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1 APPARATUS AND METHOD FOR SCHEDULING ONE OR MORE
DATA ACQUISITION REQUESTS The invention relates to an Wmﬂﬁm
a method and a computer program product for 5scheduling a pr

data acquisition request of a plant asset management system. The *159159x
invention also relates to an apparatus, almethod and a computer program

uests of a plant asset
AARMORE DATA

3 A -"E--"-, ) 7[:51*‘,
method and a computer pragreIRIBEKSN G IROFAYIRY data acquisition
requests in time slots. 10 Plant asset management systems (hereinafter
referred to as PAMs) implement the management of equipment modules

and GARKALARIHES S ARIRINSHIA RI0GESS PHIARLEAY AW R uct for

implementation of an audit trail of operations performed on equipmént

RTBELHEL EstiBH A E fefudHaREANET RO EAY EHAPYHITHBHGIcE2RREERRL System.
qningvkaadistspentandsiag @@s?@@ff&h@%%c&ﬂﬁﬁt@%ﬁ% gram product

functions, the management and maintenance tasks of equipment modules

Lpfcrustroing, Saias A R petsn & b eticse RRaZOmMAMSsRalie
COMBRRIGRI GRS natith Kems bRIRRLE AL IRBIRAY '&Qrggéﬁﬂ?ﬁ?&%gﬁﬁl product for
equipment, whether to monitor a parameter the item of plant equipment is
ﬁ%ﬁ%‘ﬁ%c@@ ABIMHRIEAYSESUPSAMBR Phte of fluid in a pipe), or to

query the status of the plant equipment (eg, whether the flowmeter is in a
"healthy" - that is good working order - state). Typically PAMs generate
fAPhASSE! Sraes Beqh s Ptk sra s it reép filRF S bMERPIaREN e

aldhesedyies isgRRindie feanesta kR BsitrbherRiakg sehaguledirgguesiSrocess

for data acquisition executed on a routine basis to a or each item of

B mEM AR ARN HTRRIERFRIAS ARVOMN iR S i cesE inerPa-pizacd on
theseeansaliese2AtmpesitsianaraBias oS cOARRBAMIRIES 518 the online

PAM makes a non-routine request to the field equipment device for data
FAHIGHREH AL FABIAS O ARCERIRIIRO &F S heed for an OSR is when, say, a

distributed control system flags a problem with the device or

L

With these functions, the management and maintenance tasks of equipment modules

and control modules can be performed more efficiently.

PAMs typically communicate with items of plant equipment in order to monitor the
equipment, whether to monitor a parameter the item of plant equipment is measuring
(eg a flowmeter measures flow rate of fluid in a pipe), or to query the status of the plant
equipment (eg, whether the flowmeter is in a “healthy” - that is good working order —

state).

Typically PAMs generate two types of data acquisition requests to items of field
equipment. The first of these types is periodic requests (PRs). These are scheduled
requests for data acquisition executed on a routine basis to a or each item of equipment
within the plant. The PAM will routinely poll each field device. The second of these
types is “one-shot requests” (OSRs) where the PAM makes a non-routine request to the
field equipment device for data acquisition therefrom. One example of a need for an

OSR is when, say, a distributed control system flags a problem with the device or
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another device or process associated with the device. The OSR is a prioritised data

acquisition request.

PAMs include a scheduler module which schedules data acquisition requests in time
slots. For instance, one known PAM schedules execution of data acquisition requests to
field instrumentation in time slots of five-second duration. The number of data
acquisition requests which may be executed in any one time slot is limited by
constraints imposed by the communication protocol. A common number of requests for
execution in a particular timeslot is 16. Thus, in any five-second time slot, a PAM (or a
scheduler module of, or associated with, the PAM) schedules for execution a maximum

of 16 data acquisition requests in each five-second time slot.

Existing PAMs arranged for one-shot requests to be scheduled and executed
immediately upon receipt of the request at the PAM without considering the
communication bandwidth and/or the network capacity. This is illustrated in the process
100 of Figure 1. A new request (for instance a one-shot update) 102 is generated and is
sent for execution at step 104. A request 108 is transmitted to field device 106 and a
return 110 from the field device 106 is received. The acquired data is sent back to the

PAM at step 112.

The invention is defined in the independent claims. Some optional features of the

invention are defined in the dependent claims.

Selective scheduling of the OSRs in dependence of a condition of the network may
allow OSRs to be scheduled for execution at a time when the execution — i.e.
transmission to a field device and safe return — may be ensured. This may provide
particularly advantageous results if scheduling of the OSR is done in dependence of
network traffic status. For instance, if the execution module detects that a batch of
requests at a time slot has completed its execution early in the time slot, a recently-
received OSR may be scheduled for execution in the same time slot. Consideration of

traffic status of the network may allow for the OSR to be transmitted in a second
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another device or process associated with the device. The OSR is a
prioritised data acquisition request. PAMs include a scheduler module
which schedules data acquisition requests in time 5slots. For instance,
one known PAM schedules execution o1°3data acquisition requests to

transmission in the same time slot, being transmitted either on its own or as part of a

batch of data acquisition requests. These techniques are discussed in more detail below.

