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UNICOS Middleware The LHC GCS framework PLC specific components are based on the UNICOS tool (Logic Genera-
| tor), they help in the production of the application-specific PLC code (e.g. closed loop controls, inter-

e S Architecture
Problem Statement ——————— o= — The core of the LHC GCS framework is the Object components which are based on a common
The LHC experiments’ Gas Control System (LHC GCS) aims to provide the LHC experiments with | ﬁ—SCADA components | PVSS UNICOS tool (Instance Generator) to which LHC GCS types have been added. These types have been
homogeneous control systems (supervision and process control layers) for their 23 gas systems. To | e ) ! Synoptic views designed according to the UNICOS patterns.
. . . . Scripts i > : :

ease the production of these control systems, it ha.s been demd.ed to develop a library of components, —>| — p_J | Trees, Recipes, etc. The LHC GCS framework SCADA components ease the development of PVSS features such as syn-
the LHC GCS framework, and to adopt a model-driven automatic code generation approach. _ : : : - : :

| Objects optic and trend views, trees of views, etc. They depend on the Object components. They consist of in-
The LHC GCS instances are turn-key control applications which provide end-users with a consistent o 1 | data points puts files which describe in detail the pieces of information to handle and scripts which create the
look and feel. As they must be developed and maintained with a small team, it has been decided to first |~ ﬁ:_ " Object components | UNICOS FW PVSS displays and data points from these files. The input files can be produced manually (with text or
produce libraries and tools, the LHC GCS framework, and then to develop all instances from this I Object type | XML editors) or can be extracted automatically from databases.

|

|

|

T | lock handling, etc.). They consist of generic source files which are pre-compiled for the PLCs.
r——————— ?La:(;po_nen_ts g > Logic control )

Strategy | " : T obea Conclusion

The strategy consistegl of selecting indust.ri.al tools and technologies fO.f Fhe implementation of all lay- ,: 3 ‘_’[ Somaator ]_' @ | | DFB instances A first version of the LHC GCS framework implementing all necessary functionality has been re-
ers of t.h?: LHC GCS 1ns’tances: A Superv1§10n Control And Data Acqulsltlon (SCADA) system for the | MS Access database Logie fls | UNICOS baseline leased. This version has been used to produce the first of the 23 LHC GCS instances. The LHC GCS
supervision layer (ETM’s PVSSII), Schneider Programmable Logic Controllers (PLC) for the process | = | PLC framework allows time saving in the generation process of a control application. In addition it guaran-
control, standard protocols for the middleware and field buses for the access to the devices. S - _ tees homogeneity of the code produced for all LHC GCS instances. By replacing a lot of interactive

LHC GCS framework LHC GCS instance

UNICOS , a framework to develop industrial applications, has been identified as a tool offering solu- configuration phases, it reduces the number of configuration errors. Although they are used in combi-
tions to most of the LHC GCS requirements. nation with a model-driven approach for the LCH GCS project, most of the framework components
can be re-used in other UNICOS-based control projects.

SCADA Components
/ Recipe component \ 4 Anomaly component N

Purpose | —
cduleType=Nixer; GCSPrefix=ALITPC; RecipeType=-Param: RecipeName=Tx] The purpose of the SCADA components is to replace the interactive configuration
ecipeElement=Mx L1FillUp|l:RecipeElement=Mx LzFillUp|1l;RecipeEle s
oduleType=Nixer; GCE3Prefix=ALITPC RecipeType=ilarm; Recipellasme=Mx] phase Of the SuperVISIOn layer'
ecipeklement=Mx L1NotRelHH|105.00;FRecipeElement=Mx L1NotRelH| 103 c 0 5 o 5
ecipeElement=Mx_L1NotRelLL|0D.50;RecipeElement=Mx L1NotRelDt|30;F A typical LHC instance such as Alice TPC (6 gas modules) contains ~20 synoptic
scipeklemencoMx LZNotRelH|103;RecipeElement=Hx_L2NotRell|0. 80 Ry views, 15 Anomaly views, 3 Recipe types per module (with ~ 100 parameters per
ecipeElewment=Mx LaNotRelDt|30:RecipeElement=Mx L1PressL|1:Recips . .
oduleType=Nixer; GCSPrefix=ALITPC; RecipeType=Cat; Recipelame=NxIn) type), 1 Window/trend tree (7 nodes), and 1 Alert summary configuration per PCO.

