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The	 second	whitepaper	 in	 the	Digital	Cockpit	

series	(link	to	WP1	here)	takes	a	deeper	dive	into	

the	 technical	domains	of	 the	consumer-facing	

cockpit	including	system	architecture	and	compute,	

connected	services,	and	the	cockpit	experience.	

Technology	leaders	in	the	automotive	space	are	

starting	 to	make	 leaps	across	many	 functional	

areas	simultaneously.	The	integration	of	complex	

software	in	cars	occurs	under	stronger	governmental	

regulations	than	in	consumer	electronics	–	while	

differentiation	 remains	a	 top	priority	 to	provide	

dynamic	and	exciting	user	experiences	with	the	

latest	software	and	feature	updates.

Some	of	the	key	forces	in	the	cockpit	transformation	

include	the	reduction	of	costs	as	fewer	and	more	

powerful	ECUs	are	used	to	 improve	the	design,	

certify,	and	assemble	new	cockpits.	Consequently,	

the	lighter	weight	reduces	the	complexity	of	the	

system	architecture.	Improved	security	is	another	

benefit	when	future-proof	ECUs	are	integrated	to	

enable	timely	security	patches	via	OTA	and	tackle	

rapidly	evolving	cyber-attacks.	In	addition	to	the	

evolved	core	components,	an	 improved	system	

lifecycle	creates	new	monetization	opportunities	by	

decoupling	software	from	hardware	–	a	necessity	

to	enable	an	agile	strategy	for	consumer-facing	

connected	services	to	remain	fresh	in	driver’s	minds.

During	umlaut’s	participation	at	 the	Consumer	

Electronics	Show	(CES)	 in	January	2022	we	saw	

proof	of	an	accelerating	trend	in	the	transformation	

of	automotive	digital	cockpits.	New	vehicle	models	

are	built	with	a	more	scalable	system	architecture	

that	accommodates	the	future	needs	of	software	

updates.	We	will	discuss	the	increasing	data	and	

process	demands	 that	 require	 smart	compute	

and	chip	 technologies.	Besides	 the	 technology	

domains	we	also	 focus	on	 key	differentiators,	

monetization	potential	of	services	and	the	overall	

cockpit	experience.	 	

1. Executive Summary

https://www.umlaut.com/en/stories/the-next-in-vehicle-experience-connected-digital-cockpit
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The	 leading	pain	point	 for	 the	customer	as	well	

as	OEMs	in	the	automotive	industry	has	been	the	

HMI	 interface	for	 the	vehicle.	This	challenge	has	

been	amplified	by	the	various	successful	although	

drastically	different	Operating	System	strategies.	

Examples	of	 these	general-purpose	OS	(GPOS)	

include	Googles	Android	Automotive	OS,	Auto-

motive	Grade	Linux,	and	Blackberry	QNX.	Among	

these	Google	Android	Automotive	OS	has	been	

considered	the	most	popular	since	customers	have	

already	been	exposed	to	it	on	their	mobile	device.	

It	also	does	not	require	Google	support	to	be	im-

plemented	since	Android	OS	is	widely	available	as	

free	open-source	software.	Though	keep	in	mind	

that	without	a	Google	partnership	the	Google	App	

store	and	as	Google	automotive	services	will	not	

be	available.

Since	 the	system	 requires	 the	management	of	

time-critical	features	related	to	Instrument	Clus-

ter,	Collision	warning,	HVAC,	Telematics,	etc	which	

require	real	time	data	processing	and	non-critical	

functions	such	as	 infotainment	and	Driver	Moni-

toring	systems,	there	is	a	need	for	a	hybrid	model	

where	Real	Time	OS	(RTOS)	such	as	BB	QNX,	AGL,	

Integrity	and	Non-	RTOS	such	as	Android	can	

co-exist	and	support	critical	as	well	as	non-critical	

features	in	the	vehicle.	This	method	where	RTOS	

and	Non-RTOS	can	co-exist	is	called	Virtualiza-

tion,	which	allows	a	set	of	RTOS	and	Non-RTOS	to	

co-exist	and	can	manage	different	functionalities	

in	the	vehicle,	completely	in	isolation	of	each	other,	

while	sharing	the	hardware	resources.	This	hybrid	

model	can	also	 include	a	Classic	AutoSAR	sys-

tem	for	easier	integration	with	legacy	architecture.	 

2. Software & System 
Architecture
Decoupling Software from Hardware

This	type	of	OS	 isolation	offers	great	benefits	 in	

terms	of	simpler	system	design	and	cost	savings	

due	to	resource	sharing.

The industry currently follows two approaches 
to pursue Virtualization:

• Virtualization using the Hypervisor approach:  

A	hypervisor	is	a	thin	layer	between	the	operat-

ing	systems	and	the	hardware.	The	hypervisor	

orchestrates	and	separates	the	available	resour- 

ces	 (computing	power,	memory,	storage,	etc.),	

aligning	a	portion	to	each	virtual	machine	as	

needed.	 In	this	case,	the	cluster,	 infotainment,	

HUDs	and	other	digital	systems	are	managed	to	

function	as	 isolated	virtual	machine	systems.	 

One of the key advantages to Hyper-

visors is the flexibility and control it 

provides. However, Hypervisor does 

carry with it a significant software 

footprint and thus resulting in high 

overhead cost. It’s also not suitable 

for heterogeneous core systems.

Such	an	isolation	is	very	useful	and	in	case	one	

of	the	applications	crashes,	the	remaining	appli-

cations	can	still	function	normally	without	being	 

affected.		



8	

umlaut Whitepaper umlaut Whitepaper

 9

New unified E/E architectures made possible by virtualization

Hypervisor Multiple Core Framework Mixed Multicore and Hypervisor

Fig. 2.1
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Although	design	of	a	car	cockpit	may	vary	amongst	

different	manufacturers,	we	can	conceptualize	the	

basic	components	of	the	hardware	architecture	of	

a	Digital	Cockpit.

Application Processors:	The	modern	digital	cockpit	

system	has	intense	processing	power	requirements	

that	have	been	met	thanks	to	various	innovations	

in	desktop	and	mobile	computing	technology.	For	

example,	managing	multiple	audio	and	video	input/

outputs,	managing	the	ADAS	and	driver	monitoring	

features,	powering	speech	and	image	recognition	

capabilities,	 supporting	 real-time	navigation	&	

more.	To	achieve	all	 these	capabilities,	we	must	

consider	the	following:

• Need	for	highly	powerful	and	flexible	application	

processors;	OEMs	usually	 look	for	high	perfor-

mance	application	processors	that	are	optimized	

for	RTOS	and	virtualization.

