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INTRODUCTION

This document describes the use of industry standard {generict analog output (AQUT) cards in
the TEST RTW/SBCADA system. These cards follow the standards set forth by MetraByie corporation
with their DAC-02 and DAC-16 analog outpur cards. These units plug directly into the PC expansion
hus and output thair analog signals via a card mounted connector, typically a 37 pin O shell. Other
cargds can be used with this SCADAWARE driver provided they follow the basic interface specification
for the onginal Metrabyte cards,

WARNING: The analog outpul system cordained in the TEST SCADA system ralies on digital
computer hardware and techhiguas. Like any other carnputer based system, the polential
oxists for hardware and software failures beyond the control of the program. The analog
autput seftware and owutput hardware are not intended for use as a grithary safety system.
(hther means of protecting fife and equipmant must be provided externally to the caomputer
systen in order to prevent injury to personnel ar damage o eguipmeant affected by this
sysiem. If necessary. external analog hackup or hypass systems should he used to provide
unimterruptod analog outpuls ta critical equjpment that will be adversely affected by the losz
of refiable owiput from the SCADA system

SCADAWARE ANALOG OUTPUT SYSTEM DESIGN

The generic PO bus analog output card s a simple device initislly designed by Metrabyte Corp.
hut now widely eriddated by a number of manufacturers, The board provides a numbar of independent
analog cutputs, each controlled by a well defined interface on the PC YO address bus.

The SCADAWARE driver controls this interface by outputting a raw binary number into the
comtrol cireuit for each analog output, The raw number is derived from either an Analog Input channel
or & PID gutput channel, Both of these channel types have properties which permit caloulation of an
integer value from a floating point number. The float is the current value of the channel, The integer
is the scaled aguivalent of the float within the zero and span of the particular channel, The ofiset setting
is also abszerved, permitting an automatic 20% instrumantation offset to be included in the scaling if
required. Although SCADAWARE works internally with 18 bit integers, the driver will sutomatically
down-scale this 1o a 12 bit number as required by the analog output circuitry.

QUTPUT SIGNALS

Fach analog output board will have options 1o adjust its physical analog output signals. Typicsl
formats are 0-8VDC, 1-BVD0C, and 4-20ma. Each board will support one or mors of these formats, This
iz trangparent to SCADAWARE, which is only coneerned with outputting a positive integer value
betwesan zero and full scale,
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Al sutputs handled by SCADAWARE are unipolar, meaning they are always elecirically zeyo or
greater, Negative outputs are not supported by the driver software even if the hardware on the board
supparts bipgisr operation, With unipolar operation, all 12 bits of the digital to analog (D/A} converter
are used in the positive region. Jumpers or whatever on the board must sef to properfy configure the
LFA converter for unipoiar operation,

20% OUTPUT OFFSET

Industrial analog signals often have a 20% offset designed to sliminste operation near the zero
point of the physical signal range. Signals such as 1-5V0C and 4-20Ma are typical examples, The
autput provided by the analog output board board may or may not have a bulit in hardwars offset. This
depends on the actual signal generation hardware on the circuit card, and is ynfortunatsly not standard
in the industry. Fortunately, SCADAWARE can handle either type of hardware,

On boards with Z0% offset in hardware, the full 12 bit resolution of the /A converter s used
aver the Tull span of the signal. Boards without the automatic offset will require SCADAWARE two
provide the 20% offset, effectively reducing the acouracy of the output by 20%. The choice of 20%
offset is made on the channel setup screen within SCADAWARE, and Is transparent to the analog
output driver itsaif.

Most applications will require an offset in the analog cutpu, as with 1-5VDC or 4-20ma. This
offser can be provided by either the /A hardware, or by SCADAWARE, bur not borh. Belerting an
offser adiusiment i & channel setup when using a D/A board with hardware offset will resuit in a
double adjustment,

This is irnportant becadse correct scaling of the signal from the interaal number of the program
to the actual output depends on the proper setting of the offsets in both hardware and software, There
are four possible combinations, and only one of therm is correct for each particular output. If in doubt,
ty varous settings and monitor the analog output to see how it matches the souwce channel at zere,
half scale, and full scale.

