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PerÐlhyh

H paroÔsa diplwmatik  ergasÐa ekpon jhke sta plaÐsia tou DiatmhmatikoÔ Pro-

gr�mmatoc Metaptuqiak¸n Spoud¸n (DPMS) me ton tÐtlo eidÐkeushc {Hlektronikìc

Automatismìc}, to opoÐo leitourgeÐ upì th sunergasÐa twn tmhm�twn Fusik c kai

Plhroforik c tou EjnikoÔ kai KapodistriakoÔ PanepisthmÐou Ajhn¸n.

To antikeÐmeno melèthc thc ergasÐac aut c, afor� thn efarmog  algorÐjmwn anÐqneu-

shc sumb�ntoc (event detection algorithms). Oi algìrijmoi pou melet jhkan kai u-

lopoi jhkan eÐnai o monìpleuroc algìrijmoc Tabular CUSUM gia mÐa metablht  kai

o monìpleuroc algìrijmoc CUSUM gia dÔo metablhtèc, ìpwc perigr�fetai apì ton R.

B. Crosier. H efarmog  twn algorÐjmwn aut¸n ègine p�nw sthn platfìrma SunSPOT

kai o k¸dikac ston opoÐo anaptÔqjhkan oi efarmogèc sunt�qjhke sth gl¸ssa Java.

To perieqìmeno thc ergasÐac èqei organwjeÐ se èxi kef�laia kai sugkekrimèna:

• To Kef�laio 1 eÐnai mia eisagwg , sthn opoÐa gÐnetai mia istorik  anadrom 

sqetik� me thn exèlixh thc teqnologÐac kai to p¸c h exèlixh aut  èqei ephre�sei

probl mata pou aforoÔn thn anÐqneush sumb�ntoc.

• Sto Kef�laio 2 gÐnetai mia sÔntomh anafor� ston 'Elegqo Poiìthtac, ènan

apì touc pr¸touc tomeÐc ston opoÐo diereun jhke h anÐqneush sumb�ntoc kai

efarmìsthkan gia pr¸th for� ta diagr�mmata elègqou.

• To Kef�laio 3 parousi�zei to Statistikì 'Elegqo Poiìthtac, ìpou perigr�-

fontai k�poiec basikèc statistikèc ènnoiec pou qrhsimopoioÔntai gia ton èlegqo

di�forwn diergasi¸n.

• Sto Kef�laio 4 gÐnetai mia analutik  perigraf  twn Diagramm�twn Elègqou

Shewhart.

• Sto Kef�laio 5 perigr�fontai ta Diagr�mmata Elègqou CUSUM gia mÐa

metablht  kai gia pollèc metablhtèc.
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• StoKef�laio 6 gÐnetai arqik� mia sÔntomh perigraf  thc platfìrmac SunSPOT,

analÔontai oi efarmogèc pou ulopoi jhkan kai dÐnetai o k¸dikac pou sunt�qjhke

gia thn kajemÐa se gl¸ssa Java.

Lèxeic kleidi�: anÐqneush sumb�ntoc, diagr�mmata elègqou Shewhart, diagr�mmata

CUSUM, MCUSUM, statistik  tou Hotelling, Crosier



Abstract

The present master thesis was written as part of the joint/inter-disciplinary M.Sc.

program entitled as “Master in Electronic Automation” that runs by the department

of Physics and the department of Informatics and Telecommunications of the National

and Kapodistrian University of Athens.

The subject of this thesis is the application of event detection algorithms. The

algorithms that were studied and developed are the one-sided univariate Tabular

CUSUM algorithm and the one-sided bivariate CUSUM algorithm as described by

R. B. Crosier. Those algorithms were applied on the SunSPOT platform and were

developed in Java. The context of the thesis is organized in six chapters, namely:

• Chapter 1 is an introduction, where we discuss the evolution of technology and

how this extraordinary development has affected event detection problems.

• Chapter 2 is a brief reference to Quality Control, where the event detection was

firstly investigated and applied to with the use of the emerging control charts.

• Chapter 3 presents the Statistical Quality Control, where we describe some of

the basic statistical concepts used for the Statistical Process Control (SPC).

• Chapter 4 gives a detailed description of the Shewhart control charts.

• Chapter 5 describes the univariate and multivariate CUSUM control charts.

• Finally, in Chapter 6 after a brief description of the SunSPOT platform, we

analyze the applications that were implemented and we present their respective

codes that were developed in Java.

Keywords: event detection, Shewhart control charts, CUSUM control charts, MCUSUM,

Hotelling’s T 2−Statistic, Crosier
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Ja  jela na euqarist sw jerm� ton epiblèponta kajhght  mou k.E.Qatzheujumi�dh

gia thn upìdeixh tou jèmatoc thc diplwmatik c mou kai gia th suneq  kajod ghs  tou

kat� th di�rkeia ekpìnhs c thc.
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1 Eisagwg 

An to pr¸to misì tou 20oυ ai¸na qarakthrÐsthke apì th meg�lh biomhqanik  epan�-

stash kai apì thn emf�nish twn dÔo meg�lwn jewri¸n thc Fusik c, thc jewrÐac

thc Sqetikìthtac kai thc Kbantomhqanik c, pou �llaxan kuriolektik� thn poreÐa thc

Epist mhc, to deÔtero misì tou ai¸na autoÔ qarakthrÐsthke apì th ragdaÐa exèlixh twn

hlektronik¸n upologist¸n kai th meg�lh an�ptuxh thc teqnologÐac pou sunetèlesan

metaxÔ twn �llwn kai sthn kat�kthsh tou Diast matoc.

Eidikìtera oi yhfiakoÐ upologistèc (digital computers) katèsthsan dunat� poll�

episthmonik� kai biomhqanik� epiteÔgmata kai �noixan nèouc orÐzontec se ìlouc touc

tomeÐc thc anjr¸pinhc drasthriìthtac. Me tic ter�stiec upologistikèc dunatìthtec

pou suneq¸c dieurÔnontai, kai thn ikanìthta prosarmog c touc se k�je episthmonikì  

teqnologikì perib�llon, sunèbalan kai sumb�lloun sthn prìodo kai thn an�ptuxh thc

anjrwpìthtac dhmiourg¸ntac tautìqrona nèec efarmogèc kai aperiìristec prooptikèc

gia to mèllon.

Me thn an�ptuxh thc Hlektronik c, thc Mikrohlektronik c kai thc Plhroforik c

èqoun epiteuqjeÐ axiìloga epÐpeda smÐkrunshc (micronization), ta opoÐa èqoun epitrèyei

thn Ôparxh shmantik c upologistik c isqÔoc se oloèna kai mikrìterec suskeuèc. Plèon

èqoume sth di�jes  mac èxupnouc aisjht rec (smart sensors) me pio isquroÔc epe-

xergastèc kai perissìterh mn mh apì ìti eÐqan oi proswpikoÐ upologistèc palaiìte-

rwn gene¸n, kai autì se polÔ mikrèc diast�seic sugkrÐsimec me èna spirtìkouto. Oi

aisjht rec autoÐ mporoÔn na ulopoioÔn polÔploka prwtìkolla, na epexerg�zontai oi

Ðdioi merik¸c   olik¸c tic metr seic pou lamb�noun apì to perib�llon, èwc kai na

filoxenoÔn èna periorismèno leitourgikì sÔsthma.

Aut  h meg�lh an�ptuxh pou èqei shmeiwjeÐ sthn teqnologÐa èqei epifèrei mia

an�logh aÔxhsh sthn prosp�jeia epÐlushc pragmatik¸n problhm�twn, ta opoÐa aforoÔn

jèmata ìpwc:
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• Thn anÐqneush kai di�gnwsh bl�bhc (monitoring)

• Th diat rhsh kat�stashc biomhqanik¸n diergasi¸n

• Thn asf�leia polÔplokwn susthm�twn (aerosk�fh, ploÐa, pÔrauloi k.lp.)

• Ton èlegqo poiìthtac (Quality Control)

• Thn prìbleyh twn fusik¸n katastrof¸n (seismoÐ, tsoun�mi, k.lp.)

• Thn parakoloÔjhsh diergasi¸n sth bioðatrik , k.lp.

Ta probl mata aut� èqoun prokÔyei kurÐwc lìgw thc auxanìmenhc poluplokìth-

tac twn perissìterwn teqnologik¸n diadikasi¸n kaj¸c kai thc Ôparxhc exeligmènwn

plhroforiak¸n susthm�twn epexergasÐac dedomènwn. LÔseic sta probl mata aut� eÐ-

nai zwtik c shmasÐac gia thn anjr¸pinh asf�leia, thn oikologÐa kai thn oikonomÐa. MÐa

shmantik  sumbol  sth lÔsh twn problhm�twn aut¸n èqoun prosfèrei ta proanafe-

rìmena plhroforiak� sust mata epexergasÐac dedomènwn. Me thn exèlixh pou èqoun

parousi�sei èqoun katast sei dunat  thn an�ptuxh, th melèth kai thn efarmog  polÔ-

plokwn algorÐjmwn parakoloÔjhshc twn diafìrwn diergasi¸n.

To koinì qarakthristikì twn parap�nw problhm�twn eÐnai to gegonìc ìti h epÐlush

tou kajenìc sthrÐzetai sthn anÐqneush mÐac   perissotèrwn apìtomwn allag¸n pou

parousi�zontai se orismènec qarakthristikèc idiìthtec thc exetazìmenhc diergasÐac.

Wc apìtomh allag  se mÐa par�metro (metablht ) enìc sust matoc onom�zoume mia

opoiad pote allag  sthn par�metro aut , h opoÐa gÐnetai eÐte �mesa eÐte polÔ gr gora

se sqèsh me thn perÐodo deigmatolhyÐac twn metr sewn.

To mègejoc thc allag c sthn par�metro pou exet�zetai den paÐzei rìlo sto na

qarakthristeÐ wc apìtomh aut  h allag . Stic perissìterec peript¸seic to kÔrio

prìblhma pou tÐjetai proc epÐlush afor� thn anÐqneush mikr¸n allag¸n pou ja parou-

siastoÔn se mia qarakthristik  idiìthta, kai autì prokÔptei epeid  h suss¸reush

mikr¸n allag¸n se autèc tic peript¸seic mporeÐ na èqei katastrofikèc sunèpeiec.
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Gia par�deigma, ta mikr� elatt¸mata pou mporeÐ na prokÔyoun stouc aisjht rec

enìc sust matoc plo ghshc mporeÐ na odhg soun se sobar� sf�lmata kat� thn ektÐ-

mhsh thc jèshc enìc aeropl�nou. 'Ena �llo par�deigma eÐnai h ègkairh proeidopoÐhsh

mikr¸n apoklÐsewn apì tic kanonikèc sunj kec leitourgÐac miac biomhqanik c dier-

gasÐac. Se autèc tic peript¸seic, h ègkairh anÐqneush mikr¸n allag¸n epitrèpei to

sqediasmì kat�llhlou progr�mmatoc parakoloÔjhshc, epije¸rhshc kai endeqomènwc

episkeu c (diìrjwshc) thc sugkekrimènhc diergasÐac, ¸ste na apofeÔgetai kai h aÔxhsh

tou kìstouc.

H allag , loipìn, ìtan anaferìmaste se mÐa diergasÐa   se èna sÔsthma, anex�rth-

ta apì to mègejìc thc mporoÔme na poÔme ìti eÐnai h met�bash apì mÐa kat�stash se

mÐa �llh. To prìblhma thc anÐqneushc aut¸n twn allag¸n èqei diereunhjeÐ ekten¸c

apì statistikoÔc kai majhmatikoÔc kai eÐnai gnwstì wc anÐqneush sumb�ntoc (event

detection, change detection). MÐa apì tic pr¸tec efarmogèc thc anÐqneushc sum-

b�ntoc  tan o 'Elegqoc Poiìthtac kat� thn suneq  parakoloÔjhsh thc paragwg c

proðìntwn (Shewhart, 1920). Oi teqnikèc anÐqneushc allag¸n pou anaptÔqjhkan kat�

ton 'Elegqo Poiìthtac qrhsimopoi jhkan kai se �llouc tomeÐc kai exelÐqjhkan apì

di�forouc epist monec an�loga me to prìblhma pou èprepe na lujeÐ.
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2 'Elegqoc Poiìthtac

H ènnoia thc poiìthtac up�rqei ed¸ kai poll� qrìnia, an kai to nìhm� thc èqei

all�xei kai èqei exeliqjeÐ me thn p�rodo tou qrìnou. Stic arqèc tou eikostoÔ ai¸na, h

diaqeÐrish thc poiìthtac s maine ton èlegqo twn proðìntwn ¸ste na exasfalÐzetai ìti

plhroÔn tic prokajorismènec prodiagrafèc. Sth dekaetÐa tou 1940, kat� th di�rkeia

tou deÔterou PagkosmÐou Polèmou, h poiìthta �rqise na melet�tai perissìtero me th

bo jeia thc Statistik c (Statistikìc 'Elegqoc Poiìthtac). Sth dekaetÐa tou 1960,

h poiìthta p re mia sqetik� pio eureÐa shmasÐa kai �rqise na kalÔptei olìklhrh thn

epiqeÐrhsh kai ìqi mìno th diadikasÐa thc paragwg c. Proc to tèloc tou 1970, h

ènnoia thc poiìthtac gia tic epiqeir seic �llaxe kajoristik�. H suneqìmenh aÔxhsh

tou antagwnismoÔ metaxÔ twn etairei¸n topojèthse thn poiìthta se prwtagwnistikì

rìlo. Oi etaireÐec �rqisan na esti�zoun plèon sth beltÐwsh thc poiìthtac, prokeimènou

na eÐnai ìlo kai pio antagwnistikèc kai na katafèroun na epibi¸soun sthn agor�.

Pollèc etaireÐec prosèlaban sumboÔlouc poiìthtac kai anèptuxan progr�mmata

kat�rtishc gia touc ergazomènouc touc, apokt¸ntac ètsi h poiìthta mia pio strathgik 

shmasÐa. Oi epituqhmènec etaireÐec �rqisan na katanooÔn ìti h epèndush sth suneqìmenh

beltÐwsh thc poiìthtac touc pareÐqe èna antagwnistikì pleonèkthma. Prwtarqikì touc

mèlhma  tan oi an�gkec tou pel�th, me b�sh tic opoÐec èprepe plèon na kajorÐzetai h

poiìthta, ¸ste na ikanopoieÐ   kai na uperbaÐnei tic prosdokÐec tou.