• While	choosing	the	Cockpit	processor,	we	must	

look	to	see	how	well	 it	can	balance	the	safety	

requirements	along	with	processing	requirements.

Many	OEMs	are	choosing	a	multi-core	processor	to	

fulfil	the	intense	processing	and	safety	requirements	

of	a	Digital	Cockpit.

One	of	the	solutions	that	is	currently	being	used	is		

called	“System on Chip”.	This	method	enables	three	

individual	boards	to	manage	the	infotainment	system,	

the	instrument	cluster,	and	the	Heads-Up	Display.	

The	typical	SoC	used	for	digital	cockpit	solutions	

includes	multimedia	accelerator,	memory,	Graphical	

Processing	Unit	(GPU),	automotive	peripherals,	con-

nectivity	interfaces	and	a	digital	signal	processor.	

A	high-performance	purpose-built	SoC	is	needed	

to	meet	demanding	requirements	like	feature	set,	

performance	per	watt,	safety	and	security-all	inte- 

grated	on	a	single	chip	instead	on	a	PCB	(Printed	

Circuit	Board).	This	helps	to	save	considerably	on	

cost	and	development	cycles.	A	great	example	is	

TI’s	new	and	powerful	Jacinto	DRAx	SoC	that	con- 

solidates	these	functions	from	several	ECUs.	 	

• Virtualization using Multiple Core Application 

Processors:	Instead	of	a	dedicated	platform	like	

Hypervisor,	this	approach	makes	use	of	multiple	

core	application	processors	for	OS	isolation	and	

partitioning	of	resources.	Multicore	operating	sys-

tems	allow	for	virtualization	by	mapping	different	

applications	to	a	different	core	in	the	multicore.	

• Virtualization using Multicore and Hypervisor 

mixed approach:	 This	approach	 is	used	 for	

a	mixed	safety-critical	system.	 In	 this	system,	

there	are	several	applications	of	different	safety	

integrity	levels	(SILs)	or	different	criticalities	such	

as	safety-critical	and	non-safety	critical	on	the	

same	SoC.

The key advantage to this system is 
that it is easier to implement com-
pared to Hypervisor, although it 
requires additional development for 
features such as bootup sequence 
control between virtual machines.

The key advantage of this architec-
ture is its lack of limitation system 
although this model may be over kill 
for simple systems.
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Powered	by	a	new	E/E	architecture	AI-powered	

services	and	features	will	become	an	integral	part	

of	the	digital	cockpit.	To	embrace	this	technology	

OEMs	and	suppliers	need	to	understand	the	basic	

concept	of	AI,	its	possibilities	and	restrictions,	the	

needed	hardware	to	make	this	technology	desirable	

and	guidelines	on	how	to	implement	it.

Artificial Intelligence (AI)	is	the	theory	and	de-

velopment	of	computer	systems	able	to	perform	

tasks	normally	requiring	human	intelligence,	such	

as	visual	perception	and	speech	recognition.

Machine Learning (ML)	is	a	subset	of	AI	that	uses	

algorithms	and	statistics	to	give	computers	the	ability	

to	“learn”	from	data	and	without	being	explicitly	pro-

grammed	rules.	In	addition,	ML	can	be	divided	into	

subgroups	in	terms	of	its	application	and	objective.

Deep Learning (DL)	uses	artificial	neural	networks	

(ANNs)	with	different	layers	to	extract	features	from	

data.	Widely	used	network	architectures	are	Con-

volutional	Neural	Networks	(CNNs)	and	Recurrent	

Neural	Networks	(RNNs).

Natural Language Processing (NLP)	is	concerned	

with	processing	and	analyzing	natural	 language	

and	with	creating	natural	 language	that	humans	

can	understand.

Computer Vision (CV)	attempts	to	extract	informa-

tion	from	visual	sources	to	use	them	in	algorithms.	

Major	developments	in	these	areas	in	recent	years	

have	mostly	been	due	to	wide	adoption	of	Deep	

Learning.

3. Overview of Smart Com- 
puting in the Digital Cockpit
The Intelligent Digital Cockpit

Data is to AI what fuel is to an internal combustion 

engine:	it	is	the	power	source	that	creates	these	

new	intelligent	services.	Until	now,	data	generated	

in	the	car	mostly	remained	untouched	and	is	sent	

raw	to	the	cloud	to	be	processed	and	analyzed.	

To	effectively	 reduce	 the	amount	of	data	and	

enable	 real-time	processing	and	decision	mak-

ing,	edge	computing	and	5G	are	key.	 Instead	of	

sending	raw	data	to	the	cloud,	data	is	processed	

at	the	point	of	action	(sensor,	ECU,	SoC)	with	ML	

and	AI.	This	leads	to	overall	lower	costs,	real-time	

decision-making	capabilities,	and	on-and-offline	

usage.	A	few	promising	applications	for	AI	in	the	

automotive	cabin	are	as	follows:

Driver/Occupant Monitoring System (DMS/OMS): 

The	 foremost	benefit	of	AI	 is	safety.	AI	helps	 in	

gathering	infinite	data	points	and	using	interior-fac-

ing	camera/motion	sensors,	aids	in	tracking	driver	

actions,	head	position,	and	 facial	moments	 to	

analyse	and	send	alerts	to	bring	drivers’	attention	

back	to	the	road,	when	feeling/looking	sleepy	or	

distracted.	DMS	monitors	and	measure	brain	ac-

tivity,	workload,	real-time	location	feed,	and	emo-

tional	activity.	Additionally,	AI	will	not	only	monitor	

the	driver	but	also	monitor	other	occupants	and	

maintain	cabin	awareness.	Asian	OEMs	are	devel-

oping	technology	where	the	car	will	alert	the	driv-

er	if	they	forgot	some	important	items	in	the	car	

or	if	the	child	seat	is	not	properly	positioned.

Subdomains of Artificial Intelligence Fig. 3.1

Artificial Intelligence AI

ML

DL NLP & CV

Machine Learning

Natural Language  
Processing & 
Computer VisionDeep Learning
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Virtual Assistant:	Natural	 language	processing	

(NLP)	is	a	subfield	of	artificial	intelligence,	linguistics,	

and	computer	science	that,	when	combined	with	

ML,	can	produce	truly	compelling	voice	assistants.	

These	assistants	serve	as	intermediaries	between	

the	end	user	and	the	vehicle’s	systems	and	services.	

They	allow	the	driver	to	access	 information	such	

as	recommended	restaurants,	schedule	workshop	

appointments	using	predictive	maintenance,	and	

perform	tasks	without	taking	their	hands	off	the	

wheel.

