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AVP Storyboard

Automated valet parking (AVP) service
where vehicles drive and park by itself

The car is enabled (through 10T) to drive
autonomously

« from the drop-off (DO) point to a
parking spot (parking scenario),

e and to return to the pickup (PU) point
(collection scenario) to the driver on
command using mobile App

Step 1: Arriving at the drop-off ~ Step 2: AUTOPILOT-AVP App Step 3: Fixed cameras updating
position requesting a parking spot parking spot occupancy status

Step 4: Drone searches and Step 5: App displays the route to  Step 6: Automated parking at the
confirms a free parking spot the parking lot parking spot

Drop-off Position X X
Manual Drivi Scenario 1: Parking
anual Drivin

e ¢ Autonomous parking of the vehicle

Pick-up Position

Scenario 2: Collection

Autonomous collection of the vehicle

< Manual Driving



AVP Implementation

« Parking spot exploration is needed * No need of parking spot exploration * 10T concept of AVP
development

* 10T Interface
implementation on the loT
devices and application
side to allow the

| communication with the

Road Network

(HD digital map) Valet

Parking
Service

Telali B RSU Camera loT platform
1
-ﬁ + |oT (standardized) data
l— model specification for all
AD Car Parking spot e mvol_ved loT devices
Infrastructure Stationary detection g\gerzgcrlg, é\{l?\;, RSU
AVP O_,_ « Adaptation of automation
mobile App App AP T Q functions in the vehicle
_ _ MAV F&H | e detection to support loT data

* Define the

Parking spot communication
MAV: Micro Aerial Vehicle (Drone) Occupancy detection workflow between

system components

loT + 5G



loT Technology and Autonomous Driving

AUTOPILOT Federated I10T Platform Architecture

AUTOPILOT Project: Bringing Internet of Things (loT) to

autonomous driving (AD) vehicles and advancing AD AN - . I - :
functionalities [ ] | o
> @ FIWARE Broker su HUAWEI Platform
- Devices: loT vehicle, 10T smartphone, MAV equipped
with cameras - - >
Interworking Interworking Interworking MarT
Gateway Gateway Gateway
« Actions of application: publish events/commands to ‘
the loT platform, subscribe events/commands oneM2M Interoperability Platform
_ _ s e [ —
« Actions of devices: publish events to the loT platform, :
i | Devices and = =
subscribe commands 333teways S db m & [ =S |
« Action of Platform: acts as broker, receives and
manages information from IoT devices and applications, Pbm . /Eﬁe —
provides the information to the data subscriber. MAV Platform pubian APPlication
Q commands commands
_g_. \/ \/ l:;:'lfll;g
-

-



AVP loT based System Architecture

Involved partners

Gemeente Helmond i
#DLR m;§$%¥eation V|C?mteCh '-}ISEHSIinQV I==s ’?ﬁn’::w NEVS Sliﬂ:ﬁyﬁiﬁ
- AVP applications: contains services such as Valet Parking Service e
parking management, user management and i sQL !
routing services < 8 LSQL @ 8 User
o) % g‘—* Routing Manage:ment
wn = Service Service
* loT platforms: enables the |0oT functionalities 32 SQLI z *M_VSMQ
such as device management, context |8 & . .
management, process and service management, = =) Parking Management Service (PMS)
semantics, analytics and security ° = A ;
[ [ (D - .
» loT platforms’ interworking gateway: Watson RESTHul = IoT AVP Application .
loT and oneM2M IoT Platform morace R — F =
Interoperability B U | @ SENSINOV
Watson loT Platform
« Things: includes loT devices such as AD A ) @T o Ty @ T o | v
vehicles, Roadside Unit (RSU) cameras, and I Hrrps | Seeribe

MAV (Drone) and AVP smartphone App L

! '
DLR
st v P Vi [ERC] [NORR [SH]

Figure: 10T system architecture of the automated valet parking use case in Brainport




System components and loT Communication Interface

Parking
User Management . .
. Management Routing Service —>
Service Service (PMS
RestFul Interface CIVICE
> Valet Parklng Service

IoT Platform Interface

Vehicle User Parking 10T Platf Obstacle Camera
data data data OF HIAHOR data data data

IoT Platform Interface IoT Platform Interface IoTPlatform Interface

ace
IoT ToT Gateway IoT IoT
Gateway Gateway Gateway
In-vehicle Parking . .
AVP App Platform Manoeuver Proces.smg Procegsmg
(GUD Service Unit Unit

Motion
\c'c%@ £

IoT Platform Interface

)

