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Situational Awareness[2]

Definition

• Perception of the elements 
in the environment within a 
volume of time and space.

Goal

• Support further 
decision-making and 
improve efficiency.

Requirement
• The information obtained by all UAVs should be as 

consistent as possible with the true information.

Current Situation

• Single information source cannot satisfy the demand.
• Disturbance, uncertainty…
• Extend SA to cooperative field.

Situation awareness of multi-agent systems[3]. 
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Scenario Assumption

• A multi-UAV system detects a 3D obstacle belt with distributed obstacles.

• Detection uncertainty occurs during the perception, especially when obstacle deviates.

• Each UAV carries a limited-capability depth camera to detect obstacles within a perception range.

Scenario assumption of multi-UAV system detection.

• How to incorporate the information detected by each 
UAV in the system? 

Challenge 1

• How to overcome the effects of detection uncertainty 
and limited capability of airborne sensors?

Challenge 2
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High-Conflict Situation

• How to process the contradictory information 
under high-conflict paradoxes?

Challenge 3

BPA of four common paradoxes.

Traditional D-S evidence theory is unable to deal 
with high-conflict situations!
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Uncertainty Modeling

Relationship between detection accuracy and visual distance.

( ) λLf L λe−=

Relationship between detection accuracy and visual angle.
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Framework of D-S Evidence Theory [3]

• Discernment Frame

• Basic Probability Assignment

• D-S Combination Rule
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then     is qualified as a BPA on    m Θ.

After determining the discernment frame, multiple 
independent sets of BPAs can be fused through

where     is the conflict coefficient.k

It can deal with uncertainty to some degree.
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Task Flow

• Step 1: Multi-UAV system detects and 
obtains the coordinate and accuracy of 
obstacles. 

• Step 2: Coordinate transformation and 
information fusion based on D-S evidence 
theory.

• Step 3: All UAVs receive the fusion results 
and achieve the cooperative situational 
awareness.
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CSA Among Multiple UAVs

Information fusion among multiple UAVs.

• The information fusion among UAV I, II and III 
on OBS I is taken as the example.

• Each UAV can detect and obtain the position 
of OBS I with different accuracy.

• The fused position and accuracy of obstacles 
are calculated.
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Method Improvements Towards High-Conflict Situations

The flow chart of improved evidence combination method.

Improvement 1

• Introduction of Pearson 
coefficient to measure the 
correlation.

Improvement 2

• Comprehensive consideration 
of evidence credibility and 
uncertainty.

• Weighted average the 
original evidence to obtain 
the fusion results.

Improvement 3
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Simulation Under a Fixed Formation

• Verify the effectiveness of the CSA method.

Distribution of UAVs and obstacles under a certain formation shape.

Parameter setting.



Cooperative Situational Awareness of Multi-UAV System based on Improved D-S Evidence Theory13

Background – Problem Formulation – Methodology – Case Study – Conclusions and Future Work

Simulation Under a Fixed Formation

SA result (nOBS=20)

• The number of detected obstacles 
doubles.

• The average detection accuracy 
increases by 40%-50%.

CSA result (nOBS=20)

SA result (nOBS=100) CSA result (nOBS=100)

Comparison result between SA and CSA.
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Simulation Under Flexible Formation Shapes

• Verify the scalability of the CSA method.

Distribution of UAVs and obstacles under flexible formation shapes.

• Obstacle number is fixed.

• Different formation shapes are applied.
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Simulation Under Flexible Formation Shapes

Fusion result of Area I. Fusion result of Area II. Fusion result of Area III.

• All formations can complete the detection of the three areas with low error and high accuracy.

• Formation I achieves the optimal detection performance, reaching 96.58% accuracy.
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Comparison Between the Improved Algorithm and Existing Methods
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Conclusions

• Investigating the cooperative detection problem of multi-UAV systems in 3D space. 

Future Work

• The consideration of the heterogeneous multi-sensor fusion.

• The consideration of further improvement of information fusion method (e.g., 
Evidential Reasoning, ER).

• Modeling and characterizing the detection and sensor uncertainties.

• Modifying the traditional D-S evidence theory to treat high-conflict situations. 

• Demonstrating  the superiority of the CSA method through numerical simulations. 
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Thanks for Listening!
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