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From SLAM drift
to goal drift.

Measuring coordination sensitivity on lunar analogue terrain.

SPACE ROBOTICS WORKSHOP SPOTLIGHT THREE FINDINGS

Coordination under SLAM drift is structurally tolerant—
within limits.

1. Tolerance is real, but bounded. Distance ranks can change without changing
the chosen frontier, because the rule only commits to the closest uncontested cell.
Once drift reaches the same physical scale as the grid, that silent margin starts to
disappear.

2. Cell resolution sets the SLAM requirement. Localisation accuracy must stay
within the occupancy-cell scale throughout the run. This is a coordination require-
ment, not a number that can be read from the SLAM specification alone.

3. Pose accuracy and map consistency are independent. Accurate poses still do
not rescue a corrupted frontier set: if each occupancy grid drifts in its own frame,
robots deconflict over different physical cells.
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PROBLEM

Multi-robot coordination breaks silently when SLAM >
drifts. We quantify how much drift it can absorb.

QUESTION AUDIT METRICS

How much SLAM drift can a decentralised frontier rule absorb

before robots claim different goals? And, turning the question >
around, what accuracy must a SLAM backend actually deliver to

keep coordination intact?

For every coordination tick we replay the deconfliction rule twice:
once with live poses as the robot saw them, once with RTAB-Map >
graph-optimised poses as the post-hoc reference. Both are SE(2)-
aligned and interpolated to the tick timestamp.

Rank changed — when any frontier in the ordering shifted (sen-
sitivity of the distance computation). Goal changed — when the
claimed cell itself shifted (impact on the actual assignment).
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Cells are filtered twice before the distance-rank step the audit measures. Cluster selection
keeps only the best-scoring connected frontier region (44 -84 % of cells removed across
all runs). Peer deconfliction then drops cells already claimed by a closer peer (6 -44 %
outdoors). The audited assignment runs on what survives.

At LUNA the peer stage was offline (see H), so the FR1-FR3 audit captures pose-error sensitivity only.

C - PLATFORM
Leo Rover fleet

Five Leo Rovers (~8.5kg each, differential drive) running ROS2 on NVIDIA Jetson Orin
Nano. Primary sensor: Intel RealSense D456 RGB-D + IMU. RTAB-Map supplies visual-
inertial SLAM and the 2D occupancy grid; vox_nav handles path planning. Peers exchange
pose, selected frontier cell, and grid updates over WiFi at ~1 Hz.
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FR2 at LUNA. Left: live trajectories of all five robots on the shared occupancy grid. Right:
Bobbie’s live vs. graph-optimised trajectory, with grey per-tick displacement lines showing
where the two diverged.

Bobbie’s mean error reached 2.03 m (p95 3.53 m) — about 2.5x the cell size. The graph-
optimised reference itself is bounded at ~0.26 m (p95, over 140 loop closures), so the audit
baseline is trustworthy.

the right show the failure regime: when mean error grows to several cell widths, the selected
frontier itself changes.

In FR1, a single robot operated with mean error 0.84 m on a 0.80 m cell grid — accuracy
in proportion with cell resolution. It recorded zero goal changes: the only run at LUNA
where the audited assignment matched the optimised reference perfectly, and the only
robot whose localisation stayed at the cell scale throughout. The boundary marked on the
chart is where the data actually crosses over.
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Reading the LUNA numbers. At LUNA, peer deconfliction was offline — so what we measured
Is pose-error sensitivity alone. The missing map-frame errors would only compound those
rates, making the reported FR1-FR3 numbers conservative.

1. Pose accuracy must stay within cell resolution.

The coordination layer inherits its tolerance from the occupancy-grid cell size — not from
the SLAM specification alone — and that tolerance must hold throughout the run, not just at
start-up.

2. Occupancy grids must share a common reference frame.

Accurate poses alone don’t fix a misaligned frontier set. As each robot’s local frame slides
off the shared map, the same grid cell ends up referring to different physical locations.



