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X8 — trajectoryOptimalFrenet

CHXBEBR, ER—ATLH, BERE SRO%HD

planner = trajectoryOptimalFrenet(refPath,validator) }

e refPath :SFEIRZE
« validator : BT HREMENIRSKE
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% Create a state validator object for collision checking
stateValidator = validatorOccupancyMap;

% Create and Assign binaryOccupancyMap to the state validator
stateValidator.Map = binaryOccupancyMap(width,height);

% Or, use occupancyMap 2) ET#EE 2-D SEHgHthE
stateValidator.Map = occupancyMap(width,height); (0~1)

W SRR W S SR Y o
% Or, create a custom state validator object

a2\ \| ] M TA S
stateValidator = MyCustomStateValidator; :}”3)F§XE>(ikZ§$x3@5§é§

1) EF ¢t 2-D HiEEE

classdef MyCustomStateValidator < nav.StateValidator & ... l

Binary Occupancy Grid
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% Assign terminal states for longitudinal state, lateral deviation,

% speed, time, and acceleration

planner.TerminalStates.Longitudinal = 100;

planner.TerminalStates.Lateral = -10:10:10;

planner.TerminalStates.Speed = 8;

planner.TerminalStates.Time = 7; :}> 1)é§5§ik2§
planner.TerminalStates.Acceleration = 90;

% Assign number of partitions for the longitudinal terminal state NS
planner.NumSegments = 3; } 2) g}M’ﬂ J}EX%(E

% Assign maximum acceleration and curvature values for feasibility

planner.FeasibilityParameters.MaxCurvature = 0.1; :}_ 3) TSI M S K
planner.FeasibilityParameters.MaxAcceleration = 10; ) BESZ3: 20

Collision-free optimal trajectory planning
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trajectory = plan(planner,startFrenetState)l

i

Samples multiple candidate trajectories
for each pair of states (start, terminal states)

WE B
» Time, Arc length, Deviation
« Lateral/longitudinal smoothness

Evaluate cost for all candidate trajectories

Check feasibility for all candidate trajectories

Check collision using state validator

30 T

Longitudinal terminal states
Candidate Trajectories

20 -

-Lateral terminal states

A 4

10 -

-10 - Y

Choose a feasible trajectory with the least cost 20 b
— optimal, feasible, and collision-free trajectory

/ ! i
Optimal Trajectory RefPath
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Ny > 3
* E/Aglﬁ:_ﬂt Is
s(t) = ast® + aut*+ ast3+ a,t?+ a t + ag
$(t) = 5ast* + 4a,t3+ 3ast?+ 2a,t+ aq

§(t) = 20ast3 + 12a,t%+ 6ast+ 2a, 3
. . . S
where s = longitudinal or lateral distance 2
T
+ N — =
s RRIAFFM (=0) ) E
T
Ao = Sstart fong S
a1 = Sstart jerk-optimal ?
205 = Sstart trajectory =
with a pair of start
N — d end stat
o ,g,'{—\_—'\ljlﬁ%'ﬁ: (t — tf) and end states
ast? + agtf +azt? + ati+ asty + ap = Seng s
4 3 2 —_ < y
5a5tf + 4a4tf +3a; g+ 2azt5+ A1= Sena [ lateral distance
3 2 .
20a5tf + 12a4tf+ 6a3tf+ Zaz = Send Frenet ééﬁ;%
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Frenet 22 fR R AV EFAL

. EMGREATHENSERE (BRAEETOL) HRE

‘ F;fgit Stﬁteﬁl = s : arc length (longitudinal distance)
A LSRN N — ~ RSN = == -1 | dist: lateral distance)
© XFTSERAEN T FWMEDIE TR AT AL AL (8] P ]

[

frenet2cart cart2frenet
* x,y : positionin meters

Optimal trajectory in Cartesian coordinate 8- orientati e in radi
. . . arien ionan In radian
20 ' ' ' ' ‘ ' ' Cartesian state L panng e I radlans

[x,y.6,x,v,a] + v: velocityinm/s
* a : acceleration inm/s?

0
20 Trajectory planning in Frenet coordinate
@ -20 RefPath
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Collision-free optimal trajectory planning
rrent Cartesian stat /
P Current Cartesian state \ car'tz-Fr*enet)
[x,v,0,k,v,a] .

