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UNICOS AND CPC b=

* Process. Methods of changing or refining raw materials to create end
products.

* Process control refers to the methods that are used to control process
variables when manufacturing a product.

« Manufacturers control the production process for several reasons:
Reduces variability: increase quality
Increases efficiency: increase profits
Ensures safety: optimize conditions
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UNICOS AND CPC Beams Department

« UNICOS is a framework to create control applications.

« UNICOS-CPC (Continuous Process Control) is basic package to
develop integrated PLC based process control applications.
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Industrial Controls &
Safety Systems

&) UNICOS, JCOP AND UNICOS-CPC s

N/

UNICOS

JCOP Framework

WinCC OA (PVSS)

Cryogenics Collimators Cooling and
Interlocks Ventilation

Process Control applications
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Beams Department

&
7 A LOOK TO THE PAST

* [1998] UNICOS (UNified Industrial Control System) was born at CERN as a need
to develop the LHC cryogenics control system. The goal was to create an
industrial control system covering the three layers of the typical automation

pyramid.
PcVue
SIEMENS A

Schneider

a} Electric

SUPERVISION

Gdj .

]

* [2002] UNICOS replace the PcVue SCADA and adopt ETM’s PVSS under the
CERN recommendation.
* [2004] UNICOS offered the choice of creating applications based on SIEMEI\@
S7PLCs
* [2009] UNICOS turned into de facto standard framework to develop industriak
control applications at CERN:
Cryogenics, Cooling, HVAC, Vacuum, Interlocks, ...

reag

* [20120] The UNICOS framework has been extended to other kinds of apphcatl
(i.e.: supervisory: [QPS,SURVEY], monitoring, ...)

u guu eda(] s

°[2012] Re-engineering process
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TECHNOLOGIES Beams Department

Supervision Layer
WinCC OA SCADA
Control Layer
Siemens S7-300, S7-400, S7-1500
Schnedier Premium, Quantum, M580
Codesys (Somachine, TwinCat3)
Local operation
Simatic HMI (WinCC flexible, TIA portal) |
Schneider Magelis “Tp.
Industrial communications
Profibus, Profinet, Ethernet/IP
Modbus TCP

Fysso SUPERVISION
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APPLICATIONS

LHC Cryogenics

Detector and Test facilities cryogenics

Magnet Control System

Vacuum installations : ATLAS, CMS, ISOLDE
LHC collimators: Environmental temperatures
ATLAS Big wheels (motion)

AMS servomotors control

Detector gas control systems

Cooling and HVAC installations

Winding machines: HTS cable (hybrid with a Safety system)
SM18 Magnet test bench protection system.
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UNICOS-CPC ESSENTIALS

UNICOS CPC provides libraries (control and supervision layers)

A well defined set of standard device types (objects), modeling most
of the equipment and needs of continuous processes and the
relationships between them.

=  I/O Objects m  Control Objects
v Digital I/0 v Controller
v Analog I/0 v Alarms

v Process Control Object
m  Field Objects

v OnOff m  Interface Objects

v Analog v Parameter (Digital, Word, Analog)
v AnalogDigital v Status (Word, Analog)

v Local

v AnaDO

A formalized way of :
o Define the control units of a process (ISA-88 standard: Batch processes)
o Programming the specific process logic for those units
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UNICOS CPC OBJECT MODEL
.8

Plant
Objects status Operator Parent Object

l l

Manual Requests Auto. Requests

Process inputs

5

Parameters

PLC internal Object Logic
Control

Engineer

Orders Status
Information t
Process output other object
_ or orto
Child Auto Requests operator

w
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- OBJECTS & LAYERS INTEGRATION

Supervision Layer

SATVAC 180

oo =] |
Diag | Info
Status Operation Modes Alarms
rostion IENNRRER | A
Limit On 90 % Manual
Limit Ott 10% | Foro
Li

Fallsate On (Opened  [5

Status | Trends|

Start Interlock
Stop Interlock
Alarm Nt Ack

OmT]
CiE

Ranges Requests Warnings
Auto [T | oeo

Range Max. 100 % Manusl [EEEER | /O Simusted

Range bin 0% | Acive  |EEEEENRERE | Monuel < Auo

O Digtal Output [ oFF | Postlion Warming

{0

On/Open | Off i Close: | Set Value | Inc. | I]ec.l Limits |

Control Layer

Auto Mode | Manual Mode | Forced Mode | Ack. Alarm | Deselect |

SIEMENS

Field Layer

Schneider

é} Electric

Session 0: From specs to implementation

ndustrial Controls &

Beams Dépa&ment

In the Supervision layer the object presents the relevant
information to the operator and allow manual commands

