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MATLAB speaks reinforcement learning.
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What does the
human in the
driver’s seat
have to do?

What do these
features do?

Example
Features
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> Li

SAE J3016™ LEVELS OF DRIVING AUTOMATION™

Learn more here: sae.org/standards/content/j3016_202104

SAE SAE SAE
LEVELO"J LEVELT J LEVEL 2"

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to requests,

These are driver support features

These features
are limited
to providing

warnings and
momentary
assistance

* automatic
emergency
braking

+*blind spot
warning

*lane departure
warning

maintain safety

These features
provide
steering

OR brake/
acceleration
support to
the driver

*lane centering
OR

+adaptive cruise
control

SAE
LEVEL 5"

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver’s seat”

When the feature These automated driving features
will not require you to take

over driving

you must drive

These are automated driving features

This feature
can drive the
vehicle under
all conditions

These features These features can drive the vehicle
provide under limited conditions and will
steering not operate unless all required
AND brake/ conditions are met
acceleration

support to

the driver

*|lane centering » traffic jam *local driverless W *same as
chauffeur taxi level 4,
AND
« pedals/ but feature
steering can drive

wheel may or everywhere

in all
may not be 2
installed conditions

»adaptive cruise
control at the
same time
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FEREFRHETIL
{56 = f(x,u)
Y = g(x,) SERTE B (NLP)
" minimize f(z)
FEEDFEHEHBIXNEH subject to g;(z) < 0 for each i € {1,...,m}
J = cost(x,u) hj(x) =0foreachjec {1,...,p}
z € X.

EE D IERMH#Y

c = ineq(x,u), ceq = eq(x,u)
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Critic & Actor

AHE TAEZY Y K] & TAEZY y FOBEE] . WAl [ET%—>] TH 5,
AEIZ )y ] & TRAEZ Yy FOZEE ] IZX L TlE. &#¥IIZconvolution2dLayer %
WCRIAT A VIBHRAHRTAINE—%BEAT S, ZNICELY., BEOBEEI & ICBEHE
/BB ENTE S,

conv_Filtersize
conv_NumFilter
conv_Stride
conv_Padding

Il Il
e s [

Il
eI S LN

L=

grid path = [
imageInputLayer(grid obs Bus.Elements(1).Dimensions,
‘Mormalization’, '"none’,
‘Name ', grid obs Bus.Elements(1).Name)
convolution2dLayer(conv_FilterSize, conv NumFilter, 'Mame', 'grid convl', ...
'Stride’, conv _Stride, 'Padding’, conv Padding)
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® grid

® grid

® grid

® grid

& grid

T
convl @ grid_dif conwvl
L)
relul @ grid_dif relul
L
fcl & grid_dif fcl
T
relu2 o grid_dif relu2
Y
fc2 ’lgnl:l dif_fe2
;"-
“w'concat
\
® |ast_relu
\
® last fc
T
4/ actionprob

4\ MathWorks'

UTFToOITI7—IEHAL AV =B LTULWAEWZ & IZL
5HL0THBHH.,. BIELFETIIECLEIRWEO,
FIRE Tl ULy,
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E1a) =R POTLHR—23a Leamables FOJCF -1
1 |surrounding_grid_obs « A—ZMAH TROSY ¥ I8(8) = 1(C) x 1B -
T5R75E1 f A—
2 |grid_conv1 2-DE#AH IBCS) ¥ IBCS) = 2(C) = 1B Weizhtz § x5 » 1
AFSTFERASELNFy T 00 . Bias 1T =1 %2
2 |grid_relu1 RelLU 36(3) ® 3B(E) = 2(C) = 1(B) -
RelU
4 |grid_fc1 =58 102) = 13} = 400(C) = 1(BE) Weights 400 »x 2h32
400 EHSE Biag 00 % 1
5 | grid_relu2 RelLU 102 = 1(8) = 4000C) = 1(B) -
RelU
8 grid_fc2 =iy 152 = 1(3) = 300(C) x 1{E) Weizhts 300 > 400
300 BWEM Bias aon =1
7 |surrounding_grid_dif_obs « A—TDAH THOSY 0 78(8) = 1(C) = 1(B) -
TER7ER1 f A —
s |grid_dif_conv1 2-DE#HAH FBCS) ® 3B(S) = 2(C) = 1(B) Weightz & ® 5 % 1
AFSTFERASELFNFrT00.. Biaz T =1 =4
o |grid_dif_relut RelU IRCST ¥ IRESY o 2(C) x 1B -
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0 | grid_dif_fc1 =iy 152 = 1(3) = 400(C) x 1{E) Weizhts 400 » 2532
400 BREEME Biaz 400 % |
grid_dif_relu2 RelU 1{5) = 108} = 400{C) = 1{B) -
RelU
12 | grid_dif_fc2 =5E 1023 = 1(8) = 300(C) = 1(B} Weizghts 300 400
300 TRESE Bias 00 % 1
2 |concat EE 102) = 1(2) = BO0(C) > 1(B) -
T 3 [CiRo iz 2 B A aiERs
+ |last_relu RelU 108 = 18] = B00(C) = 1(B) -
RelU
15 |last_fc =58 102) = 1(8) = 4(C) = 1(B) Weights 4 x BOO
4 FEESE Biaz 4 x1
15 | actionProb VIR wa X 1081 = 108 = 4(C) = 1(B) =
YIRIWIR
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MPCORERET I ZHAET LA OHEET 5, Z DK Symbolic Math Toolbox % fi£ > T
AREETIVOERE BEMELTE 5,