Personalization:	Vehicles	include	more	technolo-

gy	than	ever	before,	allowing	for	further	levels	of	

personalization.	Biometric	recognition	(face,	finger,	

palm,	voice)	can	help	the	vehicle	to	identify	who	

is	entering	the	vehicle,	driving,	adjust	the	seating	

position	and	environment	of	the	cabin	to	improve	

in-vehicle	experiences	while	keeping	 the	driver	

and	vehicle	safe.	The	car	can	also	learn	the	user’s	

behaviour	and	preferences	using	AI,	providing	a	

personalized	 interface,	quick	access	to	the	most	

frequently	used	apps,	and	preferred	gestures	to	

control	the	car’s	sound	and	on-screen	navigation.

Automobile Industry Landscape & Challenges 
Involved in Adapting AI 
As	the	need	of	AI	cockpits	is	evolving	day-by-day,	

it	 forces	automakers	 (OEM	and	Tier-1)	 to	create	

unique,	differentiated,	and	branded	experiences	for	

their	 customer.	 Automakers	 are	 working	 with	

tech-leading	companies	to	show	how	AI	can	cre-

ate	a	truly	intuitive	and	personalized	experience	for	

both	the	driver	and	passengers.
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Adding value
Companies should 
understand how they 
can create real value 
for their customers 
with AI-powered 
applications.

Unbiased & inclu-
sive applications 

AI learns from previous 
data, and therefore it 

is important to use 
different data sets to 

create unbiased 
applications.

Despite	the	world	moving	toward	developing	next	

generation	 technology	 for	customers,	 there	are	

some	identified	challenges/limitations	in	adapting	AI:

• Data	Availability,	often	the	available	data	is	in-

consistent	and/or	of	poor	quality

• Availability	of	 skilled	engineers	and	 research	

facilities,	 to	effectively	develop	and	operate	AI	

solutions

• Companies	often	lack	the	resources	and	infra-

structure	to	deploy	AI	applications,	forcing	them	

to	work	with	experts	 in	 the	field,	 resulting	 in	

increased	development	and	maintenance	costs.

• Due	 to	different	 international	 regulations	 for	

handling	and	managing	data,	companies	have	

problems	implementing	and	using	AI	applications.

• Rapid	development	of	AI	and	lack	of	diverse	data	

has	led	to	ethical	issues	which	is	discussed	in	the	

next	section	in	detail.

Code of Ethics for AI / Code of Conduct for AI
A	study	conducted	by	Pegasystems	reports	that	

over	70%	of	 respondents	are	uneasy	about	AI	

technologies.	However,	the	same	study	also	showed	

that	customers’	acceptance	of	AI	increases	when	

they	have	knowledge	about	how	their	experience	

has	been	improved	by	AI.		At	umlaut,	we	strongly	

believe	that	automakers	need	to	proactively	promote	

how	AI	can	improve	the	in-vehicle	experience	and	

what	kind	of	data	is	being	collected,	how	to	ensure	

security,	and	why	it’s	needed,	in	accordance	with	

national	and	international	guidelines.	

umlaut	supports	its	clients	in	defining	such	an	AI	

strategy	that	meets	the	expectations	of	the	client	

and	all	stakeholders	involved.	We	offer	our	clients	

deep	industry	insights,	comprehensive	training	on	

concepts	around	AI	and	consulting	on	technological	

and	regulatory	issues	in	this	field.	 	

The ethics of Artificial Intelligence Fig. 3.2

Artificial  
Intelligence

Technical safety & robustness
AI-powered applications must be 
tested extensively to prevent unin-
tended actions and errors.

Explainability & transparency
AI applications should be developed 
in such a way that humans can 
understand the decision process at 
any time.

User data privacy
Truly intelligent applications require 

an enormous amount of data. 
Therefore, automotive manufacturers 
need to manage the collection of this 
user data while ensuring the highest 

possible security for this data.

Responsibility
AI developers and designers are 

responsible for creating applications 
that are consistent with the ethics and 

expectations of other stakeholders.
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Displays	have	taken	center	stage	in	modern	au-

tomotive	cockpits.	Besides	the	technological	en-

hancements	of	displays	by	interior	cockpit	designers,	

the	demand	for	automotive	displays	both	 in	the	

personal	and	commercial	space	is	increasing	and	

expected	to	continue	to	grow	in	the	future.	Interior	

display	and	interface	technology	already	play	an	

ever-increasing	vital	role	in	meeting	customer	needs	

and	expectations.

New	customers	expect	 larger	and	more	capable	

in-vehicle	displays	partially	as	a	statement	about	

their	higher	priced	purchase	and	to	participate	in	

and	 justify	anticipated	 future	user	experiences.	

Such	expectation	encourages	carmakers	to	rethink	

traditional	vehicle	screen	sizes	which	are	expected	

to	more	than	double	over	the	near	term.

The	sweet-spot	for	display	sizes	is	transitioning	from	

five	to	seven	inches	and	more	commonly	eight-inch	

screens	to	high-trim	cars	with	12	inches.	However,	

beyond	the	screen	size	the	user	experience	is	what	

makes	the	difference.	Disruptive	technology	such	

as	well-integrated	voice	assistant	 in	the	UX	has	

proven	to	reduce	screen	time	significantly.

Displays	in	vehicles	are	increasing	in	size,	value	and	

use,	leading	to	clearer,	more	colorful	images	with	

improved,	in-car	user	experiences.	These	factors	

impact	 the	production	 for	automotive	use	and	

require	delicate	development	timing	because	the	

displays	have	to	be	able	to	withstand	negative	40	

and	plus	85	degrees	Celsius	and	undergo	different	

usage	than	consumer	electronics.

4. Display Technologies 

More than meets the eye. 
Elegant functionality.

Layouts of automotive cockpits Fig. 4.1

Traditional Layout The Widescreen Center Display

The T-Shape The L-Shape Instrument Cluster & Center
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Even	in	the	common	LCD	segment	there	remains	

room	for	innovation	such	as	LTPS	(low-temperature	

polysilicon)	where	the	standard	166	pixels	per	inch	

may	increase	to	200	pixels	per	inch	due	to	the	de-

mand	for	bigger	screens	requiring	higher	resolution.

Beyond	the	physical	display	are	surface	treatments	

and	layers	that	help	enhance	the	experience.	Glare	

is	a	common	issue	when	increasing	display	sizes	and	

adding	more	screens.	There	are	methods	to	reduce	

glare,	however	some	car	screens	may	suffer	from	a	

foggy	or	hazy	effect	because	of	anti-glare	coating.	

