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this.Contens()

o A few words about driver support

o Motivation behind CDI; Design goals
o How CDI works

o CDI manifest; CDI database

o A few server examples using CDI

o Status




hardware support (1)

o do it yourself

use the drivers that come with what you
bought, or write your own

mostly sedac for HERA + pre-accelerators (+
gpib, rs232, increasing use of can, dsps ...)

TINE via LabView (leverage the LV drivers)

different interface API: bus and operating
system dependent



hardware support (2)

o PETRA |11
mixed

more emphasis on CAN, TwinCat, + SEDAC,

GPIB, rs232, ansPLCs, Libera etc.

http://www.beckhoff.com

WHE-_N YOUR USERS DEMAND A STABLE ORBIT

http://www.i-tech.si/




Application Programmers

o elther learn an interface API for
each hardware card of a bus, and
each operating system

O Or create a common iInterface for
device access

o use TINE CDI !



CDI API

o have a general and powerful client API In
TINE

use it for accessing the hardware == no new
API to learn!

o Allow:

the good old "do it yourself" method if you
want to or need to

direct CDI API interface (TINE similar for
device registration and device access)

direct TINE client calls for accessing hardware
devices + database registration of devices.




Device Server using TINE CDI

Bus and Platform “Independent” API

1. Request Queue Management
2. Bus and Device Diagnostic
3. Bus Statistics




DI Bus Plug?

)




CDI Bus Plug continue...

o For a new Bus type, a few functions
need to be implemented, use the
driver API for the target platform

Open Bus, Initialization
Close Bus, cleanup
Read/Write Data

Filter for input parameters
Bus Scan




Synchronous Calls

=

ExecLink(devName, devProperty, dout, din, access, timeout)

T
/ Access flags:
Output Data object READ, WRITE, +

returned from :
S Input Data miscC.
erver _
Object sent to
Server timeout in msec

Atomic !




Asynchronous Calls

Analogous to synchronous parameters ... |
AttachLink(devName, devProperty, dout, din, access, pollrate,
void (**callback)(int,int), callbacklD, mode)

\ I N\

Callback with callback id CM_CANCEL

and status code ... CM_SINGLE
CM_REFRESH
CM_POLL

CM_NETWORK
CM_GROUPED

CM_WAIT
Atomic ! + ...




CDI API Detalls

o Device Name (nhame or number):
“/localhost/cdi/#1”
“/localhost/cdi/#1-#100"
“/localhost/cdi/#1,#3-#10,#99”
“/localhost/cdi/pumpl — pumpl00”

o Device Properties (methods)
“RECV”
“SEND”
“RECV.SEND.ATOM”
“SEND.RECV.ATOM”
“RECV.CLBR”
“SEND.RECV.CLBR”
“ADDR”
“BUSNAME”
“BUSSCAN”
“BUSERRORS”

Can Use Device Name
or Device Number !

Read/Write Raw or
Calibrated data

Atomic pair-wise
access

Device information




CDI: How it Works

Bl cdimf.cev '

LIBRARY '
cdiCanEsd - «——| Bus Interface Plugs

1) Bus Manifest :

cdiSedac
cdiTwinCat
cdifs232

O = L R —

2.) cdiLoadLib(“cdiCanEsd.dll"’) - Windows
cdiLoadLib(“libcdiCanEsd.s0”) - Unix
cdiLoadLib(“cdiCanEsdLib.0”) - VxWorks
Etc. ...

