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INTRODUCTION

This document provides detaled iformation on TEST's wiplementation of the MODBUS RTH
Communications Profesal, Modbus allows TEST's SCADAWAREY program @ comunmicate with another
manufaoturer's doviee moan OPEN ARCHITECTURL systens,

This documen fovuses on the SUADAWARE MODBEUS imertace and how il is smplemented on a
SCADAWARN® based RTU or comyrater. PMease refer to companion document TEST SCADA PROTOCOL
TUTORIAL for prore mformation ot TEST's proprielary proiocol (THP).

OPEN ARCHITECTURE

The term Open Architecture oflen appears in SCANA system documents and specilications to deseribe u
penenc method of interfacing diverse systems, Depending on the context of the stalement, the term can have slightly
different meanings and consequences. But the general inlent is 1o describe a SCADA svstem designed Lo casily
compmnicate with otlier types of systemns, especially those of different vendors, Unfortunately, this concept is much
easier 1o speotfy than s o mplement. Conlrry to what is often stuted, there are no clearly delined conymmication
stanchrds ihat allow mstant connectivn of otberwise ncompatible systems, Likewise, the theoretical fnterfaces often
eited in specifications fail (o recognize that the so called protucol “standards” are often move Itke "spgestions ®

So the seermungly simple term Open Architectre does not refer 1o a standard oplion wvaidabie on any picee of
SCADA equipment. 1 more comectly refirs o an overall syslem desiga coneept whure vanous parts of the system are
atlowed o de what they do best, whthe mantaming 4 mimnuem level of coommunivation bebween somponents that is
hased on some commuon themne. Very oflen thal conmon theme 18 based on the MODBUS protecol, a sommuonicalions
system developed by Modicon 1o intercomect texr PLC cquipment,

DIVIDING SYSTEM FUNCTIONS

A pood spestion regarding open architecture desigas v which functions are best perforned by which preces of
eruiinnent. Why shoudd several different protocols be used in one system? What are the advantages of mixing and
malching RTU PLE, and Conputer devices? These sre good questions, and the answers will depend on (he needs of
each matnilaton, However there are severud common netors that oan b considercd on almost any system,

A typreal karge soule SCADA system oan be divided into three distmet aveas, 1XCS systems have seversd more
subdivisions, but these can be ignored Ror purposes of thas discussion. The three main aress {or SCADA are:

» Remote Tegminal Unils (R1U)
| BCADA Concentrator (Master Termunal Uity or HORT compuier}
» Management Information System (MIS)

Tige BT s the hardware and associsied ond devices located at the Held logstion i be mentiored or controlled.
A single syslem may have varied requirements for the RTUs, bul they will wsually 13 into o range that can be met hy
two or three simaiar RTU devices,

The SCADA Coneentrator, Master Terminal Unit (M0, or Host computer 18 responstble (or coordinating the
activities of the RTUs in a real-lime envitomnent. A properly designed Host will hundie sl communications, real-lime
alapn display and loggng, and dugnostic {unetions directly refated (o the momtoring and conlrol functions,

The Mansgement Toformution System (MIS) provides historial data storage and possibly setwork dats
distribution. This may nelude sophistieated operator interface software that ofters enluneed graplseal display mnd data
bage funciions.
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The ceeds of cach portion of the overall systers can best be met with diforent types of cquipment and soflware
wnplementanons. Trying o make them all conform t a simgle low level protovol will bikely eripple the benefits that
made the equipment 8 good choree in the frst place. A more sensible approach 15 1o let each portion be served by the
best equipment md then comeet them as required with an Open Archifecture protoeod sach as Modbus,

SCADA PROTOCOL BASICS

THET's SUADA svstem, Bke any other SCALIA or telometry systarn, wses o prease method of exchanging
cormnmds and data. These methods sre colleetsvely called a PROTOCOL, and there are many different ones in
existence. Some have evolved from the early days of telemetry, while others have been developed in the Progranueable
Loge Controtior (PLCY mdustry,

TEST has developed ds own protocel, TSP, that 1 designed o best handle the rowting fanctions of typleal
industrral and odlicld SCADA applications. Adnatiedly, (s protocol is guite & bit differcut from the protocols used by
other developers. [t these differences ave whal makes TEST's systeins so practiond and easy o use,

All protocols do bameally the sume thing: they allow digital information (o be reliably sent between two or
mone devices, The exast way (bat each protocol performs this finction is as veried sa the equipment on which they wro
wnplemented. Generally speaking, each protocol evalved around 4 parbieular type of equipment ar a specific application,
Therefore, each prolacol has advantages m certaim applications hui may nof be as appropriate under dilferent
carcumstiances

TEST SCADA PROTOCOL (TSP}

TEST SCADA PROTOCOL (I8P s TEST's answer 0 the problems of typieal oilfield snd mdusteial
SCADA.THE was developasd 1o serve a hugh technology Personal Compier based SCADA system first implemenied m
1987, T has sinee evolved mito a comples language ol ts own that = ideally swited to PO based SCADA soiutions. TSP
has built-In sapport for the mmeny SCADA {eatares designed into THEST systems, 1t also supports any type of
communication medin inchuding hard wive, microwenve, celf phone, radio, and Bhoer optics.,

The SCADAWARE Svstem Design Coneepls (doctment 1010-03) should bo consulied for specifie
information on TSP, This manual detatls the feafimes thai make a TS systern faster, more flexible, and more relsble
than any comparable protosol i s sunilar situation. THST 18 obvivusly very proud of s sysicms and the stceess they

iy alie be suid that they are not compalible with TSP
MODBUS PROTOCOL BASICS

Althengh there 15 no offtcial standard with which to be compatible, one popubar protweo! bas emerged as a
dofucto glandard for conneclion of diverse systems, Like maoy other vendors, THST has choson the Modicon MODBUS
PLC protocel as an Open Architecture Inferface. TEST's comprehensive imnplementation that sllows outside systerms fo
raake bestuse of THST's SCADA capabilities,

MODRBUS s a very simple, low fevel protoeai oripinally desgned o interface dlosely coupled PLC eguipment
o1 hard wied sossmuications links, The mechunisn does cothing more thap aliow a single mustor anit o send and
recelve binmy data with mdtiple slave oaits, sl of which are on s single Hirde, Although this is a pramitive system rooted
in § 960 techoolopy, 1t is well understood and availabde on a wide varrety of equipment. lis emergence as an Open
Archifectuve standavd sttests 1o the stmphicaty and fongevity of MODI3US rather than 1is actual capability. 1n short,
MODEUS forms » lowest cominon denusttivaior that can be shared wilth all systesus on a single vetwork.

MO, as defined m the Modicon Docoment PEMBUS-300 Rev B, Jan 1983, provides the basic functions
i send and recerve bt and word data over o comm link. MODBLS 15 not valved with the fntent o content of the duta
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that s transporied. [o thal sease, Hs like o delivery service, whoere the rules of pachage sizes, addressing, aned delivery
verthication ave simpiy and elerly delined, The purpose of the dats exchanges, st the manner in which they are
conducied, are nol part of the Modbus "Specification.” SCADA systems which use the Modbus srolocol as the transpurt
wechansm must provide thew own coordmation and regulation of (the data contenis,

Ulata passed within Modbus packeds 15 ovsumed to be well coordmated amony the vanous osers of the
messapes. Unlike TIST TSP, data i oot transferred with any meantngfid identification other than the gt which
tramsmiited the data. The ettty of the data (re. which data base element is fied (o the data) is mot contained in 2 data
vesponse. This limitetion hmits Madbus o 1 Master-Slave areamgement i which one unit (the Master) requests all data
transters from all other units, which scl s slaves. The Modbog master can only request data buuted 1o stremus of bits
sl integer words, stored 1wnwhat Modbus considers s PLC data pont,

MODBUS RTU AND ASCII PROTOCOL VARIANTS

There are two Mavors of Modines RTU, which is 5 sbragght binary format, and ASULL which is o hex character
text format. The defpult mode for SCADAWARE 18 Binewy KTU, which is the most common varfand of the Modbus
predecol. Thes low-level profocel sends all data i s singhe Durst, with simplhe Smeouts used for paeket frame sequensing,
Because sl data s pure binary, i1 i possible Gind hiely} thal certam binary combinations will appear which can
adversely alloet some communications systems, Any moden: or alber devies which s sensitive (o spectal codes will pot
wotk 1 a Modbas RTU (Binary) setup.

Aguther probhiem with the Modbug 107U mode 13 thal very tght fuming restnictions are placed on dats Hlocks
Linfike almost auy other copmmumieations protocol, there are no special stort or end eharacters for o Modbus BT
messapge packel. Omee a block starts vn the commarications boe, it must flow continaously without itermption antil
complete. This may ba a groblen for sanw spstens, such as DS or mndti-tasking PC's, i which the provessor 16 not
Jedicated fo the simple taak of seadisg byles down o conmunications hoe. Aoy break m the sequence may be detectad
as an end-of-message by the recetver, causing a Tatled transmussion.

