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Important concepts, symbols, and equations

Newton-Euler recursive inverse dynamics V. is the twist
_ . : of link 7 in {7}
Find 7= M(0)0 + c(6,0) + g(0) + JT(0) Fuip fnt1)

efficiently and numerically, without closed-form
expressions or differentiation.

G; : spatial inertia matrix of link {i} in {7} {2}
M;;—1:{i—1}in{i} when §; =0
A;: screw axis of joint ¢ in {i} {1}
Fn+1: wrench Fiip, applied by end-eflector {0}
Vo = (@0, %0) = (0, —g) TRTRNEY
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Important concepts, symbols, and equations (cont.)

Forward iterations

Given 0, 6’ 9 for 2 =1 to n do: Vi i.s th? .tWiS.t
of link ¢ in {7}

Tzz 1 — € — A0 ii—1 {n+1}
= [Adr,,_,[Vic1 + Aib; o
[Adei,i—l]Vi—l + [ade]A’LH’L + Azez
Backward iterations {2}
For : = n to 1 do:
: 1
Fi = [Adry,, ] Figr + GiVs — [ady, ] G Vi o
— FT Y. {0}
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Important concepts, symbols, and equations (cont.)

Forward dynamics: Solve M (0) = 7 — c(0,6) — g(8) — JT () Fuip
for 6.

Use n + 1 calls of N-E inverse dynamics to get
e ¢(0,0) + g(6) + JT () Fyp by setting § = 0
o M) — V50 - N (0] where 72— A0 if
g 18 - Gforall | C 06 0 U and
Fiip = 0.

Use any efficient algorithm to solve M6 = b for 6.
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Important concepts, symbols, and equations (cont.)

Euler integration for simulation:

O[k] = ForwardDynamics(6|[k],0[k], T(kdt), Fep(kot))
Ok +1] = 06[k] + 0[k]ot
Ok +1] = 0[k]+ 0[k]o¢

Could add a second-order correction to the position calculation.
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Explain each term in the equations below.

Forward iterations

Given 6, 9 9 for 2 =1 to n do: Vi is the twist

of link ¢ in {7}
Tz i1=e —[Adbi p . {n+1}

1,0—1

= [Adr,, Vi1 + A;;

[Adei,z’—l]Vi_l T [ade]'Azez -+ Azez
Backward iterations {2}
For : = n to 1 do:

Fi = [AdTi+1,i]TFi+l + QZVZ — [advz]ngVz 1

= Fir A
AN
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