Prototyping the
C++ OPC UA Server for the L2CTDB

[current status]



Overview

FEB = Frontend Board
DTB = Digital Trigger Backplane

L2BP = L2 Backplane

CTDB = Clock & Trigger Distribution Board
L2CB = L2 Controller Board
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ARM+Linux, a
fast FPGA to

ethernet bridge "

Pictures from the presentation of K.Sulanke,“Digital Trigger, NectarCam F2F, 2016-04"
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Overview

Picture from the User Manual, K.Sulanke, “Clock & Trigger Distribution Board Rev.1”
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Figure 1: Trigger and Power Topology

* L2-crate includes: one Backplane (L2BP), 18 Clock & Trigger Distribution Boards (CTDBs) and one

L2 Controller Board (L2CB)
* CTDB board is connected to 15 Frontend Boards (FEBs)
* L2CB comes with the Linux ARM-based on-board microcontroller unit with a Fast Ethernet to

FPGA Bridge
* the main features are: clock distribution, L1 trigger and “FEB_BUSY” receptions, L2+trigger

Fan-out, FEB power control, current measurement, monitoring of FPGA configuration and
trigger
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The goals

 Implement the first (@DESY) C++ Server that represents
the L2CB hardware via standard software layer based on
the OPC UA protocol

* Provide a good examples to others on:
* how to design the OPC UA Address Space
* how to use the UnifiedAutomation OPC UA C++ SDK
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Prototyping the C++ OPC UA Server for L2CB
The plan

1. C++ OPC UA SDK
* (Cross-)Compile the SDK for the Linux ARM-based embedded system
 Test the sample OPC UA servers on this system

2. Prototype the OPC UA Server Address Namespace (ANS)
* Create Server Data Information Model (DIM)
* Design (and review) the OPC UA Address Space for this DIM
* Implement the OPC UA L2CB Server that provides this ANS

3. Design and implement (and review) the “L2CB Hardware Abstraction Layer” (HAL): a low-level
communication layer for controlling the L2CB hardware (Marek Penno)

4. OPC UA L2CB Simulation Server
 Design and implement the server that emulates behavior of the L2CB hardware -
provides reasonable simulation data (as much as simple but still realistic)

5. Integrating the HAL into L2CB OPC UA Server
* Cross-compile for the embedded system

6. Test OPC UA Server with the real hardware

David Melkumyan, DESY | L2CB OPCUA Server | January 2018 5



Prototyping the C++ OPC UA Server for L2CB

Data Information Model

... to the Data Information Model

- L2CB

|- String FirmwareRevision ro
|
|- SetPowerOffi) <-- switches OFF the power of =11 power channels (18 x 15 channels)
|- SetPowerln() <-- switches ON the power of =1l power channels (1B 1% channels)
|- SetPowerMinidouble min <—- gets minimum power of =11 power channels (18 = 15 channels)
|- SetPowerMax (doublemax) <-- gets minimum power of power channels (18 x 15 channels)
from Several meetings and Short notes con |- EnablellTriggeribool enabled) <-- enzbles/disables L1 trigger of =11 trigger chanmels (18 x 15 channels)
|- EnableFirmwareFuse (bool enabled) <-- enables/disables the firmware fuse of =11 CIDBs (1l&8)
LZCB -» 1 1 CTDE 1. .18
* [ro] has a2 firmware revision (uintleé ? string ?) |- String FirmwareRevision ro
* [r£f/w] get/set L1 Trigger Channels mask 2&5 x 7 pixels |- String PowerMin : ro
* [£/w] enable/disable L1 Trigger Channels 285 x 7 pixels |- String PowerMinSetpoint W
* [r/w] adjust L1 delays Z&5 |- String PowerMax : ro
* [ro] read L1 pattern in case of camera trigger (?2) |- String PowerMaxSetpoint : rw
- Boolezn IsFirmwareFuseEnabled ro

CTLDB [18] slots 1..5, 13._.21: Eoolezn IsFirmware

* [ro] has a firmware revision

-

{uintlé ? string 2)

SetPowerOEE ()

* switch channels power on/off (1% channels, all?)