ETILFRIGENSBERESE CEIET 5720, AEET L HBBIEHRET AL ZAWS Z LI
%, Kinematic Bicycle Model ET /L ZLLT D & 5 ICBEELT 5,

Px =V - cos(6) eyl plk + 1] = p, k] +v-cos(0]k]) - dt

py = v -sin(6) pylk + 1] = p,lk] + v -sin(0[k]) - dt
tan(d tan(d

6=v-anL() 9[k+1]=9[k]+v-ar2()-dt
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7-72L 5E. I —ADHHE%-180~180[deg] & L TWB 7=, 1EET 21545, TEHKICE
NET B, IREBERETIVE L THREREDFET 2 2 & EEIT/-Wn, 3 —F% 7
F—R_FVICEETMRA B LIZT 5,

pylk + 1] = pylk] + v - {2(qo[k])* — 1} - dt

ldqy — q3lkldqs

k|
pylk + 1] = pylk] + v - (2qolklgslk]) - dt
Qolk + 1] = qolk

L4

qslk + 1] = qolkldqs + qslk]dqq

- 7C dae do tan(6
7-7= L\ qu = COS (7 . dt) dq3 — sin (7 . dt) do = v - L( )
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0 (6 (6 (6
o = COS ) g1 = Ay - sin 5 q2=ﬂy-sm > q; = A, - sin >

DR, 7F—R=_FUEEHETSEZ LT TOERBIRRE D D EERHH(1,,1,,1,). ElEx
BEICHEI VBRI —R T VBB ENTE S,

Jnext 0] [0 —91 —92 —4q3][9pre.o]

Qnext 1 d1 do —({3 q-, Qpre 1
Anext_2 4> 43 Qo —4q1 ||Ypre_2

| Qnext 3| 43 —q92 41 4o ||Y9pre 3]
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4 [E]D Kinematic Bicycle Model TlZ. A—I/LA, Y FARFZEFLAWVWDHD ET B, (- T,
i« G W EFBIC0EHART I ENTES,
2Ty Qe PETERITUAT DL S 125 5,

Qnext 0 = Qpre 090 — Ypre 343 Onext 3 = pre_ 093 T Apre 390
=72 L.
6 (0
qO = COS E q3 = Sin E
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2. MPC ix3

MPCOF 7 v b %%t d %,

% Tnlmpc] O FTHEER. 08 ADEESIBILTH I Do 2 HE(ERLT 2.

nlMPCObj = nlmpc(4,4,2);

% TSR TRl SRS A A ERET S.
nlMPCOb].Ts = MPC_TimeStep;
nlMPCObJ.PredictionHorizon = prediction _horizon;
nlMPCOb].ControlHorizon = prediction_horizon;

% kﬁ%‘]ﬁ@%?ﬁirﬁ?%o 1%@[31%}}5_7\ 2%@[;1—;—le y?%g—c—%%o
nlMPCObj.Mv(1).Min = -18;

nlMPCObj.MV(1).Max = 18;
nlMPCObj.MV(2).Min = -1.5;
nlMPCObJ.MV(2).Max = 1.5;

% BHERET D.
nlMPCOb].Weights.Outputvariables = [1,1,1,1];
nlMPCOb]j.wWeights.ManipulatedvariablesRate = [@.1,8.2];

% T A—RWEEET S, SIS FEFTULIOES L DTERETLIZL DI

% YT LR — AN 2T AR TS D,
nlMPCOb].Model.NumberofParameters = 2;

% PREARRETN. MAEAREIOYOLET . BHBEEREIETT 2.
nlMPCObj.Model.StateFcn = "ReedsSheppvehicleStateFcn";
nlMPCObj.Jacobian.StateFcn = "ReedsSheppvehicleStatelacobianFcnRRT";
nlMPCOb].Model.OutputFcn = "ReedssSheppvehicleOutputFcn®;

% PRAELRET\ E B R RI 0T & L TR D,
nlMPCObJ.Model.IsContinuousTime = false;

% iR EIEE T 2.

nlMPCObT.0ptimization.CustomEqConFcn = "parkingTerminalConFcn™;
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ref
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FEREHZ MPC O hO-5- [NIzee]]]
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| L

Nonlinear
MPC mv

—5- last_mv

}

=——J params

2{2}

JL

double (2)
¢

mv

Nonlinear MPC Controller
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