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Terminology
• HMI Human Machine Interface
• Infotainment: In this context provision of Information and 

Entertainment to the driver and passengers of a motor Vehicle
• ICE: In-car Entertainment, Normally the radiocassette or CD Player
• FMU: Fast Moving Users, People on trains, in cars

• FMU’s are travelling somewhere
• SMU: Slow moving users, People at walking speed or away from 

their wired connections
• SMU’s may phone from an office, but not necessarily their 

office!
• V2V & V2R Vehicle to Vehicle & Vehicle to Roadside



Outline of Talk
• History

– Car Radio
– The Dashboard

• The Present
– ICE, Satnav
– Integrating New Developments into Cars

• Future Developments
– Satnav
– Video
– Internet

• Roadside to Vehicle Communication
– MMWave, WiFi
– Caching Technology
– Traffic Management

• Road Pricing
– Practical options



Car ICE history

• Commercial introduction by Galvin in 1930 
known as the ‘Motorola’

• 1932 First Blaupunkt fitted in a Studebaker

• 1933 Crossley offered a radio & Rootes 
produced the Hillman ‘Melody Minx’

• 1952 Blaupunkt offered first FM Receivers

• 1956 Motorola 45 rpm record player
• 1964 Learjet, RCA, & Ampex 8-Track Cartridge

• 1964 Philips Compact Cassette



The Present

• Virtually all cars have some sort of car 
audio from new

• Many variations offered
• High Power Amplifiers popular in some 

quarters
• Developments following domestic 

systems- with a slight delay
• CD, CDR, CD-RW, MP3, WMA, iPod 

adaptors 



Other Modern Options
• Today©s Vehicles can contain
• DVD Players for the Passengers with multiple screens in roof or 

headrests
• Satellite Navigation Systems

– OE are subject to DfT Approval
– Often use DVD based maps Cost £1,000-£3,000
– They do not improve resale value
– Jaguar system with Speech Recognition is well regarded

• Aftermarket Satnav
• Often use PDA technology
• May be a dedicated unit or a program run on a PDA

– DfT Consulting on whether to Approve them or not
– Can be updated online
– Can be moved from car to car
– Popular with thieves!



Modern Aftermarket Hi-Fi
Powerful After-market System 

in a Toyota
• High Power Requires 

uprated Batteries & 
Alternators

• Momentary Demands are 
met by Stiffening 
Capacitors (up to 4F!)

• These have the energy of 
a fair sized bomb & 
require proper 
installation!

A 1 Farad Stiffening Capacitor 
Installed



The Dashboard

• Unique degree of HMI Standardisation
• From Earliest Times – Any driver looking 

at a 1933 ‘Melody Minx’ could drive it – it 
even has synchromesh

• Steering Wheel introduced in 1899 by 
Panhard



Speedometer History

• First Electric Speedometer invented by 
Josip Beluši�  of Croatia in 1888 patented 
as the ‘velocimeter’.

• Most early designs used a magnet in a 
cup driven by a flexible shaft from the 
Gearbox Tail shaft.

• Most modern designs are electronic and 
count pulses from the engine ECU or 
gearbox sensor.



Speedometer Legal Issues

• The Speedometer is the only Instrument 
with legal specifications on its accuracy.

• The law requires it ‘shall not under-read.’
• It must also be working for the vehicle to 

be considered roadworthy.
• This is so it cannot be used as a defence 

in a speeding prosecution.



Vehicle Displays

The Present
• Dominated by two 

‘analogue’ Instruments –
Rev Counter and Speedo

• Digital Readouts are 
ancillaries clock, satnav, 
Infotainment

• The higher the spec the 
more dials & Switches

The Future
• Dominated by two 

‘analogue’ Instruments –
Rev Counter and Speedo

• Digital Readouts are 
ancillaries clock, satnav, 
Infotainment

• The higher the spec the 
more dials & Switches



Why no Change?

• Digital Displays don’t go down well with 
drivers – so they simulate traditional 
displays with modern electronics

• Familiar presentations are easier to 
acclimatise to

• Drivers don’t read Handbooks
• Commercial considerations also figure
• The more expensive the car, the fancier 

the dash!