RestFul Inter}

Planning
Service



AVP Data Models

SENSORIS data model

v message (:
AVP loT event data model T

v envelope

submitter : DLR

1. AVPloT event message for vehicle transientVehicleID : 3104
H *+ AVPVehicleStatus (new) nerated_TimeStaspUTC_ ms @ 23121
« AVP data model consists of - APChagogSas ) ey
: ParkingSpuiDetecﬁDn(new) » vehicleMetaData

« |oT Event data models I ——

+ Parking spot occupancy detection

« Standardized SENSORIS data model i e B

has been extended to support ———
information specific to AVP T T ol

B, I, e e
« MAV and RSU camera data models T :

are based on SENSORIS data model TR

2. AVPloT event message for RSU camera

- * Parking spot accupancy detection
‘- * Obstacle detection

“altitudeAccuracy_m": @
“altitude_m": @

“heading_deg": 360.1,
Sign Recognition “speedAccuracy mps”: @

“timeStampUTC ms™: 2312186,
“horizontalAccuracy _m": @,
"currentLaneEstimation™: @
“speedDetectionType™: “"SPEED_RAW_GPS"

« |oT Command data models —

Exceptional Vehicle State

» to model the command message for o
vehicle and MAV

Envi Status i
dEUNIEN S Example of AVP vehicle loT event message

Object Detection “PositionEstimate”

AD Sensor and Service State

i

— PathMedia —# Media Container

Overview of the SENSORIS Message Elements




AVP Vehicles Platforms

PS Brainport:
TNO / TASS + TUE Toyota
Prius

PS-Brainport:
DLR's prototype
Volkswagen e-Golf

PS Brainport:
NEVS‘s prototype

S Bosch Camera NOVATEL SPAN-CPT
NEC Linkbird :‘ Lane detection - GPS + Glonass Autopilot Applications
V2X Communikation Traffic sings IMU F m
Object detection > DGPS (local reference) [ AVP Service ] [ Routing Service ]
\@ & I MaTT
. REST/HTTP

[7p] \
o 7 \
5 DLR IPS-Box ” . %‘._ [ 1oTPetform(BMwarson) |
2 Optical 3D-vision a TMm'r
Q g - .
()] B | 4G FASCarE vehicle (VW e-Golf)
X Communication system
Q , )
9 5 /A [ loT Gateway ] [ Logging J
N sonic Sensors‘ Runtime environment {Dominion) UbuntuLinux
() ar range detection < 5m i ROS —
S = ical pl
> > Runtime environment (ROS) Ubuntu Linux 55 I Factical planner I _
0: ) SMS Ra_dar [ Data Logging ] /,/" ROS— A § 5,, ‘\ Trajectory I SE
1 Blind Spot detection 4 Dominion \ E g Planning 2
a) * Length 8m World Model S bridge =z |
SMS Radar IBEO laserscanner - Azimut + 70° (sensorfusion, targettracke, T [ righ Level control || |

hrontobjects \ & 4 LUX + Fusion ECU : ;

Lepgm: 70m Q\ > length : to 200m Rear objects Ethernet Serial UDP CAN

Azimut : & 33 Range: 85° 2 k;r"::? :g?"' g g Vehicle specific components

2 x Perception sensors InVehicle 5
RTK GPS Low Level Control OEM Vehicle
. —— ) / ‘ (LIDARs, Camera) I HMI [ (dSPACE Box) ] [ sensors ]
0SC adaar ¢

Front objects
Lengths: ~ 160m
Azimut : + 6°

IoT software components architecture diagram of the DLR vehicle



RSU-Camera Application

G $ G S mom
1oput feanure maps  feature maps featuse maps feature maps outpat
N3 Bx% HxlH  10x10  5x§

l-s.‘ Free parking spot and obstacle

detection

« RSU-Camera are installed on the parking area and the driving m,lm,m;l e
area and act as IoT devices

« Task:

1. To provide the status of parking spots and detection of
static obstacles (PEDESTRIAN, VEHICLE, BICYCLE
...) disabling any driving area

2. To publish the detection information into the IoT platform

RSU Camera detection Effect on the Automated Valet Parking
Information

- Dynamic routing to parking location;

- Optimizing complete parking operation
- Benefit of the IoT platform as
standardised middleware to publish and
subscribe the data

Route A Obstacle X

I

Extension of Routing and
PMS services capability




MAYV (Drone) Application

=@ Free parking spot detection

*  MAV and ground-station PC act as loT device s <
»  Custom coaxial tricopter designed by DLR 4 |
*  Equipped with two pairs of stereo cameras

A

Workflow: . . = T (Car: 99%r- 999%:
1. Receives loT command from PMS to check the status of particular 2 i i ==
parking spots = -

Flying autonomously to the parking spots and taking an image
Sending the image to a base station

