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General Information

Note: ChronoLogic was formerly named Fiberbyte — Users will encounter some references
to Fiberbyte in the software & hardware

Electrical Safety

ChronoLogic modules should never be opened. There are no user serviceable parts inside
the modules. Opening the modules will void any applicable warranties. Refer to the
manufacturer for service issues.

Safety Symbols

The following safety symbols are used in the manual. These highlight specific instructions
that must be followed to protect the user from harm and to prevent damage to the
equipment.

Caution Symbol

A This CAUTION symbol is used throughout this document to highlight particular
procedures or processes, which if conducted incorrectly, may cause damage to the
equipment.

Warning Symbol

A This WARNING sign is used throughout the manual to denote a potential hazard.
The hazard may be related to a procedure or practice. Failure to observe the
warnings contained herein may result in injury or loss of life. Users must fully
understand the relevant WARNING conditions before proceeding. Operate the
ChronoLogic module only as described in these operating instructions.

Safety Guidelines for Hazardous Voltages

A If hazardous voltages are connected to the module, take appropriate precautions. A
hazardous voltage is a voltage greater than 42 V RMS or 60 V DC to earth ground.

A Caution! Ensure that hazardous voltage wiring is performed only by qualified
personnel adhering to local electrical standards.

A Caution! Do not mix hazardous voltage circuits and human-accessible circuits on the
same module.

A Caution! Make sure that devices and circuits connected to the module are properly
insulated from human contact.



A Caution! When module terminals are live with hazardous voltages, make sure that
the terminals are not accessible.

A Caution! Do not disconnect I/O wires or connectors unless power has been switched
off or the area is known to be nonhazardous.

A Caution! Do not remove modules unless power has been switched off or the area is
known to be nonhazardous.

Warranty

This ChronoLogic product is warranted against material defects for a period of twelve (12)
months from the date of shipment. During the warranty period, ChronoLogic will, at its
discretion, either repair or replace products or components, which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated
by ChronoLogic. International customers shall pay all shipping charges, duties and taxes in
both directions for products returned to their nearest authorised ChronolLogic representative.

ChronoLogic further warrants that all software and firmware designated by ChronoLogic for
use with the ChronoLogic equipment will execute its programming instructions when properly
installed on that equipment. ChronoLogic does not however warrant that the equipment will
function uninterrupted or error free.

Limitations of Warranty

To the extent limited by law and subject to any term, condition or warranty implied by the
Australian Trade Practices Act (1974) which cannot be excluded or modified by agreement,
ChronoLogic makes no warranty apart from those expressly set out above.

The above said warranties shall not apply to defects resulting from improper or inadequate
handling, use or maintenance of this equipment, customer supplied software, interfacing,
unauthorised modification or misuse, operation outside of the environmental specifications
for the product or improper site preparation or maintenance. The above said warranties are
void if the user opens the device.

Certification and Standards

ChronoLogic devices comply with all required regulatory standards. ChronoLogic is certified
to ISO 9001:2008 and maintains commitment to design and manufacture to the highest
guality standards. ChronoLogic also provides voluntary compliance with RoHS.

For further detail on individual standards and compliance for specific ChronoLogic products,
please refer to the ‘Overview’ section for each specific product in this document.



Hazardous Locations

The ChronoLogic modules are not designed for use in hazardous locations.

Life Critical Applications

The ChronoLogic modules are not designed for use in life support appliances, devices, or
systems where malfunction of these products can reasonably be expected to result in
personal injury. ChronoLogic customers using or selling these products for use in such
applications do so at their own risk and by doing so agree to fully indemnify ChronoLogic for
any damages resulting from such improper use.

Subject Matter

The material in this document is subject to change without notice. ChronoLogic makes no
warranty of any kind with regard to this printed material, including, but not limited to, the
implied warranties of merchantability and fitness for a particular purpose. ChronoLogic shall
not be liable for errors contained herein or for incidental or consequential damages in
connection with the provision, performance, or use of this material.

Where to find more information

The following documents can be found in electronic format and provide additional
information relevant to the operation of your ChronoLogic module:

Documents on your local computer

When you install the USB-inSync software package, the following electronic
documents are copied to the chosen installation directory on your local drive. The
default installation directory is “C:\Program
Files\ChronoLogic_com_au.usbinsync.w.x.y.z", where “w”, “x”, “y” and “z” are the
installation version numbers. Documents are located in the <install directory>\docs.

Documents on ChronoLogic's web site

The most recent version of the ChronoLogic Product User Manual can be found in
electronic form on the ChronolLogic web site www.chronologic.com.au in the
“Resources/FAQ" section.

Copyright

This document contains proprietary information that is protected by copyright. All rights are
reserved. No part of this document may reproduced in (including electronic storage and
retrieval or translation into a foreign language) without prior agreement and written consent
from ChronoLogic as governed by Australian and international copyright laws.



© Copyright 2009
ChronoLogic Pty Ltd
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Trademarks (™)

ChronoLogic, USB-inSync, USB-RealTime, Legato, Maestro and Control Center are either
registered trademarks or trademarks of ChronoLogic Pty Ltd in Australia and/or other
countries.

Microsoft, Windows, Access, Excel, Visual Basic and VisualStudio are either registered
trademarks or trademarks of Microsoft Corporation in the United States and/or other
countries.

LabVIEW is a registered trademark of National Instruments Inc.

IDL is a registered trademark of Research Systems Inc.

Matlab is a trademark of The Mathworks Inc.

Patents

ChronoLogic is a technology innovation company that develops and commercialises
proprietary technology. ChronoLogic utilises the international patent process and other
relevant conventions to protect its intellectual property (including its core USB-inSync™
technology) and preserve its competitive advantage worldwide.

For full details of ChronoLogic’s patents, please visit www.chronologic.com.au/patents




USB-in-Sync Overview

Introduction

USB-inSync™ is a revolutionary technology which adds highly accurate timing and
synchronisation to the already powerful Universal Serial Bus (USB). While preserving all the
features of USB, the enhanced capability of USB-inSync™ enables new applications and
solutions never before possible. USB-inSync™ has transformed the fundamental properties
of USB and opened up a new range of possibilities. USB-inSync™ will become the solution
of choice for PC I/O applications where portability, expandability, synchronous performance,
and cost are significant considerations.

ChronoLogic’s USB-inSync™ specification defines a rugged PC-based 1/O platform for test,
measurement and automation systems. USB-inSync™ builds upon the USB specification
that has become the preferred connectivity standard for portable, office and home computer
environments. USB-inSync™ is an extension to USB that combines the widespread inter-
compatibility features of USB with the advanced timing and software features required for an
industrial PC 1/0 communication platform. These advances open up a new world of
possibilities in the development of synchronised systems for distributed test and
measurement, data acquisition, automation and manufacturing applications.

Features and Benefits of USB

USB is by far the most popular PC interface, dominating the peripheral connectivity market
with a solution to almost every application requiring external connection between computers
and peripheral devices. USB is ubiquitous in desktop and notebook PC’s which ensures
widespread interoperability of USB devices. USB is the interface of choice for Personal
Digital Assistants (PDA’s) and an amazing array of consumer and instrumentation USB
products enter the market daily. The well-known advantages of the standard USB
specification are summarised as follows:

External serial bus which frees IRQ resources for other devices
Hi-Speed 480Mbps bandwidth - USB 2.0 (proposed 4.8Gbps - USB 3.0)
Hot-swappable, plug-n-play operation

Reliability is assured through automatic error correction protocols
Expansion via inexpensive random star topology

Widespread PC compatibility & low Cost

USB is a serial bus designed to operate in a point-to-point, PC-centric host-to-slave
configuration (see Figure 1). The USB standard defines an expandable PC interface that
can control up to 127 devices (including expansion hubs) from a single USB Host Controller
on a PC. Expansion hubs typically have 7 expansion ports and can be connected to other



hubs in any random topology the user desires. For a detailed and in-depth presentation of
USB refer to Jan Axelson’s excellent book, USB Complete, (2001) Lakeview Research.

Figure 1: USB connection topology
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Synchronisation & Determinism

USB was designed to concurrently operate multiple
devices that vary in nature and function. To Conventional USB devices
accomplish this USB is an *“asynchronous” bus - asynehronous operafion
which allows multiple devices to sequentially

interact with the Host PC. Asynchronous control
prevents devices from interacting with each other in

a deterministic way. As a consequence, USB has a /\
very limited capacity to synchronise events or
processes on multiple devices. Typical USB

devices can barely synchronise data streams on Time
millisecond time scales (see right). Milliseconds

As an asynchronous bus standard USB has no provision for providing accurate timing
information to multiple devices. Standard USB is therefore unsuitable for precision
applications. The clock error depicted in the Figure above increases as the physical
distance between devices increases. In fact, the clock error is further increased with the use
of standard expansion hubs. With the standard USB framework there is no ability to provide
synchronous real-time control or data acquisition for applications such as test,
measurement, control and automation.

USB devices make use of existing computer infrastructure for a large range of applications in
a simple, reliable, and cost effective manner. Unfortunately for designers of test &
measurement, data acquisition and control and automation systems, the asynchronous
operation of standard USB presents an insurmountable obstacle, until now. Despite the lack
of synchronisation with conventional USB there has been strong and growing demand for
instrumentation based on USB. USB-inSync™ offers the solution to these shortcomings and



provides the impetus for massive growth in USB instruments via its precision
synchronisation, deterministic operation and opportunities as a hybrid test platform.

What is USB-inSync™?

ChronoLogic has developed the USB-inSync™ technology to transform the conventional
asynchronous USB into a synchronous, deterministic and expandable control platform. Such
capabilities were never envisaged by the inventors of USB. USB-inSync™ devices are USB
compatible and possess all the standard connectivity characteristics of USB. In addition to
this, USB-inSync™ devices feature highly accurate synchronisation and deterministic timing
capabilities.

Each USB-inSync™ device is equipped with a local clock that is accurately phase locked to
that of every other USB-inSync™ device attached to a given Host PC. Furthermore, each
device contains its own ‘real time’ register that is accurately synchronised to those of every
other USB-inSync™ device. A deterministic triggering system is also provided so that
processes can be started and stopped in a precisely controlled manner. These two features
extend USB beyond the realms of its original concept and allow new synchronisation, control
and monitoring possibilities within a distributed PC-based environment.

ChronoLogic has therefore created a powerful extension to USB enabling a range of test &
measurement applications which require coordinated multi-device control and data
acquisition.

USB-inSync™ guarantees that all local device clocks will be synchronised to within a few
nanoseconds of each other when connected to a common expansion hub on similar length
cables (see Figure 2). This is termed Passive USB-inSync™ because the devices
automatically lock to each another without the need for any additional equipment.

Figure 2: Passive USB-inSync
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Up to six USB-inSync™ devices can be passively locked to within a few nanoseconds of
each other by attaching them all to a generic USB expansion hub. USB-inSync™ devices
automatically lock their clocks together in frequency, but there may be a small phase offset
between clocks when the devices are located at different points along the USB connection
tree. The worst case phase offset for a widely distributed Passive USB-inSync™
configuration (devices spread over 30m) is of the order of 100ns. This is still four orders of
magnitude better synchronisation than standard USB. Most users will find this perfectly
adequate for the vast majority of applications.

Some customers will however require much tighter timing capabilities than this. USB-
inSync™ also has the capability to actively compensate for these phase offsets and
synchronise all clocks to within £1ns regardless of their connection location. Active USB-
inSync™, as it is called, utilises the ChronoLogic USB-inSync™ Master Hub to measure and
compensate for the clock phase offset of each device (see Figure 3).

Figure 3: Active Phase Compensation
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Notice in the above Figure that only one USB-inSync™ Master Hub is depicted. The Master
Timing Hub operates as an accurate timing controller to synchronise all device clocks,
regardless of the number of standard USB expansion hubs used. The Master Timing Hub
determines the phase offset and provides a correction factor to each USB-inSync™ device
to ensure all devices operate in complete synchronicity. This occurs automatically during the
device enumeration process and is repeated each time a new device is connected to the
system, maintaining accuracy while preserving the hot-swap ability of USB. As soon as
Windows recognizes the device, it is available for synchronous operation. The use of a
ChronoLogic’s USB-inSync™ Master Timing Hub enables the tightest timing control of USB-
inSync™ devices regardless of their location within your distributed PC 1/O system.



USB-inSync™ Hardware Features

The USB-inSync™ hardware specification defines a system whereby each device is
provided with accurate clock rate and absolute time information from the host PC. Each
USB-inSync™ device has an embedded clock which is accurately phase locked to all other
USB-inSync™ device clocks. The key to USB-inSync™ working over standard USB hub
and ports is that the hardware platform resides solely in the USB-inSync™ device itself.
When combined with the USB-inSync™ software platform full synchronisation and
deterministic capabilities can be implemented over standard USB hub architecture.

Every USB-inSync™ device connected to the same generic expansion hub will therefore
operate with clocks synchronised to within a few nanoseconds, however devices connected
at different levels of the USB hub tree will be subject to a small phase offset. While a minor
phase offset is adequate for the vast majority of applications, USB-inSync™ provides the
possibility to all but eliminate this offset. The use of ChronoLogic’'s Master Timing Hub
ensures accurate clock phase compensation to within +1ns, regardless of the device’s
position within the USB network. USB-inSync™ also defines a deterministic triggering
system with events on different devices triggered within the same +1ns tolerance.

The ChronoLogic engineering team has developed USB-inSync™ as a future open PC I/O
platform so the possibilities for enabling test & measurement devices with expandable,
synchronous, reliable, and cost effective control are unlimited. Most importantly, USB-
inSync™ works over the standard USB bus and complies with the normal USB protocol.
This means that USB-inSync™ devices will operate side by side with standard USB devices
and over inexpensive standard USB hubs and cables.

USB-inSync™ Software Features

The USB-inSync software platform is based on our multiple device threaded digital I/O
command infrastructure. An easy to use Graphical User Interface (GUI) is included that
empowers the user to start acquiring data from ChronoLogic USB-inSync™ enabled devices
within minutes of opening the box. Advanced users are provided with access to extended
low-level device functionality through our COM Server. This enables interfacing through
Windows based software application including MS Office, Visual Studio and National
Instruments LabVIEW ™. Additional LabVIEW™ device drivers are available so that USB-
inSync™ devices can be quickly implemented within an existing test environment. OEM
users benefit from the flexibility of multiple software interfaces to create application specific
solutions.

The software platform features are summarised as:

Fully compatible with USB2.0 driver specification

COM Server interface for end user customisation

Drivers for industry standard interfaces such as LabVIEW ™

Links multiple USB-inSync™ modules with multiple concurrent software
applications.

