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DATA CENTRIC AS AN ANSWER TO 
INCREASING COMPLE;IT<

A gRRd daWa-ceQWUic aUchiWecWXUe iV deVigQed ZiWh  
daWa VhaUiQg iQ PiQd. 

The daWa PRdHO iV SeUPaQeQW aQd eQdXUiQg, aQd
aSSOicaWiRQV cRPe aQd gR.

IW'V QRW VRPeWhiQg \RX BUY, iW'V VRPeWhiQg \RX DO!
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VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.
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<AML 63ECIFICA7I21

VehicOe.DUiYeWUaiQ.TUaQVPiVViRQ.SSeed 
¬ ¬W\Se: VeQVRU 
¬ ¬daWaW\Se: ÁRaW 
¬ ¬XQiW: kP/h 
¬ ¬deVcUiSWiRQ: The YehicOe VSeed aV PeaVXUed b\ Whe dUiYeWUaiQ

9EHICLE SIGNAL SPECIFICATION (9SS)

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.
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Yehicle VigQalV.
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VehicOe.DUiYeWUaiQ.TUaQVPiVViRQ.SSeed 

¬ ¬W\pe: sensor 
¬ ¬daWaW\Se: ÁRaW 
¬ ¬XQiW: kP/h 
¬ ¬deVcUiSWiRQ: The YehicOe VSeed aV PeaVXUed b\ Whe dUiYeWUaiQ
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¬ ¬W\Se: VeQVRU 

¬ ¬datat\pe: Áoat 
¬ ¬XQiW: kP/h 
¬ ¬deVcUiSWiRQ: The YehicOe VSeed aV PeaVXUed b\ Whe dUiYeWUaiQ

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.
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<AML 63ECIFICA7I21
9EHICLE SIGNAL SPECIFICATION (9SS)

Vehicle.DUiYeWUaiQ.TUaQVPiVViRQ.SSeed 
¬ ¬W\Se: VeQVRU 
¬ ¬daWaW\Se: ÁRaW 
¬ ¬XQiW: kP/h 

¬ ¬deVcripWion: The Yehicle Vpeed
aV meaVXred b\ Whe driYeWrain

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.



TAXONOMY
FOR
ATTRIBUTES,
SENSORS AND
ACTUATORS
OF A VEHICLE.
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¬ ¬W\Se: VeQVRU 
¬ ¬daWaW\Se: ÁRaW 
¬ ¬XQiW: kP/h 
¬ ¬deVcUiSWiRQ: The YehicOe VSeed aV PeaVXUed b\ Whe dUiYeWUaiQ

9EHICLE SIGNAL SPECIFICATION (9SS)

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.



TAXONOMY
FOR
ATTRIBUTES,
SENSORS AND
ACTUATORS
OF A VEHICLE.

PRESSURE

YAML SPECIFICATION *.cVY *.jVRQ *.gUaShTO

Vehicle.Drivetrain.Transmission.Speed 
¬ ¬t\pe: sensor 
¬ ¬datat\pe: Áoat 
¬ ¬unit: km/h 
¬ ¬description: The vehicle speed as measured b\ the drivetrain

9EHICLE SIGNAL SPECIFICATION (9SS)

WKDW KDSSHQHG VLQFH ODVW AMM?

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.
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BeVideV YarioXV addiWionV Wo Whe liVW of VignalV, WhiV releaVe
focXVed on:

VarioXV XpdaWeV and addiWionV Wo Whe docXmenWaWion
Changed Whe VignalV in Whe Vpec ÀleV Wo Yalid YAML
objecWV inVWead of liVW elemenWV
MoYed Wo giWhXb acWionV for bXildV
Changed naming from GENIVI Wo COVESA

VeUViRQ 2.2

VeUViRQ 3.0 deYelRSPeQW

Concept for la\ers
Structural changes (enums, etc.)
Cleanup and a lot of additions to signal tree

VSSR RQ W3C UecRPPeQdaWiRQ WUack
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BXW, ZheUe iV iW XVed?