SCADA

Human Object
' Requests \
Plant \ /

Information, |
Operator display

SCADA Object | | HMI

Parameters

Manual Request || Object status

A

Manual Request

Object logic

Auto. Requests Parameters




@ ndustrial Controls &
y Beams Department

>\ UNICOS-CPC OBJECTS

o I/0 Objects
o Field Objects
o Control Objects

o Interface Objects

Juaweds( sweag @
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@Y i
I/0O OBJECTS i

o Functionality
» Base components
» PLC Periphery interface and/or internal memory variables

o Types |
« A, AIR: Analog Input or Analog Input Real Widget examples
(e.g. temperature transmitter) -
» DI: Digital Input -

(e.g. end contact)

+ AO,AOR: Analog Output or Analog Output Real
(e.g. control valve position order)

« DO: Digital Output
(e.g. onoff valve position order)

Juaweda(] sweag @
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y B/e;r/n‘s’De /art‘men‘t
!!/\ FIELD OBJECTS i

o Functionality
* Model the real field equipments (e.g. pumps, valves...)

» As a general rule, the field objects are connected to the I/O Objects. No
direct connection to the PLC periphery.

o Types
*  OnOff: Binary Objects
(e.g. on/off valve, motor, pump)

» Analog: Analog objects
(e.g. control valve, heater)

» Anadig: Analog inputs and Digital outputs objects Widget examples

(e.g. valves/heaters controlled by on/off pulses)

o AnaDO : Similar functionality of an OnOff + Analog object
(Motor with VFD, Thyristor, Heater, etc.)

» Local: Field localized objects :
(e.g. manual valve)
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QY
CONTROL OBJECTS

o Functionality
» Main objects holding the control logic
» Feedback controllers
 Handle the abnormal situations: Alarms and interlocks

o Types

Beams Department

* PCO: Process Control Objects/Unit. It implements the control logic

(e.g. Compressor Station)

o Controller: feedback control objects
(e.g. PID controller)

o AA, DA: Analog/Digital Alarm Objects. It models alarms

and interlocks. Analog alarms include alarm and warning
thresholds
(e.g. Temperature Too High)

Options for an AA:

o Explicit threshold: Initialized in PLC and then modified from SCADA
o Logic: Set by control logic in the PL.C
o APAR : Linked object APAR sets the value

Session 0: From specs to implementation
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1\ INTERFACE OBJECTS

o Functionality
» Parameterization and status
» Can be connected to the periphery
» Light objects

o Types
o DigitalParameter, WordParameter, AnalogParameter: Parameters

(e.g. Threshold)

Can be set by an operator (SCADA -> PLC) Widget examples
o WordStatus, AnalogStatus: Status E

(e.g. stepper position, PA valve feedback) [

PLC ->SCADA =
O e
D o
L] g
O .
O &
O ©
O =
O 2
O 2
O
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y ‘B/ea/n;n:s De artment
g/\ PROCESS VvS. CONTROL i

-Each control module or equipment module is a device

-Equipment modules and Units are embedded in a unique object class:
PCO (Process Control Object)

Point 4 Cryogenic System

Standard
Unicos
LHC 1.8K .
Cryoplants Programmlng Automatic
andLPrqcess Generation of the
Cogspéecssor ogle PCO objects (From
: programs Specifications)
(From
Compressor 1 Specification) -
Control Auto.matlc
Devices Generation of the
objects and

connections
between objects
(From
Specifications)

. . PV Val
Field Devices

. Digital Digital Analog Analog - - - -
I/O Devices Input Output Input Output I l I l

Interface: I/O Boards-Fieldbus-Other PLCs
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Beams Department
>4 OPERATION MODES

Auto Mode
The object is driven by the control logic of a higher object of the hierarchy.
Interlocks apply to the request

Manual Mode (requested by operators via the OWYS)
The automatic return to the auto mode 1s possible by the control logic.
Interlocks apply to the request

Forced Mode (requested by operators via the OWS)
The automatic return to the auto mode 1s impossible by the control logic.
Interlocks apply to the requests.

Local mode
Hardware Local Mode
o The object is driven locally by the process field (activated via a DI)
o E.g. maintenance purposes
Software Local Mode (requested by operators via the Local panels)
o The Local software is writing directly in the manual requests of the objects

o Priority over "Auto" and "Manual" mode. The "forced mode" setup by the
normal SCADA can override the software local mode.
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o Interlocks apply to the requests.
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QV
DI OBJECT CONNECTIVITY

= Logical connectivity
=—3( Physical connectivity Status of DI Objects

may be used by all
objects anywhere in
the program.