2.1 H 'Ennoia thc Poiìthtac

H poiìthta eÐnai mia ènnoia sÔnjeth, gia thn opoÐa

èqoun dojeÐ polloÐ kai diaforetikoÐ orismoÐ. Oi peris-

sìteroi �njrwpoi èqoun mia diaisjhtik  �poyh gia to ti

eÐnai poiìthta kai th sundèoun me ta epijumht� qara-

kthristik� pou prèpei na èqei èna proðìn   mia uphresÐa.

'Enac paradosiakìc orismìc gia thn ènnoia thc poiìthtac èqei dojeÐ apì ton Joseph
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Juran, sÔmfwna me ton opoÐo:

{Poiìthta eÐnai h prosarmog  twn qarakthristik¸n enìc proðìntoc   miac

uphresÐac stic apait seic tou katanalwt  (qr sth), dhlad  h ènnoia poiìth-

ta shmaÐnei katallhlìthta proc qr sh.}

SÔmfwna, de, me to diejnèc prìtupo ISO 8402, poiìthta eÐnai to sÔnolo twn qara-

kthristik¸n gnwrism�twn enìc proðìntoc   miac uphresÐac, pou aforoÔn th dunatìthta

tou proðìntoc   thc uphresÐac na ikanopoi sei tic dhlwmènec   uponooÔmenec an�gkec.

O ìroc pou qrhsimopoieÐtai s mera gia thn poiìthta stic biomhqanÐec kai tic uphresÐec

tautÐzetai me th DioÐkhsh Olik c Poiìthtac. Paliìtera oi epiqeir seic èyaqnan trìpouc

na diorj¸soun ta probl mata poiìthtac ek twn ustèrwn. S mera sqedi�zoun prolh-

ptikoÔc trìpouc, ¸ste na epitÔqoun thn epijumht  poiìthta kat� th f�sh tou sqedi-

asmoÔ twn proðìntwn kai twn uphresi¸n.

2.2 DioÐkhsh Olik c Poiìthtac (TQM)

H strathgik  (filosofÐa) pou epizhteÐ th suneq  beltÐwsh sthn poiìthta kat�

thn ektèlesh ìlwn twn diergasi¸n paragwg c proðìntwn kai paroq c uphresi¸n se mia

epiqeÐrhsh onom�zetai DioÐkhsh Olik c Poiìthtac (DOP, TQM: Total Quality Ma-

nagement). To shmantikìtero qarakthristikì gn¸risma thc DOP (DioÐkhshc Olik c

Poiìthtac) eÐnai h estÐash thc etaireÐac stouc pel�tec thc. Stìqoc thc eÐnai pr¸ta

na prosdioristoÔn oi an�gkec twn pelat¸n kai sth sunèqeia na kaluftoÔn. H DOP

anagnwrÐzei ìti èna apìluta tèleio proðìn èqei mikr  axÐa, an den eÐnai autì pou jèlei

o pel�thc. Wc ek toÔtou, mporoÔme na poÔme ìti h poiìthta enarmonÐzetai en polloÐc

me tic apait seic tou pel�th. Den eÐnai ìmwc p�ntote eÔkolo na kajoristeÐ ti akrib¸c

jèlei ènac pel�thc, epeid  ta goÔsta kai oi protim seic metaxÔ twn pelat¸n diafèroun.

'Ena �llo qarakthristikì gn¸risma thc filosofÐac thc DOP eÐnai h èmfash sth

suneq  beltÐwsh (kaizen ìpwc onom�zetai apì touc I�pwnec (Brunet and New, 2003)).
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Ta paradosiak� sust mata leitourgoÔsan me b�sh thn upìjesh ìti mìlic mia etai-

reÐa epitÔqei èna sugkekrimèno epÐpedo poiìthtac kai eÐnai epituq c tìte de qrei�zontai

peraitèrw belti¸seic. H DOP apaiteÐ apì thn etaireÐa na prospajeÐ suneq¸c na eÐnai

kalÔterh mèsw thc gn¸shc kai thc epÐlushc problhm�twn (bl.Sq ma 1). Ston parak�tw

pÐnaka sunoyÐzontai oi filosofÐec twn {gkouroÔ} thc poiìthtac, oi opoÐoi diamìrfwsan

kai exèlixan th DioÐkhsh Olik c Poiìthtac.

Walter A. Shewhart
- Sunèbale sthn katanìhsh thc metablhtìthtac twn diergasi¸n
- Anèptuxe th jewrÐa twn Statistik¸n Diagramm�twn Elègqou

W. Edwards Deming
- Tìnise thn eujÔnh thc dioÐkhshc gia thn poiìthta
- Anèptuxe ta 14 shmeÐa, ¸ste na kateujÔnei tic epiqeir seic

sth beltÐwsh thc poiìthtac
Joseph M. Juran

- 'Orise thn poiìthta wc {katallhlìthta gia qr sh}
(fitness for use)

- Anèptuxe thn ènnoia tou kìstouc poiìthtac
Armand V. Feigenbaum

- Eis gage thn ènnoia tou sunolikoÔ poiotikoÔ elègqou
Philip B. Crosby

- Epinìhse th fr�sh {h poiìthta eÐnai dwre�n}
- Eis gage th jewrÐa twn mhdenik¸n elattwm�twn

Kaoru Ishikawa
- Anagn¸rise thn ènnoia tou {eswterikoÔ pel�th}

(internal customer)
- Anèptuxe ta diagr�mmata AitÐou-Apotelèsmatoc

(cause-and-effect).
Genichi Taguchi

- EstÐase sthn poiìthta tou sqediasmoÔ twn proðìntwn
- Anèptuxe th sun�rthsh ap¸leiac thc poiìthtac

PÐnakac 1: Oi {gkouroÔ} thc DioÐkhshc Olik c Poiìthtac

Shmantikì rìlo sth diamìrfwsh twn nèwn plaisÐwn leitourgÐac kai dioÐkhshc twn

epiqeir sewn diadramatÐzei kai o Diejn c Organismìc TupopoÐhshc (ISO, Internatio-

nal Standards Organization), o opoÐoc me ta prìtup� tou kajorÐzei tic diadikasÐec pou
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prèpei na uiojethjoÔn apì mia epiqeÐrhsh, me telikì skopì th suneq  proagwg  kai

diasf�lish thc poiìthtac. Energ  kai idiaÐtera shmantik  jèsh sth DOP katèqei o

Statistikìc 'Elegqoc Poiìthtac (SQC: Statistical Quality Control).

Sq ma 1: Arqèc thc DioÐkhshc Olik c Poiìthtac pou kalÔptoun ìla ta pedÐa diasf�lishc
kai diaqeÐrishc thc poiìthtac sÔmfwna me ta prìtupa ISO 9001, ISO 9004 kai tic
teqnikèc FMEA, KAIZEN, SPC, QA/QC
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3 Statistikìc 'Elegqoc Poiìthtac

Gia thn epÐlush twn jem�twn pou melet� h DioÐkhsh Olik c Poiìthtac apaitoÔ-

ntai eidik� ergaleÐa pou bohjoÔn sth l yh swst¸n apof�sewn. Merik� apì aut� ta

ergaleÐa proèrqontai apì thn perioq  thc Statistik c kai qrhsimopoioÔntai gia thn

anagn¸rish poiotik¸n problhm�twn stic diergasÐec paragwg c proðìntwn   paroq c

uphresi¸n. O ìroc pou qrhsimopoieÐtai gia na perigr�yei to sÔnolo twn statistik¸n er-

galeÐwn pou qrhsimopoioÔntai apì touc MhqanikoÔc Poiìthtac onom�zetai Statistikìc

'Elegqoc Poiìthtac.

O Statistikìc 'Elegqoc Poiìthtac apoteleÐ thn palaiìterh kai gnwstìterh mè-

jodo elègqou diergasi¸n gia th beltÐwsh thc poiìthtac twn paragìmenwn proðìntwn

(  uphresi¸n), prokeimènou na exasfalisjoÔn ta prokajorismèna poiotik� prìtupa. O

ìroc qrhsimopoieÐtai gia na perigr�yei to sÔnolo twn statistik¸n ergaleÐwn pou qrhsi-

mopoioÔntai apì touc epaggelmatÐec thc poiìthtac. 'Enac apì touc basikoÔc stìqouc

tou eÐnai h ègkairh anak�luyh mh summorfwmènwn me tic prodiagrafèc paragìmenwn

proðìntwn   uphresi¸n, h opoÐa shmatodoteÐ thn an�gkh l yhc diorjwtik¸n mètrwn gia

thn apom�krunsh twn aiti¸n pou eÐnai upeÔjunec gia tic apoklÐseic, sumb�llontac ètsi

sth diat rhsh thc poiìthtac.

3.1 Sunist¸sec tou StatistikoÔ Elègqou Poiìthtac

O Statistikìc 'Elegqoc Poiìthtac apoteleÐtai apì èna sÔnolo mejìdwn statistik c

an�lushc dedomènwn. To sÔnolo autì mporeÐ na qwristeÐ se trÐa basik� uposÔnola pou

to kajèna perièqei statistikèc mejìdouc prosanatolismènec se diaforetikèc f�seic thc

paragwgik c diadikasÐac, ta opoÐa eÐnai ta akìlouja:

• Sqediasmìc kai An�lush Peiram�twn (Design of Experiments)

• Statistikìc 'Elegqoc Diergasi¸n (Statistical Process Control)

• DeigmatolhyÐa Apodoq c (Acceptance Sampling)
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O Sqediasmìc kai h An�lush Peiram�twn perièqei ìlec ekeÐnec tic statistikèc

teqnikèc oi opoÐec mac bohjoÔn sthn anak�luyh thc epÐdrashc pou èqoun ta di�fo-

ra epÐpeda twn paragìntwn (metablht¸n) pou ephre�zoun tic poiotikèc paramètrouc

tou telikoÔ proðìntoc kai sunep¸c diadramatÐzei shmantikì rìlo sth bèltisth sqedÐ-

ash thc paragwgik c diergasÐac. O Statistikìc 'Elegqoc Diergasi¸n perièqei stati-

stikèc teqnikèc pou eÐnai aparaÐthtec gia ton èlegqo thc paragwgik c diergasÐac kat�

thn di�rkeia thc paragwg c twn proðìntwn. H DeigmatolhyÐa Apodoq c perièqei sta-

tistikèc teqnikèc (deigmatolhptikèc) pou eÐnai aparaÐthtec gia na apofasisteÐ an mia

sugkekrimènh partÐda proðìntwn mporeÐ na gÐnei dekt    an ja aporrifjeÐ. Sto epìmeno

kef�laio exet�zetai pio analutik� o Statistikìc 'Elegqoc Diergasi¸n, o opoÐoc peri-

lamb�nei mèsa stic teqnikèc tou kai ta Diagr�mmata Elègqou.

3.2 Statistikìc 'Elegqoc Diergasi¸n

H epist mh thc Statistik c èqei prosfèrei orismèna polÔ shmantik� ergaleÐa gia

thn apotelesmatik  leitourgÐa ìlwn twn sÔgqronwn Susthm�twn DiaqeÐrishc thc Poiì-

thtac (SQM: System Quality Management). Ousiastik� ta ergaleÐa aut� parèqoun

th dunatìthta sto sÔsthma poiotikoÔ elègqou na diakrÐnei eÔkola kai me mikrì kì-

stoc ta proðìnta pou de summorf¸nontai me tic prokajorismènec prodiagrafèc. Se

autèc tic peript¸seic energopoioÔn tic endedeigmènec diadikasÐec diorjwtik¸n energei¸n,

diathr¸ntac ètsi thn poiìthta se antagwnistikì epÐpedo.

O Statistikìc 'Elegqoc Diergasi¸n (SED, SPC: Statistical Process Control) eÐnai

mia apì tic teqnikèc thc Olik c DioÐkhshc Poiìthtac (Total Quality Management)

pou qrhsimopoieÐtai sth beltÐwsh thc poiìthtac tou proðìntoc, thc paragwgik c dia-

dikasÐac kai twn uphresi¸n. O SED stoqeÔei sthn prìlhyh, th suneq  beltÐwsh kai

thn enswm�twsh thc poiìthtac se ìla ta st�dia thc paragwgik c diergasÐac. 'Enac

orismìc pou èqei dojeÐ gia ton SED (Montgomery, 1997) eÐnai o ex c:

{O Statistikìc 'Elegqoc Diergasi¸n eÐnai èna sÔnolo isqur¸n ergaleÐwn
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epÐlushc problhm�twn qr simwn gia thn epÐteuxh stajer c diergasÐac kai

th beltÐwsh thc ikanìtht�c thc mèsw thc meÐwshc thc metablhtìthtac.}

O Statistikìc 'Elegqoc Diergasi¸n, loipìn, eÐnai mÐa mèjodoc parakoloÔjhshc,

elègqou, an�lushc kai beltÐwshc miac diergasÐac me stìqo thn prìlhyh kai th susth-

matik  meÐwsh thc metablhtìthtac. QrhsimopoieÐ poll� ergaleÐa gia thn epÐteuxh autoÔ

tou stìqou, apì ta opoÐa to pr¸to anaptÔqjhke apì ton W.A.Shewhart kai eÐnai ta

legìmena diagr�mmata elègqou   diagr�mmata Shewhart, ta opoÐa perigr�fontai sto

Kef�laio 4.

O SED qrhsimopoieÐtai eurèwc sth biomhqanÐa ìpou oi diadikasÐec paragwg c prèpei

na brÐskontai se diark  èlegqo. H an�gkh parakoloÔjhshc sugkekrimènwn diadikasi¸n

èqei odhg sei sth meg�lh an�ptuxh kai beltÐwsh aut¸n twn mejìdwn. Ta ergaleÐa tou

SED pou èqoun anaptuqjeÐ qrhsimopoioÔntai kai se di�forouc tomeÐc thc epist mhc,

ìpwc sthn iatrik , to perib�llon, thn oikonomÐa, thn an�lush keimènou kaj¸c kai sthn

plhroforik .

