ELMB Full Branch Test

Outline

* DCS Architecture
ELMB Full Branch Set-Up
— Powering
— I/0O functionality
— Bus Behavior
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— Run Control
— Offline Analysis
 Findings
* Conclusions*

* Test currently ongoing. Results are not conclusive yet

DCS Workshop, Nikhef, Oct 2001 Fernando Varela
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b Communication FE-BE: OPC

1.- Dedicated drivers SCADA
« HW and SW dependent (OPC Client)
* Upgrade and Maintenance
2.- OPC (OLE for Process Control)

* What’s OPC?
* Set of interfaces designed to facilitate the
integration of control equipment into Windows
applications.
» Middle-ware based on Microsoft DCOM
technology
* Multi-client / Multi-server architecture

* Why OPC?
 Unique and standard mechanism to interface
several data sources and software applications
* SCADA-independent.
* Almost all SCADA packages provided OPC
Client functionality
* Strong support from industry.

» Drawbacks
* Only WNT/2000

Back-End

OPC Interfaces

Front-End

Sensors & Actuators
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ELMB Full Branch Test

Powering * Performance

Reliability —  tuning of parameters

— robustness — identifying bottlenecks
— recovery procedures

Back-End

Stati
(Supervisory Statior) TCRIP (PVSS-ID)

g' HI-C AN II
128 IIE, 200 I'u']Hz/

128 IIE, 200 MH= .
+
DFC Berver
(Local Costr ol Statmn)

16 W Ps

DCS Workshop, Nikhef, Oct 2001 Fernando Varela 4



ELMB Full Branch Test
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ELMB Full Branch Test
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Set Up

Powering

* Only one PS used.
* Digital and CAN parts of the ELMB and NI-CAN card powered
via the bus.

 Analogue part powered from the digital (Power monitored by a
scope). ——
* Bus and Interface card power lines were de-coupled (Allows for k{lﬂff l]

independent reset of both elements).

I/O Functionality D9 Connectors

* 16 x 8 = 128 digital input lines (Sync + Async), 16 x 2 x § =256

digital output lines (Async) 120 Q

* Input and output lines interconnected
* 16 x 64 = 1024 Analogue channels (Sync)
* ELMBs reprogrammed to bypass filtering in OPC server and

ensure maximum data volume transfer to PVSS-II (Worst possible

case)
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ATLAS

es . CANDbDus Activity, synchronous read

Example If v, =32.5 Hz and Bus Speed = 125 kbit/s

* 0~ 0.8 ms => Time difference between messages on the bus

Anal Ch 1
* A ~30.8 ms => Time needed for ADC conversion @ 32.5 Hz falogue Lhannels

(Lower Priority)
Digital Signals

A (Higher Priority) A

B SYNC Interval >

ELMB 31 0
ELMB 31 1

ELMB 3F 0
ELMB 30 1
ELMB 3F 1
ELMB 3F 63
ELMB 30

Bus Cycle
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CAN Analyzer Diagnostic Tool

File “iew Start Mode Configuration ‘window Help

] elealey] walc)| W] £]@] x| njaf S [T ¥l Hex |
okt e g o e e R 1 R R e
=

can ident attr [Trace]
[1001.007 o0 Initiate UTpload Rsp. exp. (03003003 ‘:J
d 1 05
[1001,00] Initiate Upload Rg. |EESERVED FIELDS USED
Initiate Upload Rsp. exp. (03030

Bus load

123,
123,
123,
123,
123,
] P 32T
i 2 e} il
123 3825
123 .3832
123 38318
1233845
123 3852
123, 3858
123 3865
123 .3872
123 38748
123 .3885
123 3892
.3898
.3905
L3912
.391%8
L4201
L4207
L4214
.4220

Analogue
Channels

e e e e e

Bus Statistics

Busz load [%]

Peak load [%]

D ata [frames/s]

D ata [iotal]
Eutended [framesg]
Extended [tatal]
Error [framesz.'s]
Error [total]

Chip state

Start of measurement 10:18:05 pm
CAN 1 Bus with 125000 BPS.

CAN 2 Bus with 125000 BFS.

End of measurement 10:20:15 pm

HHHHHHHHHHHHHHHHHHHHT

| L2USER |D1_hoﬂkELMBs\Cannpen3cm
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A[T,éés SW Architecture

PVSS-II PVSS-II

Supervisory Station

OPC Local Control Station
Update Rate
Items
OPC Address Space

- Front-End HW
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SCADA Supervisor SW

Run Control

4% Vision_1: [NoName]) O] ]
File Parel ?

