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Agenda

1. Rear-end collisions & EU legislation

2. How the AEB system works

3. Object fusion methods

4. Simulink implementation

5. Sensor visualisation and testing tools
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Rear-end collisions & Legislation

= Rear-end collisions most
common accident types for
heavy vehicles

= AEB regulated on heavy
trucks and buses in the EU
from:

= Nov. 2013 - for new types

= Nov. 2015 - for new
vehicles
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How AEB works

(Advanced Emergency Brake)

At risk of collision:

= Collision warning
- If no driver reaction:

=  Warning brake (-3 m/s?)
- If no driver reaction:
= Emergency brake (full brake ~6-7m/s?)

= Avoidance for moving target vehicles

= Attempting avoidance also for stationary
vehicles.

Action

Emergency Brake

Warning Brake

Collision Warning
(acoustic / optical)

Time to collision <
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How AEB works

(Advanced Emergency Brake)

Camera
- Object detection
- Road marking detection SRt r e Rt et P

Collision warning

Sensor W

fusion J -Object Brake request

selection

Radar
- Object detection
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AEB (Advanced Emergency Brake)
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Sensor fusion
Two sensors -> One "truth”

Sensors have different advantages

= Radar
+ Range (longitudinal)
+ Relative velocity

+ Solid object reflectioD _

- Noshapes
- Lateral position
=
= Camera
<&_Objecttype > —
+ Object width Redundance
+ Lateral position reql.lired for
- Range stationary
objects

- Opticalillusions
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Matching and merging

R
R Fusion track props
Ya r{R1&C1
R R2 & C2

R s
Rn & Cn

Ego vehicle
9 j X

—
Direction of motion cr

Camera track props
C1. Long distance
C2. Lat distance

C3. Long rel speed
C4. Lat rel speed

NP N

R1 <-> C1 R2 <->C2 R3 <->C3 R4 <-> C4
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Object selection

T 1N
— e— — — —
Ego vehicle \]E - - - Predicted
=7 =~ ~ path
~

Track center offset -~ -
from predicted path -~ —_
(perpendicular to -_——
predicted path)

* Object position compared to a”predicted path”
* Relative speedsfrom/awayfrom predicted path for cut-in/cut-out
* Differentselection zonesfor AEB and ACC

= AEB has narrower field of interest than ACC

= The selection criteria of objectsreported to AEB and ACC differ
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Model Based Design for fusion

Easy to get nice and readable architecture

{ o

IR

For-each systems and Matlab Function blocks,
suitable for loops and similar calculations.

distVariance_aF32
N .
- noe_aF:
s noe_aF:
s
o s
r
CaloulateRtVarisnces

@

-

@ =

e

&2
ariances_ &1

iances_as

MATLAB is a suitable platform for
debugging and visualization.

0 (:1499:%‘\

CLSBI82)

track_S32) .instOffsetPredPathSquared F32;
tr(track S32) .predOffsetPredPathSquared F32:

uared F32 = mainTrackZone_aF32(track_S32) *mainTrackZone_aF32 (track 532);
138 — mainZoneRightSquared F32 = -mainZoneLeftSquared F32;
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Code generation optimization: Solutions

Problem: Data copies of bus-arrays are
extremely expensive

Solution: Signal objects used to force reuse
the data

TisTickd] |N0T}
sTick2_B

n
——————Pp| ctVariances_astr rtsTrackMatchProb_zaF 32 pb—

%

distVariance_aF32
3
—— P ct_astr

Problem: Execution time too long for ECU
Solution: Model divided into two ticks —
probabilites calculated only every 2 ticks.

coder.ceval ('Mbd appro 32',x F32):;

VE~f(x)

Problem: Trigonometric functions are
expensive on target HW

Solution: Trigonometric approximations.
coder.ceval used for hand-coded functions.
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Sensor Visualization