——> Process Logic —>» PCO

Process
Control
Devices

- Interlock
. Analog
| Local | oge

Position Status
DI DI DI

I/O Devices nardware Feedback i i
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,y\
A DO OBJECT CONNECTIVITY P

> Logical connectivity
={ Physical connectivity

DO Objects receive
their orders only from
Field Devices (OnOff

& Anadig, AnaDO)

PCO

Process
Control
Devices

Process Logic

Auto Position Request

DO DO

I/O Devices Hardware Output Order I I
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y Beams Department
l!/\ Al OBJECT CONNECTIVITY ’

Status of Al Objects
may be used by all
objects anywhere in
the program.

> Process Logic —>» PCO

Process
Control MV
Devices > PID

- Interlock
. OnOff
=2 =

Position Status
Al Al Al Al

I/0O Devices i Hardware Feedbaci i i
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l’/\ AQO OBJECT CONNECTIVITY ’

AO Objects receive

PCO their orders only from
Process Field Device Analog
Control "
) Process Logic
Devices
Controller

. Auto Position Request
I/O Devices AO | AO

Hardware Output Order I I
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QV
LOCAL OBJECT CONNECTIVITY

Status of Local

Objects may be
Va_I\_/e P Process Logic —>» PCO used by all
Position .
Process objects
Control anywhere in the
Devices program.
v s]
3]
7]
7
o
. DI DI {.5
I/0O Devices i 1 3
e
=
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y Beams Department
!!/\ ONOFF OBJECT CONNECTIVITY ’

pco |Run Order

Master Valve
Position
Process Process Logic
Control
Devices

Object Dependent Logic

Object

Interlock Logic

DI DI DI DO

I/0 Devices
=
Session 0: From specs to implementation @
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Safety Systems

ANALOG OBJECT CONNECTIVITY
(NO PID)

pco |Run Order
Master

Valve
Position
Process Process Logic
Control
Devices

Object Dependent Logic

Object

Interlock Logic

DI DI DI Al AO

I/0 Devices
=
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q ANADIG OBJECT CONNECTIVITY

(NO PID) a

Operxator
4 -----------
pco |Run Order 3
Master 1 Valve
i “Position

Process Process Logic
Control ' i
Devices

Object Dependent Logic

Object

Interlock Logic

DI DI DI Al DO DO

I/0 Devices
=
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>\ CONTROLLER OBJECT CONNECTIVITY

pco |Run Order

Master Active
|, Mode
—>| Process Logic

Object Dependent Logic

Regulation, Position

Process Request, PID Parameters

5 PID Position
Control Request
Devices

Object
Interlock Logic

Al Al AO

I/0 Devices
=
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Industrial Controls &

UNICOS CPC
ENGINEERING LIFE CYCLE

Decomposition Specifications Automatic Code Logic specifics Deployment Reverse
Generation & Synoptics Engineering

Interlock Logic

Configuration logic
Global logic
Sequencer / Transitions (2)
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QV
DECOMPOSITION METHOD

L
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i —|— = Unit
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i
)
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I'I-I_ Equipment Modules

1=
{9

Equipment Modules
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Control Modules

J
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5
IEC 61512-1
Physical m:g)del
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S/

