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Being sent to IEEE’s RA-L; Posted to arXiv December 2023

Goal: Discuss the Results my Recent Paper

Come talk to me at Poster #2
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MOTIVATION &
BACKGROUND
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Motivation: Radiological Search

Goal: Leveraging prior work from our LBNL collaborators, we want to improve their 
state-of-the-art LAMP detection system by extending it to a multi-agent system. 
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Inter-agent visual 
loop closure

Motivation: Multi-Agent Radiological Search

Typical SLAM sensors require agents to cross paths to fuse their local maps.
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Inter-agent UWB 
loop closures

Motivation: Multi-Agent Radiological Search

Using ultra-wideband sensors, we can get regular relative pose estimates 
between agents, allowing us to fuse local maps without crossing paths.
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Relative Range

Relative Pose

via “Trilateration”

Ultra-Wideband Relative Pose Estimation

Image Credit: https://www.nooploop.com/media/uploads/2023/02/LinkTrack-P-B-600x600.png

NoopLoop LinkTrack P-B

By placing multiple UWB sensors on each agent in a known configuration, we 
can use instantaneously estimate relative pose.



8Image Credit: https://www.researchgate.net/publication/322328126_SaPPART_White_paper_Better_use_of_Global_Navigation_Satellite_Systems_for_safer_and_greener_transport/figures?lo=1

This is conceptually similar to GPS multilateration.
GPS has inspired a lot our system’s error analysis techniques.

Ultra-Wideband Relative Pose Estimation
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OUR WORK
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Our Proposed System
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Data Collection

Collected nearly 6 hours of data, effectively creating 
200+ hours of pairwise measurements.
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Our 3D Pose Results

Experimental mean absolute position and heading errors of
0.24m and 9.5◦ respectively across all experimental trials.
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What is our “special sauce”?
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What is our “special sauce”?
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Image Credits:
https://www.tutorialspoint.com/antenna_theory/images/half_wave_folded_radiation.jpg
https://www.comsol.fr/model/image/8715/big.png

Measurement Bias w.r.t. Relative Pose
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Measurement Bias w.r.t. Relative Pose

Measurement mean bias and variance varies with relative elevation.
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Measurement Bias w.r.t. Relative Pose

Robot’s body frame can cause predictable measurement error.
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What is our “special sauce”?
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Assumptions that improve results
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Assumptions that improve results

Reasonable assumptions for standard multi-rotors operation:

1. We can align the relative frames with respect to gravity.
2. We can locally measure our “global” roll/pitch w.r.t. gravity.
3. We can locally measure “global” altitude via barometer or 

downward facing LiDAR.
4. Non-stunt flight has relatively constrained roll/pitch (i.e., 

level flight) and maintains tight altitude envelop.
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Assumptions that improve results
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Assumptions that improve results
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Assumptions that improve results
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Assumptions that improve results

Realistic sensor performance bounds makes it better to assume z and monitor it
than leave it free.
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What is our “special sauce”?
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HOW IS OUR WORK 
DIFFERENT?
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Comparison to “Omni-Swarm”

Omni-Swarm uses a single UWB antenna, omni-direction 
camera, and SLAM techniques to perform swarm localization.
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Odometry factors

Distance factors

Visual factors

Map-based factors

Comparison to “Omni-Swarm”

Omni-Swarm has a similar optimization formulation, but leverages a lot of 
data transmitted from other agents.
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Comparison to “Omni-Swarm”

Visual tracks are doing most of Omni-Swarm’s “heavy lifting”, not UWB.
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Advantages of Our Approach

Most papers in this space are not concerned with comms usage.

There are compelling reasons to worry about comms usage:
1. Large swarm, data transmission is O(n2)
2. Limited comms budget can be better used elsewhere (e.g., visual loop 

closures, planning, etc.)
3. Data comms can be more finicky than a TOF measurement

We care about comms usage -- and we still achieve mean abs 
position and heading errors of 0.24m and 9.5◦ respectively.
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FUTURE WORK
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During our recent April LBNL flight tests, we collected over 2hrs worth of LAMP + UWB flight data with 1mCi 
of Cesium-137 in the field.

Surrogate UGV

LAMP UAV

1mCi 
Cesium-137

~250m

~100m

Incorporating our error model into SLAM
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Incorporating our error model into SLAM
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Incorporating our error model into SLAM
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# Antennas with > 1 Meter Error # Antennas with > 5 Meter Error

Incorporating our error model into SLAM
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Andrew Fishberg
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Future Demos/Collaborators?
• Our relative pose estimation system is becoming 

increasingly mature.
• If you have other radiological search demos you 

think might be useful, please reach out!

Email: fishberg@mit.edu

Questions?
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