=|si| [T E| S|

18:46:36  01/00/01 Start Of Rum |2001.09.01 18:42:22.341

ReadOUt rate for ' Sync Interwal bus 1 ISDDD [m=]
current run End 0Of Run ;2001.09.01 18:43:46,395
Tpdate Rate 100 [m=]

& g8 47
Show trends for bus: IVerticalSliceS v| urrent: run

History of Runs
at different rates

CEEEER RN

2120 A
.100
. 080 4

. 060 4

Loa0 4| e '
L 020 4 ! ,,l.lj

. 000

T T
aLs08s01 oL/08/01 aL/08/01 aLs08/s aLs08s01 0L/09/01 aL/09s01
1d:13:10 1g:23:10 18:33:10 1d:43: 18:03:10 1g:1&:10 18:33:10

< 4 T
—Channel in dewice —Channel in dewice
ELI(\i/IB 1Cha:111’1€1 | ELME_30 |1 vIELlIB_Sl Ia 'I [r6  Fleum safer 7| ELME_38 !a v| ELE_39[s -] 16 =leum sejes 7]

1Splayc 132 leLlIB_SS I4D v| [ae  =]Eum ailsa 1| |32 viELb{B_anjam | ECHR e P

jtart Of Bun |
Close
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SCADA Monitor SW

Offline Analysis

#% _ QuickTest_ : [NoName] [ []
File Panel 2

Fun Number IH 'l zZ001.08.31 13:00:23.221 Buses in Fun SyncIntervaliaDDDD D B Readout rate

Vertical3liceierwver:DEMO
. o el o Humber O0f Iymcs Ig—‘
Time range 2001.08.31 13:05:09.733

for SQL Query

Fun description |syncInterwval (30 s) >> Eu 4| | ]

™~ Expected number
of entries in DB per channel

DEMO_1 ELME_3F 1 ELME 3E 1 ELME_3D_1 ELME_3C 1

ELME_3E_1 ELME 34 1 ELME_39 1 ELME_3f 1

ELME_37_1 ELME 35 1 ELME_35_1 ELME_34 1

P Number of channels
ELME_33_1 ELME 32 1 ELME_31 1 ELI-[B_SD_l:% 94

missing any reading

i Elmb Channels + Elmb Channels

Display as: ahlg Display as: I Bar trend v!

Mumber of values received erofvalues expected 8 Mumber of values received umber ofvalues expected 9

19

16

13

10 Histogram Number of

entries in DB per channel

7

4

1

LDLDLD".DLDLDLD‘

L I (R I I A Cor ) [ A o N I O [ |
L I (R R Y o [ (R £ I Cu ) [ L ]
L I (R R Y o [ (R £ I Cu ) [ L ]
L I (R I I A Cor ) [ A o N I O [ |
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ATLAS
DCS

Findings

Powering

Problem: Working at Vg snaLogue =9 V some ELMBs do not reply to a SYNC (Analyzer files)
Reason: Voltage level of the ADC is too low (< 4.5 V)

Voltages

Currents (mA)

VPS_CAN (V)

CAN

Velmb 16_CAN (V)

ADC

VPS_Dig+Ana (V)

CAN

Velmb 16_Dig+Ana (V)

Grounding

Drop G CAN (V)

Drop DP+AP (V)

DropP CAN (V)

Drop DG+AG (V)

Difference (V)

Difference (V)
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ATLAS : :
Dos Findings

Parameters:

Loop time (Sync interval)
OPC update rate
ADC frequency

OPC Update Bus Load Eniries in DB Expected Transfer Rate
Rate (ms) (Peak in %0) (%)
100 1143 5120 5120 100
100 1149 6144 6144 100
100 1175 T16E 7168 100
100 1173 8192 8192 100
100 1174 8128 8192 99 212
100 11 45 6144 6144 100
100 11103 10240 10240 100
1] 11 .56 P124 F124 100

Tahle 3, ADC conversionrate 751 Hz, Bus cycle 10019 5.