SPECIFICATIONS

ndustrial Controls &

Beams Dépa&ment

v refarne

Deviceldentification DeviceDocumentation FEDevicelOConfig FEDeviceParameters
FEChannel
Name Description Electrical Diagram |Remarks | FE encoding type | InterfaceParam1| Range Min Range Max Raw Min Raw Max DeadBand (%)
QSDN_4_ 1774001 Vessel 1- Heater sectionl-Temp. control AlLD %IW1.1.0 30 350 0 10000 0.025
QSDN_4_All SPARE Alll SeIwW1.1.1 0 100 0 10000 0.025
QSDN_4_1TT74002 Vessel 1- Heater section2-Temp. control AlL2 %IWl.1.2 30 350 0 10000 0.025
QSDN_4 1774003 Vessel 1- Heater section3-Temp. control AlL3 %IWL1.1.3 30 350 0 10000 0.025
QSDN_4 1LE400 Vessel 1- LN2 Level AlL4 %Iwl.1.4 0 1350 0 10000 0.025
QSDN_4 1PT400 Vessel 1- LN2 Vessel Pressure AlLS %IW1.1.5 0 4.0 0 10000 0.025
UNICOS CPC Specs (xls/xml file) — —
@ ( 0K (_ooooooo | 10 | DRAFT j
. . . . e . Page 5of 16
Functional Analysis + Logic specification ‘
2. PROCESS DESCRIPTION
(Word templates)
2.4 Process decompaosition
CERN s EDME N0, REV VALIDITY ™ 'd
CH1211 Geneva23 |\ 0000000 1.0 DRAFT J 3.2 Operaticnal States
Sulzeiland REFERENCE
200 'd
3.2.4 Actuator operation
Date : 2010-11-24
Iy Da - . o \ m L
FUNCTIONAL ANALYSIS s ;
UNICOS-CPC (Continuous Process Control) 3.5 Unit Alarms
3.5.1 Unit hardware alarms
TEMPLATE FOR
FUNCTIONAL ANALYSIS cv4 MName Condition Action* Message
And States
This }
[sub title] DMNCT_FS1 | ESSCOK Off FS equipment emergency s
DMNCT_FS2 | 24VPwOn. Off FS Presence 24VDC Po
1C\
DMCT_F53 | 24VIO0On F5 Presence 24VDC I
- f DMCT_FS4 | 2006, Off FS Circuit breaker 24VDC for emeryg
DNCT_FS5 | 260Q2. Off FS Circuit breaker 24WDC C
- F - - [ . - e =
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UAB: UNICOS APPLICATION BUILDER

Control
-------------------------------------------- System
Developer

'i Analog
Specifications — l
%)

’_mm ython

[x:

Panel: WIinCC Flex
SCADA: WinCC OA

'ouch Pane

-

ython

Input
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Control S Ele

H H 4 SIMATIC
Application -

4
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Control
System
Developer
General | CPC-Wizard: test - test v1.0
Unity Logic Generator
CPC Wizard General Y Resources: 1.3.2-heta-02
g pLd General Data o
8} Templates Folder: |C:'l,temp'l,wizard'l,ReIease'l,Schneider'l,Resources'l,UnityLogicGenerator'l,l| [ Cpen ]
= PL
O
;:E User Templates Folder: |C:'l,temp'l,wizard'l,ReIease'l,Schneider'l,Resources'l,UnityLogicGenerator'l,l| [ Cpen ]
:g
Process Cutput Folder: |C:'l,temp'l,wizard'l,ReIease'l,Schneider'l,Output'l,UnityLogicGenerator | [ Cpen ]
) alobal Fild Cutput File: |C:'l,temp'l,wizard'l,Release'l,Schneider'l,Output'l,UnityLogicGenerator'l,pIc_| [ Cpen ]
Ethernet
5end Process Semantic Rules: Generation Language: aT ~
UNICOS ] Import and Generate @
Device T
Section Type Master Lagic File
Anabi
IPA ~
Analog
F A Analogala =
AnalogDig
AnalogIng
AnalogIng
M AnalogOul
&nalogCul (o] 1] n | hlLogic_t -
analogPa DEMON_1_Al_DL Analog DEMON_1_Dernon SchLogic_analog_.
Analogsts DEMON_1_AS DL Analog DEMOMN_1_Demon,., |Jchlogic_analog_
. Controller DEMOM_1_aD1 DL |AnalogDigital DEMOM_1_Demon... |SchlLogic_fnalogDi. ..
Mapping Digitalla DEMOM_1_Ctrll_DL  |Cantraller DEMOM_1_Demon... |Schlogic_Contralle. ..
Fimik =T DEMON_1_PCO3_DL |ProcessControlObject |DEMOM_L_Demon... |SchLogic_Processc...
DEMON_1_004 DL |0Onoff DEMOM_1_Demon... |5chLogic_onoff_s...
[ Select all ] [ Edit Specs. ] [ Reload Specs. ] Filtered objects:
Generakio
Generation Status 9
Instance Gg Instance Generator Logic Generatar l = " I l - =
i N ' Biac °Generate l @ Exit l
WnCC OA QL winCC oa Gener... [ WinCC Flex Gene... |
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@UNICOS CPC LOGIC PLACEHOLDERS Beams Department