3). Library’s prologue code ‘plugs’ into CDI:

int cdiRegisterBus(char *busName);

int cdiRegisterBuslnitialization(char *busName,int (*fcn)(int,int,int,char *));
int cdiRegisterBusHandler(char *busName,void (*fcn)(CdiRequestinfoBIlk *));
int cdiRegisterBusCleanup(char *busName,int (*fcn)(int));

int cdiRegisterBuskFilter(char *busName,int (*fcn)(int *, int));

int cdiRegisterBusScanner(char *busName,int (*fcn)(char *,char *, int));



CDI: How It works ...

o Either register CDI devices dynamically via API or
o Use a CDI database to register devices at initialization:

BY cdiaddr.csv
A B C D E F G H | J K L fl M

1 INUMBER MAME BUS LINE IMDEX ADDRESS WASK PATTERM TOLERARACCESS IMPUT FORMAT LIMIT RULE

2 1 SPS-WORPS |CANS00 2 01:100:0:0:1:0 Clueffff 1] 0WRRD 32 short 01:01

3 2 SPEAWOPST CAM100 1 0/1:100:00600:0:3011:0:0 DAt 1] 0/ READ long

4 3 SetialDevicel RS232:9600:0:1:1:0:0:0 2 1 [0 O 1] 0 READ teut

5 4 Temperatural | SEDAC 1 016.252:0 Clcffff 1] 0WRRD 8 short O1:01 " +120:70.01;+100.0.%2:~ 5"

B b Temperature? | SEDAC 1 116.263.0 Clueffff 1] 0WRRD 12 short 0101 | "+120:0.01: +100.0:% 24 5"
4 4 4 44 4 4

Device Bus + Data Data Access

number parameters manipulation Rules

Device Device Device Data Calibration

name Address Access Rules




CDI Initialization Flow ...

o Application calls cdilnitialize()
cdi library loads and reads manifest
o each entry in manifest references a bus plug library

o cdi calls cdiLoadLibrary() for each bus plug in the
manifest
each bus plug loads()
bus plugs register all bus handlers with CDI

cdi looks for local database
o Reads database
o Registers individual device information
o Application can then make calls to CDI
via TINE client interface (ExecLink())
via CDI interface (TINE similar) (cdiExecLink())



CDI Examples

dout.dArrayLength = 100;
dout.dFormat = CF_INTINT;
dout.data.vptr = rbPressData; // <- INTINT[100] object

AttachLink(“/localhost/cdi/#1-#100”, "RECV.CLBR”, &dout,
NULL,1000, cbPressData)

Reads devices 1 to 100, calibrates the raw data, fills in roPressData[] and calls
the callback cbPressData() at 1 Hz. (value + status pairs)

dout.dArrayLength = 100;

dout.dFormat = CF_UINT16;

dout.data.sptr = rbPressData;

AttachLink(“/localhost/cdi/#1”, "RECV.CLBR”, &dout, NULL,1000,
cbPressData)

Reads device 1 100 times, calibrates the raw data, fills in rbPressData[] and
calls the callback cbPressData() at 1 Hz.




CDI Examples

din.dArrayLength = 1;

din.dFormat = CF_UINT16;

din.data.sptr = &setValue;

ExecLink (“/localhost/cdi/#16”, "SEND”, NULL, &din,1000)

Sends ‘setValue’ to device #16

din.dArrayLength = 1;
din.dFormat = CF_UINT16;
din.data.sptr = &setValue;
dout.dArrayLength = 1;
dout.dFormat = CF_UINT16;
dout.data.sptr = &rbValue;

ExecLink (*/localhost/cdi/#1”, "'SEND.RECV.ATOM”, &dout, &din,1000)

Sends ‘setValue’ to device #1 and reads rbValue from device #1 atomically.




BusScan Implementation Examples

o Sedac, TwinCat and CAN

Cptions...  Debe

Show

als 1 Input Pamel |

Print .., Ophions .., Debug Tools
-~ Device Context ——— |- Device Sub

— Device Context
|HARDWARE - ||ALL | ‘ I~ Show Stock Properties

Input Panel |

i~ Device Subsystem
|HARDWARE ~1 | AL | | [~ Show Stock Properties
_I[M&"\’% Device Server | Device HName | Device Propert

BUSSCAN - !MSTXF’WULEDI -] | ’TWINEAT -] | iBussc.AN -;

