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Abstract Results in LEIR
The digital Low-Level RF systems deployed in LEIR (Low Energy lon Ring) and the PS Booster The finished system allows us to acquire and display signals from our digital channels (suffix -DS in
Incorporate embedded acquisition buffers for internal signals which are needed by RF specialists the figure) in the same way as the standard analogue channels (suffix -AS).

and control room operators for setting up and for accelerator operation. These digital signals are
Integrated into the Open Analogue Signal Information System (OASIS), the distributed global
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Front-end tier running in the Front End Computers (FECs), Typical OASIS Viewer window showing signals from the LEIR “NOMINAL” accelerator cycle

CEC soft CEC soft CEC soft handles hardware control:
sortware sortware sortware o o _ ]
channels, scopes, counters | | The digital channels are controlled from the user interface in exactly the same way as the analog
 analog switch matrices for connection of signals and _ _ _ )
Acquisition HW Acquisition HW Acquisition HW triggers channels, since the front-end software provides a full emulation of the OASIS interfaces.
Most of the acquisition channels available to OASIS are physical high-speed digitizer boards It is even possible to display analog and digital signals on the same virtual scope with the same
(CompactPCl) connected to real analogue signals. timebase. In order to display signals on the same virtual scope, they must share the same trigger, as
However, one of the requirements of the LEIR digital LLRF project was to be able to acquire a In a real oscilloscope. The only hardware trigger currently available for this purpose in the LLRF
range of internal ““virtual” signals within the DSP processing and display them via the OASIS crate is the Start Cycle timing. A trigger delay may be programmed by means of the counters.
system. = —
Signal acquisition in the DSP boards s
i1l ..
Each of the three DSP boards in the LEIR LLRF system [2] has 4 acquisition memory buffers which can e S
each record up to 1024 data points. XTI
h n r “Vir I i n I 77 fr m . SF:::HMW offset ;
U_p to a u d _ed tual - signa s . [0 The start trigger for each buffer
different points in the LLRF processing, are : «soft-timing” . imol ]
available for connection to each buffer, :’JISSZ Ic?c()) t;g:]r:{]egr inli?]pe ?)rggn;ﬁd Analog and d_igi_tal signals display_ed toge_ther on the same virtual scope, triggered by the
configurable by setting a selector value in a P _ ) Start Cycle timing (EX.SCY-TS) with a trigger delay of 2840 ms.
: L programmed with a count value
register which is read by the DSP code. 2t which the recordina should .
o J Future improvements for the PS Booster
ot e The new digital LLRF system for the PS Booster [4], which is currently under development and due
Ch1 signal selector start to be installed in 2012 and 2013, will include a similar system of acquisition buffers. A certain
' 7 Loop counter number of improvements are foreseen compared with the LEIR system:
Signal 1 ] S  Implementation in FPGA: In the LEIR system the acquisitions are performed by the DSP. In the
elay value - - - - .
Signal 2 ! new PSB system, this functionality will be handled by an FPGA, reducing the load on the DSP and
Signal 3 The DSP executes a code loop enabling faster loop execution.
Signal 4 \ Recording buffer | every 15ps, and at each loop the . Increased buffer size: The acquisition buffer size will be increased from 1024 to some tens of
Slgnal value of the selected signal is thousands. This will allow sampling at higher frequency for longer time spans.
Signal 6 Channel 1 written into the buffer. : : : : :
Signal 7 u _ _ « Data reduction options: The larger buffers and faster processing will allow us to provide data
Signal 8 Channel 2 A decimation value can be set for reduction modes such as peak detection and averaging.
, Channel 3 each buffer to reduce the _ _— . .
- Channel 4 sampling rate and increase the  More buffers: Each acquisition buffer is in general a non-shareable resource. This has been a
Signaln < : . limitation in the LEIR system when accelerator operators and equipment experts both want access
available time span. : ) : .
DSP at the same time. Increasing the number of buffers will allow multiple users to work on the
system more comfortably.

- .  Permanently connected ““sampler’ buffers: Much of the time, the OASIS buffers are used in the
Front-end software 'mplementatlon control room to observe signals through the whole accelerator cycle at a low sampling frequency.
For this purpose, a small buffer (around 1024 points) will be provided for sampling at a fixed
frequency (around 1kHz) of every signal permanently. This will free up the larger buffers which
can be connected to a chosen signal on demand.

Front-end software was developed under the FESA framework [3], running in the VME FEC, which
emulates the ensemble of software interfaces used by the OASIS application to control the

hardware:

« Scope: the horizontal functionality (timebase and triggering) of the oscilloscope. We implement
the timebase selection by controlling the buffer decimation in the DSP.

* Channel: the vertical functionality (sensitivity and scaling) of a scope channel.

* Mux: the functionality of a signal selection multiplexer (switch matrix). We emulate a switch [1] Oasis : A New System to Acquire and Display the Analog Signals for LHC, S. Deghaye et al., 9th
matrix using the signal selector mechanism In the DSP. International Conference on Accelerator and Large Experimental Physics Control Systems,

« Signal: a description of an analogue signal [name, scaling, units] Gyeongju, Korea, 2003

e TriggerSignal: a description of a trigger signal [name, delay] [2] CERN's LEIR Digital LLRF : system overview and operational experience , ME Angoletta et al., 1st

e Counter: a delay counter capable of counting in milliseconds. We use the TriggerSignal and International Particle Accelerator Conference, Kyoto, Japan, 2010
Counter delays to compute the Delay value for the “acquisition start” soft-timing. [3] Front-End Software Architecture, M. Arruat et al., 11th International Conference on Accelerator

and Large Experimental Physics Control Systems, Knoxville, TN, USA, 2007
[4] Low-level RF consolidation of the CERN PS Complex machines, ME Angoletta, Low Level RF

Counter < Clock
Scope Ve | Scope |< oumet - Workshop, DESY, Hamburg, 2011
0 POR) Mux |-
" OR L ; Acknowledgements
Channel | | . Signal e _ TriggerSignal
Extemal trigger 1 The authors would like to express their thanks to Stephane Deghaye and the OASIS team for their

_ S Invaluable help and guidance in the integration of the digital LLRF signals into the OASIS system, and
Signal and trigger interfaces exposed by the front-end software (from [1]). to our RF colleague Alan Findlay for his assistance in the requirements definition and testing.




