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- Y xedioopde Kivnone (Motion Planning) (1)

Optopdc (Mevikd MpdPAnua L yedioopod Kivnone)

‘Eotw uia apykt katdotaon x(0) = Xstarr kat pia katdotaon
OT6X0C Xgoal, O€Aoupe va Bpolpe Tov xpdvo T kai Tic evépyeteg
u: [0, T] = U érot dote akorovbBdvrac to novtédo tou poumdt
x = f(x, u) va gprdoovue o x(T) = Xgoa kat ¥Vt € [0, T] n
katdotaon x(t) eivar éykupn katdotaon (kauia obykpovon 1
eopaduévec Béoeic twv apBpdocwy).




- Y xedioopde Kivnone (Motion Planning) (2)

m TroBétoupe 6tL Yvwpiloupe to poutmdt ko To TepLBdAlov

m To povtého f tou poutdt poc diver Tic e§lomoeil kivnomng
(ouvhBwg ot emimedo TayvThTwy)

B TroBétoupe btL éxoupe k&ToloV EAEYKTT YLOL VO
“okorouBrioel” v kivnon x(t)




Y xedioopde Kivnone (Motion

Planning) (3)
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- Ac to dolue oav Bedtiotomoinon

argmin  (r(to, tr, x(to), x(£)) + /tf 0t x(t), u(t))dt

to,tr,x,u to

s.t. x(t) = f(x(t), u(t)),Vt € [to, tf]

x(to) = Xinit




- Ac to dolue oav Bedtiotomoinon

argmin  (r(to, tr, x(to), x(£)) + /tf 0t x(t), u(t))dt

to,tr,X,u to
s.t. x(t) = f(x(t), u(t)),Vt € [to, tf]

x(to) = Xinit

Aev AOvetol otV veVikn Ttepimtwon!




- Practical Trajectory Optimization (Direct Collocation)

N—1
argmin  lr(xn) + Z 0(xy, ug)
Xk, U k=1

st Xkq1 = Xk + f(xk, u)dt, k=1,... ,N—1

X1 = Xinit
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Fig. | lllustration of the boundary conditions for the simple block-move example.
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Fig. 2 Comparison of feasible (left) and optimal (right) trajectories for the simple block-move ex-
ample.

Mny7: Kelly, M., 2017. An introduction to trajectory optimization: How to do your own direct collocation. SIAM
Review, 59(4), pp.849-904.



- Double Integrator (2)

Katdotaon: x = [p, p] € R?

Evépyeiec: u=[p] € R

Avvoypkd Movtédo: x(t) = [p(t), u(t)]
m Tehwkd Kéotog: lr(x(tr)) =0

Kéotoc: £(x(t), u(t)) = p(t)?

Apxik1 katdotaon: X = [0, 0]

Tehkn katdotaon: Xsna = [1,0]



- Double Integrator (3)

N=3
dt =05

N—1

argmin Z O Xy, uy)
X1,X2,X3,U1,U2,U3 k=1

sit. xp = xy + f(x1,u)dt

X3 = Xo + f(X2, U2)dt

X1 = Xinit

X3 = Xfinal




- Double Integrator (3)

N=3
dt =05

X1,X2,X3,U1,U2,U3

N—1
argmin Z O Xy, uy)
k=1

sit. xp = xy + f(x1,u)dt
X3 = Xo + f(X2, U2)dt
X1 = Xinit

X3 = Xfinal

Mpogpavace N > 10 oe pealiotikég spopprorég!



- Avvoypikd Xtepeov Yopoatog (1)

X

A




- Avvoypikd Xtepeov opatog (2)

m Yuvohk? Sovayn: F =5 F;

m E¢lowon: F = ma

m Euler Integration:
F

Ia:X:E

B X = X+ xdt

m x = x+ xdt




- Avvaukd Xtepeold Xopatog (3)




- Avvaukd tepeold Xopatog (4)

Tuvohk? Sovaun: F =", F;

Yuvohkn portiy: T =D :(ri X F;)

m Ediowon (80vaun): F = ma
m Ediowon (pomf): 7 = Icma + w X Iemw
m Euler Integration:
Ea=x= 5
® X = Xx+ xdt
® X = X+ xdt
ma=w=I7}R"T—wx l,w)
B w=w+wdt
B R = Rexp(wdt)



- Mol elvow onpocvTikd:




Kepdhowa 3, 8, 9 koww 10 ané Modern Robotics:
Mechanics, Planning, and Control, Kevin M. Lynch and
Frank C. Park, 2017, Cambridge University Press. ebook

m An introduction to trajectory optimization: How to do
your own direct collocation

m Trajectory Optimization Tutorials

m MIT Underactuated Course



http://hades.mech.northwestern.edu/images/2/25/MR-v2.pdf
https://epubs.siam.org/doi/epdf/10.1137/16M1062569
https://epubs.siam.org/doi/epdf/10.1137/16M1062569
http://www.matthewpeterkelly.com/tutorials/trajectoryOptimization/index.html
http://underactuated.mit.edu/trajopt.html