An allernative mode, Modbus ASCIL works arcund these problems by taking each binory byte and senthing if
a5 o Hex ASCH characters, This prevents any special characters from disrupting comnumications devices beeause the
only codes used are U through 9, A through ¥, the colon (). Carrisge Relurn, and Line Feed. These are all simple text
charsowrs, and will work with any comsrmnieations devies,

ABCH miede also uses 1 unjogue start eharaclor, the colon, for each loe, This is 2 much cleaner musthod of
framing packets, because precise tnung during the ransmission s not pecessury. The receiver looks for the sart
chiaracier, wnd takes 1p all charaeters until the end of fme is macked with o cormiage return. The exact tinung of each
fudividual characier 15 1o Jonger imporiant

The tradeofl i ASCH mode ts that 2 byles {oharsciers) must be tansmitted for each Modbus data byte, thereby
doubling the ansmizsion tme. This s net normally a problem m SCADA systeins which enly do periodhe updates, and
a few iniliiseconds we of Jtle conseguence,

fach deta map (explamed tater) in BCAIDAWARE has a setting which controls RTU or ASCH miode. All
TU's defined by that wap must use the same mode. 1 both modes must be used on a single system, they must have their
defintions stored in separate SCADAWARE Modbus maps. The choge of Protoco] Mode 15 sclected for an enlire dala
map with the PROTOCOL ASCH or PROTOCOL RTU statement in the MAP file

NOTE: Modbus ASCH nosorally requires a 7 hit, add or oven parity Hnk. This must he specificd n the
SCADAWARE DAT file far the system which uses ASCIE mode,
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MODBUS DATA & REGISTER TYPES

The Modbtz prolocol handles several redundant data types, all of wineh are structured as bits, streams of bils,
words, or streams of words. There are rio other useful data types, such as floating point numbers or lext strings. Systems
which tse Modbus 1o ransport their duta must Bt thelr mbstnal dala ypes mio either bits (send in 8 bt byte chunks), or
words (sent in 16 bil, 2 byte chuaks). Any other dala type, meloding text data and floating point aembers, must be
ransported using some non-standard variant of Modbus. This himilaoon produces much of the confision over nsng
Modbus in typieal SCADA systems which routinely send (oating peint aond text data from nit to umit.

Legitinate Modbos data types are as follows:

REG TYPE Typical Modbus Registers | Assumed Modbas Data Formail

Corls R 00G0-0999 Singde tit, off-om, assumed to be cuipids from a PLAO
PLL GOONG-099%

npais RFLE HO0G-2999 Singhe i, off-or, assurned w be mputs into o PLC
PLC TOO00- 29000

Inpit Registers RTUE 3000-3999 Single 16 bl word condaining 12 bit raw analog data,
PLU 30000-29999 sastmed to be a storage location on an analog mpad
card,
Holding Registers | RTU: 400040109 Single 16 bt word cortaining 16 bt sipned or nnsigned
PLL 4O0G0-A058% data, vaed withas the PLC a8 a geoery] puspose storage

location. May also conlam Hoating, point data with 4
2 float bytes in 2 adjacent Holdmp Registers,

Phaniels FOO0-FI99 Special 4 byte IEEE Floats {4 byles per register).

Although ! are exsentighly stored and tansported os 8 bit dats bytes, Modbus uses different commands & send
and recetve duta sssoctaled with each type. Some confusion exists because of some data types have rualtiple commands
svatlable. used Lo send eilher u single regisler, or multiple registers, Most systerns which use Maodbus 1gnore the single
register comands and use anly the multple equuvalents, which can handle @ single register U requured, The only suigle
reqpsler Rometions suppotied by SCADAWARE we the write 1 el {W]CY compaurd, in Maodbus Master mode omly, and
the read 1 status mput (RY) comenaed. AL other commands are muil-regisier.

MODBUS ADDRESSING

The addressing of data vegesters within o Modicon PLC s unigue — each storage lovation has is own sumber,
The PLOC operates as i regsters 10, 105, 4003, soud 3143 wore sl suparate snd umgue loeations i the PLU memory
{able. No doplications are permstied, as this would confuse the PLC programming. Unfortunately, the Modbus protocol
dues niof use these sddresses divectly, Tnstead, the Modbus protocol uses oflsets (starting a1 40) iito tables set aside within
the PLO for each separste data bype. SCADAWARE has 2 buill-in offzet sotting which simplifies addressing in systeniz
whneh sgpear o be "ol by one”

The Madbus protocot separaies each of he above dofined data tvpes inlo separate tables, and accesses eacht
table with a sepavate Modbos coramand number. While accessing each tabie, the protocol requires sn offsef value w
determune where the data s localed, Therclore, the combmation of command mumber and oftset form 2 unigue Jocation
on Modbus, Accessing PLC register 3605 with Modbus ts oot done with a reference to address 3005 A speailfic
command sumber will be used (o speeily the tvpe of data at address 3003, coupled with an offset value of 4, indeating
that reguter 3003 15 locoted 4 spaces From the starl of an suuginary tuble wineh beging with addross 3001,
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Mate thal the VLU addressing e "ol by 1,7 in that the offsct of register 3005 15 4, nol 5, in 4 PLC register table
that starts with 3001, not 3000, This "off by 1" problem iy inconsistent among wnits which emulate the Modbis protocol.
When aligning data m an eroulation device, Ue value of the offset may or may not be off by 1. This will depend on
wheiher the device 15 nimicking a Modicon PLC. whose tables start at 1, or an ansginmy Modbas deviee, whose twbles
start ai 0. Some trial and a ot of error may be requives! fo determine the method wsed m sny combination of hardware
uned sollware emulating the Modbus protocol. See the OFFSET cornmaad for more information on automatieally
adpesting addresses lo componsute for the "ol by one® problem

MODBUS COMMANDS AND RESPONSES

Modbas conuriands can only bo sent by the Master unit. A slave cannot 1ssue o command, which prechudes any
“report by exceplion” processes unless some speaist version of Modbus s configured to work around this limitation,
Whezn a masiler sends out o comiznd, 18 must provide all the wformation necessary for sl slaves on the lne o anahyze
the gompmand. In most cases. only « single unit will proeess the commensd and issue 2 response, The only exception s &
broadunsl command (sept e Marbus 1D 0) which s processed by all vnits, but respondud (0 by pone,

Fach Modbus command Trom the master must provide all the informaton o vmguely speeily the dada sent or
requasted. The conunand conoepfually consists of the [ollowing pleces;

Linn 1D The Modbus address (1-247, or € Lor broadeast)

Conmand Single byte code specifymg the command Amction

Address Single sddresy {or a slari-end pair of addresses) localing the daia on the 0-based ofizel iabie
for ol different type of Muodbus data. Normally, Register 2 s al offset 1

Data Bits or Words (always sent in byte tormat} of informstion sent from master to slave

lispressed m plain talk, a Modbus commund wil] speak o a cerfain unil number, jssuing 2 specilic command
that affects enther a single addvess, or o range of addresses. Commands tal send data frony master fo slave will also
contain the approprise nuiber of duta chunks. Responses sent by the slave o the master bave a similar structore, bat
contain only the mformmhon requested by the Master. The sddresses of the retarned data are, sadly. vot included 1o the
FESPOnSE,

Modus sssinpies that oitly a sitigle master 1s doing all (he sliaog, so thevelbre any respunge recervad will Gosse
from the maest recenlly accessed slave, neing the most reeently requested address range. The sluve answers with only the
data, and not the address, assomiag that the master was expecting a spectfic piece of idormation. This lack of addresamg
information means That other rants Hstening to the reply will not know the associated address of e data, and cannot
gasily tap o dada translers over & Modbus Link.

As a simple example, pretend thal 2 Modbos exchange is done with people speaking as o group, with one
speeific person leading the conversation. Only one person (the master) is permitted 1o ask questions, and only the persun
addressed by the master (ihe slave} s permitied to reply. Amaune thal each person has several sheets of colored paper
with nynbers sted on them.