Ei-20 F
>
40} AN Start Frenet state
A TN ds d?s dl dl
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Optimal trajectory . ;
in[ Cartesian sta}e ‘trajectory = plan(planner,startFrenetState)
x,y,0,kv,at o ——— .

Trajectory planning in Frenetcoordinate
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Collision-free optimal trajectory planning
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Collision-free optimal trajectory planning
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Collision-free optimal trajectory planning
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20 Collision-free optimal trajectory planning
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Navigation Toolbox™

e 1 Metrics Assessment
Automated Driving Toolbox™ Highway Lane Change Test Bench |
£1s A
< f |
LaneChangeController E © Ego Acceleration (m/s*2)
\ / 45
ReferencePath # ReferencePath ..J 50 .
RefPointOnPath
Time Gap Lateral Jerk Longitudinal Jerk
Ego Vel m!
|—bRelPoinanF'ath Acceleration go Velocity (m/s)
—_ N
Lanes P Lanes EgoActor $%Ej] jj I\—LI
Acceleration a

e

— EgoActor fib] VisualizationData _@ Lateral Velocity \‘

J{ Steering Angle - :
Lane Boundaries P TargetActors - Velocity
Vehicle Dynamics
T —™ Longitudinal velocity Steering Angle

o Longitudinal Velocity j—
S
isGoalReached ’|‘§ ﬁlé 'l;lz 1 E
TargetActors EgoActor Lateral Velocity

[——

—_
\' A TargetActors E

Sen d Environment Lane Planner Lane Chan, oller
Lane Boundaries [ib]
Metrics Assessment

5 R85 IREE H%)ge j| 88 JL;’ EEG

»>

[vizDaté—b VisualizationData

Visualization

Copyright 2019 The MathWorks, Inc.

MathWorks AUTOMOTIVE CONFERENCE 4\ MathWorks




SR EYN RS RN |SNEERES

Rt 53R A X =&

targetActors

SHKRE B

Y78 N =7

RefPath

egoActors 137/

EgoPose

MathWorks AUTOMOTIVE CONFERENCE

Accel/SteerAng

4\ MathWorks

16



R X =5
targetActors
. v =~ MIO
LaneDetections SHRER
) ]
RefPath N
egoActors N Bz

MathWorks AUTOMOTIVE CONFERENCE

—>

‘\ MathWorks:

17



MK 2e 4514

IZENRLK
targetActors
LaneDetections SHREER Mo
. TUEEER mme SEDHT
RefPath N
egoActors q 37l ]

MathWorks AUTOMOTIVE CONFERENCE

4\ MathWorks



MK 2e 4514

e i Y _

B S,

l planner = trajectoryOptimalFrenet(refPath,validator) J
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l planner = trajectoryOptimalFrenet(reFPath,validator)‘J

S

i i W e B Y cha®

trajectory = plan(planner,startFrenetState)

o apai——a,

MIO .

2z pe — Optimal trajectory
RefPath
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Planner Parameters
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l planner = trajectoryOptimalFrenet(reFPath,validator)‘J

S

i i W e B Y cha®

1S}

n_nn_ Re-plan

trajectory = plan(planner,startFrenetState)
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MIO .
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v_set:
scenario_LC_01_SlowMoving

Test Passing slow moving lead car
Description

hMEERERE: (EELMEZE)

Headway time
Headway
set velocity for ego car

Slow moving

EOR OIS NOLTAN initial velocity = 20m/s

HWT = 6.5sec

HW = 130m

v_set =20m/s
ARNELNOETAN constant velocity = 10m/s
Other Cars None

MathWorks AUTOMOTIVE CONFERENCE

4 Lane Change Status Plo

X (m)
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-60

— = = ‘Candidate Trajectories
Optimal Trajectory
- Trajectory Trace

[ Lane boundaries
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mEEREREA= (EEGMEZE)

Test Passing slow moving lead car to right lane
Description

(EON OIS NOET@N initial velocity = 20m/s
HWT = 6sec
HW =120m
v_set =20m/s
NNEGNOETAR constant velocity = 10m/s
@I TNOETEISIN Constant velocity = 25m/s (3" car in left lane)
Constant velocity = 24m/s (4™ car in left lane)