An	increasing	number	of	vehicle	OEMs	are	trying	

to	find	a	balance	amid	requests	for	lower	amounts	

of	anti-glare	and	using	anti-reflection	coatings.

Another	example	 is	a	3D	touch	surface	–	a	form	

of	a	touchscreen	with	a	3D	surface	on	top	of	a	

display,	called	Carbon	Nanobud	(CNB)	film	into	the	

display.	It	creates	physical	finger	guides	and	haptic	

feedback	that	can	be	felt	by	the	user.	Use	cases	

such	as	“blind	operation”	benefit	from	such	added	

layers	to	assure	the	driver’s	eyes	remain	focused	on	

the	road	while	enhancing	multi-tasking.

As	we	discuss	a	transition	from	LCD	to	OLED	–	looking	

in	the	distant	future	MicroLED	can	overcome	several	

weaknesses	of	the	latter.	Microscopic	self-emissive	

inorganic	LEDs	with	high	contrast,	high	brightness,	

wide	color	gamut	and	high	pixel	density	are	less	

affected	by	external	light	sources	than	OLED.	 	

Bonding technologies adding value Fig. 4.2

Optical Bonding
Optical bonding involves gluing a cover glass 
to one or more displays. This offers several im-
provements:
•  Nearly seamless merging of multiple displays 

into one with a common glass
•  Enhancing visibility by reducing internally re-

flected light loss
•  Extend longevity by keeping out moisture & 

dust
The cover glass can be made of extremely robust 
and scratch-resistant glass and coated with var-
ious coatings such as anti-glare, anti-smudge 
and anti-reflection. Known glasses for displays 
are Gorilla Glass® by Corning and Dragontrail® 
by Asahi Glass Corp.

Structural Bonding
Structural bonding is required to attach the dis-
play module to the frame or housing structure 
of the dashboard or elsewhere in the vehicle. It 
presents several challenges like bonding narrow 
edges, thin bonding lines, fast application and 
multiple substrates.

Display housing Display
 frame

Display

Glass

Air gap

Modul
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Capacitive touchscreen
Touching	the	screen	interrupts	the	screen’s	electric	field	and	enables	

detection.	To	build	extremely	thin	displays,	the	touchscreen	can	be	

built	 into	the	display	 (“in	cell”	technology).	Capacitive	touchscreen	

also	supports	multi	touch.	Downside	of	this	technology	is	that	it	only	

works	with	fingers	and	special	gloves/pens.

Resistive touchscreen
The	touchscreen	consists	of	two	flexible	layers,	that	detect	a	touch	

when	pressed.	They	can	be	used	with	fingers,	gloves	&	pens	and	are	

waterproof.	There	are	ways	to	enable	multi-touch,	but	its	more	cost	

intensive.	Because	two	flexible	layers	must	be	applied	to	the	screen,	

these	screens	are	thicker	and	may	appear	foggy.

Optical touchscreen
Optical	sensors	in	the	frame	detect	touch	interactions	with	the	displays.	

It	can	be	used	with	fingers,	gloves	and	pens.	To	ensure	multi-touch	

several	 sensors	 in	 the	 frame	are	needed	which	 result	 in	a	bigger	

screen.	This	technology	is	very	expensive	and	performs	poorly	in	bright	

environments,	so	it	is	only	used	in	niche	applications.

Fig. 4.3

Picture quality

Durability Design freedom

CostMarket ready

LCD — Evolution of display technologies

LCD	 is	now	the	dominant	display	technology	 in	

the	automotive	cockpit	due	to	 its	cost-efficient	

production	&	proven	durability.	But	they	are	lacking	

the	ability	to	display	true	black	and	design	freedoms	

by	their	build.	Major	LCD	manufacturers	decided	

to	close	LCD	production	plants	to	minimize	losses	

and	overproduction.
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Fig. 4.4OLED — Evolution of display technologies

Picture quality

Durability Design freedom

CostMarket ready

Fig. 4.5Micro LED — Evolution of display technologies

Picture quality

Durability Design freedom

CostMarket ready

Micro LED	offers	better	contrast	&	picture	quality	
than	LCD,	while	maintaining	a	similar	lifespan	which	

is	superior	 to	OLED.	But	 it’s	not	 ready	for	mass	

production.	Possible	applications	can	range	from	

OLED	displays	can	be	 freely	 shaped	and	offer	
higher	image	quality.	Thus,	it	is	possible	to	transport	

the	brand	identity	from	the	outside	to	the	inside	

and	to	create	a	uniform	design.	But	OLEDs	are	

infotainment,	digital	mirrors,	small	displays	in	the	

pillars	and	armrest.	Major	display	manufactures	are	

heavily	investing	into	Micro	LED	technology.

cost-intensive	and	have	no	proven	durability	 in	

this	environment.	Former	LCD	manufacturers	are	

now	shifting	to	OLED	which	will	result	in	lower	cost	

in	the	future.
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So	far,	we	have	discussed	technologies	that	directly	

affect	the	 in-vehicle	cabin	experience,	but	con-

sumers	also	expect	to	control	and	monitor	their	car	

via	smartphone	or	other	smart	devices.	Carmakers	

have	responded	to	this	demand	by	offering	apps	

and	websites	to	enable	such	remote	services.	Such	

features	and	technologies	will	be	presented	in	the	

following	section.

The	manufacturer’s	smartphone	app	allows	owners	

to	connect	to	their	vehicle	via	the	cloud	and	acti-

vate remote access	functions	such	as	start/stop,	

preheating	and	cooling	the	vehicle,	 lock/unlock,	

schedule	start	and	access	vehicle	windows,	trunk	

and	lights.

Remote diagnosis	allows	customers	to	schedule	

an	appointment	with	the	dealer	and	share	vehicle	

data	with	OEMs	to	monitor	or	predict	possible	wear	

and	tear	of	 the	vehicle	during	 its	 lifecycle.	Most	

global	OEMs	offer	such	remote	diagnostic	services	

to	their	customers	free	of	charge	to	avoid	long-term	

vehicle	repairs,	which	can	lead	to	higher	workshop	

utilization	and	stronger	brand	loyalty.

Vehicle locator	services	allow	consumers	to	find	

parked	vehicle	locations,	set	geo	fences	to	notify	

the	user	if	the	car	leaves	or	enters	the	marked	area	

and	monitor	the	vehicle	speed	and	route	driven	by	

the	car.	 It	 can	also	be	used	by	OEMs	 to	 track	 

stolen	vehicles	and	allow	the	police	to	 remotely	

control	the	stolen	vehicle,	 i.e.,	slow	down	or	shut	

down	the	vehicle.

