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I. Challenges

Development Platform
 Linux / ROS (Robotic Operating System) 
 Easy to implement application software components with ROS

Simulation
 Unit test for each software component
 Test scenario generation
 Easy to utilize external resources

Model Predictive Control
 Optimization solver 
 Code generation 
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II. Simulink models with ROS interface

Development Environment

 SW Architecture based on Linux & ROS

 Two ways to develop Application SW 
- Planning / Control : with MATLAB - Perception / Localization : with C++
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II. Simulink models with ROS interface

Pros
 Reduce the development cycle
 Improve reusability
 Easy to conduct unit / integration tests
Cons

 Difference from actual environment

Model Configuration

Subscriber Model
Reference Publisher Build

Linux Machine

Node 1

Simulink Model #1

Input Model
Reference Output

Simulation Engine

Integration 
Test

Launch

Matlab/Simulink Environment

ROS Node #1

ROSBAG
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II. Simulink models with ROS interface

Issues

 NOT correlate automatically generated ROS message bus with pre-defined ROS message

 ‘ROS Get Parameter’ block makes the computational problem 
→ Resolved by the initialization with ‘Enable block’
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III. Simulation to evaluate a trajectory planning

Simulation Model
 Goal : Planning node evaluation in diverse driving conditions
 Requirements

- Easy to generate driving scenarios (Agents, Road attributes, etc.)
- Work with ROS nodes
- Take into account interaction between agents in the driving scene

Sensor Information
Planning Node Ego-Vehicle Pose update
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III. Simulation to evaluate a trajectory planning

Graphic User Interface
Scenario File/ROS Model Selection

ROS Initialization Simulation-Mode Selection

Simulation Execution
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III. Simulation to evaluate a trajectory planning

Driving Scenario Designer
 Easy to build driving scenarios
 Export information regarding road-networks and actors
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III. Simulation to evaluate a trajectory planning

Test case
 MRM(Minimum Risk Maneuver) / Unplanned Event
 Case 1. within the critical situation : Slow down inside the lane

 Case 2. without the critical situation : Lane change maneuvers 

• Ego Vehicle : Blue box
• Ego Vehicle Trajectory : Red circle

• Ego Vehicle : Blue box
• Ego Vehicle Trajectory : Red circle
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III. Simulation to evaluate a trajectory planning

Issues
 Repetitively simulation features on different driving conditions in a given scenario (Automated Testing)

 Interactions with other agents in a given scenario (e.g. Intersection / Merge-in / Merge-out) 
→ Multi-agent simulation will be implemented based on the shipping demo. In Stateflow

[https://doc.froglogic.com/squish/6.0/ug-batchtesting.html]
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IV. Model Predictive Control Toolbox

Model Predictive Control
 Pros

- Any objective
- Any model
- Optimization with constraints

 Cons
- Computationally demanding in the general case
- Stability & Feasibility are not guaranteed 
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IV. Model Predictive Control Toolbox

Constrained finite time optimal control problem 

 Three different approaches depending on characteristics of uncertainty

- Nominal MPC: 

- Stochastic MPC: 

- Scenario-based MPC:

System Dynamics

Input Constraint

State Constraint

Control policy
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IV. Model Predictive Control Toolbox

Simulation example
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IV. Model Predictive Control Toolbox

Issues
 ‘Adaptive MPC’ has no MVRate-Constraints in Online Features 

 Hard to define a problem formulation in the model
- Script-based problem formulation option
- Better for the design flexibility

Yalmip example code
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V. Summary & Future work

Summary
 Model-based design with Mathworks solutions works well in L4 AD application

- Development cycle time reduction 

- Support flexible platform 

- Easy to evaluate each SW-C

- Provide fast and robust optimization solvers 

 Case study in the model-based design to develop L4 AD

Challenges Our Solution Mathworks Support

Development Platform Simulink models with ROS Robotics System Toolbox

Simulation Design a simulator for unit test Automated Driving Toolbox 
Driving Scenario Designer

Model Predictive Control Adaptive MPC model Model Predictive Control Toolbox

Future work

 Keep improving model-based design environment

 Adopt data-driven approaches in order to improve the performance and the reliability of the L4 AD system


