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THE HISTORY OF P-NET

P-NET was conceivedin 1983 by Proces-Data Slkeborg ApS Denmark. Thefirgt product using thismulti-maste r
fieldbuswaslaunched in1984. Themulti-networking andgateway functionswereaddedtotheprotocol specificatio n
in 1986. The first operational P-NET to P-NET gateway product (PD3000) was made available in 1987.
In1987, P-NET was adopted by Ultrakust Electronic GmbH, Germany, in the manufacture of their own networ  k
indrumentation. Inthesameyear, anumber of other companies, suchasIPH inDenmarkand FMA intheUK , bega n
producing applications using the PC based, P-NET orientated, Process-Pascal cross compiler.

TheP-NET gandardwas madean openstandardi n
1989, for the purpose of adoption worldwide. In
1990 the VDI/VDE Indtitute in Berlin made a || History of the P-NET Fieldbus ||
comparison between various fieldbus standards
available, and conduded that wider use of P-NE T Work started 1983
depended only on more compani es/institu-tions Layer 1 through 3 1984
knowing of the existence of this versdtile
protocol. Due to the great interest in P-NET ,
simulated by the publication of the repor t, it was Protocol testing 1984 - 1986
decidedto form the International P-NET User
Organization. The 1st International P-NET
Conference took placein Denmark in 1991, andwas Standard fixed 1987
attended by 40delegates. Thelnternationa P-NET

User Organization will arrange an annual

International P-NET Conference. In order to promote agreater knowledge of thisfiddbus, itwas  proposed that the
International P-NET User Organization would participate in the International Trade Fair - INTE RKAMA 92, in
Duissdorf, Germany. Someindependent companiesexhibited their P-NET productson thestand, and demondratedth e
interoperability between the various vendors' equipment, without prior arrangement.

The P-NET fiddbus has now been used for many years, and more than 4000 gpplicationsworldwidea re already
operdtiona, each utilisng the advantages of the P-NET protocol. Applicat ions range from simple installations
with about 20 1/O poaints, to very large and complex ingtdlations using more than 4000 1/O points. A video, wi  th
English or German commentary, showsexamplesof awidevariety of inddled applicationsandisavailablefromth e
International P-NET User Organization.

Layer 4and 7 1986

Products introduced and available 1984

APPLICATION AREAS

The mgority of P-NET gpplications are found in the processindustry environment, but example s also appear in
discrete parts manufacturing plants.

Sometypesof fieldbusapplicationsdemand aregponsetimemeasuredin ps. Thishigh speed only makesit possibl e
to trandfer smple variablesin bits and bytes, and theleng th of the physical busislimited to afew meters with
arestricted number of 1/0 points.

Other typesof fidldbus applications, require responsetimesmessureinms, and abuslength  up to onekm or more,
andthisisthetypetowhichP-NET belongs. Thevarigbles trandferredon  thebuscan bemorecomplex, and contai n
reals, arrays, records, bytes, strings, boolean etc, all with well defined types, to satisfy  the requirements of
measurement, control and analytical applications.

Input/Output counts can vary from afew, usng asingle master and one or more daves, to severd thousand, usin g
many masters and many P-NET bus-segments.
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|| Key aspects for the P-NET Fieldbus ||

Number of Installations More than 4000

Current range of 1/O pointsin P-NET installations 20 - more than 4000

Speed of messages Up to nearly 300 confirmed services per second
Bit rate 76.8 kb/s

Message Timing Deterministic

PRINCIPLES OF P-NET

P-NET isamulti-master and multi-net Sandard. All communication isbased onaprinciple, wherea M aster sends
arequest and the addressed Savereturns aresponse. Not only can several masters be connected to each bus
segment, but a complex network holding a great number of bus segments can be built also.

Communication isrouted through thedifferent bus-segments by meansof gateways with two or more P-NET interfaces.
Thismeansthat any master onthenetwork cantrangparently accessany nodewithinthenetwork without theneedfo r
specid programsin the gateways or magters. Thi sfeature is a part of the P-NET protocol and is built into the
standard operating system.

The segmentation aso makesit possibleto haveindependent locd trafficon  each bus-segment, whichincressesth e
data throughput throughout the total system.

These multi-bus fegtures, provide anaturd redundancy and makes the total plant installation very robust with
regpect toerrors. A system can be expanded whilethe remaining production systemscontinuetorun. Itisafestur e

of the P-NET topology that it need not be of a hierarchical structure.

