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Objective

e Catastrophes : earthquake, flood, volcano etc..
= Difficult to reach out to find and save people
= Quadrotor is an alternative way to find and save them!!
= How to get to the destination safely and effectively arriving and precisely

landing?




Trajectory planning

® Dijkstra*
Shortest path using uniform grid
* Differential Flathess**
Flat OUtpUt: :xd;yd;zd; l/)d]

* Polynomial trajectory optimization**
Minimum snap

* Piecewise polynomial joint optimization***
Unconstrained quadratic programming

*https://github.com/stormmax/quadrotor
**Bry A, et al. IJRR (2015)
***Mellinger, D., et al. IEEE (2011)



Polynomial trajectory optimization
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Piecewise polynomial joint optimization
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Time allocation

K
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- Cost is minimized using gradient descent method.
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- The shape of optimized trajectory does not depend on the time penalty.

- Larger penalty gives faster movement

Collision free trajectory

If a certain segment intersects with an obstacle, a mid-way point is added,
then recalculate the trajectory.



Algorithm structure

. Dijkstra & A*

Minimum-shap
trajectory
Optimization

Time-allocation

Quadrotor

Collision Check Vg4 Controller M Dynamics

A

X,V,R,w




Implementation (Dijkstra -> trajectory -> collision free)




Implementation — time allocation




Dynamics

mr = —mgz,, + Fz,

Jowb + w? X JoP =M

Control law*: z
w

F = (—k,e, —k,e, + mgz,, + miy) - z,

M = —kgeg — ke, + @ X Jo — J(@RTRywq = R"Rq@)

Model parameters™*: / e
Yw

J =1[0.0115,0.0115,0.0218] kgm?

m = 1477 kg,d = 0.263m, c;f =8 x 10™*m

*Lee, T., et al. IEEE (2010)
**https://github.com/tu-darmstadt-ros-pka/hector gquadrotor.qit



https://github.com/tu-darmstadt-ros-pkg/hector_quadrotor

Controller structure

Trajectory
tracking Quadrotor

Ya $ Attitude ) Dynamics
| tracking ]

x,V,R, w



Implementation (No disturbances)







Results (No disturbances)
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Results (With disturbances)

Position error, X-x d {(m)
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Appendix
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For given constants k,, k,, if we can choose positive constants ¢y, ¢,, kg, k,, such that

] dmk, k,(1 — a)
¢; < min {kv(l - cr),kz(1 +xa;2 T amk ,,/kxm}
v X

_ 4k, kg Aoin ()2 2
¢, < min{ k,, S \/kR/lmin(]):\/mlemaxU)

kg)ﬂmax(]) + 4kR/1min(./)2 ,

4||wy, ||?
Amin(Ws) > —————
mITET Amin(Wy)
Then the system is exponentially stable.
Mapping from input (F,M) to rotor thrust
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