Driver HMI has Evolved

Rolls-Royce Silver Wraith 1953

• Dashboards haven’t 
essentially changed 
for years

• Only the internal 
workings have 
changed 

• Drivers like familiar 
presentations

Jensen Interceptor



BMW Night Vision



Honda Night Vision



Mercedes S-Class



Mercedes Night Vision



The Present

In the Car / FMU’s
• Analogue FM Radio
• Compact Cassette
• CD Player
• Trafficmaster
• Portable Satnav
• OE Satnav
• DVD Players
• SMS & GPRS

In the Home/ SMU’s
• MP3 & iPod
• CD Player
• DVD Recorder
• HD TV
• Broadband Data (515 

KBps+)
• PVR’s
• Computers
• 3G Data & Video Mailing



The Future

In the Car / FMU’s
• MP3/CDR Player & iPod 

Connection
• Blu-Ray & HD DVD 

Player
• Satnav with GPRS Traffic 

and / or TMC
• V2V & V2R Services
• Satnav live map update

In the Home/ SMU’s
• Blu-Ray & HD DVD 

Recorders
• HD PVR & Media Centre
• Area WiFi & WiMax 

Services
• HSPDA & related 3G
• High Speed Broadband 

Services
• HD TV on-Demand



Why is the Car so Behind?

Vehicles
• Vehicle Development Cycles 

from 4 to 14 Years
• Regulatory Environments 

makes OE introduction a slow 
& Expensive Process for VM’s

• Cars in the UK Typically last 
14+ Years

• Difficult to offer high 
bandwidths to FMU’s

• Available Connection 
technology is Mobile Data, 
SMS & GPRS

Electronics
• Home Entertainment & 

Mobile Phone Products 
Cycles 18 Months-3 
Years

• Fashion Driven Industry
• Needs new products to 

maintain profit levels



A Typical Vehicle Development 
Cycle

Ford Motor Co.
• 1970 All-new Cortina 3 (Pinto).
• 1974 Facelift.
• 1976 Cortina 4 on existing running 

Gear.
• 1979 Cortina 5 Facelift (5 Speed).
• 1983 Sierra on uprated Cortina 

Running Gear.
• 1987 Sierra Sapphire Re-shell.
• 1993 All-New FWD Mondeo.
• 1997 Mondeo Facelift.
• 2000 All-New Shell on existing 

Running Gear, some new 
Engines.

• 2003 Mondeo Facelift.
• 2007 All-New Mondeo.

Honda
• 1972 All-new First Civic
• 1979 All-new 2nd Civic (Ballade, 

Triumph Acclaim)
• 1983 All-new Civic 3
• 1987 All-new Civic 4
• 1991 All-new Civic 5
• 1995 All-new Civic
• 2002 All-New Civic
• 2006 All-New Civic
• This is a quick as it gets!
• New Vehicles are Expensive, so 

R&D Investment must be greater 
& profits lower



Why the Disparity?

• Cars take much longer to design than Consumer 
Electronics.

• Consequently the pace of Evolution is much 
faster for Home & SMU Mobile Products, iPods, 
HD TV’s etc.

• Cars are not made easily upgradeable.
• Problem when introducing new technologies.

• Moving vehicles are difficult to connect to – they 
move fast.



Upgrade or Change?

• Consumer Electronics is much faster to 
change.

• An upgrade path in the Vehicle is needed.
• A standard for Enclosure sizes & Mounts.

– Based on ISO 7736:1984 Road vehicles --
Car radio for front installation?

• Maybe a ‘Consumer bus based on Flex-
ray / Ethernet Technology.

• Wireless Standards change too quickly.



Existing Connection Technologies

• SMS
– Reliable, Limited Bandwidth Coverage Still an issue 

Cost and Store & Forward can be an issue

• GPRS
– Reliable, Limited Bandwidth, Patchy coverage 

Europe-wide

• 3G
– Limited Bandwidth for FMU’s
– Coverage Issues for Road /Rail Network
– Defaults to GPRS



Future Developments- Satnav
Immediate Future
• Aftermarket Satnavs take sales from OE Units because

– They are cheaper
– They are transportable car to car
– Can keep favourite HMI & Points of Interest (POI’s)
– Update at home via PC
– Limited update by SMS or GPRS

V2V & V2R Future
• OE may retake ground because

– Can download latest maps on journey
– Can integrate traffic info. & reroute dynamically
– Can take inputs from the vehicle – Fuel Level, diagnostics etc.
– Can interrogate local nodes for goods & services
– E.g.. Fuel, Accommodation, places to eat



Future Developments- Video

Immediate Future
• Media is stored in the vehicle
• Screens for passengers
• Playing DVD’s and HD or Blu-Ray DVD’s
• Maybe Satellite TV if steerable antennas cheap 

enough
V2V & V2R Future
• Downloading movies video & Internet TV
• Interactive Programmes



Future Developments- Internet

Immediate Future
• Surfing on GPRS & EDGE
• Limited bandwidth
• Best done parked up
• Browser model
V2V & V2R Future
• Broadband Speed Access
• Higher Bandwidth
• Usable on move
• Context Searching Systems
• Context Related Info while on the move



Communications with Vehicles

• Not Rocket Science
• Many Existing Techniques can be adapted
• Why so difficult then?

