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l. Challenges

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

B Simulation
= Unit test for each software component
= Test scenario generation
= FEasy to utilize external resources

B Model Predictive Control
= Optimization solver
= (Code generation
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Il. Simulink models with ROS interface

B Development Environment

» SW Architecture based on Linux & ROS

e Logging Runtime

Operating System

= Two ways to develop Application SW
- Planning / Control : with MATLAB - Perception / Localization : with C++

RoadModel ( ROS Node )

T —

=y Rowiiose s

Subscribe Block Reference Model Publish Block
( Model Inputs ) ( Algorithm ) ( Model Outputs )
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Il. Simulink models with ROS interface

m Pros

= Reduce the development cycle

= Improve reusability

» Fasy to conduct unit / integration tests
m Cons

» Difference from actual environment

m Model Configuration

Matlab/Simulink Environment

Simulink Model #1 - Simulation-Engine
f:b ¢ ¢ - Integration
o Test
o
o N
Linux Machine
ROS Node #1
. Model lish .
Subscriber e gl Publisher Build |
[ > o Launch
— Q ' S
ROSBAC = =
] -
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Il. Simulink models with ROS interface

B |ssues

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

X% SP BUS Info

% ROS_P|_SP_BUS_S0ws
W, PI_SP_BUS_50ms . m_s32_SPStatus = ROS_P|_SP_BUS_S0ms .MS32SPStatus;
v HH Base Workspace PI_SP_BUS_50ns .n_s32_SPode = AOS_PI_SP_BUS_50ns. NS325PHods:

%% Egolnfo

% Egolnfo.m_sEgoPos

PI_SP_BUS_50ns .n_sEgolnfo.n_sEgoPos.n_d_PosS = ROS_PI_SP_BUS_S0ms . MSEgoInfo.HSEgoPos . MDPosS;
PI_SP_BUS_50ns .m_sEgoInfo.n_sEgoPos.n_d_PosN = ROS_PI_SP_BUS_50ms .MSEgoInfo.MSEgoPos . MDPosH;
PI_SP_BUS_50ms .n_sEsoInfo.n_sEgoPos.n_d_PosX = ROS_PI_SP_BUS_50ms .MSEgolnfo.MSEgoPos . MDPosX
PI_SP_BUS_50ms .m_sEgoInfo.n_sEgoPos.n_d_PosY = ROS_PI_SP_BUS_50ms .MSEgolnfo.MSEgoPos . MDPosY:
P1_SP_BUS_50ms .n_sEgoInfo.m_sEgoPos.m_d_Phi = ROS_PI_SP_BUS_S0ms.MSEg0!nfo.MSEgoPos. MDPhi ;

P1_SP_BUS_50ms .n_sEgoInfo.m_sEgoPos.n_d_Heading = ROS_PI_SP_BUS_S0ms.MSEgolnfo.MSEgoPos . MDHead ing;

%Egolnfo.m_sEgoVel
PI_SP_BUS_50ns .m_sEgoInfo.n_sEgo¥el.n_d_Vel = ROS_Pr_¥SP_BUS_IOms.MDVehicleSpeedMps;

PI_SP_BUS_50ns .n_sEgoInfo.n_sEgoYel .n_d_Vawrate = ROS_Pr_VSP_BUS_10ms.MDYawRateRadS;

%Egolnfo.m_sEgcDyn
PI_SP_BUS_S0ns .n_sEgoInfo.n_sEgolyn.n_d_Accel = 0;

PI_SP_BUS_50ns .m_sEgoInfo.n_sEgoDyn.n_d_SASkng = 0;

PI_SP_BUS_50ns .n_sEgoInfo.n_sEgoDyn.n_d_$heelAng = O;

= 'ROS Get Parameter’ block makes the computational problem
— Resolved by the initialization with ‘Enable block’

CommonParams
] [0 r—
ICommonParams(:) L . Ly ~=
B =
NI
n
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lll. 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
J

. 'D <Num0bstades>@
Sensor Information
Planning Node ‘ Ego-Vehicle Pose update

\ _' s ) \ /

N

\ x
flagG ypoints > flagGetWaypoints /

Waypoints > Waypoints (
p| ROS_Time

Obstacles > Obstacles

L s > LaneMarkers EgoTrajectory 4k
extractEgoPosition

CIPVinfo > CIPVInfo Planner2 EgoTrajectory

M prevvehicleState initVehiclePose | -1
flagl it »> flagUpdateVehicleStatus ’7
i > VehicleStatus
L

_,—1 P LocalizationPose
’ t——————————P EgoTrajectory
flagUpdatLandMarkPose T ROS_Time
LandMarkPose
L
Receive
flagUpdateLandMarkPose » L
VehicleState Cheasces
P Chassi
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lll. Simulation to evaluate a trajectory planning

m Graphic User Interface
Control | Road Network Graph | Scenario File/ROS Model Selection

Online Simulation Mode | Simulation Speed | 0.5 5‘ | Run Offline Simulation |

JROS Target Simulation Time 6.5C
(@) Simulink
- SampleTime
Simulation Execution

ROS Initialization Simulation-Mode Selection

Driving Scenario File | C:\Users\Mando\Deskto | ...

