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MOTIVATION

» Multi-Agent Systems (MAS) plays APPLICATION OF MAS
critical role in robotics applications? «

» Distributed Model Predictive
Control (DMPC) enables parallel
Optl m I Zatl on -b ased deC I S I on 2 Autonomous exploration and environmental monitoring

» Challenge: Existing DMPC methods
are commonly formulated as a
single-stage optimization problem?

» Proposed Solution: Two-Stage
DMPC

» Impact: Improved feasibility and
travel times for real time

pe rfO rmance Logistics and activities in remote or inaccessible areas
EXISTING DMPC METHODS
Single-Stage BOTTLENECKS?
Agent Dynamics S DMPC Optimization Problem ° Netwo rk Congestion
Lchurs = - Potential Infeasibility
> Control Action> ¢ I nEffiCient Real Ti me

Obstacle Constraints> Pe rfo rmance

Collision Constraints ¢ Long tra vel ti mes

(from neighbors)

PROBLEM DESCRIPTION

» CONSTRAINTS IN A MULTI-ROBOT SYSTEMS COORDINATION

Input Constraints f \ 1 Coupled Constraints
Physical limits on linear and | \ 7| Maintaining safe distances
angular velocities (v, w.). \ | | from other robots to
' ' | | prevent collisions. Safety
margin denoted by g, .. .

Local Constraints

(Uncoupled) |
Avoiding static obstacles andj
staying within defined
boundaries. Safety margin
denoted by d

min*

» MATHEMATICAL REPRESENTATION

N
I (@ik) =

Subject to:

:L'(k + 1) — f(g—:(k)&u(k))a h(mt) < 0, Ci,?“(ﬂ:iﬁm.}"ENg‘,r) <0

Non-Coupled Constraints:

xr; € X; (state bounds)
h(x;) =< u; €U; (input bounds)
x; ¢ O; (fixed obstacle avoidance)

Coupled Constraints (Collision Avoidance):

Ci,r(miaijNi,r) — ”xl — $j||2 — dlg'nin > 0, Vj < M:""

METHODOLOGY

» TWO - STAGE DMPC ARCHITECTURE*

Stage 2: Full-Constrained DMPC

Local refinement incorporating all
constraints.

Stage 1: Warm-Start Generation

Fast, parallel computation of an initial Feasible Initial
trajectory for each agent. Trajectory

<y Ignores inter-agent collisions @S@ Uses warm-start as a guide

=0 = . : . .
1 | Respects input/static constraints Exchanges data with neighbors

.af Computationally cheap
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Robots’ Initial warm-start and Final Trajectories
Average of 10 — 15 % improvement in travel times

Travel Time Comparison: Single-Stage vs. Two-Stage DMPC
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CONCLUSION

» A two-stage DMPC scheme for multi-agent system coordination with
non-coupled and coupled constraints, and input constraint was developed.

» Theoretical guarantees of the approach were established.

» The effectiveness was demonstrated through simulations and experiments.

» Future work will focus on integrating Disturbance Rejection Observer
to the scheme .
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