ModuleType=Pump:; CE3Prefix=ALITPC: RecipeType=Faram; RecipeName=Ppn]

Input file —Recipe parameters of a LHC GCS instance (Alice TPC) Princip]e

All components are built upon a similar principle. They consist of scripts which pro-
duce displays and/or data points in the PVSS DB from LHC GCS instance-specific in-
put files (e.g. synoptic view templates, objects description files). The input files are cre-

Output file — Alice TPC Mixer Anomaly view

e ated manually or can be extracted from a database.
ALICE TPC Recipe Management
Recipe Typea FRecipes Il.cr.urn!;e Recp [
Recips 1ypa . . .
T G This component is implemented by means of PVSS
El-=2% RCD Recipe of the salectad type Fache PVSS I £ . b b . :
= . i 4 | ) scripts which read a file in XML format listing the
D ALI—I—PC_EKhaUSt}{hIHIUHLﬂJE !.:r_-.-:1.'.¢l’ l|:'a'_|‘||-'ll:'"E-':"l- Recipe: I"'E':- e _MixgtPara_FillHighPressTank(Oz Status: I\\"r‘a“l'":| @ I I Tem plate pane|S SwgptlFs Of a com /ete Sygte p . . . . g
(£ ALTTPC_ExhaustXHiritiacs es_drect_mode ot x| Recipetype [ALTPC IR CSV, XML S S N Rl O | alarm objects and their relations with the PCOs. At
- ALTTPC_MixerMxInitiallar Bec i slraate Ramitor sl s, |35 | configuration time the scripts add the widgets in the
L ALTTPC_MerixIniialCst CHETTEy i L T T T R : appropriate windows of the panel and adjust its size.
D ALﬂ'PC_MmerM;{ImUaFarar 9 | Gasl (Master) Run flow setpoint float .1 |npUt 'PVSS template flle
10 | Gas1 Run ratio default setpoind float - 1)
; 1 |Gag 2 Run ratio default setpoint flaat 10 K panel /
|:| ALITPC_Exhaustalarm 12 | Gas 1 direct using up/down line bool TRUE  |.. e T ~ g8 |
- ALTTPC_ExhaustCst 13 [Gas 2 direct using up/down line bool TRUE | éiﬁéﬁgissym; Recipes (0 ALITPC_Exhaustihinitialdls
\ 14 |Gas1 Diect fow setpoint flaat a = [A AliceControlSystems D ALITPC_Exhaust<hlnidakls ‘ N ; .
D ALWF’C_M!KEI’NEII’WI 15 | Bas2 Dwect mode flew detault setpoint float 10000 |. E%_&Slﬁﬁﬁiﬂiﬁmms l \ [:| ALl'I'PC_rv‘Ii><rarrv‘|><Ir‘|itialAlarr'rJ f lndOW Tree Component\
- ALTTPC_MixerCst 4| | »] | [18 [Gas 1 purge using upidown line bool TRUE | B Atec e - (0 ALITPC_MixerMxlritialCst
[:| ALl‘I‘F’C_MixerF’aram ll EI iI gI il 17 | Gas 2 purge using up/down line bool TRUE jéﬂﬁ%ﬁfﬁg::m - B3 ALITPC_MixerMxInitialParar “"EE I B
18 |Gasl Purge flow setpoint float 1] [EE P AUTPC_pumET;E; 1 . S TPC
19 |Gas2 Pumr:a rmwder:ult setpoint float e :%;:Etgggfggg:ggwber V>/|nd0(\j’v Tree Alert - ALITPC_Exhaustalarm . ..pc_main_wew
I I I i 7 " B e Bemstes Trend Tree - ALITPC_Exhaustcst
Recipes instantiated in PVSS DB | 0%] 19| 7 apply 1o selection BAC o (0 ALITPC_MixerAlarm [aTice[I[FANEL[ATice_frontpanel.pnT]
I ALTRE Puter - ALITPC_MixerCst TP |4 | PANEL | ALITPC/ALITPC _Systemoveryiew. prnl |
_ * Show description ok | camcst | 2] - ALITPC_MixerParam TPC_main_wview|O|PANEL | ALITPC/ALITPC _System. pnl |
: L TPC_Front_panel | 0| PANEL | ALITPC ALITRC_SystemrackFrontPanel. pnl |
Mixer|Ll|PAMEL | ALITPC ALITPC_mixer.pnl |