By providing a scheduler module which schedules data acquisition requests of a plant
asset management system in time slots according to a quota for the time slot, periodic
requests (PRs) may be scheduled to make optimal use of network capacity instead,
simply, of attempting to schedule all requests as and when they are received at the
scheduler regardless of network capacity. This provides the distinct advantage
optimisation of the communication network capacity likely obviates any delay in
communication transactions — or in extreme circumstances — failure of the
communication transactions where packets on the network are “dropped” — a situation
which is particularly undesirable when the delayed /lost transactions are high-priority
OSRs. Further, implementation of the techniques disclosed herein may enable the PAM
to ensure the update speed for a data acquisition request is performed within the

specified update period (i.e. the time slot).

In implementations where a quota of requests for a time slot is set where the quota is
less than a network capacity of the maximum number of requests for each time slot then
some capacity is reserved in the time slots for scheduling of higher-priority OSRs
if/when received at the PAM. This seeks to obviate a situation where receipt,
scheduling and execution of a OSR causes scheduled PRs to be missed thereby causing
the periodical requests to become a missed request (MR). The MR will then later
require re-scheduling by the scheduler. These techniques are also discussed in greater

detail below.

The invention will now be described by way of example of and with reference to the

accompanying figures in which:

Figure 1 is a schematic diagram illustrating a cycle of a OSR in a known PAM system;
Figure 2 is a system architecture diagram illustrating an apparatus for scheduling one or

more data acquisition requests of a plant asset management system;
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field instrumentation in time slots of five-second duration. The number of
data acquisition requests which may be executed in any one time slot is
limited by constraints imposed by the communication protocol. A common
number of requests for execution in a particular timeslot is 16. Thus, in
any five-second time slot, a PAM (or a 10scheduler module of, or
SOCI ted with, th PAI&) schedules far execution a maximum of 16 data
i b
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etwor. 25allo Rs to be scheduled for cuti a time when .
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eémsuehi This: may gwvide particularly advantageous results if scheduling

of the OSR is done in dependence of network traffic status. For instance,

if the execution module detects that a batch of requests at a time slot has
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Becond 3 transmission in the same time slot, being transmitted either on

its own or as part of a batch of data acquisition requests. These

techniques are discussed in more detail below. By providing a scheduler

Bysthue20H icrbngﬂfhmumzxpgwaamﬁﬁ)ﬁﬁmd Femm%ﬁ;l dbaspladtibagsete or more data

% RSSOl BnFsi” fime slots.according to. s for the fme 31%h field
IC reqﬁ}estss( may esc(n uleg 0 ma e op imal tuse o
mmkmm@meﬁd%lmply of attempting to schedule all requests as
and when they are received at the scheduler regardless of network

capacity. This provides the distinct advantage optimisation of the

Adierminveltionhedtviorknodplacityolikaivrosidtss iamytefetdywiith — for example,
installed within — PAM 204.

Scheduler module 202 communicates with PAM 204 over data network 208 and/or
through communications link 236. In the example of Figure 2, data network 208 is a
Yokogawa™ Fieldbus™ for communication of data between the various devices of
Figure 2. The devices communicate over the network 208 in, for example, the FF-H1
and/or HART protocols. Alternatively, (not shown), data network 208 may be a
wireless network such as a WLAN or a WWAN. When scheduler module
216ommunicates with PAM 204 through communications link 236, this may be any
suitable communications link such as a LAN or Ethernet. When scheduler 202 is

integral with PAM 204, communications path 236 is an internal bus within PAM 204.
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JOcommunication transactions - or in extreme circumstances - failure of
the communication transactions where packets on the network are
"dropped" - a situation which is particularly undesirable when the delayed
host transactions are high-priority OSRs. Further, implementation of the
techniques disclosed herein may enablethe PAM to ensure the update
peed for a data acquisition request is performed within the 15specified

HASHRADE P UVt firWEes sGhistelsieheditn e inetssghrstalet module 216
reguesisiter Ribhenslalissselviere Beeolubia is lassihan aeatMedsler module

pacity of the maximum number of requests for each time slot then some

E A1 RESBRS BB et DAL SRS A BF B tg o ork 208,

QeRsa20¥hepdees el abihatRPAMdTIBES BRakKsIOREHMS ASIMAUBReduler 224
where receipt, schedulinggland execution of a OSR causes scheduled PRs

10 b ETHBEE B R TS i el e RSSO BeeBRIM s HIgduty 216 as
teatieiséd MBYwThe MR will then later require re-scheduling by the
scheduler. These techniques are also discussed in greater detail below.
25 The invention will now be described by way of example of and with
refeneroe llliﬁr:agtgagcwﬁqal m?@ dggtgqun&w&ipﬁ%fg#ﬂ&tﬂm %%ﬂg&ﬁr@;@éz&ting
Jiagram illustrating a cycle o in a known system; igure
o R A M IS BB b Ao o Aehebiir @ orber
anamtivera daicbacgyisitianr denuesisacicdpkind Rsspidianagement4 may be
system; 4 Figure 3 is a process flow diagram illustrating a first method for
B{%V é%ﬂr?é %%ﬂ@%%%aﬁ%%ﬁ%ﬁﬁ&ﬁa PR set management
system; Figure 4 is a process flow diagram illustrating a second method

ulin rioritised data. acquisjtion request of a plant asset
ARy S P T LR TR ity S RO 225
thirphicetheer forsthed dhgquadpneifisedsalal acquisiionoadugstief a plant
asset management system; Figure 6 is.a process flow diagram illusratin
B 5 S BT 95 RS G S bR R LB or 0V
moanageinandsyiské36. Figure 7 is a process flow diagram illustrating
methods for scheduling and executing 10data acquisition requests.
Referring now to Figure 2, an architecture for an apparatus for scheduling

Dngnorenvarek datapacoidisitiorpreguestatwitisneih berdissussedliothe COARKR04 to

of an industrial. pracess plant. . : . . .
commumca%e Vil BT cc?ng"og stations 206. A field control station provides a station

in the field for local (that is, local to field instrumentation 214) marshalling of I/O cards
210. In one implementation, a field control station 206 can house up to 256 /O cards
210 and each of 210 has the capacity to connect with up to a maximum of 40 field

instruments 214.