– Availability of Suitable Link Technologies
– Long Development Lead Times of Vehicles
– VM’s don’t presently provide upgrade paths 

for their vehicles
– Spectrum Availability & Regulatory 

Considerations



Why do we need Communications?

• Business Telematics

• Mobile Office
• Entertaining Passengers

• Passing the time in Traffic Jams
• Keeping Motorists informed

• Minimising Congestion by Dynamic Rerouting
• Contacting Emergency Services (E911 &eCall)

• Contacting motoring Organisations



CALM

• Communication Air-interface Long and 
Medium range.

• A Networking Standards Protocol.
• An ISO Standard for Telematics software 

protocols. The basic intention is to encode 
the information so it can be transmitted 
over whatever wireless link exists with the 
vehicle and correctly interpreted and 
displayed by the vehicle ICE system.



What is Calm?

• Fundamentally it is a Network protocol 
intended to allow  key messages to be 
sent to a vehicle using whatever 
mechanism is available.

• These include RDS, TMC, SMS, GPRS 
and planned new technologies.

• Since Vehicles can last 15 years a number 
of technologies, including obsolete ones 
will need to be supported.



V2V & V2R Technologies
Three Main Connection Technologies.
• 5.8 GHz Radio.

» Limited Bandwidth.
» Spectrum Available.
» In use for other services.
» May be attenuated by trees, rain etc.

• Infra-Red.
» Wider Bandwidth.
» No Regulatory Requirements.
» May Be attenuated by Weather.
» Strictly line-of-sight.

• MMWave Radio.
» High Available Bandwidth.
» Awaiting Regulatory Approval.
» Attenuation predicted to be less problematical.
» Limited Range allows frequency re-use.



US DSRC System

• Dedicated Short Range Communications
• Proposed to use 5.9 GHz (Europe is 5.8 GHz).
• Limited Bandwidth.
• Suitable for traffic information & messaging only.
• Range 1000m.
• 7 Licensed Channels.
• Data rate 6 to 27 mbps.
• V2V & V2R.
• Needs large numbers of roadside nodes for V2R use.
• Might be open to adopting MMWave if Commercial 

Model viable.
• US Federal Government Backing (limited funding!).



Infrared

• No Regulatory Hurdles
• Relatively low cost
• Potentially High Bandwidth
• Could have problems with Night, Vision, 

Security Lighting & other infrared sources
• Needs Line of Sight
• No Commercial or Political Champion



MMWave

• UK ‘Miltrans’ Project
• Funded 50% BAE, 25% DTI, 25% 

Highways Agency
• Using IEEE 802.11a for testing
• Trials going on
• Possible Commercial Champion
• Commercial Model to fund it



MMWave

• Currently going through CEPT & ETSI to 
harmonise it & create standards for Telematics 
Applications

• 1 GHz of spectrum available at 63 GHz
• Will probably use IEEE 802.11p as modulation 

protocol
• Based on IEEE 802.11a
• 256 mbps Achievable
• Some Proprietary Modulation Schemes may be 

considered up to 512 mbps



Caching Technology
Roadside Nodes have their own Memory Caches

With Cache
• Messages can be locally 

stored and disseminated
• Reduced overhead on 

infrastructure
• Can install with minimal 

backhaul (GPRS)
• Cache space can be sold 

to local businesses
• Commercial model to 

make nodes a paying 
investment

Without Caches
• Messages sent from 

central Control
• Performance directly 

dependent on backhaul 
quality

• Need to provide backhaul 
when siting node

• Node is a cost to network



Caching Technology

Advantages.
• Can be positioned on Minor roads & sites without power & wired 

backhaul (Solar power & GPRS).
• Node Deployment can be decoupled from backhaul.
• High Bandwidth Internet available when good backhaul available.
• Commercial Model support deployment & acts to increase 

deployment.