OPC Update Bus Load M. of Eniries in DB Expected Transfer Rate
Rate (ms) (Peak in %0) Syncs (%)
300400 6.77 4094 4094 100
30000 6.63 4068 4094 99 32
30000 .55 3072 3072 100
30000 .55 4096 4096 100
30000 £. 56 5120 5120 100
30000 f.42 3072 3072 100

Tahle 3, ADC conversion rate 1.88 Hz, Bus cyele 35571 =,
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Findings

ADC 15 Hz,Bus Cycle 5.761s, OPC Update Rate 100ms

Transfer Rate (%)

20 15
Sync Interval (s)

Data get lost at higher data rates when SYNC Interval -> bus cycle

Bottlenecks:
* NI CAN interface card (buffer overflow) ??? => Need for a new interface (cost and characteristics).
* PVSS archiving (CPU consumption) => Better distribution of the tasks performed by SCADA.
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ATLS® ELMB Full Branch Test: Example of Overflow

DCS

\WNT\System32\omd exe ] Overflow in read buffer
DLC=4. datachex>: 28 al ff 8c

=> Recud msglt 839: COB=PD02-Tx (288>, NodeID=58. at 21:31:31:523 Of the NI-CAN [1 interface
DLC=4. datathex>: 2@ al ff 8@

=> Recud msgit 848: COB=PDOZ2-Tx (288>, NodeID=48, at 21:31:3
DLC=4, datachex>: 28 al ff Bc

o
=> Recuvd msgit 841: COB=FDOZ2-Tx (288>, Mod . at 21:31:31:523 e Eow 2
DLC=4 2| |7 E] s

RROR poll_can_mzg: Read Queue Ouverflow

AII/AIen% Se\ecti Frarm ] Rernote ] Where ] Tirmerange | Sort/Group Data l

=> CANopen Interactive Control Tool <w2.2) <=
(NIKHEF. Henk B&B. n4&Bnikhef .nl)> <=

Initi, - *PCI-CAN* CAM—interf rate = 125 kBit./=s> Vertical3liceServer:ELME_ 35 1.chzZ0.value| L0207 2001,
done VerticalSliceServer:ELME_30_1.ch20.valus| L0207 2001.

=> Recuvd msgif 1: COB=PDO2-Tx <(2B@>., ModelID=56, at 21:31:32:888 VercicalSliceServer:ELNB_33_1.chz0. .0207|2001.
DLC=4, datathex>: 2d al ff 1a VerticalSliceServer:ELME | 31 1.chz0. .0207]|2001.
i chi

Recvd msgilt 2: COB=PDO2-Tx <(28B@>. ModelID=54, at 21:31:32:888 v

DLC=4, datathex): 2d al ff 1la VerticalSliceServe 38 e .0363|2001.
Vertical3liceServer:ELME_36_1.ch6l.valus| 036312001,
Recud msglt 3: COB=PDO2-Tx (288>, NodelD=62, at 21:31:32:88% VerticalSliceServer:ELME 3E 1.che0.value| L0363 2001.
DLC=4, datachex>: 2d al ff 2e VerticalSliceServer:ELME 35 1.ché0.value| .0363|2001.
VerticalSliceServer:ELME 34 1.ché0.value| .0363|2001.
Recud msglt 4: COB=PD0O2-Tx (288>, NodeID=52, at 21:31:32:815 VerticalSliceServer:ELME_3E_1.ch60.value| .0361|2001.
DLC=4. datachex>: 2d al ff 1a verticalSliceServer:ELME 30_1.ch60.valus| 0363|2001,
N Vertical3liceServer:ELME_37_1.ch60.valus| .0363|z001.
Recud msgit 5: COB=PD0O2-Tx <288, MNodelID=53, at 21:31:32:816 VerticalSliceServer:ELME 31 1.che0.value| L0363 2001,
DLC=4. datachex>: 2d al ff 1a erticalSliceServer:ELME 34 1.ch60.value| .0113|2001.
VerticalSliceServer:ELME_33_1.ché0.value| .0363|2001.
Recvd msgilt 6: COB=PDO2-Tx <(2B@>., ModeID=58, at 21:31:32:816 VerticalSliceServer:ELMB 39 1.ch60.value| .0363|2001.
DLC=4. datachex>: 2d al ff 8d VerticalSliceServer:ELME 3D_1.ch60.valus| .0363]2001.

VerticalSliceServer:ELME 3C 1.che0.value| 0363|2001,
Recvd mzglt ?: COB=FDOZ-Tx (288>, HodeID=48. at 21:31:32:817 Vertical3liceServer:ELME 32 1.chéD.value| L0363 2001.

DLC=4, datathex>: 2d al ff 1a : Elmb Channels .che0.value| .0363|2001.

Recud msglf  8: COB=PDO2-Tx (288>, NodeID=49. at 21:31: Chetvalae) Do\ 200t
DLC=4. datathex>: 2Zd 21 e? 1a Dispfay as: el value| D3e7)z001.