RGCIpe Management panels Front_Panel| 0| PAMEL | ALITPC/ALITPC_MixerrackFrontranel. pnl|
analysis|Ll|PANEL | ALITPC/ALITPC_analysischainl. pnl|
Front_Panel |O|PAMEL | ALITPC ALITPC_AnalysischainlFrontranel.pnl |

. The synoptic view components allow the production of similar but not identi-
cal human user interfaces. Input file — Alice TPC Window Tree structure

E__é Analysis

The component has been implemented using PVSS standard technologies. For the automatic . The trend view component produces all trend views of a LHC GCS instance. -

instantiation of the recipe elements in PVSS, a configuration panel has been implemented to
gather the input file (file describing the recipes of a LHC GCS instance) and scripts written in
the PVSS scripting language to process the input file and create the data point elements in the
PVSS database. The input file is coded in ASCII CSV format. The file can be written manu-
ally or automatically extracted from a database.

. The view trees component configures the hierarchical organization of the PVSS WT display

synoptic and trend views of an LHC GC.5 instance. The principle relies on input files describing the tree hierarchies and scripts to translate

+ The recipe component provides tools for the configuration and operation of the information of the input files and write it to the corresponding PVSS data points.

recipes of an application. . . . o . _ The input file can be written manually or generated from a database and contains the in-
- The anomaly component is a solution to build synoptic views displaying the | formation about the tree structure (node and children relationships) of a given LHC

The PVSS panels provided have been used for recipe editing. The PVSS activation panels alarm objects which can raise the interlock of a given higher-level object of | GCS instance. Then standard PVSS scripts and JCOP framework functions are used to

have been customized to deal with the xPAR download mechanism and to display feedback in-

formation. The download mechanism has been written in the PVSS scrint laneuave the control application. parse the file and create the data points in the PVSS database. The standard UNICOS
' R s . The alert summary component allows the configuration of PVSS alert sum- | active X window is then used to display and navigate through the trees.
\\ / maries for these high level objects. _ Y,

