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_ Popis obsahu balicku WP24 - Integrovana bezpecnost vozidel a dopravnich
systému pro budouci dopravni systémy

Vedouci konsorcia podilejici se na pracovnim balicku

TUV SUD Czech s.r.0., zodpovédna osoba: Vit Slanina

Clenové konsorcia podilejici se na pracovnim bali¢ku
Ricardo Prague s.r.o. B. Hnilicka, CVUT FS Pavel Steinbauer, CVUT FD Vaclav Jirovsky
Hlavni cil balicku

Vyzkum systémU integrované bezpecnosti véetné ROP (Rollover protection).

Vyzkum dopravniho toku a komunikace vozidla s okolim vcetné vyzkumu simulacnich prostredkd
zaloZzenych na tzv. agentnim pristupu.

Dilci cile balicku pro nejblizsi obdobi

V oblasti hodnoceni systém( integrované bezpecnosti vozidel bylo dokonceno sledovani chovani
vozidla vybaveného ADAS v realném provozu a byl ukoncen vyvoj SW a HW prostredkd.

Ve spolupraci s FD CVUT bude dokonéen névrhu systému integrované bezpe¢nosti.

V oblasti simulaci dopravniho toku a v2x komunikace budou vyvijeny SW prostredky pro agentni
simulaci modelu vozidla v realném provozu.
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_ Popis“ Inénl' balicku WP24 - Integrovana bezpeénost vozidel a dopravnich
systému pro budouci dopravni systémy

WP se déli do dvou casti:

A: Zkouseni a hodnoceni systémt integrované bezpecnosti vozidel

_(TUV SUD Czech s.r.0., CVUT Fakulta dopravni)
= Ucel:
= zvySeni bezpecnosti provozu
= Zameéreni:
* metody zkouSeni a hodnoceni
= Sledované palubni systémy:

= smérova dynamika (ROP — rollover protection)
= podélna dynamika (ADAS — advanced driver assistance systems — reprezentant AEBS)

B: Budouci dopravni systémy, v2x komunikace, simulace dopravniho toku

(Ricardo Prague, CVUT Fakulta strojni)

= Ucel:
= zvySeni bezpecnosti provozu,
= snizeni energetické narocnosti a zatéze Zivotniho prostredi
= Zaméreni:
» v2x komunikace,
= automatické fizeni
= Simulace dopravniho toku na bazi agentnich systém{
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Popis plnéni balicku WP24 - Integrovana bezpeénost vozidel a dopravnich
systému pro budouci dopravni systémy
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A: Integrovana bezpecnost /ADAS: Analyza aktivace funkce systému AEBS

1) Sbér dat - zaznamti reakci AEBS z redlného provozu (ca 45.0000 km)
e  Systémy zkoumaného vozidla:

— ACC, Front Assist s nouzovou brzdou City, Lane Assist
e  Méici technika:

— 2x Black Vue kamera s GPS a akcelerometrem;
2x Logitech HD Webcamera

e Parametry:
— Poloha GPS
— Aktualni zrychleni a,, a, a,
— Prdbéh aktivace AEBS (vizualné na pristrojovém stitu)
— Situace v provozu pred vozidlem

® BLACKVUE
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2) Vytvoreni algoritmu pro extrakci zaznamu s aktivaci

3) Pouziti vystup(l z nasazeni algoritmu zpétné
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opis pinéni balicku WP24 - Integrovana bezpecnost vozidel a dopravnich
systému pro budouci dopravni systémy

systému AEBS

Nastroje: LabVIEW; Matlab; Any Video Converter

Funkce:

e Rozpoznani aktivace pomoci vzoru na pristrojové desce
—  Urovné: Varovani >> Instrukce >> Akce

e Extrakce a zdznam video souboru a ¢asu aktivace

Analyza spravnosti aktivace systému AEBS
— Vyhledani situace, které probihala pred autem

— Analyza 11 snimk{ pro eliminaci stinu a svételnych odrazli
(5 snimkl pred aktivaci, 1 snimek v dobé aktivace a 5 snimk{ po aktivaci)

Aktivace hodnocena jako spravna, pokud je shledano vozidlo v 2eSlapneére
zabéru kamery (alespon 6 snimkl vyhodnocenych kladné)

Drzdovy peda3ls
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Popis plneni balicku WP24 - Integrovana bezpecénost vozidel a dopravnich
systému pro budouci dopravni systémy
4) Extenze systému: Nasazeni v realném case -0 é

ve vozidle N0

Front Dashboard

— UloZeni pouze zaznamu jizdy v dobé aktivace
(priblizné 10 sekund pred aktivaci a
10 sekund po aktivaci)