3.3 Metablhtìthta Diergasi¸n

Proc to tèloc tou 1920 o Dr. Walter A. Shewhart arqik� kai argìtera o Dr. W.

Edwards Deming parat rhsan ìti se k�je diergasÐa up�rqei metablhtìthta (variability).

H metablhtìthta aut  mporeÐ na ofeÐletai eÐte se tuqaÐa aÐtia eÐte se eidik� aÐtia. H

exasf�lish kai h diat rhsh thc poiìthtac twn proðìntwn kai uphresi¸n apaiteÐ thn

katanìhsh, thn parakoloÔjhsh kai ton èlegqo thc metablhtìthtac me stìqo th meÐws 

thc sto el�qisto.

Se k�je paragwgik  diergasÐa, anex�rthta apì to pìso kal� sqediasmènh eÐnai kai

to pìso prosektik� epiblèpetai kai sunthreÐtai, ja up�rqei p�nta mia morf  fusik c

metablhtìthtac pou ja th sunodeÔei. Dhlad , ìso kal� rujmismèna kai na eÐnai ta

mhqan mata, ìso ikanoÐ kai na eÐnai oi qeiristèc twn mhqanhm�twn, ìso ikanopoihtik 

kai na eÐnai h pr¸th Ôlh, potè dÔo paragìmena proðìnta den ja eÐnai ta Ðdia. Ja up�rqei
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k�poio metr simo mègejoc tou proðìntoc tou opoÐou h tim  ja eÐnai diaforetik  an�mesa

sta proðìnta.

Aut  h fusik  metablhtìthta eÐnai to ajroistikì apotèlesma poll¸n mikr¸n aiti¸n,

oi opoÐec anafèrontai wc tuqaÐec aitÐec metablhtìthtac (random causes). H fusik 

metablhtìthta eÐnai sun jwc mikr  se mègejoc kai den mporeÐ na apodojeÐ se elègximouc

par�gontec. Oi tuqaÐec aitÐec thc metablhtìthtac eÐnai enswmatwmènec sth diergasÐa

kai apoteloÔn anapìspasto komm�ti thc. Wc sunèpeia autoÔ h pl rhc ex�leiyh twn

tuqaÐwn aiti¸n den eÐnai efikt .

Oi diergasÐec pou brÐskontai k�tw apì thn epÐdrash mìno tuqaÐwn aiti¸n jewroÔntai

stajerèc, problèyimec kai upì statistikì èlegqo (in statistical control process) kai

lème ìti leitourgoÔn se eustaj  kat�stash (stable state, Sq ma 2). H swst  rÔjmish

twn paramètrwn tètoiwn diergasi¸n èqei san apotèlesma th susthmatik  paragwg 

proðìntwn kai uphresi¸n me thn apaitoÔmenh poiìthta kai entìc twn prokajorismènwn

prodiagraf¸n.

Sq ma 2: DiergasÐa entìc statistikoÔ elègqou

Se mia diergasÐa, ìmwc, mporeÐ na emfanÐzontai peristasiak� kai �llec morfèc

metablhtìthtac, oi opoÐec den ofeÐlontai se tuqaÐec aitÐec, all� aforoÔn th susth-

matik  allag  sto epÐpedo k�poiwn paragìntwn pou kajorÐzoun thn poiìthta tou
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proðìntoc. Autèc oi morfèc metablhtìthtac ofeÐlontai sun jwc stouc akìloujouc

lìgouc:

(a) lanjasmèna rujmismènec mhqanèc,

(b) l�jh twn qeirist¸n twn mhqanhm�twn, kai

(g) kak c poiìthtac   elattwmatik  pr¸th Ôlh.

H metablhtìthta pou ofeÐletai stouc parap�nw lìgouc eÐnai se mègejoc polÔ

megalÔterh thc fusik c metablhtìthtac kai h parousÐa thc odhgeÐ sun jwc se mh

apodekt� epÐpeda leitourgÐac thc paragwgik c diergasÐac. Aut  h metablhtìthta anafè-

retai wc eidik  metablhtìthta kai oi aitÐec pou odhgoÔn se aut  onom�zontai eidikèc

aitÐec metablhtìthtac (special causes of variation). Mia diergasÐa pou leitourgeÐ me

thn parousÐa eidik c metablhtìthtac lème ìti eÐnai astaj c, aprìblepth kai ektìc stati-

stikoÔ elègqou (out of statistical control process)   ìti leitourgeÐ se astaj  kat�stash

(unstable state, Sq ma 3).

Sq ma 3: DiergasÐa ektìc statistikoÔ elègqou

O statistikìc èlegqoc diergasi¸n aposkopeÐ sto diaqwrismì twn tuqaÐwn aiti¸n

metablhtìthtac apì tic eidikèc aitÐec, oi opoÐec prèpei na exaleifjoÔn met� apì ton

entopismì touc. H di�krish kai h katanìhsh thc diafor�c metaxÔ aut¸n twn dÔo
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aiti¸n metablhtìthtac eÐnai idiaÐtera shmantik  gia thn apotelesmatikìterh beltÐwsh

thc poiìthtac. Gia th di�krish twn dÔo aiti¸n metablhtìthtac o Dr. W.A.Shewhart

epinìhse ta diagr�mmata elègqou èna apì ta pio pali� ergaleÐa tou SED, ta opoÐa

meletoÔntai pio analutik� sto Kef�laio 4.

3.4 Basikèc Statistikèc 'Ennoiec

Stic epìmenec paragr�fouc gÐnetai mia sÔntomh anafor� se k�poiec basikèc ènnoiec

thc Statistik c, ìpwc eÐnai h diakÔmansh kai h tupik  apìklish. EpÐshc, perigr�fetai

h Kanonik  Katanom  kai to Kentrikì Oriakì Je¸rhma, to opoÐo apoteleÐ kai thn

jewrhtik  b�sh twn diagramm�twn elègqou metablht¸n.

3.4.1 DiakÔmansh kai Tupik  Apìklish

H diakÔmansh   h diaspor� (variance) miac tuqaÐac metablht c x eÐnai o mèsoc ìroc

twn tetrag¸nwn twn apoklÐsewn twn diafìrwn metr sewn xi thc metablht c x apì th

mèsh tim  touc µ. En¸ h tupik  apìklish (standard deviation) eÐnai h tetragwnik  rÐza

thc diakÔmanshc.

H diakÔmansh eÐnai mia axiìpisth par�metroc diaspor�c, all� den qrhsimopoieÐtai

tìso ìtan prìkeitai na melethjeÐ h sumperifor� thc metablhtìthtac miac diergasÐac.

Autì ofeÐletai sto gegonìc ìti to mètro thc diakÔmanshc den ekfr�zetai me tic Ðdiec

mon�dec me tic opoÐec ekfr�zontai oi parathr seic xi. 'Etsi, gia th melèth thc meta-

blhtìthtac miac diergasÐac qrhsimopoieÐtai h tupik  apìklish, afoÔ eÐnai èna mètro

diaspor�c pou ekfr�zetai me thn Ðdia mon�da mètrhshc me thn opoÐa ekfr�zetai kai h

metablht  x.

O statistikìc tÔpoc tìso gia th diakÔmansh ìso kai gia thn tupik  apìklish dia-

fèrei an�loga me to an mil�me gia ìlo ton plhjusmì miac arijmhtik c seir�c   gia èna

mèroc thc, èna deÐgma thc. H allag  eÐnai mikr , all� pollèc forèc shmantik  ìtan

prìkeitai gia èna statistikì èlegqo. 'Etsi, ìtan mil�me gia ìlo ton plhjusmì N mÐac
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arijmhtik c seir�c me mèsh tim  µ, gia ton upologismì thc diakÔmanshc σ2 kai thc

tupik c apìklishc σ qrhsimopoioÔntai oi parak�tw tÔpoi:

σ2 =
1
N

N∑

i=1

(xi − µ)2

σ =

√√√√ 1
N

N∑

i=1

(xi − µ)2 (3.4.1)

en¸ ìtan mil�me gia èna deÐgma mìno thc Ðdiac arijmhtik c seir�c tìte h diakÔmansh

sumbolÐzetai wc S2 en¸ h tupik  apìklish wc
√

S2 kai upologÐzontai apì touc parak�tw

tÔpouc:

S2 =
1

N − 1

N∑

i=1

(xi − µ)2

√
S2 =

√√√√ 1
N − 1

N∑

i=1

(xi − µ)2 (3.4.2)

H tupik  apìklish san mègejoc mac dÐnei mia eikìna gia to p¸c exapl¸nontai ta de-

domèna se sqèsh p�nta me th mèsh tim . Sthn Statistik  qrhsimopoieÐtai ènac kanìnac,

gnwstìc wc Empeirikìc Kanìnac, o opoÐoc onom�sthke ètsi epeid  epalhjeÔetai suqn�

empeirik� se di�fora peir�mata kai fainìmena. SÔmfwna me ton Empeirikì Kanìna:

• PerÐpou to 60−78% twn dedomènwn brÐsketai se apìstash mÐac tupik c apìklishc

apì th mèsh tim  (µ− σ, µ + σ).

• PerÐpou to 90 − 98% twn dedomènwn brÐsketai se apìstash dÔo tupik¸n apo-

klÐsewn apì th mèsh tim  (µ− 2σ, µ + 2σ).

• Parap�nw apì to 99% twn dedomènwn brÐsketai se apìstash tri¸n tupik¸n apo-

klÐsewn apì th mèsh tim  (µ− 3σ, µ + 3σ).
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Sq ma 4: Empeirikìc Kanìnac

3.4.2 H Kanonik  Katanom 

H Kanonik  Katanom  (normal distribution) anakalÔfjhke gÔrw sto 1720 apì ton

Majhmatikì Abraham De Moivre sthn prosp�jei� tou na lÔsei probl mata paignÐ-

wn tÔqhc. Ekatìn pen nta qrìnia argìtera perÐpou to 1870, o Bèlgoc Majhmatikìc

Adolph Quetelet �rqise na qrhsimopoieÐ thn kampÔlh thc kanonik c katanom c wc to

ide¸dec oriakì istìgramma (prìtupo), proc to opoÐo sugkrÐnontai ta istogr�mmata de-

domènwn.

Plèon, stic mèrec mac h kanonik  katanom  jewreÐtai h spoudaiìterh katanom  thc

JewrÐac Pijanot twn kai thc Statistik c. Oi lìgoi pou exhgoÔn thn exèqousa jèsh

thc eÐnai oi ex c:

i) Poll� peir�mata mporoÔn na ekfrasjoÔn mèsw tuqaÐwn metablht¸n pou akolou-

joÔn thn kanonik  katanom .

ii) H kanonik  katanom  mporeÐ na qrhsimopoihjeÐ san prosèggish poll¸n �llwn

katanom¸n (Kentrikì Oriakì Je¸rhma).
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iii) H katanom  aut  apoteleÐ thn b�sh gia pollèc teqnikèc pou qrhsimopoioÔntai

sthn statistik  sumperasmatologÐa.

Orismìc 3.1. 'Estw x mia suneq c tuqaÐa metablht . Lème ìti h metablht  x akolou-

jeÐ thn kanonik  katanom  (normal distribution) me paramètrouc µ kai σ2 me σ > 0, to

opoÐo sumbolÐzetai wc x ∼ N(µ, σ2), an isqÔei:

f(x) =
1

σ
√

2π
exp

−(x−µ)2

2σ2 (3.4.3)

ìpou −∞ < µ < +∞ kai −∞ < x < +∞. H parap�nw sqèsh orÐzei thn f(x), h opoÐa

eÐnai h sun�rthsh puknìthtac pijanìthtac thc tuqaÐac metablht c x.

¤

Sq ma 5: Kanonik  Katanom 

H kanonik  katanom  parousi�zei tic ex c idiìthtec:

a) EÐnai summetrik  gÔrw apì to shmeÐo x = µ.
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b) 'Eqei sq ma kamp�nac me epikratoÔsa tim  sto shmeÐo x = µ, ìpwc faÐnetai kai

sto sq ma 5. Sto shmeÐo autì f(x) = 1/(σ
√

2π) kai epomènwc to σ prosdiorÐzei

to mègisto thc sun�rthshc. EÐnai fanerì ìti h sun�rthsh f(x) sto shmeÐo x = µ

eÐnai antistrìfwc an�logh thc tim c tou σ.

