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Introduction:  Why Time is Critical Now

1. Position and Navigation
2. Distributed Data and Computing
3. Electric Power Smart Grid
4. Simplifying the Flow of Data and Timing 

Combined
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Introduction:  Why Time is Critical Now
1. Position/Navigation
• Position/Navigation depends on synchronized time from known 

locations
• Positioning is becoming more important for indoor 

positioning, self-driving cars, etc.
• Time signals through air travel at lights speed:  1 foot = 1 

nanosecond (ns)
• Radio Frequency (RF) signals are impeded and reflected by 

buildings, trees, etc.
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Introduction:  Why Time is Critical Now
2. Distributed Data and Computing
• Coordinating distributed databases and distributed computing

• Another growing need, in part due to massive growth of 
online services

• Accurate timing is an enabler for the 5G radio and services
• Timing simplifies sync of data 
• Root cause analysis and failure mitigation
• Traffic control
• Time-sync essential for distributed processing and control
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Introduction:  Why Time is Critical Now
3. Electric Smart Grid
• Managing electric power flow across continents

• Synchrophasors are essential to prevent failures
• Many Intelligent Electronic Devices 
• Traveling fault wave detection
• Reliability requires multiple differently routed time 
sources
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Introduction:  Why Time is Critical Now
4. Simplifying Time+Data Distribution
• Several industries are combining Time and Data

• These two are anathema to each other
• Data works best decoupled from the physical layer–

abstracted 
• Timing is best tightly coupled to the physical layer– timing 

is a signal, not data
• Both are being sent over networks
• Use of networks simplifies wiring considerably solving many 

problems, e.g. complexity and weight of wiring
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Report:
“Both trains should not have been in the same place at the same time”. (sic!)

Train A Train B1839
Several train crashes in a 
short time prompted an 
investigation in the UK. 

The conclusion was that 
poor clock synchronization 
was the cause.

Investigators

Why Vehicles Need Precise 
Positioning
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Bristol
11.50am

(Defined by local midday sun). London
12 noon

(Defined by local midday sun).

UK circa 1840

Defining The Problem

Inconsistencies in 
timekeeping caused near 
misses and collisions.

A 10 minute time error at 60kph meant that either train 
could be 10 kilometres from where it was expected to be.
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Today is No Different
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Vehicle Speeds & Positional 
Awareness 

Vehicle Speed Meters Per Second Meters Per 100 ms Meters Per 10 ms 

30 mph 15 1.5 0.15

60 mph 30 3 0.3

Positional Awareness  & Processing Times  (NHTSA)

HAV 
Level 

Longitudinal Positional 
Accuracy at 100 km/hr 

Lateral Positional 
Accuracy at 100 km/hr

Total Processing 
Latency 

Level 1 +/- 2m  to  +/- 5m +/- 1m to  +/- 2m 100 millisec

>=Level 3 +/- 2cm  to +/- 5cm +/- 2cm to +/- 10cm 10 millisec 

Vehicles Cover Relatively Large Distances Even At Low Speeds
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NHTSA* Levels of Autonomy 

Levels of Autonomy
 Level 0 - No Automation. 
 Level 1 - Driver Assistance.  
 Level 2 - Partial Automation***
 Level 3 - Conditional Automation
 Level 4 - High Automation
 Level 5 - Fully Automated.

* National Highway Traffic Safety Administration 
***Tesla considered Level 2

Practical Application 
 Typical everyday car / truck
 Basic ADAS** enabled vehicles 
 Advanced ADAS enabled vehicles

“self driving” vehicles under trial

**  Advanced Driving Assistance System

Today we are a long way from the “ubiquitous” autonomous car
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One Car, Cloud and Cars, 
Swarms of Cars

 Level 0 / 1: One Car - Individual In-Vehicle Intelligence and Control 
 Millions of brains optimizing trajectories –what we have now (not the solution)!

 Level 2 / 3: Cloud Connected Cars - Centralized Vehicle Intelligence 
 Cloud is imprecise and too slow for nuanced RT timing required by coordinated 

movement and control within required delays. Vulnerable to hacking etc.  

 Level 4 / 5: Swarms - Vehicles Use Distributed Intelligence 
 Self coordinating group  at any speed.
 Augment individual/centralized intelligence
 Offers fault tolerance, resilience, security, any vehicle, anywhere, anytime. 

