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Motivation: Multi-agent Radiological Search

Figure 1. 3D map fused with radiological

measurements for source localization [1].

Remote radiological source localiza-

tion and mapping needed in first-

response and disaster prevention

scenarios in areas containing one

or more radiation sources. UAVs

provide ideal platforms for travers-

ing arbitrary terrain when equipped

with specialized, lightweight radia-

tion sensors. Resolution of radiolog-

ical sensing on a mobile platform is greatly improvedwhen fusedwith pose

estimates and 3D map information obtained through SLAM [1].

Figure 2. Localization

and Mapping Platform

(LAMP) from LBNL [1].

Single-agent aerial radiological mapping solutions

such as the LAMP (Fig. 2) exist, and there is cur-

rently interest in determining whether their capabil-

ities can be expanded in a coordinated multi-agent

configuration. From a systems perspective, the fol-

lowing questions remain to be answered:

What are the requirements for the accuracy and

consistency of a collaborative mapping solution

for multi-agent expansion costs to be justified by search gains in

coverage and time?

How to most efficiently jointly map 3D and radiation data (Fig. 3)?
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Radiological sensor.
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Figure 3. Possible multi-agent mapping architectures. Left: Larger UAV generates 3D

maps with LiDAR and several smaller UAVs exclusively relay radiological sensing data to

the central drone. Right: several smaller drones equipped with radiological and/or

RGBD sensors communicate with a central (grounded) server.

Project Description

Goals: expand remote sensing capabilities for radiation source localiza-

tion and mapping with a collaborative SLAM (CSLAM) framework that

enables faster/more versatile search coverage while utilizing lightweight

and relatively inexpensive sensing on UAVs in a bandwidth-limited net-

work. To determine what collaborative mapping architecture most effi-

ciently enables multi-agent coordination in a radiological mapping set-

ting, the following technical challenges must be addressed:

Implement a consistent and accurate RGBD-based CSLAM system

and evaluate its performance tradeoffs in enabling radiological

search and mapping compared to LiDAR-based single-agent SLAM

in a variety of realistic environments.

Deploy the mapping system in hardware for time-sensitive search

and mapping scenarios in the real world.

Approach: leverage current state-of-the-art in vision-based collabora-

tive SLAM while adding novel contributions to resource-constrained,

scalable map fusion and loop closure techniques.

Simulation Environment

Multi-agent CSLAM algorithms are implemented in a Unity-based simula-

tion environment adapted from the recently released Flightmare simulator

[2]. The Unity environment, running on top of a custom-built software-in-

the-loop autopilot and dynamics simulator, allows for photo-realistic sim-

ulated RGBD and LiDAR sensing in conjunction with multi-agent coordi-

nation (Fig. 4).

Figure 4. Unity-based simulation environment based on Flightmare [2] for multi-agent

CSLAM algorithm implementation and preliminary testing.

Algorithm implementation in the Robot Operating System (ROS) affords

straightforward porting between simulated and hardware platforms for

rapid testing and design iteration.

Collaborative SLAM State-of-the-Art

Figure 5. CSLAM algorithm [3] that

has been implemented on a real

multi-agent system outdoors.

Current CSLAM divided into:

Centralized – multiple agents

communicate data to a central node.

Distributed – computation for pose

graph optimization (PGO) and loop

closure detection is split amongst

the agents.

Centralized methods sidestep the complex-

ities of distributed PGO/outlier rejection,

but face challenges of scalability (computa-

tion and communication). With a goal of us-

ing more than 5 agents, some combination

of selective measurement broadcasting and

distributed implementationwill be required.

Addressing Resource Constraints

Recent work has begun to address SLAM under resource constraints [4],

e.g., limited communication bandwidth, battery power, computational ca-

pabilities, and allotted mission time. Current methods focus on:

Map compression techniques (keypoints, sparse object data).

Measurement broadcast prioritization based on predicted usefulness.

Because no unified methods for real-world environments currently exist,

novel extensions for the following needed:

Generalizable map abstraction.

Inter-agent coordination strategies for broadcasting and area coverage.
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