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Vehicle Architecture Evolution
YESTERDAY

Å Distributed architecture

Å Manual control

Å Low data rates (Kb/Mb)

SERVER

Infotainment

Driver
Replacement

PowertrainBody

Chassis

TOMORROW

Å Centralized architecture

Å L4, L5 autonomy

Å V2X communication

Å Higher data rates (Gb/Tb)

Dramatic Changes in Vehicle Architecture!
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TODAY

Å Domain centric 

Å Network connectivity

Å L1, L2, L3 autonomy (ADAS)

Å High data rates (Gb)

DC = Domain Controller
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Key Drivers for Autonomous Vehicles

ÅIn 2017, there were 37,000+ deaths due to road accidents in the US alone

ÅDriver error cited as reason in 94% of cases

ÅEconomic cost to society: upwards of $830B

ÅTravelers stuck in their cars for nearly 7 billion extra hours

Å$160B annual cost due to congestion

ÅTraffic congestion caused drivers to waste more than 3 billion gallons of fuel

ÅConnected vehicle environmental applications will give motorists the real 
ǘƛƳŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŜȅ ƴŜŜŘ ǘƻ ƳŀƪŜ άƎǊŜŜƴέ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŎƘƻƛŎŜǎ

Autonomous vehicles will make roads safer, reduce traffic congestion and improve productivity
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Autonomous Vehicles ςBuilding Blocks

VIDEO

LiDAR

RADAR

IMU

Sensors

ÅRoad surface detection
ÅLane detection
ÅRoad paint detection
ÅPedestrian movement 

detection and prediction
ÅPosition detection

PERCEPTION PLANNING

ÅRoute planning
ÅMotion path planning 

based on 
ÁCurrent position
ÁDestination
ÁObjects in Field of View 

GPS MAPS

CONTROL

ÅSend commands to 
actuators to start or stop 
motion 

STEERING

BRAKES

ACCELERATION
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Key Use Cases for Vehicular Time/Sync

Sensor data fusion
Critical for proper correlation of data from various sensors, video cameras, 
LiDAR, etc.
Essential for localization and mapping functions

LOCAL TIME BASE

V2V Communication
A UTC-referenced time base is essential for vehicle-to-vehicle communication
Event data recording
For temporal correlation of events and states (Ex. During an accident)
Access to synchronized calendar time for diagnostics and event logs  

GNSS/UTC SYNC

Synchronization of runnable entities (functions)
An arbitrary number of functions must be executed synchronously (either at 
the same time or with a synchronized time offset)
Example: Sensor data read out and synchronous actuator triggering for ABS 

FREQ/PHASE SYNC
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What Happens in the Absence of Sync?

RADAR

WHEEL ROTATION

MEASUREMENT

VIDEO

LiDAR

RADAR

WHEEL ROTATION

PERCEPTION
ENGINE

MOTION 
CONTROL
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CLOCK
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CLOCK
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ROTATION
CLOCK



yujala Presented at WSTS, March 2019 8

Key Technologies - Sensor Fusion

Automated vehicles use about 30-40 

sensors

ÅProximity sensors, parking assist, blind spot 
detection, etc.

360° vision implemented using six or 
more video cameras

Information from various sources is 

combined or fused together to provide 

intelligent vehicle control

Required sync accuracy between sensors: 1 msς10 ms
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Key Technologies ςVision Processing
Identification of objects in the vicinity of 
the vehicle

Recent advances in Machine Learning 
play a key role in vision processing

ÅEdge-detection and Object classification using 
Convolutional Neural Networks

ÅFusion of data from Video images, LiDAR and 
RADAR

ÅFrame comparison to determine direction of 
motion

Cameras are typically 480p, 1080p or 4K 
resolution

Å30 frames-per-second or slower
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Fusion of Video and LiDAR Images

GPS ReceiverVideo Camera LiDAR

Timestamps are accurate to a 
nanosecond, but millisecond 
accuracy is sufficient for fusion of 
video and LiDAR images


