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1 Executive Summary

This documentprovides adescriptionof RS f A @ S Bl& carf-VBhicléApplications (first,INR (2 (G & LIS 0 €
InDrive project and containan overviewof the main in-vehicle applicationsvhich are needed to realize,

test, validate, and showcaske use cases selected from the ondsfined and specified withitasksd ¢ HP m
'ASNB YR aitl {SK2f RSNERSNB A NRBSBYVAGARY.RF yRuDaal

Some preliminary testing results will be also provided, when available, in orddiote their maturity

stage. It is worth to be noted that D5.1 is being delivered at M18, but the task it is linked tail&elg
Implementation of the irvehicle applications Will end at M22.The applications described in this
document can be therefore considered a first prototype which iseady to be used in théorthcoming

testing and validation activities starting at Mitfrough taskdT5.4¢ Testing and Validatian> 6 dzi K S NE
still be the possibility to updatand improvethem from the deriving outcomes.

2 Introduction

The in-vehicle applicationsleveloped to test, validate and showcase the use castected from the ones
described iHRD.1]representdeliverable D5.1. This document is aimed at describing taethis organized

as follows After this introduction Section3 provides an overview of the two primary use cases which have
been selected for the final demonstration. The reference architecture is described in Séciiwhthe
hardware platforms which host the-vehicle applications described in Sectiare listed in Sectioh.

Itis worth to be noted thatil KA & R2 OdzYSyd R2Say Qi 3IAGS I TRSark A f SR
provided in other project documents. In particulfiRD.3]describes the LDM aniRD.4]gives more details
on MOT.

2.1 Reference documents

ID Title Reference Version Date
[RD.1] D2.13 Use Cases andRequirements InDrive Public 1.0 30/06/2016
Deliverable
[RD.2] D2.2 3 Architecture and Interfaces InDrive Public 1.2 18/10/2016
Deliverable
[RD.3] D4.16 Map Module and LDM InDrive Public 1.0 31/03/2017
Deliverable
[RD.4] D4.4 8 Technical Documentation on the Enabling InDrive Public 1.0 30/06/2017
Technologies Deliverable
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3 Target Use Cases

As stated in [RD.1] 9 use cases have been identified in the initial phase of the pr@gadt have been
divided in primary and secondary, resulting in the classification reportedable 1 and Table 2,

respectively.

Tablel: Primary InDrive use cases

Use Case Number Use Case Classification Use Case Name
UC1i Safety Obstacle/VRU Detection and Accident Avoidance
uc2 Comfort Lane Change & Queueing
uc3 Comfort Active Navigation

Table2: SecondaryinDrive use cases

Use Case Number Use Case Classification Use Case Name

uc4 Safety Avoidance of Accidents with Vehicles of Public
Transports

UC5 Safety E-Call 2.0

ucCe Comfort Cooperation with Road Infrastructure

ucCv Comfort Valet Parking

ucCs Green GreenWave

uco Green Green Traffic Management

Primary use cases are tlomes whichcan benefit more from the project outcomes both from a technical

and economical point of view, while secondary ones are stilevant but introduce new actors and
functionalities which expand somehow the application domain. For this reason, only primargases

have been taken into account fehe on road testing and evaluation phage Ly  LJ-ONdiagléMRO I NE
Detection and Accident Avoidarkce | YaRe Ghange & Queuetng Kl @S 0SSy &St SO0 SR
demonstration (i.e., the 2 highlighted inegm inTablel).

Figurel LINE @A RS a | y Obatadls/\RI b&estion2afid Atcident Avoidafce dza STh®éga S @
vehicle (i.e., the orange one) detects the presence of a slostoppedtarget vehicle (i.e., the obstacle)

f20F SR Ay FNERyY (I Matifle objéct trackimgy 1 14 LILH 2A OliDédsipndiekingt & S &
Manoeuver Planning A& (GKSy [ 0fS (2 dzyRSNEOFIYR 6KSGKSNI (K
additional information provided byt DM & Mag | &PdRa fusiod I LILI Af is (s Ah@ gasepthe
adequate countermeasures for trying tov@d the accident are taken by the vehicle, just informing the

driver about the potential collisio(Figurel (b)) or autonomously implementing longitudinahly (Figurel

(c)) or lateral and longitudinal(Figure 1 (d)) evasive manoeuvres acating to the avdable positioning
performancedin terms d accuracy and confidence ley€elhe system is also able to understand if it is not

able to provide any help to the driveFigurel (a)) due to lack of performances.

