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Contents of Work Package 2-WP05 Development and Testing of Vehicle
Microelectronics (including rail vehicles)

Coordinator of the WP

Czech Technical University in Prague, responsible person doc. Ing. Jifi Novak, Ph.D.
Participants of the WP

CTU in Prague, FEL — Ing. Jan Sobotka, Ph.D., Ing. Lukas Krejci, Ing. Tomas Pospisil
DAKO-CZ, a.s. — Ing. Jan Korejtko, M.Eng.

Skoda Auto, a.s. - Ing. Vladimir Malik

UWB — RTI — Ing. Zdenék Raab, Ph.D

UWB — FEE — Ing. Pavel Turjanica, Ph.D.

vzU — Ing. Jaroslav Vaclavik

UPA — Ing. Martin Kohout, Ph.D

VUKV a.s. — Ing. Jan Capek, Ph.D.

Main Goal of the WP

2WP05-001 Modified architecture of passenger car for intelligent assistance services.
2WP05-002 Functional specimen of car telemetry system — for rail vehicles (freight wagon).
2WP05-003 Subsystem for energy harvesting — for rail vehicles (freight wagon).
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

Overview - Functional Specimen of Car Telemetry System. Subsystem for
Energy Harvesting.

~ 4 Functional
sample with
electronics
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

Overview - Modified Architecture Of Passenger Car For Intelligent

Assistance Services. Real-time

. . CAN manipulation
Provides an independent Safety P
way to control U —1 -
selected vehicle ECU_I = CAN_GIV1 ; ECU 2
functionalities ) /
usually controlled by Safety
driver or vehicle . |/ .
passengers. ECU 3 L CAN G2 Al ECU 4

7 A

Supported funcs.: Low-level ___—| /
- ACC + Limiter commands Ethernet
- All Air Condition Control CAN FD T~ High-level

functions including commands

seat, windows and
mirror heating
- Drive mode
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-002 Functional Specimen of Car Telemetry System

e Measured data from tram Katovice iy iy
e Database definition and development j i
o
e Structure of sensor implementation on railed vehic
e Task list for DTU-01 development ===
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-003 Subsystem for Energy Harvesting

Wheel Diameter 925 mm
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e Proposal of energy power source design ok — 1 | s
e Torque and power diagram calculated ! / X
e Max. temperature and other parameters fixed 020 10 60 B0 10 120 140 160 130
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-003 Subsystem for Energy Harvesting

D: Tamb40_alfa69_Tloz150 D: Tamb4D_alfa69_Tloz 150
All rmagnety

Type: Temperature Type: Ternperature

Unit: °C Unit: *C

Tirne: 1
21,1, 2020 8:20

Time: 1
21,1, 2020 8:23

153,73 Max
144,35
134,07

124,84 Max
124,38
123,91
123,45
122,98
122,52
122,05
121,59
121,13
120,66 Min

125,59
116,22
108,84
97,458
88,079

787
69,321 Min

e Temperature distribution at the speed 50 km/h (nominal power 200 W reached)
e Including the maximal bearing temperature 150 °C
e Maximal losses and current are fixed
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-003 Subsystem for Energy Harvestin

Parameters:

24V output ensured at low RPM (1.2 ot/s ~ 12,6 km/h),

Full power 200W at 4 ot/s (~42 km/h)

Max current up to 10A (electronic current limitation)

Shortcut protection, overvoltage protection

RPM sensor, accelerometer 120G, 2x temperature sensor (stator, bearing)
CAN bus output (status, errors, diagnostic, debug, )
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-003 Subsystem for Energy Harvesting

BEARING HOUSING

e Proposal for the bearing cap modification AXLE SHAFT _HOUSING
e Mechanical design of the energy harvesting system =
« Development of test carrier vehicle — 3D models e - BEARING

- creation of documentation for vehicle production , CoveR

- material logistic (semi-products, standardized parts, . S -, .

- outsourcing (e.g. Wheelsets and bearings mounting) [ ; -
- Production (flame cutting, welding, .....) —=

ELECTRONIC AREA

SPACER

RETAINING PLATE
REAR SHIELD

SPACER GENERATOR STATOR
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance
Services

Main goal: modification of vehicle electronic to allow implementation of advanced assistance
services based on machine learning methods

Use cases

Implementation

Predictive ACC (Limiter, ...)

