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Increase in UAV Usage

Education Surveying Inspection Delivery

Filming Measurement Monitoring Transport

Manual Operations Autonomous Flight
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Challenges in developing autonomous UAV systems & applications

Complexity of advanced 

autonomous algorithms

Need of end-to-end workflows

Ensuring system quality and 

reducing flight risk
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Solutions for developing autonomous UAV systems & applications

Robust tools and features for 

designing and testing UAV systems 

and algorithms

Integrated development environment 

that covers development from ideas 

to production

Extensive verification and validation 

tools to evaluate design quality 

through virtual testing 
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Manipulator

Marine Robot

UAV

Ground Vehicle

MathWorks Supports Autonomous Vehicles Development
Design, Simulate, Test, and Deploy

Systems
Engineering

Sensing

Perception

Planning

Control

Platform

Deploy

Connect

V&V

Model-Based Design
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Common questions from customers

Planning

Perception

Control

Simulate

Test

Analyze

    Deploy

How do you model sensors and 

platforms?

How do you design autonomous 

algorithms? 

How do you test and deploy robotics 

applications?

Robot 

Models

Sensor

Models
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Perception, Planning, Control

GoalStart

Path
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Core of Autonomous Navigation

Physical 

World



9

BRAND

COLORS

CODE

COLORS

Core of Autonomous Navigation

Physical 

World

Definition: Collect accurate and timely information about the surroundings 

and the system’s own state.

Goal: Gather information without interpretation. 

Type of sensors: 

- Lidar returns point clouds

- Camera captures pixel arrays

- GPS provides coordinates

- IMU gives acceleration and angular velocity

Think of it as: 

“What do my sensors physically detect?”
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Core of Autonomous Navigation

Physical 

World

Definition: Transform raw sensor data into meaningful representations. 

Goal: Understand the environment by extracting features and identifying entities. 

Examples: 

- Estimating UAV pose using GPS + IMU

- Detecting obstacles such as trees, buildings, power lines

- Classifying terrain or landing zones like grass, concrete, water 

- Building maps

- Tracking moving objects such as other UAVs

- Detecting dynamic hazards like birds or any other temporary obstacle 

Think of it as: 

“What’s around me? Where am I?”
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Core of Autonomous Navigation

Physical 

World

Definition: Decide the UAV’s future trajectory and actions based on mission objectives 

and perceived environment. 

Goal: Generate a safe, efficient flight path that satisfies constraints. 

Examples: 

- Global/Mission Path Planning: Plans the overall route from start to goal. 

- Behavioral Path Planning: Chooses high-level maneuvers based on context. 

- Local Path Planning: Computes short-term collision-free paths nearby.

Think of it as: 

“How do I get there?”
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Core of Autonomous Navigation

Physical 

World

Definition: Convert planned trajectory into actuator commands for stable flight. 

Goal: Execute the planned path while maintaining UAV stability and performance. 

Examples: 

- Adjust roll, pitch, yaw using PID or cascaded controllers.

- Maintain altitude and follow waypoints precisely. 

- Regulate speed for smooth navigation and energy efficiency.
Think of it as: 

“How do I physically fly along the planned path?”
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Sensors

Fisheye 

Ideal Depth Semantic Segmentation 

Lidar Radar 
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Integrated simulations with sensor models

Cuboid

Performance

Unreal Engine®

Photorealistic

Rapidly author scenarios and 

generate sensor data

Realistic graphics to test autonomous 

algorithms in closed-loop simulations



16

BRAND

COLORS

CODE

COLORS

Integrated simulations with sensor models
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Integrated simulations with sensor models

Cuboid

Performance

Unreal Engine®

Photorealistic

Rapidly author scenarios and 

generate sensor data

Realistic graphics to test autonomous 

algorithms in closed-loop simulations
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Sense - Scene, Scenario and Sensor
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Sense - Scene, Scenario and Sensor

Sensing

Camera Lidar

Radar IMU

Scene

RoadRunner

Cuboid

Scenario

RoadRunner

Cuboid

Sensor Data

Ground Truth
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Sensor Fusion
(Extended Kalman Filter)

Perceive – Localization (self-awareness)

GPS

Sensor Fusion
(Extended Kalman Filter)

OrientationOrientation + Position + Velocity

1. Accelerometer

2. Gyroscope

3. Magnetometer

Estimation
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Perceive – Localization (self-awareness)

GPS

Sensor Fusion

Lidar
Camera

Increase robustness and accuracy

- Tunnels 

- IMU drift

- Weather

- etc.
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Perceive – positioning – self awareness
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Perceive – Particle filter, Monte Carlo Localization
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Perceive – Localize and mapping

3D map for UAV
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Perceive - Build 3D map using simulation Lidar point cloud data

Extract and match features

Register and align point cloud

Execute simulation

Obtain sensor data
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Map an Environment using Stereo Visual SLAM and verify with 

