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"A Control Systeni | NTRODUCTION Field of the Invention
The information relates to a control systemfor

wo alwe08i206 y experinments. Prior Art Discussion PCT/IE006/000010

known to provide an object-oriented control systemfor
such purposes, such as described in our European

Pat ent Application Nunber EP3412850. However, a
problemw th existing control systens is that there

are difficulties in ensuring consistency across a w de
range of experinment rufis Gontral Sydtdm’roj ect if a change
takes place in one experinent, which change affects

ot her experinents. In a sinple exanple, a nunber of
REeODIRAfeNIre carried out by mass spectronetry
instruments, wth results fromone phase feeding into

anot her. However, a change in calibration of only a

ingle instrument for an experinent in one phase can
E%Eg@ﬁ%gﬁﬁﬁggﬁlon subsequent experinents, with a
requirenent for re-calibration of other instrunents

and possibly also a difference in settings for

Bl inflermatipn nelatepipsa gapirol systesnior dahegptpryseperaents.cont r ol
signals and for processing instrunment output data.

There can be very conplex inter-relationships for
Pfi@pagdisailsioh changes or nodifications across

hardware instruments and such software functions. The
invention is therefore directed towards providing for

, , _ : ¢ .

1 TPARUEH 18 HRATEE b ple oA B0 {7 5F pich PrEPRRESch
desedbtd inrouo EusipeanPatént A ppliparanidwnberBP 14aB80at or y
instrunments. Statenents of Invention According to the
invention, there is provided a control systemfor

BeRET&! i fgbRYE Githi SAstRls SmteNisidtéds X pedt | BBt e M¥fficulties in
| aboratory instrunents, the control systenctonprising a
HILIRY |CORHsiER®T adrets 4 Madaranigatdimypetineelt mp An g full project if a

&%ﬂgé‘kﬁ&? %ﬁacre% %He %Qﬁéynﬁ’en'i,o\vhich change affects other experiments. In a

simple example, a number of experimenfs are carried out by mass spectrometry

instruments, with results from one phase feeding into another. However, a change in
calibration of only a single instrument for an experiment in one phase can have an
effect on subsequent experiments, with a requirement for re-calibration of other
instruments and possibly also a difference in settings for software functions for
transmitting instrument control signals and for processing instrument output data.
There can be very complex inter-relationships for propagation of changes or

modifications across hardware instruments and such software functions.
The invention is therefore directed towards providing for improved automation for
consistent updates in response to changes in a control system for controlling execution

of scientific experiments by laboratory instruments.

Statements of Invention

According to the invention, there is provided a control system for controlling

execution of scientific experiments by laboratory instruments, the control system
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control experiments, characterized in that. said
experinment control objects automatically trigger

W@ b@nges2ecent s according to pre-set nmetrics, tPEI/IE2006/000010

control systemfurther conprises a roll-up engine for
dynam cal |y nonitoring change events during execution

of experinents, and the rollsup engine automatically
transmts a change notification to all concerned
experinment control objects when a change event occurs.
dotmpoisih gardondbhmahaget e imtminatmg objectotivi 2 cbntainpent sldtmnship to
sof t war e code thods % automatical ly respondi ng

GORtre) FXPEERERt, a§gqn&e thet cations to dynamically

nodi fy their experlnent control operations. In one

enbodi ment, the roll-up engine includes in a

not i fsaxdaemponmdait epnitnoti pejacts pgtottaticahatnggerdenge eventeaceerding
of pre-defined.nmetrics. hi another enbodi nent, the
systéﬂ?#ﬁ%?ﬂggn@onprlses a netrics mnager for

defining said netrics independently of the contro

manager. hi a further enbodi nent, the metrics nanager
generthe eeongral mys’r@m‘ fowher apempasesr at wil-en qnginst fosn dynamically
metric e tric

obj ectoBpRg etk ohtnd Qe ApBinERs hl®

enbodi nent, the netrics manage aSSOCIateS experi ment

contr ol object with said . interface, such that they

i nherthe foHaIENENES aFtPBWlFEH]é’ BOFIPIES o) Depge Inf?t‘@ﬁ%hon to all
enbodj, é}hed r@%nhféhﬁ&t §ct§"{ifh91ph ﬁgnge%%rﬁ%blgged by

t he ne rics nager an talnlng the hetric objects.
In one enbodi nent, the rretrl CS nmnager associates

eri t caon roI ob ects h the netri ob e
B i St i SyeeRmEntenlibL PoikilS HEe Sy Sliage hnetlods for
aﬁl%rﬁzmﬂall? abépbnbiiaemtdii g%hﬂﬂr 1tB U266 nefifitAARnEBbI dyamically modify

obj ect s.
their experiment control operations.

In one embodiment, the roll-up engine includes in a notification data indicating the

change event in terms of pre-defined metrics.