Offline tools J

% G
SRR

1(;|—
* Sensor visualization tool developed with MATLAB/GUIDE

* Synchronize sensor/fusion data with web camera

Fusion track AEB [1]
4 Long pos : 14.4m
Lat pos :-0.0m
Long Vrel: -5.0m/s
Lat Vrel : -0.2m/s

2 Width : 2.5m

f (]
RTA | _ _ o=
olbessl @000 R ... e ee====Y
1 HDV FT1AEB [2)

2
_* Matlab class used to represent each object

_* Tool used offline or online (connected to vehicle network) » —e
-8
-10 | |
Tools = on o,
Kl | o]
Rotate view 7] Proportional zooming CW silent | Brake Assist (0.0 m/s"2) 44.0% brake
Online Plavinaspeed  Time: Vehicle speed DIS2 scan index FLC frame ID
[ Pay | x . 148125 33 kmih 27157 16728
7 Video Always print IDs Stepping time step [s]: \ Record movie \ Object selection
EEEEE— ‘ 1517 selected ‘ FLC status DIS status
‘ Refresh data ‘ 0.05 Fully operational Fully operational
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Development workflow

==
Folders
007.78.40) st Speed Target Specd AEB Taic Comments fom SCAM
BACW.CT.CT 9kt [14kmb Focaren ingiper et CW.
ather data s e ——
* Optens 4 kmh ?  Parked CW for parkerat fordon i kurva.
105kmh 7 Roadesk
ot atwn -1 kmh raffic light Foraren bromsar for lite for stilastiende fordon.
Log vehicle data 62 ks
13k Roundabout st stamar 6 d dem or ut t rondl
[lmh . Nowse Faldndl el e g CW.
lilwh 7 Dysac que -
47 kmh 7 Overtaking rgt Omkorning av fordon pa tvifiligvag vilket utloser CW.
i B Teeiche Forenmiste bromsa for sillstinde fordoneer O
=0 Foraren behover e ngipa amavart o svangande b
timn  EllRenom Foraren bromsa o sangande bl a bl raar
it Traic gt CW for bl anfor v ronsprecis e ca v
we Ziwt W Talicigt Foraen mist bromsa cher CW ox sillaticnd Fordon vid waids
Q TrackPiotr S6lmh [Sthmh 2 (Ovetaking gt C for bl eabrecd under arva

Data storage

Keyword saarch

SW candidate
ReSim VN H SCAM - Situation Classification Assistant Module B
?

2. Re-simulate TS

Re-simulation Fle select = e =
(=) [XATDSREREVINAEB_LOW_S97843\AEB\Carios(2012-11-10 Carlos)_OutputSignals\CO07_7.8 Aiskuatons st 007784 =] [ongnat =
Video Grapn
2| —— LONGITUD_ACCELERATION
” —&— STEERING_WHEEL_ANGLE
L ¥
3. Find situati i
. FIna situations
Automatic situation Full | m,@'
detection o o

improvements Offinetools - : ,
l o[

e
N 1624 1626 1628
201305201345 | CW [CwW | cw | cw
B CHIIG_CAA_CIE ,
42013-05-20 19:12 WB |WB |CW | CwW 6= Fusion track AEB (1] B_CMMG_CAA_E
Long pos  142m B_CMMG_CAA. EB E
2013-05-22 09:27 y /Gw cw L Lat pos :-0.1m [B_CMMG_CAA.
o ” P Y Long Vrel: 4.9mis /B_CHMG CDLUS\ON WARNING_E
20130527 06:05 | CW_{ W v Lt el S02mis B _ClG_C_OVERRDE £
’ < \\ 2= Width : 2.5m ! ME_E
Y 7 \ . 1 - - oy =
Generate statistics and compare candidates a Ss | a n o 000 B ____.fTa_____. CIIG_
o v . B cuieTTC £
s X B /B_CMMG_WB_OVERRDE_E

