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1 Problem Description & Architecture:

This article introduces how to use Labview to acquire ADC data at high

speed(Advantech Data Connection), and introduces how to use the sample

program.

® CODESYS Project:
e ADCAI:

® LabView:

Streaming_multi-CH.project

StreamingAl.dll ~ AdvHandlerdll

streamingAl_singleCh.vi

streamingAl_MultiCh.vi ~ streamingAl_MultiCh_analysis.vi »
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2 Brief Solution - Step by Step:

2.1 Architecture introduction

Following is the structure of the ADC in the controller. LabView uses the ADC library to

retrieve data from CODESYS RTE.
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2.2 Onthe CODESYS RTE side: our RD creates a mechanism.

In the temporary storage area %M of CODESYS, we set the first position %MWO0

according to the number of CHs of the data source, and the control status area

"ChannelBufferControl “is placed on the second Word, and each storage area can be

set the space size of the block is currently 5000 words by default, and the actual

storage location starts from %10000M and extends later.

%MWO

Ctrl

%MW10000

CHO

%MW14999

%MW15000

CH1

%MW19999

%MW20000

CH2

%MW24999

%MW25000

CH3

%MW29999

%M(2MB) SP1720 up
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2.3 The operation method of data storage is: fill in the Al value of %M in each cycle, read
and put the Al value in the corresponding memory location of each channel (such as
%W10000, %W15000, %W20000, %W25000), then increment the value of WP and write
the timestamp at the same time. If the software reads the data (ADC), it will also read
the value and change the value of RP, which is given by the host. Since the amount of
data written and read is the same every time, the starting position of each channel is
fixed, and it is possible to know where to start writing and reading in the next cycle, so
the mechanism, all channels have independent control bit.

WP: Write Position= Indicates that Codesys fills Al in the position of %M

RP: Read Position = indicates the position read by the upper software

%BMWO S%6MW10000 %MW15000 S%MW20000 Y%MW 25000

Ctrl

CHO CH1 CH2 CH3

%MW 14999 %MW19999 %MW 24999 %MW29999
4 .
/ N %M(2MB) SP1720 up
/ \
/ \
\
/
/ RP \
, \
A 4 \
+
WP
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2.4 OverRun flag mechanism: If the old data is not read, the new data is imported and
overwritten, which will cause data errors, this error is OverRun. This error occurs
because the memory space is a Ring Buffer. When the WP data writing speed exceeds
the RP reading speed, data overwrite occurs, triggering the OverRun mechanism.
Therefore, the overflow flag is set on the RTE as Display Status This is designed to

remind the user to speed up the retrieval speed of the upper-level program.
RingBuf
\.ﬂip
_
RP]

RingBuf

—_—

2.5 OverRun occurred: The upper-level disposal is left to the user to decide. The current

example is to discard the excess part when the RP catches up with the WP and pull

down the overRun flag.

) we|
Z
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3 CODESYS actual operation:

CODESYS

-N

Read Al value

Y

Mapping Al
value to %M
data area

Y

Record the WP
(%eM)

Yes
| J

Record the Over
run status [%aM)
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3.1 Open CODESYS Project