It will be appreciated that the modules of Figure 2 may be implemented in their

respective apparatus in software, hardware or combination thereof.

Prior to a detailed discussion of the process flow diagrams illustrated in Figures 2 to 5
below, it will useful to have a discussion of the various types of data acquisition
requests generated by the PAM and scheduled by scheduler module 216 for execution

by data acquisition request executor 234. System 200 of Figure 2 caters for at least
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15 System 200 comprises the apparatus 202 and PAM 204 for scheduling
one or more data acquisition requests and plural field control stations 206
in communication with field instrumentation devices 214. 20Alternatively,
scheduler module 216/apparatus 202 is jntegral with - for example,
installed within - PAM 204. Scheduler module 202 communicates with
M 204 over data networ 208 and or I% nlcatlon k2

AT Hiu P 2 RS SSRU T 05 R PO GBI i iscd
Faigidbyg MR for communlcatlon of data between the various devices of
Figure 2. The devices communicate over the network 208 in, for example,
the FE-H1 and/or HART protocols. Alternatively, (not shown), data
AetWSik ROBvealyi @&:ﬁ wi‘reiﬁs&m@twea:ham&sdaemeAMm irathY\WANvailable
tlngleeglgtcrslu U| r mo ]ﬁ 160 m%ar% g A PQ) qu' thr%e%a Se of thﬁ high
commanicatons id s may be any SUI abfe communications lin
prichigsaachARdar (ESIEmEIR\Mhe pesohipduér b2 nsisptdgrakwihiRAM@ @4 full and
communications path 236 i ap In rnal bu in 5% %g 5

PGl oS SR e SRR e g sor The
sokeduit rhadojeb2dGrmay Mﬁvmbeﬁmm bs desdriaadtbelohelatiiest
insu the scheduler module schedule dic request $
R R TR R S A L AT G LD ey
Eazcbtaéoimbmddﬁles’omtnen‘ghewnbdtgetm&ypmwhe,duldﬂeZthzﬂmstdt it was

eter nat Ie 226 fo erf rming the functlons of scheduler

module )éf%%ednl escribe %Sbe % i%éqﬁmnmpally comprises a data
acqwsmon request executor 234 for executing the data acquisition
request h Jb Y apRalatus 202/ ched ler 216. As a further
‘i%ﬁa%e%rtgaﬁ\g/g g}t gv?ﬁl %gﬂagbp?gga éj ﬁtgrlac%|5|tlon request executor
234 may be provided as a module in the architecture of apparatus 202.
BAM, fﬂé r archlt clure uch as

m(e)zr%/ 3?? ¥8§§p§nca use q%%e%égtemg aa¥1 ?er m868 eeéjélél i

prw@s@malﬁqom@mmu@m Gmt@ﬂ‘ﬁdeﬂ‘erp&mmmmtmmmgwemobmmm. The
pEgued AR Andlar Quer o RLHER U 226, DAIRAENEI AR 232 a new

rovides a comhmunications pat apparatus 2 an
dermangpicaienvithufieldccofiell stattioms@06. amzfreidltfmttmbsﬂaumhxch is denoted
TPVdes & ¢ E&R&f%é@ il Jog PCQ* (thatis, logal 1o f dule 234 mak
?nstrumentat%n 214 mar§1 Ing o 1/0 carg %g& In oneeé%n(%f)lrenr%eun?at%nm e
defietchomttrolastitivh08 tha touseeiytd Rg6ck Gscapdritised data acquisition

request/OSR or not. When determination module 226 finds that the new request is not a
OSR, the request is, in this example, by default a periodical request (PR) and it is then
sent to PR scheduler 224 at step 308 for routine execution by executor 234 in the time
slot, x+1. If executor module 234 determines the new request is a OSR at step 306,
executor 234 then schedules, at step 312, the OSR in dependence of a condition of the
network. The executor module 234 may then execute the OSR (not shown) After either
step 308 or 312, at step 310, the time slot x+1 (i.e. the next time slot) becomes the
current slot x, and the process loops around steps 304, 306, 308, 310 and 312.

Referring now to Figure 4, a second technique for scheduling a prioritised data
acquisition request for the plant asset management system will now be discussed. The

process 400 commences at step 402. PR scheduler module 224 has scheduled periodical
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210 and each of 210 has the capacity to connect with up to a maximum of
40 field instruments 214. 251t will be appreciated that the modules of
Figure 2 may be implemented in their respective apparatus in software,
hardware or combination thereof. Prior t? a detailed discussion of the
process flow diagrams illustrated in Figures 2 to 5 below it will useful to
havess% d% a?n of the various types of dat tlon requests

generated A A SEAEHBET B 4 HH} IS B}aul §§-fhje scheduler
ﬁx&hﬂﬂ%Swﬂmﬁmum@mmmesmmwtﬂnaSvetsyat@ema@e afGiguren one

f t ts
e S S R e e o ot the
bﬂg:heﬁttpnmlty andas%che@l we;dxfome%ewmmmma rghavailable HENeEAM 204
subljlect to satlsfactlon of aln rulgHﬁa y&ggrlbed below. Becaus

