
RESULTS

Morse Graphs can effectively estimate the 
Regions of Attraction (RoAs) of dynamical systems,

 including closed-box ones.
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MOTIVATION
• RoA estimation is essential for 

understanding the conditions 
under which a controller can 
be safely applied.

INTRODUCTION
• RoAs can be used for 

controller composition that 
work from a wider swath of the 
underlying state space.

METHOD (TopMG)

• Table 1 - The morse graph is applied 
in a variety of systems (controllers) 
and compared to alternative methods

• Table 2 - Data requirements for the 
Morse Graph are lower than the 
alternative for most cases
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Goal not 
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Data-Efficient Characterization of the 
Global Dynamics of Robot 

Controllers with Confidence 
Guarantees (ICRA 2023)

Step 3: Verification 
via Morse Graphs 
and RoAs

•Reduce data requirements of 
Morse Graphs using Gaussian 
Processes as a surrogate model 

METHOD (GPMP)
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Step 1: Collect 
trajectories of the 
system of interest.

Step 2: Train a 
surrogate model 
using Gaussian 
Processes (GPs)

(Focus data collection 
on desired RoA)
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(Retrained GP has lower 
uncertainty on the desired RoA)

Step 4: Repeat

(The definition of desired RoA 
has improved)

RESULTS

Table 2

Table 1

• Morse Graphs can successfully identify RoAs using 
surrogate models if data is expensive to acquire. The 
required amount of data is significantly smaller (Table 2) 
with minimal sacrifice on accuracy (Table 1).

MOTIVATION

1. System’s state space 
is discretized

2. Construction of the 
combinatorial representation of 

the dynamics

3. Computation of Condensation Graph 
(CG) Morse Graph (MG) via identification 

of recurrent sets/SCCs of and 
topological sort

4. Derivation of RoAs 
for the recurrent sets 

from CG
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