~Device Server | Device Mame
IMSTXP\H"ULCDI v! ! SEDUSE

—Data Size | —

—Data Tvpe i1~ Description Timeout—— Data Size
1024 | TEXT - | Scan bus according to input given

i~ Data Tvpe - i~ Description Timeout
|1 ooo 1024 —| ITExT vi |S|::an buz according to input given I1 oo0
AHARDWARE MSTHFWILN COIASEDUSE BUSSCAN & Sep 26 08:37:30.430 Read SHARDWARE /MS TP U1 COLTwWINCAT BUSSCAN & Sep 26 08:38:11.444 Read
availabled command strings: o | POLL availabled command strings: E POLL
getcommands , getlines  getcrates, getmodules , readmodules , wri | getcommands , adsstatus, startplc, stopplc = ]

temodulesE A — Draw Mode - - Draw Mode
ITexl dun vi e IText dun v!
Autozcale Autoscale
> v Log Scale | v Log Scale

Print.., ©pk

Print ... Options ... D[Debug Tools ... Input Panel |
< Device Subspstem 1l ~ Dewvice Context—— | Dewvice Subspstem il
|HARDWARE B | AL | | [~ Show Stock Properties | |[HARDWARE | ||jaLL Ea| | [~ Show Stock Properties
~Device Server———————————— | Device lame | Device Property - Device Server || Device Name
[MSTxPwWU1 CDI | | [cANESD - | |BUSSCAN - |

T | Device Property |
[MsTXPWU1.CDI ~| | |SIEMENSSPS [Busscan -]

— Device Context

—~ Data Size || Data Type | Description — Timeout —— ~ Data Size | Data Type || Descrplion Timeout ——
| ITEXT vl | lScan bus according to input given |1 o000 | 1024 | ITExT v! | iScan buz according to input given ih o000

SHARDWARE MMS T=PwU1 . COIACAMNESD BUSSCAMN @ Sep 26 08:358:49.378 Read AHARDWARE AMSTHPWUT.CDIASIEMERSSPS BLUSSCAN & Sep 26 08:3%:24.347 Read
avrailabled command strings: | FPOLL FHABDWARE FMSTXPUUL CDLFSIEMENSSPS BUSSCAN 2@ Sep 26 POLL
getcommands , getlines, getrordnsg, getmodules , readsdo , writes | 08:39:24_000

do , readpdol,. writepdol, readpdo 2, writepdo2 , wwitemnt , readnmt ~ Draw Mode Error < 38> - — Draw Mode -
.startremote, stopremote, enterprecperation, resetnode, reset IText TS I ‘ BMT: not implemented yet i Text dun 'i
‘communicationp? Iz —|

B

Autoscale

Autoscale
| v Log Scale

w Log Scale




CDI Practical Example (C

8| Fmsthes02 - msthes0? - SSH Secure Shell

File Edit Wiew ‘Window Help
H &gk 2 #h | &) | @R
;'_'| Quick Connect | Profiles

B ~

int statrtHAwIoMonitor (wvaid)

i
DTYPE dour,din;

din.darraylength = 0O;
din.dFormat = CF_NULL:
din.data.wptr = NULL;

dout. darrayLength = PRP_TEMPERATURE 3IZE:
dout.dFormat = CF_SHORT:
dout. data.sptr = g_temperatureRb;

templd = AttachLinkEx("/localhost/cdis/#l-#24", "RECV", sdout, &din, Ci FEAD, 1000, tempCh, CM_POLL, 1):
if (tempId < 0)

{

feclog("etror in starting monitor @ %=2",erlst[-tenpId]);
return -templId;

H

retutrn 0;

15

Connected to mstlxs02 55HZ - blowfish-che - hmac-mds - none | 105x23 ;EI




CDI: Practical Example (Java)

public static void starti()

{ /¢ call this test wethod as an alternative to a background task
S start up CDI
Cdi.starti):

A4 write something to Some regiztered devices

f4 using device nunbers in the server code iz probably preferahle
/¢ as the waybe only the database knows what nsmes were assigned
ZetValue ("H1",66) ;