Streaming_multi-CH

3.2 After opening the project, you can see that there are already many sample codes

v - x
File Edit View Project Build Online Debug Tools Window Help Y 20
FH &0 b BRBX(MAGAGIA AN [5 | #4 | Application [Device: PLC Logic] - O O ) w W [[25=c=°= F = (M
Devices © R X|[emecarrak | § Awmsorn [ MCPRG x|[E Spsienbogoss | @) Teskcontguwaton | @ Avaxsorri [ Devce | [ ShercaTmasier | || poperies - A x
=) Streaming muit-CF (1) = 1 PROGRAM PLC PRS ~ 7 Fiter + | 93 Sortby v £ Sortorder
= [[Y pevice (Advantech Control x86 RTE V3 x64) B 2 VR 3 [erope Value
=~ B0 icroge 3 hCne AT $MDO: dword; perty
5 saen BT
¢ ChanneBufferControl (STRUCT) B coralth: dword
¢ ChannelBufferstate (ENUM) 7 ED_vaR
il orary Manager =
PLC_PRG (PRG)
=@ Task Configuration
=& EtherCAT Task B 11 VAR CONSTANT
&) pic_rrG =
&l Trace i =
16 ED
System_Diagnosis (System Diagnosis) - S
= EtherCAT_Master (EtherCAT Master)
@ AMAX_S017H (AMAX-5017H 4-ch High Speed Analog Input Module) i sreim L)
@ AMAX_5017H_1 (AMAX-5017H 4~ch High Speed Analog Input Module) 3
4
=l 5
10
1
12
13 hIecTask:= IecTaskGetCurrent (pResult:= ADR(resultl)):
14
15 taskInfo:=IecTaskGetInfo3 (hIecTask:=hIlecTask , pResult:=ADR(result2) );
16 deCycleTime := taskInfor.dwlntervals
o
chCnt:=totalCh;
=] FOR iCh:=0 TO (totalCh-1) DO
channelC£g[iCh] .channel :=TO WORD(iCh);
channelCEg [iCh] .Start_Address :=T0_DWORD (AI_BUFFER_START ADDRESS+iCh*MAX_BUF COUNT_PER CH);
channelCEg [iCh] .Buffer_Size :=MAX BUF_COUNT_PER_CH,
END_FOR.
a
2 Description
23 POR iChi=0 TO (tetalCh-1l) DO
< > .
ES AI_Channel Buffer [iCh,channelC£g[4Ch] .urics prr]
%2 Devices isualization Toolbox | Properties [3 ToolBox | ¥ Motifications

(Bl Messages - Total 0 error(s), 0 warning(s), 0 messages)|

2

Last buld: € 0 & 0

Precomple o/ 6§

Project user: (nobody) ()
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3.3 Al arrays represent data acquisition channels. The default setup procedure for the

samples is to generate artificial data in 1+1 mode. (Read Al value)

You can map AI[0]~AI[3] to terminal block IO and comment 1~7 lines of code, using

the actual data source.

3 i:=i+4l;

FOR iCh:=12 TO (totalCh-1) DO
€ AT[iCh]:=i:
7 END FOR

chlnt:=totalCh;

# AMAX_5017H x

General Find

Filter Show all

Variable

+ K@

+- % ppplication,PLC_PRG.AI[D]
+ %% application,PLC_PRG.AI[1]

Startup Parameters +- 4% application.PLC_PRG.AI[2]
+- % Application,PLC_PRG.AI[3]

Expert Process Data

Process Data

Log

EtherCAT IO Mapping

EtherCAT IEC Objects

Status

Information

Mappi...

@ e e

Channel

Dummy ...

AID
AIl
AlZ
AL3
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3.4 Configure the channel structure, and set the channel number(iCh), data storage
location, and Buffer space size here. The value you just set in the parameter setting will

be quoted here.( Configure channel)

Parameter:
1 §# VAR chCnt SeMD0 dword
E % VAR COMNSTAMT  totalCh dword 104
3 @ VAR channelCfg S 100 ARRAY[D..totalCh-1] OF ChannelBufferContral
4 @ VAR COMSTAMT  MAX_BUF_COUNT_PER_CH WORD 5000
E % VAR COMSTAMT  AI BUFFER_START_ADDRESS DWORD 10000
Program:
config global variable

hlecTask:= IecTaskGetlurrent (pBesult:= ADR{resultl));

taskInfoir=IecTaskGetInfold (hlecTask:=hIecTask , pResult:=ADR{resultd) ):
dwlycleTime := taskInfo*.dwlnterwval;

chlnt:=totalCh;

FOR iCh:=0 TO {(totalCh-1) DO
channelCfg[iCh].channel :=T0 WORD{iCh};
channelCfg[iCh] .5tart_Address :=TO DWORD (AT BUFFER START ADDRESS+iCh*MA¥ BUF COUNT_FER CH);
channelCEg[iCh] .Buffer Size :=MR¥ BUF COUNT_FER CH;

END FOR
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3.5 The code function below is used to map the Al value to %M and move the WP to that
position after placing the value, while miscalculating the write time on each write.