VSSVSS in Use: KUKSA.val

! In-vehicle “digital twin” of VSS data
! Written in C++, can run (containerized) on a Vehicle 

Computer
! App SDK for Python and GO available
! Example data feeders for CAN and GPS data available

ht
tp
s:/

/g
ith

ub
.co

m
/e
cli
ps
e/
ku
ks
a.
va
l

CAN

DBC 
file

VSS 
Mapping

KUKSA.val server

KUKSA Hardware

Query
REST

Data Consumer

Pub/sub
Websocket

! 100 % Open Source
! Secured access to data 
! Applications access data using a version of the W3C 

VISS protocol

https://github.com/eclipse/kuksa.val


ERP, CRM etc.

Workforce
(Workforce 

Enablement)

Customer
(customer Interaction)

Vehicle 
Information

Repair / 
Maintenance

Cloud Data Platform

Automated Tiering
Atlas Online Archive

Full Text Search
Real-Time Search 
Index

Cold Data
Atlas Data Lake

Analytical Data
Real-Time, ETL free 
Isolated Workloads

Hot Data 
High Availability & 
Horizontal Scaling

Data Locality
Global Clusters

Time Series 
Collections and 
Clustered  Index

Visualization & Connectors

Serverless Services

Mobile Data & Synchronization

Mobile Database

Mobile Sync

Triggers & Events

GraphQL

Functions

Scheduled Work

Kafka Connector

Static Hosting

MongoDB Charts

Spark Connector

BI Connector

MongoDB Drivers

RESTful

Customer 
Website

Customer 
Mobile App

Integration Layer Mobile / Web ClientsConnected Vehicle

Realm 
DB

Systems
(System Integration)

Realm Sync

Realm Data API

Realm 
DB

MongoDB Application Data Platform 
for Connected Vehicle



Your Data 
Ecosystem

MongoDB Data Platform

VSS ⚭ Document Model 

Realm Sync:
- Attribute level sync
- Compressed
- Deterministic 
- conflict resolution

Onboard 
Realm DB(s)

MongoDB 
Atlas

- Time Series
- Documents
- Search
- Graph
- Online Archive
- …

MongoDB 
Realm 

Serverless

- GraphQL
- MQL Data API
- Field lvl. RBAC
- …

Fully 
Managed

GraphQL Endpoint

Mobile SDKs
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UQcleaU maVWeU V\VWem 
Mi[ed daWa mRdelV 
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NeZ VeUYiceV bXild QeZ adaSWeUV 
PUiYac\ haUd WR maQage
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FOR
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AC78A7OR6
OF A 9EHICLE.

966 I1 9EHICLE 6HAD2:

+ =

PORTAL

Unified Data Model 
Single backend API 
Improved privacy

=

=
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G
R
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966 9EHICLE DA7A 6I08LA725

THURSDA<, 11 DP 

CVII WRUNLQJ SHVVLRQ - VISS
DQG W3C AOLJQPHQW

VWaWic

d\namic

Rn-bRaUd
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7A;ONOM<
FOR
A77RIB87E6,
6EN6OR6 AND
AC78A7OR6
OF A 9EHICLE.

9EHICLE SIGNAL SPECIFICATION (9SS)

Great! But where are
the limits?



TAXONOMY
FOR
ATTRIBUTES,
SENSORS AND
ACTUATORS
OF A VEHICLE.

PRESSURE

YAML SPECIFICATION *.cVY *.jVRQ *.gUaShTO

VehicOe.DUiYeWUaiQ.TUaQVPiVViRQ.SSeed 
¬ ¬W\Se: VeQVRU 
¬ ¬daWaW\Se: ÁRaW 
¬ ¬XQiW: kP/h 
¬ ¬deVcUiSWiRQ: The YehicOe VSeed aV PeaVXUed b\ Whe dUiYeWUaiQ

9EHICLE SIGNAL SPECIFICATION (9SS)

YAML SPECIFICATION PROV & CONS

EaV\ WR Uead, SaUVe aQd XQdeUVWaQd.

TRROLQg aYaLOabOe aQd XVeabOe be\RQd
YehLcOe VLgQaOV.

OQO\ We[W, ZeOO PaLQWaLQabOe LQ cRPPRQ
deYeORSPeQW WRROV aQd YeUVLRQ PaQagePeQW.

BXW, OLPLWed PRdeOOLQg caSabLOLWLeV ZLWh UegaUd WR
UeOaWLRQVhLSV.

HaUd WR UefeU fURP RQe dRPaLQ WR aQRWheU.

