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Abstract In th procc8s of IImki“g preliminary dcsigIl for the Sha“gjlai Syll—
c1110troIl Radiation Facili‘y(SSRF)∞ntr01 sy8tenl．wt、dcs咖c(1 arld 1Inplen㈣tcd fl川
neldbus DcviceNet for comllllIllicatiuIl between IOCs fI／0 ContIullcr)aIld devlce ft)11一

trollcrs D(、vlccNct．as an 0pen network staIldard，provides applicatIoll lay{-r I)ro“)∞】

(10S／OSI layer 7)and thlls caIl traIl8parently connPcf(1Pvices a【ld IOcs wlthollL a11y
1leed for network prograInnli“g Thc applica“on of“1e DevlffNf、L to the EPlCS(Ex—

perimcnt越P11ysics and lIldustrial Control Syst㈨1)lj洲ed control Hys油n aJ c flescnbc(1

Keywords Control system，EPICS，DevireNct
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l INTRoDUCTIoN

The contr01 system developrr掩nt t001kits EPICS(ExperiIrLental Physics and lrLdus—

tnal CoIltr。l system)，wl血山was initiauy devel。ped by the Los Alamos and Argonne
National laboratories，has been used bv worldwlde scientmc institutions． An EPICS

based control system usuauy consists of t上lree layers，i e，OPI(Operator Interface)，IOC

(hPut／0utput controⅡer)and LAN(Local Area Network) OPl is w。rkstation，which

provides a man—machhe mteractive interface．IOC，or front—end computer，provides ac—

tual contr01 for eqlllpments LAN usuaUy is Ethernet，which provides the commu』1ication

between OPI and IOC⋯

Shanghai Syndlrotron Radiation Fac血ty(SSRF)is a mediuIn·scak machille iIl-

cluding a 300 MeV LINAC，a booster and a 3 5 GeV storage ring The SSRF contr。1

system will be an EPICS_based system containi】19 about 20，000 process variables Most

of the device coⅡtroUers are出stributed in several hundred meters arolmd the mac}Linc!⋯

To construct such a distributed svsteIn，a reasonable way for data transmjssion amonz

IO Cs and devices is to use a工l add谢onaJ network caⅡed舶Idbus． The advalltages of a

矗eldbus．based archjtect毗e are as f01lowsH：

A1 Inst棚ation is simDn矗ed

f1)Short signal cable：The DAC and ADc c aIl be placed as close as possible沁

the deVices Combined with properly speci丘ed components analog slgnals with 16 b1 L or

more resolutioIl become me a11ingful_

(2)Secure and cheap connection： The矗eldbus protocol guaTantees reliable data

transTnjssion via shjelded twisted Dair cable even in noisv environments．
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236 NUCLEAR SCIENCE AND TECHNIQUES

(3)Elect“cal independency： cross talk via tlle comm。n grouIld。r bus backplane
does not exist

B)Intelugent actuators and seIlsors can be utilized

(I)Data preprocessi“g： Raw mea轧Lred ValLIes are converted to relevant physlcal

quantitie8

(2)Data sharing：Fieldbus multicast facihty allows task sync上Lronization and inteI—

locks．

(3)Autonomous c。ntrol applicati。ns：The embedded controⅡer may generate ramp

fhnctions，perform r。gulation l。ops and monjtor device status

c)Process security is Improved

(1)s。p叮ate cPu Per deVice： Equipment 5peci厅c software and con行guTatl。n aTe

very 10c以ized and simple

(2)statcfu recoVery： serVice ls not Interrupted by higher level system crashes．

actual IO status and setpoInts are proVided to the rebooting systerns

(3)Ind印endent tr。11ble sh。oting： Replacement of falllty 0r suspicious hardware

does not a仟色ct other deviccs．

Bec aLLse of the above reasons，the矗eldbus甜e widely used in dlst“buted c。ntrol systeIIls

DeViceNet protocol based on CAN was choeen in SSRF because of its rehabmty，ease。f

use and wide acceptance and sLLpport by industry}both on the devlce and the chlp kvel

2 DEVICENET INTRoDUCTIoN

The DevlceNet is a low—cost coImuI止cations Unk to connect industriaJ devices f seIl_

sors，actuators)to a network and eli缸nate expensive hardwiring It is an。pell network
standard． The speci矗catjon and protoc01 are open fbr vendors and anvone 111av obLaill

the DeviceNet Specificatjon irom the Open DeviceNet Vendor A ssociation fODVA)卜

The DeviceNet 8pecmcation incorporates CAN(Control Area Networkl specl^ca．

tion CAN specincation from Bosch de矗nes a serial corrⅡ删nication DTotoc01 a11d cnY．
eTs basically the bottom two 1ayers(i e Data Link Layer and Physical Layer)。f the