Publishing results to the |oT platform

Flying back to the starting position

- Optimizing complete parking operation
Extension of PMS services - Benefit of the 10T platform as
capability standardised middleware to publish and
subscribe the data

ok wnN




AVP Smart phone Application

~||AVP mobile App

« Developed with Android API

 Consists of SOAP web services and loT
Interface

« Supports vehicle “Parking” and
“Collection” scenarios

* Provides information about the valet parkinggs
process to the user. q




Brainport Pilot Site (The Netherlands)

), SEARCH . At 1)
¥ rmsoure [ AL ; Automotive
N\ | luenen
: campus
s MY ROUTES % ‘{
- \‘\‘ \ A270

_ TeSt site /
geind =

University

- y
\ campus /-
JoAW?
v indhoven \
b, > o ¥ 4 7 2
Ll s,:: avm '\‘ Geldrop
i o TR il
v High-Tech {

ca mg'usf

Facilities and fixed
cameras

Gemeente Helmond i Test vehicles

m innovation
for life

Drone camera application

German
DLR Aerospace Center Vrachtwagens;(Deel

Bedrijventerrein.

disgnsssnenm

P
ennan LR RRERERRRERERRER " |

RSU camera image
processing vicOmtech

Test vehicles
Control room

SIEMENS
Ingessity for e

i A ~ = < & 9
Test vehicles £ ) : = Rlasslinterr \

Safetyll
German —— =

DLR. herospace Conter : S\ = | " = AVP test site and equipment in the pilot site Brainport
LT SR AR A Drep 6fi£ Pickup zone



Brainport Pilot Site (The Netherlands)

Pre-5G Core Network (TNO)

‘@) FIWARE Broker

Rest API
oneM2M Interoperability ~--------tttoToToToooTmTmomm oo oo oo oo m o

Platform  sensinov

___________ s& HUAWEI Platform

Watson loT
Platform™

Automated
valet parking

/ Rest API

Public Internet
Image

Processing
. TASS Systems
Local

[ ] . ’ i m
Commercial eNB / reakout
(Helmond) TNO eNB MEC Node with MEC Application

. C=O X «e) oneM2M loT Platform

Platform
oD

DRL Drone

Tactical Data via
LTE (100ms+)

yy

Fibre Backbone ‘ ‘

Time-Critical
RS Data via G5 e

U (10-20ms) U
= | | A270 & P-Automotive
: Campus
ITS-G5 RSU @ ITS-G5 RSU

In-Vehicle loT Platform




Data management

« During the technical tests log
files of the system components
have been collected in CVS
file format and uploaded into
the CTS server.

 These data have been used
for the technical evaluation of
the AVP use case In the three
pilot sites

Vehicle state log data

Vehicle

Positioning system

Vehicle dynamics

Driver vehicle Interaction

Environmental sensors relatives

Vehicle loT communication log data

Vehicle loT event message (PositionEstimate
Vehicle loT event message (VehicleAVPStatus
Vehicle loT Command message

RSU loT communication log data

RSU Camera loT event message (Parking spot occupanc

RSU Camera loT event message (Obstacle occupanc

MAV IoT communication log data

MAYV loT event message (Parking spot occupanc
MAV IoT command message

Platform loT communication log data

IBM IoT log message

oneM2M loT log message

@ W oneh2M interoperabilty
- Platform - sensinov
e

Central Test
Server(CTS)

| 3101_2019-06-06_12-44-00_TMO-Vehicle-Dropoff-2_action.csv

| 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_driver_vehicle_interaction.csv

- 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_environment_sensors_relative.csv
| 3101_2019-06-06_12-44-00_TMNO-Vehicle-Dropoff-2_event.csv

- 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_iot-log-communication_json.csv
- 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_positioning_system.csv

| 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_sensors.csv

| 3101_2019-06-06_12-44-00_TMO-Vehicle-Dropoff-2_uper.csv

- 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_vehicle_control.csv

- 3101_2019-06-06_12-44-00_TNO-Vehicle-Dropoff-2_vehicle_dynamics.csv

| 3185_2019-06-06_12-44-00_DLR-P5M-Dropoff-2_iot-log-communication_json.csv

| 3199_2019-06-06_12-44-00_IBM-WatsonloT-Dropoff-2_iot-log-communication_json.csv
112233 2019-06-06_12-44-00_TNO-oneM2MIoT-Dropoff-2_iot-log-communication_json.csv

08.07.2019 08:41
08.07.2019 08:41
06.06.2019 16:48
08.07.2019 08:42
02.07.2019 14:57
08.07.2019 08:42
06.06.2019 16:48
08.07.2019 08:42
06.06.2019 16:48
08.07.2019 08:43
26.06.2019 15:41
03.07.2019 14:40
02.07.2019 14:56