B SPRRY BECor080 Y BEH oA GE B pCBage. At st

M&mmnm@“ shoﬂnﬂétﬂBénhtteapamtywhdmeﬁmnﬁ@ﬂ@hﬂtﬁﬂb&éﬁe@fbm equest is a

hat time_slot. The missed PR thereb bec
WT%e s must lémreg]slc,fifedu “é?%tr?ﬁg IFSQPSS&% Aot %ﬁdtﬁ’e
distemmiexd l‘u@plaespm@nint;ahfeqnéis Rsd k%di&ﬂymﬂ ol athaly (10%e Scheduler
e for a cau way - that is,.in the. time slot.i i
A e o B R B A ThRB AR which
arctther MK, \aﬂ? Rsis fgivexenaxbipridritre] BEguhe Bestaiprosess-fdobecomes the

diagr m. illustrating a first techn| uef q? uli loritised data
glélduztltlon rgq%es%tad %%Ef) 0 SS \é%rtsass ?%ag g%e(r%[ent system. The
process 300 begins at step 302 At step 304, PAM 204 receives at

t rf%cg%%ze% nc%%datacﬁ ?g%ﬂtlc?g]%rreqtuesgﬁo & ]:%gelld }Qg’é{\% erggpllgs is & OSR, the
partlcu rtime Slot Which 1S dénoted Tor the sake of convenisnca astifé
SIOR'x8 p&m&m@%stexeﬁumﬁomdmdel%éfmake&m@ﬁ)ﬁ&texmmaﬂﬁam the next

t new received request | r|0| ised data.acquisition
rg%%gft?ggﬁtor rﬁ[oP encedpgf?grcr%?r?a Ion rrﬁo%ufé B Tinds that the new
request is not a OSR, the request is, in this example by default a

i e AN s R AL AR 8,
“early return” time slot. Executor 234 determmes the time slot x is an early return time
slot upon receipt of a return to a transmitted data acquisition request within a pre-
determined duration of the first time slot; that is, when one or more requests for data
acquisition to field instruments 214 are received at PAM 204 within a pre-determined
duration of the first time slot. In one implementation of this technique, an early return
in time slot x is detected by executor 234 when returns to all requests in a time slot are
received within the pre-determined duration. In one example of this, the pre-determined
duration by which the one/more than one/all requests must be returned is t = 3 seconds;
i.e. at 3 seconds after commencement of the time slot and execution of the first batch of

requests at t = 0.

If the current time slot is determined to be an early return time slot, executor module
234 schedules the prioritised data acquisition request for execution in the early return
time slot in a batch of requests if a capacity of the batch of requests is greater than a pre-

determined percentage of a capacity of the first time slot. Thus, executor module 234
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slot, x+1. If executor module 234 determines the new request is a OSR at
step 306, 25executor 234 then schedules, at step 312, the OSR in
dependence of a condition of the network. The executor module 234 may
then execute the OSR (not shown) After either step 308 or 312, at step
310, the time slot x+1 (i.e. the next time%lot) becomes the current slot x,
and the process lgops around steps 304, 306, 308, 310 and 312.
SO TR RO 15 E 5% SR RECHHRIGE Ko Seiveitfrgespne-shot request
priohitigepriate acgeisiion seguest fort S Rlantiass elonanagement24. However,
@sttem will now be d(ig?cussed, E e procEss 400 commences at st,eP 402.
R SRR SIS HAS KR BUTRR S SEAer ot RS i ke second

exebutiohi aficonimesicement@idimprsldtieritiat dsydhe mabedoloe mgdidiey of the

ssigns an execution start time within a time slot to riodic request, In
R TR oAt TG SR B IGUPS AL G BFTSHLALLAS the OSK
Bxeeateddattiheystart dfstinoadlof ik, f@sitlé Fithtnihecfvacesanehtme 214

slot. At step 406 M 204 5either generates.or receives at interface
B B e Pl ey, SR O St P e ssgond
detesinin@hiwbethetcat] notthennerdytiecsived¢rguasiisealoSR 1 ABnetwork

efore.with Figure 3, if the newly-received request is not a OSR it is .
e R R s B B i R R P sy of
2R4cGohednlée 224cschibdulbs dRFbtachavedatstasdlisigcnégesesxn time slot x
time slot, x+1 at step 410 which TOexecuytor 234 will use for execution. At .
G e e S g L e A e S i ver nto
procelss xevertadiagkith siepid0A N gtistepl H#08cexecatoxsnaduiadBde 234
determines ewly-received request is a OSR, the OSR is prioritised at
T R e e AT e o
time slot in dependence of a condition of the network. At step 416,
xecutgr. module 234 determines whethey the current time slot x is an
R e e S TR e Pyt
reiisad tieqesskotresoherbiedpfonfeaaettion fooantranshiitted edidadiuisition below)
estwithin a pre-.20.determined duratign of the first time slot; that Js,
L L T e Bl one
prede¢omivec attRaMa2o divithinoakprepaaterwiingdsdelrationrafithe: firstftimeince to
.I ' entation .of this technigue, an early return ip time slgt x