Anexampleof adavecould be, aweight transmitter, where the analogue Signd from abuiltin or remoteload cell

is continuoudy converted, scaed and stored within the memory of theda ve. When arequest is received from a
master, the slave will immediately respond with the latest stored result. Error checking is also continuously
performed withinthe dave, and themaster isnotified if an error hasoccurred, withinany responsemessage. Using
thisprinciple, it isthus possible to respond immediatdly to arequest from amaster, to read or write measuremen t

or other datainadave. A davemust return theresponseto the master within at most 390 usfollowing themaster' s
request.

This reduces the need for multiple requests for a single variable, or even continuous polling until aresult is
reedy. Theimmediate response diminates the need for buffers to queue the requests or polling from different
masters.

Specia procedures have been included inthe P-NET standard, making it possible to changethe node addressof a
single node on the network by means of its unique serial number. This gives the opportunity to set-up node
addressesto individual P-NET nodes, whilethe sysem isrunning. A nodeisdelivered withthenode addr ess set

to zero, and this node addressis reserved in the sandard for the purpose of ini tializing nodes while the network
isrunning. Dipswitchesand other mechanica mechanismscanthusbeavoided, becausetheserid numberisstored

in EEPROM. Using an EEPROM makes it possible to build hermetically sealed P-NET nodes (e.g. |P-67).

1 A Gateway within P-NET providesmulti-network expansion a theNetwork Layer, and therefore messages can be sant transperently between P-NET
segments.
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EASE OF P-NET IMPLEMENTATION

TheP-NET communicationprogramforadavemay requireasfew as2k Bytes. Thisprovidestheopportunitytous e
acommon single chip micro-processor, with built-in EPROM facilities, which will then support not onl y P-NET
communication but also measuring, calibration, conversion and application functions.

CHIP-SET: TheP-NET Interface Chipisdeve oped for meking an easy communicationinterfaceto P-NET. Bathmulti -
master and davefesturesareimplementedinthe P-NET Chip. Thedevice parformsall thefunctions of layer 2, the
DataLink Layer, whichincludesthemost timecritical functionsin P-NET. TheP-NET Interface Chip  controlsthe
bus access, which includesboth dave bus accessand multi-master busaccess, and synchronization of thebus. The
P-NET Interface Chip creates and recognizes the frames on the bus and performs the transmission error control.
TheNetwork Layer andthe ServiceL ayer functions(Layer 3and4) areperformed by softwareintheHost processor .

A development kit that includes the necessary interrupt-procedures and conversion-proce dures for layer 3 and 4
are available with the P-NET Interface Chip.

These proceduresarewritten in ANSI C and can therefore beincluded directly in aHog-program writtenin C.1 n
case the Hog-program iswr itten in assembler, the C procedures can be used as a guideline for an equivalent
assembler program.

NOTE: Thereisno need for aspecific chip-set. P-NET nod es can be implemented using standard single chip
processorsi.e. Intel 8051, 80851, Motorola6805, 68HC11, Hitachi 6301, etc., with built-inUART. Thisalsolead s

to low development costs. Many years of experience hasbeen gained in theimplementation of P-NET nodes an d
assistance is available to manufacturers through the International P-NET User Organization.

| Key aspects for the P-NET Fieldbus |

Hardware Implementation costs $5 - $20

P-NET chip-set Chip-set samples available in 1994 from the International P-NET User JL
Organization. The chip-set is not required, standard driver software availgple

Micro-processor requirements 8 hit processor "

Manufactures of micro-processors for P-NET All major vendors, e.g. Intel, Motorola, Hitachi, etc. "

PROTOCOL OVERVIEW

P-NET isspecified andimplemented according totheOpen Systems  Interconnection ReferenceModd onlayer 1,2 ,
3,4, and 7. The usage of the application layer (Layer 7) providesthe plug-compahility in relation to semantics,
and the other layers provide the physical plug-compability.

Well defined gpplication layer profilesfor individua I/O points, gives awell defined Application Interface for
programmers.

Thel/O interfacesin the different nodes are defined as objects, which contain not only real time data but also
predefined function switches, diagnostics, maintenance dataand error messages. WithintheP-NET Standard, suc h
an object is declared as a Channel, and channel structures are defined for digital 1/0, analog 1/0, weigh t
transmitters, printers, etc.

The gandardization of the single /O pointsinstead of com plete nodes on the P-NET makes it possible from a
master's point of view, to exchange smilar I/O's defined within different man ufactures nodes. Nodes can have
different 1/O gtructures. For exampleonenodemight have 16 Digital /O + 2 anaog 1/O, and another node8 Digita. |
1/0 +4 Andog I/O, but asingle 1/0O will be seen asthe same by the master, no matter what kind of nodeitispar t
of.

Asociated with the Application layer within P- NET, is the data format standardization, which includes reals,
bytes, strings, boolean, but dso more complex entities, as arrays and records. All measur ement values sent over
P-NET are aready scaled in engineering units.