Object Components

4 Object class in PLC and PVSS h 4 Instance Generator template files A

1 Purpose
MFC SR 1assFlowController
DRMOOV— WORD ED ckatusInformation . . . . . {Info(unMFCuu)}
TSPV REAL D Se'ictedt"“'a“ager The UNIC(_)S framework ObJ ect C.0mp0nents. consist of hbranes.to 1mplement many (* $Description$ *)(* A PLC init does always reset all structures, therefore we must initialize it again *)
srsma | WORD T o et types of objects (e.g. I/0, field objects, and high level control objects). Each of the ob- {IIF (""$Process Input ParReg$™ = """ ' (* ParReg set by logic*)', 'SEquipment$_$Location$_$Name$ PMfc.PArReg :=
DRMOSTI— WORD [5:%] ApSpst : : . . $Process Input ParReg$;) HIIF (""$Process Input PAITiDe$™" = """ ,' (* PalTiDe set by
AUDRMRST|— /0RO ects 18 evaluated in the PLCs and has a proxy in the PVSS layer. _ . . ; '
prievnted :j g ] Proxy Y logic*)','$Equipment$_$Location$_$Name$_PMfc.PAITIDe := t#$Process Input PAITiDe$s;")}
JomwosTi- woRD | DI:MDSI: PVSS -MFC Widget . . {lIF ('_'"$Process Input_ PMInSpd$"" = """ ,(* I_DMinSpd set by logic*),
ToMgoVeTE- woro || AUDIMaRSE [ B mutc oo 109 e v v PrlnCIPIe '$SEquipment$_$Location$_$Name$_PMfc.PMinSpd := $Process Input PMInSpd$;’)}
— REAL | | ¢ i Ll 23] DrMaQYst : .
ToTMOR  MePRSTI— ReaL | | - cest e — Onarwtion Modes L : : ..
swowh Rea || - AUCCRSE Y P — il New classes of objects have been introduced for the LHC GCS applications. They deal Instance Generator -MFC Unity template
l— worn | | PP i za] Cooyst PR AR e A . . . . . . .
gl I Fist o e lm i ——— ol i with specific gas devices (e.g. Mass Flow Controllers) and with specific functionality
FLSTI— REAL 24| Tempst e : 2 MassFlowController; {21000 + $Record Number$ };$Equipment$_$Location$_$Name$;$Description$;$Diagnostics$;
MAKELATI— REAL 58] Volume == 0. XP r f rr 1 . assriowcecontrolier; €CO u c ; quipme _odl.ocatond_ ameod,; CSCT1IplIoN.d; agnostiCso;
TOWVOLSTE— REAL | L :t,lamgt T TR L e - (e g 4 Ob‘] SIS LUIE IS p€S) $Html Info$;$Synoptic$;$Domain$;$Nature$;$Instance Type$;$Setpoint Unit$;$Setpoint Format$;$Setpoint Range
MMOSTf— BOOL | | 1 - Stoplst aro [ l ey [ i Max$;$Setpoint Range Min$;$Flow Unit$;$Flow Format$;{IIF($SetPoint Flow Archive Active$,"Y;$SetPoint Flow Ar-
Bhiciad] Ml l:l evStsRegDl sove [ Acte W_F - e F chive Sampling$","N;0")};$Volume Unit$;$Volume Format$; { IIF($Volume Archive Active$,"Y;$Volume Archive Sam-
MR Book == E;ZS:RU:SEE l o pling$","N;0")};$Dead Band Value Scada$;$Dead Band Type Scada$;$Normal Pos$;$StsReg01$;$evStsReg01$;
JEE%:‘EE soot = — I -
STORIST goo | | i e 29) MOrMaR. )
aunacd— sool || . HCCR e Object type Objects DB Instance Generator -MFC PVSS template
PLC -MFC DFB PVSS -MFC DPT templates !
PVSS -MFC Faceplate ObéeBCts < J égzggigr _ MassFlowController; ObjectNumber; Alias; Description; Diagnostic; Html; DefaultPanel; Domain; Nature;
L —>@—’ Unity Code Widget; setpointUnit; setPointFormat; setpointRangeMax; setpointRangeMin; FlowUnit; FlowFormat; VolumeUnit;
VolumeFormat; Deadband; DeadbandType; ArchiveActive; ArchiveTimeFilter; NormalPosition; StsRegO1; evSts-
MS Access database PLC Objects instance Reg01; ApSpSt; AuSpRSt; SpOVSt; DrMoSt; AuDrMoRSt; DrMoOVSt; CCSt; AuCCRSt; CCOVSt; MaxFISt,
These proxies are represented by means of icons (widgets) and operated by means of dedicated
displays (faceplates); they have been developed for each class of objects. A communication layer : : PVSS -MFC CSV Format
GCS object classes extension
implements the exchange of object status and commands between PLCs and PVSS. In order to ]
have consistent PLC and PVSS layers, they are generated from a unique database using a data- | , MFC (Mass Flow Controller) . xPar (Analog/Digital/Word Parameters) | Inaddition template files and libraries have been developed for each object class to
driven tool, the UNICOS Instance Generator. . Pump . xS (Analog/Digital/Word Status) enable their automatic generation by the Instance Generator and the PVSS scripts.
\_ /. AA/DA (Analog/Digital Alarm) . xC (Analog/Digital/Word Computed) NG J
~ N\ / \
Object-include file relationships LHC GCS instance logic code (Unity)
Purpose
id | Application | Flc Mb | Equipment | Location | Mame | Type | Master | File | Farameter] .. . . . . .
H B4 ALITPC 0 ALITPC Di SEQ 14 DiRackE1PCO  DiRackiPCO/DiRackiPCO_SL.xfm 61 In addition to the libraries 1mplement1ng the LHC GCS classes in the PLC, a compo- rowser + Invocations *)
GBS ALITPC 0 ALITRPC Di =T 15 DIPCO OiPCODiP 0 T wfim 1 . 5 . Furscticonal v
: BE ALITPC 0 ALITPC D: =T 15 D:RackEWCD DiRackiF‘CDfDTRackiF'CD_TL.xfm A1 neI.lt has been developed tO casc the de\']elopment Of the appllcatlon_speCIﬁC COde Ire- = Baseline Premium TSXPSTSEH A -lLITPE_Di_TIHEﬁlﬂlAITEIE (IN := Bta..l:tFn#PurgEElDS_ﬁ.LITPE_Di-.:"C.- {* BOOL *
] 67 ALITPC 0 ALITPC Di GL 16 DiPCO DIPCO/DIPCO_GL xfm 61 quired for the closed-loop controls, the interlock detection, etc. A e — O i TRIODOme LT IR dn ety
[ B3 ALITPC 0 ALITPC D! (E{R 16 D!RackE1PCD DiRackiPCO/DiIRackiPCO GL xfm &1 G Progm ALITEC_Di_TIMEGIWAIT1S (IN := StartComPurge6ll5 ALITPC Di.x, (* BOOL *)
BRI ALITPC 0 ALITRPC Di CDhoL 17 DiPCO commonxx_ COOL xfm @) Table PP := THIO00ma{* TIME ir ms*)):
5 o ) Sedeen
L Log|C ObjectS database ) Logic « Q) i:"""-'_ﬂ'_ﬂf“'-'“ ALITEC_Di TIMES1WAITZS (IN := StartingRunél2S_ALITEC Di.x, (* BOOL *)
/ \ DB : jj m.:rpc:n::nupcn BT := THLODOma(* TIME in m=*));
# ) ALITPC_Me_MaliPCO
KR et &l onpesc name="4$Equipments_$Locationf_sMas ters_snames” FMName="$Equipmenti_sLocationf_sMasters” i MS Access aalabase * ﬁ t:x—::—z::gi
i e
<progrant . . . . . . “ Sy ALITPC_ Pu_PelCAPCi
<identProgram name="3Equipmenti_fLocationi_$Mmasteri_$Hamed Cype="Section cask="MaAST" /> o
<COfments LOglC . * &) ALITPC_Pu_PuPCO
isouree ﬁ Generator }_—' E"@—' Unity Code
¢+ Invocations +) Logic templates Logic files The component has been implemented using standard technology. The files are in XML
T S T i000ms (v TIME 1n mavy); e O SEAIpERE Shocarions.n (7 Bk T format embedding PLC code (e.g. the standard Structure Text PLC language) and Visual
e T L000ms (+ TIME In mavddy o e amereri s seauipanti stocariontx, (7 gL D Basic functions. The tool is based on a Microsoft Access database in which the objects of
L2 a1 00oms (v TN 1n maray; o oraneteriies Seaupmentisrocariontx, 7 B O Princi pl e a LHC GCS instance are associated with files. The parameters represent the properties of
Logic template file (include file) . T . . the relationships.

