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[ v v @am- QsRv @[5 e ~  Model Model |
sttt sn = Wi RUN M
26 — trackID = 0 bryl™ |
21
2 - [lfor i = L:confirnedlracks, Nunlracks
29 — position = positionSelector * confirmedTracks. Tracks(i).State;
20 - x = position(l): % Longitudinal position of the track relative to ego
3 - ¥ = position(2): & Lateral position of the track relative to ego
Tracking and Sensor Fusion =
33 - if x < maxX & x > 0 % No point checking otherwise
34— yleftlane = polyval([curvature/2, 0, halfLaneWidth],x): % Half a lane to the left
[E rightlane = polyval ([curvature/2, 0, -halfLancWidth],=): % Half a lane to the Tight
|38
2 % Find a nev lead car
:1: 38— if (yrightlane <= y) && (v ¢= yleftLane)
39 - maxX = x
- BusVision it Tracks 20 - trackID = i
[(§ ;_ n . 4 end
Detection BusDetectionConcatenation1 I end
Vision : Detections
BusRadar Detection BusRadar Concatenation . & end
In Clustering Out In2 c';\gl_ﬂtl Confirmed | BuslultiObjectTracker1 @
ject - | if trackIDX0
Radar Tracker Tracks pra mioState = confirmedIracks. Tracks (trackID). State;
3 double Cluster Radar Detections Prediction ¢ double 9 else
( ) Time confirmedTracks x > - ri mioState = inf (nunStates, 1, like', confirmedlracks. Tracks (1). Stats)
Prediction Relative Distance B end
Time »
51 % Output
52 - x = mioState (1] % Longitudinal position of the lead car
double double I
curvature ‘ VK - 5 - | vx - mioState(2): & Longitudinal velocity of the lead car
Curvature (1/R) findLeadCar Relative Velocity IH —  LnioTrack = trackID; & Index of the mest important track v
< >
Ready ERE
double [2x6] . double
posSelector = 6‘]‘ positionSelector mioTrack
e
MIO Track
Position Selectar
Find Lead Car
. .
FCWI/AEB Logic

AT ILMMATLABA B o] @I IAIE A9 RS IG ?

entry: AEBstatus = 0
FCWativate = 1;

decel = 0;

s(TTC) < PB1time) && TTC<(

Pariial_Braking1
entry: AEBstatus = 1;
FCWactivate = 1;
decel = PB1decel;

[stop==1]

Full_Braking
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[ RadarObjpetect | + |
function radarDetect = Func_RadarObjDetect (4ngle_MSE. Angle, Range, Range_Rate. t)
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t_Detec =t;

defTime = cell(20,1);
defMea = cell(20,1);
defMealloi = cell(20,1):
defSenldx = cell(20,1);
defObjID = cell(20,1):
defMeaParm= cell(20,1);
defObjitt = cell(20,1):

for 2 = 1:20
defTine{c2} =0
defMeaf{c2} = zeros(4.1);

defMealloi {cZ} = zeros(4,4);
defSenldx{c2} = 0;
defObjID{c2} = 0:
defMeaParm{c2} = 0;
defObjatt{c2} = struct( TargetIndex ,1);
end
radarDetec = struct (' Time', defTime,...
"Measurement’, defMea, ...
*MeasurenentlNoise', defMealNoi,’ Se
“ObjectClassID’, defObjID, Measur
“ObjectAttributes’, defObjAtt) ;

20

n double (20)
20
Angle_MSB
double (20)
20
Angle
double (20)
20
Range
: double (20)
20

Range_Rate

a double ¢

time

Angle_MSB

Angle

Range

Range_Rate

radarDetect
radarDetect f=

p(1)

Func_RadarObjDetect

RadarObjDetect
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Editor - Block: sldema_radar_em|/MATLAB Function m .\_@Jﬂg
6. 2e=o00K
|
— Find Files
e
—_ D s I Compare * 5 GoTow :
n I l —— Mew OF:IEH Save EDIT Breakpgmt; BRUMN = SIMULIME
- - ~ = Print * (| Find = -
- - -—
FILE MAVIGATE BREAKPOINTS o
| MATLAB Function = | + |
Eon | amsacs " - aaa  afET ¥ -—D
33 ~
rL‘ﬁ Requirements Editor v . . ~ - L[S !‘ 34 % 4 z). Compute ckservation estimates:
- 35 — Rangehat = sgrt(xhat(l)"~2+4+xhatc(3)"2);
File Edit Display Analysis Report Help 36 — Bearinghat = atan2 (xhat (3),xnat (1)) :
= = nat pHIET H
Twe:  [Funcional - - |
\ﬁewz Search Index: 143 N 38 % 4 b). Compute observation vector ¥ and linearized measur
Custom ID:  #9 - .
Index D Summary - 39 — vhat = [Eangehat; '
4 [%3] tracker Summary: | Estimate ermor a0 Bearinghat] ;
‘ Eé 11 f; Z;:';j;jﬁip;ma:::emnded el Description i 21 = M = [ cos(Bearinghat) 0 sin(Bearinghat) il
B 12 #4 Propagatethreco\rariancematrix by wva v 10 +B 7 U N E = E » 42 —zin (Bearinghat) /Rangehat 0 cos (Bearinghat)/Rangehat 0
B 13 #5 Propagate the track estimate 43 E L — - . E
4 [H 14 #6 Compute results T
| E 141 #7 Observation estimate 44 % 4 ). Compute residual (Estimation Error)
E 142 #B linearize measurement matrix 45 — residual = meas - yhat: . )
Taes ™ e . ¥ << < lof3 > >> Remove Highl
E 15 #10 Compute Kalman gain 46
E 16 #11 Update estimate % 5. Compute Kalman Gain:
B 17 #12 Update covariance matrix 4 a8 — W = P*M'*inv I:H*'E S R] .
// ra i &
/’ 1 | 1 | 3
EXTKALMAN |Lr| 23 Col 28
Keywords:
- i = M7 = 665
P Revision information: | Code Replacements Report
- | i /* 4 ¢). Compute residual (Estimation Error) */
Links Coder Assumptions /* '$515:1:45" residual = meas - yhat; */
4 Implemented by: | /* Requirements for MATLAB Function: '<51»[737719.842.6' Line 45:
# residual = meas - vhat: Generated Code "1 * 1. Estimate error (tracker#9)
i 73 /
‘-1 Main file 474 sldemo_radar_eml_B.residual[@] = sldemo_radar_eml_B.PolarCoords[8] -
L ert_main.c 475 rtb_range;
476 sldemo_radar_eml B.residual[l] = sldemo_radar_eml B.PolarCoords[1] -
-1 Model files 477 rtb_WhiteNeise idx_@;
sldemo_radar_eml.c (3) . L
/* 5. Compute Kalman Gain: */
sldemo_radar_eml.h ¥ '4510:1:48° W = P*M FInV(M*P*M'+ R); */
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(=] Check if/elseiffelse patterns in MATLAB Function blocks