+

+

+

-

-

VSS RffeUV a VimSle, Áe[ible aQd SURWRcRl agQRVWic Za\ Rf deVcUibiQg
Yehicle VigQalV.
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APPLICATIONS 
Rel\ on the same data structures.

VEHICLE

PRAC7ICAL ISS8ES 8SING <AML IN
M8L7I-DOMAIN SCENARIOS.

VISS PURSULeWaU\ DLJLWaO TZLQ
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APPLICATIONS 
RHO\ RQ WKH VDPH GDWD VWUXFWXUHV.

VEHICLE PERSON
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ID

9EHICLES

BRAND

9IN

PRAC7ICAL ISS8ES 8SING <AML IN
M8L7I-DOMAIN SCENARIOS.

VISS PURSULHWaU\ DLJLWaO TZLQ PURSULHWaU\ DLJLWaO TZLQ



1 One W\pe of relaWion noW enoXgh in
man\ oWher domainV.PRAC7ICAL ISS8ES 8SING <AML IN

M8L7I-DOMAIN SCENARIOS.
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1 One type of relation not enough in
many other domains.

2 Relation to other domains with same
technology stack hard to realise.  
Reference on existing standards not
trivial (e.g. schema.org, FOAF) 

PRAC7ICAL ISS8ES 8SING <AML IN
M8L7I-DOMAIN SCENARIOS.

E

20
RQ

...

VSS

APPLICATIONS 
RHO\ RQ WKH VDPH GDWD VWUXFWXUHV.

VEHICLE PERSON

PERSON

ADDRESS

NAME

ID

9EHICLES

BRAND

9IN

"

1
2

VISS PURSULHWaU\ DLJLWaO TZLQ PURSULHWaU\ DLJLWaO TZLQ



PRAC7ICAL ISS8ES 8SING <AML IN
M8L7I-DOMAIN SCENARIOS.
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1 One type of relation not enough in
many other domains.

2 Relation to other domains with same
technology stack hard to realise.¬ 
Reference on existing standards not
trivial (e.g. schema.org, FOAF) 

3 Manual work of integration and
mapping. 



PRAC7ICAL ISS8ES 8SING <AML IN
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1 One type of relation not enough in
many other domains.
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technology stack hard to realise.¬ 
Reference on existing standards not
trivial (e.g. schema.org, FOAF) 

TheUe aUe e[iVWing VWandaUdV Rf Whe W3C Wackling WhRVe iVVXeV.

3 Manual work of integration and
mapping. 



PRAC7ICAL ISS8ES 8SING <AML IN
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1 One type of relation not enough in
many other domains.

2 Relation to other domains with same
technology stack hard to realise.¬ 
Reference on existing standards not
trivial (e.g. schema.org, FOAF) 

TheUe aUe e[iVWing VWandaUdV of Whe W3C Wackling WhoVe iVVXeV.

3 Manual work of integration and
mapping. 
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PRAC7ICAL ISS8ES 8SING <AML IN
M8L7I-DOMAIN SCENARIOS.

VSSR 
Yehicle

RZnV

FOAF 
SeUVRn

SeUiali]ed 
PaUW

E

20
Q

...

VSS

VISS PURSULeWaU\ DLJLWaO TZLQ

VEHICLE PERSON

PERSON

ADDRESS

NAME

ID

VEHICLES

BRAND

VIN

?

PURSULeWaU\ DLJLWaO TZLQ

1
2

iV a

tool-based
tansformation 

1 One type of relation not enough in
many other domains.

2 Relation to other domains with same
technology stack hard to realise.¬ 
Reference on existing standards not
trivial (e.g. schema.org, FOAF) 

TheUe aUe e[iVWing VWandaUdV of Whe W3C Wackling WhoVe iVVXeV.

3 Manual work of integration and
mapping. 

cRnViVWV
Rf



ON7OLOG< 86E CA6E

If a parW of a Yehicle haV an iVVXe, Zho iV Whe cXVWomer¬Wo inform?
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If a parW of a Yehicle haV an iVVXe, Zho iV Whe cXVWomer¬Wo inform?