J¢ start a read monitor on the tewmperature devices

tempLink = new TLink(cdiPrefix + "#1-#100","RECV" new TDataType|templRb),null, TAccess. CA
HdwIoCallbhack tewmpCh = new HdwloCallback() !

tempLink.attach[THDde.Cﬁ_PDLL,tempCb,lﬂﬂD];

System. out.println(™temp link status : " + tempLink.getLink3tatusi)):

/4 srart a read monitor on the awplitude devices

ampllink = new TLink|cdiPrefix + "H#101-#z00", "RECV",new TDataTwype (amplEd) ,null, Tiocess.
HdwIoCallback amplCh = new HdwIcoCallback():

&mplLink.attach(THDde.Cﬁ_POLL,ample,lDDD];

dystem.out.println{™ampl link status : " + ampllink.getLink3tatusi)):

J4 =start a read monitor on the sine devices

sinelink = new TLink|cdiPrefix + "HZO01","RECV",new TDataType (sineRb),null, Thccess.CA RE
HdwIoCallback sineCh = new HdwlIcoCallback():

sinelink.attach|THode. M POLL, sineCh, 1000) ;

dystem. out.println(™sine link status : " + sirelirk.getlLink3tcatusi)):



CDI: Practical Example

== yhfiprojectWkseqm - WkseqmModule {Code)

{General) ﬂ |startHdwluMunitur

Function startHdwloMonitor () A=z Integer

Wkseom.cdilcop. AocessMode = "POLL™
Wkseom. cdilcop. Devicelame = "H1-#100"
TMksecn. cdiicop.eviceProperty = "RECYV™

' read the temperatures from the CDI hardware
' Lhis will do 100 reads owver the device range given
templId = Wksecn.cdibeop. ittachlink (gTempRh)

' read the anplitudes from the CDI hardwvare

' thi=s will do 100 reads owver the device rahge giwven
TMksegqm.cdiblcop.Devicellame = "#i01-#zo0"

arnplId = Wksecpn.cdibecop. ittachlink (ghmp lBRR)

Wkzecm.cdilcop. Devicelame = "H201"
ZinelId (0] = Wksedm.cdilcop.Attachlink (g3ineRh)

Debug.FPrint "start monitor™
End Function

E




CDI: Practical Example (LabView)

'E|E|EIEIEIE|EIE|EIEIE|E|EH1[|:| I]TEIDDDDDDDDDDDD

sngDaI:a 3

i|[1z3
Wlocalhosticdif# 1-#24[RECY. CLER] | Py #f

SINGLE—| L

izs)
Ik

Eutgut parar 2|

OO0000000000000000000000000000010




CDI Remote

CDI automatically exports a (raw data) device server with the name
<FECNAME>.CDI

=i+ Instant Client (Instance 2}

w ey | [
= — |

Print ... Options .., Debug Tools ... Inpuk Panel |
-Device Context - Device Subsyztem - 1
|TEST | |||ALL =| | I Show Stock Properties
-Device Server <~ Device Hame - Device Property
PT100.1.CDI ~| | |HE_TmpGrp1-8 EIRlRECY -
-Data Size || Data Type — | Descnphion EHEEEEEHS it E
8 |INTEGER ~| | |lssue CDI Read Telegram g1 NAMES
. == 1BUSSCAN =]
/TEST/PT100.1.COIHE_TmpGrmp-8 RECY @ Jan 26 11:25:20 670 — |
0y 225 RECY_SEND ATOM 3
¢ 1)y 224 SEND |
¢ 2y 217 -Draw Mode -
L 3 218 Text dun vl
¢ 1) 84 ]
{ 5) 666
¢ 63 0
1y 0
Autozcale
v Log Scale




CDI:Petra3/EMBL Motor Server with Beckhoff PLCs

o Bus Plugs (ADS DLL) for Beckhoff PLCs for Windows
o A PLC program (Motor and div 10s) in TwinCat