DRIVER PROGRAM OPERATION

The Digital to Analog Converter (DAC) analog output boards are controlled by a "diver”
program built into SCADAWARE. This software takes care of scanning all channels referenced in the
setup and outputting the binary values necessary to operate the /A converter devices on the boards.
The values are obtained from channels in the BTU's data table. Currently, the channel type can be either
ANALOG INPUT or PID anly. The driver program will obtain "raw"” values from the specified channels
and output them to the DAC-GZ boards.

The driver works as part of a DRIVER task which is scheduled like any other SCADAWARE task.
Tharefore, the speed of analog output updates will be related to the speed of ts DRIVER task. Typical
delfay settings wilf provide analog output updates at approximately once per second.

The raw values obtained by the dnver will depend on the configuration of the raferenced source
channels. These valies are stored in a 146 bit signed integer format providing a resoiution of +-32, 765,
For unipolar values, like those used on the DAC-0Z, the effective range is 0-32,765% (no negatives). For
analeg inputs channels, the raw value would correspond to the raw analoy value read from the field
device, The driver takes the 16 bit value and scales it to the 12 bits (unipolar or unsigned) accepted by
the analog cutput hardware. This causes the loss of 3 bits of precision, 1 for the sign and 2 for the
value. The resulting 12 bit binary number 5 output to the DAC latches for conversion by the /A
devicas on the board.

DRIVER CONFIGURATION AND STARTUP

The DAC driver program is embedded within SCADAWARE itself. SCADAWARE is configured
to use the driver by placing a TABK DRIVER enfry in the main configuration (2AT) file. This places it
inn the normal tagk execution sequence s0 that the drver gets a periadic apportunity to scan the TSP
input channels and update the corrasponding analog outputs, Once a driver s configured and started,
no other programming is required (o operate the analog outpuis,

Configuration of the driver is a 3 step process:
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1. Add a TASK DRIVER line to the DAT file

2. Prepare a configuration file defining the hardware and the TSP channel relationships
3. Stare the driver task during SCADAWARE startup

DRIVER TASK SETUP

Tha DAT file for sach system controls its overall setup, including fask assignmants. The 1ask
roguests are put near the start of the file 1o t1ell SCADAWARE which basic operations will be required,
An analog output task can be added with the following fine:

TASK driver, Aout, dacl?, my¥ile DAZ . analog output driver,
The components of this line are as follows:

TABK keyword, ailocating & new task in the multi-tasking system

Driver keyword, telling SCADAWARE the type of work to be done

Aout, tag nams (nickname} for the task for use in task references

DACOZ, type of driver, stands for Digital Analog Converter {02 was original circuit)
Myfile DAZ, name of the control file which will configure this driver

fa BN UN

When this line is processed durng SCADAWARE startug, the program will be allocated and
made ready for execution. The actual processing wilt not begin unti the task is started. This is done
with 2 TASK xxx STAHT line in a procedure commonly called STARTUP. Becauss the above example
riamied tha analog output task AGUT, the line in the Startup procedure would look ike:

Task Aout START o start processing of analog outputs

When SCADAWARLE processes the Task Start line, it puts the driver task into the execution [oop
and sends it 8 message to proeess the configuration file named on the Task definition fine in the DAT
file. In the example, that file would be named Myfile DAZ. Any name can be used, but it normally
conforms 1o the nama of the system with the extension of DAZ,

The Myfile D02 configuration file will contain the detailed information required by the analog
output driver, The file is very simiple, but is critical 1o proper execution because it defines the hardware
intarface 1o the analog output board, It also defines the relationship between the TSP channels and the
corresponding analog outputs handled Iry the board. A typical analog output configuration file might
contain this single line;

SCAN PL:p? $310 DACOZ; scan Z points from Pl at address 310 hex

1. SCAN - Defing a new analog outpul scan group

2. P1:P2 - Where the driver obitains the current vahig {PID or Analog Inputs onlyl. An unambiguous
AT channel range specification tells the driver the group of channels to be sent to the analog
output bBoard. In systems with more than one iogical BTU, the RTU name should be specifiad
along with the channel rangs.

a 3310 - Hex address of first port on the PO bus. Sesquental addresses are assumed

4, No - Duplicate address requirernent. The partially decoded addresses used on some DACO2Z
boards causs every port 10 appear twice in the POy /0 address range. Soe below for mors
details.