In os cxammiple, the master aske “Hey Sam, look on your bive paper and tell me e three numbers thi start a
position 4 on the hst” Although everyone hiears the question, only Ssin will reply. He looks ot las blue paper, counts
dovwn 1o the furth position, and snswers back "This s Sam, e 3 anseers Trom the blue prper are 305, 112, aml 7827
Hveryone hears Sain's answer, but unless they were paymg close altention, they will nol know what he s talking aboui,
Thiz iz beesuse Sam's answer containy the clie Ut e numbers are from the blue paper, butit does not say which
positions on the st he is reparting, Mote that the meaning of the numbers is also not included. The parpose of the data
{1e value, high scipoinl, deadband, efey 15 not part of the Maodbus speeification, The: information in the data packet is
arblivary, represenling prces, lemperatures, or random bt patierns.
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SUATIAWARL supports a variety of Modbus commands which pestt connection to sny reasonable Modbus
device or soflware systens The Tollewing tobile hsts the commands supported in SCADAWARL s Mosbus Master and
Slave mode:

E‘;uuémr Muemonic Funetion "

1 Re Reast Cont Groap

2 l%% Read Single Siatus loput

3 RHR Read Holdmp Register sz 13

4 R Read Inpit Register Group

5 wiC Write | Cotl (master mode only)
7 Rba Read Exceplion Staius

5 W Wiite Cotl Croup

I6 WHE Write Holding Hegster Group

The following Modbus cormmands are not commonly vsed and are sol supported by SCADAWAIRN, They are
listed here for reference only,

Mumber | Mpemome Funetion

& PSR Wrile Single Regssler

17 JRil3 Report Stave 113 Type
i9 RO Keset Conn Lank

7 HES Heamd Dxeeption Status

COMMON MODBUS EMULATION PROBLEMS

Muost produets whiely elstm o provide Modbus emsuisiion do nel support the full speoification s detined i the
Madicon document (PMBLUS. 300G, Rev B, Jamuary 1983, available from Gould). This is understandable because mnch
of the speciiication iz related to PLU speailic tssuer, such as progrommuny and stafus reporting. The followlng are
eennmots bmilalions witcl may affecl how a device iz used n o SCADAWARE based Modbus system

! Singke Bit/Word Commansds: The Modbuys speetivgiion provides many commands which are oot aciuadly
reepireed 1o trangport data, For example, there are commads to send and recetve simple registers, and very
similar commandds to send and receive multiple registers, including only & single one. Some mplomentations
delote the single register commuands and suppord only the ones which peredl transfer of a vartable munber of
tepisters (mehudg only 13

2 Multiple Bit'Word Commands: Somse svatoms Guch @ Flow/Aatomation devioesy provide the mulaple
transier commnds, but o not permit more than one register pee transder, This loniation may be due o floating
point aumber modficstions mowhich 2 adjacent words are used to store a sigle 4 byie float sumbier. 1 this s
the case, tien multipie Modbus commands muy be required tolranster the pecessary dala,
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3 Raw Analog Dakg 8ize; A comnnon assunption tx thal Maodbus Input registers represent 12 bits of nnsigned
weger data, in which full scale ranges from 0-4095, This s not always the case, and units will send raw data
rnging from B {o 16 bits. The effcet on the receiving deviee will depend on how raw dala 18 interpreted by the
recerving soffware. SCADAWARL sssutnes 12 bits of raw daia wheon procesamg Inpui Regisiers, and 15 dal
bits for Holding regsters (which sometimes alse have s 16" sign bil). Mapping options are provided fo
avernde hese values onan wdivadual basis. See e detaited discussion on Analog / Intoger lormats laler i
this decumend.

4 Adidress Offsers: Modscon PLOS uge an "off by 1" sddressing scheme. Register 101 s the PLC ¢ sddressed as
focation 100 1 Madbos because locaton 101 is offset 100 spuces Trom the start of the internal daia iable.
When mappmg mtemal DA TA onto the Modbus, some devices use ihe "off by 1° scheme, while others do not
Sometiumes tial and error testing s required to understand exactly how a vendor velales nernal data o
Modbus data. Unless modified with the OFFSET conunand, SCADAWARE will use address 104 as Modbus
adddress FOT, with po offset, with no segard for Bow a PLO may position that dats within ils v infersal (able,
i an apphcation regures that Modbusg address 101 relor to register 102, then the OFFSET ON comumand can
be used 10 the MBR file which defines the Modbus data map.

Ly

Hest and Slayve Mode: Most vnts support either Modbus Sleve mode, peniting them to respond to Modbus
data roquests. Fewer devices support Master mode, which s required f 2 device will retneve data from another
uril, SCADAWARL denonnieally supports both mades i o granner very similar to how TSP serds and
recetves dafa. The softwme 1s never locked inlo either mode. When not requesting date, SCADAWARE wails
it Shave mode. Master mode 18 sudomatically sel whenever SCADAWARE requests dats usaing a Modhus
MAP BCAN or MAP DATA command,

A Floating Point Numbers: Most modern compuiing systoms use Josting pomst numbers based on dhe JELE 4
byte stardard, Undbriunately, Modbus does not provide « data tvpe of 4 bytes, nor does i support the concept of
floating poial nunibers, Methods of dealing with foaling pod mumbers with Modbus are covered elsewhere in
this document. Al of them we sprecial eoses which catmot be processed by what 18 considered "stardard”
Buodbus.

7 RTU Mode Timing: The Modbus RTU (Biny) wode protoco) relies on character pacing by estabhish the
start and end of data blocks, Tining i alse used @ delect problems (Jost characters) on the conmun line, This
swlovesrd sysiem demands very precise tming which iz specified in terms of "characier tnioes” by the Modbus
specification. Charaster times are detorined by the baud rate, and equate 1o e time period required o send
ane 8 bt data byte, According 1o the Modbus speg, the RTU wode of data trunster tuses oul after 2 character
trnes (o praclice, most systoms pormit less stngent commeanications broaks, although somse time Tni must
e established i order for messages 0 be properly framed without use of start and stop charaeters. Fropar
coordination of the tming i reanived among alf units on & link, ¥ tdmng & a problem, then the Modbus ASCH
mode shoukd be consdered in place of RTU Binasy

MODBUS INTERFACE MAPPING

MODBLS defines only twe low-level data types: bits and weords. TSP provides high-level data types such as
Analog Values and AGAS pas flow meter ealeulations. SCADAWARE also provides dals point atiribules which
provide stais information sieh as alarm condition, or time information, such as alan Umestamps. The interface
provided by SCADAWARE ailows all of the imprrtant TSP data types and atiribules 10 be eastly "mapped” mio
cquivatent low-level Modbas coils, inpuls, and registers for tassport (o wud lom external systems. Special provisions
have been made o sceommutete Toathng point dats wsing g variery of "popitdar” lechpiqoes,
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Using “dala mapping” lechnigques svailable m SCADAWARE, the buiit-m TSP featwres such as alorm status,
deadbands, setpoints, and other tolersal system variables ace trunstored inte Modbus compatible values. This mapping
provides a §§ iationship between the actual dafa values in SCADAWARE and equivalent values in o virtual
Modbys data table. Dutside accesses (o the SCADAWARE systen refer o Modbus addresses as if they actually existed
within a Modicon PLC or RTU device,

MAP STRUCTURE

Zach map conilsts of o memory lablke in SCADAWARE memory, Dach inap has certain pararaeters, such as
i mame and Modbus RTUZASCT sotigs, that sre cotmpior 1o all Maodbus 3Ys defined within that man, Within the
map, there are up 10 246 separate I3 defimtions, Hach defuntion has nelivadunl paramcters fur the ogmber of inputs,
holding registers, eto, and where these data values link foto the TSP data base. Bach SCADAWARE system supporis up
to H) shullaneous imaps, providing voon foe 2400 separate Modbus umits, cach of which ean map ssimerous ranges of
dsto elemenia.

Muodbus dita secesses ooour at mumeric addresses which reflect Jocalions io the virtual Modbus data tbles.
These addresses begin at O and run ap to s Limit detesmined by cach separate table dolined within the SCADAWARE
map for each Modbus 1D Data lransfors use these tables as pudes i aikding Modbus commands, and for responding o
dada reguests. A Modbus protocol data transfes would spesty a transfor begmming at a cortan addresse {1e. table ofT5el
and rupming Jor somie munber of points. The solual meamng of the dals points s upknown o Maodbus, but will make
sense o SCARAWARI becavse of sleertng infbrmation contained in the Map 1ables.

The Lata Mappiog process allows assignment of TSE velues wnd channel status condifions to these mnagmary
Muxlbus powats. For example, we may asstgn the offfon vahe of TSP Status Points 1-8 1o Maodbus Inpuets 0.7 We can
then asagn the alarns condition of those same TSP status points to e next 8 Modbus points, 815 Wil (his scherne, we
can plek and choose what TSP data wilt be aceessible an the Modbus. 1L is cven possible (o have a single plece of TSP
data appear more thap once @ the same dats map. This ray be convenient in complex syslems that sean somse data often
snd olher dala omly occasionally. Regnrdiess, the megping configurstion s compleiely up 1o the avdem designer,

MAP CONFIGURATION

The sysiemn designer must deeide how the SCADAWARE data will be mapped mto the equivalent MODBUS
data types, Although the Modbus choices are Timted fe oits and words, SCADAWARE's Muodbus system ollows a
convement and Hexible way 1o Jet intevnsl TST data sppear as nonnal Modbus data, Thas proeess 15 called mapping.
TSP data iy mapped into surable Modbus data tocations such that i appears Lo resede in a sormal Modicon PLC er RTU
device,

MAP Configaration s dene with o sirople ASCH e file similar o other selup lifes @ the TEST SCADA
enviropment. The file contains sl of the setup and TSP-to-MODBUS assigivoents 10 a structure refeared to a5 o Date
Map. The system can suppert several simultsneons data maps, shhough only one will be reguived for most systems, The
data map provides logical linkages between TSP information and Modbus addresses. With the map system, an ontside
systesmn ¢an access Muodbuz dala withot concern For the aclusl lecalion within the SCADAWARE miermal structure,

Drata Mapping yequires soime plannmy to msure thad {be proper TSP data 15 availabie o form conveent o
the exianal systen. The lfogical lavout of channel values, setpents, and other THE dats 15 completely ap 1o the desymer,
The mapping systens is very Heable, bul reguives knowledpe of the external system's peeds (or the TSP daia

The conliguration (e can have uny name, althouph one with the fletype of "MBR” (for Moditus RTU} 1=
recormnended. For example, o system named "HOSTY shoald have s Gile called "HOST MBR” b which all mapping
wilormeation s contaimed. This {lle is processed by a MADP LOAD conupand executed by any RTU evpe task on the
system, Thus will normally be done by Task O during startup, but this i3 not absolutely necessury. Loading of a map file 15
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# one-e requitemnent, s est be done only oioe per session. ff changes ave made to o map Jile, the sysiem must be
restarted so that the map fables can be rebuili during system siartup.