MathWorks AUTOMOTIVE CONFERENCE

HWT :
HW :

v_set:

Headway time
Headway

set velocity for ego car

X (m)
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= = = Candidate Trajectories
Optimal Trajectory
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I Lane boundaries
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HWT: Headway time

FEEBEETE (SEAMBE) ™. o

v_set: set velocity for ego car

scenario_LC_10_SingleLaneChange_Curved a—

Test Passing slow moving lead car to left lane in curved road
Description

— = = Candidate Trajectories
Optimal Trajectory
—— Trajectory Trace
I Lane boundaries

Host car

4 A
\
\
\ \
\
\ |

\‘\“\

60 -

40

EBRR[CEINOETAN initial velocity = 15m/s ol
v_set =15m/s

P)RRCEGROETE Slow moving [fi1]
Other Cars Dense traffic ol 10 ! 0 | )
Y (m)
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HERE HD Live Map
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Automated Driving Toolbox™

R2020a

MathWorks AUTOMOTIVE CONFERENCE

4\ Driving Scenario Designer - untitled - Roads — 4 —
4. HERE HD Live Map Import = m} X 4. HERE HD Live Map Import = |5 X
DESIGNER
w OH & H e E ZF Specify Geographic Coordinates Specify Geographic Coordinates
New Open Save Import Add Add Add Add Gl
- - - 2 E Aty | e aalnaaa I8E o From Workspace Input Coordinates
FILE 7[\ _ OpenDRIVE Road Network L Latitude | Latitude ¥ | Longitude | Longitude v Latitude ¥  Longitude v
| | Roads | Aad [l import roads from xml P
4 IVE fil
Road Oxe DERSRIVE s ‘ Select Region Select Roads
Hame = HERE HD Live Map Specify a region around the roads of interest Select a road by clicking on it. Select multiple roads with controls in the toolbar.
Width (m) il Import roads generated from HERE HD
Live Map data (credentials required)
Bank Angle (deg) n
L sog N
» Lanes
=]
e openstreetMap — )A20bFF 43 ¥
40
30
L E .
x
20
1 km I
ARt | 105m Esd, HERE &,
Fuo m / :
et . = ===}
2000 ft 7\ Esii. HERE
Select All | | Deselect All Select Nearest Roads
Cancel Next

Cancel Back Import
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4 g M23_WithCut .
DESIGNER a4 L9l

Iy ™ El " : Setti A

o O E & o Kk a4 B B Osene [ @l &
| New Open Save Import Add Add Add Add Goto Step Continue  Step M Repeat Default 3D Export

v v v v Road Actorv Camera Radar Start Back Forward Layout Display ¥ v
! FILE SCENARIO SENSORS SIMULATE VIEW EXPORT A
Roads | Actors Scenario Canvas Export MATLAB Function

Road: 1: Road v Generate MATLAB function for
| Name: Road : . L - . your driving scenario and sensors
| Width (m): 10.95 - - - — -

Bank Angle (degl:[0 4000 function [scenario, egoVehicle] = createDrivingScenario()
' % createDrivingScenario Returns the drivingScenario defined i

» Lanes

» Road Centers ‘{}’

3000 | % Generated by MATLAB(R) 9.8 (R2020a) and Automated Driving T
% Generated on: 24-Mar-2020 17:27:39

_ 200 % Construct a drivingScenario object.
1 § scenario = drivingScenario('StopTime', 19,
ol . SampleTime', 0.1);

% Add all road segments

or roadCenters = [57.03213 -1223.454 0;
52.57648 -1138.823 0;

40.3209 -862.7384 0;

=l 35.85877 -764.1326 0;
| i ! { | 35.85681 -746.0532 0;
U0 et Zmﬁ(m)‘°m 0 35.85499 -728.8004 0;
ﬁ {0} Road interactions disabled 30. &9492L -607.1907 0; - . =
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scenario LC 11 Hwy96 M23 WithMergingCar

3000 |- = 7 i
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scenario LC 12 Hwy96 M23 WithCutlnCar

3000 - =
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