5, DACO2 - Gprional: Board type. Tells driver 1o use a 2 port board {see balow)

PC BUS ADDRESS

tach AQUT card will occupy a number of sequential addresses within the PC /O address space.,
Systems with more than one board cen be handied by a single driver providad the boards are
saquentially addressed n a logical manner. The driver can handle boards with partiaily decoded
addresses, such as the boards manufactured by the Metrabyte Corp. More sophisticated boards which
completely decode the PC address bus can also be handled, such as those from Computer Boarda loe,
The only difference is that the partially decoded boards appear at duplicate addresses while the fully
dacodad boards appear only once.

SCADAWARE controls the analog outputs in unipolar farmat only, This allows for -5 VDO,
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1-BVDC, and 4-20ma type gutputs, The biplear outputs allowing plus and minus voltages are not
neaded or supported. Mulipie boards can be handled, sither as one gioup with seguential addressas,
or as rmuitple groups handled by the same driver.

Sevaral sequential PC addresses are required for each port, and each board accupies at least
four sequendial addresses. Hoards with partial sddress decoding oceupy o total of eight stots bocause
the tirst four addresses are duplicated in the following fouwr slots, This is 8 nuisance when more than
one board is instalied, and later manuiacturers provided complete address decoding so that only four
addresses are required. This allows for twice as many analog outputs to be installed in the same
amaunt of /0 address gpacs.

DUPLICATE ADDRESSES

The forth parametsr is a Yes/No chowe which determines if 1he driver aceounts for "duplicate
addrgsges” on the acut bowrd. Some beards (including MetraByte) do only partial decoding of the O
port address, This means the decoding circuitry does not use all avallable address bits, This causes the
board to appear at multiple places in the address space, normally in subsequent 4 port blocks, The
driver nseds to know this only when meorae than one board is installed. Thiz is s0 it can correctly
calculate the stait address of the next board, which is immediate when NO duplicates are inveolved, or
cffzet by the number of ports when duplicate addressing is used,

Examplo: A series of 2 port boards starting at $310 which have no duplicate addresses will has
the fellowing port addressing:

BOARD PORI._QUTPUT

1 $310 1
1 $312 2
Z $314 3
2 3316 4
gt¢

Mote that each analog output takes 2 address slots in the PC 1/O address space, even whan
crossing board boundaries. The same setup with hoards that do have duplicate addressing is:

BOARD PORT  OUTPUT
1 $310 1

1 $312 Z

i 314 1 {dupa)
1 $316 2 {dupe]
2 8318 3

2 $ATA 4

Z £310 3 (dups)
7 $3ik 4 {dups)
[£3 ¢

Notice that gach port appears twice bacesuse the inadequate address decoding on the board
causes each port group o appear twice. Although sach two output board cccupies 4 ports in the
address space, i consumes a total of 8 because of the duplication. Informing the drive of the
dupiication causes it to make the appropdate adjustment when calculating the starting address for each
sequential board,

BOARD TYPE

The fitth {optionall parameter on the SCAN fine allows selection of an analog output board other
than the dafault DAC-02 dual output board. The choices for board type arg:

DACGY Dual cutput board (detfauln}
DACTS 16 channel board (sometimes populated with only B points)

The low tevel operation and addressing of these boards are slightly differeat, so the driver needs
1o know whith one is being used. Any generic boards other than the MetraByte brand must emulate
one of the above boards in order to be used with SCADAWARE,
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SAMPLE SETUP FILE

The tollowing sample DAZ file contains all the available options;

; setup for 4 outputs on two sequential DAC-02 hoards

msa Setting wp PID oulpuls

scan pl:pd $300 no ;o first 3 on boards 1 and 2

scan a6:ab $306 no ; rest of board 2

; setup 8 points from analog inputs

SCAN AB:ALG $340 no DACLG ; use half of a 16 point board

Note the usa of comments on the command line following the semicolon. THESE COMMENTS
ARE A GOOD IDEA so vou and others can understand the contents of the file

--ang--

TOTAL ENGINEERING SERVICES TEAWM, INC.TEST INC.
TEST INC.
OFFICE MAIN NUMBER FAX NUMBER
New Orleans, LA (504} 371-3000 {504) 371-3001
Lafavetts, LA {318) 269-0811 (318) 269-0910
Houston, TX (7131 467-3113 {7130 467-8113
Ventura, CA (8Ob) 65E-0403 (B0% 658-9975
Singapore 55-833-4108 65-534-2403
File: B1200.wp ANZ Printed May Y, 1887
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