e L 2 Sl ST B
regedved WithinfkdetprealssaimiheddviditionHis ompreixpmplebeffhiserttel in terms
Besadsiamingd e uialin By hish NANSImors than.aneial iegasls
must be returned IS t = 3 SECONTS; 1.6. at 3 seconds after commencement
ofehietimensiot amg execlfiomsidiredfirstdatslvObaaduetts Htthe @rtithenications
glarrel H él i ]| t eafly return.time slot, .exe r
e S LS e . e
exastitominithe Zerictetuindimessiotiina foatoteoftieq testsdbaddageleity ofquests
(P bl sauEslad a0 ARIeSeteIminGd RErCeNa0s of A ered |
capacit oéf?l},;e flitr&'zt %w%ge%%t%{ %us, é%eé%:%gtésr %ﬁ%%%ﬁz%gj%p& Tt Cofisidered in
terms of the number of requests which may be executed in a particular time slot, 50% of

the capacity of the five-second time slot is 8 requests. So, if the number of OSRs (and,
optionally MRs) calculated for execution at step 418 exceeds 8, and/or the combined
data rate of the requests exceeds 15kbps, the second batch with the OSRs/MRs is
executed in time slot x at step 422. The process loops back to step 412 when the next
time slot x+1 becomes the current time slot x. On the other hand, executor module 234

schedules the prioritised data acquisition request for execution in second time slot x+1 if
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seeks to take immediate advantage of this opportunity for executing the
one-shot request as a high priority rather than executing the OSR in time
slot x+1 at step 424. However, this technique seeks to determine if the
number of requests to be transmitted as a second batch in this first time
slot x exceeds a pre-determined percen%ge of the capacity of the 5data

etwork.. A reason for this is that if the second batch of requests includin
t %%gﬁ%e&%%ﬁtaatéﬂ %%@y f%%&%&%ﬁﬁ?gé%ﬁb@ {otlF AR an the batch
tield qostewmentse2dAemay ok hedceiyednby pa&aggemﬁ%%@&%@mm time
the remainder of the five-second time slot. This could lead to
s T SRS Lo SRt e e bateh
is Riill ol dadd metwowoik Borecaledoityl (hetos RAMSELY HEH OtRecuted in time
requests to be cuted in second batch of data acquisition requests )
e e o St g ST P Sr DL CH A O The DR i
dapagity xthe poskikle:stiarVeR indbdinme & ok xxddsinatoneithetlie skl to be
ghus, i .W#{!@b.e seen. that exe r. module 234 executes the ?ERég L ¢
PR HI S 4 RFARRE SRRUSVOR dre HRRAEHC 15 AE N W o1 &k dafsraigation o
dalcilatesdhe gutiviehop anesshodpeguests @aslanywathertitissed time slot x+1
equests re-scheduled for execution from step, 430 as wil iscussed
b SR TRt 1 s B Lo Chee OB that the
s/ fdRndithaticne piedetenmined pekcRiRageecot e earkcbapakity iehielhy MR
eeks to optimise performance to serve threshold in determinjn
R T BN o o SR DR BB e b gtep 418
m@smuwmm.mmmmm @Bthwesmi&dﬂmmm atthdculated for
mAdmAT pandvidy (bpe) andlorog number pledyesiavalane (81 e

execution’in ime slo consi inte a
pomass twoat on slekatdbad giisitansbaRbydtidss usSingeibemhtherhd <IAHART early
% tocols is BaOC b&% the e&(ecutor maodule 234.determines to sch le for

execution ?Fie second Batch ot ?é/ar AT l?ttﬁoer 8%%%{1&8?& e’ sécotd
batch of requests is greater than 15kbps. If considered in terms of the

mber of requests which may be executed in.a particular time slot, 50%
R A P L R L B AR TR e
ofOSRsd a@ad, aptidsiaty MKRsscafcutdtend doseexenuijomadtstepedd 8 Process 500
axceeds 8, and/or the comhined data rate of the requests exceed
e S TRl Rl R e e e
atgteq 4220 keoprpcess doppsdickeipustepi k2 aidreinthepexitindg step 506, a
giéai‘;rbrr?ﬁl%?gps itshﬁeizg: ergt%%t{{;%% lef‘?ttﬁ'e gg\%qg%%teg Eshe? ndé—gﬁ(gtcr%toﬂegpqy lt%e new

schedules the prioritised data acquisition request for execution in

seqorsd ¥met slohr-shaf Oquest, it is a periodic request and it is scheduled for execution
at step 526 and executed on time at step 528 before the process ends at step 520. If the
new request is a one-shot request, this is prioritised for execution in the next execution
time at step 508. At step 510 a determination is made as to whether or not the present
time slot 1s an early return (or “catch up”) time slot. If this is not an early return time
slot, the request at executed on current execution time at step 524 before the process
ends at step 520. If the current time slot is an early return time slot, the number of
requests in the current execution time (the one-shot plus missed request) are calculated
at step 512 and, if this calculated number is at least 50% of the bandwidth at step 514
the request as executed on this early time slot at step 516 prior to the process ending at

step 520. If, at step 514, the number of requests is less than 50% of the bandwidth the
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the first time slot is not an early return time slot (step 424) or if the
capacity if the hatch of requests is not greater than the pre-determined
percentage of the capacity of the time slot. Thus, if the determination is
made at step 420 that the capacity of the second batch is less than 50%
of the network 208 capacity, the OSR/MSR batch is executed in time 5slot
x+1 aqtssvtvt%l tS4a4S éA iﬁ 428, egc(%:uto 234 determlnes if textglcutlon of the (
gerh fimé i f)? would cause %rﬁyl EEREHETRIIST SBEERISSTSH ?ﬂ%lélg a4
§R8t. x+1 to be dropped; that is, whether a new MR in time slot x+I will
occur. If the determination of this is in the negative, the process loops
back to step 412 where the next time slot x+1 becomes the current time
Elgtixe i thevitete mitlatioatimodiiket2@t dpte fonindscthairih e 40 ORI wiluests of
a PR to become, a n W M exec 34 sch th
A s R e R oS D e
backito 3t Ak ddnlee- srdnieldmmg sfctiedviRulEipdchandwidiedbtiie) data
duled MR ar executlon in, bat ith any r ceived
D 2 A R R e ion o
a:bmthtsdhﬂmgamm@&roqmetEmgmwrﬁmsm|q1mnaef‘@ﬂyht51mm ume slot.