TODAY

TRYING 

GOAL 
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3 Main Aspects to Vehicle Timing

 Timing and Clocks Inside Vehicles
 Plethora of protocols/standards, many proprietary, moving to TSN

 Position,  Navigation and Time (PNT) Relative to UTC 
 From GNSS - used for Navigation and Location in “real” time

 Position Relative to Neighboring Objects: On Board Sensors 
 To complement or replace the (unreliable) GNSS information

These 3 aspects are not yet well linked in-vehicle or vehicle to vehicle. 
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In-Vehicle Timing 

 Many proprietary timing functions and clocks of various 
accuracies and precision are found in vehicles:
 Electronic control units, IMU, media, navigation systems, etc.

 There are up to 80 networks in a vehicle 
 Linking control, navigation, sensors, mechanical systems etc. 

 Today cars are synchronized by on-board hardware clocks  
 Use relatively low performance oscillators 
 GNSS is not available enough to be a critical sync reference 
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GNSS for Absolute Positioning

20,000 km  Urban canyons
 Weak signal 
 Interference
 Tunnels 
 Parking

 DoT testing in NYC - tens 
of meters of error in urban 
canyons

 In practice GPS was 
ineffective in most of  
Manhattan

Urban Canyon 
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Sensors: Near, But Not Near Enough

Excellent for “proximity”
struggling to meet cost 
parameters 

 Cameras 
 Impacted by dust, rain fog, etc.

 Radar
 Subject to co-channel 

interference
 Lidar / Map Matching 

 need accurate GNSS and 
heavy processing for real time 
map updates
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Synthesizing Timing 

 We solved different instantiations of “timing” and in particular 
of Position, Navigation and Time by synchronizing clocks, 
building satellite systems, and engineering oscillators 

 Now we need to deliver this even more accurately, across all 
moving vehicles, at all times, at any speed

 We need all vehicles on the same very precise time in a 
dynamic local timescale 

 In other words a  “Vehicle Co-ordinated Time”  
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Downsizing Timescales 

Timescales can Scale 
 Timescales have typically been 

global or national
 But a timescale can be 

regional, local, a city block or 
even a single building

 Local indoor micro timescales 
are already being engineered

microTimescales use microPNT
 RF beacons using time of flight 

can generate localized micro 
timescales 

 In vehicles this is often 
referenced to an “arbitrary” or 
“relative”  local clock because 
GNSS is unavailable

 microPNT mesh can solve this 
issue
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Distributed Intelligence 
The Internet of Moving Things  

 V2V: RF chips in vehicles
 Ranging 100s times /per sec to 

neighbor vehicles to calculate 
relative position

 V2I: RF chips, GNSS and 
holdover clocks in roadside 
equipment
 Enable all vehicles to know exactly 

where they are relative to a 
globally known reference time 
and location to within a few 
centimeters, at any speed  

 PNT: GNSS moved from 20,000 
km to a canopy of “things in 
close proximity” distributing 
precise fast PNT information in  
a microTIMESCALE 
 Less interference, instantaneous 

location information, positional self 
awareness

 Always on: nine nines reliability, 
high security, low latency  

 Low cost to vehicle, part of smart 
city build out like CCTV
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GNSS Canopy Augmented 
by Street Level microPNT 

Proxy GNSS Layer

“Proxy” 
GNSS

LoS

20,000 km 

25  - 100 ft 

microPNT 
Clocks 
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Smart Ecosystem

1. Bring GNSS closer to the vehicle
 Ultra precise location at “street” level (e.g. on lamp-posts)

2. Create a micro timescale linked to UTC
 Deploy a meshed coordinated “timescale” not isolated clocks 

3. Provide security and protection for the PNT signal 
 V2I comms that are synergistic with RF and broadcast, cloud etc. 

4. Deliver ultra Precise coordinated timing for all in-vehicle clocks
 UTC reference = all sensors in all vehicles on same time 
 “Vehicle coordinated time” for location, traceability, security
 V2V + V2I + C2C (Clock to Clock) communication for cloud  
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MICROCHIP PNT  
IMPLEMENTATION 

To see more about Microchip’s solution for microPNT  
and much more in-depth technical detail 
Attend WSTS May 11-14, 2020 | Bellevue, WA.