3.4.3 Kentrikì Oriakì Je¸rhma

O nìmoc twn meg�lwn arijm¸n prosdiorÐzei th morf  sÔgklishc akolouji¸n tuqaÐ-

wn metablht¸n, oi opoÐec mporoÔn na ekfrasjoÔn wc merik� ajroÐsmata �llwn anexart -

twn tuqaÐwn metablht¸n. Sugkekrimèna, lèei, ìti an èqoume mia tuqaÐa metablht  thc

morf c,

Sn = X1 + X2 + ... + Xn

tìte aut  sugklÐnei sth mèsh thc tim , ìpwc aut  orÐzetai apì th sqèsh:

E(Sn) =
n∑

i=1

E(Xi)

To epìmeno er¸thma pou prokÔptei gia thn tuqaÐa aut  metablht  Sn eÐnai to poi�

katanom  ja akoloujeÐ. Thn ap�nthsh sto er¸thma autì mac th dÐnei to Kentrikì Ori-

akì Je¸rhma, to opoÐo apodeiknÔei ìti h katanom  thc tuqaÐac metablht c Sn eÐnai kat�

prosèggish h kanonik  katanom . MÐa statistik  diatÔpwsh tou KentrikoÔ OriakoÔ

Jewr matoc to orÐzei wc ex c:

Orismìc 3.2. 'Estw mia tuqaÐa metablht  X, h opoÐa perigr�fei ton upì melèth plh-

jusmì kai akoloujeÐ mia tuqaÐa katanom  me peperasmènh mèsh tim  µ kai peperasmènh

diaspor� σ2
X . An apì thn metablht  aut  l�boume n amoibaÐa anex�rthtec parathr seic

X1, X2, ..., Xn tìte o mèsoc ìroc twn parathr sewn aut¸n, o opoÐoc kaleÐtai deigmatikìc

mèsoc upologÐzetai apì thn parak�tw sqèsh:

X̄ =
1
n

n∑

i=1

Xi
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SÔmfwna me to Kentrikì Oriakì Je¸rhma, gia meg�lec timèc tou n (jewrhtik� n →∞)

h katanom  aut¸n twn deigmatik¸n mèswn eÐnai kat� prosèggish mia kanonik  katanom 

me mèsh tim  epÐshc µ kai diaspor� σ2
X/n. Dhlad ,

¯̄X = µ, σ2
X̄ =

σ2
X

n
, X̄ ∼ N(µ, σ2/n)

EpÐshc, an jewr soume th metablht :

Zn =
X̄ − µ

σ
√

n

tìte h metablht  aut  ja akoloujeÐ thn tupopoihmènh kanonik  katanom , dhlad 

Zn ∼ N(0, 1)

¤

Sq ma 6: Kentrikì Oriakì Je¸rhma

Me b�sh to je¸rhma tou kentrikoÔ orÐou oi idiìthtec thc kanonik c katanom c

isqÔoun kai gia ton plhjusmì twn mèswn tou deÐgmatoc. Sugkekrimèna, mporoÔme na

poÔme ìti to 99.7% twn mèswn tou deÐgmatoc katanèmontai mèsa se mia z¸nh ±3 tupik¸n
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apoklÐsewn (±3σ) metrhmènec apì thn kentrik  tim  (mèsh tim ). Autèc oi grammèc twn

±3 tupik¸n apoklÐsewn orÐzoun ta ìria elègqou sto di�gramma elègqou. H pijanìthta

na pèsei èna shmeÐo (ènac mèsoc deÐgmatoc) ektìc twn orÐwn elègqou eÐnai thc t�xhc

tou 0.0027   alli¸c 3% kat� prosèggish. H pijanìthta aut  eÐnai tìso mikr  pou e�n

sumbeÐ mporoÔme na jewr soume ìti den sunèbh tuqaÐa, all� lìgw thc parousÐac enìc

eidikoÔ aitÐou diaspor�c.

3.5 Polumetablhtìc Statistikìc 'Elegqoc Poiìthtac

H parakoloÔjhsh k�je diergasÐac, h anÐqneush sfalm�twn kai h di�gnws  touc se

arqikì st�dio eÐnai idiaÐtera shmantikèc gia th diasf�lish thc poiìthtac se ìlouc touc

organismoÔc. O Polumetablhtìc Statistikìc 'Elegqoc Poiìthtac dÐnei th dunatìth-

ta tautìqronhc parakoloÔjhshc dÔo   perissotèrwn metablht¸n enìc proðìntoc. H

an�gkh qrhsimopoÐhshc tou PolumetablhtoÔ StatistikoÔ Elègqou Poiìthtac proèkuye

apì th diapÐstwsh ìti h poiìthta enìc proðìntoc mporeÐ na sqetÐzetai me perissìtera

tou enìc poiotik� kai metr sima qarakthristik�.

Oi perissìterec diergasÐec paragwg c proðìntwn   paroq c uphresi¸n eÐnai polu-

metablhtèc, exart¸ntai dhlad  apì perissìterec apì mia metablhtèc. An kai mia pijan 

lÔsh gia thn parakoloÔjhsh thc poiìthtac miac tètoiac diergasÐac eÐnai h efarmog 

twn Diagramm�twn Elègqou se k�je metablht  qwrist�, autì krÐnetai aneparkèc kai

mporeÐ na odhg sei se lanjasmèna sumper�smata. Gi' autì apaitoÔntai polumetablhtèc

mèjodoi pou exet�zoun tic metablhtèc apì koinoÔ.

Lìgw tou gegonìtoc ìti oi upologismoÐ kat� ton polumetablhtì statistikì èlegqo

eÐnai arket� perÐplokoi kai epÐponoi, kaj¸c apaitoÔn gn¸sh thc JewrÐac twn Pin�kwn,

h apodoq  twn polumetablht¸n diagramm�twn elègqou apì th biomhqanÐa  tan arg  kai

distaktik . Stic mèrec mac, plèon, me touc sÔgqronouc upologistèc tètoioi polÔplokoi

upologismoÐ gÐnontai efiktoÐ se apÐsteutec taqÔthtec. Sth sunèqeia, parousi�zontai

k�poiec apì tic basikèc ènnoiec thc polumetablht c an�lushc, oi opoÐec qrhsimopoioÔ-
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ntai gia thn kataskeu  polumetablht¸n diagramm�twn elègqou.

3.5.1 PÐnakac SundiakÔmanshc kai Di�nusma Mèswn

Sth jewrÐa thc statistik c kai twn pijanot twn h sundiakÔmansh eÐnai èna mètro

pou mac deÐqnei to pìso dÔo tuqaÐec metablhtèc all�zoun mazÐ. 'Estw èna di�nusma X

to opoÐo apoteleÐtai apì n tuqaÐec metablhtèc:

X =




X1

...

Xn




(3.5.1)

tìte h sundiakÔmansh Σ dÔo tuqaÐwn metablht¸n Xi kai Xj orÐzetai wc ex c:

Σij = cov(Xi, Xj) = E[(Xi − µi)(Xj − µj)] (3.5.2)

ìpou µi, eÐnai h mèsh tim  thc tuqaÐac metablht c Xi kai antÐstoiqa h µj eÐnai h mèsh

tim  thc tuqaÐac metablht c Xj dhlad ,

µi = E(Xi)

µj = E(Xj) (3.5.3)

H sundiakÔmansh mporeÐ na upologisteÐ kai apì ton tÔpo:

cov(Xi, Xj) =
∑n

i=1(Xi − µi)(Xj − µj)
(n− 1)

(3.5.4)



3 Statistikìc 'Elegqoc Poiìthtac 27

O pÐnakac sundiakÔmanshc ekfr�zetai apì thn parak�tw sqèsh:

Σ =




E[(X1 − µ1)(X1 − µ1)] E[(X1 − µ1)(X2 − µ2)] . . . E[(X1 − µ1)(Xn − µn)]

E[(X2 − µ2)(X1 − µ1)] E[(X2 − µ2)(X2 − µ2)] . . . E[(X2 − µ2)(Xn − µn)]
...

... . . . ...

E[(Xn − µn)(X1 − µ1)] E[(Xn − µn)(X2 − µ2)] . . . E[(Xn − µn)(Xn − µn)]




(3.5.5)

ìpou E[(Xi − µi)(Xi − µi)] eÐnai h diakÔmansh thc metablht c Xi, dhlad ,

var(Xi) =
∑n

i=1(Xi − µi)2

(n− 1)
(3.5.6)

Se pio aplopoihmènh morf  o pÐnakac sundiakÔmanshc mporeÐ na grafeÐ wc ex c:

Σ =




var(X1) cov(X1, X2) . . . cov(X1, Xn)

cov(X2, X1) var(X2) . . . cov(X2, Xn)
...

... . . . ...

cov(Xn, X1) cov(Xn, X2) . . . var(Xn)




(3.5.7)

Par�deigma 3.1. Gia na gÐnoun pio katanohtèc oi parap�nw sqèseic ja efarmìsoume

èna par�deigma tri¸n metablht¸n. 'Estw ìti oi metablhtèc autèc eÐnai to m koc, to

pl�toc kai to Ôyoc enìc antikeimènou kai èstw ìti paÐrnoume 5 metr seic apì thn k�je

mÐa. Ta dedomèna mac mporoÔme na ta ekfr�soume se morf  pÐnaka kai ac jewr soume

ìti eÐnai ta ex c:

x =




4.0 2.0 0.60

4.2 2.1 0.59

3.9 2.0 0.58

4.3 2.1 0.62

4.1 2.2 0.63




ston opoÐo h k�je st lh perièqei tic 5 metr seic thc antÐstoiqhc metablht c (X1:
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m koc, X2: pl�toc, X3: Ôyoc). Sth sunèqeia, orÐzoume to di�nusma twn mèswn, to

opoÐo apoteleÐtai ousiastik� apì tic mèsec timèc twn tri¸n metablht¸n. Dhlad :

x̄ =
[
x̄1 x̄2 x̄3

]
(3.5.8)

ìpou sÔmfwna me ton tÔpo gia th mèsh tim  ja èqoume,

x̄1 =
4.0 + 4.2 + 3.9 + 4.3 + 4.1

5
= 4.10

x̄1 =
2.0 + 2.1 + 2.0 + 2.1 + 2.2

5
= 2.08

x̄1 =
0.60 + 0.59 + 0.58 + 0.62 + 0.63

5
= 0.604

kai epomènwc to di�nusma twn mèswn ja gr�fetai wc ex c:

x̄ =
[
4.10 2.08 0.604

]

O pÐnakac sundiakÔmanshc sÔmfwna me th sqèsh 3.5.7, diamorf¸netai wc ex c:

Σ =




var(x1) cov(x1, x2) cov(x1, x3)

cov(x2, x1) var(x2) cov(x2, x3)

cov(x3, x1) cov(x3, x2) var(x3)




Oi diasporèc var(xi) thc k�je metablht c sÔmfwna me th sqèsh 3.5.6, paÐrnoun thn

parak�tw morf ,

var(x1) =
[
(4.0− 4.1)2 + (4.2− 4.1)2 + (3.9− 4.1)2 + (4.3− 4.1)2 + (4.1− 4.1)2

]
/4

var(x2) =
[
(2.0− 2.08)2 + (2.1− 2.08)2 + (2.0− 2.08)2 + (2.1− 2.08)2 + (2.2− 2.08)2

]
/4

var(x3) =
[
(0.6− 0.604)2 + (0.59− 0.604)2 + (0.58− 0.604)2 + (0.62− 0.604)2 + (0.63− 0.604)2

]
/4
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ìpou met� apì pr�xeic prokÔptoun ta ex c apotelèsmata:

var(x1) = 0.025

var(x2) = 0.007

var(x3) = 0.00043

Tèloc, gia tic sundiakum�nseic cov(xi, xj) qrhsimopoi¸ntac ton tÔpo 3.5.4 ja èqoume,

cov(x1, x2) = [(4.0− 4.10)(2.0− 2.08) + (4.2− 4.10)(2.1− 2.08) + (3.9− 4.10)(2.0− 2.08)+

+(4.3− 4.10)(2.1− 2.08) + (4.1− 4.10)(2.2− 2.08)] /4

cov(x2, x3) = [(2.0− 2.08)(0.6− 0.604) + (2.1− 2.08)(0.59− 0.604) + (2.0− 2.08)(0.58− 0.604)+

+(2.1− 2.08)(0.62− 0.604) + (2.2− 2.08)(0.63− 0.604)] /4

cov(x1, x3) = [(4.0− 4.10)(0.6− 0.604) + (4.2− 4.10)(0.59− 0.604) + (3.9− 4.10)(0.58− 0.604)+

+(4.3− 4.10)(0.62− 0.604) + (4.1− 4.10)(0.63− 0.604)] /4

ìpou met� apì pr�xeic prokÔptoun ta ex c apotelèsmata:

cov(x1, x2) = cov(x2, x1) = 0.0075

cov(x2, x3) = cov(x3, x2) = 0.00135

cov(x1, x3) = cov(x1, x3) = 0.00175

Kai h telik  morf  tou pÐnaka sundiakÔmanshc eÐnai h akìloujh,

Σ =




0.025 0.0075 0.00175

0.0075 0.0070 0.00135

0.00175 0.00135 0.00043




¨
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3.5.2 Polumetablht  Kanonik  Katanom 

Sth JewrÐa twn Pijanot twn kai thc Statistik c h polumetablht  Kanonik  Kata-

nom  eÐnai h genÐkeush thc monodi�stathc Kanonik c Katanom c se pollèc diast�seic

(metablhtèc) kai mporeÐ na qrhsimopoihjeÐ stic peript¸seic pou meletoÔntai polumeta-

blht� probl mata   probl mata me dianÔsmata.

Orismìc 3.3. 'Estw èna di�nusma p-suntetagmènwn, x = [x1, x2, ..., xp], gia to opoÐo

isqÔei ìti −∞ < xi < +∞ me i = 1, 2, ..., p. Lème ìti to di�nusma x akoloujeÐ

thn poludi�stath Kanonik  Katanom , to opoÐo sumbolÐzetai wc x ∼ Np(µ,Σ), an h

sun�rthsh puknìthtac pijanìthtac tou x, f(x) èqei thn ex c morf :

f(x) = f(x1, x2, ..., xp) =
(

1
2π

)p/2

|Σ|−1/2 exp
[
−1

2
(x− µ)′Σ−1(x− µ)

]
(3.5.9)

ìpou µ eÐnai to di�nusma twn mèswn kai Σ eÐnai o pÐnakac sundiakÔmanshc thc poludi�-

stathc kanonik c katanom c.

¤

Sq ma 7: Sun�rthsh Puknìthtac Pijanìthtac Disdi�stathc Kanonik c Katanom c
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4 Diagr�mmata Elègqou Shewhart

Ta diagr�mmata elègqou epino jhkan apì ton Walter A. Shewhart, en¸ ergazìtan

sthn Bell Labs to 1920. Oi mhqanikoÐ thc etaireÐac epedÐwkan na belti¸soun thn a-

xiopistÐa twn susthm�twn met�doshc thc thlefwnÐac touc. Epeid  oi enisqutèc kai

o upìloipoc exoplismìc èprepe na topojethjeÐ k�tw apì thn epif�neia tou ed�fouc,

up rxe mia isqurìterh an�gkh thc epiqeÐrhshc gia na meiwjeÐ h suqnìthta twn blab¸n

kai twn episkeu¸n.

Mèqri to 1920, oi mhqanikoÐ eÐqan  dh suneidhtopoi sei th shmasÐa thc meÐwshc

thc diakÔmanshc se mia diadikasÐa kataskeu c. Epiplèon, eÐqan suneidhtopoi sei ìti h

suneqìmenh diadikasÐa rÔjmishc, h opoÐa ofeilìtan sth mh summìrfwsh thc kataskeu c

me to epijumhtì apotèlesma odhgoÔse sthn aÔxhsh thc diakÔmanshc kai sunep¸c sthn

upob�jmish thc poiìthtac. O Shewhart plaisÐwse to prìblhma autì me touc ìrouc

twn tuqaÐwn kai eidik¸n aiti¸n diakÔmanshc kai to 1924 se èna eswterikì shmeÐwma pou

ègraye, eis gage to di�gramma elègqou wc ergaleÐo gia th di�krish metaxÔ aut¸n twn

dÔo aiti¸n.