Disadvantages.
• Real time Comms (E.g. Full duplex VOIP) problematical (use 

mobile phone).
• High Bandwidth internet available only with suitable backhaul.
• Need to synchronise traffic messages- turn the node ‘off’ once 

problem is past.



Dealing with Congestion

Dispensing Traffic Information
• Traffic Congestion is a problem
• Nobody wants to sit in traffic Jams
• Given information Drivers can choose 

other routes or other journey times
• It can develop into a tool for traffic 

management
• Accuracy and Comprehensiveness are still 

problems



Traffic Information

• Drivers quickly lose faith in inaccurate 
data.

• Data must be comprehensive and 
accurate to maintain credibility.

• No truly comprehensive source currently 
exists in the UK.

• Needs to include Roadworks, road 
closures, abnormal loads, accidents and 
lane closures.



Good Traffic Telematics Needs Good Information

• UK has some limited traffic Information
– Two Main Types

• Floating Car Data (ITIS & Trafficmaster)
• Infra Red Motorway Sensors (Trafficmaster)
• ANPR A-Road Sensors (Trafficmaster & Highways Agency?)

• UK does not have
– Any Unified reporting system for road closures & road 

building
– Any unified reporting system for accidents and 

unplanned stoppages



Responsibilities for the Roads

• Motorways and Trunk Roads
• Highways Agency
• Scottish Executive
• Welsh Assembly
• Local Executive Authorities

• Local Roads Major & Minor
• Local Executive Authorities
• Highways Agency
• Scottish Executive
• Welsh Assembly



Accidents & unplanned Stoppages

• Emergency Services
– Police

– Fire
– Ambulance

• Highways Agency patrols



Bringing it Together

• Needs the information standardised and 
made available by all concerned.

• Standard Web Page Structure.
• ‘Robots’ scanning pages & collating.
• Anyone can read data & Collate so 

commercial providers can use.
• Needs standard formats.
• Maybe based on TMC & TIH Work.



Congestion Control Methods

Road Pricing
– Divisive
– How to justify charging people for traffic jams they 

didn’t want anyway
– Politically Popular (offers a chance to tax!)
– Politicians are testing the water
– Timescale anticipated to be 15 years

Traffic Information & Control
– Not politically interesting
– Not easy to do without V2V & V2R (Cellular 

capacity?)
– Needs comprehensive information and dissemination



Congestion Control Methods

Control Driver Supply
– More demanding driver testing
– Regular Retests
– Politically out

– Safety could be justification

Network Improvements
– Considered new road building
– Improve Junctions
– Rebuilding & Reorganising Congestion ‘Hotspots’



Road Pricing
Two Efforts Underway

Political 
• GPS Vehicle Tracking 

Stories
• Eddington Report
• Aimed at assessing 

public reaction
• DfT Not directly involved
• Purpose is to assess 

public reaction
• ‘Testing the Water’

DfT & Standards Efforts
• ANPR Scheme pioneered 

in London is pioneering 
the approach

• Legalising Regional 
versions

• Work with EU, UN and 
Standards bodies

• Could be much sooner 
than anticipated



GPS & GSM?

• GPS Accuracy a consideration
– 15 Year Timescale might be wait for Galileo

• Complexity is high – verifying & charging 
routes driven

• Privacy & Human Rights
• Easy to sabotage or disable
• Needs a significant bureaucracy to resolve 

disputes



Paul’s Prediction

The Real Way Forward?
• ANPR based schemes like London Congestion 

Charge
• Legislation encouraging regional Schemes
• Standardise & integrate these
• LEA’s should fight to keep revenue to spend on 

local roads & transport
• Treasury wants the revenue
• RFID more likely to be used to pay – E.g. Oyster 

Card prepay system



Why ANPR?

Number Plates
• Electronically Readable
• Existing Standards & 

Regulation
• Can be done without EU
• All Vehicles already have 

Number Plates
• Fake Plates becoming harder 

to obtain
• Can be checked with Mk.1 

Eyeball

RFID
• Electronically Readable
• Years from Standardisation
• Needs EU Scheme
• UK 30 Million Europe 100 

Million Vehicles to be equipped
• Fake chips will be available
• Need to issue reader systems 

before Police & others can 
check them

• Cannot be verified visually



RFID Sabotage Methods

• RFID already used in Vehicle Immobilisers
• Copy Keys were available before OE RFID 

Ignition Immobilisers were
• No problem with copy keys
• Copy or programmable RFID number 

plates a different matter!
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