Enables complete USB-inSync™ functionality



Includes Registration Manager, Message Processor, Event Handler
Threaded I/O processing for synchronous sampling or deterministic control
applications

* LabVIEW™ is a registered trademark of National Instruments

Summary

ChronoLogic has transformed the consumer USB port, available on every PC and laptop,
into a high bandwidth, synchronous and distributed instrumentation bus. We use the
existing bus traffic to distribute highly accurate clock information to each device utilising data
structures already present on the bus. The process operates with complete transparency
and does not affect normal USB operation. USB-inSync™ represents the future of PC-
based I/O suitable for automation, control, data acquisition and test & measurement
applications with cutting edge performance and the ubiquity of USB.

USB-inSync™ is a platform that offers the synchronous and deterministic accuracy of rack-
based systems such as PXI but in a distributed, PC-based format. ChronoLogic has
succeeded in developing a new synchronous instrumentation bus capable of interfacing over
100 devices directly through the PC's USB port. This bus allows each attached device to
operate with its own synchronous clock accurate to better than £1 nanoseconds. USB-
inSync™ devices can also be operated in a deterministic manner with an event triggering
temporal resolution of better than +1 nanoseconds, regardless of their position within the
distributed system.

There are numerous test and measurement applications which can benefit from the
simplicity, reliability, and cost savings that ChronoLogic's USB-inSync™ technology offers.
Current products and methods require new solutions that offer increased computer
integration. USB-inSync™ enables users to leverage existing computer infrastructure and
provide distributed, synchronous and deterministic multi-device control.

USB-inSync™ Features:

Fully compatible with USB

Nanosecond phase-locking between USB-inSync™ devices on the same USB
hub

Nanosecond phase-compensation between expansion hubs (using ChronolLogic
Master Hub)

Real-time sampling capabilities

COM Server interfaces with most modern software application

USB-inSync™ Requirements:

Windows XP Operating Systems or higher
Intel Pentium Il PC or higher

512 MB RAM, 30MB hard disk space
USB2.0 or higher Host Controller
USB-inSync™ embedded device interface



Installation Instructions

Important Notice:

Install ChronoLogic’s Control Center software
Before connecting the device to your PC

Overview

It is important that the USB-inSync Software is installed before connection of the
USB-inSync device to the PC. USB requires installation of drivers before the device is
attached to the PC. If you have attached the device before installing the software, install the
software then see the “Update Drivers” section at the end of this chapter.

The ChronoLogic Control Center program is written in C#. As such it requires the installation
of Microsoft's .NET framework libraries. These libraries are included with the basic
installation package on CD but are also freely downloadable from Microsoft.

A Warning! If this equipment is used in a manner not specified in this manual, the
safety protection provided by this equipment may be impaired and result is potentially
hazardous situations.

Computer Requirements

Hardware

USB “High Speed” (USB 2.0) Host Controller

Intel Pentium Il PC or higher

512 MB RAM - additional RAM for better performance when handling large
acquisitions

30 MB hard disk space — additional space required for storage of acquired data

Operating System

Windows XP Operating System (Service Pack 3) or Higher

Software Resources

Microsoft .NET Framework 3.0 or higher

Note: If the .NET framework is not present on your system install “.NET Framework”
package which is included on the installation CD. Later versions of .NET may be available
at www.microsoft.com/downloads




Software Installation

Please note that these instructions must be followed for a successful installation.

You must be logged onto the computer with Administrative rights in order to successfully
install drivers into the Windows Registry. If you are unsure of your Administrative rights,
please see your IT department to gain these rights on your PC.

Insert the CD labeled “USB-inSync™ Control Center” into your PC’s CDROM. The
ChronoLogic Control Center software installer should automatically load. If installation does
not commence automatically then:
Navigate to your CDROM drive and double click InstallCenter.exe
OR
Click “Start”  “Run” and type <drive>: InstallCenter.exe
Install:
o ChronoLogic software
o .NET Framework (if required)
Adobe Acrobat reader (if required)

Install Center x|
VAN
s

a: CHRONOLOGIC
N B Wi "

Install Chrenclogic software

Install the NET Framework

Install Adobe Acrobat reader

USBY
inSync"

Close

.NET Framework Installation

The ChronoLogic Control Center application is written in C# and therefore requires the
Microsoft .NET Framework runtime library. If this is not installed on your computer, Windows
will display the following error message (depending on operating system) and you will need
to install the .NET Framework supplied on the installation CD.

.NET Framework Initialization Error,

Ta run this application, you first must install one of the Following versions of the Met Framework:
v2.0.50727
Contact wour application publisher for instructions about obtaining the appropriate version of the .MNet Framework.

Windows XP message

The Microsoft .NET Framework should be installed by default on Windows Vista systems.



Additional Information for Windows XP Users

When Windows XP detects a new device, the following user interaction is required to
properly install the drivers. This procedure will be repeated (there are two device drivers for
your USB-inSync™ device).

The following dialogue boxes appears:

Found New Hardware Wizand

‘Welcome to the Found New l Plea; S - M
Hardware Wizard Hardware Installation,

This wizard helps you instal st fo VE The software you are instaling for this hardware:
FIBERBEYTE USB-inSync(TH) Device FIBERBYTE USB Device o

has not passed Wwindows Logo testing to vy its compatibiity
\') 1f your hardware came with an installation CD with *Windows <P, (Tell me vihy this testing is important.]
&2 or floppy disk, insert it now.

Continuing your installation of this softwars may impair
or destabilize the correct operation

‘wihat do pou want the wizard to do?

@ Install the software: automaticaly (Recommended) passed Windows Logo testing
) Install from a list o specific location (Advanced]

Click Nest to continue.
Cartinue Anyway STOP Installation

Click “Next” to install the Drivers.
Click “Continue Anyway”

This is the normal operation of Windows XP in response to installation of a device driver that
has not been developed in partnership with Microsoft.

You can now connect the device to your PC

When the ChronoLogic device is first connected to the PC, Windows will recognise a new
device and try to install the device drivers. There are two device drivers for every
USB-inSync™ device and Windows needs to install both of them for proper operation of your
device. Driver installation is automatic in Windows Vista, but requires some user interaction
with Windows XP.

You can now Launch the Application

Click “Start”

“Programs”
“ChronoLogic USB-inSync”

“ChronoLogic Control Center”
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Your installation is now complete. Enjoy your ChronoLogic product.

Update Drivers

Have you plugged the device in before installing drivers?

If you have connected the device to the PC before you installed the software, Windows may
have trouble recognising the device, even after the software has been installed correctly.
This is because Windows did not initially find the correct driver and has flagged an error in
the USB registry. This is the normal operation of Windows.

To correctly re-install driver:

Install the software as described in Step 2 of this document.

Go to the Windows Control Panel

) My Documents

i bl“l’y Recent Documents  »
ﬁ My Pictures
- -
7 My Music
==
&] My Computer

g My Network Places

anel

.
@, comect Io 8

hﬁ Prinkers and Fases

) Help and Support
p Search

1) R,




Double click on the System Icon
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Accessibility - Add Hardware Add or Administrative Date and Time Dell
G- Switch to Category View Dptions Remov... Tools Modem-on-, ..
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See Also ] % -"J ) =2
Display Falder Qptions Fants Game Internet Java Plug-in
h wWindows Update Controllers Options
&), Help and Suppart = e
= & B T @ < B
: - =]
Keyboard Mail Mouse Metwork  MIDIA nView  Phone and
Connections  Desktop M...  Madem ...

@ % L oe @ 3

Portable Media Power Options  Printers and QuickTime  Regional and  Scanners and
Devices Faxes Language ... Cameras

I A 3
L= Y 1

Scheduled Sounds and Speech Symantec Taskbar and
Tasks Audio Devices Livelpdate Skark Menu ;I

In the “Hardware” tab of the System Properties window, click on “Device Manager”

SystemFestre | AutomaticUpdates | Femole |
General | Computer Name Hardware | Advanced

[~ Add Hardware Wizaid
% The &dd Hardware "Wizard helps pou install hardware.

Add Hardware ‘wizard

~ Device Manager
@ The Device Manager lists all the hardware devices installed

on your computer. Use the Device Manager to change the
properties of any device,

Diiver Signing | Device Manager [ |

Hardwars profiles provids a way for you to set up and store
different hardwars configurations:

Hardware Profiles

[~ Hardware Frofile:

ok I Cancel | Apply: |

Click to expand the “Universal Serial Bus controller” item
The unknown device will be highlighted by a yellow exclamation mark
Right click on the unknown device and Click the “Update Driver...” field

Follow the directions to correctly install the new drivers (let Windows find the driver)
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Software overview

Overview

ChronoLogic’s products leverage our unique USB-inSync technology to bring new levels of
performance, modularity and flexibility to distributed test applications.

Every ChronoLogic module is equipped with ChronoLogic’s unique USB-inSync platform
technology. USB-inSync turns the user’'s PC into a multi-channel test platform that can be
expanded using standard, off-the-shelf USB architecture. USB-inSync combines all the user-
friendly features of USB with nanosecond synchronization and timing features enabling high-
performance multi-channel test applications.

All ChronoLogic modules are supplied with our powerful ChronoLogic Control Center
software platform which includes the USB-inSync Software Engine and additional libraries
such as the COM Server/Client interface. These tools enable quick and easy integration with
any Windows 2000/XP application including MS Excel, Access and Internet Explorer. Now
test and measurement is as easy to configure as a click of a mouse.

The ChronoLogic Control Center software platform (shown in Figure 2.1) is composed of
several core components:

USB-inSync Software Engine / API

Windows Device Drivers

User Interfaces

ChronoLogic COM Server

ChronoLogic Control Center graphical user interface (GUI)

Third Party Device Drivers (such as LabVIEW)

DAQ-Control Center ™ UselgAppIication
rograms
(Database/GUI) ’_HV J T

User Interfaces
(COM Server, DLL, etc)

USB-inSync™ Software Engine

USB Phy.

DAQ Device
Application Firmware

Figure 2.1: ChronoLogic Control Center Software Platform



USB-inSync Software Engine

The USB-inSync Software Engine handles all basic USB communication. This object
controls device enumeration and all interactions with the operating system. The USB-inSync
Software Engine handles all command processing and threading. Device synchronization
and USB-inSync deterministic command triggering are also handled in the Engine.

ChronoLogic Device Drivers

The device drivers contain the Application Firmware that runs on the physical USB device.
These are registered with the operating system and are called by Windows when it detects a
new device attached to the USB port.

When a new device is attached to the port, Windows examines it for vendor and product ID.
This information tells Windows which device drivers need to be loaded for proper operation
of the device. After successful installation of the driver (which is handled automatically by the
operating system’s plug-n-play manager), the device is available for use by the USB-inSync
Software Engine.

Software Interfaces

The ChronoLogic Control Center suite has one main interface based on the COM
(Component Object Model) standard. This is the only interface that has access to the USB-
inSync Engine.

USB-inSync COM (Component Object Model) Server

This interface is implemented in the “ChronoLogic Sync Library”. The COM interface allows
users to communicate with the USB-inSync Software Engine using the COM protocol,
providing the flexibility to create various custom solutions from software such as
VisualStudio, Excel, Access and LabVIEW

COM Server Implementation

Links multiple USB-inSync modules with multiple concurrent software applications.
Enables USB-inSync, synchronization, data and command transfer.
USB device Registration management, Message processing and Event handling.

Threaded I/O processing.



Graphical User Interface (GUI)

The ChronoLogic Control Center GUI is provided as a simple to use interface that enables
users to start acquiring data within minutes of opening the box. The interface provides
access to most of the features of the device and presents them in a clear logical format.

GUI Implementation

Support for USB-inSync command processing
Support for ChronoLogic Control Center Test Libraries
Support for multiple modules and hot swapping

Data logging, Printing, Graphing

Documentation and Help files

Threaded I/O processing

Deterministic control functions

Operation of ChronoLogic Control Center requires a display with a resolution of 800x600 or
higher and a keyboard, mouse or equivalent input device.

Additional Device Drivers

LabVIEW drivers are available for integration of the ChronoLogic modules within your
existing applications based on the LabVIEW programming environment.

COM Server Interface

The “ChronoLogic Sync Library” allows the user to communicate with the USB-inSync
Software Engine through the Component Object Model (COM) protocol. This provides the
user with unlimited flexibility to create custom applications that control USB-inSync devices
from common programming languages such as C++, C# and Java. Since COM is a generic
protocol, applications can be created in standard Windows applications such as Excel and
Access.

COM Overview

The Component Object Model is a framework for creating and using “software components”
and allows you to build software from generic libraries. COM consists of a well-defined and
publicly available specification, as well as numerous platform implementations. COM is
supported by numerous operating systems, languages, applications, and development tools.
For more information see Microsoft's Component Object Model resources at
www.microsoft.com/Com/default.mspx.




COM Features

COM is based on “component development” and should not be confused with “object-
oriented” programming. Component based development is a technology that allows you to
combine object-based components created using many different tools and languages.
Component based development is concerned with making objects work together as
“components” of a larger system.

COM is a technology that allows objects to interact within either a single process, across
multiple processes or even across machine boundaries. COM enables object interaction by
specifying that the only way to manipulate the data associated with an object is through an
interface on the object.

COM interfaces correspond to abstract class in C++ and an interface in Java and supports
three types of interfaces:

Custom

A Custom COM interface is similar to C++ virtual function tables, and is derived from
IUnknown, (for C++).

Method lookup is done statically at runtime using a vtable.
Automation

Automation interfaces are a dispatch type COM interface, and involve dynamic
tokenised lookup instead of a vtable pointer-based mechanism.

These interfaces are derived from IDispatch (for scripting) and are slower.
Dual

Dual COM interfaces are both custom COM interfaces and dispatch interfaces rolled
into one.

A COM object therefore is nothing more than an implementation of a group of interfaces.
Each COM class is identified by a CLSID, a unique 128-bit GUID, which the server must
register. COM uses this CLSID, to create an instance of the object when requested by a
client.

Installation and Reqistration of the COM Server

The functionality of ChronoLogic’s USB-inSync technology is available to the end user
through our COM server. This means you can access USB-inSync functionality from any
programming language that supports COM. Developers using Visual Basic, Visual C/C++,
Visual Studio.Net, LabVIEW, Delphi, C++ Builder, VB, even Microsoft Office applications can
now embed and control ChronoLogic USB-inSync devices directly in their own applications.
The COM Server User Guide assumes you are familiar with COM programming. If you need
more information about COM, please see the preceding section, or consult your
development environment’s documentation.



Installation

To install the “ChronoLogic Sync Library”, simply run the normal ChronoLogic Control Center
setup program. Consult the ChronoLogic “Getting Started” guide supplied with your
ChronoLogic device if you have not already done this.

Licensing and Distribution

Any commercial software using the ChronoLogic Sync Library must comply with the terms of
the ChronoLogic License Agreement and prior written approval must be obtained from
ChronoLogic. Please refer to the file <install directory>\doc\license.rtf.

