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At CERN, six synchrotrons use a so-called B-train system to measure the field of the bending magnets and to distribute it in real-time 
to various users, including the RF subsystem, via White Rabbit (WR).  This paper proposes an improvement for the read-out and 
debugging of the distributed field values.
  Currently, the magnetic field produced by a given current applied to a certain reference magnet is monitored by decoding the WR 
frame payload and plotting the output signals with a Python GUI-based application running on a workstation connected with the 
receiving WR switch. This set-up is limited since there is no mechanism to access it remotely; more importantly, the Python 
application does not support real-time time-stamped debugging and alarms, which are crucial features to detect possible faults and 
link the signals to the operational status of the accelerators. 
  A new monitoring system was developed in order to provide simple remote access to the B-train signals and to add the missing 
time-stamp feature. This paper presents the developed hardware and software, together with the results of the first validation tests.  

ABSTRACT
The FPGA gateware on the CRIO-WR module was developed 
starting from an example project available on the CERN Open 
Hardware Repository. The existing demo project contains only 
the WR-PTP core and it basically sends a time-stamp of few 
bytes. To reach the desired goals, some blocks were added: 
Streamers to extract the Ethernet payload out of the WR PTP 
core; BTrain Transceiver (B-Train RX) to decode the user-specific 
B and I Frame; and cRIO SPI-bus controller to send/receive data 
to/from the cRIO embedded controller. For the time being, only  
B-frames are taken into account. They are identified through the 
header and latched out when a new valid frame arrives. The 
cRIO SPI-bus controller block is then transmitting the data into 
the cRIO controller. 
The cRIO controller's embedded FPGA collects the data from the 
CRIO-WR modules and provides the decoded signals to the host 
user application. On the FPGA there are two different clock 
domains, 40 MHz for the SPI interface with the CRIO-WR 
modules and 5 MHz for the host application and DIO module 
interface. 
On the host side, a dedicated LabVIEW user application was 
developed.  A main while loop reads-out and extract the data 
from the 32 bits five slots. A scaling factor is then applied and 
samples are decimated. The decimation is performed to shrink 
the decoded samples for plotting purposes. As shown in  Fig. 3 
there are two graphs, one for B, old B and C0 and a separate 
one for Bdot. Each waveform on the graphs can be enabled or 
disabled depending on the analysis to be performed. In a second 
loop, based on events, the multiplexer is controlled to select 
which measurement chain to be plotted. It is also possible to log 
the signal waveforms into .tdms and/or .txt files for further post 
processing with other tools, assuring a correct time 
synchronization due to the White Rabbit protocol implementation.

Implementation

The strong requirements in terms of flexibility and remote access, led the development to use the CompactRIO (cRIO) platform from 
National Instruments (NI). The optical fibers, chosen physical link to broadcast the measurement signals, arrive to two optical fiber 
switches from the operational (OP) and spare (SP) chains. To decode the WR B-train data, a cRIO White Rabbit module (CRIO-WR) 
was used. CRIO-WR is a standalone WR node implementation on a PCB with a form factor for NI cRIO crates. The board is 
originally derived from and keeps maximum firmware compatibly with the established boards SPEC  and CUTE-WR. To control the 
optical fiber switch, a DIO module NI-9401 connected to a Switch Controller was used.

  To host and control the CRIO-WR and the DIO modules, a cRIO crate controller NI-cRIO-9040 is used. The processor runs a real-
time software target used to access the device and therefore the B-train data from any PC on the same network with an Ethernet 
connection. A simple overview of the proposed architecture is depicted in Fig. 1

Proposed architecture

Developed system

  We presented a new real-time WR monitoring and debugging system ( Fig. 2), based on a Compact RIO platform and on a cRIO-WR module,to improve flexibility and remote access to the signals 
of the new B-Trains at CERN. A proof of concept was successfully obtained under a platform never used previously in this context, demonstrating that the requirements in term of both performance 
and operational flexibility can be met. 
  This work showcases the power and possibilities offered by WR, as a new and flourishing standard in the general context of distributed acquisition and control system, especially when accurate 
timing and synchronization are important. 
  This monitoring device will cover a key role in the final implementation of the new B-train system at CERN, as it will allow real-time data logging, monitoring and visualization of multiple data 
streams to an unprecedented level of accuracy and resolution. In the immediate future, our work will be focused on sending and decoding the entire field and current frame payloads, and develop a 
user friendly mechanism to log the data into files or even a database accessible from a web application. 

CONCLUSIONS

 Fig. 1: Architecture

 Fig. 2: Real system
 Fig. 2: User interface
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