Air conditioning (mode, recirculation, zone settings, windows an seats heating ...)
Infotainment settings (audio source selection)

Drive mode Intelligent car

block diagram

Manipulation of in-vehicle
communication is a
preferred way

Parallel contacts to
existing switches finally
not necessary
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Activities in 2-WP05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance
Services

Behavioral data acquisition and machine learning
implementation

e Designed and implemented by Skoda staff

e Monitoring and data acquisition from in-vehicle networks
— seats occupation
— vehicle functions settings
— time and position monitoring
— external conditions monitoring (weather, traffic ...)
— mobile devices presence (identification of driver and/or passengers)

e Based on large data-base of vehicle usage data a machine learning
is used to identify typical use-cases
— driver is asked to approve the suggested activity
— if he/she agrees, the command is issued to the CA module
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance

Services
Principal block diagram of Smart Gateway implementation Real-time
CAN manipulation
Safety
—
ECU | —N CAN GWI . ECU 2
N /
Safety l/
ECU 3 [N CAN_GW2 CAN ECU 4
N
Low-level ___—
commands CA Ethernet
Control CAN FD \ High-level

commands

BRAKE
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics

(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance

Services
CAN Gateway implementation

CAN FD Gateway

« Retransmission of CAN
messages between ECUs

* Blocking of selected CAN
messages

» Modification of selected CAN
messages

« Transmission and reception
of selected CAN messages

« Safety bridge over the
gateway CANs in case of
error
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance
Services

CA module implementation variant I

Q

Based on DEO-NANO kit ch) % Sk | FPGA — | .

° = = - - ) 1 : | ~ .>I
Communication \_Nlth MCS via b § B puar cru| |5 S 5 18 St | Etherper
Ethernet (reception of JSON s g | cavFD TSI 2
commands, transmission of _cugl S S|, 1| conmrotier | |[ZQ |19 &
acknowledgements) § ' » :

» Decoding commands and
generation of CAN control
communication for CAN GW
modules

« Implements vehicle specific
functionality

« Suitable for cloud based Al
modules
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance
Services

CA module implementation variant II

Q|
Based on ARK-3520 chy =3 o A
Automotive PC S R e | (28| L
. . . TS = wit, ' & 81 | Ethernet
- Either the same functionality =8 S v i [ L
. S &,Q\ 1 CQ : : = §:
as variant I <chld S5 Q| S
S : : : :
« Or the complete framework -0 |-
for Al plug-ins can be run on
this HW (for evaluation
purposes)
« Suitable for local Al plug-in
modules
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)
2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance

Services

command system

CA Firmware Implementation

« Modular structure provides for easy schema
extensions in system functionality B B

~,  handle request ~,  submit command

MCS request
> >
TCP Connection Command
Response to MCS Handler | send response MCS protocol command done Manager
- i
A ~—
create new processing process
oonn:cti?]n done command
~ GW responses / -

CAN frames

MCS connects i Command
) TCP Listener } CAN Gateways GW commands processors
-
., \. :

CAN frames !
from [ to 1'"
interface @pr@cess{ng

schemas

- —
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Activities in 2-WPO05 Development and Testing of Vehicle Microelectronics
(including rail vehicles)

2WP05-001 Modified Architecture of Passenger Car for Intelligent Assistance

Sel'ViceS Schema Options
- Commands: Parameters:
CA Firmware s sones e iy
- air_con |t|on|ng nerson
Evaluatlon air_distnbution \Lmdow :
 Qtframework based IS
Test Application

climate_unit_control

driving_mode

e Jssues JSON

seat_ventilation

commands instead of |[REEEEE—
MCS tm_acc_disable

tm_acc_distance

tm_acc_enable

e New commands added RS-

tm_limiter_enable

using XML
configuration file

e Provides for online
logging — for debug S
purposes

; —
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Fulfillment of goals and deliverables of 2-WP05 Development and Testing of
Vehicle Microelectronics (including rail vehicles)

Current State of Deliverables, Milestones and Fulfillment of Goals
2WP05-00 Modified architecture of passenger car for intelligent assistance services.
- All system HW and SW components designed and developed

- System built-in into the Skoda Kodiaq vehicle

- System functionality validated within several test trips

- All goals of this subproject reached

2WP05-002 Functional specimen of car telemetry system

- Telemetry system components developed

- All goals of this subproject reached

- It will be tested during long-term usage

2WP05-003 Subsystem for energy harvesting

- Functional system developed, produced and tested

- All goals of this subproject reached

- It will be tested on real railway mounted on selected bogie.

- -
TNO1000026 | t. b o Str. 17 v ewnwy P. Zldbek (UWB — RTI), J. Novak (CVUT FEL)
m BOHEMIA of Pardubice Research, development and way roling stock




arodni centrum kompetence

M Josef Bozek National Competence Center for Surface Transport Vehicles ="
[@ FAKULTA MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJNI

CVUT V PRAZE
Fulfillment of goals and deliverables of 2-WP05 Development and Testing of
Vehicle Microelectronics (including rail vehicles)

List of Due Deliverables and Their Added Value

2WP05-001 Modified architecture of passenger car for intelligent assistance
services.