5. Remote Services

End-to-end Connectivity

Remote services enabled by 5G Fig. 5.1

Remote  
Services

Remote monitoring

Eco-friendly driving

Smart route planning

Remote parking

5G

Mobile app & 
smart devices

Website Call center

Remote diagnosis

Vehicle locator

Remote access
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Several	OEMs	offer	consumers	the	option	of	using	

their	apps	 for	smart route planning.	They	can	

send	the	planned	route	directly	to	the	on-board	

navigation	via	the	cloud.	In	the	process,	energy-	and	

time-saving	routes	are	suggested	to	the	customer.	

Route	planning	is	particularly	relevant	for	BEVs	in	

terms	of	charging	station	locations	and	the	ranges	

in	between.

Since	the	advent	of	modern	AI	processing	SOCs,	

OEMs	have	been	successfully	able	to	integrate	ad-

vanced	electronics	security	systems	into	the	modern	

digital	cockpit	to	help	improve	vehicle	security	by	

enabling	remote monitoring	 functions.	One	of	

the	popular	examples	of	such	systems	(available	

in	Tesla	vehicles)	is	famously	known	as	the	Sentry	

mode.	 It	 is	also	 integrated	with	the	Tesla	mobile	

application	for	convenient	user	access.	This	system	

allows	 the	 recording	of	any	potential	 threats	 to	

the	vehicle	such	as	break-ins	using	any	available	

vehicle	cameras.	Other	OEMs	have	attempted	to	

replicate	 its	 functionality	with	some	architectural	

and	development	limitations.

Due	to	the	growing	demand	for	autonomous	driv-

ing,	OEMs	have	significantly	 invested	 in	vehicle	

architectures	rich	in	autonomous	features.	Remote 

parking	is	one	such	feature	that	has	been	used	to	

promote	user	comfort.	This	feature	allows	the	user	

to	remotely	control	their	vehicle	while	standing	near	

it	in	a	parking	lot.	This	functionality	can	be	used	to	

help	park	the	vehicle	in	tight	parking	spots	or	even	

allow	the	vehicle	to	drive	to	the	user	autonomously	

with	the	help	of	the	OEM	mobile	application	and	

vehicle	sensors.

Consumers	are	becoming	more	and	more	environ-

mentally	conscious	and	are	interested	in	reducing	

their	energy	consumption.	With	the	help	of	onboard	

telematics,	 the	driver’s	driving	behavior	can	be	

examined	and	tips	 for	an	eco-friendly driving 

style	can	be	given	to	the	driver	via	an	app.

All	these	services	require	a	safe	and	secure	com-

munication	between	car,	cloud	and	smartphone,	

which	is	currently	mainly	powered	by	4G	(LTE).	But	

network	operators	are	heavily	investing	in	5G,	which	

offers	significant	advantages	over	its	predecessor,	

such	as	10	to	100	times	faster	speeds,	ultra-low	

latency	enabling	real-time	applications	(as	low	as	

1-5	milliseconds),	higher	reliability	&	safety	(thanks	

to	AI/ML	monitoring	of	the	network),	better	cov-

erage,	and	 lower	battery	consumption	enabling	

the	use	of	more	IoT	devices	and	thus	new	possible	

applications.	Although,	it	should	be	noted	that	the	

implementation	of	5G	can	vary	between	different	

mobile	carriers	as	well	as	different	country	mobile	

network	infrastructures	around	the	world	and	there-

fore,	regional	5G	capabilities	need	to	be	analyzed	

before	 implementing	 in-vehicle	5G	dependent	

features	and	functions.

umlaut,	 in	collaboration	with	Connect	magazine,	

recently	published	an	article	on	the	global	rollout	

of	5G	that	uses	crowdsourced	data	 to	provide	

valuable	insights.	You	can	find	the	article	via	this	

link	5G	Global	Rollout.  

https://www.umlaut.com/uploads/documents/202106_5G_global_connect_umlaut_EN.pdf


30 

umlaut Whitepaper umlaut Whitepaper

 31

At	the	turn	of	the	20th	century,	the	user-centric	

design	model	was	being	considered	to	be	the	key	

to	product	success	on	the	mass	market.	This	model	

still	 rings	true	today.	The	user-centric	approach	

dictates	solving	a	problem	the	current	consumer	

has	that	was	not	previously	solved.	Some	of	these	

problems	included	daily	life	activity	such	as	smart	

automation	taking	advantage	of	the	IoT	technical	

revolution	sweeping	consumer	electronics	at	the	

turn	of	the	21st	century.	The	Automotive	industry	

has	long	been	known	to	consider	itself	isolated	from	

consumer	electronics	due	to	the	lack	of	connectivity	

infrastructure	and	hardware	however	the	advent	of	

5G	network	technology	has	helped	realize	the	idea	

of	a	user-centric	ecosystem	for	the	daily	driver.		In	

the	modern	digital	cockpit,	 this	ecosystem	now	

includes	widely	used	IoT	technologies	such	as	home	

security	alerts	and	appliance	controls,	integration	

of	streaming	services	and	mobile	messaging	appli-

cations,	office-specific	PC	applications,	and	digital	

financial	services	and	products.

Smart Home	devices	have	generated	revenues	of	

USD	$84.5	billion	and	is	expected	to	grow	with	a	

compound	annual	growth	rate	(CAGR)	of	10.4%	from	

2021	to	2026	.	However,	OEMs	have	been	reluctant	to	

integrate	smart	home	ecosystems	into	their	vehicles	

due	to	the	extremely	fragmented	market	and	lack	of	

basic	standardization	that	enables	communication	

between	devices	from	different	vendors.	However,	

6. Ecosystems 

IoT Touchpoints of Future Cars

major	IoT	manufacturers	have	created	the	Matter	

(formerly	CHIP)	 initiative	to	reduce	fragmentation	

and	enable	interoperability	for	different	smart	home	

and	IoT	vendors.	OEMs	have	also	begun	to	enable	

the	control	of	smart	home	devices	directly	 from	

the	vehicle	such	as	via	web	browser	inside	the	car,	

smartphone	integration,	and	integrated	apps.