An include fil icall i iabl handle obi i hen b df e basic priciple oif e FLC lege compenei 15 1ien i protliee @ set of re-Teelle This database can be populated manually or by high level generators. Visual Basic scripts
AL S typlcz} y contains varia o t(? SRS Ject.narnes, 1t can then be used 1or sev- files, establish a relationship between these files and the field objects of a LHC GCS . Pop . y Or by Aigh Ievel 8 R P
eral gas systems. For instance when a device is fitted for a given purpose (e.g. the pump bypass instance and let a tool gather them to build the full PLC code according to the pre-compile the files to produced intermediate XML files. The test conditions and queries

' it i : ' hCi : ' ) . . . are evaluated during this phase. Finally the files produced are combined into a single
b Hl; thesedgaS o ilt o sover la?clordm%l o the' Sami e V'VhGIH \ PI;IIQEG flll)e UNICOS PLC code structure. A file contains the logic required to drive a low level 0b- XML file using the z%(SLT Itjlransform Wh};Ch is then Ii)m orted in the PLC development gn
can not be used, one can produce several files and associate them appropriately with the ob- ject of one of the 7 routines of a PCO. : g p p
jects. vironment.

_ J \ )

URL.: http://itcofe.web.cern.ch/itcofe/Projects/LHC-GCS/welcome.html