In another embodiment, the system further comprises a metrics manager for defining

said metrics independently of the control manager.
In a further embodiment, the metrics manager:
generates an interface, and

generates at least one metric object linked with the interface, each metric

object defining at least one metric..

In another embodiment, the metrics manage associates experiment control object with

said interface, such that they inherit the metrics from the metric objects.
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In one enbodi ment, the roll-up engine automatically
determ nes whi ch experinent control objects are

wa@oeweesizedl Wit h a change event. | n one enbodi MEEIL/IE20662000010

roll-up engine automatically determ nes said

experinment control objects by interrogating

hi erarchi cal relationships hgtween experinment contro
objects linked with an experinent control object which
triggered the change event. In one enbodi nent, the

Iedrel esbodinad ahe jeadactie an abjeckeinsiantntedby it mettias emnager and
and .the roll-up. engine listens to said hierarchy of
?WN%?W&@E@n@HFogﬁﬁﬁge events. |In one enbodi ment, the
interface, when notified of a change event by any of

the experinment control objects, automatically
Innenteasmbaiimenta thehmpigies evaangeroispastates ¢xpeomsnt pgrduiil robjects with

he roll:u ngi ne .aut opgat i cal | nages a ue of .
é‘gilﬁet’é‘ﬁ é’RJgegtSelt(?e?ﬁso%lB i pem g the Bt 5% >sopthaf ey Alitomatically
inHér atthiBueh 6f BEedlieBhjectsat | east sone of the
experinment control objects have software code net hods

for automatically triggering nodification of a nmetric

bject i n.. I . .
SPASE bR L A RAERy Ry syich yosnen
¢oaiiiol 6bjedy eetcontuindd with hehargeskentct i on to the metric
object to be nodified via the interface. In one
enbodi nent, the control manager instantiates a

i - | . t.ai i ; f . i .
G R plioa ARGy Bl Mol oles R AfRriment
amdtel olsjadtsl by lmterogating dnerarshiveldictationships xdtersen experiment control

PR bR Piheeets et 9P Gt vieafs o AHhE bvent
iteratively nonitoring experinent data to determne if

a current experinment phase should termnate and a

enenanbqgirae. Sisguetaichmanpgeriggnerates prhigraehe! intgpfaess and the
. L . ' . A

oS REE s O 0 R HRHH e 0B b

i nstruments, the method conprising the steps of

In one embodiment, the interface, when notified of a change event by any of the

experiment control objects, automatically instantiates a change event object.

In one embodiment, the roll-up engine automatically manages a queue of said change

event objects, processing each one in turn.

In one embodiment, at least some of the experiment control objects have software
code methods for automatically triggering modification of a metric object in response

to a change event.

In one embodiment, said experiment control objects transmit a metric object

modification instruction to the metric object to be modified via the interface.

In one embodiment, the control manager instantiates a high-level container object for
an experiment program, and other experiment control objects are contained under said

object.
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coupling the instrunents to any control system as
defi ned above, the experinent control objects

w@emensi2061g control signals for the instrunentBCT/IE2006/000010

processi ng instrunment outputs, and automatically
triggering change events by conparing experinment data
bei ng processed with said pré-set metrics. In one
enbodi nent, the instrunments have different
calibrations, and a change in calibration of a
calibration setting in an instrunent causes an

rd . ntr ' L QO8E: .3 ; .
R R e S e KD Pl (2 5 program
obgst andis hnkedfwithne gateaohjagsfof fterativelymhomdtoring| dxpbeEmanr data to
clearly understood.fromthe follow ng description.of
EisTanalE et SEHBFBOPIsSG I BYTIENS rS o T ang should
bMihifiafe@f €rence to the acconpanying drawi ngs in which:-

Fig. 1 1s a UM (Unified Mdelling Language) conponent
view of a control systemof the invention; Fig. 2 is a

M BB R LRSS, Sn R, JRShinld £y of
exb &V ERS fifnls Phy ibopdtodyh EnskaRiesis B sndfedd icompeisih® the Osteps of

1, a scientific experinment control system 1 includes a
caupling 8 ingirpaenty tp gy heagiiol syatpmeahtefsned ghove, the experiment

ri nag - | - t .
SRS L U TROASEI L T4 SYBImR0 Rl nsrumens
oatpudsTedndcatidryatipaliyp aggdering chadgd iccatts bypscofuparing Rapeg@adnt data
wthin the system 1l to ensure consi stency across the
heing rrpcessed gith $4¢ PIFMShIStASi ch are |inked to it in an
automati c and dynam ¢ manner.. The main controller 2

conprises five main conponents: a human resources _
Imeoreeg embéadifment, rthe) agitmnentre havef diffeyerit ecabibragions, eud b uwhange in

calibration of a calibration setting in an instrument causes an experiment control

object to trigger a change event.

DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings
The invention will be more clearly understood from the following description of some
embodiments thereof, given by way of example only with reference to the

accompanying drawings in which:-

Fig. 1 is a UML (Unified Modelling Language) component view of a control

system of the invention;

Fig. 2 is a UML class diagram representing a domain model view of the

system; and

Fig. 3 is a UML activity view.
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resources, assigning themspecific roles; an

organi zati on manager 6 for managing the |ife-cycle of
wo@e@ans2ad i ons related to projects such as supptT/EE2806/000010

custoners, internal groups or divisions; a nethodol ogy

manager 7 for managing different life-cycles and

met hodol ogi es used for handlgng scientific projects, a

proj ect manager 8 for nanagi ng projects; and a netrics

manager 9 for managi ng netrics such as experi nment

D@stipti@chtie Eabodingdats and status. These conponents

expose interfaces for the managenent of the life-cycle

of dedicated objects. By life-cycle it is intended the

t | r
ﬁé?&ﬂgfﬂ@"t@ 8 g a %eé}leﬁ(aqﬂé& é{gla%ﬁgﬁyc%g %ﬁg}-@lgplg‘;eg tﬁ‘?rgam controller
X efqu ihtglellebyl cbmrcé,penl eleperlmbljltebtmdnagercS farglowkr-&dveb control of
exawales of cl ass for i.nstantiation af .

SPHALRF nEIGHRBIS BY tndolkBiy GHERE o 5o sBoTABeAlly] popRagating

Iﬁ&ﬁﬁca‘cﬁﬁgt(ﬁp kcISNBL TGS thedéRtem QO F:ﬁ’sll.lreS M@ﬁsﬁf@n@f’ &ross the

role;6(a), organisation of users having roles; 7

SYthl)n 1 @iddigsteeménss whisherg linked taithin gh agioortia |an@d3)nalrrev glanner..

for containing nultiple experinent prograns; 8(a),

class for instantiating a container object for one or

THRI1Raif X Bt b 118 thoﬁffpﬂgés&ﬁ?& ma&hRbmpan&ltass for a

cont ai ner object for each experlnent phase; 8(c), a

cl ass for an object for defining experinment task

Fae S FA RSN Fopdie SRR SRS Ydoigh romen

act i Gmmﬁs,mnlghﬁgdlem specific roles;

- an organization manager 6 for managing the life-cycle of organizations related
to projects such as suppliers, customers, internal groups or divisions;
- a methodology manager 7 for managing different life-cycles and

methodologies used for handling scientific projects,
- a project manager 8 for managing projects; and

- a metrics manager 9 for managing metrics such as experiment cost, schedule,

risk, and status.

These components expose interfaces for the management of the life-cycle of dedicated
objects. By life-cycle it is intended the following set of minimal operations: CRUD
(Create, Read, Update, Delete) and any additional operation required by the specific
object logic.

Fig. 1 also shows examples of classes for instantiation of run-time objects by the

components 5 to 9, as follows:

5(a), control system user;

5(b), control system user role;
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a task; 9(a)-9(d), classes for objects for netrics to

automatically trigger change events during runtine, as
walemengizedl i n nore detail bel ow with referencePtDIE20¢/000010

2. The experinment nmanager 3 instantiates objects from

the follow ng classes: 3(a), experinent classes having

met hods for inplenmentation of experinents; 3(b),

RunSet being a container object for Runs; and 3(c),

Run cl asses havi ng nethods for recordi ng experi nent al

608} a suchoggmisanon 6f Gherfsiheethefroles) i nst r ument

integration. It will be noted that, the program nmapager. .

T)a @t he classss riPprehtechert agieh dcenigiaen elPV%f%%.g%mmnmg multiple

instantiate'%qgé}hﬁ\é}g ;Aga&l Il life-cycle of objects in a

hi erarchy tor control of scientific instruments

8oupl ed t olashdorsinstaetiatingda icontememobjegt Wirtdnet dremore experiment

| onest -1 evel objects, nmanaged by the experinent

manager 3PS EH%t he nunber of instruments and/or the

mber of QRS T HEdMntdirtR objetl RE e&uhsex?eﬁmeme}ﬁﬁ&;beporres

I'arge, the control and instrunment outp i nformati on

§e)ocessi ng dessdaren vbjegt foodpfieing ewpenithentitaskedrliverables lsach as

roll-up engin | ays_a., very inmportant role in

dynami cal ieﬁg’ﬁgﬁfyﬁéesgﬁﬁnges in run-tinme, ensuring

gimat i nst puIRe forsat §1j8d ForSeach tak, Elnidy AbétQT a68drsith gomplete

and software functions for processing the output data

i s dynam @dp3ky updated. Referring to Fig. 2 the

r ure . 1 s U= T e C

TV oo G Sl BTl By e P bvents

di agr am s ldoviag irnginas) s désedbabinendre detilcbelaw withaefetepce to Fig.

they are gfsi gned the sane nunerals as the

corresponding classes of Fig. 1 fromwhich they are

instantiated. The netrics manager 9 instantiates an

i nterface "Schedul abl e" object 9(e) from an abstract

Theteapéraentahansger instagsdieeieds Gomishe &allogyieg classes not

have net hods for performance of any experinent-rel ated

operation. However it has nethods for

3(a), experiment classes having methods for implementation of experiments;

3(b), RunSet being a container object for Runs; and

3(c), Run classes having methods for recording experimental data such as inputs

derived from instrument integration.

