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Multi-Cavity LLRF Control Systems
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Multi-Cavity LLRF Control Systems

Firmware

> Large number of sensor
channels

> Distributed architecture

> Control action at 9 MHz
with ~ 1 ys latency

> Design optimization for
quantization error to
achieve tight regulation
parameters

> 20+ years support for
various hardware
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Multi-Cavity LLRF Control Systems

Software
LLRF Ctrl

> Slow feedback control
implementation

> Manipulate fast feedback
control (firmware)

> Generate control tables
(setpoint, feedforward,
gain) for firmware

> Monitor sensor data and
states of the controller

> Manipulate parameters
of hardware/firmware

> Interface with DOOCS.

doocs.desy.de
github.com/ChimeraTK
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Development Worklow

Requirements Specification
Long Term Goals Planning > 1 year
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Development Worklow

Algorithm Developer Perspective

> Firmware

> Operator y - y -
> Control System — —
> Software é =
Software Firmware

> Hardware

> Plant
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Development Worklow

Software Developer Perspective

> Qperator

> Control System

> Software

> Firmware

> Hardware

> Plant
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Development Worklow

Firmware Developer Perspective

> Qperator

> Control System

> Software

> Firmware

> Hardware

> Plant
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Problem Definition

on Realization of a Controller in State Space
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An Effective
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Model Based Design

As a Complete Workflow

design =¥ implementation =¥ soft-verification ®» hard-verification » deployment
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The Self Excited Loop Cavity Field Controller and The

Cavity Simulator Implemented in MTCA.4 System
* imp|emented design L. Butkowski, C. Giimdis, J. Branlard
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Co-Simulation

An Alternative to Manual Modeling of Design Behavior

17th Int. Conf. on Acc. and Large Exp. Physics Control Systems ICALEPCS2019, New York, NY, USA JACoW Publishing
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DESY.MSK.FWK

An Open Source Firmware Development Framework
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Open Loop Verification

of the core FPGA IP for LLRF control

IP logic
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Closed Loop Verification
of Multi-Cavity LLRF Control System

BFM
LLRF . @
Controller g lezo Piezo 8
] subordinate rver -
RF Field g
Detection =
Simulation
Backend
LLRF .
Controller g:fvz; Piezo e HSW GSW
RF Field manager § «—¢ e Scoreboard
Detection g
]
RF drive
DESY.
Hsw Giw
MSK.
Bean_1 =
RF pICkup E [[ Q f Lfn;w fevel radio frequency
DesyRDL registers 2 VAN
Test Configuration config hll:::)%netl

DESY. | Burak Dursun | Model Based Verification | LLRF Workshop | Gyeongju, Republic of Korea, 2023-10-26 16



Future Work

Co-Simulation for Co-Processing
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