TheManufacturing M essage Specification, MM S(1SO 9506) isusedon  layer 7, asanintdligent interface betwee n
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P-NET and other networks, (e.g. Ethernet, Token Ring, MAP, etc.) using avariety of protocols. A testingdlatio n
isbeing developed for Ethernet with the Novell protocol. MM S providesawdl| defined interface between thefid d
and the management area for software p latforms, such as production planning, and monitoring system, at the
management level. Typically,theMM Sinterfaceisusedfor nontimecritical communication. MM Sisawd| defined
Application interface for software developers.

ADVANTAGES OF THE P-NET PROTOCOL

Savesrespond dmost immediately after receiving arequest. Thisrequirement dlowsuptonearly 300 confirmed
messagesa second tobemadeonthefieldbus. A confirmed serviceisacombination of amaster requestandadav e
response.

Theresult of ameasurement made by adaveispresentedto a master in a pre-processed form, in Sl (metrical)
engineering units. The benefitswithin the magters, issgnificant, sncenore petitive scaling or conversion need

to be performed by the master(s), leading to considerable savings of processng power.  Thedistributed processng
power can be increased further, by adding masters, each of which allows several tasks to run simultaneously.
For example, atemperature measurement is represented by afloat ing point real value, following the IEEE 754
sandard, and the temperature valueis presented to al masters in centigrade. Identifiers used for accessing the
physicd variable on the networ k, are mapped via a 'softwire’ list. Thislist is generated while the application
program is being compiled. Therefore, no real time translation is required, leading to very fast data access.
Multi-master accessto the Physicd Layer isperformed using a virtual token passing principle between magers.
After agiven master's bus access, the token is passed to the next master inacy clic fashion. The maximum data
length in one transmission is limited to 56 data bytes, for ensuring real time data collection.

The passing of thevirtud token takes placewithin only 130 uSor 10 bit periods, and no datais actualy sent over

the bus. A single network can have up to 32 masters with equal priority.

Within multi-master and multi-net systems, al masters have equa priority, and thereis no hierarchy which need s

to bemanaged. Consequently, theP-NET doesnot requireany arbitrator function. Thevirtua tokenpassingis5-2 0
times more efficient than software arbitration.

SOFTWARE

Process-Pascd isavailable asaprogram ming tool for P-NET controllers, which is Standard | SO-Pascal with
additional facilities for declaring variables on the network, and for task management in a multitaskin g
environment.

Programs written in Process-Pascal usegloba P-NET variablesasif they werelocd varigbles, the only difference
isto befound in the variable declaration technique. Multi-tasking facilities are also included in the Process-
Pascal, and it is possible to have up to 64 tasks in each master.

P-NET driversfor PC based sysemsare availablein Pasca, C and Modula2, for DOS or Windows gpplications.
Software tools for monitoring and debugging, as well as Graphic Control Systems are also available.
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IS-16 INTRINSICALLY SAFE FIELDBUS
Electronic equipment for use in potentially explosive atmospheres, can be implemented using two principles:

1) Mounting thedectronicsin aflameproof enclosure, and including Zener-barrierson any outgoing unprotecte d
wires. This can prove to be a heavy and expensive solution.

2) Usinganintrindgcaly safecircuit. Thisisacircuit in which no spark can be generated, o r any other thermal
effect, capable of causing ignition in a given type of atmosphere.

A new physical layer 1S-16 is under development for P-NET. The1S-16 Busisan intrinsically safe bus for
connection of intring cally safenodes. Thenodesare power ed viathebusfromasafepower supply locatedinanon -
hazardous area. |S-16 bus implementations are useful within non-hazardous areas as well.

Simple1S-16 sensors such as temperature sensors, pressure sensors, humidity sensors, eic.  are likely to be more
cost effective, as no galvanic isolation is necessary, compared to nodes which have a separate power supply.

INTERNATIONAL P-NET USER ORGANIZATION

Thelnternationa P-NET User Organizationisanon-profit makingorganization,andmorethan50companiesareno w

members. The membership fee (1994) for companiesis 1.500 DKK ( = 400 DM or £160), and there are special
arrangements available for universities and other educational institutions.

By erdlingin the International P-NET User Organization, anew member will recaive one copy of the P-NET dandard

and has the right to use the P-NET protocol in products without any royalty.

TheP-NET gandard isavailablessparady a apriceof 400 DKK ( = 100DM or £40), andtheV DI/ DE comparisongud y

onFiedbusSystems[Ref. 20] isavailableinGermanor English,at apriceof 400 DKK (= 100DM or £40). A video

with English or German commerntary showing examplesof awidevariety of P-NET inddlaionsareavaladlea apric e

of 320DKK (= 85DM or £35). Toorder theabove mentioned materid, plessesend achequein DanishKrones  (DKK) to

this address:

International P-NET User Organization
P.O.Box. 192,
DKk-8600 Silkeborg
Denmark

Locd sectionsexist in Denmark, Germany and the UK, and bulletin board fecilitiesexist for trandfer of  data and
information.