O Shewhart tìnise ìti gia na mporèsei mia paragwgik  diadikasÐa na brejeÐ se kat�-

stash statistikoÔ elègqou ja prèpei na up�rqoun mìno tuqaÐa aÐtia metabol c. EpÐshc,

h diat rhsh thc kat�stashc elègqou thc paragwgik c diadikasÐac eÐnai aparaÐthth gia

thn prìbleyh mellontik¸n apotelesm�twn thc, ta opoÐa ja epifèroun kai kalÔtero

oikonomikì apotèlesma sthn epiqeÐrhsh.

4.1 Perigraf  Diagramm�twn Elègqou

Ta diagr�mmata elègqou ìpwc anafèrame kai sto prohgoÔmeno kef�laio eÐnai èna

apì ta kÔria ergaleÐa tou StatistikoÔ Elègqou Diergasi¸n. H basik  idèa enìc dia-

gr�mmatoc elègqou eÐnai na diapistwjeÐ an isqÔei h upìjesh ìti up�rqoun mìno tuqaÐec

aitÐec metablhtìthtac ènanti thc enallaktik c ìti up�rqoun kai eidikèc aitÐec. Autì

pragmatopoieÐtai me thn anÐqneush se pragmatikì qrìno thc emf�nishc eidik¸n aiti¸n
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metablhtìthtac se mia diergasÐa kai wc sunèpeia th diapÐstwsh thc kat�stashc elègqou

thc. H morf  pou èqei èna di�gramma elègqou faÐnetai sto epìmeno sq ma.

Sq ma 8: Di�gramma Shewhart

Ta diagr�mmata elègqou eÐnai kat�llhla gia efarmog  se anex�rthta dedomèna pou

panomoiìtupa akoloujoÔn thn kanonik  katanom . H eureÐa qr sh twn diagramm�twn

elègqou kaj¸c kai h dhmotikìtht� touc eÐnai apotèlesma poll¸n lìgwn. 'Enac apì

autoÔc eÐnai to gegonìc ìti apeikonÐzoun grafik� thn kat�stash miac diergasÐac. 'Etsi,

dÐnetai h dunatìthta akìmh kai se k�poion pou den èqei gn¸seic statistik c na krÐnei

an h diergasÐa pou apeikonÐzetai eÐnai upì èlegqo.

Kat� th di�rkeia twn 80 kai plèon qrìnwn zw c twn diagramm�twn elègqou, èqoun

sqediasteÐ kai èqoun efarmosteÐ polloÐ tÔpoi diagramm�twn elègqou, pou diafèroun wc

proc th morf  touc, to eÐdoc thc qarakthristik c paramètrou pou elègqoun (idiìthta

  metr simo) kaj¸c kai thc statistik c sun�rthshc pou qrhsimopoioÔn gia ton èlegqo

autì (mèsh tim , diaspor�, k.lp.). Par' ìlec tic diaforèc touc, up�rqoun orismèna koin�

stoiqeÐa kai basikèc arqèc pou qarakthrÐzoun to sÔnolo twn diagramm�twn elègqou.

Oi treic pio shmantikoÐ tÔpoi diagramm�twn gia metablhtèc, eÐnai:
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a) Ta diagr�mmata elègqou Shewhart,

b) Ta diagr�mmata ekjetik� stajmismènwn kinht¸n mèswn (EWMA) kai

g) Ta diagr�mmata CUSUM.

'Opwc faÐnetai kai apì to Sq ma 8, èna di�gramma elègqou apoteleÐtai apì ta ex c

stoiqeÐa:

• mia seir� metr sewn/dedomènwn pou akoloujoÔn mia qronik  seir� (toul�qiston

20-25 shmeÐa)

• treic orizìntiec grammèc pou antistoiqoÔn:

– sto k�tw ìrio elègqou (Lower Control Limit: LCL)

– sthn kentrik  gramm  (Center Line) kai

– sto �nw ìrio elègqou (Upper Control Limit: UCL)

H kentrik  gramm  CL enìc diagr�mmatoc elègqou antistoiqeÐ sthn tim  thc paramè-

trou (p.q. posostì elattwmatik¸n, mèsh tim ) ìtan h diergasÐa brÐsketai se statistikì

èlegqo. Ekfr�zei, dhlad  thn kat�stash omal c leitourgÐac, ìpou h metablhtìthta

ofeÐletai mìno se tuqaÐec aitÐec.

Ta dÔo ìria elègqou LCL kai UCL antistoiqoÔn sto anamenìmeno eÔroc thc

metablhtìthtac b�sei thc diergasÐac. E�n ìla ta shmeÐa tou diagr�mmatoc brÐsko-

ntai metaxÔ twn dÔo orÐwn elègqou kai den parousi�zoun k�poia susthmatik  morf , h

diergasÐa eÐnai entìc elègqou. Sthn antÐjeth perÐptwsh pou k�poio shmeÐo tou diagr�m-

matoc eÐnai ektìc twn orÐwn elègqou, tìte autì apoteleÐ èndeixh ìti h diergasÐa mporeÐ

na brÐsketai se kat�stash ektìc statistikoÔ elègqou (sunagermìc). H sumperifor�

aut  ereun�tai gia na anakalufjoÔn oi eidikèc aitÐec metablhtìthtac efìson up�rqoun

kai an krijeÐ aparaÐthto na apokatastajeÐ h eust�jeia thc diergasÐac me kat�llhlec

diorjwtikèc enèrgeiec. H epilog  tou eÔrouc twn orÐwn elègqou apoteleÐ to shma-

ntikìtero shmeÐo gia to sqediasmì twn diagramm�twn elègqou.
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Se autì to shmeÐo ja prèpei na shmeiwjeÐ ìti akìmh kai sthn perÐptwsh pou ìla ta

shmeÐa brÐskontai entìc twn orÐwn elègqou den shmaÐnei aparaÐthta ìti h diergasÐa eÐnai

entìc statistikoÔ elègqou. Up�rqoun peript¸seic stic opoÐec h di�taxh twn shmeÐwn

entìc twn orÐwn na apokalÔptei thn parousÐa miac eidik c aitÐac. Gia to lìgo autì

ta diadoqik� shmeÐa en¸nontai metaxÔ touc me eujÔgramma tm mata, ¸ste na gÐnontai

eukolìtera antilhptèc oi diat�xeic pou mporeÐ na krÔboun k�poia eidik  aitÐa. 'Otan

mia diergasÐa eÐnai pragmatik� entìc statistikoÔ elègqou ta shmeÐa tou diagr�mmatoc

emfanÐzontai kat� apolÔtwc tuqaÐo trìpo mèsa sta ìria me to megalÔtero posostì

touc na brÐsketai kont� sthn kentrik  gramm  kai apì tic dÔo pleurèc thc.

4.2 KathgorÐec Diagramm�twn Elègqou

Sta diagr�mmata elègqou mporoÔme na diakrÐnoume dÔo basikèc kathgorÐec an�loga

me to eÐdoc thc metablht c pou perigr�fei to poiotikì qarakthristikì tou proðìntoc:

• Diagr�mmata elègqou metablht¸n (control charts for variables), ta opoÐa qrhsi-

mopoioÔntai ìtan ta qarakthristik� pou exet�zontai eÐnai suneq  kai metr sima,

ìpwc to b�roc, h jermokrasÐa, o ìgkoc k.lp. Kuriìteroi ekprìswpoi aut c thc

kathgorÐac eÐnai ta diagr�mmata mèshc tim c X̄ − chart, eÔrouc R− chart kai to

di�gramma tupik c apìklishc σ − chart.

• Diagr�mmata elègqou qarakthristik¸n   idiot twn (control charts for attributes),

ta opoÐa qrhsimopoioÔntai ìtan ta dedomèna eÐnai diakrit� kai mh metr sima (p.q.

apodektì-aporriptèo). Kuriìteroi ekprìswpoi eÐnai ta diagr�mmata p − chart

(suqnìthta aporriptèwn an� deÐgma), np − chart (suqnìthta aporriptèwn an�

stajerì deÐgma), c − chart (arijmìc aporriptèwn an� mon�da epije¸rhshc) sta-

jeroÔ megèjouc) kai u − chart (mèsoc arijmìc aporriptèwn an� epijewroÔmenh

mon�da).
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4.3 Majhmatik  Perigraf  Diagramm�twn Elègqou

Apì majhmatik  (statistik ) �poyh èna di�gramma elègqou eÐnai h grafik  par�sta-

sh miac paramètrou, pou apoteleÐ qarakthristik  idiìthta miac diergasÐac, se sun�rth-

sh me to qrìno   ton arijmì deÐgmatoc. H par�metroc aut , ìpwc anafèrame kai para-

p�nw, mporeÐ na eÐnai to m koc, to b�roc, o ìgkoc,   pio genik� mia suneq c kai metr simh

metablht , h opoÐa sun jwc akoloujeÐ mia tuqaÐa katanom . H katanom  aut  mporeÐ

na brejeÐ mèsw tuqaÐwn deigm�twn thc metablht c, pou lamb�nontai kat� diast ma-

ta apì thn paragwgik  diergasÐa pou parakoloujeÐtai. Sth sunèqeia, perigr�fetai h

diadikasÐa pou akoloujeÐtai gia thn kataskeu  enìc diagr�mmatoc Shewhart.

'Estw, loipìn, ìti kat� thn ektèlesh miac diergasÐac parakoloujeÐtai h tuqaÐa

metablht  X. Kat� th di�rkeia tou qrìnou sullègontai n (n ≥ 1) deÐgmata thc metablh-

t c X, ta opoÐa ac ta sumbolÐsoume wc X1, X2, ..., Xn. Sth sunèqeia, qrhsimopoi¸ntac

aut� ta tuqaÐa deÐgmata upologÐzetai h tim  miac kat�llhlhc statistik c sun�rthshc W

thc tuqaÐac metablht c X, dhlad  Wi = g(Xi), i = 1, 2, ..., n, h opoÐa apeikonÐzetai

se èna di�gramma wc sun�rthsh tou qrìnou t   tou megèjouc twn deigm�twn n.

H sun�rthsh aut  ektim� thn posìthta pou mac endiafèrei, h opoÐa mporeÐ na eÐnai

gia par�deigma h mèsh tim  (X̄)   h diakÔmansh thc X (var(X)). 'Etsi, h parakoloÔjhsh

thc krÐsimhc posìthtac epitugq�netai ousiastik� me thn parakoloÔjhsh twn tim¸n pou

lamb�nei h statistik  sun�rthsh W sta di�fora deÐgmata Xi.

Gia par�deigma, ac upojèsoume ìti mac endiafèrei h sumperifor� thc mèshc tim c

tou X, ìpou X eÐnai h jermokrasÐa tou perib�llontoc. 'Estw ìti èqoume èna deÐgma

apì n (n ≥ 1) metr seic, oi opoÐec èqoun lhfjeÐ se diaforetik� qronik� diast mata.

H statistik  sun�rthsh pou mporoÔme na qrhsimopoi soume se aut  thn perÐptwsh,

loipìn, eÐnai h Wi = g(Xi) = (X1 +X2 + ...+Xn)/n, me thn opoÐa upologÐzetai h mèsh

tim  enìc opoioud pote fusikoÔ megèjouc.

Sto di�gramma pou èqei sqediasteÐ h statistik  sun�rthsh Wi = g(Xi) prèpei na

kajoristoÔn kai sth sunèqeia na sqediastoÔn oi treic qarakthristikèc grammèc, pou
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eÐnai h kentrik  gramm  CL kai ta duo ìria elègqou, to �nw ìrio elègqou UCL kai to

k�tw ìrio elègqou LCL. H kentrik  gramm , ìpwc èqoume anafèrei kai prohgoumènwc

apeikonÐzei th mèsh tim  thc statistik c sun�rthshc kai kajorÐzei to mèso epÐpedo thc

diergasÐac qwrÐc thn parousÐa eidik¸n aiti¸n metablhtìthtac (entìc elègqou diergasÐa).

4.3.1 'Oria Elègqou kai Kentrik  Gramm 

To genikì montèlo dhmiourgÐac orÐwn kat� thn kataskeu  enìc diagr�mmatoc elègqou

onom�zetai montèlo orÐwn sÐgma (sigma limits model) kai perigr�fetai apì tic parak�tw

sqèseic:

UCL = µW + LσW

CL = µW (4.3.1)

LCL = µW − LσW

Ta µW kai σW dhl¸noun th mèsh tim  kai thn tupik  apìklish thc statistik c

sun�rthshc W antÐstoiqa. O arijmìc L dhl¸nei thn apìstash twn orÐwn elègqou

apì thn kentrik  gramm  CL se mon�dec tupik c apìklishc. 'Opwc anafèrame kai se

prohgoÔmeno kef�laio ìtan èna shmeÐo brejeÐ ektìc twn orÐwn elègqou tìte èqoume

èndeixh ìti h diergasÐa brÐsketai ektìc statistikoÔ elègqou.

To montèlo autì dhmiourg jhke apì ton Shewhart, o opoÐoc prìteine h tim  tou L na

eÐnai Ðsh me treic tupikèc apoklÐseic, dhlad  L = 3σ. 'Etsi, sÔmfwna kai me to je¸rhma

kentrikoÔ orÐou, to 99.7% twn tim¸n thc statistik c sun�rthshc W ja katanèmetai

mèsa se mia z¸nh ±3σ. Sqedi�zontac, loipìn, ta ìria se autèc tic timèc eÐnai efikt  h

anÐqneush shmantik¸n allag¸n sth sumperifor� miac diergasÐac epitugq�nontac ètsi

kai mia exisorrìphsh metaxÔ twn dÔo tÔpwn sfalm�twn:

Sf�lma TÔpou I: sumbaÐnei ìtan ta ìria sqedi�zontai polÔ sten�, opìte mia tuqaÐa

aitÐa metablhtìthtac jewreÐtai wc eidikì aÐtio.
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Sf�lma TÔpou II: sumbaÐnei e�n ta ìria èqoun arket� meg�lo eÔroc, opìte èna

eidikì aÐtio jewreÐtai wc tuqaÐo.

