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] 01/MOTIVATION

MAPF with resource-constrained robots

Find collision-free paths from every start to its assigned goal.

n . @ Coordination requires resources

. | Sensing
Local observations of the environment and other agents

@ a | Communication
Exchange of state, observations, and planned motion
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B start O Goal 3 agents - 5 x 5 grid

| Compute

Search, neural inference, and repeated replanning

Deployment cost needs its own measure.

lllustrative 5 x 5 MAPF bottleneck - Motivation: camera-ready paper, Sections |-l
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I 02 / INFORMATION-CENTRIC MAPF

I-MAPF: the information available to each agent

A unified formulation of what agent i knows at time t.

Ti(t) = (My. 85, 0. &5(1))

Mi Environment knowledge @, j Other-agent information
Map: vertices, edges, and obstacles States, goals, and path segments sensed or
shared
Si Self information g@- (t) Event-triggered signals
Own state, goal, and planned path segment Collision / deadlock alerts and constraints
INFORMATION UNIT (1U) v =grid cell - s = cell state
11U = (v,5,t,e) eV XSXTXE t = optional timestep - e = optional message scalar

Sensing outputs and transmitted messages are finite multisets of 1Us.

03

Source: camera-ready paper, Section IlI-A—C - Exact I-MAPF tuple; IU is an information-cost proxy.



J 03/METHOD

Plan independently. Repair selectively.

A lightweight coordinator intervenes when submitted paths conflict.

Plan S1 Detect 52

—> —>
Agents submit Coordinator checks
independent paths vertex / edge conflicts

T

Select S3 Repair S4
Choose agent + Update a bounded
repair window path segment

REPAIR LADDER

Yield Static

—> —>
Local detour + wait Avoid conflict cells
92-99% 1-8%

Source: camera-ready paper, Section IlI-C and results discussion - Tier frequencies are reported benchmark ranges.

Recheck revised paths

Dynamic Joint A*

—>
Short timed paths Small coupled search
<0.3% <0.3%
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| 04/SIMULATION

Less information across four benchmarks.

8—128 agents - Success, makespan and relative |U across all reported groups.
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Source: camera-ready paper, Table Il - Missing IU stays missing; makespan with 0% success is omitted. Grouped counts are categorical. 05



] 05/REAL ROBOTS

Lower planning cost on a real robot team.

Five TurtleBot4 robots - four 6 x 6 maps - five problem instances

DEPLOYMENT MAPS

B Start (O Goal [ Obstacle

199 IU

3% below closest baselines - 213x below SCRIMP

POSTER RADAR
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Communication Info.
Frequency Ynits (1U)

Smaller area = lower combined overhead

HI-MAPF  MAPF-GPT DCC EPH SCRIMP

10 messages
8.2x fewer than MAPF-GPT

Source: camera-ready paper, Table | - Poster radar and reported planning IU / coordination-message values

ACTUAL PLANNING COST

Planning Information Units
HI-MAPF I 199

MAPF-GPT 588
DCC 596
EPH 623
SCRIMP 42,413
100 1k

10k

Coordination Information Units
HI-MAPF - 10

MAPF-GPT

82
DCC 116
EPH 131
SCRIMP 180
0 50 100 150 200

100% success

12.2-step makespan - lowest
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] 06/cLOSE

Thank you.

HI-MAPF: Towards Resource-Efficient Multi-Agent Deployment

Bharath Muppasani

bharath@email.sc.edu

Al Institute (AIISC)

University of South Carolina

(o] O S e
°ogo °ogo ,:é‘?';‘j:§>

= u &:;’;JQ: A UNIVERSITY OF .
IROS 2026 s iy South Carolina
INSTITUTE  #AlISC
PITTSBURGH UNIVERSITY OF SOUTH CAROLINA

Bharath Muppasani - bharath@email.sc.edu - IROS 2026

Paper - Project - Demo

Project

07