Thank You 

joe.neil@microchip.com

mailto:joe.neil@microchip.com
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1) De-centralized Databases, Distributed (Edge) Computing
• Data and Databases being de-centralized

• “By 2022, 70 percent of data will be created outside the data center or cloud, up from 40 percent 
today,”  - Gartner

• “I can’t wait for critical data to arrive from Singapore”
• De-centralized Databases need Time Correlation

• “Is THIS update newer or older?”
• AI Analytics require sequence of data to be correct

• More accurate sync means more efficiency
• Greater correlation means less rewrite/transport, less uncertainty

Consequences of poor Sync:
• Incorrect data sequence – Incorrect Analytics and AI, Incorrect billing, Disputes.
• More rewrites and bulk data transfer - $$$

Accurate Timing – Benefits & Consequences
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2) FINRA, SEC CAT, MiFiD2, etc.
• Financial transactions need to be accurately timestamped – now mandated by 

regulators
• Cause/Effect forensics requires accurate timestamping for correct event sequencing
• More volume means more accurate sync needed

• 1 trade per second needs 0.5s sync, 1000 trades per second needs 0.5ms

• More accurate sync from the network means:
• More budget for processor and software (cost savings)
• Documented sync specs can be used with regulators

Consequences of poor Sync:
• Inability to prove transaction/dataset orders – Large Fine$$$ from regulators

Accurate Timing – Benefits & Consequences
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3) A Toolkit for New Services
• Queue Control Management / Bandwidth Optimisation

• More efficient routing of data 

• Root-cause Analysis and Debug
• Causes of Micro-bursts and other events by correlation

• 5G Infrastructure is Servers in Datacenters, Edge Computing
Consequences of poor Sync:
• Inefficient bandwidth utilisation - $$$
• Incorrect root-cause analysis and corrective actions
• 5G doesn’t work

Accurate Timing – Benefits & Consequences
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• NTP used for applications that need 10ms-100ms (or worse) accuracy
• Billing
• 1-second event correlation

• 100ms gives limited efficiency. 1µs significantly enhances efficiency.
• GPS installations in Datacenters notoriously trouble prone

• Installed without necessary expertise
• Cable & Media conversion issues

• PTP offers the path to
1. Wide-area database correlation
2. Financial regulatory requirements see previous slides
3. New services

Company Confidential

We have GPS and NTP Today. Why PTP?

30



Timing Distribution – example
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PTP
GNSS

National 
Time Service

• Spine & Leaf Switches are PTP Boundary Clocks (BCs)
• Server NIC is PTP Slave 
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Blink of an eye

300 ms ---- 0.3s

2020 Jan 10th 14 :32:45.034 5671

SEC (S) uSmS nS
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Power utilities synchronization
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Northeast blackout of 2003

Lessons Learned
• Time synchronization for 

digital fault recorders (DFRs)
• Phasor measurement units 

(PMUs) for better system-level 
view 

• Events time-tagged within 4 
ms accuracy

• Backup to GPS
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Synchronization accuracy requirements

Bulk metering
Customer premises metering 

SCADA: supervisory control and data acquisition
Frequency measurement
Event recorder

Fault localization
Synchrophasor: voltage/current with accurate phase 

1s

1ms

<1µs

IRIG

NTP

PTP
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• IRIG and PPS provide time 
information

• GNSS as highly accurate 
local time reference but 
not protected

• Network Time Protocol 
(NTP) provides msec
precision to appliances

• GNSS time reference

Presently applied solutions neither meet accuracy nor availability requirements

Substation synchronization - today

Migration to 
Ethernet

Protection 
relay

RTU/
SCADA

IEDEvent
recorder

HMI

Substation
switch

IRIG-B,
PPS

NTP
server

GPS
clocks

NTP

IRIG (Inter-range instrumentation 
group) time codes; Oct 1960: ASCII 
coded date/time information on 
sub-carrier

HMI – human-machine interface
IED – intelligent electronic device
RTU – remote terminal unit
SCADA – supervisory control and 
data acquisition
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• Precision Time Protocol for 
sub-µs timing accuracy

• Converging PTP, NTP and 
IRIG-B into single PTP 
solution

• Mitigating GNSS outages 
with network-based 
backup for highest 
availability

• Assuring business 
continuity by monitoring 
sync quality

Highest accuracy and best availability with satellite and network based timing

Substation synchronization - tomorrow

Protection 
relay

RTU/
SCADA

IEDEvent
recorder

HMI

Substation
switch

IRIG-B,
PPS

PTP Grandmaster

PTP,
NTP

ePRTCWAN
Cs Clock 
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Synchronizing professional broadcast services