Getting Started

The ChronoLogic Sync Library should be accessible from any language that supports COM.
Only basic data types are used. For more information concerning data types, please see
Appendix C, COM Server Programming Reference Guide. Note that it is not an automation
server. This means that no changes made through the COM server will be saved in the
ChronoLogic Control Center application or the registry. It is also possible to use the COM
server concurrently from multiple clients, so the developer should take care to check return
values on calls to methods in case a conflict has occurred.

Interface Specification

The COM Server Programming Reference is provided in Appendix C. This details the
commands and syntaxes required to communicate with USB-inSync devices through the
COM Server.

Example Software

Please see Appendix D, Example Code.

Using Control Center (GUI)
Overview

ChronoLogic USB-inSync devices are supplied with the Control Center Graphical User
Interface (GUI) which provides a simple interface to the functionality of the device.

The COM interface and associated DLLs provide more flexible control opportunities for the
software programmer and the LabVIEW interface allows graphical programming within
National Instruments LabVIEW application.

The Control Center user interface is designed as a simple interface that allows the user to
configure and start taking measurements within minutes of opening the box. The basic
functionality of the system is presented in an intuitive Windows-style format.

When you first start the application, you see the startup screen (see Figure 2.2) while the
software searches for USB-inSync devices. The left hand pane of the Control Center is the



Navigation Panel. This is used to display module “name” or serial number and allows
navigation to the functional control panels of the various attached devices (which are
displayed in the Device Control Panel).

Figure 2.2: Control Center Startup Screen.

When the system detects the presence of USB-inSync modules, their “name” or serial
number is added to the Navigation Panel and the device’s control and display settings
appear in the Control Panel of the GUI. Figure 2.3 shows the Control Center display after
having detected one USB-inSync Maestro Timing Hub and two Legato Universal Timing
Devices. Note that the Legato-UTD devices have been named by the user and their logical
names are displayed instead of their serial numbers. The control panel window is broken up
into a device control bar and various functional tabs.
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Menus and Toolbar

The main file menu and main toolbar for the Control Center application are shown in Figure
2.3. These file menu items are generally replicated by buttons on the various GUI panels
and will be described in detail in further sections.

File

Open / Save Settings

The File option allows the user to save the current project settings to disk,
and to reload them again at a later date. Project settings include sample
rates, inputs selections, modes, user names for modules and input signals.
Any number of setups may be saved, and the last four are saved on the File
menu for rapid access.

Control

Sync Run

This is equivalent to the Sync Run button on the Main Toolbar and allows a
previously defined group of modules to be started synchronously.

Sync Stop

Allows a synchronous group of modules to be stopped (this has the same
functionality as the Sync Stop button on the Main toolbar).

Re-Sync
Forces the system to re-synchronize all attached devices.
Module Run

The Module Run menu item initiates the user-defined acquisition sequence
for the module currently displayed in the Device Control Panel area. The
function of this menu item is always tied to the currently displayed module.
This is inactivate during the acquisition.

Module Stop

The Module Stop menu item terminates the current acquisition sequence for
the module currently displayed in the Device Control Panel area. The
function of this menu item is always tied to the currently displayed module.
This is inactive while the module is in configuration mode.



Tools

Setup

Module Reset

This menu option performs a software Reset on the module currently
displayed in the Device Control Panel area.

Module Test

This performs a self-test routine on the module currently displayed in the
Device Control Panel area. This is inactive while the module is in acquisition
mode.

File Conversion

This provides access to the file conversion window for producing *.csv files
from the encoded data received from the modules.

Create Diagnostic Log

This allows for the creation of a diagnostic log file which may be forwarded to
ChronoLogic for debugging purposes.

Hardware Compatability Check

Some USB hardware implementations are known to have problems with high
speed data streams. This scans the computer hardware configuration for
known problem hardware.

Sync Group Setup

When defining a synchronous group of modules for a particular data
acquisition, it is often necessary to configure them with similar parameters,
such as acquisition rate and data logging filenames. This menu item opens a
dialog box that allows you to set certain parameters for all members of the
group at once. This is only accessible if a synchronous group has been
previously defined. Once the desired parameters have been set, simply
“Apply” them to the whole Sync Group.

Create Module Simulator

These options allow the user to create a software based simulation of the
attachment of a USB-inSync module. The virtual or simulated device, named
“SIM_xxx-xxxX" (for example a simulated Legato-UTD device might appear as
SIM_UTD-2100) appears in the module list and operates functionally as any
real device would. There are several pre-programmed virtual input signals
connected to the various inputs of the simulated devices so that the user can
test the operation of the software and their desired acquisition. This item



turns into a “Remove Module Simulator” menu item when a simulator is
present in the system.

Window

Multi-Device Graph

This menu item launches the multi-device graphing window *[For notes on
how to use the graphing functions of Control Center, please see the bottom of
this software overview section].

Multi-Device Functions

This menu item launches the multi-device function window for implementing
logical functions such as counters and timers using synchronized digital
signals from different modules *[For notes on how to use the graphing
functions of Control Center, please see the bottom of this software overview
section].

Messages
This menu item launches the Message Log display box.
One Module

This menu item sets the Device Control Panel Area to display only one
module.

Two Modules

This menu item splits the Device Control Panel Area vertically to display two
modules.

Help

This menu provides information about the Control Center application program
as well as access to the online documentation. A Getting Started Guide and
User’s Manual are provided in PDF format.

Module Control Bar

The device control bar is part of the Device Control Panel and provides information and
basic control of the device highlighted in the Navigation Panel. Shown in Figure 2.4, the
Control Bar provides basic operational control and reporting such as starting a control or
acquisition sequence (Run), reporting the presence of device power and running self-test
routines. This control bar contains both buttons to initiate actions and indicators to display
status and warnings.



Figure 2.4: Device Control Bar

Buttons
Run Button

The Run button initiates the user-defined control or acquisition sequence
previously specified for this module only. This button is inactivate during the
specified sequence.

Stop Button

The Stop button stops a control or acquisition cycle on this module only and is
only active during a “Run” cycle.

Reset Button

The Reset button, located on the control panel bar at the top of the device GUI
tab, can be used to reset the firmware for the specified module in case of a
system error. If this reset fails it may be necessary to unplug and replug the
device to reset the Windows Host Controller driver.

Test Button
This button initiates a device self-test.
Focus Button

This button will cause the error light on the selected module to flash. This is
useful for identifing the physical module associated with the module currently
being edited on the screen when there are multiple modules connected to the
system. Conversly, this indicator display is illuminated when the physical “focus”
button on the front panel of the module is pressed.

Indicators
Power
This indicator flashes when the device has lost its DC power source.

Sync

This indicator displays a flashing warning if the device has lost synchronization.



Information Tab

This tab provides general information about the device (see Figure 2.5). Information
displayed includes module type and serial number, memory configuration, number of
channels and configuration.

Figure 2.5: Module Info tab

USB-inSync Multi-Device Event Triggering

The power and flexibility of USB-inSync is truly realised when multiple devices are used to
gather data synchronously. This is achieved by creating a logical “synchronous group” of
modules and then executing commands across the group synchronously.

Adding Devices to Group

The Navigation Panel of the ChronoLogic Control Center main interface contains a list of all
the devices attached to your computer. Devices are listed by serial number and the active
device (as displayed in the Device Control Panel) is highlighted.

Note: Modules can be given user defined names by right-clicking on a module name in the
list, selecting the Rename option, and entering the new name. The software will then use
this name throughout the program when referring to the module. If the project settings are
saved (Main Menu, File, Save Settings), this name will be used again when the project is
reloaded.

Devices are added to the Synchronous Group by clicking the check box next to the serial
number as shown in Figure 2.6. When more than one device is in the group, the “Sync Run”
button becomes active.



Each device in the group may be configured for a different data rate, number of inputs, etc.
Configuration is completely dependent on the application and may be different from one
device to the next. Membership of the “Sync Group” simply allows them to execute their pre-
configured acquisition processes at the same time.

Figure 2.6: Adding devices to the Synchronous Group.

Executing Group Functions

Once a number of devices have been added to the group, simultaneously initiating data
acquisition is as simple as clicking the “Sync Run” button on the main system Control Bar, as
shown in Figure 2.7.

When this button is clicked, the system sends a command to each of the group members to
start their pre-configured acquisition process. These commands are serialised by the USB-
inSync Engine and transferred to the devices before USB-inSync technology time aligns
them at the device hardware level to ensure that all processes begin at the same instant.
This also enables the “Sync Stop” button to end acquisition on all devices attached to the

group.

Figure 2.7: Executing the synchronous group commands.

Sync Group Setup

A lot of module settings in a group tend to be common, and it can be tedious to go through
all modules to configure these settings individually. The Synchronous Group Setup macro
(accessed from Main Menu, Setup, Sync Group Setup Window or the Sync Setup button on
the main toolbar) allows you to set certain parameters for all members of the group at once.
Set the parameters to the desired values in the window (shown in Figure 2.8) and click the



Apply button. All modules within the Sync Group will have their parameters set to these
values.

Note: The filename must be unique for each module. In this case, the actual filename used
by the module will be the module serial number appended to the filename specified in the
Sync Setup control

Figure 2.8: Synchronous Group Setup Commands.

Multi-device Graph Window

ChronoLogic devices are set apart from other USB-based devices by the revolutionary multi-
device synchronization capabilities of USB-inSync technology. As a result, data can be
acquired on multiple devices and then directly compared on the one graph. Each device
acquires its data — inSync with the other devices selected from the same root hub. Multi-
device graphing capabilities are accessed by the “Graph” button on the main Control Bar.

The “Graph” button launches the separate Control Center Graph window as shown in Figure
2.9. Control Center Graph is broken up into three main window areas. The left hand panel
is the Signal Navigation Panel. This allows the user to see signals present on the system
and to enable them to be displayed on the graph. The right hand panel is the graph display
area or Graph Panel, while the bottom panel, the Graph Control Panel, contains graph
display controls.



Figure 2.9: Multi-device synchronous Control Center Graph window

Signal Navigation Panel

This panel displays all signals that are acquired from all attached devices. Figure 2.10
shows this panel displaying eight signals, acquired from two different DAQ-2500X devices.
Channels are labelled sequentially and grouped together by physical device.

Figure 2.10: Signal Navigation Panel

Figure 2.10 shows the first and fifth signals enabled for display on the Graph Panel. Clicking
on the signal opens up additional information about the signal, such as the device (serial
number), analog channel and input number for the signal and status. Additional information
such as peak-hold information may also be displayed in this panel.



It is clear from this information that signal 1 (input O of channel 0) is from one device, while
signal 5 (input 0 of channel 0) is from another device.

Right clicking on a signal brings up a sub-menu allowing the user to enable/disable a
channel from being displayed, enter a user-defined name for the signal, and to set the colour
used for the signal waveform. Disabling a channel only affects the graph display, with data
acquisition and file logging unaffected. Any user defined signhal names are saved when the
project is saved, and will be re-loaded when the project settings are reloaded.

Note: These controls only affect what data is displayed on screen. For example, when you
“disable” a channel data is not displayed on this graph, but it will still be acquired as defined
in the device’s main Configuration tab.

Display Control Panel

The Display Control Panel is dynamic and scales according to the user’'s window or screen
size. The minimum set of controls are the Trigger, Time Base and Voltage Master controls
as seen from right to left in Figure 2.11. In addition to these controls, individual input voltage
controls are added to the left of this panel if the window is large enough. Two such
individual input voltage controls (configuring the display of signal one and two) are shown in
Figure 2.11. The “Voltage Master” control overrides any individual signal display settings.

Figure 2.11: Trigger Control Panel

Note: These controls only affect the way data is displayed on screen. They only allow the
user to display the data effectively and do not control the basic acquisition system in either
triggering, voltage range or sample period.

Display Triggering Controls

The display triggering system operates in much the same way as that of an
oscilloscope. Figure 2.12 shows the Trigger Control Panel being set to operate in
“normal” trigger mode with triggering on a rising edge level of 4.1V on Signal 1.

Figure 2.12: Trigger Control Panel



There are three modes of operation for the Display Triggering System:
Auto

The system searches the data for the specified trigger point but will randomly
trigger if the specified trigger event has not been located within a timeout
period.

Normal

This mode requires the user to select a specific signal to trigger on using the
drop down menu. Once the signal has been selected, the user can select
between “rising” or “falling” edges to trigger on and the voltage level for the
trigger. The voltage level may be set using either the text box or the vertical
slider. The trigger arms itself, displays the data when the specified conditions
have been met and then re-arms itself. This mode is particularly useful for
observing repetitive signals and fixes them to the same point on the screen
for each successive acquisition.

Single

Single Shot display mode operates in the same way as “Normal” mode.
However it will only trigger once and not re-arm. This mode is useful for
observing transient characteristics of a data stream such as the
characteristics of turn-on events.

Time Base Control

This controls the horizontal resolution of the graph display. The rotary knob style
control sets the time step of each horizontal division of the display in much the same
way as an oscilloscope time-base control sets milli-seconds, micro-seconds etc. per
division. Figure 2.13 shows the control setting a horizontal time base of 1ms per
division.

Figure 2.13: Trigger Controls

Voltage Master Controls

This is the master control for the vertical graph scale. The rotary knob style control
sets the number of volts displayed per vertical division of the graph. A DC offset can



also be applied to the graph display using either the text field or the vertical slider.
This is useful because the DC coupled inputs may acquire data that has an offset
from zero. Figure 2.14 shows the control setting the voltage scaling to 1V per vertical
division with a 0.5V DC offset in the graph.

This control overrides any settings made to individual inputs using the “Input Voltage
Controls” as described in the following sections.

Figure 2.14: Voltage Master Controls

Individual Input Voltage Controls

This allows control of the voltage settings for an individual input without affecting
others. This is useful when one signal is at a much lower level than others and
needs extra display scaling to enable comparison to other signals or offset of one
signal from another so the details can be more clearly seen.

The input signal is selected using the drop down menu which displays all available
signals in the current acquisition. Figure 2.15 shows the settings for displaying the
input labeled “Signal 5”. The signal trace on the graph is blue as shown by the box in
the lower left corner of the control. Click on this box to change the color of the trace.
This input is displayed with a vertical scale of 0.2V/div and the DC Offset of -0.9V is
set either using the text box or the vertical slider.

When one or more inputs have a different scaling from the Voltage Master control,
the vertical scale on the graph panel disappears (as can be seen in Figure 2.15) and
the display is much like an oscilloscope with an input dependent vertical scale.

Figure 2.15: Individual Input Voltage Control



Graph Panel

This panel displays the graph as defined in the Display Control Panel settings previously
discussed.

Figure 2.16 shows the graph panel when all inputs are scaled by the Voltage Master
controls. The bottom left corner of the window shows the time elapsed since the start of the
acquisition, followed by the horizontal time scaling (per division).