Figure2 shows the basic& FLan@ Change & Queueing dza SThédga ehicle approaches the ahead

target vehicle and is able to follow it in the same direction without overtak&lie obstacle deiction is
performed by a dzf GALIX S 2062S 00, andl kikcO5 S Q/AAEA 2yLILIH IAON ViR 2y al Y3
component is able to control the ego vehicle position with respect to the obstacle, also thanks to the
AYF2NXYIFGA2Y LUDME MagH olopsia fodick Y | dJLI AN kindeih@agwiaygbpolicy can be

Deliverable nr. = D5.1
Deliverable Title | In-Vehicle Applications (first prototype)
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adjusted according to the confidence level offered by the InDrive system in order to better match the user
expectations(Figure2 (a) and (b))When the positioning performances ageod enough, the ego vehicle

can also decide to overtake the obstadiglre2 (c)).

Following these considerations, both use cases require the followinghitle applications to be
implemented: Decision Making & Manoeuver PlannindoM & Map Data fusion and Multiple object
tracking These 4 applications will be therefore detailed in the rest of the document.

I IlIIuMHII

O =

(@) (b) (© (d)

Figurel: Obstacle/VRU Detection and Accident Avoidance

(©

@
Figure2: Lane Change &ueueing

Deliverable nr. = D5.1
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4 Reference Architecture

The InDrive architecture is depicted kigure 3, highlighting the 4 main taehicle applications which
contribute to the implementation of the 2elected use caseweviously described

Reference ( Software - Probabilistic Map Matching Lane-level ™=
mass-market - analysis (coordinate itioni
BT (PVT solution) transformation) [POSTIEIIG]

Bayesian 1 The most likely position »ith
its protection  .vel

Framework

ADAS

T :
Proprietary Actuation
Vehicle Map

Decision
network Making

&
Manoeuver
Planning

Figure3: InDrive architeture

5 Target Hardware Platforms

This Section describes the hardware platforos®d to host the irvehicle applications described in the
following one.

5.1 dSpace MicroAutobox

¢tKS a5802a¥AY 3 al y2 Sazgi&tah hast Heghyimpiémentedhrough a dSpace
MicroAutoBoxll, equippedwith DS1401 PowerPC 750GL 900 MHessor board, Ethernet I/O interface,
Lemo/RJ45 thernet cable, anddS1513 I/O boardHigure5). This component has been already acquired
and installed in the trunk of the InDrive vehicle prototype (i.e.,dbep Renegade MY16 1.4 MultiAir 140cv
Limited DDCdepicted inFigure4), as shown ifrigure5.

Deliverable nr. | D5.1
Deliverable Title | In-Vehicle Applications (first prototype)
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Figure4: InDrive vehicle prototype

Figure5: dSPACHMIicroAutoBox 21401/1513installed in the Jeep Renegade trunk

dSpace MicroAutoBox Ik a standalone prototyping unit with realime hardwae, /O, and signal
conditioning, widely used in the automotive domain for many prototyping applications such as, e.g.,
powertrain, chassis & body control, advanced driver agsist systems (ADAS). A detailed datasheet of the
product can be found on the producer websifRif 1), referring to theMicroAutoBox Il 1401/1518ersion
among he five available standard variants. lisain parameters which are relevant for the-vuehicle
installation are reported iffable3.

Table3: Parameters of thedlSPACE MicroAutoBox 2 140513 Relevant for the kvehicle Installation (Rif 1))

Parameter Specification
Boot time Depending on flash application size. Measurement examples: 1 MB applic
160 ms; 3 MB application: 340 ms

Ethernet realtime 100/1000 Mbit/s Ethernet connection. LEMO connector.
I/0 interface

USB interface USB 2.0 interface for logrm data acquisition with USB mass storage devig
LEMO connector.
CAN interface 6 CAN channels (partial networking supported)

Signal conditioning | Signal conditioning for automotive signal levels, no power driver included
Overvoltage protection; overcurrent arsthort circuit protection

Physical connection{ LEMO connectors for 2 ECU interfaces, Ethernet 1/O interface, USB interfag

Deliverable nr. = D5.1
Deliverable Title | In-Vehicle Applications (first prototype)
Version = 1.0- 30/06/2017 Page9 of 22
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Ethernet host interface

Ethernet host interface (100/1000 Mbit/s, TCP/IP) for notebook/PC connectior
program load, experim& configuration, signal monitoring, and flight record
read-out)

Integrated Ethernet switch

Enclosure material | Cast aluminum box

Enclosure size Approx. 200 x 225 x 50 mm
Temperature Operating (case) temperature40 ... +85 °C
Storage temperatures55... +125 °C
Power supply 6 ... 40 V input power supply, protected against overvoltage and reverse polar
Power Max. 25 W
consumption