40404040

SMPTE 2059 uses PTP IP packets to do the job traditional SPGs do

PTP (SMPTE 2059) replaces SPG
Sync pulse
generator (SPG)

SDI

Frame
synchronizer

Remote

Onsite

Video 
router

SDI

Video 
processing

Video 
server

Sync pulses e.g. Black & Burst 

SDI (Serial digital interface)

Simplification 
with IP

PTP
Grandmaster

Frame
synchronizer

Remote
Onsite

Video 
processing

Video 
server

Video 
router

Packet network

Media, control and timing

SMPTE: Society of Motion Picture and Television Engineers; pronounced “simp-tee” 
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SDI is a synchronous, broadcast-
specific transport technology
SDI monolithically integrates video 
signals, framing and timing into 
hardware, creating complexity and 
inflexibility
challenges with synchronizing audio 
and video

Evolve towards IP network with 
flexible processing of video and 
audio and ancillary data
HD MPEG (4 video & 5 audio streams)
SHD 4K (16 video & 5 audio streams)

Towards standard IP transport of video, audio, ancillary data as well as time

Drivers for IP in broadcasting networks

Mobile studio

Production
studio

Local TV/affiliates 
station

legacy 
SDI transport

IP transport

Ethernet/IP at appliances

SDI at appliances

Mobile studio

Local TV/affiliates 
station

Sync pulse
generator (SPG)

SMPTE 2059
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Step 1: Synchronizing broadcasting devices Step 2: Backup with network-based delivery

Combining GNSS-based and network-based timing for best performance 

Seamlessly introducing PTP in broadcasting networks

• Installing very compact grandmasters
• Satellite-based timing at any site
• Backed up by network-based PTP
• Use SMPTE ST 2059-2 /AES67  PTP profiles 

• Central, redundant high-performance 
grandmasters

• Sync-aware network devices (TC, BC)
• Potential use of telecom profiles (G.8275.1/2)

OSA 5405

OSA 5401
OSA 5430



Thank you

IMPORTANT NOTICE
The content of this presentation is strictly confidential. ADVA is the exclusive owner or licensee of the content, material, and information in this presentation. 
Any reproduction, publication or reprint, in whole or in part, is strictly prohibited. 

The information in this presentation may not be accurate, complete or up to date, and is provided without warranties or representations of any kind, either express or implied. 
ADVA g shall not be responsible for and disclaims any liability for any loss or damages, including without limitation, direct, indirect, incidental, consequential and special damages, 
alleged to have been caused by or in connection with using and/or relying on the information contained in this presentation.

Copyright © for the entire content of this presentation: ADVA.

Nlaufer@adva.com

http://www.facebook.com/pages/ADVA-Optical-Networking/37630238931?ref=ts#!/pages/ADVA-Optical-Networking/37630238931?v=wall
http://www.linkedin.com/company/adva-optical-networking
http://www.youtube.com/user/ADVAOptical
http://advaopticalnews.tumblr.com/
http://twitter.com/ADVAOpticalNews
https://www.advaoptical.com/en/press-feed
mailto:Nlaufer@adva.com


Questions?
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Workshop on Synchronization and Timing Systems
Time and Synchronization Across Industries

Hear about the latest timing and synchronization issues 
including:

Sector-dependent topics:
• Automotive or Intelligent Transportation
• Emergency Services and Broadcast
• Emerging IoT
• Financial Services and Data Centers
• Industrial Automation with Ethernet and Radio-Based 

Networking
• Precise Timing and the Power Grid
• Sync in Telecom

Sector-independent topics:
• New Space-Based Clocks
• Spectrum Protection and Allocations in GNSS
• Test Measurement, Certification, Case Studies and       Field 

Results
• Timing Security
• Timing Sources
• Timing and Sync Evolution in Aircraft Sensor Networks

wstsconference.com 



Thank you for attending the 
Why Time is Critical Now

Webinar 

All registered attendees will receive a follow up email containing links 
to a recording and the slides from this presentation. 

For information on upcoming ATIS events, visit
www.atis.org
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