It will be noted that the program manager 8 and the experiment managér 3 together
manage instantiation and the full life-cycle of objects in a hierarchy for control of
scientific instruments coupled to the system and interfacing with the lowest-level
ébjects, managed by the experiment manager 3. When the number of instruments
and/or the number of experiment run iterations and phases becomes large, the control
and instrument output information processing becomes very complex. In the
invention, the roll-up engine plays a very impbrtant role in dynamically managing
changes in run-time, ensuring that instrument settings such as calibration settings and

software functions for processing the output data is dynamically updated.
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contai ning netrics objects, each of which defines
nmetrics to be used during performance of experinents.

wab@eiei2eé ¢ obj ects 9(a) to 9(d) are nerely exPOPIEHO6/@0010

maj or benefit of the system 1l being that nmetrics can

be readily created by the nmetrics manager 9 sinply
instantiating additional netri.cs objects. There is

al so considerable versatility in the manner in which

any particular netric is defined because of

Refesapi toi Fig, 2nthiehstratire | dfuthe scoatrdl pystagmn aimfeo dem-timt hodsol of
of the tri.cs objects., The ch dul abl.e ohj ect e) .
IR R IORO ARRATREIES S| B P 1ks tizgtam Thmsd %tmérdgejd dsets, and
3¢ ElaridNBe b aski@néd the daffe!iiBde¥als hthRIdokref dﬁﬂ]rfgrt@asses of Fig. 1
nmetri ¢ objects. Thus, the arrows between the obj ect s
Bem)which tBe¢xre 1wmt1alt6t§i 8(d) and the Schedul abl e obj ect

9(e) show that they automatically inherit metrics from
the netric objects 9(a) to 9(d). Thus by sinply

PhiedletHcB GndragerSs Hegduhtipdsear0hit@ tce 9Gehedanble” object 9(e) from an
instantiating the netric objects as desired accord

abstrest g@wrﬂqﬁnclqsa nTho eheduahle obiect (6e)c dofsr ot Byt awﬂmds for
|
Igelﬁo g#ec E%&éﬁﬁ? égégﬁtrer(g t(lrpepaftlo oq-}osgéé%g Ir 'E'q'Ra methods for

@m&ﬁmﬁg mhegicsredbjedts, a:liceh Iolﬁ whick ésthredi meticsasw bel hSMIS during
cost 9(a), cost inte s ecg&ﬁ: ed resource such

RestoRmARes o qufﬂ?rﬂ)‘ﬁ@‘i‘fﬁ T %cts layito, a(d)(agy merely examples, a
hRERrgEErer FEshen | E?IPF?'?%EW P in o SRR R By tho metrics
metagens simply 1mshd¢maphgcaéd1t19n|ai hmeigcdeljacts.obheneriinalsd omsiderable

stat.us 9 t he st.at us. articul ar _.ex er|

SR e el Waigh SRR GG, Rotertiidbecause of
dféﬂé‘afuﬁﬂl ihd@hd ARibuERAGRd Prodrha 08¢ ﬁl@ﬂ@d§6ﬁtheh§bt§&sfdbjé&§j
8(a) to 8(d) executes to control experinents and

process outputted data. These objects are quite

FPSHARL @le ’opfrlﬁ’b%? aissUf}fa ?A ﬁfb (fgl?m;z ‘i’hec‘ac%{”odb éctfbe3(a) to 3(c)

experi nmen om very eve exa

zmdok}(e):to &(d) ixfehtsnfeomhemmﬁbm_uhe niesrid obj em.s"ﬁhwdw zmmm batween
DAL Yes S (520388, W 5 and the Schedulable object 9(e) show that they

automatically inherit metrics from the metric objects 9(a) to 9(d). Thus by simply

providing the Schedulable object 9(e) and instantiating the metric objects as desired
according to experiment run specifications the control system 1 automatically ensures

that all of the experiment control objects use these metrics to trigger change events.