Figure 2.16: Graph Panel with common voltage scaling

When one or more inputs have a different scaling from the Voltage Master control, the
vertical scale on the graph panel disappears and the display is much like an oscilloscope
with an input dependent vertical scale. This allows two similar signals to be vertically
separated on the screen and appropriately scaled for easier identification of details that may
be masked by the presence of another overlapping signal.

Figure 2.17 shows the separation and rescaling of the waveforms in Figure 2.17 so that they
are more clearly seen. This is achieved by introducing a DC offset into the signals and
changing the vertical scaling through the Individual Input Voltage controls for the two signals
in question.

Figure 2.17: Graph Panel showing individual input voltage scaling



Time Base Slider

The graph panel has a horizontal slider bar across the bottom of the panel as shown in both
Figures 2.16 and 2.17. This can be used to scroll back through an acquisition record and
display various sections of the record. This is only possible when the device is in
configuration mode (after the end of an acquiition).

Graph Function Buttons

The Multi-device Graph Window contains several function buttons at the top of the screen.

Note that most of these buttons have functions that cannot be used while the graph is still
acquiring and displaying data, and are therefore, only enabled at the end of an acquisition,
when the devices are not capturing data or waiting for a trigger.

Save Data Button

This will save the data used to plot the current graph display in a user specified .csv file. The
file format is similar to that produced by the Convert utility on the main window. This allows
the user to save data corresponding to their currently displayed window even if they had not
previously requested the data to be logged. This only captures the immediately viewable
data.

Save Image

This will save the graph image, as shown on the screen, to a user specified bitmap file. The
graph image is saved complete with axis and grid lines, but no other windows controls such
as buttons, dials or the signal list are saved.

Copy Image

This works in the same manner as the Save Image, but the image is just copied to the
clipboard, ready to be pasted into a Word document, or similar.

Zoom In

The Zoom function allows you to zoom in on a particular region of the graph by ‘dragging’ a
rectangle around the region of interest. Click on the Zoom-In/Enable button to put the graph
into Zoom mode. Click on one corner of the region of interest and, while holding the mouse
button down, drag the cursor to the other corner. Let go of the mouse button and the graph
will be redrawn to show only the region of interest. You may repeat the procedure (clicking
on the Zoom-In/Enable button is not required again) to zoom in even further.

Zoom Out

Zoom out will undo the actions of the previous zoome-in, returning the screen to the previous
zoom level. Up to five levels of zoom can be cascaded in this way. After the last level the
graph is taken out of Zoom mode and the normal view is shown. You will have to click on
the Zoom In button again to enter Zoom mode.



Reset Peak Hold

If a Signal trace is expanded in the Signal Navigation Panel, two entries will be seen:-
‘+Peak’ and ‘-Peak’. These show the maximum and minimum values that the signal has
reached since the window was opened, or the last time the Reset Peak Hold button was
pressed. Pressing the Reset Peak Hold button will reset these values to unknown until new
data is acquired.

Cursor

Clicking the cursor button will put the graph into cursor mode. Click on a signal waveform to
lock the cursor to a particular signal and a pair of cross-hairs will be shown on the trace. Use
the mouse to move the cross-hairs to the left and right along the trace. The actual voltage
and time of the trace where the crosshairs are is shown in the box to the right of the Cursor
button. Click the Cursor button again to turn the cursor off. By default, the time shown for
the cursor is referenced to the start of the acquisition. This reference can be set by moving
the cursor to the desired reference point, and right clicking the mouse, and selecting the ‘Set
Cursor Reference’ option. A second, fixed, cursor will be displayed at this point, and the
cursor time display will be referenced to this point.

Multi-device Function Window

ChronoLogic devices are set apart from other USB-based DAQ devices by the revolutionary
multi-device synchronization capabilities of USB-inSync technology. As a result, digital data
acquired from multiple devices can be used together to process logical functions such as
counters and timers. Each device acquires its data —inSync with the other devices selected
from the same root hub. Multi-device function capabilities are accessed by the “Functions”
button on the main Control Bar.

The “Functions” button launches the separate Control Center Functions window as shown in
Figure 2.18. Control Center Functions are broken up into three main window areas. The left
hand panel is the Signal Navigation Panel. This allows the user to see signals present on
the system. The centre panel shows available functions, eg counters, timers. The right hand
pane shows configured functions, with the selected inputs, and the current outputs.



Figure 2.18: Multi-device synchronous Control Center Functions window

Signal Navigation Panel

This panel displays all signals that are acquired from all attached devices. Figure 2.19
shows this panel displaying six signals, acquired from two different Legato devices. Signal
names are made up of the module name assigned in the main Control Center window (“L 1"
and “L 2” in this case), and the input number (eg “Ch 17).

Figure 2.19: Signal Navigation Panel



Clicking on the signal opens up additional information about the signal. Figure 2.19 shows
the first and last signal expanded, showing device serial number, input and status. Note that
the last signal has a red cross through it, and the status is “Not Used”. This indicates that the
signal has not been used in any defined functions.

Right clicking on a signal brings up a sub-menu allowing the user to enter a user-defined
name for the signal,

Available Functions Panel

The centre panel displays all signals that are acquired from all attached devices. Figure
2.20 shows this panel displaying the currently available functions. To configure a new
function, double-click on the desired function, a window similar to that shown in Figure 2.21
will be shown. Note that the actual window shown will depend on the type of function
selected, in this example an Up/Down Counter function is shown.

Figure 2.21: Function Configuration Window

Figure 2.20: Available Functions Panel

A user name may be given to the function in the edit box at the top of the window. Signal for
the required inputs may be selected from the drop-down lists on the right-hand side of the
window, along with their desired behaviour. A graphic of the configured function is shown on



the left hand side of the window. When the function is configured correctly, click the “OK”
button, and the new function will be added to the panel of already configured functions,
shown below in Figure 2.22.

User Configured Functions Panel

The User Configured Functions Panel shown below in Figure 2.22 shows all user configured
functions, their inputs and outputs. Inputs are shown on the left hand side of the function,
and outputs on the right hand side. Inputs and outputs are shown in red if there is a problem
with the data (if a module stops running for example), or green if everything is correct. A
function may be edited or deleted by right clicking on the function to bring up a sub-menu.

Figure 2.22: User Configured Functions



Maestro Master Timing Hub

Maestro Master Timing Hub Overview

Certifications & Standards

The Maestro Master Timing Hub meets the requirements for the following certifications:

Safety
UL 60950-1 / CSA60950-1

IEC 60950-1 2002
EN 60950-1 2002

EMC/EMR
FCC - Title 47 of CFR, Part 15, subpart B for Class A Digital Device
EN 55024: 1998 + Al: 2001 + A2: 2003
EN 55022: 1998 + Al: 2001 + A2: 2003
o Class A Device
ICES-003, Issue 4 for Class A Device

In addition, the Maestro MTH meets the Australian C-tick verifications

C-tick — ACA C-tick number: N14788

Physical Connections

USB-Type A Connector

This is a standard USB type A connector for downstream communication. There are six
downstream ports on the Maestro Master Timing Hubs, labelled “Port 1” through “Port 6.

USB-Type B Connector

This is a standard USB type B connector and provides upstream communication between
the device and a host PC.



DC Power Connector

This is a standard 2.5mm DC plug pack socket. The device requires a power supply of 5V
DC at up to 4A, depending on the power consumption of the devices attached to the
downstream ports. Each downstream USB port must be able to supply 500mA to attached
devices. To comply with the specified EMC (Electromagnetic Conformance) standards, this
device should only be used with the ChronoLogic supplied plug-pack power supply.

Reference Clock Connector

Some Maestro Master Timing Hubs are capable of utilising an external reference clock
signal. This signal is provided to the device by a BNC connector labelled “Ref CIK".

Reference Data Connector

Some Maestro Master Timing Hubs are capable of utilising an external reference clock
signal. Some external reference clocks also provide a reference time stamp. GPS clocks
are one such example of this. GPS timestamps can be read at the RJ45 “Ref Data”
connector.

Device Connections

Reference Data

DC Power
Upstream USB

\ Downstream USB Reference Clock
-y |

B B

i
]

Figure 3.1: Maestro Master Timing Hub Device Connections



Maestro Master Timing Hub — Hardware

Overview

The Maestro Master Timing Hub (MTH) is a six port USB Hub which features ChronolLogic’s
proprietary USB-inSync architecture. This enables delivery of phase accurate clock signals
to each downstream USB-inSync device.

The Maestro MTH is available in two variants. All devices in the Maestro range offer a
dedicated Transaction Translator (TT) per port. When connected to a USB2.0 480Mb/s
upstream port, this enables each downstream port to simultaneously support USB1.1
communication at the maximum rate of 12Mb/s on each of the ports. Other hubs with only
one TT, must share the downstream 12Mb/s bandwidth between attached devices. Maestro
MTH therefore allows more USB1.1 full speed devices to operate in parallel on a USB2.0
High Speed port.

The Maestro iS22 shares the intelligent multi-TT design and adds USB-inSync capabilities.
The iS22 is capable of determining phase delay to each attached USB-inSync device and
providing phase adjustment coefficients for these devices. This enables sub-nanosecond
synchronization of attached USB-inSync devices.

The Maestro—-GS22 combines the features of the iS22 with a dedicated external clock
reference port. This is compatible with GPS time servers and can synchronize the USB-
inSync system to absolute GPS time. This allows multiple widely separated USB-inSync
systems to utilise the same absolute time base and clock rate for a globally synchronous
USB measurement and control system.

Functional Hardware Overview

USB-type B
T (upstream)
| \ :
~1>  USB-Sync ' Core I
GPs {}_____________lRegulated
Sync | . Power
Circuitry USB I/0 . Supply
I Circuitry i
A A A A A A A
| Yy vy vovyyvy
Fower
Reference USB-type A
Timing Signals Downstream

Figure 3.2: Functional Hardware Description



Indicators

There are two sets of indicator lights on the Maestro MTH devices. There are six
downstream Port status indicators and four Hub Status indicators. These are located on the
top of the unit, as shown in Figure 3.3.

Figure 3.3: Maestro MTH “Port” and “Status” indicators

“Port” status indicators display the connectivity status of each of the downstream ports. Hub
“Status” indicators display information specific to the functionality of the Maestro MTH, such
as the self test status information and reference timing calibration checks.

Status Indicators: Self Test at Start-up

When the device is first plugged into the PC, the operating system detects its presence and
begins the enumeration. Power-up sequence:

DC Power is connected to the Maestro. The boot loader configures the device. Alternative
states listed below.

Configuration Status LEDs Description

DC Power This indicates that 5V DC has
Present been connected to the DC power
input. Note that no functions of
the device are accessible
without DC power.

Light goes out when USB
connection has been

established.
Hub The device has suffered a fatal
Configuration error. Configuration has failed.
Failure — Fatal Disconnect the upstream USB
Error cable and DC power.

Reconnect DC Power and then
the upstream USB cable. If
failure persists contact your
ChronoL ogic representative.




Hub There has been an error in

Configuration checking the configuration status
Warning of the device.

(write — 12C An error has occurred. The error
error) will be displayed by the Control

Center GUI or can be found in
the Error Code Section of this

manual.
Hub There has been an error in
Configuration checking the configuration status
Warning of the device.
(read — An error has occurred. The error
incorrect data) will be displayed by the Control

Center GUI or can be found in
the Error Code Section of this
manual.

Connect the Maestro to the PC using the upstream USB port. The device is enumerated by
the operating system.

Enumeration Status LEDs | Description

Hub runs 1 This is normal operation as the
through the ' hub is enumerated by the
following states | o operating system.

during

This includes a “suspend” state

enumeration. 3. (stage 3) where device is
4 temporarily removed from the
' bus. Process should take a few
seconds.
Load Firmware This indicates that a firmware
Failure loading failure has occurred.

Disconnect the upstream USB
cable and DC power.
Reconnect DC Power and then
the upstream USB cable. If
failure persists contact your
ChronoLogic representative.

Status Indicators: Normal System Operation

Under conditions of normal operation, the red LED will not be lit. This LED indicates an error
condition. A “crossed” LED in the Table below indicates that the status doesn’t matter.



State Status LEDs Description
Normal Hub LED indicates that upstream
Operation USB communication is present.

Enumeration
completed
successfully

Yellow - 12Mb/s upstream
communication. Green -
480Mb/s upstream
communication.

External clock
pulse detected

(-GS22 model
only)

The device is receiving regular
clock pulses from an external
reference device (normally a
GPS time server or Rubidium
clock) at the Ref Clock port.

GPS time code
buffer overflow
(-GS22 model
only)

Buffer overflow in GPS time
code read cycle. The internal
buffer did not read the time code
before the next code was written
into it.

Upstream USB
connection lost

The upstream connection to the
USB Host has been lost. Check
all upstream connections.

USB Hub “Ports” Indicators

Port LEDs

Description

A USB device is attached to the
first port of the hub. The port is
functioning correctly.

GREEN: A USB device is
attached to the first port of the
hub. The port is functioning
correctly.

AMBER: A USB device is

attached to the third port of the
hub. The device is drawing too
much current and the port has
gone into over-current protection
mode. The device has been
logically disconnected from the
PC and a warning should have
popped up in the lower right
corner of your monitor.

Disconnect the device, click on
the warning message to open
the port reset window and follow
the instructions to reset the port.




Calibration

The system performs an on-board reference check at power-up. This checks a reference
time delay built into the device and calibrates the local reference oscillator against this
known time delay measurement.

This self test provides compensation of thermal drift in the electronics, ensuring the most
accurate measurements will be performed regardless of environmental conditions.



Maestro Master Timing Hub & Control Center (GUI)

USB Connections Tab

This tab provides information about device connectivity. The tab is shown in Figure 3.4.
ChronoLogic devices are show with a USB-inSync logo, and have a bar graph and display
showing actual phase compensation times (in nanoseconds) the Master Timing Hub (MTH)
is using to compensate different line lengths.

Figure 3.4: USB Connections tab

When using the Maestro GS-22 model, external timing information is available through the
“Ref Clk” and “Ref Data” ports. In this case connection of an external clock signal will enable
synchronization of the USB-inSync tree to the external time-base. If the external clock signal
is provided in a recognised GPS time server format, then globally accurate synchronization
is possible. Figure 3.4 shows the display when a GPS time server is connected to the
external clock port (far right).

Settings Tab

The GPS Settings tab (available only for Maestro GS22 model) allows the user to configure
the device. This allows you to set which make of GPS, if any, is connected to the MTH. In
addition it will show current GPS status and time as shown in Figure 3.5.



Figure 3.5: Settings Tab

Geographic Location Tab

The Geographic Location tab (available only for the Maestro GS22 model), shown in Figure
3.6, provides a map showing the user’s current geographic location. This map is only
provided where the system is currently receiving GPS positional data and is connected to
the internet to access Google Earth’s map database.