Use template in CDI database to reqister devices at initial

Bl cdiaddr-lllLcsy

10
11
14
16

18

12]
13|

15 |
17 |

19 |
20

|MUMBER NAME

0 MOTOR: Start

0 MOTOR: CMD

0 MOTOR:AItCMD
0 MOTOR: TytFos
O0MOTOR: CurPas
0 MOTOR: Type

0 MOTOR: sync

0/ MCOTOR: Status

0 MOTOR: mSteps
0 MOTOR: fSteps

0 MOTOR:Rps

0 MOTOR: Rms

0 MOTOR: Ris

0 MOTOR; mveloc
0/ MOTOR: rCurPos
0 MOTOR: TgtPos
0/ MOTOR: max'/el
O MOTOR: minvel
0 MOTOR: maxAcc
0MOTOR: thréce

0| MOTOR: LurLrnts'
O MOTOR: UprLmts'
0 MOTOR: UprLrmtA
0 MOTOR: regCont
0/ MCOTOR: Error

O MOTOR: MurnError
0 MOTOR: dataldx
O MOTOR: regStat
0 MOTOR: regPosi
0 MOTOR: regExSta
0/ MOTOR: mData

1| Motart

2| hdotord
40 istAry
51 dathry
52| selMotor

o

BUS

C

TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TEMPLATE
TWINCAT

TWINCAT

TWINCAT

TWINCAT

TWINCAT

TN

D

LINE MASK ADDRESS

=2l 0000 000000000000 000000000000000

E

1.0:1:131: 1699 232:1:1: < MOTOR =
2.0:801:131:169:9:232:1:1: <MOTOR >

1.0:1:131:169:9:232:1:1
1.0:1:131:169:9:232:1:1
1.0:1:131:169:9:232:1:1

P ]

G

H

short
long
float
long
lang
Short
Short
Short
Short
Short
float
float
float
float
float
float
float
float
float
float
float
float
float
Short
Short
Short
Short
byte
short
short
short
Short
Short
long

long

short

J

|ACCEEINPUT [FORMAT | LONG_NAME

Watar[]. Run

Motor[].inCmd

Watar[]. inRealCrad

totor[]. SollPositionAbs
Watar[] 1stPositionAhbs
hotor]]. regAry[S]

Motor[]. syncRunFlag

hotor]]. Status

Motar[]. microSteps

Motor[]. fullSteps

Motor[]. Rps

totor[].Rms

Motor[]. Rfs

Motor[]. travelvelocity

Motor[]. ristPosition

Watar[]. r3allPasgition

Motor[]. Max_“elocity

Watar[]. Min_“elacity

Motor]]. Max_Accelaration
Watar[] Accelaration_Threshould
Wotor[] limitMinelocity
Watar] limitMaxvelocity
Motor[]limitAcceleration
Watar] regdey

Wotor[]. Errar

Watar[]. MumErrar

Wotor[]. datalndex
MotorReadReg[] motorSTatus
MotorReadReg[]. motorPosition
MotorReadReg[]. motorExSTatus
hotar]]

AstPosAry
analogvaluedry
.selMotar

32768
32768

d

[PATTERN

=1:04
=1:04

Pattern
1=1:04




Insert

Extras

Jinline

Shircon

Help

ﬁu_l ;]'@l-'_cl. *l|%|§|@] |h|ﬁ]ﬂm|@

Debug Tools .,

_CDl:petra3 Motor Server continue..

