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Abstract :

This research presents a novel motion planning approach for two-wheeled drones capable of both
ground driving and aerial flight. Existing methods for such hybrid systems often rely on gradient-
based optimization and assume that obstacle shapes are differentiable, which limits their
applicability in complex or unstructured environments. To address this issue, we propose a motion
planning framework based on Model Predictive Path Integral (MPPI) control. This approach
enables navigation through arbitrarily shaped obstacles by dynamically switching between driving
and flight modes. To deal with the instability and discontinuities caused by mode transitions, the
method introduces a mode-dependent control space and employs an auxiliary controller to guide
MPPI sampling. Simulation results validate that the proposed method enables robust navigation

and effective obstacle avoidance through seamless mode switching.
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Algorithm 1: MPPI for Position Control

Require:
e K: Number of rollouts
e N:Time steps
e F.ode: Transition model
e At: Time step
e ¥ A: Parameters
While task not completed:
1. Initialize nominal control:

nom _

u°™ = Initialize()

j
2.  Get current state:

xo = CurrentState()
3. For k=1,..,K:

a. Set initial state:

b. Sample noise:
&% = (Suk, ..., 5uk_)),
where é'u]’-c ~N(0,%)
c.For j=0,..,N—1:
o Perturb control:
uf = uo" + Suf
o Simulate forward:

X1 = Fnoaa (X, ufY)
d. Compute trajectory cost:
S, = ComputeCost(x*, uk)
4. Compute baseline cost:
p = min(Sy, ..., Sk)

5.  Compute normalization factor:
1
b=k exp (=36 = p)

6. For k=1,..,K:

Compute weight:

Wi = ieXP (_%(Sk - ,0))
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7. For j=0,..,N—1:
Compute optimal control input:
™ = e v
8. Send first control input to low-level controller:
SendToLLController(ug"™ )
End While
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