Logic Placeholders

Sequencer
|VESSEL1 CONTROL OBJECT |

Configuration logic
. Legend
| Global logic @ -Fulstepor )
| Temparary Stop or
Sequencer / Transitions (2) Time Out [wil be inelude in FS Lagic) =5 Fun grders0 .
Control Stop Oid
Comeiccr G Dependent Object
Dependent Object ontrol logic
control logic
Dependent Object :
. - « Dependent Object
control logic .
e eneatitrol logic
E vl,,,, A L R LY SO
- kil
Dependent Object P > jf — In
: -~ T EH4001 5 1EF .
control 10g1C . EH400Z i 1EF 1EH4001 1PC400 controllin Dependent Ob] eCt
= ki Wessell Ste .
i Wessell Ste . ContrOI loglc
DD_'T In auto-pos 1PC400 controlling 1IEHA00:
i | IFHa—————— Wessell Step 1: AnfnlioR=1 & Set 0% Output
T Wessell Step 12 & 13: Set Regulation mode SP=26Ba
@; G| gl IEHmD‘;e?:{e“ Ste In auto-position mode ramp up & down 1% fsecond
> |
_— Wessell Ste
Heats
[= H:a;.f: IEH4003 — e
K w 1EH40020k WVessell Step 1: Stop »
@ I | W Vessel 1 Ste Wessel1 Step 10: Start (On position)
] e Vessel St T pH 0020k
T = Wesasell Step 1: 5to
I:v i 1EH40030k L
E3] i g: Vessell Ste WVessel 1 Step 10: Start (On position)
LT Lowle
T ComectedBl _ NVessell ST 030K
1PV 400
W 1PV40% WVessell Step 1: Stop
i Vessel 1 Ste Weesell Step 10: Start (On position)

Wessell Ste

Process logic can be either: v [,

1PV 409

. . - | Wessell Step 11 or Step 13: Open Beguest
- coded by the control engineer in an standard way. Voal1 5
- Some applications may create automatically the logic Veosl1 Sep 1 or Sep 13 pen Reqect

based on templates. These templates are based on
Phyton
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UNICOS CPC HMI

Bearings  TU1
— =

A

HRP&  Atmo,

1@

[5G

EH234
WRL QPLE ¥acuum Pressure
W acQPLE

Juaweda] sw

f £ Depotage

Cmd LHCB

Hand Valves
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>\ HMI SYNOPTICS

o Manual intervention (or automatic if known a priori)

SIEMENS

Demonstrator SIEMENS

Level Temperatre
confroller  controller

— .
+36,76 cm -
+35.00cm +37.000C .. ¥

+39.75 mbar | .

X

& \g> Status Mode Alarms
e Autn |:| Full Stop Int

Position: 30,0 %

Manual Start Interlock
+28.20 °C “ Forced Temp Stop Int
alarm not ack

Local
Warning
+22.40 cm Hardtware LDES\D OErtar

Man <= Auto
Position Warning I:‘

+27.57 mbar ||

Auto | Manual | O | OFF Setva\ue‘..lncknlarm

e | ‘ |A|v| } |Tank1|Tar1k2|AIarm5 .

Ln

O B B B e B e B B Synoptic design ~
un'widget_ unWidget_ unWidget_ unlWidget unWidget  unWidget un'Widget unWidget  uniwidge - 1 =
i B s B S s R PR R by drag & drop (manual operation) &
Pco| [Peo| [Feol| [Foo| [Peo| [PEo - Automatically created (xml) =1
O B & T 2

un'widget_ unwfidget_ un'widget_ unwidget_ unidget uniwidger_
PCOCo.. PCOCo.. PCOTuwrb.. PCOTurh.. PCOTurh.. PCOTurb...

| UKW STATICS
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y Beams Départment

' MORE INFORMATION
o Check out the web page:

e http://www.cern.ch/unicos

Sign in Directory

UNICOS

About UNICOS Documentation Download UNICOS Project Schedule Applications

UNICOS Essentials UNICOS Packages Contacts UNICOS CPC Architecture UNICOS CPC Operation FAQ

About UNICOS

Introduction

UNICOS (UNified Industrial Control System) is a CERN-made framework to develop industrial control applications. It deals with the two upper
layers of a classical control system: Supervision and Control. UNICOS proposes a method to design and develop the control application which
will run in commercial off-the-shelf products (e.g. SCADA and PLCs). The framework employs terminology and models of the ISA-88 standard

for batch control systems.
The goal of UNICOS is to standardize the development of control applications at CERN by:

* Emphasize good practices for both, design and operation, of the continuous process control applications

* Reduce the cost of automating continuous processes (e.g. cooling, HVAC...)

!
)
1]
=3
175
-
D
2
o
=1
5
D
S
=

* Optimize life-cycle engineering efforts (e.g. using automatic code generation tools)
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