Maps are global to the entire SCADAWARE program. Onee & MAP is loaded, it can be referenced by any Lask
needing e MAP information, A task seting as a MODIUS RTU will receive commands from an external unit and
react fo that commnand wilk the Modbus data map, Thix will be done automatically by the task once it selects the proper
data map. Therelore, most of the work reguired to use the Modbus interface lies in geseration of the map file.

The map file consisls of text Tines, cach of which starts with a special keyworidl. The keyword tells the provessor
the line's function. The remuinder of the Tine provides additional information that relaies o thal keyword. The MAL
LOALY process will read the entive file and build the data map based on the information in the file. The nterpretation of
the tile can be verified with the MAP DUMP commuand which produces sn ASCI text file which can be viewed or
printed for framiog va the wall,

MODBUS FLOATING POINT VARIATIONS

The "oftsal” Modbus specification doex not provide support for floating point numbers, This Hmitstion is
overcome by vanows vendors in shightly different ways, A variations supported by SCADAWARE wse 4 byte TERE
floating pomt rumbers. The 4 bytes are transferred over Modbus in a vanety of methads, none of which are part of the
bz Modbus protecel delmition, The vaclations cither use fwe adjacent register foeations to hold the 4 byte float, or
they wse special 4 hyte registers m place of the standard 2 byte registers. SCADAWARE uses a profocol keyword option
o specify which variation apphes (o all RTU's i that data map,

The varistions supporied by SCADAWARE are:

Srelaul 2 adpacent Holding or Inpit registers hold one 4 byie float
Swapped: 2 adjacent Holding or mpwl vegisters, swapped from e Default mode
Damcls: 4 byte registers al artificial addresses F000.7999

FlowAutomation 4 byle registers al any Holding Regrstor address
The fermat of the 1EER foat number can be divided Info 4 separate byles, noled as A-L as shown below:

A B C D
Seveaen cepeeoes EffEELER fEEELELEE

where s = Sigm, ¢ ¥ exponent, and U= Tactionad pant of the IHEE munber. Al protocols exeept Swapped
assure the 4 byles appear oo the Modbus Tie m ABCTY order. Swapped assumes they are m CIDAR order,
h Pl ¥

DEFAULT FLOATING POINT FOBMAT

{Umie pomdar mrethod of handling Hostimg point namisers on Modbnas 13 1o store the 4 byle [EEE floal in 2
adjacent registers in the Helding Repisior table. Thus mothod of Sosting pont transfer 1 the defaalt for SCADAWARE,
aned can be selected with the PROTOCOL INTEGER or PROTOCGL NONE staternet by the Map defination Gle, The
mternal mechanisms used by the sender and recerver must be o syne 1o order Tor the floating pont ninnbers © be
tramsferrest. In these exchanges, Modbas s acting stmply as a data carnier. The sotual conlents of the repisters make
sense only fo the programs exchanging the dita.

The alignment of theve values can bz very complex, especially when programs from two ditferent
mapulachyers are exchangiog Honbng point data over Modbes, Forfunately, SCADAWART tikes care of the complex
addressing required (o stuld one Hoal value inde 2 mteger cogisters, The mapping 15 done with TSP data references, and
slarting porets it the Modbus table. Adl other caloulabons necessary to position the Hoating point numbers is handied by
the SCADAWARE Moding: dinver.
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DANIELS VARIATION

Instead of stutfing one Hoal tio by repisters, Damiels deflines 2 whele new set of 4 byte Muodbus registers
starting at address 7000, Their systero shows mapping of idernal Now computer vahies 1o (s new class of Modbus
registers, When the Daniels Protocol is specified to SCADAWARE the driver vses this special addressing melhod 1o set
and refrieve these speeial "7000 class” floatmg point registers, These ransfers are vol actual Modbus messages, but use
a sitmlar formal winch is sccormmodated by the SCADTAWARE diver.

Normal Modbos ransfers gee also possible 1y Damels systesn, but they are lumited to bits and words st Tike
any ordinary Modicon device. The SCADAWARE daver will treat uny transfers below address 3000 ax 1f they were
nertial Modbas sddresses. This allows normmal Modbos and Daniels vartasts o be mixed in the same dats table, Note
Ueal s mmemory saving lable offsct can be specified Lo save the space between O and 7000 when using the special Daniels

pegrstors, Details on this offset ave provided 1o the section on defliiung Modbus data tables in the 8ap file

FLOWAUTOMATION VARIATION

The FlowAmomation vanation s sundar to the Damels varant, bud pernts Hoating point opwrbers withan the
norinsl holding regisier address ronge. Most FlowAutomabion systems restrict data transfers to single valoes per
sommand. The commmand hoe Gom the mwster st be Tormatled o request & single Holding Register. The
Flowfutomation device reaponds with 4 byies contaning (he IEEE float. Unlike aniels, the address of these 4 byte
regislors oan be snywhere o the Holding Regster table.

When FlowAuiomsthon mode 18 1 use, nopmal Modbus intepger format dals cannot be used on the same
WModbus 13 becavse 21! holding wnd wpat regisiers will be s (he 4 byvle format,

MODBUS MAP FILE

MAP FILE FORMAT

The SCADAWARE map {tle s a loxt conllguration e which telis the drrver bow W relale the TSP addresses
1o Modbus addresses on ore o reore Modbas anits, The file contains plam text statements on lines which begin with
Map file keywords. Fach hine performs a speaific function 1o buld and define the tables wheeh form the data map
hetween TSP and Modbug, The MAP {ils can be processed by any task, withough normal practice is (o have it processed
by TASK O during system startup,

Thae formal of the e 1m very samibar W other TSP text Gles, The keyword is the first word on e bne, and some
abhreviations ave allowed A semieoton () van be Used a8 8 comment charactey, allowing For conmments anywhere in the
text e, Comments in Map files are Jighly recommendid,

MAP FILE KEYWORDS

NOTE: The MAP FILE keywords histed below are provessed by SCADAWARD durmg executton of 2 T5P
MAP LCAD MODBUS command. They camot e processed by TSP direotly, and endy make sense i the codext of he
MAP file processing. Do got confinse these Keyvwords with those sssociated with the TSP command MAP, wiich s
explained elsewhere wr this decoment. A saeple MAP Tile s also provided for reference.
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MSG Text message

Texd meszages can be send to the system conaole during map Hle provessing with The MBSO staterment. All text
alter the MSG keyword s echoed 10 the systerm console.

Mg Starting Modbus Setup for produgtion Facility PLC

DELAY Specify the Inter-Character Timeout Parameter

PELAY sets the maximum number of Uoks (50 ms periods) allowed between invonmng characters dusing
processing of an eoung Modbus RTU hine, Beeause the RTU prodocol mode has o start aad end characier, inning
alone determies the boundary of o commund fine, The defsult delay is 2 system ticks, equivalent 1o about {0
miffiseconds. An internal Umer @8 starled when s unii receives the first charaeter of an meoming message. Thas imer 18
reset each time another character is received. 1f the sel number of systemn ticks hag elapsed betwees ncoming characters,
the Input buffer will be cleared and the current command canceled. The system will assome a probiem bas ocourred wnd
begin wating for the next command,

Delay 2 ;s delay to 8 * 50 mg for incoming charactears.
D Specify Modbus RTU Address

Specity the 112 muvber o be nsed for subscouent map building statements in the map file. No table sizes or
data maps can be delioed uatd ur 10D hes been specified, Each subscquent TD command terminates goneration ol the
currest map and starts building the pext ID setup.