This tab will show a graphic showing the location of the attached GPS unit. The graphic may
be zoomed and scrolled to provide more detail. Typically this will provide resolution to
identify the location down to the order of a few tens of metres.

Figure 3.6: Geographic Location Tab

Note: This graphic makes use of an external Google™ API, and requires a suitable internet
connection and Microsoft Internet Explorer”™, and so cannot be guaranteed by ChronoLogic.



Legato — Universal Timing Device (UTD)

Legato — UTD Overview

Certifications & Standards

The Legato - UTD meets the requirements for the following certifications:

Safety
EN 61010-1 2™ Edition

EMC/EMR
FCC — Part 15, Class A
EN 61326: 1997 + Al: 1998 + A2: 2001 + A3: 2003
o0 CISPR11 Conducted & radiated emissions
EN 61000-3-2 Harmonics
EN 61000-3-3 Harmonics & Flicker
EN 61000-4 (2,3,4,5,6,11) Immunity

In addition, the Legato - UTD meets the Australian C-tick verifications

C-tick — ACA C-tick number: N14788

Operating Conditions
Line Power

The Legato UTD’s power supply is operable from 85-265V AC 50-60Hz and consumes less
than 20W of power. The device is supplied with DC power by a universal auto-ranging plug-
pack power supply unit. See section “DC Power Connector” below.

Environmental

The Legato UTD is intended for indoor use only.

Operating temperature 0to40 T

Storage temperature -40t085<C

Operating humidity 10 to 90% RH, non-condensing
Storage humidity 5 to 95% RH, non-condensing

Warning! If this equipment is used in a manner not specified in this manual, the
safety protection provided by this equipment may be impaired and result is potentially
hazardous situations.

Device connections



The Legato UTD-2150 device is shown in Figure 4.1. Connection for the UTD-2250 is
identical except that differential 1/O are provided on RJ45 connectors.

DC Power BNC I/0O Connections

)
USB

Figure 4.1: Legato Device Connections

USB-Type B Connector

This is a standard USB type B connector and provides upstream communication between
the device and a host PC.

DC Power Connector

This is a standard 2.0mm DC plug pack socket. The device requires a power supply of 12V
DC at 0.5A. To comply with the specified EMC (Electromagnetic Conformance) standards,
this device should only be used with the ChronoLogic supplied plug-pack power supply.

G

I1/0 Connectors




The Legato UTD is offered with two different connector options. Single-ended 1/O is
provided with the BNC connector option shown in Figure 4.2 (Model 2150) whilst the
differential signalling option is provided through RJ45 connectors, Figure 4.2 (Model 2250).

(Model 2150)

(Model 2250)

Figure 4.2: 1/O connector ports

RJ45 connector pin connections

Functional Name
TX +

TX -

Rx +

Driver Enable
Remote On/Off
RX -

DC voltage output
Gnd

=i

Table 4.1: RJ45 Pin Connections



Legato — UTD Hardware

Overview

The ChronolLogic Legato UTD features ChronoLogic’s proprietary USB-inSync architecture,
enabling synchronous and deterministic operation in a PC-based distributed format.

The Legato provides true simultaneous clocking and triggering of five channels of digital I/O.
Each channel contains its own timing processor which is clocked from a 100MHz internal
reference clock. Data can be downloaded to the device and buffered on board or streamed
directly to the outputs. Similarly, input data can be buffered or streamed directly to the PC.

The channels share a common “ground” that is isolated from the USB physical layer and
host PC. This prevents ground loops when multiple devices are connected to the PC and
referred to earth ground at the location of the device. It must be pointed out however that
the device is not rated for Category Il installations where the measurement system is directly
connected to MAINS.

Functional Hardware Overview

The Legato UTD combines the advanced functionality of USB-inSync technology with a
precision timing engine. This device provides plug-n-play connectivity with advanced timing
and synchronization features for acquiring time stamped events, generating triggers and
clocks and logging data in a variety of applications. The device offers the flexibility of either
BNC sockets or RJ45 sockets (which allow extended functionality). Figure 4.3 shows the
basic architecture of the Legato device.

Figure 4.3: Functional Hardware Description

USB connection and overall communication control is provided by the USB-inSync Core and
microcontroller which is fully isolated from the 1/O circuitry to assure device safety and
protection of your PC.



Indicators and Pushbuttons

There are several indicator lights on the Legato UTD and one “Focus” pushbutton.
Indicators are located on the device adjacent to the 1/O connectors while the push button is
located adjacent the USB connector.

Focus Pushbutton

The Focus pushbutton can be used to draw the GUI’s attention, or focus attention, to that
particular device in a multi-device system. When the Control Center application is the
foreground Windows application, pressing the “focus” button will bring the Control Panel for
that device to the forefront of the GUI.

Indicators

There is one “general status” indicator (located adjacent the DC power socket) and one
“channel status” indicator per channel. These multi-colour indicators display the status of
the device. They display the acquisition status during normal operation and self test status
information during system self test and reference calibration checks.

Self Test at Start-up

When the device is first plugged into the PC, the operating system detects its
presence and begins the enumeration. If the 1/O section is powered, then the
indicators show the following functionality:

General Status LED comes up red. This indicates that power is present for the 1/O
section, but that the device has not been enumerated fully.

When the device has been enumerated, the General Status LED turns green to
signify that the device is fully configured for operation.

If USB communication is lost for some reason (e.g. USB cable has been removed)
the general status LED again turns red to indicate an error.

Normal System Operation

There are three states for each I/O channel. Under conditions of hormal operation,
the indicator will either be green or orange. When the Channel Status LED is red
there is a problem with the channel (See Table 4.2 below).



State Channel Description

Status
Input 10 GREEN:
Channel is in INPUT mode
Output 0) YELLOW:
Channel is in OUTPUT mode
Error ® RED:

An error has occurred. The error
will be displayed by the Control
Center GUI or can be found in
the Error Code Section of this
manual.

Table 4.2: Channel LED indicators.

Figure 4.4: Legato UTD-2250 channel output connector — indicator is bottom left

Physical Connections
USB Interface

This is a standard USB type B connector and provides communication between the device
and a host PC.

DC Power Supply

This is a standard DC plug pack connector. The input requires a regulated voltage of 12V
DC at 0.5A. To comply with the specified EMC (Electromagnetic Conformance) standards,
this device should only be used with the ChronoLogic supplied plug-pack power supply.
However, for portable applications, it is possible to provide power from a nominal 12V
battery. Supply voltage should be in the range 11-14V DC.

3

Some USB-DAQ devices are powered directly from the USB port. ChronoLogic has
deliberately chosen not to power the Legato directly from the USB bus in order to allow the



I/O system to be electrically isolated. This affords the PC a degree of protection from user
connected signals and ground loops and the 12V DC supply allows operation in remote
battery powered applications.

Digital I/0

The Legato has five user configurable digital I/O lines, labelled “CH1” through “CH5”

Connecting Signals to the Device

Connecting Single-Ended Signals

The UTD-2150 device is designed to connect to single-ended voltage signals. The I/O stage
is designed to interface directly to 50 RG-58 cables via BNC connectors.

Connecting Differential Signals

The UTD-2250 device is designed to drive differential signals through Cat5 Ethernet cables.
This provides a level of noise immunity through the differential signals on a twisted pair of
cables.

The UTD-2250 also provides additional flexibility by supplying power and control signals
across the Cat5 cable which enables the use of different powered probes at the end of the
signal cable.

RJ45 connector pin connections:

Functional Name
Tx +

TX -

Rx +

Driver Enable
Remote On/Off
Rx -

DC voltage output
Gnd

5
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Table 4.3: RJ45 Pin Connections
Synchronous Control and Measurement

USB-inSync allows multiple discrete USB devices to operate in a synchronous and
deterministic manner. The fundamental platform provides each device with a shared real-
time clock and accurate triggering functions.

Multiple Device Synchronous Measurements

Perhaps the most important feature of ChronoLogic’s Legato UTD that sets it apart from all
other timing systems is its hano-second accurate, distributed, synchronous and deterministic



capabilities. For example multiple Legato devices can be configured to form a distributed
system with synchronous control of up to 500 separate digital channels.

Furthermore the underlying USB-RealTime technology is a time-based architecture.



Legato — UTD & Control Center (GUI)

Configuration Tab

The Configuration tab, shown in Figure 4.5, allows the user to configure the device I/O
channels. This tab is divided into general option group and then a series of discrete channel
strips which can be independently configured.

Figure 4.5: Configuration Tab

Options

This group of controls affects all channels of the device.

Figure 4.6: Generic device properties controls

Enable Output Delay Compensation

The Legato devices are able to measure and compensate propagation delays in their
output cables. Once the cables have been measured (in the Output Definition Tab)
the system can provide propagation delay compensation of clocking and triggering
outputs along with phase compensated input time stamps. This check box enables
delay compensation for all channels so that relative cable delay is compensated.



Log to File

This check box control allows the user to log data to a file. Once selected, data is
initially saved to a binary file format that optimises system performance during the
acquisition process. At the end of an acquisition, the user can convert the binary file
data to a comma separated text file (*.csv) for importing into data analysis packages
and spreadsheets such as Microsoft Excel. This is accomplished using the “Convert”
button on the main system toolbar and will be discussed in the following sections.

The default directory for saved data is “My Documents/ChronoLogic”, however the
user can specify the path and filename using the “file name” control.

Note: Microsoft Excel can only import 64,000 rows of data so the maximum record
length must be less than 64,000 if you wish to manipulate and/or display data using
Excel.

1/0 Configuration

The Legato UTD-2150 has five user configurable digital I/O lines. Each I/O has its own
configuration channel strip, the configuration of which is shown in Figure 4.7.

Figure 4.7: Digital 1/O configuration

All Channels can be labeled with user defined names. The user can simply type the new
channel name into the relevant edit box. The software will then use this name throughout
the program and in the saved data file when referring to the input. If the project settings are



saved (Main Menu, File, Save Settings), this name will be automatically used when the
project is reloaded.

Channels may be set to input or output by selecting the relevant ‘Mode’ radio button. The
graphic to the right of the radio buttons changes accordingly.

Legato UTD-2250 devices use a Cat 5 cable, which can be terminated with a ChronoLogic
Sonda probe. This probe can be auto detected by the software by clicking the ‘Set’ button
located next to the ‘Probe’ text box. If a probe is detected, its serial number will be displayed
in the Probe text box. If no probe is found the text ‘No Probe’ will be displayed. Legato
modules which do not support Sonda probes (e.g. Legato UTD-2150 with BNC cables) will
display the text ‘Not Supported’.

Delays due to the length of the connected I/O cable may be compensated for, Figure 4.8
shows channels 1 and 2 configured for generating output signals through RG-58 BNC
cables. These channels are configured to compensate for the delay in output cables, with
channel 1 being connected with a cable having 48.1ns propagation delay while channel 2
has a much shorter cable at only 15.2ns delay. The cable delay can be entered manually, or
it can be measured using the ‘Set’ button next to the delay edit box. Clicking the ‘Set’ button
displays the following window:

Figure 4.8: 1/0 channel delay measurement.

Legatos using BNC cables must have the end of the BNC cable looped back to another input
on the Legato to measure the cable delay, and this input must be selected on the cable
delay measurement window. Figure 4.8 shows the cable delay being measured for Channel
2, with the BNC cable being looped back the Channel 4 for the measurement.

A Legato equipped with Cat5 cables and Sonda probes can measure the cable delay
directly, without the need to alter the wiring. Figure 4.9 below shows the cable delay
measurement on a Legato UTD-2250 equipped with a Sonda probe:

Figure 4.9: I/O channel delay measurement with Sonda probe.



Note that the instructions have changed to match the hardware, and that the Output and
Input channels are both Channel 2.

Note: When using a Cat5 cable in loop back cable propagation measurement mode, an
appropriate ChronolLogic “Sonda” probe or cable termination should be used. In order to
measure propagation of just the cable alone, terminate as shown in the Table below.

Pin Functional Name

1 Tx +

2 Tx - >
3 Rx + \

6 RX - &

Note: The output is stored into the register using this procedure, but the output cable
compensation feature must be “enabled” using the check box on the Config Tab for the
module. It can be set for the entire specified Sync Group using the “Sync Setup” functions
located on the main toolbar.

Output Definition Tab
The Output Definition tab allows the user to define their output bit patterns requirements.
Main Buttons

Save Waveform: This allows the user to save a user-defined bit pattern
waveform to file for re-use in a future test or control sequence.

Load Waveform: This allows the user to save a user-defined bit pattern
waveform to file for re-use in a future test or control sequence.

Edit Panels: This control allows the user to split the waveform editor panel into
multiple sub-panels.

Zoom-In; This compresses the time-base of the editor panel
Zoom-Out:  This expands the time-base of the editor panel

Graphical Definition Tab

The Graphical Definition tab, shown in Figure 4.10, provides an intuitive method of defining
an output bit pattern.



Figure 4.10: Digital Output configuration — graphical view

Each channel has its own editor strip as shown in Figure 4.10. Editing the waveform is as
simple as a click of the mouse. Click the waveform and that bit will toggle to the other state.
In order to toggle the initial state of the output (at the beginning of a sequence), click in the
white space before the waveform begins. Right click on the waveform and a menu opens up
that allows extended functionality. The randomly generated bit pattern (shown as the blue
channel 2 waveform above) may be repeated indefinitely by simply right-clicking the mouse
at the point on the waveform that you want repetition to begin (as shown in Figure 4.10).

Figure 4.11: Digital Output configuration — channel strip

The I/O button at the left of the editor strip launches a channel setup dialog box shown in
Figure 4.12. This allows the user to easily generate a clock signal, based on division of a
10MHz clock or a user-defined bit pattern or to generate a user defined bit pattern.

Figure 4.12: /O channel output setup



Text Definition Tab

The Text Definition tab, as shown in Figure 4.13 is an alternate way to define a bit pattern.
This is a spreadsheet type bit pattern editor and bits can be toggled high/low by double
clicking on them.

Figure 4.13: Digital Output configuration — text view

Input Definition Tab

The Input Definition tab provides configuration of the user definable input functions. This
tab, shown in Figure 4.13, is split into two panels. The left panel contains the available
library of function macros, while the right panel contains the actual programmed input
definitions.

Configuration of a new input function is as simple as dragging a function macro from the left
panel (library) to the right panel (function definition). This launches a configuration wizard
that allows simple mega-function setup.



Figure 4.14: Input configuration tab

The configuration wizard allows simple intuitive programming of device macro functions.
The configuration wizard for an “Up/Down Counter” is shown in Figure 4.15.

Figure 4.15: Configuration wizard for an Up/Down counter

Note: Only channels clearly defined as “input” channels appear in the list of available signal
source options in the configuration wizard.

Graph Tab

*[Note: For detailed instructions on how to use the graphing functions of Control Center —
please refer to the Software Overview section — page 36]

The device View tab (shown in Figure 4.16) is an oscilloscope-like interface that displays the
bit stream for the particular device. The Tab provides basic control to configure the display
to the user’s requirements.