(mapping Al value to %M+Record the WP (%M)).

'/ mapping Al wvalues

SysTimeGetUs (pUsTime :=3tHow) ;
FOR iCh:=0 TO ({totalCh-1) DO
AT Channel Buffer[iCh,channelCEg[iCh].write_ptr]:=AI[iCh];

AT Channsl Buffer Time[iCh,channslCfg[iCh].write_ptr]:=TO DWORD {(stlow);
channelCEfg[iCh] .write_ptr tick:=(atNow);

IF channelCfg[iCh].write_ptr>=MRY BUF COUNI_PER CH THEN
channelCEg[iCh] .write_ptr:=0;
ELSE
channelCEg[iCh] .write_ptri=channelCig[iCh].write_ptr+l;
END IF

END _FOR

WP: Write Position= Indicates that Codesys fills Al in the position of %M.

RP: Read Position = indicates the position read by the upper software.
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3.6 This section of the program is to judge whether WP has caught up with RP, because if it

catches up, the OverRun state will appear, and if OverRun appears, it will notify the

upper program that OverRun occurs.

FOR iCh:=0 TO (totalCh-1) DO
IF {{channelCIig[iCh].S5tatus AND SHL(CWORD#1,ChannelBufferState.isCverBun)) >0 ) THEN

EL5E

/4 get water level
IF channelCfg[iCh].write ptri=channelCfg[iCh].read ptr THEN
waterlevel [iCh] :=channelCLg[iCh] .write ptr-channelCIig[iCh].read ptr;
ELSE
waterlevel [iCh] :=MAX BUF COUNT_FER_CH + channelCIg[iCh].write_ptr - channelCIig[iCh].read ptr;
END IF

IF (waterlLewel[iCTh]=MAX BUF_ COUNI_PER CH-1) THEN

channelCEfg[iCh] .Status:=channelCEfg[iCh] .5tatus OR SHL(DWOED#1l,ChannelBufferState.isCatchup);
END IF

IF {({channelCIig[iCh].S5tatus AND SHL(CWOED#1,ChannelBufferState.isCatchup)) >0 ) THEN
IF (channelCfg[iCh].write_ptr>channelCEfg[iCh].read ptr) THEN
channelCEig[iCh] .Status:=channe1CEig[iCh].Status OR SHL({DWOED#1l,ChannelBufferState.isOverBun) ;

channelCEfg[iCh] .Status:=channs1CEfg[iCh].Status AND{ MOT (SHL(CWORD#1,ChannelBufferState.isCatchup))):
END TIF
END IF

END_IF

END_FOR
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4 Start ADC server

The ADC server will be bundled with the RTE version, and the version must be SP1720.2

or above.

Advantech Data Connect Server

Server Status: Ready

Start Server Stop Server

Hide

Exit
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5 Atthe same time, two DLLs (StreamingAl.dll, AdvHandler.dll) must be introduced. The main
functions of these two DLLs are to read and write to the ADC server, and provide APIs for the

upper software to use.

|| streamingalLdll 2022/7/2
|j AdvHandler.dll 2022,/7/21 T 06:28

Ln

8 KB
743 KB

5.1 StreamingAl mainly provides five APIs for upper-layer programs to use.
{init() is used for initialization,
resetAl() is used to reset the positions of WP and RP in a single channel,
resetAlIMulti() is used to reset the positions of WP and RP in multiple channels,
readAlData () for single-channel read data,

readAlDataMulti () for multi-channel read data.}

CDS_API void init():
CDS API unsigned long resetAI(unsigned long i iCh);
CDS_API unsigned long resetAIMulti(unsigned long* i_iChList, int i_iChTotal):
CDS_API unsigned long readAIData(unsigned long i_iCh,int i_iSampleTotal, void* o pValue, int* pLength,
long long* o pStartTick, unsigned long* o dwCycleTime) ;
?CDS_API unsigned long readAIDataMulti (unsigned long* i_iChList, int i_iChTotal, int i_iSampleTotal,
unsigned short** o pValueArray, int* plLengthArray, long long* o pStartTickArray, unsigned long* o dwCycleTime) ;

