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Presenter
Presentation Notes
This presentation discusses how to implement IEEE 1588 in LXI Class A and B devices


Agenda

 LXI and IEEE 1588 context

 Where to get help

 What is IEEE 15887

 |EEE 1588 features and implementation
e Coupling IEEE 1588 to your instrument
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LXI and IEEE 1588 context

e |XI| standard, section 3

— 3.2 Rule “Each LXI device that complies with
LXI Class A or LXI Class B shall provide fully
conformant I[EEE Std 1588 Precision Time
Protocol functionality”

e |In an LXI system, IEEE 1588 provides a
common sense of precise time In all Class
A & B devices that can be used by system
iIntegrators to control the system and to

manage the data.
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Presenter
Presentation Notes
LXI Standard section 3 requires Class A and B devices to implement IEEE 1588 (version 2)



The IEEE 1588 clocks can be used by system integrators for control of the system and managing data.


Where to get help

e |EEE 1588 Standard for a Precision Clock
Synchronization Protocol for Networked
Measurement and Control Systems.

e Also known as IEC 61588
e Version 2 is in ballot process

* Available from IEEE as 61588-2004, see
http://ieeexplore.ieee.org/Xplore/dynhome.jsp

 |EEE 1588 web site, see http://ieeel588.nist.gov
— Publications, products, conferences
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Presenter
Presentation Notes
This slide discusses where you can get help in implementing IEEE 1588.

Purchase the standard from the IEEE. It is sold under the number 61588 since it is both an IEEE and an IEC standard.

Look at the material on the 1588 web site. You will find pointers to lots of literature and pointers to companies selling components, software stacks, consulting and other aids to implement 1588.


What is IEEE 15887

IEEE 1588 is a protocol for accurately synchronizing
clocks in a distributed system

It does NOT say how to use these clocks
The LXI standard says how to use them in an

Instrument system
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Presenter
Presentation Notes
IEEE 1588 is a simple protocol that accomplishes only one thing- it synchronizes clocks in a distributed system to a high degree of accuracy.


E 1588 features and implementation
(basic ‘end-to-end’ operation)
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Presenter
Presentation Notes
This diagram shows the messages and timestamps used by IEEE 1588 in the most common implementation model (end-to-end). This is probably the only model of interest in LXI systems.

The Sync and Delay_Req messages are timed messages. A timestamp is created every time one of these messages is transmitted or received. The other messages are used to convey these timestamps to the slave nodes.



The slide also shows that clocks are organized in a master-slave hierarchy. The ‘grandmaster’ clock is the source of time for the system. The block marked BC is a boundary clock and is an ordinary Ethernet switch that understands IEEE 1588 and is able to remove the timing jitter. The OC is an ordinary clock and will be what will be implemented in almost all Class A and B instruments.


E 1588 features and implementation
asic ‘peer-to-peer’. probably not used in LXI)
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Presenter
Presentation Notes
This slide shows the other model- peer-to-peer. The message names are slightly different but the principles of operation are the same.


E 1588 features and implementation
(typical architecture)

Application Support
(time stamping, time triggers...)
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Presenter
Presentation Notes
This slide shows an architectural model of how to implement 1588 in an instrument. The block IEEE 1588 Clock is the source of time within the instrument. It is commonly implemented as a hardware counter driven by an oscillator. Since slave clocks must adjust the local clock to match the time of the master, the IEEE 1588 Control block is used. This block typically controls the adjustment of the IEEE 1588 Clock, for example by adjusting a VCO or by controlling the incrementing of the lower order bits of the counter. It also receives and sends information from the IEEE 1588 Code and the IEEE 1588 Packet Detection blocks.



The IEEE 1588 Packet Detection block has two functions. It generates the timestamps by capturing the value of the IEEE 1588 Clock whenever a Sync or Delay_Req packet is detected. It must also detect, filter, and capture certain information from these packets. It is typically a simple hardware (FPGA or ASIC) filter that observed the MII interface.

The IEEE 1588 Code receives all of this information. It is responsible for managing the IEEE state machines, for computing the corrections the Control block uses to adjust the clock, and for sending and receiving all IEEE 1588 messages on the LAN.

The Application Support block is where you couple the IEEE 1588 Clock into your measurement system. This is up to you. The IEEE 1588 standard does NOT tell you how. The LXI Standard makes some suggestions.


E 1588 features and implementation
(IEEE 1588 functions)

Determine master-slave hierarchy (software)

 Timestamp generation (hardware or
software)

 TiIming messages (software)
* Clock synchronization (software/hardware)

e Clock and system configuration and
management (software)
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Presenter
Presentation Notes
This slide lists the main functions that must be implemented. Some are usually done in software while others are done in hardware or a mixture of hardware and software.

The next slides discuss each point in more detail.


E 1588 features and implementation
(General software guidelines)

Almost all messages are transmitted as
multicast to standard port numbers and
addresses (port 319, 320 and address
224.0.1.129)

* Most 1588 code Is not time-critical (unless
you generate timestamps at the ISR)

 Pay particular attention to matching hardware
generated timestamps and packets on the
protocol stack

* Watch roll-over of the clock and sequence
numbers
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Presenter
Presentation Notes
This slide gives some general guidelines on the development of IEEE 1588 software. 