— Neni potfebna analyza dlouhych video
zaznamU

[ ] H a rdWa re en e ; In:m board camera resolution
o

Video resolution of the front camera Start recording Video resolution of the dash board camera

— 2x Logitech HD webcamera i e T
|3— Stop recording I‘IE—

® O m eze n I’ Videc Mode Name - Video Mode Name
i i . , i [eiommoviv2 [is0ne00vuv2
— Nutnost velkeho vypocetniho vykonu
— Vysoké naroky na pamét’ z déivodu
nekonvertovaného videa

P
g
]
=i
3

STOP VI

Navaznosti:

« DPing. Slavik: Automatized Analysis of Advanced
» Driver Assistance Systems Behavior

« Projekt PEGASUS (BMWi, Némecko)

» Projekt CETRAN (Singapur)
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systému pro budouci dopravni systémy

_ Popis plénl' balicku WP24 - Integrovana bezpeénost vozidel a dopravnich

Ricardo Agent-Drive — new and improved features |

Altitude interpolation

Altitude is interpolated directly from definition points of terrain mesh

Improved vehicle registration to current lane

Information about agent’s position on lane is pre-sorted

Reduced complexity from O(n?) to O(n) in every iteration step

Precise placement

Vehicles are injected into 3D environment more precisely

Placement of vehicles is smooth without unnecessary bumps

Path planning

Algorithm for searching route in SUMO road network file
Select route which best fits to weighted criteria
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_ Popis plénl' balicku WP24 - Integrovana bezpeénost vozidel a dopravnich
systému pro budouci dopravni systémy

Ricardo Agent-Drive — new and improved features Il

Vehicle to vehicle communication (V2V)

Communication channel uses Publisher / Subscriber pattern

Message — container with flexible content and unified access to
information

Local dynamic map — every transceiver stores last received information
about other communicating nodes

Variable channel QoS (Quality of Service) using multiple parameters
(e.g. communication range, packet loss, etc.)

Adaptive cruise control

Framework for different fidelity cruise control strategies
Direct output for acceleration and brake pedal signals
Cooperative strategies are possible using V2V
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_ Pobis plénl' balicku WP24 - Integrovana bezpecnost vozidel a dopravnich
systému pro budouci dopravni systémy

Ricardo Agent-Drive — Cooperative driving case study
Goal
Observe string stability of vehicle platoon using V2V with variable channel QoS

Configuration
40 vehicles equipped with V2V and basic Cooperative Cruise Control

Various QoS parameter settings Legend:
d; — distance of it" vehicle from preceding veh.
Platoon description v; - velocity of i vehicle
Vehicle n Vehicle n-1 Vehicle 2 Vehicle 1 Leading vehicle
Vi D—_:/n-l D—;l o D—\tz D—\z D—V'L
d, ) d, d,

Environment .
Straight segment of highway in Poland
Distance ‘measured’, velocity obtained from communication

String stable platoon — no disturbance is propagated
upstream the platoon.
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"Popis pin&ni balicku WP24 - Integrovana bezpecnost vozidel a dopravnich

systému pro budouci dopravni systémy

Sudden deceleration maneuver
From 90 km/h to zero, inter-vehicle distance 33 m (5 m car length included).
QoS: packet delivery ratio 100 %, communication range 300 m, communication delay none.
Goal: safely stop all the vehicles without crashing.

For easier trend tracking only envelope of the signal set is used showing minimum and maximum
Inter-vehicle distance

Inter-vehicle distance envelope
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systému pro budouci dopravni systémy

Sudden deceleration maneuver

Effect of ‘packet delivery ratio’ (PDR) decrease on minimal distance between vehicles
Distance is decreasing but no string stability violation

PDRvalve9%l | 100 | 90 | & | 70 | 6 | 5 | 40 | 30

Min. dist. [m] 26.6191 26.6235 24.7031 23.2967 24.425 24.181 19.9505 18.8521

Inter-vehicle distance envelope Inter-vehicle distance envelope
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systému pro budouci dopravni systémy

Sudden deceleration maneuver
Effect of ‘channel delay’ increase on minimal distance between vehicles
String stability violated — distance amplifies upstream the string of vehicles