Streaming services	have	become	a	popular	way	

to	consume	media	because	customers	have	the	

freedom	of	choice	to	hear/watch	the	content	they	

want	at	any	given	time.	Carmakers	have	understood	

this	and	started	to	integrate	streaming	providers	

in	 their	vehicles.	Currently,	all	major	OEMs	have	

started	to	integrate	music/podcast	streaming	ser-

vices	into	their	infotainment	systems.	Additionally,	

movie	streaming	platforms	such	as	Fire	TV	are	

being	adapted	for	rear	seat	entertainment	in	lux-

ury	vehicles.	And	with	the	advent	of	autonomous	

car	technology,	5G	networking	standards	and	the	

resulting	leisure	time,	smooth	streaming	of	movies	

in	4K	and	cloud	gaming	will	enhance	the	cabin	

experience	for	daily	drivers.

The in-cabin office	offers	customers	the	oppor-

tunity	to	use	their	time	in	the	car	to	be	more	pro-

ductive.	Synchronization	of	productivity	applications	

with	the	car	has	provided	the	convenience	of	in-ve-

hicle	messaging,	Video/audio	call	 functionality	

through	the	vehicle,	appointment	reminders,	and	

automatic	recognition	of	routes	linked	to	calendar	

entries	are	already	being	built	into	current	vehicles	

by	OEMs.	Unfortunately,	these	systems	are	frag-

mented	and	cumbersome	to	 link.	Manufacturers	

need	to	sync	the	customer’s	calendars,	productiv-

ity	apps	and	cloud	storages	directly	with	their	app	

and	the	car	to	create	a	truly	seamless	experience.	

Particularly	with	the	advent	of	autonomous	driving,	

customers	will	want	to	use	their	free	time	in	their	

cars	to	be	more	productive.
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Digital Wallets	have	seen	wide	adoption	among	

consumers	in	recent	years	due	to	increased	con-

venience	and	safety.	Automakers	are	not	yet	fully	

deploying	this	type	of	technology,	even	though	it	

offers	the	opportunity	to	create	new	revenue	streams	

and	enhance	customer	 involvement.	Currently,	

their	main	offerings	include	a	Digital	Key	stored	in	

a	mobile	application.	But	modern	digital	wallets	can	

also	store	your	financial	service	application	such	as	

bank	applications,	Venmo,	Alipay	and	digital	credit	

cards.	Storing	these	kinds	of	information	inside	the	

car	can	create	an	even	more	convenient	experience	

for	the	customer.	Imagine	ordering	something	to	eat	

at	a	drive-in	and	paying	directly	in	the	car	instead	

of	getting	your	smartphone	or	credit	card	out	after	

the	customer	is	authenticated	by	the	vehicle	using	

biometric	encryption.

Digital Key	technology	allows	customers	to	use	their	

smartphone	or	other	smart	device	as	a	key	fob	that	

provides	various	functions	such	as	locking/unlocking	

the	vehicle	and	starting	and	stopping	remotely.	In	

addition,	customers	can	easily	share	their	key	with	

friends	and	family	members	via	their	smartphone.	

Each	key	can	be	assigned	specific	values,	such	as	

restricting	access	to	the	vehicle’s	doors	or	limiting	

the	power	supply.	The	master	key	holder	can	also	

revoke	a	specific	key	at	any	time.	All	major	OEMs	

offer	or	plan	to	make	this	technology	available	to	

their	customers.	The	underlaying	communication	

protocols	enabling	these	technolgies	 for	use	are	

Near-Field-Communication	(NFC)	and	Bluetooth	

Low	Energy	(BLE),	each	offering	different	advantages	

and	disadvantages	of	the	other.	The	next	big	step	

will	be	the	use	of	Ultra	Wideband	(UWB),	which	

offers	more	secure	and	convenient	access	than	the	

technologies	currently	offered.	At	umlaut,	we	are	

currently	supporting	a	global	operating	OEM	and	

Tier	1	supplier	to	implement	this	technology	in	their	

upcoming	models.

The digital cockpit as the center of the digital ecosystem Fig. 6.1
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Digital Key

Streaming
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This	ecosystem	of	customer-centric	applications	

enables	OEMs	to	provide	their	customers	with	a	

seamless,	personalized	experience	in	their	daily	lives.	

This	personalized	experience	is	highly	customizable	

and	adapts	to	the	customer’s	behavior	and	pref-

erences	based	on	their	daily	usage.	This	learning	

is	done	using	AI,	which	requires	a	 large	amount	

of	data	 from	multiple	sources	and	tremendous	

computing	power.	To	unlock	the	full	potential	of	

this	data,	pre-processing	and	normalization	using	

edge computing	and	5G	is	critical.	Edge	computing	

reduces	the	amount	of	data	that	needs	to	be	sent	

to	the	cloud,	while	5G	has	the	needed	bandwidth	

and	reliability	to	enable	safe	real-time	applications.	

Cloud	computing	 is	used	to	further	analyze	 it	to	

create	actionable	 insights	for	the	OEM	itself	and	

other	partners	 in	 the	ecosystem.	These	can	be	

used	with	SDKs	to	create	a	highly	personalized	and	

immersive	experience.	 	

Overview of the digital cockpit ecosystem Fig. 6.2
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Sustainable	competitive	advantage	is	critical	in	every	

industry,	and	that	is	certainly	the	case	in	today’s	

automotive	 industry.	Successful	business	models	

require	 laser	 focus	on	the	customer	experience,	

and	competitive	differentiation.	The	use	of	digital	

technologies	and	focus	on	unique	consumer	de-

mands	are	helping	to	define	and	influence	today’s	

vehicles.	umlaut	experts	believe	that	OEMs	can	

focus	on	the	six	 factors	highlighted	below	while	

designing	the	modern	digital	cockpit	 to	ensure	

uniqueness	and	create	a	competitive	advantage	

over	their	competitors.

Automakers	are	exploring	new business models 

to	create	more	sustainable	and	recurring	revenue	

streams,	beyond	the	reliance	solely	on	selling	new	

cars.	Technologies	such	as	OTA	(over-the-air)	and	

target	audience	it	could	be	the	only	reason	to	buy	

that	car.	For	example,	trailer	parking	assist	is	useful	

for	trucks	and	large	SUVs	that	are	often	used	for	

towing,	but	less	so	for	smaller	cars.	Another	example	

is	 remote	parking	with	a	smartphone.	For	some	

tech-savvy	customers,	this	is	a	reason	to	choose	

one	brand	over	another.