5.2 Atthe same time, VI files are provided in the example. These five VI files are used to call
the above five APIs so that LabView can use them. In this example, these five APIs are

compiled into a CDSAPI-multiCh-timestamp.lvlib, which is convenient for users to call.

dir.mnu

|:] -] 2022/10/7 = 03:59 MMNU B2 3 KB
|:] init.vi -] 2022/10/13 T 0646 VI 8BE 1 KB
|:] read Al Data Multi.vi -] 2022/10/27 FEOTAT VIEBE 16 KB
urﬁdNDﬂmﬂ -] 2022/10/20 FFE 0441 VIEBE 17 KB
|:] reset Al Multivi o 2022/10/13 T 0646 VI EE 13 KB
|:] reset Alwi -] 2022/10/20 FF 0441 VIEE 1 KB
|:] CDSAPI-multiCh-timestamp.Ivlib o 2022/10/13 FF 06:48 LVLIBEE 3 KB
|:] dir.mnu ] 2022/10/7 T 0359 MMU 22 3 KB
i Rreport - 2022/10/7 ¥ 05:38  Microsoft Edge .. 2KBE
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6 Open LabView2016

£? Labview = O X
File Operate Tools Help

Ed| abVIEW ( )
@ Open Existing \

All Recent Files v | o

C:\Users\Administrator\Desktop‘\example_single_waveform vi

(%]

\Users\Administrator\Desktop\CDS AP vi_example\example_si

( _D Create Project |

Users\Administrator'\Desktop\CDS AP| vi_example‘\example_m

Users\Administrator'\Desktop\example_multi_CH.vi

%)

(]

AQNavi Read (Analog 1D Wfm NChan NSamp).vi

]

Nabview_callibraryfunction'wi final_example\example_multi vi

=

lahview callibrandiinction'\vi final examnle\examole sinale w3

v Find Dnivers and Add-ons %2 Community and Support W Welcome to LabVIEW
Connect to devices and expand the " Participate in the discussion forums or " Leamto use LabVIEW and upgrade
functionality of LabVIEW request technical support from previous versions.

£ LabVIEW News |

6.1 We provide three examples streamingAl_MultiCh.vi » streamingAl_MultiCh_analysis.vi
and streamingAl_singleCh.vi, these three examples are multi-CH and single-CH, and

there is another example with an analysis function.

D streamingAl_MultiCh i (] 2022/10/27 E 0718 VIEE 25 KB
D streamingAl_hultiCh_analysis. vi ] 2022/10/28 T4 04:51 IR=E= 30 KB
| ] streamingAl_singleCh.vi -] 2022/10/27 F5F 0721 = 21 KB
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6.2 streamingAl_singleCh.vi

This is an example of a single channel and drawing, mainly to set the iCh to be read, the

amount of data i_iTotal, and the scan time millseconds to wait.

£7 streamingAl_singleCh.vi

File Edit View Project Operate Tools Window Help

*E @0
function return o_pStartTick
) 356743248233

milliseconds to wait
A =0 plength out
)
- 2000

XY Gragh Plot 0 m

i_iCh —— |
i"l

i_iSampleTotal
2t
o 1000 . X

3 42000.0-
i
£ 40000.0-
stop <
STOP
32000.0- 181 , ,
356743147216.0 356743200000.0 3567432471
Time
v
Evaluation | < >
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6.3 streamingAl_MultiCh.vi

This is an example of multi-channel data, mainly to set the iCh to be read, the amount of

data i_iTotal, and the scan time millseconds to wait.