AutonomousDrivingWith | ..

localhost

e =6.5 Time Difference = 0

External ROS Model

ROS Master URL

ROS Time = 162 Simulink Model Ti

Duration of Simulation = 2.2951 Exgcution Time = 0.00877

100}

co
(==

100 50 0 -50 -100
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lll. Simulation to evaluate a trajectory planning

m Driving Scenario Designer
» Easy to build driving scenarios
» Export information regarding road-networks and actors

>

@ Settings

o O E & >

3D Display Type: |Sedan

» Actor Properties

» Radar Cross Section

¥ Trajectory

[ wait Time at Waypoints
Constant Speed (m/s):
Waypoints

14
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N
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lll. Simulation to evaluate a trajectory planning

donghan.lee/2020-06-25 15:03:27/Official Class

B Test case

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

>

Ego Vehicle : Blue box
Ego Vehicle Trajectory : Red circle

» Case 2. without the critical situation : Lane change maneuvers

Copyright © Mando Corporation All Rights Reserved

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

m Issues

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

Time data
Stan Thu Jul 30 2015 13:58:48 GMT+0200 (CEST)
End Thu Jul 30 2015 13:589:17 GMT+0200 (CEST)

Duration 29 sec.

Test Suites  Test Cases Features Scenarlos Steps
+ Passes 1 1 + Passes 1 4 27
! Warnings 0 0 ! Wamings 0 0 0
O Failures 0 0 O Failures 0 0 0
Total 1 1 Total 1 - 27

[https://doc.froglogic.com/squish/6.0/ug-batchtesting.html]

» |nteractions 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
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IV. Model Predictive Control Toolbox

B Model Predictive Control

* Pros
- Any objective
- Any model
- Optimization with constraints
= Cons
- Computationally demanding in the general case
- Stability & Feasibility are not guaranteed

PAST FUTURE
' "ﬁ A >
f o = F(t.x,u). x(0) = xq

=
Jtu} = [ L(t,x,%,u) — extr.

@
—e— Reference Trajectory
—e— Predicted Output
—o—  Measured Output
—— Predicted Control Input
—— Past Control Input

AN —

Prediction Horizon
< >
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IV. Model Predictive Control Toolbox

B Constrained finite time optimal control problem

ref
E ,E {J xk+1|t7xk+1|tvuk|t7uk: 1|t)}

&ON 1|t

subject to: mk+1|t = f( @5y, Ukjer Whit)s System Dynamics
gy = K (T Control policy
[uat, uz_”t} cU, [ Input Constraint
g(@gye, Tpp) < 0, State Constraint

(k=0,...,N —1)
xtc)|t = Ty, uc—1|t = Uy_y.
= Three different approaches depending on characteristics of uncertainty
- Nominal MPC:  g(a%,x%) < 0 with w] = w; Vi < k
- Stochastic MPC: P(g(xf,25) < 0) > 1 — ¢ with wf ~ pf Vi < k

- Scenario-based MPC: g(flzz(s),xz(s)) < 0 with w} = wi® g = 1,....5, Vi<k

{2
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IV. Model Predictive Control Toolbox
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B Simulation example
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IV. Model Predictive Control Toolbox
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Yalmip example code -
B Issues PLant - 53(45(1,12 0 013
A = Plant.A;
/ . ’ . . .
» ‘Adaptive MPC' has no MVRate-Constraints in Online Features S
C = Plant.C;
D = Plant.D;
[nx,nu] = size(B);
- Block Parameters: Adaptive MPC Controllert Ts = 0.1;
Model Adaptive MPC (mask) (link) Gd = c2d(Plant,Ts);
—CD ) ) . ) N SEHDLELE
Prervell The Adaptive MPC Controller block lets you design and simulate an adaptive model i .
k] predictive controller defined in the Model Predictive Control Toolbox. Ad = Gd.A;
updatedSiate _ )
Parameters Bd = Gd.B;
- e ™ @. Adaptive MPC Controller [mpcobj
mf:mm:gm Can £2ra Aat= - T T
- % Define data fo PC controlle
Initial Controller State Ixmpc
N = 10;
[ SN
e mwseq > General Online Features Others Q = 19;
Prediction Model =9.1;
CGO——————pumax . . . .
utax Linear Time-Varying (LTV) plants (model expects 3-D signals)
Constraints % Avoid e of internall efined variables in YALMIP
CGO————#ymin Adaplive s o . o
5 e . o Lower MV limits (umin) [ Upper MV limits (umax) yalmip('clear')
Lower OV limits (ymin) M Upper OV limits (ymax)
GOy B [ custom constraints (E. F. G, S) T
yMax. % Setup the optimization pr¢
Lol et Weights u = sdpvar(repmat(nu,1,N),repmat(1,1,N));
, e OV weights (y.wt) B MV weights (u.wt) x = sdpvar(repmat(nx,1,N+1),repmat(1,1,N+1));
MVRate weights (du.wt) [ slack variable weight (ecr.wt)
I‘W( “:_w>—>l wat et ey Prediction and Control Horizons % S CIE G
pStatus [ Adjust prediction horizon (p) and control horizon (m) at run time - T e e e
A 1s Oow SO we replace 15
D) olauwt Maximum prediction horizon 10 E xitn 2 Brrentx:
duWeight s> ¢ = =
- 3 constraints = [];
— e ) objective = 0;
o | cancel Help Apply v x o T
objective = objective + (r-C*x{k})"*Q*(r-C*x{k})+u{k} *R*u{k};
constraints = [constraints, x{k+1} == Ad*x{k}+Bd*u{k}1;
constraints = [constraints, -5 <= u{k}<= 5];
. . . end
» Hard to define a problem formulation in the model
- Script-based problem formulation option 201 - optinize(constraints,objective);
- Better for the design flexibility S e i et et
uout = value(u{l});
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V. Summary & Future work

B 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 Teolbax

Driving Scenario Designer

Model Predictive Control | Adaptive MPC model Model Predictive Control Toolbox

B 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
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