The metrics are in this embodiment as follows:

cost 9(a), cost in terms of a specified resource such as human, equipment, of
finance;

timing 9(b), time-based metrics for performance of experiments;

risk 9(c), the probabilities that certain adverse actions will take place, such as
data contamination;

status 9(d),  the status of a particular experiment, such as “in-process”, “pending”,

or “holding”.
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providing the nost accurate results. In this exanple:
objects 7(a), 7(b) and 8(a) contain high-Ievel
W@ vbAasi2e6 attri butes; the phase objects 8(b) POMEWEL/000010
del i verabl es for mass spectronetry analysis; the
deliverabl e objects 8(c) define mlestones to achieve
testing of the instrunmentatign; the task objects 8(a)
are sets of experinents carried on to test the
i nstrument ati on; experinment objects 3(a) are data
Lpohlisstintatiopaacit of the oquotsri(ar)emt%d:) ahdt86g) tREBekeali¢seiotcontrol

3(b) are collections obj ect

Setinit edd gistren Rl S Tusie PR AT cole Sidaptil, having

safmwn% ichi© b 8drtfd] IS @RperARdhtd RShT HRRAL 1@@[&@'@@9@@1}1@ is a
for the specific tests to be perforned.

paejeciripdgedoer msiyementsffor ﬁ@sqosnﬂgtramﬁhﬁr@a@ws 8o isge agh one is
antl tes for controlling
pr?vdglggéélg %69%3 Séq{‘%hej?%}{%o@ The gate obj ect

can conpute vvhen the project is erV| ng forward to the
next Bhase/ phases based on cal cul ati on  perforned on

-dat a opiestsdét Y8) e Haheonipa haghy-lewel qen@m@f etmbm@s@ m t he

“Uon BELEOREEY Sty Ui dllferR Rl i m AR GAPEOmEEY Bhalyic
-aut onted idelvdrybleledgedts o) ldafige miatinesstodadhieved td3singmyf the

of the netrics inherited fromthe objects 9(a) to 9(d)
it tARSHYmeRtignotification to the interface 9(e). The

-l att efe %Héko%%c&a'skéﬁ RS IRAL I8! 8SHeAnfehRN S RYCBA to test the

obj ect 4(a) I's managed in‘a queue by an input

i nt emﬁmmenfatmIMe rol | -up engl ne 4. The roll- up engi ne

4automat|c enet rk of t

-cont sTREERhobikel B1E grE e BFieehSn il s bl o

-i dentRivin®et@hj eI (¥) @BjceREctions bfRudk; er ar chy down to the

noti fyi ng ogect which is_involved in perfornmance of

-t he Run objects 3(c) have attributes defining calibration information, data
acquisition attributes, and instrument control signals for the specific tests to be

performed.

An advantageous aspect of the program manager 8 is that it instantiates a gate object
8(e) for controlling linkages from one phase to the other. The gate object can compute
when the project is moving forward to the next phase/phases based on calculation
performed on data propagated through the object hierarchy from the experimental

level up to the project manager level

When any of the objects 3(a) to 3(c) or 8(a) to 8(d) automatically detects a change
event as defined by any of the metrics inherited from the objects 9(a) to 9(d) it
transmits a notification to the interface 9(e). The latter automatically instantiates a
change event object 4(a), which is managed in a queue by an input interface of the
roll-up engine 4. The roll-up engine 4 automatically interrogates the network of
objects contained in the program object 8(a) to determine the identity of every object
in the hierarchy down to the notifying object which is involved in performance of the
current experiment run. It then automatically transmits a notification to each of these

identified objects. The notification is simply a message identifying the event and the
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current experiment run. It then automatically

transmts a notification to each of these identified
wW@bjoeo8®96 The notification is sinply a nmessagePCT/IE2006/000010

identifying the event and thechange event originating

obj ect. Each object which receives the notification

has sufficient codes in its.goftware code nethods to

automatically act upon the notification to inplenment

the actions considered necessary. Overall operation of

chinegec evdnt adrigyesing notijecti Eacs tobgice dvliich Feqgive8. thd hmtification has

foll.owng are the major sequences which ar erf.or .

5o &8 0o i AAGEFE oS At AR TegIT Pl PPh U ttcation

4 38R men PR SctiREoARIQEDAREAlY.ON Wi th users having

speci fic access control rights; 40; The manager 7

creates high | evel experinent nethodol ogy and

i f | e,.obj . i ner.s..f )
vl YperfudthE e Rab o BRIk O T ppngwing are the
Bor Sa8eted gham idpagemed. generates these |ower |evel

objects and the netrics manager 9 generates the
i nterface "Schedul abl e" objects defining inheritance

By ; e o
B el MRV SEAR AR ogEReRsE B gl
not i fwigdusefyioivigyspacifie atcebecatiobrighte; aut omati c
‘updating of the netric objects 9(a) to 9(d)
t hensel ves. These are triggered by the rel evant

