;_} ¢

® Three links and two joints 61, 65

Link/body frame attached to link ¢
at joint ¢ (one of possible choices)

Fixed /world frame {s} frame ,
end-effector frame {b}

® Goal: compute *Ty(61,62): function of 61,05 to) Lot

Initial pose: M £ *Ty(0,0) = [1 2 2 ‘wH]
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lllustration Example (2/3)
* Fix joint 1 at 63 = 0, rotate joint 2 by 6, we have T} (0, 65)

~Erﬁ‘\o{ [,,ao{j motim +'r LTnkZ/ergz C,‘bs} i vtrwxwko( L‘J Sarew motisy
with st avis S Ta ceelineke Jre manner

A LS8
Tn]ﬁt«( h\l/’\ T=¢€ ) > C—"I]M :mé/n (0:0).)

9‘:0, 0320

- In s frme . STu(0, 00) = QE‘S‘;)GL STulo9)
A N
- Nobcme ag’z s o «fvmcfaqh O, mw rwmehj, Sheulel be vaitben s
= Br=( qu,(g‘)

-~ Gr now , 8120, Dl?-‘g"“\ﬂ a§;_: ng(,o)

s b s 8] (4]
3 S0, 6= e[-g,_]o; M
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lllustration Example (3/3)

® Fix joint 2 at 65, and rotate joint 1 by 6; = *Ty(61,02)
Sant L Stow ads ), < ‘mdqmolm of S8,

defue G = °G, (b=0, br=7) C, :['rm"( o ,['%]

né:[f] Vi =h§ - w x4,
- ’,{\'("—QE?']&' = —[‘,’DJ"[\;]’E]
. er Z:Trﬁ'ﬁﬁ-( (}I’JC: 5’[;[1)/ b2) —_— 5";(51/9,1')’,_ ([’gx]\h st (ﬂ &1)

036 [%]e
e_ .

D STulsud= ¢
Yo &
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Outline

e Product of Exponential Formula Derivations
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Notation Setup (1/2)  mule-Ltd vk & poly

® Suppose that the robot has n joints and n links. Each joint has one degree of
freedom represented by joint variable 8;, i =1,...,n

- 0;: the joint angle (Revolute joint) or joint displacement (Primatic joint)

fo}

Specify a fixed frame {s}: also referred to as frame {0}

y foaetil maes with Lw() v

Attach frame {i} to link i at joint 4, fori =1,...,n
N~ s

Attach frame {b} at the end-effector: sometimes referred to as frame {n+1}

v (onstast C hdlf&ldhﬂ- 4j~ 81,0 - 071)
® ‘S;: screw axis of joint i expressed in frame {i}

® 0S;: screw axis of joint ¢ expressed in fixed frame {0} (i.e. frame {s})
*Si(en 00,8, )
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Notation Setup (2/2)

® For simplicity, we write configuration as T, which is the same as *T5,.
Similarly, Tij = ‘T]

® Note: ‘S; does not change when the robot moves (i.e. when # changes), but
°S; depends on 61, ..., 6;. Sometimes, we write out the dependency explicitly,
i.e. 081'(91, ‘e ,91)

® Define home position: 6; =0,...,6, = 0. This is the configuration when all
the joint angles are zero. One can also choose other fixed angles as the home
position N
cvh!’("‘-"'
s

o Define = 95;(0,...,0): the screw axis of joint i expressed in frame {0},
when the robot is at the home position.
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Product of Exponential: Main ldea

® Goal: Derive T (01,...,60,)
® Compute M 2 T4(0,...,0): the configuration

of end-effector when the robot is at home
position

® Apply screw motion to joint n: Ts,(0,...,0,0,) =

® Apply screw motion to joint n — 1 to obtain:

® After n screw motions, the overall forward kinematics:
T (61, . .., 00) = el*S11011°52102 . [Snlon 5

£
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PoE: Screw Motions in Different Order (1/2)

® PoE was obtained by applying screw motions along screw axes °S,,, °S,,_1,
. What happens if the order is changed? Tu (88

. ST(e,2 .
Yade + —j‘ﬂ"f EXM'P\( e <) ) ‘
S STte0)
Toy view -—s——-‘———{: B
)7 S ST
Steys 5‘[’@)77_ B
® For simplicity, assume that n = 2, and let us apply screw motion along °S;
first: T

_ sb(01,0) — 6[051]91]\/[
- Now screw axis for joint 2 has been changed. The new_axis

0Sy = 9855(61,0) # £ 0S,. 7 rrsb[eue’,)__?g eﬁgﬂs‘- \?SQDI
/\-\/\W
1,9] 0y
STo (900 I Sul0n9] 6 QE C.]&(M

Thital scaw “)"\U 56
= T.=¢€ ° 05
S )= [Me)S —
bx| [xb ?:ZF
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PoE: Screw Motions in Different Order (2/2)

- To(61,62) :e®92st(01,0) [[“’;3 N J
- Rece(( : [RW] = k(W) R {’
Fack = I»} screw as S = [/MT] $ & I;S\/']=Tf9 1T
A
A )

« Based an Ahis 'fac{- ; o) o
e /

R U3 R N o ) O S S
- Q[ k \v=QT 21\:&[.?-\?1-'

T N——————

~ -A - -
M in sime: emm/'?'/‘ fy P o 51 Ry

~ b
_[__eP]\

V=
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PoE Example: 3R Spatial Open Chain
« Tind T (6u6 0

8
O
T el
c L
[

I

[

XYy o o—
-
P~
“O
1 )
—< - \
o
—)
~
o
S
AU
\
VD -
—J
x
voF
[ SRR )
A}
[ —
¥ « K
-

DTL.LG'JSZ M) =€

Practice

g‘le\ '7?,,191 E§l]
e TR0 LSy

Advanced Control for Robotics Wei Zhang (SUSTech) 14 / 15







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































More Discussions
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