_ _ Violated string stability
Min. dist. [m] 26.6598 24.2605 23.2485 17.5283

Inter-vehicle distance envelope Inter-vehicle distance envelo
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_ Popis plénl' balicku WP24 - Integrovana bezpeénost vozidel a dopravnich
systému pro budouci dopravni systémy

Ricardo Agent-Drive and IMPERIUM project

Aim of the IMPERIUM project

Powertrain control for heavy-duty vehicles with optimised emission
Fuel consumption reduction by 20 % whilst keeping the vehicle within
the legal limits for pollutant emissions

Approach for achieving the goal
Optimization of main components control
Global powertrain energy management optimization
Long term energy source planning and optimization

Ricardo Agent-Drive tasks

Simulation of traffic along the main vehicle’s route
Real world drive cycle generation
Data logging and V2X communication
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systému pro budouci dopravni systémy

_ Popis plnéni balicku WP24 - Integrovana bezpecnost vozidel a dopravnich

Algoritmus optimalizace rychlostniho profilu — ve vyvoiji

Znalost: trasa, model vozidla, provoz, pocasi

Segmentace trasy do useki
Konstantni maximalni rychlost
Legislativni
Fyzikalni (zatacky, stoupani)
Konstantni stoupani
Kazdy segment popsan pétici {v,,l,,84ec8acc 11}
Optimalizace

Trust-Region metoda pro nelinearni
optimalizace s respektovanim omezeni

Vystup: Optimalni profil rychlosti v = v, (s)

e Ve l0City profile

A phase

velocity v

/Zaasa + v?

UZ — V3
V3 = ’Zad Sd + 'U42_ u g g i; %
Scoa = f (172,173) . é S
-
Scon =S — Sa — Sd — Scoa length of trajectory
section
1T T )
min 43¢ Hz+:z g suchthat [Def <A
T
.
A & D‘E

y il
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"Popis pinéni balicku WP24 - Integrovana bezpe&nost vozidel a dopravnich
systému pro budouci dopravni systémy

Algoritmus optimalizace rychlostniho profilu - priklad

s rw 5
Scénar . X
H H re . L. TE e e suerodt) :& BOHNICE
Optimalizace rychlostniho profilu na trase Roztoky — Dejvice B
. . . OLAJE [ 4':
Vuz: elektromobil Fiat Doblo . 5
." \
Id DRSS o
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"PInéni cilti, milnikd a vystupd, spinéné vysledky balicku WP24 - Integrovana
bezpecfnost vozidel a dopravnich systému pro budouci dopravni systémy
PInéni dilcich cild, milnikt a vystupii

e WP24MO05: Vytvoreni testovaci metody (SW+HW) pro systémy integrované
bezpecnosti

Prehled splatnych vysledkii a jejich plnéni
e Pro tento rok nebyly planovany zadné splatné vysledky > smérovani ke 2017
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"Navrh dalgiho postupu v balicku WP24 Integrovana bezpecnost vozidel a
dopravnich systému pro budouci dopravni systémy

Navrh dalsiho postupu vcetné navrh na spolupraci a realizaci vystupu:

A: Zkouseni a hodnoceni systémt integrované bezpecnosti vozidel

= Spoluprace s FD CVUT na dokondeni ndvrhu systému (metodiky vyhodnocovani)
integrované bezpecnosti ve formé SW
= optimalizace testd, softwarové testovani

B: Budouci dopravni systémy, v2x komunikace, simulace dopravniho toku

= Pokracovani vyvoje Ricardo Agent-Drive

= Propojeni Ricardo Agent-Drive s IGNITE (navaznost na WP05)

= Propojeni IGNITE s Ricardo WAVE / WAVE-RT; pouziti IGNITE pfi navrhu a testovani
fidicich strategii motord (navaznost na WP20)
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"Vytah z praci 2012-2016 na WP24 Integrovana bezpecnost vozidel a
dopravnich systému pro budouci dopravni systémy

ADAS: Simulace dopravniho proudu, v2x komunikace:
—  navrzena metodika zkousek z ACC —  reSerSe vypoctovych prostfedkd, vytvoreno SW prostredi
- zkougky vozidel s ADAS pro simulace (SUMO — Matlab)
—  realizace soft target R e e "« — analyza vlivu penetrace vozidel s ACC na propustnost

- i komunikace a emise
—  realizovan model fidi¢e a modely rdznych provedeni ACC
— analyza ACC s MPC
JO— —  Agent-Drive Simulator