A	 long-standing	business	practice	of	 software	

companies	 is	 to	provide	services	 in	a	very	early	

state	and	to	permanently	improve	these	services	

through	updates.	Technologies	such	as	OTA	make	

this	possible	by	allowing	software	and	firmware	to	

be	updated	over	the	air	i.e.,	remotely,	rather	than	

going	to	a	dealership.	OEMs	can	use	this	to	position	

themselves	as	the	brand	which	is	first to market 

with	newest	cutting-edge	technology.	However,	it	

5G	are	opening	new	ways	to	create	value	through-

out	the	vehicle	lifecycle	by	enabling	OEMs	to	offer	

in-demand	customer	features	such	as	connectivity	

packages	and	in-vehicle	third	party	mobile	appli-

cations	such	as	Spotify	or	Netflix.	These	services	are	

primarily	offered	using	subscription-based	models,	

with	OEMs	differentiating	by	the	length	of	the	free	

trial	period,	a	standard	free	option,	and	including	

the	option	 to	pay	 to	unlock	premium	 features	

during	vehicle	purchase,	also	known	as	freemium,	

or	standard	fixed	prices.

Creating	and	offering	unique use cases	that	cus-

tomers	want	is	also	a	way	for	carmakers	to	stand	

out	 in	a	highly	competitive	market.	Customers	

other	 than	your	target	audience	might	consider	

something	like	this	a	useless	gimmick,	but	for	your	

is	important	to	consider	that	a	vehicle	must	meet	

significantly	higher	software	safety	and	reliability	

standards	than	consumer	electronics.

Offering	the	newest technology	 inside	the	car	

can	be	a	strong	reason	for	consumers	to	choose	

a	specific	brand	although	it	comes	with	the	diffi-

culty	of	offering	competitive	pricing.	Some	OEMs	

are	using	cutting-edge	technologies	to	provide	

multiple	OLED	displays	under	one	glass	to	create	

the	 illusion	of	one	unified	display.	On	the	other	

hand,	new	technologies	can	also	be	used	to	mas-

sively	reduce	costs	in	production,	which	results	in	

a	strategic	advantage.

Instead	of	focusing	on	higher	prices	per	car,	auto-

makers	can	also	remain	competitive	by	increasing	

their	market share	with	competitive	pricing.	This	

7. Differentiators in the Digital 
Cockpit 
The need for a brand specific digital 
experience
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strategic	approach	offers	some	advantages	that	

offset	the	lower	profit	margin	per	car	sold.	A	larger	

number	of	customers	is	an	incentive	for	app	de-

velopers	to	use	the	automaker’s	platform	and	tools	

to	create	more	content,	offering	customers	a	wider	

range	of	services	and	personalization	features.	In	

addition,	more	cars	also	mean	more	data	 that	

can	be	used	to	gain	actionable	insights	that	lead	

to	better	services,	better	products,	and	a	better	

understanding	of	customer	needs.

One	of	the	key	ways	the	OEMs	can	successfully	

implement	the	above	differentiators	is	by	improv-

ing	their	use	case	development,	maintenance	and	

improvement	strategy.	For	example,	the	improved	

business	model	discussed	above	can	be	integrated	

into	the	use	case	development	process	by	involving	

the	business	development	team	as	a	stakeholder	

for	the	feature	or	function.

Over	the	past	decades,	automakers	have	created	

certain	brand images	to	differentiate	themselves	

from	others	in	their	segments.	New	technologies,	such	

as	the	advanced	display	technologies	mentioned	

in	chapter	3,	give	designers	new	design	freedoms.	

It	is	thus	possible	to	create	a	truly	uniform	design	

language	for	the	brand.

umlaut’s	experts	firmly	believe	that	automakers	that	

truly	understand	their	customers’	and	the	potential	

of	the	digital	cockpit,	will	be	able	to	compete	in	a	

highly	disruptive	environment.	 	
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The	Digital	Cockpit	with	its	new	technologies	and	

functions	enables	automakers	to	differentiate	them-

selves	from	one	another,	but	the	question	remains	

how	OEMs	can	monetize	these	new	services.	After	

all,	 software	companies	 in	particular	have	 fun-

damentally	changed	the	way	customers	pay	for	

services,	and	automakers	are	beginning	to	adopt	

these	changes.	At	umlaut,	we	have	identified	the	

following	4	key	ways	OEMs	can	leverage	these	new	

ways	of	monetization.

Subscription-based services	are	a	convenient	

way	for	customers	to	buy	a	service	only	when	they	

really	need	 it.	Known	primarily	 from	streaming	

providers,	subscription-based	services	are	now	a	

Data-driven services play	a	critical	role	in	creat-

ing	value	for	the	customer	and	the	automaker	by	

analyzing	customer	data	in	the	vehicle	using	edge	

computing	and	AI,	OEMs	can	offer	highly	person-

alized	and	convenient	experiences	and	services	

for	customers	that	can	be	monetized	directly	or	

indirectly.	For	example,	vehicle	data	can	be	used	

to	enable	predictive	maintenance,	leading	to	higher	

customer	loyalty	and	better	utilization	of	in-house	

workshops.	In	addition,	this	data	can	provide	in-

sights	into	which	services	are	valued	by	customers	

and	how	products	can	be	 improved.	They	thus	

generate	indirect	revenue.	This	data	can	also	be	

used	to	create	highly	personalized	services	and	

experiences	to	which	customers	can	subscribe.	In	

relevant	way	of	monetization	in	every	industry,	e.g.	

instead	of	buying	groceries	on	a	regular	basis,	you	

subscribe	to	a	service	that	delivers	you	dishes	to	

cook	yourself.	All	major	OEMs	have	now	adopted	

this	way	of	monetization	nowadays	by	offering	re-

mote	services	(chapter	5)	as	part	of	a	subscription	

model.	 In	addition,	the	major	car	manufacturers	

have	started	to	offer	vehicle	 functions	as	digital	

retrofits	via	OTA.	These	unlockable	digital	functions	

primarily	include	driver	assistance	systems,	light	and	

sound	packages.	This	leads	to	less	complexity	for	

the	automakers	and	thus	to	lower	overall	costs.	The	

customer	gets	more	flexibility	in	the	use	of	certain	

services	and	a	potentially	higher	resale	value	due	

to	easier	upgradability.

addition,	these	 insights	enable	the	manufacturer	

to	sell	 these	actionable	 insights	 to	 third	parties	

to	develop	highly	customized	services	 such	as	

usage-based	insurance.	However,	all	of	this	must	

be	done	only	with	the	consent	of	customers	and	

within	the	framework	of	national	legislation.

8. Monetization 

Experiences and New Revenue Streams
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Access to the in-car ecosystem	for	third-party	

providers	is	another	way	for	automakers	to	mon-

etize	the	vehicle	cockpit.	Instead	of	trying	to	offer	

all	services,	manufacturers	can	focus	on	their	core	

competencies	and	allow	established	brands	to	access	

the	vehicle	with	their	well-known	services.	These	

services	can	be	monetized	directly	by	the	service	

provider	charging	a	fee	for	each	in-app	purchase	

made	by	the	customer,	or	 indirectly	through	the	

added	value	to	the	vehicle	and	brand	provided	by	

the	wide	range	of	services	available.