1 - Pl .chél.value| 0367|2001, . : H .
gzg"g msgga(hg;)(jogdngzf}xi(283) NodelID=51. at 21:31: ) nor ofvalues reseived Murmber of values expected - i -l NAR712001.09.07 11:54:A87. =

Recud msglf  18: COB=PDOZ-Tx (288>, NodeID=55, = 24 Deletetable | Start query |
DLC=4. datachex>: 2d al ff 1a b

Recud msglf 11: COB=PD0O2-Tx (288>, NodeID=57. 7 : 18 _1.ch™ valug' TIMERANGE(2001.09.02 11:63:46","2001.09.02 11:65:35",1 0) SORT BY 2

DLC=4. datachex>: 2d al ff 1a
L?j ;ﬁj Create guery i Close !

Hole in DataBase
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Sznc Interval 30 s
& Windows NT Task Manager [ (O]

File  DOptions  Wiew Help

CPU Behavior

ADC Conversion Rate 32.5 Hz

Sync Interval 10 s

EJ Windows NT Task Manager [_ D1}

File Options  Wiew Help

Sync Interval 5 s

File Options  Wiew Help

Sync Interval 3 s

E Windows NT Task Manager

File Options  Wiew Help

[-[O]]

Applications | Processes |

CPU Usage

CPU Usage Histary

~MEM Usage—

B —
Handles 4562
Threads 268

esses 40

- Physical Memory (K] —————

Total
Available
File Cache

— Commit Charge [K]—
Total 156962
Lirnit 310360
Peak. 218640

— Kernel Memory (K] ————

Tatal 32723
Paged 24832
Monpaged Fa96

Applications | Processes ;F_'_x?fg_[mgyc_g_ﬂ

-CPU Usage—

=R W Mty

1"|

},\

il
h|

MEM Usage

153 156K

Memam Usage History

T ——
Handles
Threads
Processes

= Physical Memary [K]-

Total
Available
File Cache

—Commit Charge [K]————
Tatal
Limit
Peak

Kemnel Memory [K]——————
Total 33140
25244
7836

Apphcatinns] Processes Perfnrmam:aj

CPU Usage ——

CPU Usage Histary

- MEM Usage

~Memory Usage History—————————————————

L A —
Handles 4717
Threads 272
Processes 41

- Physical Memary K] ————

Total
Available
Fils Cache

- Commit Charge (K)———————
Total 163688
Limit 310960
Peak 212640

- Kemnel Memary (K]

Total
Paged
Nonpaged

Applications | Processes {Feformanc |

CPU Usage

CPU Usage Histary

[T
“ |'“fw.|’1 I||
W

\||

et

MEM Usage

temaory Usage History

ey
Handles
Threads
Processes

- Physical Memary K] ————
| Total

| Avwallable

| Fils Cache

~ Commit Charge (K} ——————
Total 158884
Limit 310960
Peak 212640

-~ Kemel Memory (K] ———————
| Total 33680

| Morpaged 7852

Paged 25788

|Piocesses: 401 |CPU Usage: B3%

Mem Llsage: 156968K ¢ 310360K 2

|Processes: 40 |CPU Usage: 933

|Mem Usage: 153156K / 310360K

iFrocesses: 4 CPU Usage: 99%

|Mem Usage: 163688K 7 310960K. 2

|Processes: 40

|CPU Usage: BEZ

|Mem Usage: 158884K / 310960K Al

Most of the CPU time is consumed by the PVSS archiving manager.
OPC takes about 60 % during the avalanche of analogue channels.
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Conclusions

 Full ELMB Branch successfully operated.
* [/O channels of the order of magnitude of some subdetectors in ATLAS
* Preliminary studies of the powering has been carried out.
* The test tried to reproduce the “worst possible case” => All ELMBs transmitting at the same
time.
* The system has shown excellent performance for v,y < 15.1 Hz :Transfer rate of 100% for
» messages on the bus different priorities on the bus
« and different transmission types.
» Several issues were 1dentified at higher v,,.,, when SYNC — Bus Cycle
* Overflows in the read buffer of the NI-CAN interface
* High CPU consumption by the PVSS archiving manager

=> [nput for new tests with a better design -> Results can be improved!!!
Final results of this test, together with the obtained in radiation tests, will define the bus

behavior, CANopen network topology in ATLAS and the distribution of tasks between the
different elements of the Vertical Slice.
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