- ¢ cocar

. - \ with direct feedback a n a Iyze i :
* s X REL_E -
al

proveiieiies 2

ate view 7] Proportional zooming I EEEASROORERIN 0% bate
e Plaving soeed  Time. Vehiclespeed  DIS2scanindex  FLC frame D
Fo— || L ez 33kmm 27157 16728
Analyze of situations Ve Muays g 105 Stepping time step s} Recordmods]  Obiectselecton _—
Gveo e e | FLCStatus status
Refresh data 005 e ssiecies | L Gnarational Fullv onerational d
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Data gathering

—

* Record ALL required data for the system to work
continuously together with a reference camera.

* Need forreal traffic data for negative testing is massive.
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Re-simulation (1)

Simulink
Resim
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*SIDE = Situation Identification

result
.mat

Custom built emulator for the
simulation need.

» Reads and writes mat-files
» Speed is ~150 times faster
than Simulink.

» Verifies production code




Situation detection

| SIDE_Inputs_str

str

» venicieAttachment_Bs

e Finding situations in the

monitorVMA_Bs

P| detectedVMA_Bs data

N “— | > Events from simulation

T > Interesting situations

B brakeAndHom_Bs

eon T > Problems with sensors
aebColisonWarning_Bs -' sools 9_Bs >

P siccCollisionWarning_Bs

L »| »
MonitorVMA

monirVMA_Bs

detecedVMA_Bs

v

(S

D
3
3

siccCollsioniVarning_Bs

L
Y

!
[t

brakeAssist_Bs

warningBrake_Bs

{55 Compare SW versions

P replacementSpeedActive_
replacementSpeedActive_Bs l l

¥ fusionArrayFull_Bs

i

warningBrake_Bs

sonArrayFull_Bs Scan |CO07_7.6.18(17) C007_7.8.4(12) Host Speed Target Speed AEB Traffic Comments from SCAM
> nminentRT Bs  3.125) 55346 BA.CW.CT.CT BA.CW.CTCT 39kmh [14kmh  [EJlDynamic queve  [Foraren ingriper efter CW.
i I entRT_B: -
colissionimminentT_8s §.285) 47603 [BA.CW.CT.RT DISEASED Mv2St 20kmh |12kmh [ Sudden braking trgt Foraren bromsar in efter CW.
collissonimminentCT_Bs > mminentCT_Bs 3 875)(61868 |CW TrackPlotter 70kmh |50 kmh ?  [Right turn CW for fordon som svéngt av precis, foraren behover in
S 1719 3312 SN STAT O e 59kmh |4kmh ?  [Parked CW for parkerat fordon i kurva.
P firstFound_S32s
frstFound_S32s 1.935) 62236 [CW cw 107kmh [105kmh |2 [Roadexit
»] concumrentldDis_U0Ss 30755 [BA.CW.CTMW2St BA.CW,.CT.Mv2St 18kmh  |-1kmh [ Traffic lght Foraren bromsar for lite for stillastéende fordon.
concurrentidDis_U08s - = = = = .
- i) Il BA.CW.CT.MOV RT BA.CW.CT.MOV RT 98kmh [62kmh [l Sudden braking tret

pe—T T ) cocoueatidiic-U08s 3s) [34994 BACW.CT BA.CW.CT 25kmh  [13kmh B [Roundabout Lastibil stannar till d& den kor ut ut rondell

ol idwiett Bs 3s) 9209 BACW BA.CW Slkmh 43kmh 2 Notarget Falskmél framforeller i trailer ger CW.
bwlet Bs - 35) TrackPlotter 16kmh |14 kmh ?  Dynamic queue Foraren verkar ha god kontroll pa framforvarande fordo:
»! 1dwRight_Bs 1) TrackPlotter 5Slkmh [47kmh |2 |Overtakingtrgt |Omikorning av fordon pé tvafiligvag vilket utloser CW.
it ar R 8 5) BA CW.CT 35kmh  [17kmh [ Traffic ight Foraren mste bromsa for stilastiende fordon efter CW
o -y b salieibs CW.RT DISEASED MOV RTMv2St CW.RT DISEASED MOV RTMv2St30kmh  [Skmh I Right tum Foraren behover inte ingripa nmnvart for svingande bil.
} | 3s) 39796 BA.CW.CT BACW.CT 2kmh |11kmh [ Right tun Foraren bromsar for svangande bil en bil framfor.
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Regression testing

