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Learn about path planning with these examples
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Construct an automated parking Construct an automated parking
valet system using path planning, valet system in Simulink with
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Open Script Open Model



Learn about path planning with these examples
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Code Generation for Path
Planning and Vehicle
Control

Generate C++ code for a path
planning and vehicle control
Simulinkmodel, and verify the
generated code using software-in-

Open Script

How robust is the
algorithm?

How can | handle
moving pedestrian

How can | automate
the tests?
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Evaluate Path Planner and Controller for Automated Parking

« Explore system robustness with simulation

= Improve design to handle moving pedestrian

= Test automation for regression tests



Requirement 1: vehicle can only move forward
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Requirement 2: vehicle can’t cross parking lanes
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Requirement 3: algorithm must be able to handle loop.
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Baseline model in the product
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Single test case in the baseline model

E] Block Parameters: BehaviorPlanner X
Subsystem (mask)
| Activate a sequence of navigation tasks from global
d CurrPose FinalGoalReached
route plan.
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Software model
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Main modules

Inflation
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Explore baseline behavior with multiple goal poses
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Explore behavior with single goal pose
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Explore behavior with single goal pose
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Changing testing condition
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Explore behavior with
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|Isolate iIssue based on simulation results
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Existing path analyzer

= Find a point on the path for the vehicle to follow

E

Yw
Path
_____________________ X.. Yy — World coordinate system
e S R S [x, v, ©] — Reference pose

X xw'
% Find the closest point on the reference path
[closestIdx, ~] = find(dis2PointsSquare == min(dis2PointsSquare), 1): Minimum

distance to entire

% Enforce to be a scalar in Simulink pth

closestIdx = closestIdx(l):

19



4\ MathWorks

Existing path analyzer

14 I 14 1
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Modified path analyzer

= Find a point on the path for the vehicle to follow

Actual Path

-1

% Normalized distance between current position and section starting point
u = (RXY.*DeltaXY)/ (DeltaXY.*DeltaXY):;

Incremental

$ Find section ending point projection
indeﬂIncrement = ceil (u-1):

21
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Modified path analyzer
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Explore behavior with improved path analyzer
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Reduce turning radius and speed
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Evaluate Path Planner and Controller for Automated Parking

« Explore system robustness with simulation
— Remove intermedia points
— Specify different parking maps and spots
— ldentify design issue and improve the design.

= Improve design to handle moving pedestrian

= Test automation for regression tests
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Build test bench to test dynamic scenario

For dynamic object
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ldentify changes to react to pedestrian

1. Update map
based on

scenario
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Test assessment
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3. React to
Imminent
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Update map based on scenario

15 Test assessment
Ui = | Qbeare 1
Automated Parking Valet Test Bench '

Ermvwonmentidose o Acters

)
834 !
» Dy e aute - ‘ 3003 02
—— CunPose FnalGoaMnacud g | { - i
CrrPoue> hai 1500a3)| 15 00a3) 02 :
x L pe—

; Ne clhios p————> ‘3 1 000 5 et

« B OustVatookt Bohavwo " B 3 02
— Mancer 3 C e, \ -

«Lurnjeiocty™ 2 L S ]

p— PlarmoerCantyg|

Gralieac
b4
—
e [
R e
— >

Bt 2 Aware of I |
= potential egms e fo 3. React to

| collision —— | imminent
‘ collision

Coyman Planning Vehicleinfo DecelCmd i—:@
Control 28




Update map based on scenario
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ldentify changes to react to pedestrian
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Awareness of potential collision
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Time-to-collision with known path

Reference

Actual

4\ MathWorks
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ldentify changes to react to pedestrian
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Action with potential collision

« Reduce speed when TTC is low

Modified path analyzer

123 D1
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Test in dyn

amic environment
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Improve design to handle pedestrians
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4 MathWorks

Evaluate Path Planner and Controller for Automated Parking

« Explore system robustness with simulation
— Remove intermedia points
— Specify different parking maps and spots
— ldentify design flaws and improve the design.

= Improve design to handle moving pedestrian
— Add moving pedestrian
— Create costmap from ground truth
— Reduce speed based on time-to-collision

= Test automation for regression tests
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Automate regression testing

For dynamic object
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Test assessment metrics

[5_] AutomatedParkingValetTestBenchMod_Observer1/Test Assessment - Test Sequence Editor

@

Symbols

Input
1. . DistanceMetricAccepta
2. || YawDiffMetricAcceptab
3. IsTrajValid

Output
Local

Constant

Step

“« @ E 4o P

B VerifyMetrics

VerifyActualVSRefMetrics

verify(duration(DistanceMetricAcceptable==false)<0.5)
verify(duration(YawDiffMetricAcceptable==false)<0.5)
verify(lsTrajValid==true)
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Test assessment metrics
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Test iteration

= Tests definition and test management

o

o E 8 DR 5 e O
New

Open = Delete Rm Stop Debug Parallel  ==port Visualize Highioht oo Evpont Preferences
- - u Pasts - e n Modei
FILE EDIT : RUN : RESULTS ENVIRONMENT
Results and Artifacts | Dynamic Test Cases || Start Page
Filter tests by name or tags, e.g. tags: test .
v [=] TestPathPlanningMAC Dynamlc Test Cases
v | =) Dynamic Test Cases TestPathPlanningMAC » Dynamic Test Cases
|Z] Iterate on Different Parking Spot Gain 2 Test Suite
|=] Iterate on Different Parking Spot Gain 4 Select releases for simulation: | Current
w | | Static Test Cases » TAGS
|Z] Iterate on Different Parking Spot s DESCRIPTION
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Testing multiple goal poses
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Automate regression testing

= Use test manager to inspect reason of failed test. Yaw Metric
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v [1] lteration 1
» [I] Iteration 2
~ &l Verify Statements
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Test Assessment/..[...

+ || lterate on Different Parking Spot 2@ 20
3 Iteration 1

3 lteration 2 x

v (1] lteration 3 © Test Assessment/.../... @
¥ [1] lteration 4 o Assertion o
Assertion1 <

v P Sim Qutput (AutomatedPari
» [1] Mteration 3
¥ [1] lteration 4
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Automate regression testing
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Automate regression testing

+ || lterate on Different Parking Spot 2@ 2@

v [1] lteration 1
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Automate regression testing
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Evaluate Path Planner and Controller for Automated Parking

« Explore system robustness with simulation
— Remove intermediate points
— Specify different parking maps and spots
— ldentify design flaws and improve the design

= Improve design to handle moving pedestrians
— Add moving pedestrian
— Create costmap from ground truth
— Reduce speed based on time-to-collision

= Test automation for regression tests
— Add metrics for planner and controller

— Add test case definition/ management

47



