Application of SysML to
LLRF system design

M.Grecki

low level }ac;io frequency
1st annual RFTech meeting, DESY, Hamburg, 29 March 2010



LLRF system architecture
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RF Control Requirements

* Maintain Phase and Amplitude of the accelerating field within
given tolerances to accelerate a charged particle beam (e.qg.
XFEL: 0.01% for amplitude and 0.01 deg. for phase)

e Minimize Power needed for control

 RF system must be reproducible, reliable, operable, and well
understood

« Other performance goals

- build-in diagnostics for calibration of gradient and phase, cavity
detuning, etc.

— provide exception handling capabilities

- meet performance goals over wide range of operating
parameters
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System engineering

* Understand the whole problem before you try to solve it.
* Translate the problem into measurable requirements

 Examine all feasible alternatives before selecting a
solution.

 Make sure you consider the total system life cycle. The
birth to death concept extends to maintenance,
replacement and decommission. If these are not
considered in the other tasks, major life cycle costs can
be ignored.

 Make sure to test the total system before delivering it.
* Document everything.
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Design methodology

Process Input

= Customer NeedsiObjectivas!
Requirements
— Missions
— Measures of Effectivensss
— Environments
— Constraints
= Technology Base
= Qutput Requirements from Prior
Development Effort
= Program Decision Requirements
= Reguiremnents Applied Through
Specifications and Standards

System Analysis
and Control
(Balance)

- Trade-COff Studies
| - Trade-Off Studi
. ctiveness Analyses
Effecti Anal
| - Risk Managemsnt
‘ Requirements Loop ‘ - Configuration Management
= |Interface Management
| Intert. hanag
= Data Managemens:
Dawa Manag
|- Perfromance Measurement
— SEMS
- TPM
— Technical Reviews

Requirements Analysis

= Analyze Missions and Enviranments

= [Identify Funclional Reguirements
Diefine/Refine Performance and Design
Consiraint Requirements /

Functional Analysis/Allocation

= Decompose o Lowser-Level Funclions

= Allocate Performance and Other Limiting Requirements
to All Functional Levels

» Define/Refine Functiona! Interfaces (Internal/Extzrnal)

Define/Refinelintegrate Functional Architecturs

Design Loop

Synthesis

» Transform Architeciures (Funetional to Physical)
= Define Alternative System Concepts, Configuration
Verification ltems and System Elemanis

= Select Preferred Product and Process Solutions
Define/Refine Physical Interfacas (Internal/External)

Process QOutput

= Development Level Dependent
— Diecision Databasze
— System/Caonfiguration ltem
E Architeciure
— Specifications and Baselines
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SysML - Systems Modeling Language

1. Structure 2. Behavior
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3. Requirements 4. Parametrics
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SysML tools

 We started from Rhapsody (Telelogic — currently IBM)

- Tool strongly oriented towards automatic code
generation and simulation

- Very complex (this was impression when we were tried
to use it)

» Advised by SysML expert we switched to Enterprise
Architect (Sparx) as a simpler to use

- It is not 100% SysML compliant, in some cases it allows
to use illegal expressions

* There are other tools (Magic Draw, SysML Toolkit) —
we did not try them

)
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LLRF system — context diagram

i R Accelerating module bdd LLRF_System [LLRF_System_Contex{] /
RF power waveguide
Klystron ~ ~ ~ « syste m»
Alinc Alinc
Aref Aref «system»
= 0 ‘ = 0 «system»
vy A R ety Z A \r BeamDiagnosticSystem
LO frequency probe 7 probe P
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Requirements packages

req RF Station_UserRequirements /

FunctionalUserRequirements

+ RF Database

+ Machine and personnel protection system
+ RF Field Generation in Accelerating Modules
+ Field Detection

+ Field Control

+ Cavity Resonance Control

+ RF Distribution System Control

+ Calibration

+ Diagnostic

+ Alarms, Warnings and Events

+ Detect and Handle Exceptions

+ Operation Modes

+ Automation

+ LLRF System Interfaces

Non-FunctionalUserRequirements

+ Performance

+ Reliability

+ Usability

+ Supportability
+ WellUnderstood
+ Scalability

+ Cost
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Requirements diagram

req UserRequirements [UserRequirements] /

UserRequirements

requirements tage

Id = UR.
SystemRequirements | _ _ _ _ _ > d=URO LLA Objectives

diagram for Low e ] e

(from SystemRequirements) Requirements from the user (from Objective)

