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Use Case

Static Baseline Reality

Warehouse Layout

Boxes can be misplaced

Inventory is frequently left in incorrect
corridors or unmapped transit zones

Humans make mistakes

Manual logistics and pilot errors result in
deviations from the official layout

"Temporary" piles accumulate

Workflows can cause build-ups of
unmapped inventory in staging areas

Warehouse mapping exists

Static 2D layouts represent an idealized
representation of the physical warehouse, but do
not capture real-time operational shifts
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Use Case

2\
T Current AMRs

e  Orchestrated by central compute

e Share a pre-built facility map across the
fleet

e  Facility map updates typically rely on
single-robot SLAM

Source: https://keyslogistics.com/amr-warehouse/

@ Coverage Areas
* SWARM e Circuits: Robot Hardware

e  Software Systems: Robot Control and
Mapping Protocols

e Signals and Systems: Robot
Communication and Control

e  Multiple robots build global map in
parallel


https://keyslogistics.com/amr-warehouse/
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Use Case Requirements

1O @ A

High Accuracy Efficiency Decentralized
Mapping achieves high accuracy, Multiple robots collaborate to Res' I ience

ensuring consistent and reliable complete mapping significantly

results faster than any single unit. Robot swarm functionality is not

dependent on any single piece of
equipment



Use Case Requirements

High Accuracy

At least 90% loU of occupancy
grid validates high accuracy of
mapped obstructions

Under 3cm of median
wall-position error validates high
accuracy of identified walls

Efficiency

Mapping with 2 robots should
lead to a time reduction of at
least 40% compared to one
robot

Running more robots should not
decrease accuracy
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Decentralized
Resilience

Upon immobilizing or turning off
a robot mid-run, we continue
mapping to completion

Robots do not rely on the
existence of a central compute
or "leader"



Technical Challenges

Accurate Distributed
Map Merging

Linked Requirement: High Accuracy
>=90% loU of occupancy grid
< 3 cm median wall-position error

Partial distributed maps from
different robots need to be aligned
and merged without drift or duplicate
obstacles.

Mitigation: Use tested distributed
SLAM protocols (DOOR-SLAM)
designed for accuracy and error
tolerance

Efficient Robot
Coordination

Linked Requirement: Efficiency
> 40% time reduction with 2 robots
< 1% accuracy drop with more robots

Robots must explore different regions to
avoid redundant mapping. We need a
distributed method to assign (and
reassign) exploration regions as the
environment is discovered.

Mitigation: Use frontier-based
exploration and distributed task
allocation. Dynamically re-assign regions
when a robot fails.
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Decentralized
Failure Recovery

Requirement: Decentralized
Resilience
Continue mapping after robots fail
No central leader

Failures must be reliably detected,
and the unfinished regions must be
redistributed to other robots without
relying on central compute.

Mitigation: Use decentralized
heartbeats, timeouts, and motion
pings for failure detection
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Solution Approach
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Solution Approac
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Source:
https://techvico.com/how-amrs-use-slam-t

o-navigate-smartly-in-factories-and-wareho

Visualization

uses/
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Testing, Verification, Metrics

High Accuracy

At least 90% loU of occupancy
grid validates high accuracy of
mapped obstructions

Under 3cm of median
wall-position error validates high
accuracy of identified walls

Layout obstacles in a room with
measured sizes and positions ->
Do robot(s) accurately map out

positions of all obstacles?

Efficiency

Mapping with 2 robots should
lead to a time reduction of at
least 40% compared to one
robot

Running more robots should not
decrease accuracy by more than
1%

Run obstacle test with 1 robot and 2
robots ->

Do 2 robots complete the task
faster without decreasing accuracy?
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Decentralized
Resilience

Upon immobilizing or turning off
a robot mid-run, we continue
mapping to completion

Robots do not rely on the
existence of a central compute
or "leader"

Run obstacle test with 2 robots and
shut down / immobilize one ->
Does the remaining robot complete
the task with the same accuracy?



Division of Labor / Schedule

September 2026

Task
Proposal Presentation (completed)
Refine i from
R SLAM i &

Research distributed / muiti-robot communication architectun
Finalize robot hardware & component selection
Order robot hardware components
Prototype / select SLAM approach
Design inter-robot communication protocol
Begin chassis assembly
Prepare Design Presentation slhides
Design Presentation
Design single-robot SLAM pipeline architecture
Design distributed mapping / data-merge architecture
Finalize sensor-mounting plan
Assemble drivetrain, motors & wiring
Wiite & submit Design Document
Begin single-robot SLAM implementation
Begin networking Iayer implementation
Integrate sensors (LIDAR, IMU, camera) onto chassis
Design Document due (10/5)
Fall Break
Implement & test single-robot SLAM mapping
Implement robot-to-robot communication
Full single-robot hardware bring-up & calibration
Ethics Assignment due (10/21)
Tune single-robot mapping accuracy (target 290%)
Implement distributed map-merging logic
Single-robot mapping tests
SLAM + +
Extend SLAM to multi-robot map fusion & temporary-obstact
Muiti-robot network testing & fault-tolerance (robot drop-out h
- robot(s) & t (rec
Prepare for Interim Demo
Interim Demo (MVP x
Slack / Buffer
Slack / Buffer
Thanksgiving Break
Full multi-robot integration & metrics validation
Prepare Final Presentation slides
Final Presentation
Final poster, video & public demo prep
Final report writing
Final Poster / Video / Public Demo / Final Report
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