Electromagnetic EN 613261, Table 2

compatibility (EMC) | CISPR 11, EN 55011 Group 1, Class A
RTCA/DO160G: Dec. 208e@ction 21.4
RTCA/DO160G: Dec. 2010: Section 21.5

Vibration ISO 1675€B:2007 / 4.1.2.4 Test IV
DO160F.8 / B1 Test Conditions
EN 60068-6

Shock ISO 1675€8:2007 / 4.2.2

RTCA / DQ60F Section 7 Test 7.2 Category A, Test type R
RTCA / DQ60F Section Test 7.2 Category D, Test type R

5.2 LDM & Map components

CKE20FE 58yl YAO al L) 6[ 5a0¢ FI OAf Al &rodgh a&udridg adMe G 2 O 2
fanless, low power compact motherboard, (LDM embedded PC motherl®atdtted in the left ofFigure

6 and four LDM embedded PCs sharing data in a wireless and wired network deployed in laboratory
environment is plotted in the rightide of Figure6).

Figure6 : LDM embedded PC motherboard (left) and exchanging data among several units with 6 GHz ITS antennas and wired
connection imitating InDrive VANETr@ocol architecture

Deliverable nr. = D5.1
Deliverable Title | In-Vehicle Applications (first prototype)
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LDM embedded PC is computationally very modest and B&9 aMHz AMD Geode LX800 and 256 MB DDR
DRAM on boardwith a CompactFlash sockdbr additional data storage as a local database on the vehicle
board. This embedded PC HaminiPCI slots, LPC bimsorder to be connected with IEEE 802.11p radio
modems with miniPCI slot, which can be used als@ &shernet channels for data sharing in the InDrive
architecture. It has DB9 serial port, dual USB fmhe used for connection ith in vehicle network.

Table4: Parameters of the LDM embedded PC Relevant for theehicle Installation (Rif )

Parameter ~ Specification

CPU 500 MHz AMD Geode LX800

DRAM 256 MB DDR DRAM on board

Storage CompactFlash socket

Power DC jack or passive POE, min. 7V to max. 20V
Expansion 2 miniPCslots, LPC bus

Connectivity 2 Ethernet channels (Via VT6105M 10/100)
Input-Output DB9 serial portdual USB port

Firmware Award tinyBIOS

Board size 152 x 152mm

Antenna (not necessary Wireless Dipole Dual Band AntenB&IA reverse +5dBi
wired connection will be

used)

Antenna interface I-PEX to SMA female reverse polarity pigtal
connection specifications

5.3 CarPC2

The InDrive receiver data fusion framework as well as the multiple object tracker is running on Car PC 2,
which has the following speesd is depicted ifrigure?:

COMPONENT
CPU Intel Core i7-6950X
RAM 16GB DDR42400
(Kingston HyperX)
GRAPHICS CARD MSI GeForce GTX 1080
SSD 275 GB Crucial MX300
MAINBOARD ASRock X99M Extreme 4
CAN-INTERFACE Vector VN1610

Figure7: Photos of Car PC 2

Deliverable nr. = D5.1
Deliverable Title | In-Vehicle Applications (first prototype)
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The Car PC2 interacts over the following hardware channels with other InDrive components:

1. The Vector VN1610 CAhterface allows read and write access to the InDrive CAN bus.
It is used to read the vehicle odometry sensor measurements transmitted from the InDrive CAN
gateway and to output the InDrive receiver localizatgmiution.

2. One of themainboards 1 GBit/s ethernet interfaces is directly connected to the Car PC1 which
provides the SDR GNSS input to the receiver data fusion framework.

3. The second 1 GBit/s ethernet interface connects to a network switch shared, i.a., with the image
processig. Via this interface, the visual lane detections and smart camera measurements are
received via LCM.

In addition to those, an internal LCM interface is implemented between the receiver data fusion and the
multiple object tracker to forward the received NAnessages and the localization solution.

6 In-Vehicle Applications

This Sectionis aimed at describing the main-itehicle applications required to implement the previously
described use cases.

6.1 Decision Making & Manoeuver Planning

¢tKS a5SOA&AAY YEISUANApplicatidniy gimey & émplementing the functional logic of

the previously described use casdsor doing that, it receives as input the information required for
evaluating the dynamic behaviour of the car (i.e., vehicle data, gogith y 3> X0 | YR dzy RS NZ
AdZNNRB dzy RAY3 SYGANRBYYSY(d O0A®Sd> Roddeniifly thefndst adeqBateS O i NP
vehicle manoeuvre according to the considered use case whish G KSy LI aaSR G2 GKS
logical block for its real implementation. At the same time, an additional output of the block istaised
provide comfort and/or safety information to the driver through a dedicated HMI (like, e.g., warning, alarm,

pf FYYSR YIy2SdzNE RSAONARLIIAZ2YS (dzZNYy AYRAOFGAZ2YyazIX
GKS a5S0AaAz2y allAy3 g9 aly2SdwNB tflyyAyHduedf 20|

