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Introduction: Navigation
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Introduction: Fusion
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Introduction: Collaborative Navigation
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Motivation

Leverage data from all agents in
the environment to enhance
positioning accuracy.

Reduce costs by integrating a
mix of sensor grades across
agents.
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Novelty
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Scalability:
Decentralized
architecture for improved
autonomy

4 )

Communication:

Minimizes data
broadcasting to reduce
communication overhead
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4 )

Cost Effective:

Utilizes only range
sensors for positioning
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Computational Cost:

Highly scalable for diverse
environments and agent
numbers
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te Projection
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PU Measurement
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Scenarios: Communication Frequency

High communication frequency — make a measurement for each hg-agent’s prediction step

t X Y z range

K+dt_r 28.75 13.45 0.135 2.03

K+2dt_r 29.01 13.32 0.125 2.15

K+3dt_r 29.24 13.19 0.115 2.00

K+4dt_r 29.56 13.02 0.105 2.23

K+1 29.77 12.81 0.096 2.14

Normal communication frequency — make a measurement for each hg-agent’s update step

t X Y z range

K+dt_r 28.75 13.45 0.135 2.03

K+2dt_r 28.75 13.45 0.135 2.15

K+3dt_r 28.75 13.45 0.135 2.00

K+4dt_r 28.75 13.45 0.135 2.23

K+1 29.77 12.81 0.096 2.14
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Scenarios: EPU Frequency

High EPU frequency — while using high communication, filter updates every measurement

EPU Update:

Fig(k + 1) = Boxyg(k + 1) + 2,7 (k + 1)

Pfs(k +1) = aBhs(k + 1)
Low EPU frequency — update the filter when hg-agent gets observation
Two ways of operation:

1. Single measurement
2. Batch of measurements

Normal Communication: High Communication :

P (m) = atan2(xpg,; (k), x,9(m)) P;(m) = atan2(xpg,;(m), x;4(m))

Xpg,i (k) + ri(m)cos(P;(m)) s Xpg,i (M) + ri(m)cos(P;(m))

h _ =
ngg,]i (m) = [x%’g'i(k) + r;(m)sin(y; (m)) x}{g’i(m) + ry(m)sin(;(m))
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s: Weights
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3: Configuration

Agent 1 — Low-cost

qt = (42.4¢)

T'_l) = (Tl'z, T1'3, ) (-jf = (-),g’ -)?)
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Scenarios: Summary

Different scenarios examined for EKF-EPU approach.

Different scenarios examined for EPU-EKF approach.

Scenario Information EPU Comm x\"’::_ghtiid Scenario Informatio EPU EKF x:l,:Lgahtiﬁd
Sharing Frequency Frequency Ve ctgor 9 n Sharing Frequency Frequency Ve ct%r 9
1 (baseline) No No No No 1 (baseline) No No Low No
2 Yes Low No No 13 Yes Low Low No
3 Yes Low High Mean 14 Yes Low Low Mean
4 Yes Low High Median 15 Yes Low Low Median
5 Yes Low High Exp up 16 Yes Low Low Exp up
6 Yes Low High Exp down 17 Yes Low Low Exp down
7 Yes High Normal No 18 Yes High High No
8 Yes Low Normal Mean
9 Yes Low Normal Median
10 Yes Low Normal Exp up
11 Yes Low Normal Exp down
12 Yes High High No
., ANSFL Decentralized Collaborative Navigation with Enhanced Positioning Update for Mobile Robots
15 UNIVERSITY OF HAIFA 13.07.2025



Results:
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Results: Simulation

Simulation RMSE [m] results for EPU-EKF Scenarios over a one-minute trajectory.

SCanano Rapge measurement Rapge m_easurement
Noise: Low Noise: High
13 6.17 7.05
14 1.66 .71
15 5.65 10.23
16 1.76 2.6
17 1.78 3.13
18 5.31 6.54

[14] Low EPU frequency with high communication using HF-to-LF with mean
[16] Low EPU frequency with high communication using HF-to-LF with exp up
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Results: Experiments

RMSE [m] of the baseline and the EPU-EKF approach on a real robotic environment.

. Range measurement | Range measurement
Scenario . . .
Noise: Low Noise: High
1 (baseline) 6.02 6.02
14 (ours) 2.04 2.14
(4 e GT
1.4 4 \‘l' ‘-.n- -‘P ; ® Baseline
) ® EPU-EKF (Ours)
1.2 4 .;."_"-:.
— 1.0 4 &
£ 3 l
> q
0.8 e -
0.4
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Thank You!

Happy to take questions

& -

Aviad Etzion ANSFL

PhD. candidate at Autonomous Navigation
and Sensor Fusion Lab

Decentralized Collaborative Navigation with Enhanced Positioning Update for Mobile Robots
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