Level Appl iCationS of the low /2/;/ applications

Diagnostic System Status Handle Exceptions Robust Requirement
tags tags tags
Id = UR.0.1 Id =UR.0.2 Id = UR.0.6
notes notes notes
Diagnostic the system status in LLA should react on the system LLA should be able to
the time scale of intra-pulse or exceptions and interlocks in the provide basic functions
pulse-pulse, generate warming, time scale of intra-pulse or with defined
alarm and events pulse-pulse components failure

Optimize Controller Parameters Measure Cavity Parameters
Reliability
tags tags
Id = UR.0.3 Id = UR.0.4 tags
Id = UR.0.7
notes notes
LLA should optimize the controller parameters in Measure the cavity parameters notes
the time scale of intra-pulse or pulse-pulse such as loaded Q and detuning LLA should not decrease the
&9 in the time scale of intra-pulse or systme performance
pulse-pulse
Easy to Maintain
tags
Id =UR.0.5
ge;L?nogPi:ase i Adaptive Feed
yste a Forward Table notes
tags ta Maintenance of the LLA,
Id = UR.0.3.1 = UR 09352 including add, remove and
T re-distribution of the
notes o algorithms, should be easy
Adjust the loop phase and
o Adapt the feed
systemgain inside the RF
forward table from
pulse to compensate the ulse to pulse
klystron HV jitter P p




RF station — BDD diagram

bdd RF_Station_Structure [RF Station_Structure] /
«system»
RF_Station
o-O
4
«system»
G SEgEET Control_System::Control - < systsem:e .
Accelerating_Module:: HighPower_RF_System:: System |m|rTg_ ystem::
AcceleratingModule HighPowerRF_System TimingSystem
{4}
O-O o0
«system»
PIR . «system» «system» «system»
R;ED;;r:::legagy::zm LLRF_System:: Synchronization_System:: PersonalAndMachine _Safety_System::
- i LLRF_System SynchronizationSystem PersonalAndMachineSafetySystem
O-O
o-O
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ibd RF_Station [RF Station] /

RF station =
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ibd LLRF_System [LLRF System] /

system —
IBD ]
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IBD diagram — RF signal detecton

ibd RF_SignalDetection [RF_SignalDetection] /
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LRF -
Use
Case
jlagram

uc LLRF_Systam_UseCases [LLRF_System_UsaCases] /

Calibrate the LLRF

System

Check and establish
k=0 i muni o=t ons among
the LLRF System

Cormmi ssion the

LLRF System

Start Upthe LLRF
System

=tablish RF gradient in
cawvities by open loop
contral

RF_Syste mEypert Control the RF Field

o Achors,

Diagno stic Systam
Status

Accelerator Opergtor

Maintainthe LLRF

System

=tablish the Beam

Operation

Change the wectar
sum set point

Change System
Operating State

hange the klystron
weor king point

Handle Exceptions

Bypas=siUn-bypass
cavities
Change the beam
Ferfarm Global
System Control

setting

Excludefinclude
i=avities fram wector
sum control

Change the
pre-detuni ng of the
canvity




=] |

5 ®
<"y

Use Case diagram — controler

(simplified)

uc Controller-05F [Controller-05P) /

% FieldRegulation
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& -,
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act ConfigureBoard /

Activity %

diagram - — ==
configure
board

CheckFrogramfersion

(F'ut FileMNamelntoDOOCS_Server Prnpert}.r)

[ SendSignal_DownloadFirmware j

When geting e
hdcgfthtmlg

ActivityFinal
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Sequence

diagram -
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board

=d ConfigureBoard /
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Project Estimation with
Use Case Points

* The number of steps to complete the use case.
* The number and complexity of the actors.