Evaluation | <

32000-

1 1 1 1 1 I
356810400532 356810420000 356810440000 356810460000 356810430000 356810300

Time

£ streamingAl_MultiCh.vi — e
File Edit WView Project Operate Tools Window Help )
el 8
= @ N ? E
~
i_iChTotal out
2
i_iSampleTotal out
milliseconds to wait 1000
5 50
’ pLengthArray out function return
4000 o
i_iChList i iChTotal
2 A A Plot0
g°  Ho 92 XY Graph B
A
i_iSampleTotal i i
i
SRR
; B
o
2
=
- EHEREEEEE
e
e
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6.4 streamingAl_MultiCh_analysis.vi

This is an example of multi-channel data, and the measurement results of each channel

are displayed separately. Mainly set the iCh to be read, the amount of data i_iTotal, and

the scan time in milliseconds.

& streamingAl_MultiCh_analysis.vi
File Edit View Project Operate Tools Window Help

@ @n
-~

i_iChTotal out
2

i_iSampleTotal out

milliseconds to wait 1000
50
: plengthArray out function return
4000 o
i_iChList i_iChTotal

;ID " - 92 Multi Graph Ploto NG |
5 K

i_iSampleTotal
b} 1000
stop
AL 32000} :
356883420324 356883450000

Time

Plot 0 mJ Channel 1 Plot 0 mJ

Channel 0

34000-

32000} T T 1 32000-} T
356883420324 356883450000 356883520 356883420324 356883450000

|
356883520

Tirae

Evaluation | <
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6.5 If you want to re-introduce the DLL method

6.5.10pen the “Block Diagram” of vi and the double click the object which mark in

yellow below.

7 resetAlvi Block Diagram

- O X
File Edit Wiew Project Operate Tools Window Help
2 @ N @ € worg 7 |15ptApplication Font ~ | o av &~ Bad | Search L ? 2
A

iCh return type

[TE7]

6.5.2 Click the path selector and then to choose the StreamingAl.dll where you saved.

| &
| File Edit View Project Operate Tools Window Help ]
i = — S =
S & 0N %9 wo@ o |15ptApplication Font v | §ov iov &9~ B+ search A @ ]
A
£7 Call Library Function *
Function  Parameters  Callbacks  Error Checking
Library name or path Thread
Ci\Users\Administrator\Desktop\CDS API\StreamingAl.dil || &
(O Run in Ul thread
(® Run in any thread
[ Specify path on diagram
Function name
resetAl ~ Calling convention
() stdcall (WINAPT)
@ C
Function prototype
uint32_t resetAl{uint32_t iCh);
Consider using a wizard instead... Cancel Help
| v
Evaluation < >
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6.5.3 You can use the third-party MODBUS TCP program to know the current status of