CSV-Datei
CSV-Datei
CSV-Datei
CSV-Datei
CSV-Datei
CSV-Datei
CSV-Datei
C5V-Datei
CSV-Datei
CSV-Datei
CSV-Datei
C5V-Datei
CSV-Datei

2165 KB
236 KB
1KB
1KB
577 KB
2425 KB
1KB
3TKB
1KB
1222 KB
591 KB
591 KB
578 KB




Platforms Interoperability

TNO vehicle oneM2M loT Platform IBM Watson loT Platform DLR PMS
(3101) (112233) (3199) (3185)

* Two cloud-based IoT
platforms are employed
In the Brainport AVP pilot

. loT event message Gray: loT command message

Automated Valet Parking (AVP) Use Case () Automated Valet Parking (AVP) Use Case (Il)

realization, namely - e el
Watson loT Platform™ ) o @ B @ o G

from IBM and OneM2M —T i
platform from SENSINOV & e 5 e

. A bidirectional # |

. . — — i
interworking gateway . == _§
connector allows the b @ GEmO—
i ili [ m.*.., ] Iﬂ'iwkl III]‘l Heo—
Interoperability between * S
the two platforms. =i - -

TASS (.- Viehicle AVP Event Data
Vicomtech

. ParkingSootOccugancyData ﬂ' Obastacie Data
W sensinov




Automated Valet Parking -

The car is enabled through IoT to drive unmanned to a parking spot, and to return to
the driver on command

This offers:

KPI: Key Performance Index

echnical Evaluation

No. Topic Research Questions Hypotheses KPI
1 Can the system decrease Since the userdoes not need to KPI-1
. . . o . thetime a userneedsto be presentduringthe parking
Comfort service to car drivers (no time lost finding a parking spot) park their car? maneuver, less time will be
More efficient use of space on parking lots (cars can be parked closer) Time saving required.
L d duri i 2 Can the systemreduce the | The total time of the parking KPI-1
ess damage to cars during parking total parking maneuver maneuverisless with the AVP
Optimization of logistics and reducing congestion in and towards parking time? system than drivingmanually.
area 3 Doesthe AVP system Since the userdoes not need to KPI-2
o ) i . ity? . )
More efficient use of EV charging spots e ) bepresentUinETESREIE
maneuver, itisimpossible for him
No. KPI Measurement | Description 7 ) he AVP tso suff(;rany damage du”r:f iL kP2
KPI-1 | Parking duration seconds Drop-off scenario: | ogslas sys.te m, INSS t. e autconomous par |n‘g -
Time from drop-off point until vehicle is parked (parking spot). Safety improve pedestrians area will be isolated, there will be
Pickup scenario: security? no usersinit reducingthe risk of
Time from parking spot until the vehicle reached the pickup point. accident.
KPI-2 | Detection RSU Camera 5 Doesthe AVP system The loT will allow the detection of | KPI-2
performance of 1)  Detection performance of free parking spots: improve VRU security? VRU before itenters the range of
free parking spots the car's sensors, allowing the
(Parking Sp)°t systemtoreact earlier.
occupancy : - -
KPI-5 | Reliable duration Delay between the message transmission from the message generation in the vehicle 2 Energy 13 Lhe e;erﬁy con%um,;tlon The. re.cluc.tlon c;f e an(.:I"
information of the to the message reception at the AVP mobile APP interface efficiency re e RS SIN Sl OptImIZE?tIOI."I EREEES Wf gause
dienoiate system? areductionin consumption.
parking process 7 Can the AVP system carry The systemis accurate enough KPI-7
KPI-6 | Detection manually, correctness of the object detection through the AV-vehicle or RSU camera M out the parking maneuver not to compromise the integrity
aneuver [ . .
performance of . with the same or higher of the vehicle.
object/obstacle on RSU Camera P precision thanthat
the road Detection performance of obstacle detection | the danger area. obtained manually?
- . . - - 8 Doesthe user have real The app informs the userin real KPI-5
KPI-7 | Parking Eva!uate if the cars are.z parking 100% of the times properly and never cause damages Maneuver | time information duringthe | time of the state of the vehicle
during the test scenario ! . )
- - - - - - information | maneuvereventhoughhe | duringthe maneuver.
technical complexity of the implementation, also analysing the different )
isnot present?




AVP Demonstration (Automotive Campus, Helmond)

AVP Use Case has been tested at
different pilots and successful

demonstrated at the 13t ITS European
Congress in Helmond (June 2019)

Demonstration



Thanks for you attention!
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28898'55 ggz Transportation
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Address:
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Germany
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AUTONnomous driving Progessed by Internet Of Things
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