* mask LZ trigger channels (?] EEtinwerﬁéuid Bl

* get FEB power currents (a2ll? dedicated?) |- SetPowerMin(do e
- . - : : | - SetPowerMax (double

* get/zet global MRH/MIN power currents (12 kit uint)

EnableLlTrigger (bo

&

enzble/dissble e-fuse

FuseEnzskledSetpoint W

(ocne CIDB)
{one CTDB)

<-— gwitches OFF the power of 15 power channels of a dedicated CTIDB
<—-— switches 0N the power of 15 power channels of a dedicated CILDB
1) <-- gets minimum power of 15 power channels of a dedicated CIDB (one CTDB)
<-— sets minimum power of 15 power channels of a dedicated CIDEB (one CILB)
<—- enables/disables L1 trigger of 15 trigger channels of = dedicated CTDB

ol enzabled)

|- EnableFirmwareFuse (bool enabled) <-- enables/disables the firmware fuse of one dedicated CILDB
* handle/menitor errcor conditicns (over and under currents ?) |
|- Channel 1..1%5
| |- Double CurrentPower :@ ro
| |- Booleen IsPowerOn ro
| |- Boolean IsPowerOmnSetpoint - rw
| |- Boolean IsLlTriggerEnabled ro
| |- Boolean IsLlTriggerEnabledSetpoint W
| |- Uintlé TriggerDelay ro
| |- Uintlé TriggerDelaySetpoint w
| |- Boolean isErrorOverCurrent o
| |- Boolean isErrorUnderCurrent ro
| I
| |- SetPowerOff() <-- awitches OFF the power of dedicated power channel
| |- SetPowerlm() <-— switches ON the power of dedicated power channel
| |- EnzblelLlTrigger(bool enabled) <-- enables/dissbles L1 trigger of dedicated trigger channel
| |- SetLlTriggerDelayiunintlé delay) <-- enablessdisables L1 trigger the dedicated trigger channel
| I

({one CIDBE]
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Prototyping the C++ OPC UA Server for L2CB

Design the OPC UA Address Space

ControllerType and the derived types

BaseObjectType

A
A

ControllerType

»h
>

L2BoardControllerType

ChannelControllerType

L

y
4

BaseDataVariableType:
FirmwareRevision

CtdbControllerType

-

AnalogltemType :
PowerMin

SetPowerMin

AnalogltemType :
PowerMinSetpoint

AnalogltemType :
PowerMax

EnableFirmwareFuse

AnalogltemType :
PowerMaxSetpoint

OPC UA Object Types (SDK) BaseDataVariableType:

IsFirmwareFuseEnabled

I IS IS I

|:| Controller Types (Custom) -
N
. BaseDataVariableType:
D Variables IsFirmwareFuseEnabledSetpoint
J
O Methods

—>P» derives

——& contains
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AnalogltemType:
Current

BaseDataVariableType:
IsPowerOn

BaseDataVariableType:
IsPowerOnSetpoint

BaseDataVariableType:
IsL1TriggerEnabled

BaseDataVariableType:
IsL1TriggerEnabledSetpoint

AnalogltemType:
L1TriggerDelay

AnalogltemType:
L1TriggerDelaySetpoint

BaseDataVariableType :
IsErrorOverCurrent

BaseDataVariableType :
IsErrorUnderCurrent

i N N B B B S B S

1

BaseDataVariableType:
State

SetPowerOff

SetPowerOn

EnableL1Trigger

SetL1TriggerDelay
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Prototyping the C++ OPC UA Server for L2CB

The OPC UA Server Address Space (T Saeenanotiom

;g Views the Generic OPC UA
°

LZCEl

Chject .
4 g'ec : Client GUI

Server

From Design to Implementation ... o-

o @ Types
O
o=
?

DataTypes

EventTypes

OhjectTypes
7 (8] BaseObjectType

o [8] BaszeEventType
ry o [8] Certificate GroupType
o [8] CertificateType
» @ Controllerrype|
| L2BoardControllerType I | ChannelControllerType I o= EnableLlTrigger
Y 7 [®] LzBoardControllerType
o [@] CtdbControllerType
| CtdbControllerType I 7 [8] ChannelControllerType
1 Current
1 IsErrorOverCurrent
I 1sErrorUnderCurrent
1 1sL1TriggerEnabled
1 1=L1TriggerEnabledSetpoint
I IsPowerCn
“lIsPowerCOnSetpoint
1 TriggerDelay
1 TriggerDelaySetpoint
llIsFirmwareFuseEnabled
I IsFirmwareFuseEnabledSetpoint
11=L1TriggerEnabled
“11sL1TriggerEnabledSetpoint
1 PowerMax
1 PowerMaxSetpoint
1 PowerMin
I PowerMinSetpoint
o= {5} EnableFirmwareFuse
o= I FirmwareRewvision

| BaseObjectType I

A

| ControllerType I

FYTYTTEYTYTYY

FYTTYYTYTRY

o {55 SetPowerMax
@] myee o {55 SetPowerMin
1 Variable o= (2i SetllTriggerDelay
- o 55 SetPowerff
Method o= {5} SetPower(n
o= ] State
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Prototyping the C++ OPC UA Server for L2CB
The OPC UA Server Address S