Figure 4.16: Graph Tab



The trigger (shown as the red vertical line on the graph) can be set to any of the channels
and the time-base adjusted to the user’s requirements. The image above shows the trigger
set to an up edge or “high” on channel 4. The bottom half of the tab shows the
instantaneous measurements from the Input functions defined on the Input tab.

For more powerful display and graphing functions, use the Multi-Device Graph Window,
described in the following sections.

Note: The controls on the View tab only affect what data is displayed on screen. For
example, when you change the trigger settings it only changes data that is displayed on this
tab but data will still be acquired and logged to file as defined in the device’s main
Configuration tab.

Data File Format

There are two data file formats used by the Control Center. A native Data Acquisition Binary
file format (.dab) and a comma separated text file format (.csv). The binary format is used to
store raw data during acquisition to reduce the computational burden of decoding and
conversion to text format during the CPU intensive data retrieval process. The text format is
a common format that allows data files to be opened in spreadsheets for further analysis and
plotting.

Binary File Format (.dab)

Data is retrieved from the ChronoLogic COM API in a binary format and saved directly to file
for efficiency of processing. This can be later transformed into ascii text format (using the
File Convert utility shown in the next section) and saved for use in other applications.

Data is returned as a stream of unsigned 16-bit integers in a special binary format defined in
the API.

Text File Format (.csv)

Data can be manually converted from .dab format to .csv format using the “File Convert”
button on the Control Bar. This launches the file convert dialog box as shown in Figure 4.17.

Figure 4.17: File Convert dialog box



This dialog allows the user to select the specific binary data file (*.dab) for conversion to
comma separated variable (*.csv) format. The default directory for data files is “My
Documents/ChronoLogic”. This utility converts the file into a format that can be read by
spreadsheets such as Microsoft Excel for data analysis and display.

When synchronously acquiring data from multiple devices using the “Sync Run” method,
data is stored in a separate file for each device with filenames as specified in the Generic
Device Properties, Options box. Multiple files corresponding to a Sync Run can be added to
the File Convert Dialog box as shown in Figure 4.17. These files are merged together (if the
share a synchronous start) so that further analysis can be performed on the combined
synchronous data set of multiple devices.

There are often additional limitations with spreadsheet programs, such as the size of file that
can be imported. Microsoft Excel, for example, can only accept a maximum of 64,000 lines
of comma separated variables. This represents just 0.64 seconds of data when sampling at
100kS/s. Scientific data analysis packages such as IDL and Matlab are capable of importing
and processing much larger data files.



DAQ 2500X

DAQ 2500X Overview

Certifications & Standards

The DAQ-2500X meets the requirements for the following certifications:

Safety
UL 61010-1 General Requirements

CSA C22.2 General Requirements
EN 61010-1 General Requirements

EMC/EMR
FCC - Part 15, Class A, Title 47 of CFR, Part 15 subpart B for Class A digital device
VCCI — Class A
o V-1/93.11
V-2/97.04
V-3/97.04
V-4/97
R-1228
C-1287
o0 AsacClassAITE
AS/NZS — CISPR 11: 2004 as a Class A Digital Device
BSMI — CNS 13438: May 1997 for Class A Digital Device
EN 61326: 1997

O O O O O

o Al:1998

o A2:2001

o A3:2003

o0 Emissions (Class A) - Radiated Emissions, Conducted Emissions

o Immunity (Table A.1) — ESD, Radiated Immunity, EFT/B, Surge, Conducted

Immunity, Voltage Interruption / Dips

In addition, the DAQ-2500X meets the Australian C-tick verifications

C-tick — ACA C-tick number: N14788

Voltages

This device is designed to comply with Category | installations only and NOT with
Category Il installations.

Isolation

Channel-to-Channel: No isolation between channels



Channel-to-PC Earth: 500 vDC

Installation Category |

Category | is for measurements performed on circuits not directly connected to the electrical
distribution system referred to as MAINS voltage. MAINS is a hazardous live electrical
supply system that powers equipment. Category | is for measurements of voltages from
specially protected secondary circuits. Such voltage measurements include signal levels,
special equipment, limited-energy parts of equipment, circuits powered by regulated low-
voltage sources, and electronics.

Installation Category Il

Category Il is for measurements performed on circuits directly connected to the electrical

distribution system. This category refers to local-level electrical distribution, such as that

provided by a standard wall outlet (for example, 115 V for US, 230 V for Europe, 240V for
UK and Australia).

Operating Conditions

Line Power

The DAQ-2500X device is supplied with DC power by a universal auto-ranging plug-pack
power supply unit. The device is operable from 85-265V AC 50-60Hz and consumes less
than 6W of power. The device is also operable from a hominal 12V DC battery. See section
“DC Power Connector” below.

Environmental

The DAQ-2500X device is intended for indoor use only.

Operating temperature 0to40 T

Storage temperature -40t085C

Operating humidity 10 to 90% RH, non-condensing
Storage humidity 5 to 95% RH, non-condensing

Warning! If this equipment is used in a manner not specified in this manual, the
safety protection provided by this equipment may be impaired and result is potentially
hazardous situations.



Device connections

DC Power USB

Digital I/O Trigger

Analog Inputs

Figure 5.1: Device Connections

USB-Type Connector
This is a standard USB type B connector and provides communication between the
device and a host PC.

DC Power Connector

This is a standard 2.0mm DC plug pack socket. The device requires a power supply
of 12V DC (11-14V) at 0.5A. It is recommended that only the ChronoLogic-supplied
power supply plug-pack is used with this device.
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Note: The internal ground plane (referred to as “COM”") is floating. Connecting
signal ground can cause a glitch in the device. Avoid making connections while
running device.

Analog Input Connectors

Analog input connections are made by pluggable screw terminal connectors
(supplied free with the device). These are grouped in four sets of 4 inputs plus a
“common” pin — one connector per analog channel.



Digital I/0 and Trigger Connectors

The digital I/O lines are grouped into two 8-bit ports plus a common pin per port.
Connections are made by pluggable screw terminal connectors. The digital trigger
input is a two pin pluggable connector.



DAQ 2500x Hardware

Overview

The DAQ-2500X is a data acquisition device which features ChronolLogic’s proprietary USB-
inSync architecture, enabling synchronous and deterministic operation in a PC-based
distributed format.

The DAQ-2500X provides true simultaneous sampling of up to four 16-bit single-ended
analog inputs at a continuous rate of 100kS/s on each channel. Furthermore, these four
inputs are multiplexed into 16 inputs and offer four sets of simultaneous sampled inputs.
The device features a continuous data throughput of 400kS/s, which is enough to support
the full 200kS/s capacity of each of the four channels.

There are sixteen digital I/O lines which are independently selectable as input or output and
a TTL “Trigger” input allows you to trigger the acquisition sequence from an external signal.
The system is capable of handling up to 127 devices (including hubs) attached to the bus,
although this number of devices will limit the bandwidth allocated to each device.

The analog and digital circuitry share a common “ground” that is isolated from the USB
physical layer and host PC. This prevents ground loops when multiple devices are
connected to the PC and measurements referred to earth ground at the location of the
device. It must be pointed out however that the device is not rated for Category Il
installations where the measurement system is directly connected to MAINS.

Functional Hardware Overview

The DAQ-2500X combines the advanced functionality of USB-inSync technology with
multifunction data acquisition functions. This device provides plug-n-play connectivity with
advanced timing and synchronization features for acquiring, generating and logging data in a
variety of applications. The devices offer the flexibility of pluggable screw-terminals for
simple and inexpensive sensor connection. Figure 5.2 shows the basic architecture of the
DAQ-2500X device.
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Figure 5.2: Functional Hardware Description

USB connection and overall communication control is provided by the USB-inSync Core and
microcontroller which is fully isolated from the delicate analog circuitry to assure the lowest
noise performance and device safety.

1 channel

4 inputs

#MUX

Figure 5.3: Input Channel functional schematic

There are Four discrete analog input channels in the DAQ-2500X. Each of these channels,
shown in Figure 5.3, consists of a 100kS/s analog to digital converter which is driven by a
programmable gain amplifier (PGA) and contains a noise filter. Each channel has four
inputs. The input multiplexer can be configured such that the channel measures up to four
single-ended signals or up to two differential signals.

Indicators and Pushbuttons

There are three indicator lights on the DAQ-2500X and one “focus” pushbutton. These are
located on the front of the unit adjacent the analog input connectors, as shown in Figure 5.4.

Figure 5.4: Status and control interface



Focus Pushbutton

The pushbutton labelled “Focus” can be used to draw the GUI’s attention, or focus attention,
to that particular device in a multi-device system. When the DAQ Control Center application
is the foreground Windows application, pressing the “focus” button will bring the Control
Panel for that device to the forefront of the GUI.

Indicators

There are three “Status” indicators on the DAQ-2500X. These display the status of the
device. They display the acquisition status during normal operation and self test status
information during system self test and reference calibration checks.

Self Test at Start-up

When the device is first plugged into the PC, the operating system detects its
presence and begins the enumeration.

All LEDs flash in recognition of detection by the operating system

Once device firmware has been loaded the red LED turns on and only
extinguishes once USB-inSync phase lock has been achieved.

During self test the yellow LED will flash.

Upon completion of a successful self test the device will enter Configuration
mode and only the green LED will be lit.

Normal System Operation

There are three basic operating states of the DAQ-2500X device. Under conditions
of normal operation, the red LED will not be lit. This LED indicates an error condition
(or that the device firmware has not yet been loaded at device start-up). The green
LED is lit to indicate configuration mode and the yellow LED will only be lit during
data acquisition.



State

LED Status

Description

Configuration

The device is “inactive” and
waiting for instructions. During
this time, simple monitoring
functions report the value of
inputs at a rate of approx. 30S/s
(system dependent). Calibration
parameters are also being
updated at this time.

Acquisition

The device is in hardware
controlled acquisition mode.
The analog-to-digital converters
are acquiring data and storing it
in internal buffer memory. Data
may also be uploaded to the
Host PC during this time.

Error

An error has occurred. The error
will be displayed by the DAQ
Control Center GUI or can be
found in the Error Code Section
of this manual.

Physical Connections

USB Interface

This is a standard USB type B connector and provides communication between the device

and a host PC.

DC Power Supply

This is a standard DC plug pack connector. The input requires a regulated voltage of 12V
DC at 0.5A. To comply with the specified EMC (Electromagnetic Conformance) standards,
this device should only be used with the ChronoLogic supplied plug-pack power supply.
However, for portable applications, it is possible to provide power from a nominal 12V

battery. Supply voltage should be in the range 11-14V DC.
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Some USB-DAQ devices are powered directly from the USB port. ChronoLogic has
deliberately chosen not to power the DAQ-2500X directly from the USB bus in order to allow
the measurement system to be electrically isolated. This affords the PC a degree of
protection from user connected signals and ground loops and the 12V DC supply allows
operation in remote battery powered applications.

Analog Inputs

The DAQ-2500X has a five pin, detachable screw-terminal connector for each of the four
analog channels. Each channel is multiplexed to four discrete inputs which provides a total
of 16 discrete single-ended analog inputs. The channels can be configured as either single-
ended or differential inputs. In single-ended mode, each of the four inputs is referenced to
ground. In differential mode, two inputs are compared to each other for a true instantaneous
differential measurement.

Each of the four analog channel connectors has a “common” terminal (labelled COM) that is
internally connected to the isolated ground reference of the module. Refer to Table 5.1 and
Figure 5.5 for the terminal assignments for each channel. For more information concerning
wiring up signals to the inputs, see the following section, “Connecting Analog Signals to the
Device”.

Functional Name
Input O
Input 1
Input 2
Input 3
COMMON
Input O
Input 1
Input 2
Input 3
COMMON
Input O
Input 1
Input 2
Input 3
COMMON
Input O
Input 1
Input 2
Input 3
COMMON

Channel

=i

Channel O

Channel 1

Channel 2

Channel 3

Table 5.1: Analog Input Connection



Figure 5.5: Analog input numbering

Digital I/O

Bit-Programmable digital I/O

The DAQ-2500X has sixteen user configurable digital I/O lines. These are provided as two
8-bit ports accessible through a pair of 9 pin, detachable screw-terminal connectors. Each
bit of the two 8-bit ports can be independently configured for either input or output.

The digital output driver is an open-drain stage capable of sinking a total of 250mA to ground
for each 8-bit port. Setting the output state (active low) asserts a low on the I/O pin while
setting a high output state sets the I/O pin to a high impedance state (high-Z). This allows
the 1/O to be used to directly control a relay or to set a logic level with the aid of an external
pull-up resistor.

To use the digital I/O line as a dedicated input, the user would simply connect their signal
and set the digital output state to high-Z. Refer to Table 5.2 and Figure 5.6 for the terminal
assignments for each port.

Functional Name
bit 0 / Sync Output
bit 1

bit 2

bit 3

bit 4

bit 5

bit 6

bit 7

COMMON

bit 8

bit 9

bit 10

bit 11

bit 12

bit 13

bit 14

bit 15

COMMON

Port

5

Port O

Port 1




Table 5.2: Digital Input/output Connection

Figure 5.6: Digital input/output and trigger pin configuration

Trigger Input

A digital trigger input is available for synchronizing the acquisition to an external event. Input
is provided by a two pin pluggable screw terminal connector. The input is terminated into a
1MOhm pull-down and can be software configured for rising or falling edge triggering. This
is a TTL input and requires a minimum 100ns pulse width.

Sync Output

The DAQ-2500X is able to generate synchronous digital output. This is generated on Bit 0
of Port O of the Digital /0 bus (see Table 5.2). This can be either a rising or falling edge and
is be synchronized to the start of an acquisition.

There is a 200ns latency in the output signal, appearing on the output pin approximately
200ns after the internal event. This port is an open drain output and must be treated
accordingly.

Connecting Analog Signals to the Device
Note: Use 14 AWG to 30 AWG wire for your signal connections.

Caution! Keep the length of stripped wire at a minimum to avoid a short to other
inputs or the enclosure!

Connecting Single-Ended Voltage Signals

The DAQ-2500X device can be configured to acquire up to 16 single-ended voltage signals.
Connect the positive voltage signal to the input terminal and the ground signal to the COM
(common) terminal to keep the common-mode voltage in the specified range. For more
information about the common-mode voltage range, refer to the Specifications section.



Note: If you have the unipolar version of the DAQ-2500X the signal voltage must be
positive with respect to the “COM” common input terminal. (The unipolar/bipolar
option is indicated in the EEPROM configuration information and the “Config” tab of
the DAQ Control Center user interface)

Connecting Floating Differential Voltage Signals

The DAQ-2500X device can be configured to measure up to eight differential voltage
signals. Each analog channel can measure two differential input pairs. This is shown in
Figure 5.7 below. Differential pair 0: 2 is formed by the comparison of signals at inputs 0
and 2 of the channel. Similarly for differential pair 1 : 3. Notice that these differential pairs
are interleaved on the connector.