Client {Instance 1)

puk Panel |

[ [2]x]

- Device Context

— Device Subspstem

El POUs

t<[Z] FB_Motor_lrit [FB)

FE_Maotar_Pazition (FE)
_batarFahren [FE]

FE_Register_KL2531 [F
2] FB_Warte [FB)
“-[2] MAIN [PRE)

D N =

& mokorStatus 0x0F {15)

& mokorPosition OxE7&A (46554)
&1 mokorExstatus 00000 {0)

2L mokorChyl 0005 (5)

@l I‘nDtDr"febElt'y' 030000 (0)

motorStatus . MotorReadReg[1] . MotorReadReqg . [MES

motorPosition . MotorReadReg[1] . MotorReadReg . Inputs | Standard KLZE31
riotorExSkatus | MotorReadreg[1] . MatorReadReqg . Inputs . Standard . KL2531
motorChrl , MokorriteReg[1] . MotorwriteReg . Qutputs | Standard . KLZS31

I‘nDtDI’VB|DEIt}.-' MdternteReg[l] MdternteReg Outputs Standard KLZ531

|TEST | | |aLL | | [~ Show Stock Properties m
i Gll:lbal ‘n"ﬁﬂﬁbl&s ~Device Server Device Hame - - Device Property ——————————————
g o MotaheadHeo[|] [PaMoTOR CDI | |Motor1_CurPos -] | WLR_LI g
ooo3 : - motorStatus = 16#0F . — — = -
0004 motorFPosition = 1684075 ~Data Size | Data Type — - Description - Iimeout ——
0noy motarExStatus = 1640000 k JLoNe -] (Ilssue CDI Read Telegram ‘ |1000 &
0006 - totorReadReg[z] T =
0007 E-MatarwriteReg (%080 STEST/P3MOTOR.COIMotor]. CurPos RECY & Jan 26 11:01:16.000 BEAD
0008 E-inCmdalle
0008 B~ Motor ¢ 0y 63003882 STOP
oot E--tdatar]1] - Draw Mode -
0011 B~ inCmd
0012 B~ inRealCrmd [Text dun ]
00713 - Status = 16#0002
0014 - Errar = 1620000
0015 - NumError = TE#0000 !
0078 regdiny
0017, - SollPositionAbs = 16#7FFD2654
00718 - |stPositionAbs = 16R040EAD?S
0014 - |stHighWord = 16£040E
nozo - stlowdord = Te#A075
oozl - microSteps = 1680040 +}+ Instant Client
gggg ggﬁfﬂ%g:gﬁgnca Print COptions .., Debug Tools ... 5|t|CIW Globals ! Input Panel |
nnz4 Firns = 58539 & ~Device Context - ~Device Subsystem Input Panel
00zs Fifs = 93030973 |TEST | ||aLL ~| | I Show Stock Properties i
N02E manualtelocity = 1E#3CFF - e - - 2 =
0027, travelvelocity = 1674557 ﬁfﬂﬁ’%ﬂ“' i Ih[:zl‘:f; Bk B %’—M"—ﬂ 3300
noza - limithdin'elocity = 1. 7165828 - — e T T T
0029 - limittdaxvelocity = 3513.908 Data Size || Data Type ~Description — ReferenceMove STOP gy
no3n, - limitdcceleration = 53617.98 1 ‘ |DUUBLE '—I |Motor Velocity Reset
noat Min_Velociyy =1.7166014 == RotationMoveAllowed
nnge e _welocity = 3300 RunCurrent
0033 - Max_Accelaration = 50003.28
0034 - Acceleration_ Threshold = 05358827 ¢ o) 3300 il
0035 - tSollPosition = B.039272e+007
0036 - flstPosition = 19714491
o037, - gtepSize = 16#0000FFFA
0038 - datalndex = 16#040F
0039
0041




CDI: Current Status

o Bus Plugs for

SEDAC (SedPC, SedIP, SedUSB, SedISA) for
Windows, Linux

CAN (CANOpen) for Windows, Linux
RS232 for Windows, Linux

TwinCat PLCs for Windows

Siemens Simatic PLCs for Windows
TICOM for Linux

o CDI loosely coupled to TINE
tine32.dll or libtine.so required
Can run in ‘stand-alone’ mode

o New Bus Plugs easy to create !
Independent of CDI Lib



System.exit(0)

CDl is plug-and-play.

Writing Bus Plugs is
straightforward.

See Examples ... ...
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