Ektìc apì thn prìtash pou èkane arqik� o Shewhart, prot�jhkan argìtera kai

�llec timèc gia to L me skopì na kalufjoÔn kai oi diaforetikèc apait seic thc k�je

diergasÐac sthn pr�xh.

Se autì to shmeÐo ac sunoyÐsoume ìsa èqoume anafèrei kai aforoÔn thn kataskeu 

enìc diagr�mmatoc elègqou. Gia thn an�ptuxh twn diagramm�twn elègqou Shewhart,

arkeÐ h gn¸sh thc katanom c thc apeikonizìmenhc statistik c sun�rthshc W ki èpeita

h kat�llhlh epilog  gia thn tim  tou L, pou kajorÐzei ta ìria elègqou. To di�gram-

ma pou kataskeu�zetai kat� autìn ton trìpo qrhsimopoieÐtai gia na elègxei an h upì

parakoloÔjhsh diergasÐa paramènei entìc statistikoÔ elègqou. H Ôparxh tim¸n thc

W pou emfanÐzontai èxw apì ta ìria elègqou, ìpwc kai h mh tuqaÐa katanom  twn de-

domènwn entìc twn orÐwn elègqou, apoteloÔn endeÐxeic miac ektìc elègqou diergasÐac,

opìte apaiteÐtai diereÔnhsh twn eidik¸n ait¸n metablhtìthtac.

'Ena meinonèkthma twn diagramm�twn elègqou Shewhart eÐnai ìti den èqoun mn mh

kai sunep¸c den eÐnai euaÐsjhta sthn anÐqneush mikr¸n   kai mesaÐwn metabol¸n sthn

tim  thc upì parakoloÔjhshc metablht c. Gia to lìgo autì, èqoun protajeÐ diagr�mma-

ta ta opoÐa qrhsimopoioÔn sÔnjetouc kanìnec gia thn anak ruxh miac diergasÐac ektìc

elègqou. Eidikìtera, ènac trìpoc gia na auxhjeÐ h euaisjhsÐa tou diagr�mmatoc eÐnai

h qr sh proeidopoihtik¸n orÐwn elègqou, ìpwc perigr�fetai sthn epìmenh par�grafo.

Ektìc, ìmwc, apì thn teqnik  aut  pou qrhsimoipoieÐ epiplèon ìria elègqou sta dia-

gr�mmata Shewhart, up�rqoun kai ta diagr�mmata CUSUM, ta opoÐa se antÐjesh me ta

pr¸ta èqoun mn mh kai perigr�fontai pio analutik� sto Kef�laio 5.

4.3.2 Proeidopoihtik� 'Oria Elègqou

Se pollèc peript¸seic gia na gÐnei èna di�gramma elègqou perissìtero euaÐsjhto

wc proc thn ikanìtht� tou na aniqneÔei egkaÐrwc ektìc elègqou diergasÐec, ektìc apì
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ta ìria elègqou, sqedi�zontai kai ta proeidopoihtik� ìria eswterik� twn akraÐwn orÐwn

elègqou.

Ta proeidopoihtik� ìria qrhsimopoioÔntai mazÐ me k�poiouc prìsjetouc kanìnec

pou èqoun anaptuqjeÐ gia na perigr�youn endeqìmena sqetik� me thn emf�nish eidik¸n

akolouji¸n shmeÐwn s' èna di�gramma elègqou. Sthn perÐptwsh pou sumbeÐ to ende-

qìmeno pou perigr�fei o kanìnac, tìte h diergasÐa jewreÐtai ektìc elègqou, qwrÐc

aparaÐthta na èqoume k�poio shmeÐo tou diagr�mmatoc ektìc twn orÐwn elègqou. H sw-

st  qr sh twn diagramm�twn elègqou apofèrei ta akìlouja �mesa kai èmmesa ofèlh

pou dikaiologoÔn thn eurÔtath efarmog  touc:

• MeÐwsh tou kìstouc eswterik¸n astoqi¸n kai aÔxhsh thc paragwgikìthtac q�ric

ston ègkairo entopismì problhm�twn thc diadikasÐac kai thn apofug  paragwg c

elattwmatik¸n proðìntwn.

• BeltÐwsh thc apìdoshc kai poiìthtac thc paragwgik c diadikasÐac mèsw thc di�-

gnwshc problhm�twn pou ofeÐlontai se kakì sqediasmì thc diadikasÐac.

• Apofug  uperbolik� suqn¸n kai ìqi aparaÐthtwn epemb�sewn sthn paragwgik 

diadikasÐa.

• Axiìpisth an�lush twn dunatot twn miac paragwgik c diadikasÐac.

• Susthmatik  parakoloÔjhsh twn diadikasi¸n, katagraf  metr sewn kai dhmiour-

gÐa arqeÐou me qr sima stoiqeÐa kai plhroforÐec gia thn axiolìghsh twn dia-

dikasi¸n (arqeÐa poiìthtac kat� ISO 9001).

• 'Emfash sthn prìlhyh dhmiourgÐac elattwmatik¸n proðìntwn.

4.3.3 Mètro apìdoshc enìc diagr�mmatoc elègqou

Se èna di�gramma elègqou èqoume dÔo stìqouc. Pr¸ton, ìtan mia diergasÐa eÐnai

entìc elègqou jèloume to di�gramm� mac na mh dÐnei esfalmènouc sunagermoÔc   èstw na
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dÐnei polÔ sp�nia èna yeud  sunagermì. Apì pleur� statistik c jèloume to di�gramm�

mac na leitourgeÐ me thn problepìmenh pijanìthta tou endeqomènou na sqediasteÐ èna

shmeÐo thc statistik c sun�rthshc ektìc orÐwn elègqou en¸ h diergasÐa na brÐsketai se

èlegqo. DeÔteron, ìtan mia diergasÐa eÐnai ektìc elègqou jèloume to di�gramm� mac na

to shmatodoteÐ egkaÐrwc. Statistik�, dhlad , jèloume h pijanìthta tou endeqomènou

na sqediasteÐ èna shmeÐo entìc twn orÐwn elègqou en¸ h diergasÐa na brÐsketai ektìc

elègqou na eÐnai polÔ mikr .

Gia thn axiolìghsh thc apìdoshc enìc diagr�mmatoc elègqou, h opoÐa sqetÐzetai

kai me touc dÔo stìqouc pou anafèrame parap�nw, èqoun protajeÐ di�foroi deÐktec.

O pio gnwstìc apì autoÔc eÐnai to mèso m koc ro c (  mèso m koc diadrom c) tou

diagr�mmatoc (Average Run Length, ARL) pou orÐzetai me th sqèsh,

ARL =
1
p

(4.3.2)

ìpou p sumbolÐzei thn pijanìthta na brejeÐ èna shmeÐo tou diagr�mmatoc elègqou ektìc

twn orÐwn elègqou. To ARL sÔmfwna kai me ton E. S. Page (1954) eÐnai o ana-

menìmenoc arijmìc (mèsh tim ) twn shmeÐwn (deigm�twn) pou prèpei na sqediastoÔn se

èna di�gramma elègqou gia na emfanisteÐ èna shmeÐo ektìc twn orÐwn elègqou.

'Eqei apodeiqjeÐ mèsw upologismoÔ tou ARL ìti ta diagr�mmata CUSUM eÐnai

pio apodotik� se sÔgkrish me ta diagr�mmata Shewhart ìtan apaiteÐtai h anÐqneush

mikr¸n metabol¸n sth mèsh tim  thc qarakthristik c metablht c. Sugkekrimèna ìtan

oi metabolèc autèc eÐnai mikrìterec apì 2 tupikèc apoklÐseic (< 2σ).
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5 Diagr�mmata CUSUM

Ta diagr�mmata CUSUM (Cumulative Sum Charts) epino jhkan kai prot�jhkan

apì ton E. S. Page (1954) kai mporoÔn na qrhsimopoihjoÔn tìso gia ton èlegqo suneq¸n

metablht¸n ìso kai gia ton èlegqo diakrit¸n metablht¸n. Ta diagr�mmata aut� eÐnai

èna apì ta isqurìtera diajèsima ergaleÐa gia thn anÐqneush twn mikr¸n allag¸n, epeid 

lamb�nontai upìyh ìla ta istorik� dedomèna. Eidikìtera, ta diagr�mmata elègqou tÔpou

CUSUM qarakthrÐzontai wc diagr�mmata me omoiìmorfh mn mh afoÔ dÐnoun thn Ðdia

barÔthta se ìlec tic prohgoÔmenec parathr seic.

H mèjodoc pou prìteine o Page basÐzetai ston upologismì enìc susswreutikoÔ

ajroÐsmatoc to opoÐo prokÔptei apì thn akìloujh diadikasÐa: Arqik�, epilègontai m

deÐgmata kajèna apì ta opoÐa perièqei n metr seic thc metablht c x, ìpou h x mporeÐ

na antiproswpeÔei èna qarakthristikì mègejoc kat� thn ektèlesh miac diergasÐac. An

sumbolÐsoume me x̄i th mèsh tim  tou i deÐgmatoc (deigmatikìc mèsoc), tìte to sussw-

reutikì �jroisma Sm upologÐzetai mèsw mÐac ek twn dÔo parak�tw sqèsewn:

Sm =
m∑

i=1

(x̄i − µ̂0) (5.0.3)

S′m =
1
σx̄

m∑

i=1

(x̄i − µ̂0) (5.0.4)

ìpou to µ̂0 sumbolÐzei thn ektim¸menh mèsh tim  thc metablht c x ìtan h diergasÐa

brÐsketai entìc elègqou kai to σx̄ sumbolÐzei thn gnwst  (  ektim¸menh p�li) tupik 

apìklish twn deigmatik¸n mèswn x̄i. To di�gramma CUSUM eÐnai h apeikìnish tou

ajroÐsmatoc Sm   S′m (bl.Sq ma 9 kai Sq ma 10) se sun�rthsh me ton arijmì twn

deigm�twn m kai sthn perÐptwsh pou Sm > h   S′m > h/σ o algìrijmoc CUSUM

shmatodoteÐ èna sunagermì. To h eÐnai to ìrio elègqou (decision interval) se èna

di�gramma CUSUM kai h tim  tou kajorÐzetai an�loga me to ek�stote prìblhma pou

melet�tai.
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Sq ma 9: Di�gramma CUSUM , Page (1963)

Sq ma 10: Di�gramma CUSUM me proeidopoihtikì ìrio, Page (1963)

LÐga qrìnia met� apì thn prìtash tou Page, to 1959 o Barnard prìteine mÐa paral-

lag  tou CUSUM, h opoÐa eÐnai gnwst  wc mèjodoc V-mask CUSUM . H mèjodoc aut 

upologÐzei ìpwc perigr�fhke parap�nw ta susswreutik� ajroÐsmata apl� diafèrei ston

trìpo pou ja entopÐsei an h diergasÐa eÐnai entìc   ektìc elègqou. Sto teleutaÐo sus-

swreutikì �jroisma pou èqei upologisteÐ efarmìzetai mia m�ska sq matoc V kai sthn

perÐptwsh pou ìla ta prohgoÔmena shmeÐa brÐskontai entìc thc perioq c thc m�skac

tìte h diergasÐa brÐsketai entìc elègqou, en¸ sthn antÐjeth perÐptwsh pou k�poio apì
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ta prohgoÔmena shmeÐa brejeÐ ektìc thc perioq c thc m�skac tìte h diergasÐa krÐnetai

ektìc elègqou. Sto parak�tw di�gramma tou sq matoc 11, faÐnetai mÐa ektìc elègqou

diergasÐa h opoÐa èqei entopisteÐ me thn efarmog  thc mejìdou V-mask CUSUM.

Sq ma 11: Di�gramma V −mask CUSUM

H mèjodoc V-mask CUSUM qrhsimopoi jhke idiaÐtera ta qrìnia prin thn emf�nish

twn hlektronik¸n upologist¸n, en¸ met� anaptÔqjhke mia aploÔsterh parallag  thc

mejìdou CUSUM, h legìmenh mèjodoc tabular (algorithmic) CUSUM . Me thn p�rodo

twn qrìnwn, faÐnetai na èqei epikrat sei h mèjodoc tabular CUSUM kurÐwc lìgw thc

aplìtht�c thc se sqèsh me thn mèjodo V-mask. Sth sunèqeia dÐnetai h perigraf  thc

tabular mejìdou kataskeu c enìc diagr�mmatoc CUSUM.

5.1 Perigraf  Mejìdou Tabular CUSUM

Ac upojèsoume arqik� ìti kat� thn ektèlesh miac diergasÐac eÐnai upì parakoloÔ-

jhsh h suneq c metablht  x, h opoÐa apoteleÐ k�poio qarakthristikì thc diergasÐac

pou exet�zetai. Epiplèon, h metablht  aut  ja prosdiorÐsei thn kat�stash sthn opoÐa

ja brÐsketai h diergasÐa an� p�sa stigm  (statistikìc èlegqoc).
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'Estw, ìti tic qronikèc stigmèc ti = 1, · · · ,m èqoun sulleqjeÐ oi antÐstoiqec metr -

seic xi thc metablht c x. JewroÔme, epÐshc, ìti h entìc elègqou mèsh tim  µ0 kai h

tupik  apìklish σ thc x èqoun upologisteÐ met� apì èna qronikì di�sthma anafor�c

kai eÐnai gnwstèc. Gia thn k�je mètrhsh upologÐzetai h diafor�:

zi = xi − µ0

h opoÐa ousiastik� eÐnai h apìklish thc k�je mètrhshc xi apì thn mèsh tim  µ0. Pollèc

forèc qrhsimopoieÐtai kai o metasqhmatismìc:

z′i =
xi − µ0

σ
(5.1.1)

o opoÐoc metatrèpei thn apìklish zi se mon�dec tupik c apìklishc σ (kanonikopoÐhsh).