—  dlouhodobé sledovani ADAS v provozu
—  vyvoj hardware a software pro zkousky

T
| =
—
Lead Vehicle
Host Vehicle
o Vehicle n Vehicle n-1 Vehicle 2 Vehicle 1 Leading vehicle

- vypracovana metodika hodnoceni ROP A T I e I e
—  relizace specialniho vybaveni pro zkousky ROP T n W

—  zkousky vozidel s ROP

TE 0102 0020 . Technologicka agentura Str. 17 Centra Za WP 24 Vit Slanina, TUV SUD
¢ ~ Ceské republiky kompetence
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ReSuIts of the WP24 Integrated safety of vehicles and transport systems for the
future transport systems — Achieved 2012 - 2016

ADAS: Traffic stream simulation, v2x communication:
—  draft test method of ACC systems designed — recherche of available SW tools, SW tool based on SUMO
— 2 test campaigns of vehicles with ADAS and Matlab developed
- whole vehicle soft target realized — analysis of influence of ACC-equipped vehicle penetration

- long-term monitoring of ADAS system in service on track capacity and emissions
— test hardware and software development e e e e ) n‘; - driver SimUIation mOdel and ACC Simulation mOdeIS
= — 3 realized
—  ACC with MPC control strategy analysed

—  Agent-Drive Simulator

= R -
ep ey (o
S0 %,W_ .
= Lead Vehicle
Host Vehicle
ehicle n ehicle n- Vehicle 2 ehicle eading vehic
—  ROP test method developed ! b_f "ﬁ_' — Vi = - | - |ﬂ e
- special equipment for ROP testing realized - ‘.1—‘ " - - -
—  tests of vehicles with ROP - =
Pl 21
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Vytah za rok 2016 z provedenych praci WP24 Integrovana bezpecénost vozidel
a dopravnich systému pro budouci dopravni systémy

ADAS: Simulace dopravniho proudu, v2x komunikace:
—  dlouhodobé sledovani ADAS v provozu —  Ricardo Agent Drive — nova vylepSeni a moznosti
(najeto 30.000 km) a sbér dat (zasahd AEBS) (Interpolace nadmorské vysky, umisténi modelu ve 3D,
—  Vytvoreni algoritmu pro extrakci zdznam@ zasahl AEBS planovani trasy, komunikace mezi vozidly atd.)
- Pouziti vystup@ z nasazeni algoritm@ zp&tné —  Studie fizeni soucasné jedoucich modell a pfipad nahlého

zabrzdéni
—  Projekt Ricardo Agent Drive a Imperium
—  Algoritmus optimalizace rychlostniho profilu

—  Extenze systému: Nasazeni v readlném case ve vozidle

Vehicle n Vehicle n-1 Vehicle 2 Vehicle 1 Leading vehicle
L B = 3=
—
dy d, d,

B sortvi
File Edit View Project Operate Tools Window Help

@[/ [@n]

Front Dashboard

\elocty [rm/s]
N 5 g

Front camers resolution )
Dash board camera resolution | |

:’ ! i v° [ 2000 4000 6000 8000 10000 12000 14000 18000 18000
) P o T st ope e aar ne e
lg_ Stop recording l“_ !
= - f
Jeiodsovoe Jievsmovove :
Stop VI 5 i
R A e am e
T A
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future transport systems

ADAS:

—  Long-term ADAS monitoring in service
(mileage 30.000 km) and data acquisition (AEBS
activation)

—  SW creation for extraction of the AEBS intervention
—  Using of the results from SW on the rebound

—  Extension of the SW: Application in the real time in
vehicle
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Traffic stream simulation, v2x communication :

Ricardo Agent Drive — Improvements and new features
(Altitude interpolation, Precise placement, Path planning,
v2v communication etc.)

Cooperative Driving case study and sudden deceleration
maneuver

Project Ricardo Agent Drive and Imperium
Algorithm optimization of the speed profile

Vehicle n

Vehicle n-1 Vehicle 2 Vehicle 1 Leading vehicle

Ya,

I Vn1 I

. |

dy

d;

—
=0

relative sbope

\elocty [rm/s]
N 5

I
o

Relative siope profile alon

nnnnn

g the trajectory
|

nnnnn

nnnnn

nnnnn

nnnnn

length of trajectory (m)

00000

00000

uuuuu

Start recording
Stop recording
Video Mode Name —
lm YUY2
Stop VI

Str. 20

Technologicka agentura
Ceské republiky

3k

Centra
kompetence

Za WP 24 Vit Slanina, TUV SUD