RP] ecfy ﬁ{aﬁla%e}w hlesaRIn 3 Efpedinfont AfethfodAURd dlifecycle

saf fi'ci ent telli1gence ™ n their nethod software code

t o dobjdeissto aFhascontaings forcthrdgwerleygy eontolcdaengeas Blustrated in
this PW' ] result in automatic updati ng of another

net ri“¢® “Keeping with the exanpl e of calibration

changes in instrunents, such a change may trigger a
change event according to the Risk metric because )
X0ner eltiespragrmymapager Skewverajes hescolomerilenst obiectg andtthe anetrics
previ 1 §- ] [ e h s%}ﬁ& : .

not i fﬂlq %%tglé?o%§glt§é(§mtg {1 g{elc%%%?%egaéegﬁﬁ)fgl ﬁbﬁ%&o ] ecgsmlhﬁmance
t he admiatads. hi er ar chy, but

60;  Upon generation of a change event the relevant objects 8(a) to 8(d) and 3(a) to
3(c) are notified. Another aspect here is the automatic updating of the metric
objects 9(a) to 9(d) themselves. These are triggered by the relevant objects 8(a)
to 8(d) and 3(a) to 3(c) as they have sufficient intelligence in their method
software code to do this. Thus, a metric may trigger a change, and this will
result in automatic updating of another metric. Keeping with the example of
calibration changes in instruments, such a change may trigger a change event
according to the Risk metric because there is a higher risk of data
contamination due to a previous mis-calibration. There are the consequent
notifications to the concerned controlling objects in the control hierarchy, but
also an automatic change in the metric for future monitoring of timing. Again,
the system 1 provides complete versatility in not only automatic triggering of
change events in run-time, but also in how future change events are triggered

by dynamic modification of the metrics.
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al so an automatic change in the netric for future
monitoring of timng. Again, the system 1 provides

W@ eovplogi2es versatility in not only automatic trPQLEE2006000010
of change events in run-tinme, but also in how future
change events are triggered by dynam c nodification of
the metrics. The nai n obj ect_ fgype, responsible for
i ntegrati on between the experinment nmanager 3 objects
and the program nanager 2 objects is the Schedul abl e
THej raain dbyqee typeaedspodyitse fordiategraidn (Hebwdear the egperiment manager 3

iinheritance) from a schedul abl & obj.e¢t. j s a.candi dat )
Pl qnééﬂﬁ@%ﬂgrm TARASY 5; IR e _ﬁ%leﬁulaﬁa 03}?&? Bpgizich object
deﬁbe&gg@aﬁﬁlo@mwﬁeéy bk a@eﬁed*a_}a%mgoaéqt R4 Eddeifdate for treatment

I nformation. Object types associated w th schedul ab
hybthe coll-up pragineah atd therefbrsi for enehangingrsaientific iand busivess metrics
.nﬁpagﬁd by the netrics manager 9. For exanple a status
BY B8 an represent different status configurations
for a project such as: planning, active, conpleted,
i nactive, cancell ed; tinigg oq%ects can represent
leng

@hiestelypesphuneiaigd swidh schadyl petapess carf preectielr own internal

roj ect i act raf j a -
BERYES AR I 2 ol s 7 B Rl 4 Bt it can
regileddnk QliffBiept StahikC Comfipuifiohe SfoRt£rojectFigh 2s:i plati@hgls active,
of Hﬁ)r%?r,am obj ects_containing phase objects, coqt ai ni ng
cgamieied, dpackive saaselicds Hming ohIRYS catsrepaispaiciraiectplannsg, sigr and

. ¢ 00 . ! . .

R R i e e
nmet hodol ogy library. Each programis the result of
conposition of one or nore phase objects and/or gate
revi ew obj ects. Phase object types represent a phase
‘YonBerREP] Sbat Yhéd RlBWIRbSrehEMiRV elatiofsHip REthéthRNRbresented in
status type of “object providing access to subsequent
Hiad én derjmscelspimictan @biecisrepgtadmng Phater ebieeh gophiaste deliverable

| ec aj Lrectl i.ndi . .
S ARER SAC000L A DAL Shi Mo LS Lprotio pojc
wigop lie dedvddnfromde lifé-Oydhs objeeis8pe eloatagbdpihas artiadology library.

rojects. In ordey to conplete_deliverables, users %re
S (P BaT B o FesBlt i CABROBER EF gnc of mofo phase objects and/or gate

review objects. Phase object types represent a phase of a project, while a gate review

is a conditional status type of object providing access to subsequent phase objects

within a program.

Program and phase object types can contain directly or indirectly deliverable object
types representing items to be completed in order to progress related phases or

projects. In order to complete deliverables, users are required to perform task objects.

The system scenario is completed by providing access rights for CRUD operations to
schedulable object types performed at the level of program object types by assigning
user objects to project roles. This process is managed by the human resources manager
5.