I 4 ; start defining Modbus Addresy 4
OFFSET Controls Automatic Address Offset to fix "off by one

tu roost apphications, the Modbus uddresses used in the Map [ are the actual addresses which will bo sent out
aver The data Link dunng Modbbs protocol transactions, Some systems behave bke a PLC vather than an RTU i fhat
they use an ofiset valoe rallier than a trae address when referencing aernal repisiers. On those systems, regisier 12 33
accessed at Modbns offset 11, because address 12 s atlzet by 11 spaces from the table. I no aviamabie offset 1 used, the
programmer st Keap track of the register eddress as it diffees (by 1) Trom the Modbus address. To simplify
progrmnrning o PO svpe sysems, SCADAWARE provides s aulomabic offset adjusiment to addresses ns they appear
i Modbus command Hines. When GFESET 8 turned on, e programumer oo set up the map file and download files
wsing the address values inside the PLU sather thse o value which s 1 less, With OFFSET tuned on, the programmer
cans reference PLO register 100, and SCADAWARE will send out 99 on the liok. An incoming address of 51 wilt be
dealt with mside SCADAWARE as i registor 52 were the ove being used

ID 4 ; start unit numnber 4

Offser ON : thiz unit accesses register 10 as medbus address 9

N O I

Dol

Offmet off ;othis anit avcesses reglsater & as modbus regisler 6

PROTOCOL Modbus Variations
Spectly a variation from the defpalt protocol variation of Modbus RTU. Current ehojees are;

RTU {oxr BINARY) BT wmede for all ID's in this map
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Swap PDefault Float mode with 2 rsgs swapped
2 o

ASCEY AGCLT mode for all T8 in this nap

Baniels Daniels Floating soint mnode

¥Flowaubo Flowhutomation Floating Point Modse

Tuteager {ox Honel Defsult Floatb Mode using 2 Adiacent Holding
Begisters

Note that the RTU and ASCH options affect the atire data map. Other Protocol oplions affeat the currently
defined 11, and sl subseyuent 1D unless o ness projvest ophion ix later specified. This "sticky” assiprnent s provided
for compatibiinty with older ipstatted svstems m which protocol options applied fo the entire mag, and net just specific
3 tables

SELE Select Logical TSP RTU

Select @ Togeal TSP RTU which is used m subsequent TSP dats table references. This s o convenience so that
subsequent map {nes do not have 1o exphiodly name a partieslar SCADAWARE R'TU on each fine, The RTU named in
the SELECT line will be the delault RTUL

JSele WD34A ;o omove o West Deloa 324 A BTO for 780 refsrences

TABLE  Specily Modbus Map Table

Each Modbus 11 sratlun the MAP hay s own (ables Tor each of the Maodbus data types. For each separate 13,
the wze of these tables wst be declared prior (o use of each duta type. The TABLE statorent specifies the size (and
soraeties the starting sddress) of the Madbus map table for each data type, Requived paramelers inchade a keyword
specifying the fype of teble being defined, and o number specifving the size of the table. An additional, oplional
parmneter specifles a sturting address offsel which 15 sdded 1o values specilied n the new table. This offsel selting is
destgued © savemomory spaces and processing Sme lor fables with high addresses on which the low addresses are never
used, So Instead of affocating a total of 7016 spaces for o Daniels which uses only 10 spaces (7001 fhrough 7010Y, the
system will allocute only 1 spuces, starlng at 7001,

Avaddable table defimition kevwords are

COHiL Maodhns Oulput cold (thgital, off or o)
INpPUT Kodbas Input point {cipital, off or om)
HIEG tiolding Reprsier {16 bit word or micger)
REG Input Regster {1 b word o iegery

I more thar one tble definition exists for the same type of tabke nnder the sawe map 10, ooy the first
definifson hae for that lable will be sccopied.

Tabie Hreg 100 ; table for 100 Holding Registers starting ag O
Table Treg %0 7001 ; table for 50 entries, start 1s daniels 7001

Tabie (oil 32 ioroom for 32 outpul golls
Tahle Inpuat 32 ;o voom for 3% status inpubs

The opliona! tabde oflset can be used W reduce the overall sive of the tabie, and also o saphty address moves
or dupfscation i similar systerms, 15 Modbus data fable always exists i a coriain sequence, buf resides at diftiorent
starting addresses, 1L ean be defmed in u “generic” manney starting st i avbitrary sddress such as 0 or 1. The actual
targed address can be pimpointed by speeilymg an OFFSET address fn the Table statement Hoe, This offset will be
ADDED o whatever addresses are provided m e lable setup, Consider the following setap:

Talble TREG 10 1460 ; 10 vable entries, starting at 100
SCADAWARE — MODBUS Interface Manual Jan 22, 2001 TEST Auwtomation & Controls
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maEgp freg 1 owl:ve ;9 Imput regigters map to value channels

In the example, u sequence of @ value chonnels are mapped nto 9 aput registers in the Modbus dala tbie The
avtusl addresses of these chanuels wili be

TaE MR
Urised 100
V1 1o
YV 07
V3 1033
Wi 104
vE s
Vi 7
YR HAES
Vi I

Note that Modbus address 100 was allovated, bt ot used incthis example. This was done (o flustrate that the
quanlity of sddresses specilied (10§ will Begin at e Modbus addyess specilied w the offset (LG B no offset is
provided, # defanlt of O is used, cansing (he table to bepin st Modbus address 0.

i the example, value channels | through 9 were mapypsed to the hist beginning af local tuble address 1.
However, because of the ofiset speailied on the TARLE Line, the final address {(on the Modbus) for value chamed 1 (V1)
begomes 1 plus 100, or 101, This oflset feature can reduce confusion over mapping i devices which have repetitive
sequences ol simalar registers, sueh as o mubt-chunnel Row meler. The same sequence appears o sach fopieal meter. bud
witls a different startmy address for ench meter. With the olTsef specifieation, mullple tables can be eastly defined, with
the ondy difference n each being the offsel address, This makes changes and moves loss camplex hecause only the group
stant address mied be mamipulated, ratbuy than te mdividual addresses of all the group memnbery,

Another benefil of namng able address offscts iy Hul 1he (able size is reduced, thereby suving memory and
imnproving processing speed. 10 only addresses 7000-7G10 are used, defisiog o table with the raoge of 070 10 would

waste nenrdy all ol the memonry requaired for the table, Bpecaifying a able olsve 11, with slariing sddress of 7000,
reduices the lable uemory requirement o peasly nothing,

TALG Table Refevence 1D
Bach SCADAWARE yjuap can bave z upique vane 1o seplace the defaull namoe ol MAP L, MAPZ, elg, assigned
during startup. The TAG statement sets the lag name for the data map being defined. These tag names can be used by

iy BT type tsk o select a dale map (ostog MAP SELE XK by tag name rather than by indeX numbor,

Tag  PLEL ;o Tag for this table ig PLOY
UNITS Define number of Modbus 1D's in the overall table

Witlun esch data map, up to 240 separate Modbus s cin be defhined, cach with #s own map selup containing
ity separale daty Hakages. The UNTTS command defines how many Togical Muodbus station 1Ds will be emmlated by
the data map bemy defined. I this command w omited, o vadue of 4 15 assumed. This stateaent should appear ot the lop
of the MATR (ike, and must appear before any 13 ave delimed.

inits % ; bhis table will emulste % different Modbugs addregses

MAFP Link TSP {0 Modhbus

Specify o logical link betwoeenn TSP values o 4 previously defined teble and specitic Moedbugs locations,
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Parameters include « keyword speetfving the Modbus dida type, 2 number representing the position withw that Modbus
deti table, o TSP channs! or chamel rasge, and optional duls type specilications. Available Modbus data type Kevwerds
are:

COLL Modbug Output coil {digital. ofl or o
INPUT Maodbus Input point (digital, ofl or on)
HREG Holding Register {16 it word or gteger)
HEO irpul Ropister e bt word or integer)

Following the Modbus dala type is & number which represents (he posilion within that Modbus data table, for
the corvend Modbas [ Remember that SCADAWARE's Modbus fables bepin with address 0, so the Modbus tables
slard st posgtion G and extend up {o the maxnoam declared Lable size minus 1.

The next paramcter defines the TSP chanpel{s) which sre lnked (o the specified Muodbus address(es), The
refervnce cun be eilber 1 single TSP channel or o chisnnel range. If 1 single clumnel s given it is direetly mapped with
the specified Modbus table snd position. 1f & channel ranpe is speotficd, the (st channel in the range & mapped to the
specilied Modbus table and position, Consecutive channels in the elanmel range are mapped 1o consecutive positions in
the same Modbus 1able,

For exanple, consider the {ollowing lines which could be used to map TSP Output channels 1-5 with Modbus
Cank lble positions (-4, Tn Has examplo sach line maps g single TSP Ouipat chanoel.

MAER Coil 0 Gl
MAP Coil 1 0Z
MAP Coil 2 Q3
Map Coil 3 4
MAR Coil 4 Ob

By using a channel range, the same 3 T5P Gutput channels conld be mapped W the same 3 Modbus Cenl
postbions 1 o smgle commangd as shown below,

MAP Coil 0 01105

The remuinmg parameters of s MAP specilication staterent are oplionud. These parnipeters are keywords
which speaify oxactly what data pertaining to the reterenced TSP channels will be mapped 1o the Modbus fables, These
parameters can also conivol the format of the data mapped Lo Modbus boput registers and Holding regssiers. These
ophions are discussed below,

BIT DATA MAPPING OPTIONS

For Modbus Coily and Inputs, ench location contains either a 0 or a |, Therefore, cuch lovation can be mapped
with the value of a digital TSP channed (Statos Input or Ootput) or the statas of wny ehammel's condibion, such us the
existence of a particilar alarm condition, The available keywuords for speesfying which channed dala will be mapyed o
each Modbus Coil and Inpuat Jocation are listed below, Folloanng esch keyword s the condiion for whish the
carresponding Modbus locations will contsin g | when the data 1w transferred from TSI 1o Modbuos.