entljar;(%/e tlme Iot exe&gg{n ofan)( rIé{s F ora
|sa§hocess agram |Hus |ng dﬁtec nique ?o?]s (ﬁ}f

pm@mé@dfdfataeacq@ tsln@nloeqimst ofiay pbiamtaﬂsaepmmmpamﬁage of the
B at hn| lin fe uest an

stgqréés%ﬁaftngt%%%@; ere <':18r(1:serL\1/S (?ebqglg%igt (?;atplgrllneﬂsl hot 1 up equrqb"g%ods fess than

tbgyesth irebeived siostel) B0 e stepSi6aa setpiminhtidnds maskhadiler

IRQMNRBIEHSNANPAHRLIR A0 9 RARR JLUe B NER! R-P Y4 o

a one-shot request, It Is a periodic request and 1t'is sc dufed for

axecltticheatestep 52 hamd dxeccher omtime atgteg$28 before the

process ends at step 520. If the new request is a one-shot request, this is

prioritised for execution in the next execution 25time at step 508. At step

1 ot idetepmidgtiomibanatieasctosvwh bthehodwet themase fitdinteesiobis for the

ﬁﬁx@@ﬂ% R E@h@cful‘éﬂﬁgcfb%b%gc%lg&u Iaghc@e 9& JaQt Al %%rlé{l %Ph{ ZP[%) Slot up to

slot, the request at executed on current execution time at step

the protresisstapds)8t ﬁgpmuiﬁt@émgnmmeesmm@amm@tmmmc time

f S e.qyr Wt

e e e ot o e ek e

AehpdeleisZatt lechsidsbgnthe m@@@m@\ﬂi@mw&f@ptmﬂ@@n@q%@t as1. The process
S0 B SAIME Aot ALRISR PO PARLIRANG PIOGRSR BRAINELL, and to

step 520. if, at step 514, the number of requests’is less than 50% of

BEnciiithie al@iﬂf@@@%wa&sﬁm@t@ﬁl@?@f@ﬁth@rﬁ@a WrreimrreRgcatiersts is

?Et—%épt% REOCESR:aB0IRcL et RIS G-RIRVIdRS AN '&%?éﬁaﬁk%'};%c%ss loops

echnique for scheduling data execution requests of 5a plant asse

manageirrR A8y 808D Pruotibe doorsuntiian stepago2haitbeep 604y of requests (o

%E%UH&&E@E?M&?&%ﬁ’h%&HGQ{L&J?63?995!&%&%%8%‘1‘6%5&%1%8 BOHQ%%heduler
eriodic) data acquisition requests. At step 606, determination module

; 28 ?ﬁb%é%l% deeskpihsRiohassshhbestbie number of requests is

greater than the quota for the current time slot. The quota may be the

maximum capacity of the network - say, 16 requests for a 10particular

flves- seleeshlermsoshsp vigest thealy petisapBbal prebeskingifedadepsentsypiod time slot
he scheduling a PR in the least-occupied time slot.

Assuming each five-second time slot can handle 16 requests,
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maximum capacity. This is discussed below. If the number of the requests
is less than the quota for the time slot, all multiple requests are simply
scheduled by scheduler module 216 in the next time slot at step 612 and
the process loops back to step 604 to wait for the receipt of the next batch
of multiple requests. 15 If, at step 606, the number of requests to he
%2 duled |se&reater than the quota for the time slot. PR scheduler module
eéuif1 Sa request for the current time slot up to the quota at step
?Bﬁﬁe E’llat $@h®ﬂhelaa324mmﬂmm éxectikionigidani sinhaswitizindthe iedeistbfor
for th erlo icr e1 att= O After filling_ up the quota at step 608,
PR scr:lhm& 159&? %?@s ?Ple remaining requests for the next time
siotjsxackupled pridecOssdaegs back to 611, where the next time slot x+1
pe(f‘ mescéhe C rregtstlme sl(%t X, and to step 606 where a determination is
WHEthEY he AUMB&T 6 remaining requests is greater than the quota
fﬁimﬂw%aspm!m)zﬂhefﬁmqmﬂtﬂme slot, when the process loops around
step 606, 608, 610 until a determination is made that the nutnber of
requests to 23be scheduled is less than the quota for the present time
Hothaderenpaiue RZgiciwdhles 6h2vséfiéﬁbﬂestmdeﬁmgs§d®$ddmemu@né 224
tlergOe glgt Tha% ﬁ} H%glsel[ égxeﬁeas functlo a"tX fogg&ﬁ(@:ls( Itrkll B%(VaPR for
-occupled time slo %and 'scheduing & PRYIR" east-occupied time
siwmﬂ@)n\sswnmgleaeﬁ.ﬂve -second time slot can handle 16 requests, In a
first example: Time slot t=0 is already occupied with (i.e. the scheduler
has already scheduled for execution in this time slot) 10 requests t=5 is
bceupi@ai@\ﬂmmpb:questt =10 is occupied with 5 requests t=15 is occupied
t eduler module 224 receives a new PR for
évc 8%?5? ggs%:% éuler run%gsule 224 recognises that the time slot at t=5 is
thé teasprdoupled madesthedules the new PR for 10execution on time slot