O lìgoc gia thn efarmog  tou metasqhmatismoÔ 5.1.1 eÐnai epeid  èqei apodeiqjeÐ ìti:

An h tuqaÐa metablht  X akoloujeÐ mia kanonik  katanom  N(µ, σ2), tìte

h tuqaÐa metablht  Z = (X − µ)/σ, akoloujeÐ thn tupopoihmènh kanonik 

katanom  N(0, 1) (bl.par.3.4.3).

Gia to epilegmèno qronikì di�sthma o algìrijmoc tou CUSUM upologÐzei anadromik�

dÔo susswreutik� ajroÐsmata. To èna apì aut� afor� tic jetikèc apoklÐseic (“one-

sided upper CUSUM”):

S+
0 = 0

S+
i = max[0, S+

i−1 + (xi − µ0)−K] (5.1.2)
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en¸ to deÔtero afor� tic arnhtikèc apoklÐseic (“one-sided lower CUSUM”):

S−0 = 0

S−i = min[0, S−i−1 + (xi − µ0) + K] (5.1.3)

ìpou K ≥ 0 eÐnai mia stajer� pou onom�zetai tim  anafor�c (reference value) kai ta S+
0 ,

S−0 eÐnai oi timèc ekkÐnhshc gia ta antÐstoiqa susswreutik� ajroÐsmata. To di�gramma

CUSUM eÐnai ousiastik� h apeikìnish twn dÔo parap�nw ajroism�twn se sun�rthsh

me to k�je deÐgma i. O algìrijmoc CUSUM ja shmatodot sei sunagermì se mÐa apì

tic dÔo peript¸seic:

S+
i > h (5.1.4)

S−i < −h (5.1.5)

ìpou h kai −h eÐnai ta dÔo ìria elègqou (h: decision interval), ta opoÐa sqedi�zontai

sto di�gramma CUSUM kai eÐnai eujeÐec par�llhlec proc thn eujeÐa pou apeikonÐzei th

mèsh tim  µ0 (bl.Sq ma 12).

Sq ma 12: Di�gramma Tabular CUSUM
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Oi timèc twn dÔo stajer¸n K kai h kajorÐzontai an�loga me to prìblhma sto

opoÐo efarmìzetai o algìrijmoc CUSUM. H tim  anafor�c K sqetÐzetai me to mègejoc

thc mikrìterhc apìklishc apì th mèsh tim  pou epijumeÐtai na aniqneÔsei o algìrijmoc

gr gora. H pio sunhjismènh sqèsh pou qrhsimopoieÐtai gia ton upologismì thc tim c

anafor�c K eÐnai h ex c:

K =
|µ1 − µ0|

2
=

δσ

2
, δ =

|µ1 − µ0|
σ

(5.1.6)

ìpou h tim  µ0 dhl¸nei mia entìc elègqou mèsh tim , ìpwc  dh èqoume anafèrei, en¸ h

µ1 dhl¸nei mia ektìc elègqou mèsh tim .

An gr�youme tic sqèseic 5.1.2 kai 5.1.3 me thn parak�tw morf :

S+
i = max[0, S+

i−1 + xi − (µ0 + K)]

S−i = min[0, S−i−1 + xi − (µ0 −K)]

ja doÔme ìti h posìthta S+
i susswreÔei tic apoklÐseic twn parathr sewn xi apì thn

posìthta (µ0 + K) apì th stigm  pou ja emfanisteÐ mia jetik  apìklish kai mporeÐ na

jewrhjeÐ kat�llhlh gia ton èlegqo thc upìjeshc:

H0 : µ = µ0

ènanti thc upìjeshc

H+
1 : µ = µ1 = µ0 + δσ

afoÔ meg�lec jetikèc timèc thc S+
i odhgoÔn se apodoq  thc upìjeshc H+

1 . AntÐstoiqa,

h posìthta S−i susswreÔei tic apoklÐseic twn parathr sewn xi apì thn posìthta

(µ0 −K) apì th stigm  pou ja emfanisteÐ arnhtik  apìklish kai mporeÐ na jewrhjeÐ
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kat�llhlh gia ton èlegqo thc upìjeshc:

H0 : µ = µ0

ènanti thc upìjeshc

H−
1 : µ = µ1 = µ0 − δσ

afoÔ meg�lec arnhtikèc timèc thc S−i odhgoÔn se apodoq  thc upìjeshc H−
1 . Gia to

poi� apì tic dÔo enallaktikèc upojèseic H+
1 kai H−

1 ja apodeqjoÔme   ìqi se k�je

b ma thc diadikasÐac ja exarthjeÐ apì to poi� apì tic dÔo sqèseic telik¸c ja isqÔsei,

h 5.1.4   h 5.1.5. Opoiad pote apì tic dÔo kai an isqÔsei eÐnai profanèc ìti ja èqoume

èndeixh ìti h diergasÐa eÐnai ektìc elègqou (metatìpish thc mèshc tim c thc paragwgik c

diergasÐac se uyhlìtero   qamhlìtero epÐpedo).

Ta diagr�mmata CUSUM èqoun epikrat sei se sqèsh me ta diagr�mmata Shewhart

gia to lìgo thc aplìthtac touc, thc mn mhc touc, kai thc euaisjhsÐac ston entopismì

mikr¸n sfalm�twn. Sthn perÐptwsh pou emplèkontai pollèc metablhtèc me susqètish

metaxÔ touc mporeÐ na gÐnei efarmog  twn polumetablht¸n diagramm�twn CUSUM, ta

opoÐa perigr�fontai se epìmenh par�grafo. Sth sunèqeia, gÐnetai mia mikr  anafor� sth

statistik  tou Hotelling, pou apoteleÐ thn afethrÐa twn polumetablht¸n diagramm�twn

elègqou.

5.2 Statistik  tou Hotelling

H pr¸th èreuna ston Polumetablhtì Statistikì 'Elegqo Poiìthtac ègine apì ton

Harold Hotelling to 1947. O Hotelling eis gage èna statistikì stoiqeÐo, to opoÐo

onìmase Hotelling’s T 2 (Hotelling’s T-squared statistic) kai to qrhsimopoÐhse gia na

sundu�sei tic plhroforÐec pou èpairne apì th diakÔmansh kai th mèsh tim  poll¸n

metablht¸n (polumetablhtìc èlegqoc upojèsewn).

H statistik  T 2 tou Hotelling eÐnai èna mètro me to opoÐo melet�tai h sundiakÔ-
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mansh miac polumetablht c kanonik c katanom c kai apoteleÐtai apì tic treic akìloujec

posìthtec:

1. To di�nusma twn apoklÐsewn metaxÔ twn metr sewn kai thc mèshc tim c (x− µ)

2. ton antÐstrofo pÐnaka sundiakÔmanshc Σ−1

3. To an�strofo di�nusma twn apoklÐsewn metaxÔ twn metr sewn kai thc mèshc

tim c (x− µ)′

Dhlad ,

T 2 = +(x− µ)′Σ−1(x− µ) (5.2.1)

To polumetablhtì di�gramma pou kataskeu�zetai apì th statistik  T 2 ja d¸sei èndei-

xh ìti h diergasÐa eÐnai ektìc elègqou ìtan T 2 > SCL, ìpou SCL eÐnai to ìrio elègqou

tou Shewhart (Shewhart Control Limit). Parak�tw, dÐnontai dÔo diagr�mmata (Sq ma

13 kai Sq ma 14) wc paradeÐgmata gia th morf  pou èqei h polumetablht  statistik 

tou Hotelling.

Sq ma 13: Di�gramma Statistik c T 2 −Hotelling gia th mèsh tim 

Sq ma 14: Di�gramma Statistik c T 2 −Hotelling gia th diaspor�
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5.3 Perigraf  PolumetablhtoÔ Tabular CUSUM

O Ronald B. Crosier (1986, 1988) prìteine mÐa mèjodo polumetablhtoÔ Tabular

CUSUM, thn opoÐa onìmase COT (CUSUM of the scalars Tn). SÔmfwna me thn mèjodo

COT an to Tn sumbolÐzei èna bajmwtì mègejoc me n = 1, 2, 3, ..., tìte, o algìrijmoc

CUSUM gia to mègejoc autì ja ekfr�zetai sÔmfwna me thn parak�tw sqèsh:

Sn = max(0, Sn−1 + Tn − k) (5.3.1)

ìpou S0 ≥ 0, k > 0 kai ja shmatodoteÐ mÐa ektìc elègqou diergasÐa sthn perÐptwsh

pou isqÔsei Sn > h. H COT mèjodoc eÐnai ousiastik� h pio genik  morf  tou Tabular

CUSUM. 'Etsi, an jèloume na qrhsimopoi soume thn COT mèjodo gia ton entopismì

mikr¸n allag¸n sth mèsh tim  miac tuqaÐac metablht c x, tìte h sqèsh 5.3.1 diamor-

f¸netai wc ex c:

Sn = max(0, Sn−1 + (xn − µ)− kσ) (5.3.2)

ìpou µ eÐnai h mèsh tim  thc x kai σ h tupik  thc apìklish. An antikatast soume

ìla ta bajmwta megèjh sthn prohgoÔmenh sqèsh me dianÔsmata, tìte h monometablht 

mèjodoc COT metatrèpetai sthn polumetablht  mèjodo CUSUM.

Sn = max(0,Sn−1 + (xn − µ)− k) (5.3.3)

Me thn antikat�stash, ìmwc, aut  parousi�zontai dÔo probl mata pou prèpei na lujoÔn

gia na mporeÐ na qrhsimopoihjeÐ aut  h polumetablht  mèjodoc. To èna afor� thn

eÔresh tou k kai to deÔtero afor� ton trìpo me ton opoÐo ja ermhneuteÐ to mègisto

kai mhdenikì di�nusma. Sthn monometablht  perÐptwsh h posìthta Sn + (xn − µ)

surrikn¸netai proc to mhdèn kat� k tupikèc apoklÐseic. Epomènwc, gia na diathrhjeÐ

aut  h sumperifor� kai sthn polumetablht  perÐptwsh ja prèpei to k na ikanopoieÐ thn
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sqèsh,

k2 = k′Σ−1k

ìpou k eÐnai ousiastik� to mètro tou k pou upologÐzetai me th bo jeia tou pÐnaka

sundiakÔmanshc Σ−1. An me thn afaÐresh tou dianÔsmatoc k sth sqèsh 5.3.3 prèpei

na surrikn¸netai to di�nusma [Sn−1 + (xn − µ)] proc to mhdenikì di�nusma 0, tìte

sumperaÐnoume ìti ta dÔo aut� dianÔsmata ja prèpei na eÐnai omìrropa. Epomènwc,

mporoÔme na ekfr�soume to di�nusma k wc:

k = (k/Cn)(sn−1 + xn − µ)

ìpou Cn eÐnai to mètro tou dianÔsmatoc (sn−1 +xn−µ). H morf  pou ja èqei, loipìn,

o polumetablhtìc algìrijmoc CUSUM perigr�fetai ston orismì 5.1.

Orismìc 5.1. An jewr soume ìti to Cn sumbolÐzei to mètro tou dianÔsmatoc

(sn−1 + xn − µ), pou upologÐzetai me th bo jeia tou pÐnaka sundiakÔmanshc, dhlad ,

Cn = [(sn−1 + xn − µ)′Σ−1(sn−1 + xn − µ)]1/2 (5.3.4)

tìte gia to di�nusma sn ja isqÔei,

sn = 0, an Cn ≤ k

sn = (1− k/Cn)(sn−1 + xn − µ), an Cn > k (5.3.5)

me s0 = 0. 'Estw, epÐshc, ìti

Yn = [s′nΣ
−1sn]1/2 (5.3.6)

tìte o polumetablhtìc algìrijmoc CUSUM ja d¸sei èndeixh ektìc elègqou (sunager-

mì) ìtan Yn > h.

¤
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Par�deigma 5.1. 'Estw ìti èqoume èna prìblhma dÔo metablht¸n x1 kai x2, oi opoÐec

akoloujoÔn thn dimetablht  kanonik  katanom  N(µ,Σ), ìpou µ eÐnai to di�nusma twn

mèswn kai Σ eÐnai o pÐnakac sundiakÔmanshc, ta opoÐa eÐnai kai ta dÔo gnwst� kai Ðsa

me:

µ =
[
0 0

]
Σ =




1 0.5

0.5 1




EpÐshc, eÐnai gnwstèc kai oi dÔo stajerèc k kai h, kai Ðsec me 0.5 kai 5.5 antÐstoiqa.

JewroÔme to di�nusma x, tou opoÐou oi st lec ja perièqoun tic metr seic thc k�je

metablht c, dhlad ,

x =
[
x1 x2

]

'Estw, ìti l fjhkan oi akìloujec 5 metr seic gia tic dÔo autèc metablhtèc:

x =




-1.19 0.59

0.12 0.90

-1.69 0.40

0.30 0.46

0.89 -0.76




Ac doÔme analutik� th diadikasÐa pou akoloujeÐ o polumetablhtìc algìrijmoc CUSUM.