Final deliverable allows Skoda to develop and test intelligent vehicle functionalities
in real car with real passengers. The next step will be to bind this modified vehicle
architecture with AI (machine learning) modules, providing actual ,intelligent
vehicle™ behavior.

2WP05-002 Functional specimen of car telemetry system and
2WP05-003 Subsystem for energy harvesting

Final deliverables will allow DAKO to check various operating parameters of rail
vehicles and quickly evaluate effects of changes in the design of vehicle and it
components. Also for operator/tenants of the freight wagons this will allow to check
the utilization of the wagons and rapidly reduce the lag time or check if there is no
misuse like overload etc.
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Current contribution of 2-WP05 Development and Testing of Vehicle
Microelectronics (including rail vehicles)

Assessment of the Contribution of Deliverables
2WP05-001 Modified architecture of passenger car for intelligent assistance services.

The ability to independently control selected functionality of vehicle can be used in
many other applications in future, e.qg. for (partially) autonomous vehicles.

2WP05-002 Functional specimen of car telemetry system and
2WP05-003 Subsystem for energy harvesting

The results can be useful for increase the functionalities of the all existing and even
allow installation of new systems on the railway vehicles. There are a plans for
continue in the development of the new systems with using the obtained source of
electric energy and digital transmitting unit. End the end it will increase the
competition ability of the not only the producer.
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Vytah z praci 2019-2020 na 2-WPO05 Vyvoj a testovani elektroniky pro dopravni
prostredky (vCetné zeleznicnich vozidel) (ZCU - Pavel Zlabek — zlabek@rti.zcu.cz)
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7 17 - 150
6 - 15
N
- I/ 100 &

4 7 —T[Nm]
3 — 75 —P[w]
3 / [ 50
1 - 25
0 / 0

0 20 40 60 80 100 120 140 160 180

v [km/h]

Jednotka DTU o , , . _ , "y
T | Konstrukce generatoru  Navrh elektroniky  Diagram vykonu a tocivého

V4 V4 o -
Databaze zaznamu Zapojena elektronika Funkéni vzorek generatoru
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Vytah z praci 2019-2020 na 2-WPO05 Vyvoj a testovani elektroniky pro dopravni
prostredky (vCetné zelezniCnich vozidel) (CVUT — Jifi Novak — jnovak@fel.cvut.cz

Modifikovana architektura osobniho vozu pro sluzby inteligentniho asistenta.

Real-time

g

. Y CAN manipulation
Poskytuje nezavisly zplsob Safety &
ovladani vybranych v — T .
funkci vozu, které ECU 1 = CAN GWI 7 ECU 2
obvykle ovlada )
ridiC Ci posadka vozu. Safety '/

ECU 3 Ly CAN G2 CAN ECU 4
Podporované fce:  —)
-  ACC + Limiter Low-level ___— /
- Veékeré funkce commands Ethernet
klimatizace v¢etné Control CAN FD T High-level
vyhFivani oken, sedacek commands

a zrcatek
- Volba Drive mode
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Current contribution of 2-WPQ05 2-WPQ5 Development and Testing of Vehicle
Microelectronics (including rail vehicles) (WBU - Pavel Zlabek — zlabek@rti.zcu.cz)

Wheel Diameter 925 mm
9 200
8 ‘[‘ - 175
LA
I 150
6 { / \ 125
Vo I/ L 100 &
4 —T[Nm]
3 ! / " e
5 / ! 50
L 25
o 7 :
0 20 40 60 80 100 120 140 160 180
v [km/h]

Generator design Electronic design Torque and power diagram

Database and structures of Electronic mounted Functional sample
records
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Current contribution of 2-WPQ5 2-WP05 Development and Testing of Vehicle

Microelectronics (including rail vehicles) (CTU — Jifi Novak — jnovak@fel.cvut.cz)
Modified architecture of passenger car for intelligent assistance services.

Real-time
. . CAN manipulation
Provides an independent Safety P
way to control U —1 -
selected vehicle ECU_I = CAN_GW1 ; ECU 2
functionalities ) /
usually controlled by Safety
driver or vehicle . |/ .
passengers. ECU 3 L CAN G2 = ECU 4
7 A
Supported funcs.: Low-level ___—| /
- ACC + Limiter commands Ethernet
- All Air Condition Control CAN FD T~ High-level

functions including commands

seat, windows and
mirror heating
- Drive mode
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