Example: the Attributes and References view of the OPC UA “Current” variable (EngineeringUnits Node)

i
3

@]
o~ M Vviews il
¢ 0P Objects

o= L2CE1
o= Server
¢ @ Types

o= DataTypes
o= EventTypes
T OhjectTypes
¢ [8] BaseChjectType
o [8] BazeEventType
o [@] CertificateGroupType
o [®] CertificateType
ControllerType
o 55 Enablel1Trigger
¢ [®] LzBoardControllerType
¢ @] CtdbControllerType
¢ [8] ChannelControllerType
¢ Current
1 EURange
1 EngineeringUnits
1 IsErroroverCurrent
1 IsErrorUnderCurrent
“11sL1TriggerEnabled
1 1sL1TriggerEnzhledSetpoint
1 IsFPowerOn
_llsPowerCnSetpoint
1 TriggerDelay
1 TriggerDelaySetpoint
1 IsFirmwareFuseEnahled
I lIsFirmwareFuseEnabledSetpoint
11sL1TriggerEnabled
11sL1TriggerEnabledSetpoint

\

I A O

/
Teee

fAttrihutes and References m

: Attribute

| o= nodeld ns=2;5=4002 Engine
ModeClass Variable
Browsehlame EngineeringUnits
DisplayMame [} EngineeringUnits
Description
WriteMask MOME (O}

| UserwriteMask MOME (O}

|9 wvalue Description=(en) vo

o StatusCode

G000 (0x00000000,

Server Timestamp

01/16/18 15:00:31.61

Source Timestamp

01/16/18 14:57:24 36
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L

Server Picoseconds 0
Source Ficoseconds a
9 Value Description=(en} ¥o
7 Value EUInformation
Description len! Valt
Mamespacelr
Unitid -1
: DizplayName fen) v
i = DataType EUInformatian
A walueRrank Scalar
ArrayDimensions rull
AccessLevel CurrentRead
UserAccesslevel CurrentRead
MinimumSamplinginterval ~— 7
Historizing T~—_ Screen-shot from

the Generic OPC UA
Client GUI




Prototyping the C++ OPC UA Server for L2CB
Object tree in the OPC UA Server Address Space

L2CEL
-
CTDE 10
CTDE 11
CTDB 12
CTDE 13
CTDE 14
CTDB_15
CTDE 16
CTDE 17
CTDE 18
CTDE 2
CTDE 3
CTDE 4
CTDE S
CTDB_6
CTDE 7
CTDE_8
CTDB_S

o &% EnableFirmwareFuse

o= {5} Enablel1Trigger

o= | FirmwareRevision

o {55 Setl1TriggerDelay

o- {5 SetPowerMax

o {55 SetPowerMin

o {55 SetPowerOff

o- {5} SetPowerOn

o= ] State

o- @ Server

o @ Types
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= Current
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I IsErrorCwerCurrent
1 IsErrarUnderCurrent
1 sL1TriggerEnabled
1 sL1TriggerEnabledSetpoint
I |sPowercn

I IsPowerOnSetpoint
o {55 Setl1TriggerDelay

o {55 SetPowerOff

o {55 SetPowern

o ] State

o 1 TriggerDelay

o 1 TriggerDelaySetpoint
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EnableL1Trigger

I FirmwareRewvisian
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11sL1TriggerEnabled

I PowerMax

1 PowerMaxSetpoint
1 PowerMin
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o= £} SetL1TriggerDelay
o= £} SetPowerMax

o= £ SetPowerMin

o= £} SetPower(ff

o= (£} SetPowerOn

o= | State
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Prototyping the C++ OPC UA Server for L2CB

Summary
D|ff|cult|es (SOLVED):

1. C++ OPCUASDK Problems with compiling
the third-party libraries

* (Cross-)Compile the SDK for the Linux ARM-based embedded system:. (e.g. 2lib, x2)
* Test the sample OPC UA servers on this systenrg « Security layer was not

: ) ki ly with th
«  Cross-compile the newest version 1.5.6 ;Vrzr-i:;faﬁ)|:;pgrpzr\?gSL|ibi

2. Prototyping OPC UA Address Namespace (RQ\

4. OPC UA L2CB Simulation Server
* Design and implement the server that emu.
provides reasonable simulation data

5. Integrating the HAL into L2CB OP rver
*  Cross-compile for the ggnbel stem

6. Test OPC UA Server with the @Qal hardware
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