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Topometric Map Visual Corrections to Robot Motion (Fig. 2)

Teach * Robot is teleoperated over a traverse.
* Wheel odometry and frames are stored as a

Phase topometric map.

* Robot repeats traverse autonomously by tracking
Repeat wheel odometry sequence.
Phase  Frame-matching with the map generates corrections
keeping the robot from deviating from path.

Why incorporate visual corrections?

= Actual Path

* Wheel-odometry has
an incremental drift.

* Visual corrections

) keep robot on track.

Event Cameras
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Input Light Asynchrondus Events

 Event cameras capture changes in input light intensity.

e Data is transmitted asynchronously from individual pixel circuits.

* They offer a higher temporal resolution than conventional
frame-based cameras.

Can event-based sensing help produce high throughput

navigation corrections in visual teach-and-repeat navigation?!

Event Frames from Asynchronous Events

* Binary frames by accumulating events.

* A pixel value indicates occupancy of an event.

* We compare two event accumulation strategies:
fixed-time and fixed-count.

* Correlation peak indicates offset
between the frames.
* Horizontal-only padding ensures

Fourier Fourier , ,
Transform Transform no vertical offset is computed.
vy___ M  Candidates are concatenated side
Point-wise Multiplication _
¥ by side and column-summed, so
Inverse Fourier Transform many-to-one matching runs in a

single, cheap pass

Correlations

Motion Corrections from Correlation Scores
Rotation Correction ) Along-path Corre(:;ion
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Setup and Experiment Locations
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* Dall'Osto et. al. [1]: Conventional frames matched by normalised cross
correlation (NCC), run using a proportional controller.
* Nourizadeh et. al. [2]: Conventional frames matched by NCC, run using sliding
mode controller (SMC).

Dall'Osto et al. [1] Nounza[c;(]eh etal. Event VT&R (Ours)
Len.
Tr.# meantSD SR meantSD SR meantSD SR
Env. (m)
1 | 65 6.5+6.4 3/3 4.5+3.7 3/3 6.3+5.8 3/3
2 | 100 8.849.1 3/3 9.0+8.4 3/3 8.4+8.3 3/3
Ind. 3 | 200 8.7+9.5 3/3 11.3+10.3 | 3/3 0.4+7.7 3/3
4 | 120 | 17.1+21.3 3/3 8.6+8.0 3/3 7.8+7.2 3/3
5 (223 | 17.4+18.7 3/3 17.0+18.2 | 3/3 10.749.6 3/3
Out. | 6* | 381 | 15.4+18.1 3/3 8.2+9.5 3/3 11.1+14.1 3/3
*Night time traverse
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Event-Accumulation Strategies and Velocity Invariance

Repeat

Teach

 Accumulating events by fixed-count generates velocity invariant frames.
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