* The technical requirements of the use case
such as concurrency, security and performance.

e Various environmental factors such as the
development teams, experience and
knowledge.

s DESY
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Use Case Points

UCP=TCF *ECF *UUCP * PF

Technical Complexity Factor (TCF).
Environment Complexity Factor (ECF).
Unadjusted Use Case Points (UUCP).
Productivity Factor (PF).

3 ’ 1st annual RFTech meeting, DESY, Hamburg, 29 March 2010 —



Technical Complexity Factors

TCF =0.6 + (0.01*Total Factor)

Technical Factor Description Weight
T1 Distributed system 2
T2 Performance 1
T3 End User Efficiency 1
T4 Complex internal Processing 1
T5 Reusability 1
T6 Easy to install 0.5
T7 Easy to use 0.5
T8 Portable 2
19 Easy to change 1
T11 Concurrent 1
T12 Special security features 1
T13 Provides direct access for third parties 1
T14 Special user training facilities are required 1
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Technical Complexity Factors

Technical |Description Weight | Perceived Calculated Factor
Factor Complexity f:v(\)/emi%n;c):its)erceived
T1 Distributed system 2 5 10
T2  Performance 1 4 4
T3 | End User Efficiency 1 4 4
T4  Complex internal Processing 1 3 5
T5 | Reusability 1 2 2
T6  Easy to install 0.5 0 0
T7 |Easy to use 0.5 4 2
T8 Portable 2 0 0
T9 Easyto change 1 3 3
T11 | Concurrent 1 2 2
T12 |Special security features 1 0 0
T13 |Provides direct access for third parties 1 2 2
T14 | Special user training facilities are required 1 2 2

36
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TCF = 0.6 + (0.01*36)=0.96
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Environmental Complexity
Factors

ECF =14 + (-0.03*Total Factor)

Environmental | Description Weight

Factor
E1 Familiarity with SysML/UML 1.5
E2 Application Experience 0.5
E3 Object Oriented Experience 1
E4 Lead analyst capability 0.5
ES Motivation 1
EG Stable Requirements 2
E7 Part-time workers -1
ES8 Difficult Programming language -1

e® R
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Environmental Complexity Factors

Environmental | Description Weight |Perceived Calculated Factor
Factor Impact (weight*perceived
complexity)
E1 Familiarity with SysML/UML 1.5 1 1.5
E2 Application Experience 0.5 3 1.5
E3 Object Oriented Experience 1 3 3
E4 Lead analyst capability 0.5 4 2
ES Motivation 1 4 4
EG Stable Requirements 2 3 6
E7 Part-time workers -1 3 -3
ES8 Difficult Programming language -1 3 -3
12
ECF =14 + (-0.03*Total Factor)=1.04
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Unadjusted Use Case Weight

Use Case Type | Description Weight
Simple A simple user interface and touches only a single database )
entity; its success scenario has 3 steps or less; its
implementation involves less than 5 classes.
Average More interface design and touches 2 or more database 10
entities; between 4 to 7 steps; its implementation involves
between 5 to 10 classes.
Complex Involves a complex user interface or processing and touches 15

3 or more database entities; over seven steps; its
implementation involves more than 10 classes.

UUCW - is based on the total number of activities (or steps) contained in all the use
case Scenarios

— low level radio
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Unadjusted Actor Weight

Use Case Type | Description Weight

Simple The Actor represents another system with a defined API. 1

Average The Actor represents another system interacting through a 2
protocol, like TCP/IP.

Complex The Actor is a person interacting via an interface. 3

UAW - is based on the combined complexity of all the use cases Actors
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Unadjusted Use Case Points

UUCP = 2. UC*UUCW + 2. A*UAW

Productivity Factor

The Productivity Factor (PF) is a ratio of the number of
man hours per use case point based on past projects. If no
historical data has been collected, a figure between 15 and
30 is suggested by industry experts. A typical value is 20.
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Cost estimation