VSSo 
vehicle

oZns FOAF 
person

Seriali]ed 
Part

is a

consists
of

hasError

consists of

<vehicle123>

oZns

haVEPaiO<person123>

<part123>

consists of

<part123>

<part123> hasError<part123> true

test@test.com
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ON7OLOG< 86E CA6E

If a parW of a Yehicle haV an iVVXe, Zho iV Whe cXVWomer¬Wo inform?

VSSo 
vehicle

oZns FOAF 
person

Seriali]ed 
Part

is a

consists
of

hasError

consists of

<vehicle123>

oZns

<person123>

<part123>

consists of

<part123>

<part123> hasError<part123> true

VelecW ?cXVWRmeU ZheUe ^ 
 ?cXVWRmeU a PeUVRQ; 
¬¬  RZQV ?Yehicle. 
 ?Yehicle cRQViVWVOf* ?SaUW. 
 ?SaUW haVEUURU WUXe. 
`

haVEmail test@test.com
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IQiWiaO VSSR DeYeORSPeQW
BaVed on VSS Y1.0 Benjamin KloW] cUeaWed ZiWhin hiV PhD Whe ÀUVW
YeUVion of VSSo backed b\ EXUecom and BMW. CUeaWion and
maSSing moVWl\ manXal, e[WenVionV SaUWiall\ aXWomaWic. ReVXlWV of
hiV ZoUk inÁXenced Whe deYeloSmenW WoZaUdV VSS Y2.0.
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Y1.0

AWWUibXWeV SigQaOV

VSSR

IQiWiaO VSSR DeYeORSPeQW
BaVed on VSS Y1.0 Benjamin KloW] cUeaWed ZiWhin hiV PhD Whe ÀUVW
YeUVion of VSSo backed b\ EXUecom and BMW. CUeaWion and
maSSing moVWl\ manXal, e[WenVionV SaUWiall\ aXWomaWic. ReVXlWV of
hiV ZoUk inÁXenced Whe deYeloSmenW WoZaUdV VSS Y2.0.

Y2.0

VSSo Zas received as a
member submission end
of 2020.

The W3C Automotive
and Transportation
Business Group has
begun Zorking on it.
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966
Y1.0

AWWUibXWeV SigQaOV

VSSR

IQiWiaO VSSR DeYeORSPeQW
BaVed on VSS Y1.0 Benjamin KloW] cUeaWed ZiWhin hiV PhD Whe ÀUVW
YeUVion of VSSo backed b\ EXUecom and BMW. CUeaWion and
maSSing moVWl\ manXal, e[WenVionV SaUWiall\ aXWomaWic. ReVXlWV of
hiV ZoUk inÁXenced Whe deYeloSmenW WoZaUdV VSS Y2.0.

Y2.0

VSSo Zas receiYed as a
member sXbmission end
of 2020.

The W3C AXWomoWiYe
and TransporWaWion
BXsiness GroXp has
begXn Zorking on iW.

PUoSoVal

VSSo is lisWed as a deliYerable on
W3C RecommendaWion Wrack for
Whe AXWomoWiYe Working GroXp·s
proposed recharWer

hWWpV://giWhXb.com/Z3c/YVVo2019 2021

FirsW pXblic Zorking 
drafW released



CXrrent Vehicle Data
Find oXW ZhaW sWaWe a speciÀc
Yehicle is in and hoZ YalXes of
sWaWic and d\namic properWies
deÀne a Yehicle ÁeeW.

D\namic Vehicle Data oYer Time
Which obserYaWions haYe been made aW
Zhich poinW of Wime? HoZ a daWa sWream
deYelops oYer Wime? Can I acW on iW?

ANALYTICS

vehicle A Yehicle is deÀned by
iW's VWaWic and d\namic

Yehicle properWieV

static 
properties 

SWaWic¬and d\namic
properWieV¬deÀne a

seW of¬YehicleV.

ObVeUYaWion 
n 

An¬obVerYaWion¬is
deÀned by¬Whe

VignalV occXring aW a
cerWain¬Wime.

d\namic 
properties

VSSo SSN/SOSA +
VSSo

ObVeUYaWLRQ
Q-1

ObVeUYaWLRQ 
Q+1

stream



CXrrenW Vehicle DaWa
Find oXW ZhaW VWaWe a VSeciÀc
Yehicle iV in and hoZ YalXeV of
VWaWic and d\namic SUoSeUWieV
deÀne a Yehicle ÁeeW.

