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Capabilities of an Autonomous System
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Capabilities of an Autonomous System
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Agenda

▪ Introduction

▪ Technology overview of perception

▪ Algorithm development for sensor fusion and tracking 

▪ Q&A

▪ Resources for further exploration
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Sensor Fusion and 

Tracking

Self- awareness Situational awareness

Accelerometer, Magnetometer, 

Gyro, GPS…

Radar, Camera, IR, Sonar, Lidar, 

…

Signal and Image 

Processing
Control

Sensor fusion and tracking is…
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Fusion combines the strengths of each sensor

Vision measurement 

at time step k

Radar measurement 
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Fused 
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represents 
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Legend
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What is localization?
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Fusing sensor data improves localization

Error MeasurementsSensorsGround truth vs. EstimateSense
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Sense

Perceive

Decide 

& Plan

Act

Locate 

Self

Track 

Obstacles

Self-awareness is needed to create situational awareness
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Scenario Definition and Sensor Simulation

Flexible Workflows Ease Adoption: Wholesale or Piecemeal

Ownship

Trajectory

Generation

INS Sensor 

Simulation

Recorded 

Sensor Data

Visualization

&

Metrics

Algorithms

gnnTrackergnnTrackerINS Filter, 

Tracker, etc..

Actors/

Platforms
Radar, IR,  

& Sonar 

Sensor 

Simulation

Documented 

Interface

for detections

Documented 

Interface

for tracks
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1° Azimuth 

Resolution

Two targets seen 

as one by the radar

Did the trajectories cross?

You can synthesize test cases that may be difficult to re-create
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Perform quick what-if analyses between different trackers

+

175m 

at 

10km

+

9m 

at 

1k

m

>> trackerGNN, CV >> trackerTOMHT, IMM
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Evaluate results based on performance metrics

+ 175m 

at 10km

+ 9m 

at 1km

False 

tracks 

No false 

tracks 
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Point object vs. Extended object

▪ Point object

– Distant object represented as a single point

– One detection per object per scan

▪ Extended object

– High resolution sensors generate 

multiple detections per object per scan
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Tracking with Lidar

Track maneuvering vehicles (during lane changes)

Maintain tracks at edge of coverage

▪ Design 3-D bounding box detector

▪ Design IMM-JPDA tracker 

▪ Generate C/C++ code for tracker
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Tracking with Lidar (with ground truth shown)
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Extended Object Tracking: Estimate position, velocity, and size
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Evaluate tracker performance of Extended Objects

Multi-object tracker

Probability Hypothesis Density tracker

Extended object (size and orientation) tracker 

Lower is

better
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Fusing tracks is also easy
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Track-to-Track Fusion

Parked 

vehicles 

observed by 

vehicle 1

Occluded  

vehicle 

fused from 

vehicle 1Pedestrian 

observed by 

vehicle 1

Occluded 

pedestrian 

fused from 

vehicle 1Pedestrian 

observed by 

vehicle 2
Rumor control: Fused track is 

dropped by vehicle 1 because 

vehicle 2 is coasting and there are 

no updates by vehicle 1 sensors
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Connect to Decision Making / Control: Adaptive Cruise Control
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Connect to Decision Making / Control: Adaptive Cruise Control
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Sensor Fusion and Tracking Toolbox Summary

Sensor Fusion 

and Tracking

Signal and Image 

Processing
Control
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There are many resources to get started with

Tech Talks

Please visit to see our Tech Showcase demos 

https://www.mathworks.com/products/sensor

fusion-and-tracking.html

Quick Start Guide

https://www.mathworks.com/products/sensor-fusion-and-tracking.html