ﬁholra as 88'{!&&%’%3{’9&% i 0 occupied with 10 requests t=5 occupied
0 req

t=15 occupled W1th 5 requests

If scheduler module 224 receives 20 new PRs for scheduling, the first 16 are scheduled
for execution at t=5 (thereby filling this time slot) and the next 4 are scheduled for
execution at t=15 as that time slot is then the next least-occupied time slot after filling

of time slot t=5.

Referring now to Figure 7, methods for scheduling and executing data acquisition
requests are illustrated. Interface module 232 of PAM 204 receives a request and makes
a determination as to whether or not the request is a OSR. If the request is a OSR, the
request is passed to executor 234 for execution. If the request is not a OSR it is passed
to the scheduler 216 for scheduling. After scheduler 216 schedules the request, the

request is returned to executor 234 for execution.

A more detailed discussion of the execution is now given. Once a request has been
passed to executor 234 for execution, executor 234 waits for an execution. A

determination is made as to whether the time slot is early return or not. If the slot is an
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15t =10 occupied with 8 requests t=15 occupied with 5 requests If
scheduler module 224 receives 20 new PRs for scheduling, the first 16
are scheduled for execution at t=5 (thereby filling this time slot) and the
next: 4 are scheduled for 20execution at t=15 as that time slot is then the
next least-occupied time slot after fiIIinglgf time slot t=5. Referring now to
F?iraure 7, method%s for scheduling and executing data acquisition requests

SHENIRTELFAERE vt oot INURACE 8 BasAMIZ0% FaletAled ORI OR g prjereater
thakes & olgtey 5iMabethas i hethemes Rhihe feadastiSa SR, Ifithe

eqyest is a OSR, the request is passed to executor 234 for execution, If i
RSB P PGS oIS e hidon s D960 SeReBindp wai
Altexsclwshller 216 schedules the request, the request is returned to

executor 234 for execution. 30A more detailed discussion of the execution
is now given. Once a request has been passed to executor 234 for

Exaeutias sexecutaread4 waiis farqppexesuioeec tAddeiesrination S9Raded MRs

as to whether thegr%e’\ﬁgt ise %eturn or.not. If the slotis an 12 early

FESUTICTHES S SRt 1SR o Tt R 8t S S SR AR MR

greatenilyatRoneguadic:50% BIRhabangwid iR these feiastssaretheMR and the
>1)ecut d. If the bandwidth calculation yields a result of less than 50%, the

e
f)ef egéessrﬁ%%gt%%%%cwg ‘for execution. If the time slot is not early return,
requests are selected for execution; OSRs and MRs are prioritised over

Rs. Next, a determjination |s e as to whether the QSRs/MRs caus
TR D L P oot o e S8 e Lt
andithedselectbst ieqeeshadd@xeclieghcburaiagardiiedhesehiegiienBd Grocess

R requests are received by the scheduler,. The least-occupied time slot is
Ry S S0 SR e R RS gD v
itfurtbsraredefestsfare thehe@ehedulzd until a determination is made that
no further requests are left, before the process ends. 15 It will be
appreciated that the invention has been described by way of example only
indithiat wppieustmbdificaions dntitetdikmeybéesraiie With ouly dgpatingle only and

om the spirit and scope. of the appended claims. It will also b .
B B R TR ) Pl s e
requnobitietigpevide feddinas of witbiher mspentofdled RRinfeantionof one aspect of
Mg 1%"7'6{%1%% may be presented in combination with features of another aspect of the

invention.
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CLAIMS 1. Apparatus for scheduling a prioritised data acquisition request

of a plant asset management system, the plant asset management MCSLLP

system being configured to 5communicate with a field device over a
network, the apparatus comprising an exgcution module configured to

- schedule the prioritised data acquisition request in dependence of a

canditiom of the network, wherein the execution module is configured to
schedule prioritised data acquisition requests in time slots and to
determine a time slot is an early return time slot, wherein the execution

moduledpronfiguteddbesenadde e psaritisethddaie.aGayiRitoNF reaUaS hsset
in a second time slot if the first time slot is not an early time slat or if the
PP SR e B S AL AR IS PRSRE PRI R I SR E R &Y
pencenidgatoniliecaprciy tfdbedirshime slothangpyheie b isrxec iR ecution
mo u{e is Cﬁnfi%gcred tﬁ et‘ermine.if sc%&gﬂgling of the prioritised data
e S R L Sn SRS S IS 5 st A QUL RSB drRendence of
sacoiititmefsiat nkbvakApprraitshacearditgrioncaing i WhSRIRH® schedule
exec tiog 51021 dule is onfif%tdred ta schedule the F‘Frioritised,data acq;lsiti‘on

' a

RS BRI RSPt L OY S RO At a0 carly

ependence o
acoonding: tdatlaivhetetr taien2pviereinliheiexeafijareedidecitule the prioritised
figured.to determine a first time slot i eatly return time slot upon .
R R L B S S R B GETR A AT Sy tme o
prefdbterapimety diithtidatoh inerdigsttinie statgRatdd. thpphvais-deeonding

to_any preceding claim, wherein the.execution module is.configured to .
R R D B RS i P odute s
slotfigadshte d e nedueeitsciial chpgoifythef thiedddel ditiegyesisiiseaiamd time
than a determined percent of g capacity of the first time slot. 30

e SRS R R SR SRRy Sk e exomution

module is configured to schedule the prioritised request in the batch of

requests further comprising a esc(ged led missed request. 5 . 7.
mprsing afeschedyied missed reque

pparattRPAE B GG T8 AR L FATY, WhEFERTH0E gﬁ)&é\lﬁt{f‘sconﬁgured to

Retibéwlecheprizastaathad ulenmadtirecprigin ddimechedofe periddigatus of the

data acquisition requests in time slots and to:
network.