E 1588 features and implementation
(Determine master-slave hierarchy)

 Distributed algorithm (best master clock
algorithm) based on multicast “Announce”
messages

 Announce messages contain attributes
— Priority
— Class (TAl traceable time?)
— Accuracy (how close is time to TAI?)
— Variance (stability and noise of local clock)

— UUID
— Path information (how far to the grandmaster?)
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Presenter
Presentation Notes
This slide discusses how to determine which clocks are slaves and masters. The algorithm in the IEEE 1588 standard is called the best master clock algorithm. It runs independently on each clock and analyzes the attributes listed.


E 1588 features and implementation
(Determine master-slave hierarchy)

Best master clock algorithm.

A typical instrument named A:
e Sends Announce messages with attributes of A
 Receives Announce messages from others

 Compares attributes of received Announce messages
with attributes of A

— If A'is ‘better’: keep sending Announce messages and become
a master

— If another instrument is ‘better: stop sending Announce
messages and become a slave
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Presenter
Presentation Notes
This slide gives more detail on how the best master clock algorithm works. The basic mechanism is that each clock sends Announce messages containing the key attributes. Each clock examines the received messages and determines whether it or the sender is the better clock based on these attributes. If the receiving clock is better it continues to transmit Announce messages. If the receiving clock is worse is stops transmitting these messages.


E 1588 features and implementation
(Timing messages)

Event messages:

* Sync, Delay Req (Pdelay Req, Pdelay Resp)
o Are timestamped

e Carry time stamps and time related information
General messages:

e Follow Up, Delay Resp,
(Pdelay Resp Follow _Up)

 Are NOT timestamped
e Carry time stamps and time related information
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Presenter
Presentation Notes
This slide lists the timing messages specified in IEEE 1588. There are two categories. Event messages are timestamped as shown on slide 6. General messages are only used to convey the timestamps from the master to the slave. For most LXI implementations only the messages shown in RED will be used.


E 1588 features and implementation
(Timestamp generation)

For high accuracy generate close to PHY

Generate at start-of-frame in Ethernet
Qualify (filter) by:

— IPv4

— Port 319

— (for safety: messageType field in user space)
« To associate timestamp with packet
capture

— seguenceld

— sourcePortldentity
— (for safety: domain and messageType)
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Presenter
Presentation Notes
This slide discusses some key aspects of generating the timestamps. The most important point is that better accuracy will be achieved if the timestamps are generated as close as possible to the LAN connection. This minimizes the timing jitter between the master and the slave. In most instruments this point will be at the MII interface between the PHY and the MAC in the Ethernet protocol stack.



Timestamps are generated at the Ethernet start-of-frame. This is specified in IEEE 1588.

Most people timestamp all packets and then filter to discard those that are not of interest. The key IEEE 1588 message field used as inputs to this filter are listed (IPv4, port 319, and in rare systems messageType)

Since the IEEE 1588 Code block receives the timestamps and the message packet via different routes it is necessary to associate the two. The Packet Detector block typically captures other message fields and delivers it to the Code block along with the timestamp.


E 1588 features and implementation
(Clock synchronization)

« Compute offset_from_master (standard
tells you how based on timestamps in
event messages)

* Adjust the rate and time of slave clocks to
minimize offset_from_master

 How to do this is implementation specific:

— Need a good servo or phase lock loop designer

— Think about filtering and statistics on the input
data to the servo.
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Presenter
Presentation Notes
The timestamps are used to compute the offset_from_master. The standard gives the specification on how to do this.

The Code block uses this information to compute the adjustment used by the Control block to adjust the actual IEEE 1588 clock (see slide 8). The standard does not say how to do this. It is a classic servo design problem.


E 1588 features and implementation
(Clock and system management)

 |EEE 1588 specifies “management
messages” to view and update data sets.

* These are simple to implement in an
Instrument (not so simple in a boundary

clock)
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Presenter
Presentation Notes
This slide discusses the management of 1588 clocks and systems. The IEEE 1588 standard specifies a number of management messages that are used to read and modify data contained in data sets specified by IEEE 1588. These are simple messages to implements.


Coupling IEEE 1588 to your
Instrument

 Implementing IEEE 1588 Is the easy part

 Deciding how to use these clocks is where
careful design is needed.

 Three general uses of synchronized clocks:
— Timestamping data
— Generating events (for example triggers)

— Generating signals (for example periodic
triggers, or waveforms synchronous with the
clock)
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Presenter
Presentation Notes
This slide discusses how to use the IEEE 1588 clock in an instrument. There are three common uses that are illustrated on the next slide.


Coupling IEEE 1588 to your
Instrument

generating timestamps I—timestamp—»

trigger-in ——— Latch

*

IEEE 1588 Clock

eventtime—* generating events

Comparator

*

IEEE 1588 Clock
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Presenter
Presentation Notes
This slide shows the three common uses for IEEE 1588 clocks in an instrument. The first is for timestamping data. A signal, for example the trigger of an ADC, is used to latch the time from the 1588 clock to generate the timestamp.



The second is to generate and event at a certain time. In this case the time of the event is written into a latch. This time is compared with the current value of the clock and when a match is made the event is generated. This must be done with care since depending on how the rate of the clock is adjusted, the lower order bits may have missing codes. The generated event can be used for many purposes: for example triggering an ADC, generating an external trigger on the hardware trigger bus, generating an interrupt to a microprocessor.



Finally it is possible to synthesize waveforms that are synchronous with the time maintained by the 1588 clock.


Thank you.
Are there questions?
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