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9.1.1 Transient detector

The activities were focused on development of the 
cost-effective version of transient detection system 
and on improvements of the measurement 
accuracy.
Many measurements have been made to 
investigate the influence of signals coming from 
excitation of the other passband and higher order 
modes. The transient detection system measures 
the sum of transients at different resonant 
frequencies of cavity and therefore the 
measurement accuracy is limited.



The transients induced by single 
bunch



9.1.2 LLRF Automation
The activities were focused on improvements of 

general framework for designing and 
development of automation software for the 
FLASH. The ultimate goal of the framework is to 
systematize the way of automation software 
development and to improve its dependability.

– Formal verification of cooperation protocol between 
the planner and the exception handler.

– Introduction of automatic formal verification of the 
specification for the engines.

– Elaboration of the algorithm for conflict resolution for 
the exception handler.



Conceptual view of the automated 
accelerator subsystem

Single automation software installation



Integrated Formal Verification for 
the planner

NuSMV (New Symbolic Model Verifier) is used to 
verify formal properties of the specification. It is 
integrated with the automation toolkit. Definitions 
of formal properties which need to be fulfilled by 
the model close the specification file. Properties 
regarding reachability of the operation modes are 
generated automatically, remaining ones are 
translated from the original specification. All 
properties are finally expressed in the Computation 
Tree Logic CTL).



NuSMV application

Output of the verifier. It points out that one of the operation modes is 
not reachable from the possible initial state (State: 1.1) and quotes 
corresponding counterexample.



Verification of Cooperation Protocol

Input/output signals and communication channels for the cooperation protocol 
orchestrating mutual cooperation of the planner and exception handler.



Statecharts for the planner 

Red dots represent the progress points corresponding to the progres labels 
defined in corresponding promela model.



Statecharts for the exception 
handler

Red dots represent the progress points corresponding to the progress labels 
defined in corresponding promela model.



Ensuring Specification Consistency

Valid transitions between RF-power station operation modes.



Linearization of the high power 
chain of the RF control system

• Klystron linearization method was proposed 
and implemented in the existing control 
system solution in order to achieve linear 
response of the klystron and its preamplifiers.

• The DOOCS panel allowing the 
characterisation and linearization of the high 
power components were designed and 
integrated with accelerator control system.



HV dependency of Klystron 
operation

AM/AM PM/AM



Results of klystron linearization

AM/AM char. (blue – nonlin, red - lin) PM/AM .char (blue – nonlin, red - lin)



Results

Amplitude of the error signal in function of the feedback gain for 50% of the regular 
field gradient level set point (Black traces – non-linear case, blue and red traces –
system with linearisation). Extension of operation range is visible.



DOOCS integration

Characterisation and linearization tool management panels for the klystron 2



9.2.1 Cost and reliability study 

• Ways to reduce costs
– Automation procedures using knowledge database 

(rule-based) reduce cost of operation.
– ATCA or μTCA crates?
– Cables from front or from back side of the crate?
– Reduce number of signals?
– Development in house or purchase?

• Ways to improve reliability
– Algorithmic solutions for reliability improvement.



9.2.2 Radiation damage study

• During reported time period the radiation 
monitoring system RADMON installed in 
FLASH tunnel was extended (up to six 
permanently mounted sensors and two 
mobile) and tested. The radiation level is 
recorded on-line and stored for further 
processing.



Radmon

The sCore kernel was improved, optimized 
and ported to new hardware platforms. All 
changes were applied to single error 
protection algorithm based on virtual 
memory mechanisms (the algorithm was 
precisely described in previous reports). The 
sCore system was successful run on 
embedded PC104 board with the AMD 
Geode GX1-300 MHz processor and 
256 MB of RAM module.



Results of experiments
• SEU-immunized operating system sCore was used together with 

ordinary (not immunized) program calculating MD5 sum
• Exit level=5 means proper execution, level=8 indicates succesful

error detection and correction, other values indicates errors

with algorithm against SEUwithout SEU protection



9.3.1 Multichannel downconverter

• During the reporting period a new carrier board 
were designed and manufactured. The digital 
motherboard can carry mezzanine boards. 
Different  VME sized mezzanine boards for 
various applications are designed, namely 
– Analog frontend multi-channel downconverters with 

integrated ADCs, 
– Analog high resolution ADCs for new beam arrival 

monitors,
– Analog high resolution ADCs for new beam position 

monitors.



Carrier board for DWNs & ADCs

Digital motherboard suited to carry mezzanine boards with downconverters and ADC 



Carrier board for DWNs & ADCs

Digital motherboard suited to carry mezzanine boards with downconverters and ADC 



9.3.2 Third generation rf control 

Control board SIMCON DSP 



9.3.3 Stable frequency distribution

A new frequency distribution system was partially 
assembled and tested. The stability requirements 
of Master Oscillator were 100fs and 1ps for times 
shorter than 100ms and longer 1000s respectively. 
The frequency distribution system consist of MO 
supplying several reference frequencies and 
power amplifiers for signals distribution. The low 
level part of the system is already finished. The 
implementation and testing of the power part of the 
system is in progress.



Frequency distribution system 
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9.4.1 Data management 
development 

Task completed in 2005 and final report 
published. The database is currently under 
tests in DESY – Hamburg.



9.4.2 RF Gun control

• Task completed in 2006 and final report 
published.
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