KEYWORD __CHANNEL CONDITION

YVahie T of gurrent value of chapael <> 0
New Eaf channe! in olarm but nol yel acknowiedyed
Alarm I i acknowledged but 508 in oloem state
Res Uil mo longer in shon and waiting for reset
Abnormat I H adarm condiions NEW, ALARM, or RESET exist
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1 no keyword w speatied, the keyword VALUE is assumed. For Colls and Inpatts, mudtiple keywords cun be
specified on a siple lime, [nsuch s case, the assoviated Modbus location would contain # | if any of the conditions are
med ot the ime of the transfer frons TSP (0 Modbug, For example, consider the tollowing 3 map setup lines:

MAP Coil 0 O3 Valiuye ;1 i channel s ON
MAPR Coil 1 0! Hew ;1A charmmel dn Sew Alarm condicion
MAR Coll 2 03 Valus NHew ; 1 f chaonnel Aboormnal or Unacknowledged

Consider the value of Modbus Cot] locations 0, 1, arad 2 following an update ol Qese 3 lovations from a TEXT
SCADA it Hihe value of Oulput chanmel 1 s 1, Coil § would contain a 1, otherwise o & 10 Cutput ohannel s
alarm bul has not yet been acknowiedged, Coil 1 woenld contan a 1, olherwise o 4. I eriher the value of Output channel
18 1, or Onipul chaunsel 1 s in alarni bt has nol vet been acdknowledped, Cod 2 would contain 2 1, otherwize a 0,

Ay update from TSP o Modbus can ocenr i T of 2 ways, Fust, s reguest enn be send {o a TEST SOADA it
acting ss a slave, The TEST omiwould interpret the request, batid up a response in Modbus format, and send back the
respanse. Second, the THST SCADA amit can act as & masier anid simply build up o Modbus command and seod it ont,

Mow Jet s consider what happens when dats 12 translerred in e oppostte divection, from Modbos to TSP,
When data s ranslerved in ilds direcbos, only the Modbug locations thatl are mapped w TEST BCADA chanael

VALURS will have aneflect on the TEST SCADA unit. For example. apain consider the followng 3 map setup bnes.

MAP Toil 0 01 Valus
AP Coll L Ol New
MAE Coi) 2 OV Value New

Consider the siate of SCADAWARE alter an updade frony these 3 Modbas locations, U 'be value of Cait Ois |,
Ouiput channel 1 1 swould cortain o 1, othenwize a . The update from Cotl 1 would have oo offect on the TEST
SCADA unit beoanse the srapping for that Modbus point does not conlain a TSP channet value, The wpdate from Coil 2
wondd have 1he sume eflect as the update from Ceil G This 13 because the NEW parsrueter would be ignoved and the
VALUE paraneter would work the sune as o dud for Coll 1L

Sines: Coils and Inpuls eontais eather 8 O ora | they are easily mapped with the 3taleg inpet and Ouiput
channels of 0 TEST SCADNA aystem. However, Cols and apuls can also be mappad to any other type of TEST SCADA
channel Transferring daia for valie type chasnels is exactly the same as iransferang data for digial type chennels,
Whon going from TSP 1o Modbus, a Modbus Jeeation will be sel o | when the vahwe of the corresponding channel &5 not
equal 100, otherwise 1L will be set fo 0. When gotng from Modbus 1o TSP, o chanret vadue wall be sef to 1 when the
Medbus localion cortains # 1, otherwese 1L wall he set w .

WORD DATA MAPPING OPTIONS

For Modbus loput Registers and Holding Registers, ench location containg an wiieger value, always
condained 1n 16 Bit Neld (also called 0 "word"). What sach integer repreaents depends ot the map setap Tor each looabon,
The avalable keywords for specifying what data witl be mapped inlo cach luput and Holding register location sre listed
below
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KEYWORD ~ CHANNEL PARAMETER

Value Integer representation of channel’s current vadue

Hi Chinnel’s High slarm setpoay

Lo Channel's Low alarm setpoint

Oy Channel's Deadband value

[ost Indscatey (hai this channel will be sent as a Floating Pont manber

12-16 Overnides defaull word size for Input and Holding Regsters. Input repisters dofauii 4o 12

bits, Holdig registers detault o 16 bits.

H o keyword 15 specilied, the keyword VALUE 8 assured. Data will assuimed to be nfeger imiless the
FLOAT option is speafied. [nteper Tonnst means the value will be represented by a 15 data it tateper volue (perfaps in
g 16 bit signed witeger Nield) which ocenpies a single Modbus register. The FLOAT keyword will specify 2 Modbus
extension i which values are represented by o 4 byle (32-bal) tosting pommd ninpber,

Mote thal Floating pont data tvpes are nof part of the Modbus specification. One common method of providing
feating point supporUis o store (he 4 byles (2 words) of the IEEE Heating poind valoe nlo fwo sdjacent 16 bit Modbus
registers, This 32-bit valoe ceenples 2 eomsecative 16 it reglaters, where the upper 2 hytes are stored in the specified
loeatson aud the lower two bytes wit] be stored i the sext copsecutive location, Udoriunately, alfernate formats slso
exigl, Some of these can be processed by SCADAWARE a8 oxplained below,

For example. consider the folfowmg map setup line which does not use fleating poing:

Mal HREG 0 V1:VE

This line will mop the velues of TRE Value chimels -8 with Modbus Helding Registers 0-7. Bach holding
register witl contain o 16-bit infeger representing the value of each channel, The map defised by this Hine wouid Took like
VEEY

MODBUS HOLBING TSP VALUE
REGISTERS CHANNELS

0 !
f 2
2 3
3 4
4 5
5 G
G 7
7 8

Now consider the following mag setup Lins, winch dews use {loating point data:
MAP HREGQ O ViVa FLOAT
This e will map the values of TSP Vadue channels 1-4 with Modbus Holding Registers 0-7, Two consecutive

regisier locations woull be used 1o represent the value of each chamiel in a 32-bit format, The map defined by this line
wonld look like this:
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MODBRUS HOLDING TSP VALUE

REGISTERS CHANNELS
0 V1 - upper 2 yies
Vi - dower 2 byles
2 V2 - upper 4 byles
3 V2 - dower 2 bytes
4 Y3 - upper 2 byles
5 V3 - Jower 2 byles
f V4 - upper 2 bvles
7 V4 - lower 2 byles
STADAWARTL will ignore allempts fe access data across foating point boundaries, 1n the gxample above,

altergis o read o writo o holdmg registers 3-4 with a single value will be igaored beenuse the map tnderstands that
these registers relate 1o 2 difforent TSP values,

Wheas setling up s map for registors, only o of the keywords VALUR HE LO, and DB should be speaified
for a single Modbus range, The FLOAT keyword can be nsed by nsell before, or after any one of the ather kyvwords,
Hawever, o two of the other keywords are specified on the same line, the second one 1s the one thaf will have
precedence, The bllowing examples are given 1o help ustrate this point

FILE STATEMENT DATA REFERENCE
MAP HREG GV elan value momteger lormat

MAP HREG 8 AL FLOAT chan value n Doal tormst
MAP FREG 6 M1 FLOATHI i1t setpowt in Hoat format

MAP [RIGG 0 VI LOFLOAT li setpoint i ool format
MAP IREG 2 ATFLOAT VAL alian value w1 foat it
MAR IREG 4 M VALULHI hi selpoint i iieger {otmat

ANALOG / INTEGER SIZE AND FORMATS

Modbus does net fully define mteger tormats that are used for analog conversions and general infeger vse,
“Standard” Modbus provides for fnpndt Registers (analop inpiig) o be 12 bitg, unsigned, night pustified m o Seld of 16
terial Bite, The delault 12 bit inpat Regisler vefales (o the nonal "raw” data provided by the A/D converter i an
unspecifiod Modicon PLC o RTUL Hewever, it is imporiant to undesstand ithe exaci details of the integer formar being
wsed in any appheation. Consult the hardware and solftware manuals o cach device to determine the exact bit mapping
of all data formuts used with SCADAWARIL

The "standard” Modbus integer 15 4 12 bit umngned oamber. A 12 bit size suggests that the fall scale swing of
the fnput Regsler 18 0-4095, For e raw A/, O 1500 2048 35 hall scale, ond 4095 s full seale. SCADAWARE sssumes
this 12 bits s the default format for lnput Registers. Vanastions from this stmple 12 bt formal ¢ be handled as
disctised below, Regardless, all Modbug integers are converted upon receipt Lo meet the norreal 16 bit sipned wtegers
used within the program. The reverse (s done when Sansmitling miegers from SCADAWARIEL

Modbus Holding Regisiers are generally assumed 1o be 13 data bits plus a sign il but the lnteger format
wiliin those bug is indefined by the Modbus speetlication. SCADAWARE assumes holding registers contan 16 b
signed integers, with o full scale swing 1= 432,768, Tlus sssumption means that Modbus Holding Regsters are dueotly
vompaizble with SCADAWARI, so no npulfouiput conversion 18 required. Variations can be haadled us discussed
beluw.