ADC operation.
—= o (=2 =
Device Id: | 1
Address: u Number of Polls: 372
MODBUS Point Type Yalid Slave Responses: 323
Length: (112 |03: HOLDING REGISTER  ~| E——
40101: ¢ 0> 40117: < 1: 40133: < 2:  40149: < 3r 40165: <« 4: 40181: < Ex 40197 < 83
40102: ¢ 4000:> 40118: « 4000: 40134: ¢ 0> 40150: < 0> 40166: < 0> 40182: < 0> 40198: < 0
40103: « 4407> 40119: « 4407 40135 <« Z75: 40151: « 275: 40167: <« 275 40183: « 275: 40199 < 275:
40104: ¢ 0> 40120: < 0> 40136: < 0> 40152: < 0> 40168: < 0> 40184: < 0> 40200: < 0
40105 « Ox 40121: <« 0x 40137 < 0: 40153: <« 0: 40169 < Ox 40185: « 0x 40201 < 0
40106: < 0> 40122: < 0: 40138: < 0> 40154: < 0> 40170: < 0> 40186: < 0> 40202: < 0
40107 < 0> 40123: < 0: 40139: < 4:  40155: < 4> 40171: < 4: 40187: < 4> 40203: < 4
40108: < 0> 40124: < 0 40140: < 0> 40156: < 0> 40172: < 0> 40188: < 0> 40204: < 0
40109: <-5030> 40125: «-5030: 40141: <-5030: 40157: <-5030> 40173: <-5030: 40189: «<-5030: 40205%: <-5030:
40110: <20391> 40126: <203%91: 40142: <20391> 40158: <203%91> 40174: <20391: 40190: <20391:> 40206: <20391:
40111: < 83> 40127: < 83 40143: < 83: 40159: < 83> 40175: < 83> 40191: < 83> 40207: < 83>
40112: ¢ 0> 40128: < 0: 40144: < 0> 40160: < 0> 40176: < 0> 40192: < 0> 40208: < 0
40113: <10000> 40129: «15000: 40145: <20000: 40161: «<25000> 40177: <30000: 40193: «<-30536: 40209: <-25536:
40114: ¢ 0> 40130: < 0: 40146: < O 40162: < 0 40178: < 0> 40194: < 0> 40210: < 0
40115: ¢ 5000:> 40131: « 5000 40147: < 5000> 40163: < 5000> 40179: < S000: 40195: < 5000 40211: < 5000
40116 < 0x 40132: <« 0: 40148: < 0: 40164: <« 0: 40180 < 0: 40196: <« 0: 40212: < 0
40213: < 7r 40229 < g: 40245: < 9> 40261: < 10> 40277: < 11> 40293: < 12> 40309: < 13
40214: < 0: 40230: < 0> 40246: < 0> 40262: < 0 40278: < 0> 40294: < 0: 40310: < 0:
40215: < 4086> 40231: < 4086: 40247: « 4086:> 40263: < 4086> 40279: <« 4086 40295: < 4086 40311: < 4086
40216: < 0: 40232: < 0> 40248: < 0> 40264: < 0> 40280: < 0> 40296: < 0: 40312: < 0>
40217: < 0: 40233: < O: 40249: < 0> 40265: < 0 40281: < 0> 40297: < 0: 40313: < 0:
40218: < 0: 40234: < 0> 40250: < 0> 40266: < 0 40282: < 0> 402958: < 0> 40314: < 0>
40219: < 4: 40235 < 4: 40251: < 4> 40267 < 4: 40283: < 4> 40299 < 4: 40315: < 4
40220: < 0: 40236: < 0> 40252: < 0> 40268: < 0: 40284: < 0> 40300: < 0: 40316: < 0
40221: <29005> 40237 <29005: 40253: «29005:> 40269: <29005> 40285: «<29005: 40301: <29005: 40317: <29005:
40222: <20382> 40238: <20382: 40254: «<20382: 40270: <20382: 40286: <20382: 40302: <20382: 40318: <20382:
40223: < 83> 40239: < 83> 40255: < 83> 40271: < 83> 40287: < 83> 40303: < 83> 40319: < 23>
40224: « 0x 40240 < O: 40Z56: <« 0x 40272 < Ox 40Z88: <« 0x 40304 < O: 40320: <« 0
40225: <-20536> 40241: <-15536:> 40257: «-10536> 40273: <¢-5536> 40289%: <« -536:> 40305: < 44pd4: 40321: < 94pd:
40226: < 0x 40242 « 0: 40Z58: « 0x 40274 < Ox 40Z90: <« 0: 40306 < 1: 40322: « 1
40227: < 5000> 40243: < 5000: 40259: « 5000:> 40275: ¢ 5000> 40291: < 5000 40307: < 5000 40323: < 5000
40228: < 0> 40244: < 0: 40260: < 0> 40276: < 0: 40292: < 0> 40308: < 0: 40324: < 0
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6.5.4 On the CODESYS side, you can use CODESYS Trace to view the current status.

Configuration
Add Variable

43000 / \
46000

44000 /
42000

40000 ![

J

34000

36000 \

32000

Reference:

(1) CODESYS Online Help

100ms

200ms

300ms

m= PLC_PRG.AI[0] -

Page 20