/j Manoeuvre control ]_\
'

(o

— Y,

Figure8Y wSf | iA2yaKALl 2F (GKS &5 S OMbckmthe Iabrive Arghitectare a | Yy 2 SdzONB  t
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The basic functionalities required to implement the 2 primary oases selected for final demonstration
can be summarized as follows. The ego vehiele tobe able todetect other vehicles or obstacl€s.qg.,
vulnerable road userg)laced around itself, and to use this information (fused with other data available on
board) to control its own dynamic behavioufhe vehicle itself has to be able to receive this control
information and change its own longitudinal and lateral position accordingly.

The implementation of these basic functionalities has been completed, and dbmbination provides a
draft version of the 2 use cases of intereShey will be completed with the forthcoming integration
activities aimed at feeding them with the information deriving from the other InDrive components.

A first set of preliminary tds has been performedvith InDrive prototype vehiclén order to check the
correct behaviour of the developed functionalitiebhe tests mainly focused on longitudinal and lateral
controlwith the aim of showing the capability to control the vehicle.

As far as the lateral control is concerndae tests involved only the internal loop of the control which has
in charge the position control of the steering wheel. To do this test a reference angle is passed to the
control from areference generator to vy if the control is able to follow the given reference.

Figurel5 provides the result of the first test on lateral control. Some angle stepsQSfare passed to the
control (black dashed lingjesulting in a request of 0°10°,-20°,-30°, and 0° as stging wheel angle. Once

the control is activated with the Torque Overl&yterface Activation (i.e., the blue line TOI_Activation
depicted in the second graph passes from 0 to 1), the steering wheel position (red line) starts being
autonomously controlledby the vehicle to follow the reference target and it is able to perform this task
with an error of few degrees.

Another test has been performedsing a sine wave as reference targeinging between25° and +25°
with a frequency of 0.5 Hz (i.e., a periofi2 sec). Even in this case the contsobble to follow the given
reference with a small errplas depicted ifrigurelO.

Deliverable nr. = D5.1
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As far as the longitudinal control is concernditk testhas been performed by simulating the presence of
an obstacle in front oftte InDrive vehicle, trying to understand if it would have been abttwiderit and
adjust its own speed accordinglyhe result of this test is representedfigurell.
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The InDrive egwoehicle is traveling with a target speed of 50 Km/h (light blue line). At a certain point a
(simulated) object is detected in front of the egehicle. It is characterized layconstant lower speed of 30
Km/h (black dashed line)h& egovehicle starts to follow the object ahead adapting its speed and keeping
constant distancéred and purple lines, respectively).

85

1 | — Veh Speed (Kmih)

i | === Leader Spead (Kmih)
Leader Dist (m)

Driver Set Speed (kmvh)

Simulate
object
distance

i
Iy
4
1 Vehicle
i \\h&- / Speed
L :
' i
30 L -

2 e = P s——

Simulated
object speed

10 20 30 40 50 60 70 80

Figurell: Vehicle tracking; Following slower vehicle ahead (simulated) at 30 Km/h

6.2 LDM & Map

The Local Dynamic Map (LDM) is a conceptual data store located within an ITS[B&8boontaining
information which is relevant to the safe and successful operation of ITS applications. Data can be
received from a range of different sources such as vehicles, infrastructure traffic centres and on

board sensors.The LDM offers mechanisms to grant safe and secure data access. Thus, the LDM is able
to provide information on the surrounding traffic and RSU infrastructure ltagglications that require

it.
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(ﬁ) Drlve Automotive EGNSS Receiver for High IntegrityApplications on the Drive

Figurel2: LDM Architecture and Logical Interfaces

A LDM may communicate with other entities within the-B @rchitecture outlined in EN 302 6@%f 4 in
order to:

w receive incoming information such as decoded Cooperative Awareness Messages (CAMS) in
accordance with EN 302 6Z7Rif § and Decentralized Environmental Notification Basic Service
Messages (DENMSs) in accordance with EN 30B6Bif q; O

w store and protect information according to constraints of time and area of maintena@ce;

w provide information to authorized applications as requested:

- by means of a subscription/notification method; Or
- by means of queries including spatial queri@s;

w prioritize data requests)

w store and protect LDM Data Objects so that it can be shared with applica@ons;

w provide a mechanism for facilities and applications to register and deregister as LDM Data
Providers©O

w provide a mechanism for applications tayister and deregister as LDM Data Consunfers;

w ensure data access by LDM Data Providers and LDM Data Consumers is autborized.
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