F s cormon (o find alternate integer formats in real world Modbus apphoestions. To handle the variants,
SCADAWARE provides MADR commund options to specify altermute mieger sizes for each Input and Holding register

gyotp The option s entered as a mamber on e MAP IREG or MAP HREG slaiement 1 the map file. The defanli is 12
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data bats for nput Regisiors, and 15 data bits for Holding registers, The optional number can runge lrom §-15. When
processmg inleger data for freg and HMreg addresses, SCADAWARE will shift the integer's bits lefl as required to meet
the needs of SCADAWARE {meoming data), or right o meet the needs of Maodbas (owtgoing data). Details on this are
provided below.

lina 12 bil unstgned Madbus register, incoming munbers witl be shifted left 3 bits to produce o 16 it sigmed
number (the wpper bit s for the sign, and is ignored), Iooan 8 bit system, outgoing nombers will be Fight shiffed 7 buts i
produce an & bit resali {stored 1n 16 bits, upper byte all 0) for use i a Modicon type /A anal g output. However, all
il‘.lt%li? Registers snd Holding Registers ocoupy 16 bits {2 bytes) in the Modbus data table. Single byie registers are not
defined.

ANALOG / INTEGER FORMATS

;
1

. |B15]b14 bT13|B12/b11 b1 b3 I b8 | b7 b6 1 b5 | 64 B3 | b2 | b1 | bD | 8t Position

A |5 fd1a|d13ldi2]d111d10]| d9 [ d8 | a7 [ a6 | 66 | da | a3 | d2 | d1 | d0 | SCADAWABE +32K
B 1 Z x|z Pz dtildio] 49 1d8 1 d7 | d6 | 48 | d4 1 d3 1 d2 | d1 40 | Modbus AZD 04095

G | 5 [B11inI0] b3 | b8 | b7 | b6 b5 b4 | b3 1 b2 1 b1 DO | 2 | 7z | z |12 bit Shifted/Siqoed AD
Bl 80yt 2 by (b1 b (68 | v7 | b6 | BE 1 b4 | b3 | b2 | b] | 50 12 Bit signed A/D
EL X x dx oxgox ba fox |« Tdv |6 | d5 [ da | a3 | dz | dT | d0 | 8 bit D/A Output 0255

b= B Pontion deDatabil S~ Sgmbit <= Donttcare {probabiy () 2= Ajways 0

The table above shows a snple of possible daty formats loosd 1y Modbus appbications. The SCADAWARE
eabry al row A s the standard sigoed infeger formal used o most computers, This 15 a signed integer with 15 dot bits
(32K) m the least sipnificant bigs and o sign bit i the most sygnificant (Jelt 1ost) position. Sotne systems de nof use o
sign bif which restdts m 16 bit "words" which range from positive 0-64K. Unsigned 16 it words are not supported by
SCADAWARE, altbough they can be used as signed inlegers m the Hmited vange of 232K '

The entry at row 3 shows the 12 bil unsigred format desoribed in the boste Modbus specification. When
franslated o o slandard intoper within SCADAWARE, the 12 b psruber 1< shifled fefl § times such that ot has 3 zeros in
ihe lower bit posilions. Thes means the rosulting SCADAWARD mieger will alwiys change by 8 (3 Lits worth) for every
bt change of the Modbus input reghster. Note that the highest by position i unused and set o O, producing ain mieger
range oF 0-32K. The MAP file it size for this entiy is 12, which is also the defalt value vsed for all Inpud Registers,

The thivd entry af row Ui typical of PLC AAY inpuis which provide plus and migus conversions, Here the 12
bits of A/D conversion wre shitted beft within a 16 bit signed integer field o produce so zmqﬁ ¥ range of 2326 However,
becanse the lower 3 bits are always O, (e offea! s that of 4 13 bt A/L wath g resolution of 8, The MAP [lle bit size
sefting for this data 1ype woudd be 15, mdicating that no stafling is vequired, Mo date conversion i required because all
16 bits ave w place, resdy 1o e used as a standard BCADAWARE nteger. Tieis iy the ondy Muodbus integer format
whick permits negative Modbus bregers to be wsed with SCADAWARE This 1s als0 the mteger Romat wsed as the
default for Holding Regmsters, aitowny them o casily oonttam 16 bil signed integer data.

The fourth entry g row 1D s a 12 bt A/D similar 1o that norow £, excepl that the usefid <ata bits bave not been
shifted lefl on the Modbus side. The imused bits are placed between Lhe data bits and the sign b, which would prodice
a #4095 range used with sollware it understom? dhs nor-standard formal, However, when a il size of 12 10

speciliod in the SUADAWARE Map iile, the resulting left st will cause the sipn it 1o be fost. So altbough this dala
[gmm[ pan be used with SCADAWARE the senge 15 hted o 0-4095 (12 1] hits) on the dMadbus side, resulting in s
SCADAWARE vange of 032K wilh a prinmmin resolution of 8.

The fifth entry ol row E 1s typreal {or an 8 i 1J7A outpul. The low resolnbon VA outpul device wt the PLC or
RTU has a rangse livited 1o (3-253. Becanse SCADAWARE uses the 16 bt signed infeger format, right stafting will be
1‘@':quu'e:s:§ to convert the mterpal 16 bit signed mleger into an 8 bit unsigmed isteger. The MAP file bit size tor this endryas
8. catsing SUADAWARE to vermove the lower ¥ hils or resolution irom e taternal inteper [ienmat when formatting data

SCADAWARE® MODBUS Interface Manual Jan 22, 2001 TEST Autormation & Contrafs
Fape 189 of 24


http:otllpl.lL

tor Modbus. A simitar provess would ocewr if data were received fom an 8 it input device, which would have sinilar
restrictions to that of the 12 bt example on row B,

The bit suze for all tteger registers s reflected i the MAP DUMP oulput (e Any chanmels not Sy inleper
format will have the word FLOAT 1z place of the bil sive '

Lxamples of the bit size option are as follows:

Map Treg 12 Al:alb Value 14 ;rveceive rvaw 2/D data from oddball 14 bir upit
map Mreg 15 Vi:ve value 8 reduce regolution for 8 bit D/A outputb card

wgp Irsg 20 Al:af Value pouse default 12 bit Treg senving
map Hreg 20 Al:as ;ouse default 15 biv Hreg setving

MODBUS DATA TRANSFERS

Unee the proper mapping s installed, TSP data can be sent and received over 3 Modbus link by relerencing the
Maodbus addresses only, A task in SCADAWARE will send and received date with propedly formatted commands
generated by MAP SCAN and MAP DATA statoments. Aside from these statements, date transler programming is very
sumitar o normal TSP procedures. The main differcnce 15 that mstead of normal TSP commands for SCAN and DATA,
the maodbus equivalent MAP SCAN and MAP DATA are used. All other TSI fasthties are available just as if Modbus
weren't a consideralion.

The: MAP SCAN conunand iz provessed similar o o BLOCK SCAN vonmusnd in reguler TSP, Processing will
et o formatted Modbus command 0 4 remoete wilt asldrng it for data, The MATD SCAN line must provide the folowing

11}{]1“2!,!1]01 CVHED

Meodbus 13 of reeeiver

Maodbus Compaand Code RIL WO, WIC, RHR, ate
Starting Modbus address As defised i the MBR file,
Registor Count Fiow many registers oot required for WIC)

A Jme to vead holding 8 regasters starting s 4005 from unil 4 would look fike:

Map Scan B RHR 5 4 ; unit 8, read HR, starting at b, count of # registers

The recerving st will process this lne and send back o Modbus response. Because the addresses aren't
wicluded in most responses, SUADAWARK has g keep track of the Inst connand sent ont so that 1t will know where o
put the data, Whon a response is recetecd, SCADAWARKE uses the mag table o losate the appropriate TSP chanpeds
which will receive e dotn, The Tormat of the dals was determined when the map [fle was processed, so afl thalis
needed i the sean Jine 12 the data shown above, Al the delatls of Poats, miegers, ele. is handled attomatically by
SCADAWARE,

The MADP DIATA commnd i3 used to send data (o soother usd, much ke a BLOCK DATA o s ased in
regular TSP The MAP DATA Ime s sumlar to the MAP SCAN line m thal the programmer yaust provide the
necessary Madbus information with which to build the Iine. SCADAWARE will foronad the line using data from the TSP
daia tabie as divecied by the Modbus map table inase

A fine o wrile 6 holdmg regesters on unil 7 starting st register 4 looks like:

Map Data 7 WHR 4 & : unit 7, & regs, starting at 4 {4004 in the other unit)

The other Moedbus compumds are very sinnlar, The ooly difference 13 with the Wrile | Cosf comunand (W10
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whtich does not regaure = eowtl becisse only 1 oot cun Be writlen,

