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How Does An Electronic Device Get Born?

● A challenge, issue or question needs an 

answer

● A need (or vision) for new type or better device 

emerges from it

● The device gets defined through the 

development process

● Functionality, performance, user experience, … 

● Analysis → design → implementation → validation 

→ production

● Nothing revolutionary, this is our day-to-day job www.draganfly.com
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The Result: A New Electronic Device (Instrument)

Usually a measurement instrument in this community, 

comprising

● Selected hardware architecture (for example Libera 

HW Architecture A/B, MicroTCA)

● Instrument specific electronics, RF

● Input signals (analog, digital, timing)

● Platform management

● Imposed communication protocols

● PCI, IPMI, Ethernet, … 

● Control System protocols, ...

● Generic FPGA cores and application specific 

processing

● Spplication-specific algorithms, parameters, ...
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Software in Reconfigurable Electronic Devices

● Share of software in electronic devices is increasing

● Software is not just an add-on, but an essential part of an electronic device

● Chips are becoming increasingly integrated and programmable

● FPGA by its nature

● Controlling ADCs, VCXOs and so on over SPI, I2C

● As a consequence, more software needs to be written

● Software integrates hardware components, application logic and user interfaces

● Issues not discovered until the integration pop up then

● Software interfaces are the points where people communicate with the machine

● Largely defines user experience

● Human behaviour doesn't comply to standards → needs to be handled in software
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Reusable Software: Seeing the Patterns

Concepts occurring repeatedly in measurement 

instruments:

● Hardware detection, platform management

● Access to functionality implemented in FPGA

● Configuration parameters

● Notification of changes

● Signal acquisition, processing and dispatching

● Scaffold for building instrument applications

● Supporting standard control system interfaces

From The Matrix, Warner Bros



7

Libera BASE

www.i-tech.si

Libera BASE

● Libera BASE narrows the gap between your 

hardware and the machine control system

● Helps to focus on the application with

● Software framework for application development

● Intuitive structure and programming interfaces

● Does not intend to replace Control System 

protocols

● Libera BASE + Libera HW Architecture B = Libera 

Platform B

● Design started in this form in the beginning of 2010

● Based on many years of previous experience
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Libera BASE: Concepts and Building Blocks

● FW: MicroTCA-compliant platform management

● BMC: Hardware abstraction layer (uses IPMI, USB, OpenHPI)

● LKM: Linux kernel module relies on a set of standardised FPGA

registers

● IREG: Application parameters as hierarchical tree

● ISIG: Signal acquisition, processing and dispatching

● IAPP: Application development framework, plugins

● MCI: Client programming interface (API) for Linux and 

Windows: exposes registry and access to signals

● TOOLS: Simple command line tools for automation and 

scripting

● ADAPTERS: Matlab, LabView, web, EPICS, Tango CS, FESA
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Libera BASE: Benefits for Customers

● Enables immediate use of your new instrument

● Simple, versatile and effective instrument 

interfaces

● Ready to be integrated in various Control Systems 

and other applications

● Suitable for various hardware architectures

● Large common base increases reliability and 

quality of instruments

● Rapid prototyping and creation of new instruments

● Supports reconfigurable instruments with FDK, 

XML configuration and plugins

● Easy exchange of solutions between customers 

and instruments
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Libera BASE: Relation to Libera Instruments

● Instrument application software is created on Libera BASE

● Accelerated development

● Size ratio of Libera BASE vs application-specific software is approximately 10:1

● Set of parameters, signals, algorithms are instrument-specific

● Libera Brilliance+, Libera Single Pass H, Libera Spectra, Libera LLRF

● Common MCI API simplifies integration of multiple types of instruments

● Synergy between Libera BASE and instruments

● Improved incrementally with each new instrument or its new version

● Dedicated projects for common functionality

● Improvements of Libera BASE during development of one instrument get 

incorporated into other instruments on regular basis
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Scenario 1: Development of New Instrument
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Scenario 2: Integration of Instruments into their 

Working Environment

● MCI programming interface

● Simple, yet powerful and intuitive

● The same programming interface for all instruments

● Available for Linux and Windows

● C++ based API

●Plans to support other programming languages

● Helps to focus on the application

● Cornerstone for adaptors for integration with

● Control systems, LabView, Matlab, mobile and web devices, …
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Example: Command line
$ libera-ireg info -h 10.0.3.106 boards.raf3.tbt.spike_removal.averaging_window

---------------------------------------------------

Registry hostname    : 10.0.3.106

Node name            : averaging_window

Value                : 8

Value type           : ULong ()

Validator expression : {0,1,2,4,8,16}

Num of values        : 1

Num of children      : 0

Flags                : readable writable persistent

Root                 : false

Parent node name     : spike_removal

Children             : No children for this node

---------------------------------------------------

$ libera-ireg dump -h 10.0.3.106 -l 3

app-name=libera-ebpm

version=2.2-425-r12548 tupai

boards

tim2

info

clock_info

pll

events

signals

sc_source=Internal

raf3

info

conditioning

clock_info

conf

tbt

local_timing

interlock

postmortem

signal_processing

average_sum

beam

events

signals application synchronize_lmt=0
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Example: EPICS GUI
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Example: Matlab
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Example: Spreadsheet
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Example: Web and Mobile
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Example: C++ Source Code
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Scenario 3: Customising an Instrument

● Tools

●FPGA development kit

●FPGA to MCI map

●No programming: FPGA registers described in an XML file

●Software plugins

●full control of the behaviour and access to functionality

● New parameters/signals get exported through MCI API automatically

●Consequently accessible from any other CS using adaptors
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Example: Export FPGA Registers
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Libera BASE and Hardware Architectures

● Currently supported architectures:

● Libera HW Architecture B

● Micro TCA

● Micro TCA for Physics

● Supporting a completely new hardware architecture is not a major effort
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Libera BASE and Libera CSPI

● Instruments based on Libera HW Architecture A provide CSPI API

● CSPI is only API, Libera BASE is complete framework

● CSPI was designed for a single hardware architecture and instrument

● Libera BASE can be adapted to support Libera HW Architecture A

●The opposite would be harder
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Libera BASE, Micro TCA for Physics and PICMG

● PICMG (PCI Industrial Computer Manufacturers Group) is working on a reference 

software implementation for applications on MicroTCA for Physics

● Libera BASE is offering more than what is the goal of the reference implementation

● Mission is the same: help to focus on the application

● Libera BASE was presented to PICMG to share ideas and will adapt to the reference 

implementation when available
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Status and Plans

● Status

● Finalising support for MicroTCA and Windows MCI API

● Plans

● Enhance modularity of instruments

● Improve connectivity (adaptors)

● Improve usability (user interfaces, upgrades, ...)
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Summary

● Libera BASE

● Narrows the gap between your hardware and the machine control 

system

● Simplifies development of instruments

● Simplifies integration into control systems

● Has easy to learn and powerful interfaces

● Is designed for various hardware technologies

● Increases reliability and quality of instruments

● Supports reconfigurable instruments
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Development of Electronic Devices

● Multidisciplinary and Synergy:

● Development of electronics is a multidisciplinary activity

● A good product is not just a sum of independent parts, but the parts support each other 

well

● Re-usability:

● Good design produces reusable parts that can be combined in different ways

● We get new standard components on the stock

● Doesn't apply to physical components only, but also particular solutions, placement 

“tricks”, software

● Stability, quality:

● Using and extending the same components multiple times increases stability and quality

● Improvements and fixes found in one device are applied to others