It will be appreciated that the invention provides for automatic comprehensive

updating of all relevant objects when a change occurs which affects them. Thus, the
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The system scenario is conpleted by providi ng access

rights for CRUD operations to schedul abl e obj ect types
w@eotbosizeel at the | evel of program object typeBCh¥E2006/000010

assi gning user objects to project roles. This process

i s managed by the human resources manager 5. It wll

be appreciated that the invggtion provides for

aut omati ¢ conprehensive updating of all rel evant

obj ects when a change occurs which affects them Thus,

ihatioy asiibaR e ogipiaityhe £ damil@X téntrodfand idfsrmatied processing

control and information prqcessing. structure

srpetier Wsturenvhide gt thengavac et heRetting Brm FaRg 9f PRdiSgation to

. Lt . . _ io

s S e D o O LB P hos oL Aioject and porthl

e pdmdnit Gystamaghivhnis asyenaticalishintégrated doitaoseiantifigl daja capturing

integrated to a scientific data capt.urinhg tem .

S BRGNS e s i e oarfet el a8 vl it RpE e fally

ihtegl%{ehaaﬁe el Bedifb ey of Dt@EtEHAH RGNt sIdAGHtibA own

l1TTe-cycle of a scientific project fromits

te che elplly aiperations dooctrhe ahafiripgopsr enly dhe seisntifie rdgta, but also

ca tunﬁggpnot onl¥ ggg sc%ggtific data, but also
PHTSRIOTPATN HERTERC IR St ed to projects. The

invention is not limted to the enbodi nents descri bed

but may be varied in construction and detail.Cains 1.

Thecionention isyratelimited te dhe embpdimenisxdesgibesh byt may be varied in

sci.ent.ific riments by |aboratory instrunments, the

(?8%?PéPn%$%@%%$conprising a control manager (3, 8) for

i nstantiating objects (3(a) to 3(c), 8(a) to 8(d)) in

a containnment relationship to control experinents,

characterized in that. said experinent control objects

automatically trigger change events according to

pre-set metrics, the control system (1) further

conprises a roll-up engine (4) for dynamcally

nmoni tori ng change events during execution of

experinents, and the roll-up engine autonmatically

transmts a change notification to al
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concer ned experinent control objects when a change
event occurs. 2. A control systemas clainmed in claim

wda 2006083206 N t he experi nent control objects (3(B)FB{20)6/000010

8(a) to 8(d)) have software code nethods for

automatically responding intelligently to said
notifications to dynam cal lyiyodify their experinment
control operations. 3. A control systemas clained in
claim?2, wherein the roll-up engine (4) includes in a
@rimd i cation data indicating the change event in terns

of pre-defined netrics. 4. A control system as cl ai ned

in any preceding claim wherein the system (1) further
£0NDPr A SEshtR] "Bifelf ForBASng Sxeb@iond ot | 2idhefis aéxeriments by
metrics indepéndently of the control nanager (3%@.5. A
cont rlgborgtpsy msiraments athensentiad spsterm eomprigingracgontroh@anager (3, 8)

nmetrics nager (9).: gengerates iopter f e), .
andg BBt ing é’i’r&efgoﬂgafn%?ﬁ@?’oéraécgo ?@?2)( (fgycprtaimment
|'i nkeglaffohdhip fecdnfbobefReithenBpcaratbdrized irvbiatict  def i ni ng
at |l east one netric. 6. A control systemas clained in

claimb5, wherein the netrics nmanager (9) associ ates

X By AR Rt P A

met r i ©9ré-sermmdties,netri c objects (9(a)-9(d)). 7. A

control systemas clainmed in clains 5 or 6, wherein

the interface is an object (9(e)) instantiated by the

TBLr i i ! g . . _
(9(a)ﬁté ocegt?ﬂ) .tegr?h,& conéi%g’ sygs?grrrélggpcrélﬁ %?Egép?irﬁ%&mcauy
cl ai nmositaing/changeewents dubieg me¢ouiios ofreprygsren{sgind

associ ates experinment control objects with the netric

obj ects by associating themwith the interface so that
they @gt fi1Rhp Caldine iankeiaticalft tfdnbniite Sa Ofhahpe maifichfon to all

obj ect s. :
concerned experiment control objects when a change event occurs.

2. A control system as claimed in claim 1, wherein the experiment control objects
(3(a)-3(c), 8(a) to 8(d)) have software code methods for automatically
responding intelligently to said notifications to dynamically modify their

experiment control operations.

3. A control system as claimed in claim 2, wherein the roll-up engine (4) includes
in a notification data indicating the change event in terms of pre-defined

metrics.

4. A control system as claimed in any preceding claim, wherein the system (1)
further comprises a metrics manager (9) for defining said metrics
independently of the control manager (3).

5. A control system as claimed in claim 4, wherein the metrics manager (9):

generates an interface (9(e), and
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9. Acontrol systemas clained in any preceding claim
wherein the roll-up engine (4) automatically

waledosnsioes whi ch experinent control objects (BCBHJE2006/000010

3(c), 8(a)-8(d)) are concerned with a change event.