Note that most values must be specalied literally, with a number. The only exceplion 13 the uni nmnber which

can be any vadid TSP expression. This feature w useful when desiginng a program t*zi}mh mnst potl & number of identical
wnits, on wineh the ns}i';« hiterence 1s the anit 10 diselll [Ua variable is nsed instead of

rouline can be s

MG pUrpose.

ale

PR o= 10 read Lrom unit

Mdi} Data ¥ 4 BIR

30 8

SAMPLE MAP FILE

i

< for any unit, As with any other TSP

19 this time

Ca hard-eoded number, s conumon

procedure, coimmand bue pacsmeters can also be used for this

unit x, vead inputs, count of B, gtarting ac 30

The following file sample contans a vartely of options, more than would Hikely appear in a small systorn

;o Mogibas

Test File

mag Modbus Definition Pile Stard

unit

2 2

Pyrotogal RTY

IR

se RTID (ar

;o total of 3 wmodbus o

tug to be simulasted

1 not ASCIL wmode) for the entire system

Mgg Starting Firvst Modbusg map for $85180

gele eulsl i Make all TEP references apply to 85180 R1Y

i 17 ;o Fivet unit is Modbus ID 17

mzeg Defining Table Sizes

table coil 200 ;o ooutput bits on the logical RYG

table input 32 ; dnput bits

table hreg 32 ; Bolding vegisters

table iveg 10 ;oinput registers

map coll o ool ;o Modbug coil 0 is walue of TEP cutput number 1

map coll 1 ol NEW ;o Coil 1l ois new alarms gtatus of output §

map coil 2 al ALARM ;ocoil 2 ola din alarm status of oubput 1

map coil 3 ool DB ;o ocoll 3 is deadband alarm status for 01

tap coil 4 0l REZRET ; el 4 ds resedr starus of OL

map ccell 5 ool ABNORMAL  ; coll & is abnovmal status of 1

map ooll & ol HEW ALARM ; coil 6 iz New or In alarm

map coll 7 ol NEW RESET cail 7 il new or resel statug

map ooil & o pooeil 8 i value of 02

map coll 8 ol NEW

map call 10 02 ALARM

map cotl 11 & DB

wap coil 12 02 RESET

map coil 13 o ABNORMAL

map coll 14 81816 ; ooils 14-29 are gtatud chamnels 1w‘&

map ooll 30 wlvh ;o ocolrig 30-34 arve value channels 1-

mag Setrting input Map

map input 0 S1l:816 ;oinput bits 0-1% are TEP status 1ngnvﬁ 116

map input 20 oliolé ;olnput bitg 20-35 are TEP outpuls

mag Setting IREY wmap

map irey ¢ al:ad ; Input registers §-9 arve TSP Analogs 1-10

map sreg 4 ab:as 14 ; secend boarvd uges 14 bit A/D mods
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mEg Setting Hiey Map

wap hrag ¢ vlovB fleat ;o udge 2 Hregs to hold 1 float, times 2 points

map hreg 16 al:al

Meg Starting Second Modbus RTU definivion
o2 :osmall undt with coils only
table coil 100

map coil U osil:els

Mag Defining Thivzd unit that has ID of 8

in B

Cable coil B0 100 ; 50 gpaces starting with address 100
vable input 20

map coil 1010 s)os8

map input 10 siigis

may Modbug File Done

mEgg Starting Modbus Delinloion File #1

delay 5 yomax of 2 ricks allowed bhetween incoming charaoters
unlecs L0 i 2 ROT and 3 Flow computers

vag ROC ¢ nivkname only

Tiv 1 ; PC Platform is Modbus

PROTOUOL, daniels

;owill talk to Daniel's flow compuber

table foput 32 ;o ostatus inputs starting at 1

sele RO

wap input I osl:83% ; Modbus bits 0-x into TSP 1-x

;Flow compube has lts own modbug enbry

gwapped frowm normal

I 11 i Make flow cowmpubter 10 more than RIU
protocol swap ; uses 2 Hregs for floats,

vable hreg 16

table

nput Le
.

i
tapie ool is
table ireg 16

map hreg 0 vi:vd value float ; hoid veglsters O0-x map to Al

mEp ingut 8 slogd
map cowl 0 oio8
map iveg O al:ad
map bhreg 10 ab.ab value 12

INSTALLING MODBUS FOR SCADAWARE

Modbay s a sl feature of e IDPM] sersions of SCADAWARE, RTUMONT and RTUMEDS. Modbus i
not included 1o the Lite Yersion. Albough there s no sddional cost for the DPMIE version of SCADAWARE,
corpniters and T s may require hardware enbancement m order to support i order (o operste the larger program

Aside Trom Gre pormnl SCADAWARE requirements, operation of the Maodbus interface requires completion of

the foellowing stepx

] Preparmg the Modbus MAP dedinition file which relates the Modbus sddresses (o the TSP data values within
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2 Wuadiifying the startup process o molude louding of the Modbus Map file. This reqiitres one or more MAGP
LOAD commands m the sompuder’s gtarfup procedure

3 Use the SCADAWARE Map Damp command (o produce s lext file comtaining detatds on the Modbus dala
mapping. Make sure thut all TSP and Modbus registers are properly sized and aligned.

4 Adiding a new RTU task, or modifying an existing 7T task 1o process he incoring and onipoing Modbus
communds, The 1ask does not need ia be dedicated to Modbus only, It need only select the appropriate data
map swhen perfarming Maodbus finetions.

5 Far Modbus Slave Applications: Modifyimg the startup procedare for the Stave task such thut the proper data
e 1y selectad. Once selected, the mup will ramai active until de-setected by that tagk. For tasks operating as
adedicated slave processor, no addilionad programmiog is required becanse all Modbus commands witl be
attormatically processed by the task.

4] For Modbus Master applications: Preparmg or medifyimg TSP Liok procedures 1o contam MAP SCAN and
MAP DATA instead of the ustiad TSP SCAN and DATA commmands. The procedires are similar (o nonimal

TEP Bak fles, bud use the MAP versions of the data fransfer commands.

The following procsure fragments iHusteate e modifications reguired fo existing SCADAWARE
pricedures. [mporiant portions are shown i bold:

- fragment of DAT file -

COM L 1200 saitideop No& 2 200 400 r Radio
com 2 1200 pultidrop N 8 2 200 400 1 Modbug interface

weg Setiling Up Tasks

varianples 312 ; vara for tagk 0
pasgk, riouw, Coml Radio

task, rtu, Com2 PLO ;5 logally commnected Modbus PLC

task, Tru, Uoilivy Task

tasgk, driver, Local 170, rvelay, base . vly ; bank o
i

r
|

- Fragmecnt of task 8 startup —-

read VELII0 ;o oread in VR 130 setup
read SMT1I0 ;o read in BMI 110 sebup

gele VRIZO
map load 1 wodbus host.mbr ; read in the Modbus Map definition into slot 1

task 1 start ; start up the normal TSP rvadio task
task ¥ start ; start up the Modbus direct link task
(b2=3 ) ;opub up the user menu fow tapk O

e fragment of Task 2 Startup for Dedicated Modbuas Slave -
proe grart?
get haud L1200
wmap sele PLUC ; select wap by name ingtead of number
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e syt Map File naped HONTMER
mag Strarting Modbus

Frotocol RIU
Gelay %
unitsg 4
tag BLO

1D 1

PROTOUOL Integer
Cable input 32
cable zoll 32
table hreg 16
seie VH130

map input 0 si:s32
map hreg U vi:ivie
map coll O eliolé
;Flow compule hag
FRRIN S

rrotocol daniels
vable hreg 16
table input 1o
table coil 16
table ireg 16

map hoeg O vi:vée value

map input O al:iag
map coil O ol:o8
wap drey 0 al:ad

-t e e

1

i

hefinivicn Wile #1i
use binary protocol for entire MAP
max of 2 ticks allowed between incoming characters
PLC and 1 Flow Computer
nickname only

1

PO Platforn is Modbug 1
no special treabtment for {loats reguired here
starus inputs starting av i

float

5 Modbus bits 0-x into TSP

1-%

i holding regs go to Value Channels in SCADAWARE
;AR outputs to PLEY outpubs
its own modbusg entry

y Maks flow computer 10 more bhan RTD

wap hyeg 10 a%:af valug 12

- frugment af Link file for Modhus Master. 1t polls 2 units-—

ARLA

Froo links

sele VRIZQ

map selae PLU

map soanr 3 RLL
map data L WO L Le
magp data L WL 2
map sean 1 HEER

; note vhat the next

map scsn 1L RIE 1L

16

’

i

poread all inputs from the

write outputs to the PLU

1]

noete that no count 1s regu
read all Holding regizters

2L

LEe

; hold registers 0-x map to Al

Coin ome command

d for Wig

Lines use address 11 for the Modbus address

map sean L1 RIRE 17 16

link reset ;
lye ;o foree

I3
H

rlaan

tank offline to allow next

3

‘

raad first 16 input Tegs
read next 16 input regs

the TSP link if acvive

link to process guickly
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