| File Edit Export Import Tools Help

»Test scenario creation tool S IR ORSY

Test act i
estocts [m] Vehicles Version: 1.4.1
Init

suitableto design test cases —

*

BothValid
LongDist
Slow->fast

visually. e

[ open 7C properties > |

> Canrun same test cases in ——

[ codeoptions> |

E3| IS

| | | 1 | | | 1 | |

. . 0 10 20 30 40 50 60 70 80 20 m]
Time: <[ [ »|9.000s 7| Plot venicle trajectories
I l I lu I n Action table Quick action panel
Hide multiple travelsiope lines ["slope | [ Pedals | [Buttons| [ DTC [\Venicies ] [ Lanes ] stimport)
S — — == = V] Enable diagnostics Target Vehicles
= 5
. @)@ @ X [E Insert above selected ; Inital properties
C— e S I 1 0s | © A New Radar vehicle v Start speed 70] tnm
Iz l I l 2 I
3 N Coordinate system Long. distance 30/m  (relative to host)
4 1 , latDist=0.0, id=3)
< ‘ Jethce=0) Long. Lat. distance 00/ m (relative to host)
H | L N } D number 17| [0-250)
8 |
9 0s | +
10 I case Lat 0
12 2s | T RTDéﬁF’}lAEBﬁDISIDﬁE > 250
1a P . le (1] (visible=t, £ [Actions
1c i T RTDB_FT1AES DISID.E > 250 Action Signal name Operator Value Raw
6 T 2000 ms |=#] |testsignal > RTDB_FT1AEB_VRELE| == ¥ 13036 1]
17 s | T RTDB_FT1AEB VREL E > (10-30)/3.6 )
18 s | T RTDB_FT1AEB DISID_E “ ( - dettaT [ms] Status
19 €s | TEST RTDB_FT1AEB FLCID E > 250 c
20 6s | 17 (visible=1, longA Wait Driver actions
21 E] - 0 m - -
22 9s | TEST RTDB_FT1AEB VREL E == [-30/3.6 1] 1000 StartEngine = 3 =
23 9s | T RTDB_FT1AEB DISID E == 3 *Stopped but
Comments
26 10s | [1] (visible=0, longAcc=0, latAcec=0) i 2
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Simulation cluster @

1 500 000 km _in 12h
» Speed is increased by separating the job into { 80TB |
parallel tasks and distribute them over the g g
network with the help of MATLAB

» A master node coordinates the job while client \

nodes offer their computational capacity. New

nodes can join in during g g g

Simulink-simulation 0.25 x real-time
(AEB)

C-resim (AEB) 40 x real-time
Distributed C-resim N x 40 x real-time

(AEB)
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Thank you!

Summary

* Visualization of sensordata—
key to understandingany
scenario.

 Developmentby ”Massive
simulation” - enhances quality
and confidence of active safety
functionality.

* (Fastsimulationsarenecessary
to achieve the above)

 Mathworkstools have
successfully supported this
workflow
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Target ECU Hardware (2013)

ECU Hardware

CPU 132MHz (floating point

support)

RAM 64kByte + 512kByte
(external)

Flash 1Mb

E2 64kByte

CPU ~60% before introduction
load of AEB and fusion

1 ECU designed for /0, gateway and
@), @) & B @)m@mlﬁﬂﬁr@tﬁs ~ simple functions.

Not optimized for massive calculations!
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