You will also notice in Figure 5.7 that input 0 is shown as the red and input 2 as the black
lead. This denotes that a positive signal is measured when input 0 is positive with respect to
input 2. Similarly input 1 (orange) is positive with respect to input 3 (blue).

Figure 5.7: Differential signal connection and polarity

However care must be taken in connecting differential signals to the DAQ-2500X. If the
differential signals are truly floating, the voltage sighals may exceed the common-mode
signal range of the device resulting in measurement inaccuracies.

Note: To keep the voltage source within the common-mode range of the module,
connect the negative lead of the signal to COM through a 1 MOhm bleed resistor.

Note: The internal ground plane (referred to as “COM”) is floating. Connecting
signal ground can cause a glitch in the device. Avoid making connections while
running device.

The Quality of your Measurement Device

The overall accuracy of any instrument is limited by the combined error of every component
within the system. Quite often, resolution is incorrectly used to quantify the performance of a
measurement product. Resolution is the first specification to check when assessing the
accuracy of a measurement, but it is not the whole story. While "16-bits" does indicate the



smallest discrete step that can be resolved, it provides no insight into the quality of that
particular measurement. A device’s Accuracy and Noise specifications determine the
ultimate accuracy and quality of the measurement.

Resolution

The resolution of any Analog-to-Digital (or Digital-to-Analog) conversion process is an
important parameter. The higher the resolution (number of bits), the more accurate the
measurement can be. An 8-bit conversion results in 256 discrete measurement levels. With
an input range of 10 V, an 8-bit ADC cannot resolve voltage differences smaller than 39 mV.
In comparison, a 12-bit ADC with 4,096 discrete levels can resolve voltage differences as
small as 2.4 mV and a 16-bit ADC with 65,535 discrete levels can resolve approximately 150
uV. Although resolution determines the detail that can be detected, it must be noted that
resolution is not the most important specification.

Measurement Accuracy

A high resolution (e.g. 16-bit) analog-to-digital converter does not guarantee an accurate
measurement device. A high resolution measurement of an inaccurate signal from poorly
designed or poor quality analog input circuitry is still an inaccurate measurement. There are
three types of errors which affect the accuracy of a measurement system:

offset
gain
nonlinearity

Nonlinearity error in the DAQ-2500X is very small and is insignificant compared to the errors
associated with offset and gain. The following Figures show the effects of these errors
(errors are exaggerated for clarity).

The components used in the DAQ-2500X have been chosen for their ultra-low offset voltage
and thermal stability to provide the greatest absolute accuracy.

DC offset is calibrated at the centre of the measurement range. Ideally, a zero volt input
should produce an output code of 32768 (for the bipolar version of the device). Any
deviation from this is an offset error. Figure 5.8 shows the ideal transfer function as a solid
line with the offset error bounds shown as a pair of dotted lines. Offset error affects all
codes equally by shifting the entire transfer function up or down along the input voltage axis.

Gain error is a change in the slope of the ideal transfer function and is typically expressed as
a percentage of full-scale. Figure 5.9 shows the ideal transfer function with gain error
bounded by the dotted lines. Note that gain error is expressed as a ratio. Measurements
near full-scale (+10 V) are more affected from an absolute voltage standpoint than are
values near mid-scale, which see little or no voltage error.



The overall absolute accuracy of any given measurement is therefore found by the
combination of these two sources of error (given that the non-linearity error is comparatively
small).

Input Voltage Input Voltage

+10V T RY2 +10V T

R4 Output Code Output Code
0 /AN 3768 65535 0 32768 65535

-0V T e AoV T

Figure 5.8: Offset Error Figure 5.9: Gain Error

Measurement Noise

A system may have high measurement resolution and minimal offset and gain errors
resulting in a highly accurate measurement, but this will ultimately be limited by the inherent
noise in the measurement. There are many sources of noise:

Noise generated in the circuitry (e.g. fast rising clock edges)
Conducted noise — through the input signal cables

Radiated noise from external sources

Common-mode noise from incorrect grounding

Internal Reference

The DAQ-2500X contains a precision, ultra low drift internal reference voltage source. The
reference voltage is accurately scaleable and can be measured by each of the analog input
channels. This ensures that the device is operating correctly and allows the user a simple
way to check the accuracy of a given measurement.

Synchronous Data Acquisition

USB-inSync allows multiple discrete USB devices to operate in a synchronous and
deterministic manner. The fundamental platform provides each device with a shared clock
and accurate triggering functions.



Synchronous Measurements

Each DAQ-2500X device has four independent analog-to-digital converter channels for true
synchronous sampling at 100 kS/s. The data transfer protocol of the DAQ-2500X can
support all four inputs sampling continuously at their maximum rate.

Multiple Device Synchronous Measurements

Perhaps the most important feature of ChronoLogic’s USB-inSync DAQ series that sets it
apart from all other USB-based data acquisition devices is its synchronous and deterministic
capabilities. For example two DAQ-2500X devices can be configured to form a distributed
system with synchronous sampling of up to 32 analog inputs. Four such devices can
synchronously sample up to 64 inputs and so on.

USB-inSync also provides the ability to trigger events on multiple devices in a deterministic
manner. The acquisition of data from discrete DAQ modules can be triggered to start at the
same point in time or staggered to start at defined times simply through the software protocol
of USB-inSync.

Calibration

The system performs an on-board reference check at power-up. This checks the calibration
of each gain setting, for each analog channel.

An automatic re-calibration feature allows the DAQ-2500X to continually update calibration
tables while in configuration mode. This maintains compensation of thermal drift in the
electronics, ensuring the most accurate measurements will be performed regardless of
environmental conditions.



DAQ 2500X & Control Center (GUI)

DAQ Control Center - Graphical User Interface
Configuration Tab

The Configuration tab, shown in Figure 5.10, allows the user to configure the device for
subsequent data acquisition. This tab is divided into two main sections. The top part
configures the generic properties of the device, while the bottom part provides detailed
configuration of the analog input channels and digital 1/O.

Figure 5.10: Configuration Tab

Generic Device Properties

Figure 5.11: Generic device properties controls

Acquisition: Sample Rate

This sets the main clock that controls the base acquisition rate. The fundamental analog-to-
digital conversion rate for each of the four analog channels is set by this control. Sample
period is the fundamental setting rather than frequency or rate because the main clock
period is divided down from a 1us period (1MHZz) reference signal. This results in the actual
sample rate being slightly different from the nominal requested Sample Rate, however all
data is time-stamped for accurate analysis.



Options: Trigger

Trigger mode determines how and when the acquisition will begin on the local device. There
are two local triggering options and one global “inSync” triggering option.

When trigger mode is set to “auto”, acquisition starts and stops whenever the device’s
Control Bar “Run” and “Stop” buttons are pressed, respectively. Acquisitions undertaken in
this mode will not be started at the same time as those of other USB-inSync devices. The
acquisition simply begins as soon as possible after the button has been pressed.

The DAQ-2500X can be externally triggered by signals connected to the TTL Trigger input
connector. The system can respond to either a “rising edge” or “falling edge” as the trigger
event and is selected accordingly using the Trigger drop down menu. When in this mode,
the Control Bar’'s “Run” button enables the external trigger circuitry. Once enabled, the
hardware waits idle until it receives an external rising/falling edge TTL level. Acquisition
begins with that external trigger.

Note: The most powerful triggering method is the global triggering system, called “-inSync
Event” triggering. This allows deterministic control of events on multiple USB-inSync
devices. In this mode, the user simply selects a previously defined event from the Trigger
drop down menu. This mode is only relevant for deterministic control of multiple USB-inSync
devices. More details about creating a USB-inSync Event can be found in the section on
USB-inSync Triggering.

Options: File Log

This check box control allows the user to log data to a file. Once selected, data is initially
saved to a binary file format that optimises system performance during the acquisition
process. Atthe end of an acquisition, the user can convert the binary file data to a comma
separated text file (*.csv) for importing into data analysis packages and spreadsheets such
as Microsoft Excel. This is accomplished using the “Convert” button on the main system
toolbar and will be discussed in the following sections.

The default directory for saved data is “My Documents/ChronoLogic”, however the user can
specify the path and filename using the “file name” control.

Note: Microsoft Excel can only import 64,000 rows of data so the maximum record length
must be less than 64,000 if you wish to manipulate and/or display data using Excel.



Analog Input Configuration

There are four analog input channels in the DAQ-2500X. These are configured by four
discrete channel strips as shown in Figure 5.12. Each channel strip is configured
independently as per the user’s specific acquisition requirements.

Figure 5.12: Analog input channel configuration

Mode

Channel control mode determines the basic function of the channel strip. This drop-down
menu sets the channel to operate in single-ended or differential input mode. It is also able to
disable the channel, reducing the amount of data transmitted from the device back to the
host PC and freeing up bandwidth for other USB transactions. Notice how differential input
mode is being selected in for the fourth analog channel in Figure 5.12.

Single-ended

0 This mode allows each of the four multiplexed inputs to be sampled.
Each of the inputs (as selected in the next step) is measured with
respect to the “COM” common input.

0 The user can select one, two, three or four inputs to be sampled by
using the associated check box. The Input Sample Rate for each of
the selected inputs in the channel strip is either equal to the Input
Sample Rate, half the Input Sample Rate, or quarter the Input Sample
Rate, depending on the number of inputs sampled.

o0 Figure 5.12 shows the first analog channel in single-ended mode with
both the first signal (Input #0) and fourth signal (Input #3) being
sampled.

Differential

0 This mode allows a differential measurement. Instead of an input
being measured with respect to the common pin, this mode allows one
input to be measured with respect to another input. The signal
therefore depends only on the differential voltage between the two
inputs.

o In differential mode, only two pairs of inputs can be multiplexed into a
channel. Input # 0 therefore corresponds to the differential signal



between input 0 and input 2, while Input #2 is the differential signal
between input 1 and input 3.

o Figure 5.12 shows the second channel configured for differential
mode. It can be seen that only Input #0 is being sampled and the left
of the channel name window shows that this differential signal is
formed by inputs 0 and 2 by the label “0/2”

0 The Input Sample Rate for each of the selected input pairs in the
channel strip is either the global Sample Rate or half the global
Sample Rate, depending on the user configuration of the channel.

Effective Sample Rate

This field displays the sample rate for each of the analog inputs selected on the particular
channel strip. This is a division of the global device “Sample Rate” as defined in the Generic
Device Properties panel.

The channel will sample (or make one analog-to-digital conversion) at the global Sample
Rate. If only one input is selected for a given channel, the channel will be dedicated to this
input and the Input Sample Rate will equal the global Sample Rate. If two inputs are
selected, they will be alternately sampled with a resulting Input Sample Rate of half the
Sample Rate. If three or four inputs are selected, then they will be sequentially sampled at
one quarter of the Sample Rate.

Naming of Analog Inputs

All inputs can be labeled with user defined names. The user can simply type the new input
signal name into the relevant edit box. The software will then use this hame throughout the
program and in the saved data file when referring to the input. If the project settings are
saved (Main Menu, File, Save Settings), this name will be automatically used when the
project is reloaded.

Range

This control sets the gain of the Programmable Gain Instrumentation Amplifier (PGIA) for the
input. This specifies the maximum input voltage that the channel can measure. Settings are
+1.25V, +2.5V, +5V, +10V (although some models may only have a unipolar measurement
range for improved accuracy).

For example, if the signals on one channel are all in the range of -3.5V to +4V, then
measurement accuracy would be optimised by setting the channel gain such that the input
voltage range was -5V to +5V.

Note: Input circuitry may be damaged if input signals exceed specified levels.

If different gains are selected for different inputs on the same channel, the acquisition rate
should be limited to less than 50kH to prevent crosstalk between inputs



Low Pass Filter Selection

This check box enables the low-pass noise filter for the channel. When selected, this limits
the bandwidth of the channel to approximately 20kHz and the PGIA will not be able to slew
fast enough to track fast changing signals. To prevent channel crosstalk that may occur
between adjacent inputs, filtering is only allowed at low frequencies when multiple inputs are
selected.

Digital /0 Configuration

The DAQ-2500X has sixteen user configurable digital I/O lines. These are provided as two
8-bit ports as shown in Figure 5.13. During Configuration mode, the ports can be set as
individually addressable bits. It is also possible to configure bit 0 as a synchronous output
signal “sync” to trigger events on external equipment. In this case, the pin changes state
(high to low or vice versa) at the start of an acquisition.

Figure 5.13: Digital I/O configuration

The digital output driver is an open-drain stage as previously discussed. This allows the
user some interfacing flexibility by matching the device to the voltage of the external
equipment through a pull-up resistor or in fact directly controlling an external relay. This is
an active low control.

For external relay applications, it is advised to use a clamping diode snubber circuit. The
breakdown voltage of the digital I/O port is 50V. Each bit can sink 250mA with the additional
limitation of a total current sink of 250mA per 8-bit port.

To use the digital I/0O line as a dedicated input, the user would simply connect their signal
and set the digital output state to high impedance (off state) by making sure the appropriate
check-box is unchecked.

Acquire Digital Inputs

This check box determines whether the system samples the digital inputs. If this box is
checked, the 16 digital inputs are sampled at the devices acquisition rate, however this
increases the burden on the USB bandwidth.

Toggle Sync Bit 0 on Acquisition Start

This check box determines whether the digital I/O bit O line is used as an output “sync”
signal. If this control is checked, then bit 0 toggles (or changes state) synchronously with the
beginning of an acquisition. If bit O is set to active low then it goes into the high-impedance



state when the acquisition starts (to be pulled up by external logic). Similarly if the output is
in a high impedance state, then it is pulled low by the start of an acquisition.

Note: There is a propagation delay of approximately 200ns between the start of acquisition
and bit 0 changing state. This port is an open drain output and must be treated accordingly.
The value of the pull-up resistor will affect the transition time from low to high state and
negative transitions will generally be faster.

Status Tab - Monitoring

This is a simple tabular display of all selected inputs and is primarily designed as a display of
the slow speed software-timed monitoring functions. This mode is often useful to check that
the system is functioning correctly and reporting DC levels or appropriate signal levels on
required channels before initiating a full high speed acquisition.

Whenever the device is hot engaged or “running” a dedicated acquisition, the system
monitors all selected inputs and updates the Status tab accordingly. This is a non-
deterministic sampling mode where the PC’s operating system polls the device for data. The
timing accuracy of this is determined by the operating system and the computational burden
placed on it by other applications.

Analogue Graph Tab

The device analogue graph tab (shown in Figure 5.14) is an oscilloscope-like interface that
displays the measurements taken on a particular device. The tab provides basic information
about the acquisition and controls to configure the display to the user’s requirements.