UCP=TCP * ECF * UUCP * PF

Uze Cazes Techrical Complesity Factor
Fioot Package: | PiezoTunnerControl | I Feload ] Unadjusted TCF Yalug [UTV): 47
Phaze like ) Bookmarked: iﬁi\ll—v! TCF WWeight Factor [TWF] 0.m
. - 06
[ Kewwordlke | | | UseCases 3 ] L:mccrtlgﬁlse TCF Constant [TC)
Package Mame Type Complesity ~ Phase TCF = TC + [Tk & UTV]: 1.07
PiezoTunnerControll SelfDiagnostic UgeCase & 1.0
PiezoTunnerCantroll Compenzate micropho...  Uszelaze B 1.0
PiezaTunnerCantrall Compenzate LFD UseCase & 1.0 Erraironment Complesity Factor

Unadjusted ECF Walue [UEW]: 215

ECF *weight Factar [E*WF]: -0.03

ECF Canstant [EC): 1.4

< | > ECF =EC + [EWF = UEY): 0755
lUInadjusted Uze Case Paints [ULICP)] = Sum of Complexity 15 Awe Hours per Eazy 40 Med: 80 Diff: 120

Use Case

Tatal Estirmate
Use Case Points (UCP) = UUCP * TCF * ECF = 15[« 07|+ _0786| = 12| UCP

Estimated Work Effort (hoursl = | 10| = 12| = 120 Hours
E stimated Cost = EWE * Default hourly Rate = 120 ‘ M A0 | = 4800 Cost

[ Re-Calculate ] [ Report ] [ Yiew Report ] [ Default Rate ] [ Cloze ] [ Help ]

This technique is of value only once you have developed a couple of known projects to
use as a baseline. Please DO NOT use the provided 'guesstimates' as a real world
measure until you have some real world base lines to measure against.

o,
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Tuning parameters for UCP

E' Estimation Factors

ES' Estimation Factors

Technical Complexity Factors | E nvironment Complexity Factars || Default Hour Fate

Factor Mumber: Description: Wieight: Azzigned Value:
[TC [Distribut=d Spsterr 2000000 |5,000000
[ MHew ] [ Delete ]
I Defined Technical Types
Type Dezcription Wfeight Yalue
TCFM Diigtributed Syztem 2,00 5,00
TCFOZ Rezponze or throughput performan... 1,00 4,00
TCFO3 End uszer efficiency [onling] 1.00 2,00
TCFD4 Complex internal proceszing 1.00 4,00
TCFOS Code muszt be re-uzable 1.00 2,00
TCFOR E azy to inztall 0,50 5,00
TCFO7 Eazy to uze 0,50 3.00
TCFOa Partable 200 3.00
TCFO9 E azy to change 1.00 3.00
TCF10 Concurrent 1.00 2,00
TCF11 Ihizhud zpecial securnity features 1.00 2,00 =
TCF12 Provide direct access for third parties 1,00 5,00
TIrri13 Snecial nzer braininn Facibies are ren 10n ann !
£ [ ¥

Unadiusted TCF: |47.00 |

I Cloze l [ Help

LY
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Technical Complexity Fau:tu:urs.é Environment Complexity Factors | Default Hour R ate

Factor Humber: Description: Wieight: Walue:
|EC [F arila with Fiational Urified Pr (1500000 |4,000000
[ MHew ] [ Delete ]
I Defined Enviranment Types
Type Dezcription Weight Yalue

ECFO Familiar with B ational Unified Process 1.50 4,00
ECF02 Application experience 0,50 3.00
ECF0O3 Object-oriented experience 1.00 4,00
ECF04 Lead analyst capability 0,50 4,00
ECFO5 kativation 1.00 3.00
ECFOB Stable requirements 2,00 4,00
ECFO7 Part-tirne workers -1.00 0,00
ECF03 Diifficult programming language -1.00 3.00
< | ?

Unadiustsd ECF: |21.50 |

I Cloze l [ Help
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Conclusion

 The LLRF control for the European XFEL requires careful

and well documented design. Since it must integrate the
mutual interactions between subsystems of various nature
it must be documented in a way understandable by all
involved designers (coming from large international
collaboration between research labs, universities and
industry). The SysML seems to be adequate language for
that.

Since the SysML is a new language it is not easy to start.
There is a lack of good design examples one can look at
and learn.

SysML supports software cost estimation through the UCP
method.
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