John Johansen Dr. Jorg Bottcher Christopher Jenkins

Proces-Data Silkeborg ApS Ultrakust Electronic GmbH FMA House

Navervej 10 Schulstr. 30 94239 Gotteszell Hogwood Lane

8600 Silkeborg D-W 94235 Ruhmannsfelden Finchampstead, BERKS. Englarnd,
Denmark. Germany. RG11 4BW

Phone: +45 86 81 40 33 Phone: +49 9929 301 0 phone: +44 734 730100

Fax: +45 86 81 40 88 Fax: +49 9929 301 112 fax: +44 734 328094

Mailbox: +45 86 81 30 10 Mailbox: +49 9929 301 113

(Up to 14.400 Baud, 8-N-1) (Up to 14.400 Baud, 8-N-1)
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P-NET INFORMATION IN SHORT FORM

Communication between individud units of adigributed sy stem of intelligent sensors and actuators, field and
centra controllers, gatewaysetc, requiresa high performance, but economic, fidldbus. P-NET istheonly fiddbu s
which has large scale implementations on a worldwide basis, and possesses the following characteristics:

HIGH SPEED

B Datarate of 76800 baud ( cost / performance
optimum).

B Extremely efficient protocol for all bus
transactions. Up to nearly 300 confirmed
services per second.

MULTI-MASTER CAPABILITY

B Up to 32 masters per bus segment.

B Simplified arbitration procedure (virtual
token passing 5-20 timesmore efficient than
software arbitration).

MULTI-NETWORK CAPABILITY

B Anynumber of P-NET bus segment can be
networkedusingController Gateways(standar d
units) without further software expense.

NOISE IMMUNITY

B Electrical isolation between bus and
electronics.

B Screened twisted-pair cable.

B Check-sum for datasecurity (Hamming disance
= 2, optionally 4).

ECONOMY

B Based on the R485 standard, t herefore uses
standard components.

B Single chip 8-bit microprocessors provid e

sufficient performance, no need for chipset.

B 2-wirering connection up to 1200 m long,
dramatically reduces wiring costs.
B Up to 125 devices per bus segment.

HIGH LEVEL LANGUAGE SUPPORT

B Standard Pascal with extensons for
multitasking and P-NET-access, reducing
software expenses.

B Full support of all functions, including bus-
segmentation capability, by means of the
Process-Pascal cross-compiler.

IMPLEMENTATION EFFICIENCY

Compared to conventional wiring, P-NET offers
proved advantages when applied to industrial
processes, which result in simplification of

B Planning and installation

B Maintenance

B future expansion of industrial applications

DIAGNOSTIC CONTROL

Theuseof intdligent P-NET sensorsand actuator s
offers diagnostic capabilities previoud y
unavailable. Apart from the usual measurement
values and status data, the bus provides a
bidirectional exchange of additional information
concerning limit values, actuator positioning and
feedback, fault signals and internal system data.
This provides new opportunities for efficient
control of maintenance and system security.

P-NET USER ORGANIZATION

Thelnternationd P-NET User Organizationhasmore

than 50 membersworldwide. Someof theobjectso f

the organization are

B to disseminate global knowledge of
P-NET

B future development of the standard

B specify conformance test for products

B exchange info among the members
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Data transmission
Asynchronous transmission
Datain NRZ code
76800 bits/sec.
1 dart bit, 8 data bit, 1 addr/data bit, 1 stop
bit for each byte in the frame
Check-sumfor datasecurity (HD=2, opt. HD=4) .

Capabilities
Up to 125 devices per bus segment
Multi-master, up to 32 per bus segment
Multi-net capabilities for nearly infinite
expansion
ISO OSI 7 layers reference model
High level language support

Data types
Simple: boolean, byte, char, word, integer ,
longinteger, real, longreal, timer.
Complex: array, string, record, buffer.

Electrical specification:

International P-NET User Organization

P—NET Bus B

Controller

Controller

Bus structure
A physical ring without termination.

Medium
Shidded twigted pair cablewith minimum .2 2
mn7? area.conductors and characterigticim pe-
dance of 100-120 ohm.

Bus length
max 1200 m (EIA RS 485).

Integrated transceiver
SN 75176A

Installation
Thebuscableisconnected from field deviceto
field device, forming a physical ring.
Modulesmay bechanged'live'i.e. noshutdown
of the system is required.
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