For more powerful display and graphing functions, use the Multi-Device Graph Window,
described in the following sections.

Note: It must be noted that the controls on the Analogue Graph Tab only affect what data is
displayed on screen. For example, when you disable by clicking on the check box next to
the graph data label, the channel data is not displayed on the graph, but it will still be
acquired as defined in the device’s main Configuration tab.



Figure 5.14: Graph tab

Trigger

The display trigger control allows the user to set the display to trigger off a given data stream
in much the same way as an oscilloscope triggers its display. The display trigger can be set
to either, “Rising” edge, “Falling” edge or “Auto”.

When the trigger is on Auto, data is displayed on the graph as it is streamed in from the
device. This will more than likely mean that any repetitive function (such as the quasi-
triangular waveform shown in Figure 5.14) would scroll rapidly across the screen and it
would be impossible to see all detail.

In order to “freeze” the waveform on the screen, set the display trigger type to either “Rising”
or “Falling” edge as required. The “Level” control sets the voltage level at which the first
point is drawn on screen and the “Analog Input” control determines which input is used as
the display trigger source. Figure 5.14 shows a repetitive signal being displayed with a
trigger level of 1.1volts on “Channel0, Input0”. The horizontal red line across the graph
shows the trigger level, the vertical red line shows the trigger point.

Voltage Range

This area controls the vertical range of the graph window. Minimum and maximum controls
determine the range of voltages displayed on the graph. The “Auto-Range” check box
overrides the other settings and sets scales the graph such that a full scale signal from the
channel with the largest input signal range can be displayed.

For example, if one channel is set to an input range of £5V while the other active channels
are set to only £1.25V, the Auto-Range function would scale the graph to 5V range.



Graph Time Span

This controls the horizontal scale or time-base of the display. It sets the total graph time
span (in milliseconds) for this device’s graphing tab. For more flexible graphing functions,
use the Multi-Device Graph Window described in the following sections.

Analog Inputs

This area shows the user which inputs are currently available for display. If an input has
been selected in the configuration tab, then it appears in this control.

There is a check box in front of each available input. When this is checked, the graph for
that channel is displayed in the graph panel. By default, all acquired inputs are displayed
when first entering this tab. However the ability to temporarily turn off an input from the
display could be a very useful feature. It allows the user to see detail in one input signal that
may be hidden by other similar signals.

Digital Graph Tab

The device digital graph tab (shown in Figure 5.15) is an oscilloscope-like interface that
displays the states of the devices digital inputs

Figure 5.15: Digital Graph tab

Trigger

The display trigger control allows the user to set the display to trigger off a given data stream
in much the same way as an oscilloscope triggers its display. The display trigger can be set
to either, “High”, “Low” or “Auto”.



When the trigger is on Auto, data is displayed on the graph as it is streamed in from the
device. This will more than likely mean that any repetitive function would scroll rapidly
across the screen and it would be impossible to see all detail.

In order to “freeze” the waveform on the screen, set the display trigger type to either “High”
or “Low” as required. The “Trigger” control determines which input is used as the display
trigger source. .

Graph Time Span

This controls the horizontal scale or time-base of the display. It sets the total graph time
span (in milliseconds) for this device’s graphing tab. For more flexible graphing functions,
use the Multi-Device Graph Window described in the following sections.

Data File Format

There are two data file formats used by the DAQ Control Center. A native Data Acquisition
Binary file format (.dab) and a comma separated text file format (.csv). The binary format is
used to store raw data during acquisition to reduce the computational burden of decoding
and conversion to text format during the CPU intensive data retrieval process. The text
format is a common format that allows data files to be opened in spreadsheets for further
analysis and plotting.

Binary File Format (.dab)

Data is retrieved from the ChronoLogic DAQ Server in a binary format and saved directly to
file for efficiency of processing. This can be later transformed into ascii text format (using
the File Convert utility shown in the next section) and saved for use in other applications.

Data is returned as a stream of unsigned 16-bit integers in a special binary format. Each
acquisition record contains a number of "Acquisition Cycles" (C) each of which contains a
two word time stamp called "Offset Time" followed by data acquired in each of the timeslots
for the given device. Note that the architecture of the DAQ-2500X (four inputs multiplexed
per analog channel) results in four Time Slots per acquisition Cycle.

Offset Time is the time since the beginning of the acquisition and is returned in two unsigned
16-bit words in big-endian (high word, low word) format. Each timeslot contains one sample
for each of the enabled analog channels plus a sample of the digital I/O port, if enabled.
Data is returned in 16-bit unisigned integer format. The binary data structure is defined in
the following way as shown in Table 5.3.



Table 5.3: Binary Data Structure Definition (Version1.0)

Where "n" denotes the n™ acquisition cycle, "A" is the number of enabled analog channels
and "D" is the number of 16-bit digital ports enabled. "C" represents the total number of
acquisition cycles in the record.

The following example shows an excerpt from a data stream from the DAQ-2500X and may
help to illustrate this better. In this case, Channel 0 is acquiring on only input 0, Channel 1 is
acquiring on only input 0 and 2, Channel 2 is disabled, Channel 3 is acquiring on all four
inputs and Digital 1/0 sampling is enabled. We see data for the n" acquisition cycle of the
record shown in Table 5.4.

Data stream excerpt:

Table 5.4: Binary Data Structure Definition (Version1.0)



Text File Format (.csv)

Data can be manually converted from .dab format to .csv format using the “File Convert”
button on the Control Bar. This launches the file convert dialog box as shown in Figure 5.16.

Figure 5.16: File Convert dialog box

This dialog allows the user to select the specific binary data file (*.dab) for conversion to
comma separated variable (*.csv) format. The default directory for data files is “My
Documents/ChronoLogic”. This utility converts the file into a format that can be read by
spreadsheets such as Microsoft Excel for data analysis and display.

When synchronously acquiring data from multiple devices using the “Sync Run” method,
data is stored in a separate file for each device with filenames as specified in the Generic
Device Properties, Options box. Multiple files corresponding to a Sync Run can be added to
the File Convert Dialog box as shown in Figure 5.16. These files are merged together (if the
share a synchronous start) so that further analysis can be performed on the combined
synchronous data set of multiple devices.

The DAQ-2500X has four multiplexed inputs per analog channel. When multiple inputs are
acquired per channel, each acquisition timeslot samples a different input. Consider the case
of sampling each input of only one channel at the maximum rate of 100kS/s. Under these
conditions, the data file contains information about a different input for each 10us timeslot.

The data file records values at 10us intervals. Those values correspond to measurements
on InputO, Inputl, Input2, Input3, InputO... The resulting .csv text data file will have the
following form.

Time (us), Input O, Input 1, Input 2, Input 3

0, value, , ,
10, , value, ,
20, , , value,

30, , , ,value



40, value, , ,
etc.

When this file is opened by a spreadsheet such as Microsoft Excel, it is displayed in the
following tabular format. This shows the sequential sampling of the inputs on the channel
but it does pose a slight problem for older versions of Excel in graphing the measurements.
The current version of Excel handles this well, but older versions cannot cleanly graph a
data series that has gaps. If you encounter this problem due to using an older version of
Excel, it is recommended that you sample one input on each of the four channels. In this
way the inputs are simultaneously sampled and Excel can easily graph the results because
there will be no gaps in the data file.

Time (us) | InputO0 | Inputl Input 2 Input 3
0 value
10 Value
20 value
30 value
40 value
50 Value
60 value
70 value
80 value

There are often additional limitations with spreadsheet programs, such as the size of file that
can be imported. Microsoft Excel, for example, can only accept a maximum of 64,000 lines
of comma separated variables. This represents just 0.64 seconds of data when sampling at
100kS/s. Scientific data analysis packages such as IDL and Matlab are capable of importing
and processing much larger data files.



Appendix A — COM Server Programming

Overview

The “ChronoLogic Server” is a COM server that provides a flexible programming interface to
the Chronologic devices using the component object model. The following programmer’s
guide provides detailed information about the interface structure and command syntax.

COM Features
COM offers a variety of features and benefits including:

Binary Standard

COM uses a binary standard for method calling between components. The binary standard
allows for language independence. Fundamental to COM is the use of Universally Unique
Identifiers (UUID). COM uses four globally unique identifiers (11D, GUID, CLSID, CATID) to
identify every interface and every component object class as defined by the Open Software
Foundation Distributed Computing Environment.

Local / Remote Transparency

COM activation service will activate a component’s server and then set up component
interactions for either in-process (DLL), local (EXE in separate process on the same
machine), and remote (DLL or EXE on a different machine via Distributed COM, or DCOM).
This activation service enables component Local/Remote Transparency.

Activation

COM has a mechanism, commonly referred to as activation mechanisms, for establishing
connections to components and creating new instances of components. COM activation
service uses a class identifier to determine which server implements that class and where
that server is located.

Version Control

COM interfaces are immutable and are never versioned. This means that interfaces cannot

have syntax changes, semantic changes, or marshalling changes and are inherently forward
compatible. Since interfaces are immutable, to create a new version, you must create a new
interface. This is quite straightforward as the new interface is derived from the old interface.

However for each new version of an interface, a new unique identifier is assigned.

Version control is a way for components to dynamically discover the interfaces implemented
by other components. Any COM class may be optionally registered in the operating system
registry in order to become a COM server. COM uses the class UUID, defined in the
operating system registry, to determine which server implements that class and where that
server is located.



Security

COM provides security for applications, regardless of whether they run in-process, locally or
remotely. There is a default level of security that is provided to the non-security-aware user.
However advanced users can use applications that are security-aware to control who is
granted access to their services and the type of access that is granted.

Licensing
COM allows server facilities for creating licensed components and supporting the
subsequent use of those components by authorised clients.

Component Categories

Component categories identify those interfaces (or functionality) that a software component
implements and requires. A registry entry is used for each category or identified area of
functionality and each component category is identified by a globally unique identifier
(GUID). When a component is installed it registers its categories in the system registry
using the component category ID.

Event and Notification Handling

COM supports an event model as well as event notification. COM supports connectable
objects, which is a generalised mechanism through which advisory connections are
established between a “source object” and a “sink object”. COM provides standard
mechanisms such as IConnectionPoint & IConnectionPointContainer interfaces that support
connecting event sources/generators to event receivers/sinks. COM defines a standard
event mechanism, called Connection Points, a protocol for subscribing to events, as well as
a protocol for event notification.

International Support

COM provides internationalisation support indirectly through Windows. In Windows,
internationalisation is supported through the use of locales. A locale is a set of user
preference information related to the user's language and sublanguage. Locales provide
international support through the National Language Support APl (NLSAPI), the Multilingual
API (MLAPI), and Windows resource files. Locales make it easier to create globalised
applications that support multilingual data and a multilingual User Interface (Ul) — without
using special tools, multiple editions of the operating system, or writing specialised codes.

Docucentric Features

COM provides numerous docucentric capabilities through the use of OLE interfaces and
automation (Dynamic Invocation) interfaces allow scripting of components. OLE defines
monikers as a means of standardised naming. OLE, through OBCD and OLE DB, offers
standard interfaces for database access and management. OLE also supports the Microsoft
Transaction Server (MTS) that provides data transaction capabilities. Finally, OLE provides
facilities for in-place activation, drag-and-drop, and structured storage common to Windows
applications.



How It Works

All the interfaces, properties and methods described in this user guide are accessible from
any COM enabled language.

Interfaces

These define the properties, methods, events, and sub-interfaces for a given COM object.

Properties

These are values stored in an interface that may be set or retrieved. Some properties are
read only, all interfaces are read only.

Methods
Methods are Functions in interfaces that interact with the COM server.

Events

Events may be sent from the COM server to the client program. The client program must
“subscribe” to the event interface to receive the events. This is a language dependent
option, and not all programming languages can receive events.

Enumerations

There are many enumerations used in the ChronoLogic COM server. These are described
later and correspond to specific Interfaces.

Instance of the Object

In order to be able to access the COM object’s functionality, you must first create an
instance of the object in your client program. See the following COM Server Interface
Tutorial for an example using C#.

C++ MFC and ATL Users

The easiest way to make use of the COM Server is using the Microsoft Visual Studio import
statement on the file <install directory>\server\hsi.tlb. This creates smart-pointer wrapper
classes for the COM server.

LabVIEW Users
LabVIEW drivers are built on the COM Server.



Visual Basic 6 Users

A reference to the “Chronologic Sync” Type Lib should be added in the References dialog
accessed from the Tools References menu item.

C Users

A reference to the “Chronologic Sync” Type Lib should be added in the Add Reference
dialog accessed from Project Add Reference menu item. Note that the entry is on the COM
tab page.

Excel Users

A reference to the “Chronologic Sync” Type Lib should be added in the References dialog
accessed from the Tools References menu item when using Macros or the Visual Basic
Editor. This is also accessible as a Macro in Microsoft Word.

.Net Users

A .net assembly is supplied which gives access to the server. A reference to the file “<install
directory>\global\chronologic_com_au.sync.dotnet.dll” should be added to the project. The
“<install directory>" refers to the install directory chosen when installing the Chronologic
software.

C# Example Code

The following example was developed using the C# Express edition from Microsoft. The
methods and interfaces should be the same for all programming languages. The example is
very simple, and is intended only to show the general way of interfacing the Chronologic
devices. More extensive examples with full source code implementing full data acquisition
systems are installed with the Chronologic software. These may be accessed from the
Windows Start menu as follows:- “Start Menu -> Programs -> Chronologic USB-inSync ->
Examples”.

This example assumes that a DAQ2500X and Legato module with the relevant serial
numbers are connected to the computer before the program is run.

1) Create a project and reference to the COM Server

Start a new project and add a reference to the Chronologic server.



Browse to the ‘global’ folder in the Chronologic install directory (normally C:\program
files\chronologic_com_au\global) and add a reference to the file

“chronologic_com_au.dotnet.dll”.

2) Create a simple program

public  partial class Forml: Form

{

chronologic_com_au.sync. ISystem syncSystem;
chronologic_com_au.dag. IDag daq];

public Forml1()
{

InitializeComponent();

/Icreate the interface

syncSystem = new chronologic_com_au.sync. System ();

/lcreate our Daq interface by calling Create wit h the

[Irelevant module serial number.

/INote that Create method returns a IDevice inte rface

/lwhich must be typecast to the correct type

dagl = (chronologic_com_au.dag. IDag )syncSystem.Create( "A250207100001"

/lour main interface
/lthe DAQ2500X interface

);



COM server reference

A full, up-to-date reference of the Chronologic COM server Interfaces, Methods, and
Properties is included with the Chronologic software installed on the computer. It is may be
accessed form the Windows Start Menu, as follows “Start  Programs  Chronologic USB-
inSync  Documentation COM”

Below is an abridged version showing only the more important Interfaces, Methods, and

Properties for the Chronologic devices. It also shows the object hierarchy for Chronologic
devices.
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