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Abstract— We consider nonlinear stochastic systems that
arise in path plamning and contrel of mohile robots. As is
typical of almost all nonlinear stechastic systems, optimally
solving the problem is intractable. Moresvyer, even if obtained
it would require centralized control, while the path planning
problem for mobile rebots requires decentralized solutions. We
provide a design approach which yields a tractable design that
iz quantifiably near-pptimal. We exhibit a decoupling result
under a small neise assumption consisting of the optimal open-
lenp design of nominal trajectory followed by decentralized
feedback law to track this trajectory. As a corellary, we obtain
a trajectory-optimized linear gquadratic regulator design for
stochastic nonlinear systems with aussian noise.

[ INTRODUCTION

Many robotic systems, in particular, mobile aerial and
ground robans, are equipped with noisy actuators that require
feedback compensation or planning ahead in a palicy that
accounts for the random perturbations. Simply ignoring the
naise and planning for the unperturbed equivalent of the
stochastic svstem can yvield crocial ermors leading 1w Cailure
in reaching the end-goal, or result in the system falling inwe
unsafe states. Moreover, the solution should not require a
fully centralieed control since that would require pervasive
constant communication among all robaos.

In a swchastic seting, the geneml problem of sequential
decisiom-making can be fommulated as a Markow Decision
Problem (MDP) (1] [2]. The optimal solution of the swchas-
tic control problem can be oblained iteratively by value
or policy weration methods w solve the Hamilton-Jacobi-
Bellman equations [2]. Except in special cases, such as in
a linear Gapssian environment, this involves discretization
of the underlving spaces [3]: an approach whose scalability
laces the curse of dimenstonality [4]. As a mesult, the solu-
Lioms mguire a computation time that is provably exponential
in the stte dimension, in a real number based model of
complexity, without any assumption that & £ NP [5].

Mauany approaches have been proposed based on their
tractabihity. Model Predictive Control (MPC)-based methods
[6], [7]. robust formulations [8], [9], and other designs that
relate w the Pontrvagin's Maximum Principle [10] are some
of the methods that have been successfully used as surmogate
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design approaches. Another popular approach otilizes Dif-
ferential Dyvnamic Programing (DDP) [11] and DDP-based
variations such as the Stochasue DDP [12], 1LOR and (LOG
[[3]-Stochastic DDP relies on second order approsimation
of the dvnamics and cost, whereas iILOR amd (LOG uses
second order approximation of the cost but frst order lin-
earization of the dvnamics. These methods propose ilerative
methods that attermnpt o fnd “locally-optimal™ solutions in a
tube around a nominal rajectory [13] by coupling the design
of feedback policy and the nominal trajectory of the system.

In this paper, we address the nonlinear stochastic control
problem and propose an architecture under which the de-
coupled design of an optimal open-loop control sequence
and a decentralized feedback policy 15 both tractable and
near-optimal. In particular, we show that under a small noise
assumption, the decoupling inw globally-optimal trajectony
design and a decentralized feedback control law holds for
fully-ohserved nonlinear stochastic systems of the wype of
interest in mobile robotic svslems.

The design can be broken into Uwa parls: £} an open-loap
optimal control problem that designs the nominal rajectony
of the LOR controller, which respects the nonlinearities
as well as state and comrol constraints: i) the design of
i decentralized LOQR policy around the optimized nominal
trajectony. The quality of the design is rigomusly provided
by the main resulis of the paper. We quantily the first omder
stochaste error for small-nose levels based on large devi-
atioms theory. We thereby arrive ot a Trajectory-optimized
decoupled Linear Quadratc Begulator (T-LOR) design for
fully-ohserved nonlinear stochastic systems under Gaossian
small-noise perturbations.

The omgamzation of the paper s as [ollows. Section [1
states o simple large deviations resull Gor a linear Ganssian
system. Section I defines a general stochastic contral prob-
lem for a fully-observed svstem. Section IV provides the
main results by first analveing the effect of feedback com-
pensation an the linearization error, and then providing the
state and control error propagations along with probabilistc
bounds based on the lage deviations results developed in
Sectuon 1L I alse describes the T-LOQR approach and proves
s nearoplimality. Finally, Section V' oprovides o design
based on T-LOR [or a non-holonomic car-like robot and
provides numerical results illustrating the proposed approach
Ly desien.
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