New	software	and	system	architectures	presented	

in	chapter	2,	empower	upgradeability	 through	

centralization,	which	was	previously	not	possible	in	

the	automotive	sector.	By	centralizing	100+	ECUs	in	

a	few	HPCs,	it	will	be	possible	to	update	computing	

power	need	for	advanced	features	and	services	

throughout	the	lifecycle.	As	a	result,	vehicles	stay	

fresh	throughout	their	useful	 life,	achieve	higher	

resale	values,	are	more	sustainable,	and	increase	

customer	loyalty.	 	

Monetization strategies for the digital cockpit Fig. 8.1

Subscriptions-based  
services
Direct: Digital after-sales 
purchases and subscrip-
tion-based features create 
continuous revenue 
streams
Indirect: Lower complexity 
and therefore lower cost, 
higher resell value due to 
increased flexibility 

Data-driven services
Direct: Selling consumer 

data to third party 
providers and highly 

personalized services to 
the customer

Indirect: Gaining action-
able insights from data to 

increase brand loyalty, 
component reliability and 

the value of specific 
services to the customer

Access to the in-car  
ecosystem 
Direct: Fee for in-app 
purchases made by the 
customer
Indirect: Added value for 
the customer through a 
variety of services

Upgradeability
Direct: Selling hardware 

upgrades to gain access to 
new functionalities

Indirect: More flexibility for 
the customers and 

increased brand loyalty
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So	far,	we’ve	presented	what	new	technologies	will	

be	part	of	the	digital	cockpit	and	how	automakers	

can	monetize	them	and	differentiate	themselves.	

But	how	will	 this	change	the	experience	for	 the	

customer?

Imagine	leaving	your	house	to	start	your	workday.	

You	will	unlock	your	car	either	with	your	smartphone	

or	with	some	type	of	biometrics	(face/finger)	and	

you	won’t	have	to	worry	about	forgetting	your	car	

key	anymore.

When	you	get	in	the	car,	it	is	already	cooled/heated	

to	your	desired	temperature,	you	will	be	greeted	

with	a	personalized	message,	the	main	display	will	

show	the	 ideal	 route	to	work	and	the	song	you	

were	listening	to	at	home	before	will	be	played	in	

the	car.	The	car	is	ready	to	drive	when	you	get	in:	

just	press	the	brake,	put	it	in	gear	and	drive	off.

While	driving,	you	will	receive	a	notification	about	

a	rescheduled	appointment,	which	you	can	attend	

directly	in	the	car	courtesy	of	the	connection	to	your	

calendar.	Thanks	to	the	latest	display	technologies,	

semi-autonomous	driving,	and	advanced	sound	

system,	you	can	attend	the	meeting	without	worrying	

about	your	safety	or	missing	anything	important.	

After	a	stressful	day	at	work,	you	get	into	your	car	

and	it	immediately	senses	you’re	uncomfortable	and	

asks	to	turn	on	your	energy	and	health	features.	

While	driving	home,	you	receive	a	text	message	

9. Overall Cockpit Experience

The Third Living Space

from	your	family	asking	for	a	pizza	to	go.	You	reply	

via	the	infotainment	system	and	ask	your	car	for	a	

few	pizza	places	on	the	way	home.	

After	deciding	on	a	restaurant,	you	place	an	order	

and	pay	directly	from	the	car.	Once	at	the	restau-

rant,	the	owner	tells	you	that	your	order	will	take	an	

extra	10	minutes,	but	that’s	not	a	problem	for	you.	

You	just	wait	in	your	car	and	watch	some	videos	

on	a	streaming	platform	on	your	in-cabin	screen.	

After	you	get	the	pizza,	you	continue	driving	home.	

Your	family	receives	a	notification	of	your	estimated	

arrival	time	and	prepares	the	dinner	table	for	you.

Most	of	these	services	will	be	offered	by	car	man-

ufacturers	around	the	world	in	the	next	few	years,	

and	we	at	umlaut	are	working	with	them	to	develop	

and	implement	these	new	technologies.	We	help	

major	OEMs	and	Tier1	suppliers	 implement	new	

ways	to	enter	the	car	and	make	the	vehicle	even	

more	connected	and	intelligent.	Among	others,	we	

are	working	with	a	major	manufacturer	on	the	E/E	

system	architecture	of	 future	that	we	discussed	

in	chapter	2,	the	digital	key	concept	described	in	

chapter	7	and	we	act	as	an	intermediary	for	data	

protection	regulations	between	local	entities	of	a	

global	automotive	manufacturer.	 	



46	

umlaut Whitepaper

10. Conclusion

this	transformation	is	the	system	architecture	that	

reduces	complexity,	simplifies	update	processes,	

and	increases	reuse	of	software	components.

Similar	 to	 its	smaller	 form-factor	cousins	 in	 the	

consumer	electronics	sector,	the	automotive	cockpit	

is	transforming	to	a	new	digital	product.	Automotive	

players	must	put	the	pedal	to	the	metal	by	redefining	

the	hardware	and	software	architecture	that	powers	

use	cases	that	remain	fresh	for	future	generations.

In	this	whitepaper	we	covered	several	layers	of	the	

automotive	cockpit	 including	 its	hardware	archi-

tecture	and	software	layer	at	the	core,	as	well	as	

the	user	experience	that	starts	from	the	touch	of	

the	display	to	the	seamless	flow	of	monetizable	

connected	services.	

The	leap	in	automotive	cockpit	technologies,	and	the	

decoupling	of	hardware	and	software	development	

processes	has	transformed	many	carmakers	to	the	

extent	that	they	are	rebuilding	their	organizations	

to	put	connected	technologies	and	software	first.	

The	new	approach	to	vehicle	architecture	 is	an	

indicator	that	the	market	for	car	electronics	and	

software	will	grow	much	 faster	 than	 the	overall	

automotive	market.	Consequently	OEMs,	tier	one	

suppliers,	and	semiconductor	and	software	players	

face	challenging	and	new	opportunities	along	the	

value	chain	of	the	car.

While	the	latest	cockpit	innovations	are	currently	seen	

at	the	premium	price	segment,	the	next	generation	

systems	are	expected	to	enter	more	mass	market	

vehicles	over	the	next	few	years.	At	the	heart	of	

Our next white paper in the Auto-
motive Digital Cockpit series will be 
a deep dive in use cases and new 
connected service innovations.
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