10. A control systemas clainmed in claim9, wherein

the roll-up engine (4) autonpjically determ nes said
experiment control objects by interrogating

hi erarchi cal rel ati onshi ps between experinment contr ol

obj ecg@eﬂa'tdslwdieasi bile mﬁtrﬁkﬂ@a‘dt I@(ﬂ} 9ehntinkdd whh elad invdafac, each
trigger ed &‘%?nge vent A control system as

cl ai n‘@ﬁmﬂ? 1Y afilegst %netIBetI‘G wherein the netrics
manager (9) generates a hierarchy of interfaces and

the roll-up engine listens to said hierarchy of

6.nt erAawegol systghaasgeaigedninsclab?.5, Avizeinrthe rastyitemaasger (9)

o psosided Rheeh St BpiPis 3 AUSL RasLOT pitseiyntertace

any of(eh)icBXRe il Rker oY meticO®BHACHS mehiid ageéts Sb)LAd)).

i nstantT ates a change event object (4(a)).
contr ol system as clainmed in claim12, wherein the

51 AR 065k UAEFD UGl Yo BNENES ROl i

I Nt uoge)) ikdtanfated BY Had metyiss eahgser (9)andRdniathigdithe (ﬁ{etnc objects
claing 5 to 13, wherein at |east sone of the

exper(l (e 9Dt r ol obj ects have software code net hods

for automatically triggering nodification of a nmetric
object in response to a change event. 15. A control

&y st emncastrall systemdasi dlainlediimtldidns dloe7 ewhersa tte mqh@sinmrager C))
control objects transmt a.netric

ot (RN EPerRETRRO L G PO B I G aSsociating

the @Al @k ahe Jfterficd 90 iR they SbRMAR ALY FHERE aktAb@BY of the
preceding claim wherein the control manager (3, 8)

| nst anelrigodieck. hi gh- | evel cont ai ner obj ect (8(a)) for

an experinment program and other experinent control

obj ects are contai ned under

9. A control system as claimed in any preceding claim, wherein the roll-up

engine (4) automatically determines which experiment control objects (3(a)-

3(c), 8(a)-8(d)) are concerned with a change event.

10. A control system as claimed in claim 9, wherein the roll-up engine (4)
automatically determines said experiment control objects by interrogating
hierarchical relationships between experiment control objects linked with an

experiment control object which triggered the change event.

11. A control system as claimed in any of claims 5 to 10, wherein the metrics
manager (9) generates a hierarchy of interfaces and the roll-up engine listens to

said hierarchy of interfaces for change events.

12. A control system as claimed in any of claims 5 to 11, wherein the interface
(9(e)), when notified of a change event by any of the experiment control

objects, automatically instantiates a change event object (4(a)).
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said object. 17. A control systemas clained in claim

16, wherein a phase experinent control object is
wa@eobAasizedl by a program object and is |inked we¢hIE2006/000010

gate object for iteratively nonitoring experinent data

to determine if a current experinent phase should

termnate and a further phasgishould be initiated. 18.

A nethod of controlling a plurality of experinment runs

by | aboratory instrunments, the nmethod conprising the

St epsA afontroliglstey dshelainmsit fnuekirth s12, owheremntheotollsys ergme (4)

of any preceging claim the_experinent contr ol |[ects .

cenoriggicatnarneiaene ot S0 Charie ryeR it o0, Fiocessing

pr ocessh Bk itgdd, ument out puts, and automatically

triggering change events by conparing experinment data

bei ng processed with said pre-set netrics. 19. A

thod as clainmed in.claim18 ' i nst t
B ve aePRuiRtieR B uhbly s RGBS b RN Sime of
cal i hhatkkpdiént 2oaRbl dHjetti BiVeSRIftaRg code MBthbiks for Liesatically

causes an_experiment control object to trigger a
chandsiggsring modification of a mefric object in response to a change event.

15. A control system as claimed in claim 14, wherein said experiment control
objects transmit a metric object modification instruction to the metric object to

be modified via the interface.

16. A control system as claimed in any preceding claim, wherein the control
manager (3, 8) instantiates a high-level container object (8(a)) for an
experiment program, and other experiment control objects are contained under

said object.

17. A control system as claimed in claim 16, wherein a phase experiment control
object is contained by a program object and is linked with a gate object for
iteratively monitoring experiment data to determine if a current experiment

phase should terminate and a further phase should be initiated.

18. A ‘method of controlling a plurality of experiment runs by laboratory
instruments, the method comprising the steps of coupling the instruments to a
control system of any preceding claim, the experiment control objects
generating control signals for the instruments, processing instrument outputs,
and automatically triggering change events by comparing experiment data

being processed with said pre-set metrics.

19. A method as claimed in claim 18, wherein the instruments have different
calibrations, and a change in calibration of a calibration setting in an

instrument causes an experiment control object to trigger a change event.