IOS Laver Model DeviceNet sDeci矗cation de矗nes a network corntllunlcatlon svstcnl for

moving data between elements of an industTial control svstem and covers the top laveT

(Appucation Layer)of the IOs Layer Model(F嘻1)
Instead of a tradltional source—destinatlon approach，DeviceNet uses a Inore em．

cieIlt Producer—Consumer TⅡodel that reql上ires packets to have identi矗er HeIds Ibr t11e

data DeviceNet de矗nes two difrerent types of nless89iIlg．They are called IjO Messag-

ing and Exphcit Messaging I／O messages are for time—critical，control—onented data

Th2y provide a dedicated，5pecial一pu。pose communicatio“path between 3 pTodlIclng

application and one or m。re consurnj“g 3ppUcations Explicit nlessages pr。vide Inultl-

purpose，point—to—point c。唧unicati。n paths between two devices． They pr。vide the
typical request／response一。riented netwoTk corrⅡnunicati。ns used to perform n。de config

uratioIl and problem diagnosjs DevjceNet conullunjcation口rotocol f色atures：
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(1 1 Peer-to—Peer data exchange ln whjch any DeviceNet product ca“p70ducc an(}

consume message，(2)Master／sIave operati。IL de行ned as 8 proper subset of PeeT。t。Pccr，

f31A DeviceNet口roduct mav behave as a Client or as a Server or both，(4)A DevlfeNPt

Iletwork mav have uD to 64 Media Access control Id e11t讯ers or MAc Ids“10de address)

Each n。de can support an in矗nite nuInber of I／O Typical I／O counts Ibr the pncllmatlc
vall】e actuators are 1 6 or 32
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3 DEVICENET IN THE SSRF CONTRoL SYSTEM

3．1 Hard、^rare structure

Flg 2 shows a typic a1 application of the DeVIceNet in SSRF contr。I systenl ()Il

vME(ie IOC)side there is a DeviceNet S canner(master)that communicates wlth I}le

device contTouer through a DeviceNet adapter(slave)

SST 5 L36一DN—VME card is used as a DeviceNet ScanneT，whjch inclLLde5 a』1 opIic：a】】y

is01ated CAN interface and a 16 MHz V40 rnjcroprocessor with 128 K shared R AM Tlle

sharedmemorv canbe dividedintothreefunctionalblocks，i e．64K Card(：ode S。gmPTlt：

48 K Card Data Segment and 16 K Host Interface B10ck A11 interaction between t11e l】osI

ap口Ucation and scanner application take5 place in the Host Interface Block There】s aT】

interrupt signal矗om the caTd to the host appKcation and an jmerrupt frorrl the host

aPplication to the card These interrupts r8quest action based oIl changes jn thc Host

111terface Block∽

ConsistiIl譬of LINAC，BOOSTER and RTNG，the SSRF has a wide variety nf needs

for control，moILitoring，and data acqujsition I／O systems that colkct j—bⅢ1ati()n rrom

distributed devices and present it to I／O contr01lcrs in a comprehensive form It i8 gen一
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era_lly hoped that a single type of deVice controⅡer
with the DeViceNet Interface can

accommodate aJl Tequirernents that the difFerent applications rnlght have．A p曲K c趴l

didate aⅡ10ng several products on the market is Alkn—Bradley 1794 FLEx I／()systeIIl

whjch is a nexible，low．cost，modular I／O system for distributed appllcatloIIs t11aL。他rs

“the functjong of l甜g町，rack_based I／OH

The FLEX I／O based device con-

troUer consists of a DeviceNet adapteT，

a power supply Irlodule and seVefal I／0

modllles(FiE 31 AU these modllles are

connected with FLEXbus interface The

I／O modules contain circujtry needed to

Derform sDecial functions related to users

application and the DeviceNet adapter

powers the internal logic for as mally as

eight I／O modules and transfbr the I／O

data to／from the DeviceNet ScaIlrLer

Fig．3 Structure 0f FLEX I／O b删’(1(1fVI(’

contT011cT

A variety of FLEx T／O modllles enable us to construct dif№rent kjnds of deVife

c。ntroUer to meet the requirements of the SSRF contr01 system

3．2 Software structure

DeviceNet appUcation software consists of VME host applicati。n，host Inter土ace，

DeviceNet mast盯appUcation and B1ave apptication，The software structure is shown
in
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EPIcs rec。佩s