A | A 7|< \ A ﬁ | == > (=] Check switch statements in MATLAB Function blocks
+ % }j‘m*% _gz:l:t‘l *_\_\L [=| LX ?% % {-EJE ?ﬁ' j:IJ 'ﬁ' \jz EI\J M AT LA B (=] ~Check usage of relational operators in MATLAB Function blocks
(=] ~Check usage of equality operators in MATLAB Function blocks

{—% ﬁ-ﬂ‘] (=] ~Check usage of logical operators and functions in MATLAB Function blocks
= O

=] “Check type and size of condition expressions
+ MISRA-C#H*XEIMATLAB CoderflEmbedded
C 0 d € riﬁ % MATLAB® PROGRAMMING

+ M AT L A B ,T_% Eg %m §|-é—l Version 1.0 (Japanese version)

Japan mbd Automotive Advisory Board
(Jmaab)
w30, 2018
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+ Simulink Design Verifier 1% 1551248 M

+ Simulink Design Verifier i T {45 1E
+ 18II Simulink TestHh 4773 A 51
+ MEBRZIRCHE AT (SIL), 2IEss 2R (PIL)IIL

Simulink Requirements
Simulink Test
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2 ‘ Residuals
ZOH xhatOut Tti
— Est. Position
MATLAB Function [x. xdot, y, ydot]
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Simulink Design Verifier
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Metric

Decision

E——

Coverage

Cyclomatic Complexity

100% (3/3) decision outcomes
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8.5.1 Software unit design specification resulting from requirements 8.4.2 to 8.4.5.

documentation, using methods listed in Tables 5 and 6, specifies the software units.

NOTE In the case of model-based development, the implementation model and supporting descriptive
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MATLAB #0 #83¢

ISO-Ready

...less clear...
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« AMISRA CHYE £ 5T |
- HESMNRIEHANBENMATLABERE, FXTIEHFR AL/ K EEEEModel Advisorig 2

MIL Testing PIL Back-to-Back Testing
(Simulink Test, Simulink Requirements, Simulink Coverage) (Simulink Test)
SIL Back-to-Back Testing
rchitecture Verificati of L
Tes Test,

________________________________________

tatic Model Analysis
(Simulink Check, static Code Analy
imulink Design Veritier) (Polyspace)
' ¢ 3

tation Generated Integrated Object
e

1

i
' :

: 1
em S¢ e l P en
Requirements Requirements Architecture Model C/C++ code Cod:
e Architecture Development M Cotle Ganseation
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« MATLABRREUHC/ C++3LINOJgERE %4+

02 o ame i ;|
. _%;\I)_I\IJ -EQJEH'W[J F—}dﬁﬁ%%% E/\] MATLABIT—%&% | g_ | | -__i:._j_;_'__:rr.p_:rr. 1 += sldsme radar eml DWork.F[(int32_T) (Pai_tmp + 3)1 =
K EE/REEZHNBAGTREE |
PRAICHR A B R R S5 RE D mmLUTELLT .

r_eml DWork.P[Phi_tmp] * M[i]:

ar eml DWork.F[(inc32 T) (Fhi_tmp + 1)] =
D
D

Work.P[{int32_T) (Phi_tmp + 2)] *

o & S
ﬁj\ﬂ] g if (fabs(Phi 1[1]) > fabs(Phi 1[01)) f

rtb_range = Phi 1[0] / Phi 1[1]:

A LB =+ = e SN S 511 rtb:wnine:-lcise_idx_:- = 1.0 / (rtb_range * Phi 1[3] - Phi_1[2]1):
¢ ; | 25 Ij] Hb/q:T_f N J1 ,/)lll ],I 512 M tmp = Phi_1([3] / Pni_1[1] * rtk_WhiteNoise idx 0:

M tmp 0 = -rth WhiteNoise idx 0;

* EA-TEEFEACHBEHR
o BIT5EEE TN A coverage justification L ireThe L (oh 112 - sub sange - e 2061
filter BR BR R K 78 5 L RUSMEPMATLABHS T e
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« JE{HIZRL: Best practices for Simulink and MATLAB for ISO-26262
c BEZ AR <alexxu@mathworks.com>
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