Unreal Simulation

Read sensor data

Stereo visual SLAM

Send quadrotor position and 

orientation data to Unreal

5x Speed
SLAM

Simultaneous Localization and Mapping

Detect loop-closures 

Create pose graph

Optimize poses
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Perceive - Tracking

Sensor 1

Sensor 2

Sensor n

Centralized 

Tracker

Detections

Detections

Detections

Central Tracks

Sensor 1

Sensor 2

Sensor 3

Track Level 

Fusion

Detections

Detections

Detections

Central Tracks

Tracker 3

Tracker 2

Tracker 1
Local Tracks

Local Tracks

Local Tracks

Centralized fusion of sensor data

Decentralized fusion of sensor data
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Lidar and Radar Fusion in Urban Air Mobility Scenario
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Perception Pipeline

Situation

Tracker Output

Performance Metrics

Parameter 

Tuning

Perception

Pre-Process
Object 

Detection

Object

Tracking

Threat 

Estimation

Tracking Architecture
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Path Planning

Path Planner
Map

Initial pose

Final pose

PATH

Final poseInitial pose

Global / Mission 
Planning

Behavioral 
Planning

Local 
Planning

Route

Maneuver

Trajectory
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Path Planning

Global / Mission 
Planning

Behavioral 
Planning

Local 
Planning

Route

Maneuver

Trajectory
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Path Planning
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UAV Motion Planning

Design UAV flights and 

simulate predefined 

missions

▪ Path manager

▪ Waypoint follower

▪ Orbit follower

▪ Dubins path

▪ Min jerk/snap trajectories
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Autonomous UAV motion controls
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Implementing control algorithms with Simulink

Sense

Perceive

Plan

Control
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Implementing control algorithms with Simulink
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Implementing control algorithms with Simulink
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Control – Path Following

Flight controller deployed and 

running on a PX4
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Code Generation

Code Generation

Simulink

MATLAB

Stateflow

FPGA

CPU

GPU

MCU

PLC

ROS
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Control – PX4 Hardware-in-the-loop Simulation 
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Building Blocks for UAV Simulation

Design & SimulatePlan Mission Validate & Deploy

Flight Controller Plant Model

Scenario Simulation

Ground Control Station

Simulated 

Waypoints

Generate flight path for the mission
Deploy flight controller and autonomy 

algorithms to the platform

Design flight controller and simulate 

plant behavior in virtual scenarios
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MIL, SIL and HIL Workflows for UAV Simulation

Flight Controller Plant ModelInputs

C++ EXE on Host PC Deploy on Hardware

Model-in-the-Loop 

(MIL)

Host

PC

Host

PC

Host

PC

Software-in-the-Loop

(SIL)

Hardware-in-the-Loop

(HIL)

Ground Control Station

Simulator communicates 

with the host PC

Simulator communicates 

with the hardware



46

BRAND

COLORS

CODE

COLORS

MIL, SIL and HIL Workflows for UAV Simulation

Flight Controller Plant Model
Inputs

Host

PC
Host

PC

Hardware-in-the-Loop

Scenario Simulation
Host

PC

Deploy on Hardware

Onboard Autonomy

Deploy on Hardware

Ground Control Station

Host

PC

NVIDIA® Jetson

Deploy on Hardware

TCP/IP or UDP

Model-in-the-Loop 

(MIL)

Real-Time HIL
Deploy Autonomy 

with HIL

C++ EXE on Host PC

Host

PC

Software-in-the-Loop

(SIL)
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Develop Embedded Software for Autonomous Vehicles

Code Generation
Software Standard 

Compliance
Static Code Analysis Functional Safety

Continuous Integration Automated Testing ROS / ROS2 DDS
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Shipping examples

Connectivity and Deployment with 

MAVLink and PX4

Board Deployment

Unreal Engine Co-Simulation with 

Sensor Models

Scenario Design & Low-Fidelity 

Sensor Simulation
Flight Telemetry Data Analysis 

Flight Log Analyzer App

Reference Applications

UAV Algorithms for 

Planning and Control
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Autonomous Vehicle Development Workflow

Sensing

Camera Lidar

Radar IMU

Perception

Localization

Detection Tracking

Threat
Estimation

Planning

Collision 

Avoidance

Behavior Path

Trajectory

Control

Control

Path 
Following Guidance

Logic

Systems
Engineering

Requirements

Architecture

Analysis

IEC 61508

ISO 26262

DO-178C

Plant ModelScene and Scenario
Unreal Engine - Wikipedia

Gazebo

CARLA Simulator

RoadRunner Cuboid

Connect

ROS/ROS2

DDS

MAVLink

UDP/TCP

CAN

C/C++

Python

ONNX

FMU

Wireless

Deploy

https://www.unrealengine.com/
http://gazebosim.org/
https://carla.org/
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