Many EPICS records are used in the VME host，or IOC，application Besldes con—

venti。n“EPICS records，a new type of EPICS record“DNScanⅡer”and its轧tpport

modIIles are specially de缸ed aIld hplemented in the appbcation for DeviceNet conmL卜
njcation． This record is also used for i工1i“alization and co曲guration of the DeviceNet

subnet par姗eters at IOC boot time The con、他ntional EPICS records，Ai，Ao、Bl，and
Bo，are used to map the I／O cha加els of the device controlleT，which acts as a DeviceNet
s以ve． T}ms the IOC control to the device controllers can be simply lmplemellted by

accessing these records【“

De"icE』v0￡Sc口nner^万oduk

The DeviceNet Scanner Mod、lle fDSMl is the master node on the DeviceNet It

manages aU DeviceNet co衄unjcation without血tervention by the host system and pro—
vides a mgh—speed memory—m印ped血terface for I／O data exchange between the llost

svstem aIld devices on the DeviceNet network吲

Cbmmnnd日u疗tr

The CoIr皿and Bufrer is a section of the Host hterface Block．It is used to con矗gure
the DS]Ⅵand provides a corrlIlland．response interface to the scanner CoⅡ皿ands are

written to the Cormand Bufrer alld an interrupt to the 5136一DN—VME tr培gers executl。n
of the coⅡ皿and．A1so command results are returned in the Cornmand Bufkr
DⅡfo口u厅卵

The Data Bu艉r consisting。f the i工1put data queue，the output data queue and the

explicit mes8age queue is aUocated from the mem。ry pool section of the H。st Interface

Block at the boot time I‘provides a shared memory iIlterface for I／O data exchange
between the host application and the DSM．Output data is written to the Data Bu竹毛r

and then put on the DeviceNet I岭twork，by DsM，as 8 p01ung I／O requestⅡlessage
The input data缸e also received as a pollillg I／O resp。nse message from the DeviceNet

network and Dassed to the Data Bu任h

．FcⅡn三；5￡

The Scan List contains MAC IDs aIld ExDected Packet Rate for all the DeviceNet

nodes on the network， The DSl诅creates the scan hst duriILg system injtiaUzation and

estabhshes Polling I／O connections between the DeViceNet master(i点 scanner)and
salves after receivi工l卫“start scan”coⅡunand．

J79』尉rm"ore

As a DeviceNet slave，the function of fiTmware on 1794一ADN module is to resDonse

aU network request Inessages from the DeviceNet master aIld provides a high—speed

memory—m印ped证terface for I／O data exc}lange between the DeviceNet master and

the loc“I／O moduks connected with FLEX bus．

DeuoceⅣ“Protocof

Base protoc01 fbT data exchange between the Master(5136一DN—VME)and the s alve

1794一ADN)is a minimal aIld e伍cient subset ofDeviceNet caUed“prede五ned Master／Slave

coImection set” Protocol support and comml血cation handler run syrrmlet ric both on
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the pr。cessor。f 5136一DN—VME card and ABl794一ADN mo山llc After sVstem ltlitJa!lzlIl=

the 5136一DN—VME renects an 1mage of thc connertPd ABl794s oVcr 111e DeVlcc—r、t hll s

3．3 Prototype control system built with DeViceNet

IIl order Lo evaluate the DeviceNet for devicc—levcl controI，a prototyI)P was devel一

。ped for the m89net power supply of the storage ring in t11e process()f SSRF preU删Ilary
Tesearch T11e prototype conslsts of a SUN worksta“on，a VMEblls systcm J儿chldlng

5136．DN—VME DeviceNet interface Inodule and a 1 794FT。EX TjO hased dcvice co J1”olle r

We designed two tvpes of device controlIeIs to 111eeL Llle di打毫rent reqlliremcnts Onc l E

high resolution(with 16-bit DA(：／ADc)contr011eT for the ri“g dlpole and quadntl)。le

m39ne‘power suppues．The other is a I。w res01ution(with 1 2_hit DAc／ADc)c。ntr。uer
for c。丌ect。r magnet p。wer supply

Ou measurement 5。f the prototype contr01 system for the山p。le t11“gne L I)()wpr

supply，which starts with EPICS MEDM applicatioII at Lhe operator c。nsok，s上1。w a

precision of3×10
5 and an update rate of 50～100Hz，dependi”g。n how nlany DevlceNet

nodes comlected with the svstem

4 CoNCLUSIoN

The use of coH吼ercial Dro dLLcts lIl the accelerat()r fontr01 systcm wIⅡslgnincalltl v

reduce cost aIld save svstem development thne DeviceNet，as an advmlccd靠eklbLls wjth

application】ayer protocol(IOs／OsT laycr 7)，puts all ofits esseIlLials jn form of矗r111ware

into the hardware chips and thus slnlplj疗ps the te[1l叭ls work of pfo譬rallun【ng t}1p 1 0

and the network conlmunication 111 the DTocess of t11e SSRF DreUnⅡIlarv researrll thp

DeviceNet has been appUcd to the p。wer s“pply pT。t。type control systeIn aIld l】r()ve¨1。

be hig}1ly feasibIe The performance of the DeviceNet based controllef to即t11er wlth 1ts

10w prozra叫血n譬cost wiU a110w it to be widelv used in the SSRF∞ntrol svstcln
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