D\namic Vehicle DaWa oYer Time
Which obVeUYaWionV haYe been made aW
Zhich SoinW of Wime? HoZ a daWa VWUeam
deYeloSV oYeU Wime? Can I acW on iW?

InWeracWion ZiWh Vehicle DaWa
GeW VSeciÀc YalXeV XVing a VSeciÀc
SUoWocol of a VSeciÀc daWa SUoYideU.
AgUeemenW on daWa e[change ZiWh
XniW W\Se, eWc.¬

ANAL<7ICS SER9ICES

Yehicle A Yehicle is deÀned by
iW'V VWaWic and d\namic

Yehicle pUopeUWieV

VWaWic 
SURSeUWieV 

SWaWic¬and d\namic
pUopeUWieV¬deÀne a

VeW of¬YehicleV.

ObVeUYaWion 
n 

An¬obVeUYaWion¬is
deÀned by¬Whe

VignalV occXUing aW a
ceUWain¬Wime.

d\namic 
SURSeUWieV

THING

A¬UeTXeVWoU¬needs¬Whe
conWe[WV,¬WheiU SUoSeUWieV¬and

infoUmaWion hoZ Wo inWeUacW
ZiWh Whem.

cRnWe[W

VignalV

VSSo SSN/SOSA +
VSSo WoT + VSSo

ObVeUYaWLRQ
Q-1

ObVeUYaWLRQ 
Q+1

VWUeam



VSSR CRUe 
OQWRlRg\

9EHICLE SIGNAL SPECIFICATION ONTOLOG< (9SSR)
DeÀQe WKe cRUe VWrXcWXral
cRQceSWV Rf VSS (e.g. BUaQcK,
AWWULbXWeV, SeQVRUV, eWc.)



VSSo Core 
OnWolog\

GeneraWed
concepWV¬

9EHICLE SIGNAL SPECIFICATION ONTOLOG< (9SSR)
DeÀQe WKe cRUe VWrXcWXral
cRQceSWV RI VSS (e.J. BUaQcK,
AWWULbXWeV, SeQVRUV, eWc.)

GeQeUaWe WKe daWa
deÀQLWLRQV IURP VSS
baVed RQ WKe cRUe
RQWRORJ\.



VSSR CRUe 
OQWRlRg\

GeQeUaWed
cRQceSWV¬

LiQk WR RWheU
RQWRlRgieV

9EHICLE SIGNAL SPECIFICATION ONTOLOG< (9SSR)
DeÀne the core VWrXcWXral
concepts of VSS (e.g. Branch,
AttribXtes, Sensors, etc.)

Generate the data
deÀnitions from VSS
based on the core
ontolog\.

Use VSSo as domain
ontolog\ for other, Zidel\
adopted standards
(SSN/SOSA).



VSSR CRUe 
OQWRlRg\

GeQeUaWed
cRQceSWV¬

LiQk WR RWheU
RQWRlRgieV

9EHICLE SIGNAL SPECIFICATION ONTOLOG< (9SSR)
DeÀne the core VWrXcWXral
concepts of VSS (e.g. Branch,
AttribXtes, Sensors, etc.)

Generate the data
deÀnitions from VSS
based on the core
ontolog\.

Use VSSo as domain
ontolog\ for other, Zidel\
adopted standards
(SSN/SOSA).

Subclass of

Subclass of

Subclass of

Subclass of

belongsToVehicleComponent

YehiclePropert\Value

hasStaticVehiclePropert\

postionedAt

partOfVehicleComponent

hasD\namicVehiclePropert\

partOfVehicle

positionName

propert\ValueUpdatedAt

D\namicVehic...

VehicleComp...

Literal

Thing

Thing

string

dateTime

VehiclePropert\

StaticVehicleP...

Vehicle

ActuatableVehi...

PositionInVehicle

ObserYableVeh...

Thing

D\Qamic 
Vehicle 
PURSeUW\ 

ObVeUYable 
Vehicle 
PURSeUW\

SWaWic 
Vehicle 

PURSeUW\

AcWXaWable 
Vehicle 

PURSeUW\

Vehicle 
CRmSRQeQW

Vehicle

Vehicle 
PURSeUW\