3. Apparatus according to claim 1 or claim 2, wherein the execution module is
configured to determine a first time slot is an early return time slot upon receipt of a
return to a transmitted data acquisition request within a pre-determined duration of the

first time slot,

4. Apparatus according to any preceding claim, wherein the execution module is
configured to schedule the prioritised data acquisition request in the early return time
slot in a batch of requests if a capacity of the batch of requests is greater than a pre-

determined percentage of a capacity of the first time slot.

5. Apparatus according to any preceding claim, wherein the execution module is

configured to schedule the missed request in a third time slot.
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determine whether a number of the periodic data acquisition requests is
greater 10than a quota for a first time slot; to schedule periodic data

acquisition requests in the first time slot to fill the quota; and to schedule MCSLLP

remaining periodic data acquisition requgsts in a second time slot.
158.Apparatus for scheduling data acquisition requests of a plant asset
management system, the apparatus comprising a scheduler module
configured to schedule the data acquisition requests in time slots, wherein

fhie scheBBfEFHIGHIR SR hEAEB A gUres Tbthe exssrdipmmofHstifeioatigured to

Retebeie ahéhpidataaragsiiom equasts isrocgalardhama asipderm first
time slot; to,schedule requests in the first time slot up to the quota: and to
SeRediire raie i ¥eYuests in a second time slot. 9.Apparatus according
to claim 7 or claim 8, wherein the scheduler module is configured to
a/ssignp%r% execution stﬁrt time within a time slot to a periodic request. 25

10. App PR SASIHNG &0 B reraiae iy, firsittisignagts further

detepnioe asidadikechpitttineigotdotsstirdulingaidaia Agauigilifition requests
request Loi execution therein. 11. Apparatus for scheduling data
a %hnilgﬁ 5 Sr%lb%g)s,ts of a plant asset management 30 system in time slots,

the apphraiuscomigsising awabedofehanaide canfigurge d0idetRaNie & greater
I%ast-occ%%i{_ad tirpe slot for. scheduling a data acquisition request for
S 1

execation the) e%n.rit/lgﬁ}fﬁl(i% 12. A method of scheduling a prioritised

data acuisitidnleesprestio datplanfassenmanege MeteSysiendsing IRl the
agggr_atug of any of claims 1 to 7. 13. A method of scheduling data
gcqu%s?t?on requests of a plant asset management system, comprising

schedutingritedidataraatiigition sdauésts dogimsgi stotsqasasflirescond time slot.
comprising: determining whether a number of the data acquisition
requests is greater than a 10quota for a first time slot;

8. Apparatus for scheduling data acquisition requests of a plant asset management

system, the apparatus comprising a scheduler module configured to schedule the data
acquisition requests in time slots, wherein the scheduler module is further configured to:
determine whether a number of the data acquisition requests is greater than a
quota for a first time slot;
to schedule requests in the first time slot up to the quota; and

to schedule remaining requests in a second time slot.

9. Apparatus according to claim 7 or claim 8, wherein the scheduler module is

configured to assign an execution start time within a time slot to a periodic request.

10.  Apparatus according to any of claims 7 to 9, further configured to determine a

least-occupied time slot for scheduling a data acquisition request for execution therein.

11.  Apparatus for scheduling data acquisition requests of a plant asset management
system in time slots, the apparatus comprising a scheduler module configured to
determine a least-occupied time slot for scheduling a data acquisition request for

execution therein.
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scheduling requests in the first time slot to fill the quota; and scheduling
any remaining requests in a second time slot. 14. A method of scheduling

data acquisition requests of a plant asset management 15system using MCSLLP

the apparatus of any of claims 8 to 11. }3. A method for scheduling data
acquisition requests of a plant asset management system in time slots,
comprising determining a least-occupied time slot for scheduling a data
acquisition request for execution therein. 16. A computer program
product comprising computer code stored thereon or embedded therein

fop execuingihe Methed hany RRei Ak &edAS 4diRston request of a plant asset

management system using the apparatus of any of claims 1 to 7.

13. A method of scheduling data acquisition requests of a plant asset management
system, comprising scheduling the data acquisition requests in time slots, and further
comprising:

determining whether a number of the data acquisition requests is greater than a
quota for a first time slot;

scheduling requests in the first time slot to fill the quota; and

scheduling any remaining requests in a second time slot.

14. A method of scheduling data acquisition requests of a plant asset management

system using the apparatus of any of claims 8 to 11.

15, A method for scheduling data acquisition requests of a plant asset management
system in time slots, comprising determining a least-occupied time slot for scheduling a

data acquisition request for execution therein.

16. A computer program product comprising computer code stored thereon or

embedded therein for executing the method of any one of claims 12 to 15.