Gia n = 1, h sqèsh 5.3.4 diamorf¸netai wc ex c:

C1 = [(s0 + x1 − µ)′Σ−1(s0 + x1 − µ)]1/2

kai epeid ,

s0 =
[
0 0

]
, x1 =

[
−1.19 0.59

]
, µ =

[
0 0

]
, Σ−1 =




1.33 -0.67

-0.67 1.33
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h prohgoÔmenh sqèsh diamorf¸netai wc ex c:

C1 =





[
−1.19 0.59

]



1.33 -0.67

-0.67 1.33







-1.19

0.59








1/2

=

=





[
−1.19 0.59

]



-1.978

1.582








1/2

⇒ C1 = (3.28)1/2 = 1.813 (> k = 0.5)

Parìmoia, h sqèsh 5.3.5 gia n = 1 kai efìson isqÔei ìti C1 > 0.5(= k), diamorf¸netai

wc ex c:

s1 = [(s0 + x1 − µ) (1− k/C1) =
[
−1.19 0.59

](
1− 0.5

1.813

)

s1 =
[
−0.86 0.43

]

'Etsi, gia to Y1 apì th sqèsh 5.3.6 ja isqÔei:

Y1 = [s′1Σ
−1s1]1/2 =





[
−0.86 0.43

]



1.33 -0.67

-0.67 1.33







-0.86

0.43








1/2

Y1 =





[
−1.432 1.1481

]



-0.86

0.43








1/2

⇒ Y1 = 1.3135 (< h = 5.5)

Akolouj¸ntac thn Ðdia diadikasÐa gia n = 2 paÐrnoume ta ex c apotelèsmata:

C2 = [(s1 + x2 − µ)′Σ−1(s1 + x2 − µ)]1/2
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C2 =





[
−0.86 + 0.12 0.43 + 0.90

]



1.33 -0.67

-0.67 1.33







-0.86+0.12

0.43+0.90








1/2

=

=





[
−0.74 1.33

]



1.33 -0.67

-0.67 1.33







-0.74

1.33








1/2

=





[
−0.74 1.33

]



-1.8753

2.2647








1/2

⇒ C2 = (4.39977)1/2 = 2.098 (> k = 0.5)

Gia to s2, efìson isqÔei C2 > k(= 0.5) ja èqoume:

s2 = [(s1 + x2 − µ) (1− k/C2) =
[
−0.74 1.33

](
1− 0.5

2.098

)
=

[
−0.564 1.013

]

Kai tèloc gia to Y2, ja isqÔoun oi epìmenec isìthtec:

Y2 = [s′2Σ
−1s2]1/2 =





[
−0.564 1.013

]



1.33 -0.67

-0.67 1.33







-0.564

1.013








1/2

Y2 =





[
−0.564 1.013

]



-1.43

1.73








1/2

⇒ Y2 = 1.6 (< h = 5.5)

Parak�tw dÐnetai ènac sugkentrwtikìc pÐnakac me ìla ta upìloipa apotelèsmata.

Metr seic Di�nusma sn

n x1 x2 s1 s2 Yn

1 −1.19 0.59 −0.86 0.43 1.31
2 0.12 0.90 −0.56 1.01 1.60
3 −1.69 0.40 −1.95 1.22 3.20
4 0.30 0.46 −1.40 1.43 2.83
5 0.89 −0.75 −0.30 0.39 0.69

PÐnakac 2: Arijmhtikì Par�deigma DimetablhtoÔ CUSUM

¨
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6 Efarmogèc AlgorÐjmou CUSUM

Sto kef�laio autì perigr�fontai oi efarmogèc tou monometablhtoÔ algorÐjmou

CUSUM kaj¸c kai tou dimetablhtoÔ algorÐjmou CUSUM, oi opoÐoi anaptÔqjhkan

ex' olokl rou se Java kai efarmìsthkan p�nw sthn platfìrma SunSPOT. Oi efar-

mogèc autèc anaptÔqjhkan me kÐnhtro thn anÐqneush purkagi�c se anoiqtì perib�llon.

Arqik�, ìmwc, dÐnetai mia sÔntomh perigraf  thc platfìrmac SunSPOT kaj¸c kai tou

prosomoiwtikoÔ prrogr�mmatoc Solarium pou qrhsimopoi jhke gia thn exagwg  twn

apotelesm�twn.

6.1 SunSPOT

To prìtzekt SunSPOT (Sun Small Programmable Object Technology) apoteleÐ

èna stigmiìtupo miac èreunac, h opoÐa xekÐnhse apì thn Sun Labs kai brÐsketai akìma

se exèlixh. H Sun Labs apì thn Ðdrus  thc to 1990 leitourgeÐ san to ergast rio gia

efarmosmènh èreuna kai prohgmènh an�ptuxh thc Sun Microsystems, Inc.. K�poioi apì

touc tomeÐc p�nw stouc opoÐouc h Sun Labs erg�sthke  tan ta asÔgqrona kukl¸mata,

oi optikèc epikoinwnÐec, oi nèec teqnologÐec tou diadiktÔou, oi teqnologÐec Java kai ta

dÐktua upologist¸n.

To 2010 ìtan exagor�sthke h Sun apì thn Oracle, h Sun

Labs metonom�sthke se Oracle Labs suneqÐzontac thn arqik 

thc leitourgÐa wc tm ma plèon thc Oracle Corporation. H

Oracle Labs me tic anarÐjmhtec kai poikÐlec teqnologikèc e-

feurèseic èqei exeliqjeÐ kat� polÔ se sqèsh me ta pr¸ta thc

b mata kai mèsa se mikrì qronikì di�sthma èqei katafèrei na

anadeÐxei thn Oracle wc mÐa teqnologik  uperdÔnamh.

Oi ereunhtèc tou Sun Labs to 2003 eÐqan xekin sei na

douleÔoun p�nw sta asÔrmata dÐktua aisjht rwn kai kat� th

di�rkeia thc èreun�c touc anaptÔqjhke h an�gkh gia pio isqurèc suskeuèc aisjht rwn,



6 Efarmogèc AlgorÐjmou CUSUM 54

oi opoÐec ja  tan pio eÔkolo na programmatistoÔn. 'Etsi, ènan qrìno met� genn jhke

to prìtzekt Sun SPOT me arqikì stìqo th dhmiourgÐa kat�llhlou ulikoÔ aisjht ra,

ston opoÐo ja mporoÔse na prosarmosteÐ mÐa euèlikth eikonik  mhqan  JVM (Java

Virtual Machine) p�nw sthn platfìrma tou aisjht ra.

O skopìc tou prìtzekt SunSPOT apì thn arq  thc dhmiourgÐac tou  tan na enjar-

rÔnei thn an�ptuxh nèwn efarmog¸n kai suskeu¸n apì programmatistèc pou den eÐqan

asqolhjeÐ potè me enswmatwmèna sust mata. O sqediasmìc twn suskeu¸n SunSPOT

eÐnai tètoioc pou epitrèpei thn sÔntaxh kai thn an�ptuxh programm�twn me th dunatìthta

na allhlepidroÔn metaxÔ touc, me to perib�llon kaj¸c kai me touc qr stec me entel¸c

nèouc kai diaforetikoÔc trìpouc.

6.1.1 Perigraf  thc platfìrmac Sun SPOT

Sq ma 15: AnatomÐa enìc SunSPOT

To SunSPOT eÐnai mÐa Java program-

matizìmenh enswmatwmènh suskeu  pou è-

qei sqediasteÐ me tètoio trìpo, ¸ste na

prosfèrei euelixÐa ston qr sth. K�-

je suskeu  SunSPOT èqei egkatesth-

mènh thn eikonik  mhqan  Squawk, h

opoÐa eÐnai mÐa mikroÔ megèjouc èkdosh

thc prìtuphc eikonik c mhqan c thc Ja-

va. Ta SunSPOTs, loipìn, den èqoun

k�poio leitourgikì sÔsthma, all� trè-

qoun thn Squawk VM apeujeÐac p�nw

ston epexergast , kai h VM parèqei tic

basikìterec leitourgÐec enìc leitourgikoÔ

sust matoc.

H sugkekrimènh èkdosh Squawk qrhsi-
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mopoieÐtai kurÐwc se forhtèc kai enswmatw-mènec suskeuèc, eÐnai grammènh sqedìn ex'

olokl rou se Java, ektìc apì k�poia mikr� komm�tia ta opoÐa èqoun na k�noun me ton

prwtogen  k¸dika kai thn eÐsodo kai èxodo dedomènwn. To gegonìc autì thn kajist� mÐa

èkdosh eÔkola metafèrsimh kai diafan¸c enswmat¸simh me touc pìrouc thc efarmog c,

ìpwc eÐnai ta antikeÐmena, ta n mata kai oi diepafèc tou leitourgikoÔ sust matoc.

K�poia apì ta basik� qarakthristik� thc sugkekrimènhc suskeu c eÐnai ìti oi e-

farmogèc ekteloÔntai apeujeÐac apì thn astrapiaÐa mn mh (flash memory), oi odhgoÐ

twn suskeu¸n (drivers) eÐnai kai autoÐ grammènoi se Java kai h diaqeÐrish thc mpatarÐac

eÐnai autìmath prosfèrontac meg�louc qrìnouc leitourgÐac kai anamon c. Lìgw thc

efarmog c thc Java, o programmatismìc enìc SunSPOT gÐnetai me ekplhktik  eukolÐa.

To ulikì thc basik c mon�dac mÐac suskeu c SunSPOT perilamb�nei analutik� ta

ex c:

¦ ènan epexergast  ARM920T (180 MHz)

¦ mÐa mn mh 512K RAM, 4MB Flash

¦ mÐa asÔrmath diepaf  IEEE 802.15.4 (2.4 GHz)

¦ mÐa jÔra USB

¦ èna epitaqunsiìmetro tri¸n axìnwn 2G/6G

¦ ènan aisjht ra jermokrasÐac

¦ ènan aisjht ra fwtìc

¦ oqt¸ polÔqrwma LEDs

¦ èxi analogikèc eisìdouc

¦ yhfiakèc eisìdouc kai exìdouc

¦ dÔo diakìptec

¦ pènte akÐdec genikoÔ skopoÔ

¦ tèsseric akÐdec uyhloÔ reÔmatoc
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¦ mÐa epanafortizìmenh mpatarÐa

Apì ta parap�nw qarakthristik� blèpoume ìti k�je SunSPOT qrhsimopoieÐ to

prwtìkollo IEEE 802.15.4 gia thn asÔrmath epikoinwnÐa. 'Etsi, èna sÔnolo apì

SunSPOTs mporeÐ na apotelèsei èna asÔrmato dÐktuo aisjht rwn (Wireless Sensor

Network - WSN) me to k�je SunSPOT na apoteleÐ ènan kìmbo tou diktÔou.

6.1.2 Eikonik  Mhqan  Squawk JVM

H eikonik  mhqan  Squawk JVM kataskeu�sthke apì thn etaireÐa plhroforik c

Sun Microsystems gia thn an�ptuxh efarmog¸n Java pou proorÐzontan gia enswmatwmè-

na sust mata kai mikrosuskeuèc, kai apoteleÐ to basikì logismikì twn SunSPOTs. H

kataskeu  aut c thc eikonik c mhqan c proèkuye apì thn an�gkh na dhmiourghjeÐ èna

mhq�nhma eikonik c pragmatikìthtac se Java, sumbatì me th leitourgÐa CLDC, (Con-

nected Limited Device Configuration), pou de ja qreiazìtan thn Ôparxh leitourgikoÔ

sust matoc gia na ektelesteÐ.

'Etsi, o pÔrhnac tou Squawk JVM se antÐjesh me tic perissìterec eikonikèc mhqanèc

pou èqoun grafteÐ se qamhloÔ epipèdou gl¸ssec, ìpwc C/C++   assembly, èqei

grafteÐ sqedìn olìklhroc se Java. To Squawk JVM, loipìn, de qrei�zetai thn Ô-

parxh leitourgikoÔ sust matoc gia na ektelesteÐ, en¸ par�llhla prosfèrei poll� apì

ta pleonekt mata thc kanonik c èkdoshc thc Java SE, ìpwc eÐnai h sullog  aporrim-

m�twn (garbage collector) kai o qeirismìc exairèsewn (exception handling). Tautì-

qrona apaiteÐ mikr  mn mh, dieukolÔnei th metagl¸ttish (compiling) kai thn ektèlesh

tou k¸dika kai parèqei th dunatìthta tautìqronhc ektèleshc pollapl¸n efarmog¸n, me

thn k�je efarmog  na eÐnai pl rwc anex�rthth kai apomonwmènh apì ìlec tic upìloipec.

To Squawk JVM apoteleÐ logismikì anoiqtoÔ k¸dika kai h arqitektonik  tou faÐnetai

sthn epìmenh eikìna.
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Sq ma 16: Arqitektonik  dom  eikonik c mhqan c Squawk JV M

6.1.3 MIDlets

Oi efarmogèc pou anaptÔssontai gia ta SunSPOTs onom�zontai MIDlets. Ta

MIDlets qrhsimopoioÔn tic prodiagrafèc tou MIDP, (Mobile Information Device Pro-

file), ìpwc autèc orÐzontai apì to prwtìkollo CLDC, (Connected Limited Device Con-

figuration), kai proorÐzontai gia efarmog  se perib�llon Java ME (Micro Edition), to

opoÐo eÐnai egkatesthmèno stic perissìterec enswmatwmènec suskeuèc.

To prwtìkollo CLDC perigr�fei to basikì

sÔnolo twn bibliojhk¸n kai twn qara-

kthristik¸n thc eikonik c mhqan c, pou ja

prèpei na up�rqei se mÐa platfìrma (p.q. ki-

nhtì, t�mplet, k.lp.), ¸ste na eÐnai dÔnath h

efarmog  programm�twn Java. To prwtìkol-

lo CLDC sundu�zetai me èna   perissìtera

profÐl (p.q. to MIDP) gia na d¸sei stouc

programmatistèc mia platfìrma p�nw sthn opoÐa mporoÔn na dhmiourg soun efarmogèc
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gia enswmatwmènec forhtèc suskeuèc me polÔ periorismènouc pìrouc.

Tupikèc efarmogèc twn MIDlets apoteloÔn ta paiqnÐdia se kinht� thlèfwna, ta

opoÐa uposthrÐzoun grafik�, qr sh plhktrologÐou gia epikoinwnÐa me to qr sth kai

periorismènh sÔndesh sto diadÐktuo mèsw HTTP. Oi treic pijanèc katast�seic ston

kÔklo zw c enìc MIDlet (bl.Sq ma 17) eÐnai oi ex c:

1. paused: to MIDlet èqei dhmiourghjeÐ kai eÐnai anenergì

2. active: to MIDlet eÐnai energì

3. destroyed: to MIDlet èqei katastrafeÐ kai anamènetai h apokat�stas  tou apì

ton sullèkth aporrimm�twn.

Sq ma 17: KÔkloc zw c

enìc MIDlet

Sthn kanonik  èkdosh thc Java (Java SE) k�je efar-

mog  pou anaptÔssetai prèpei na perièqei p�nta mÐa mèjo-

do main() gia na mporèsei na ektelesteÐ. Sthn perÐptwsh,

ìmwc, thc èkdoshc Java ME, pou ulopoieÐ h Squawk VM,

k�je efarmog  pou ulopoieÐtai prèpei na eÐnai sumbat  me

to prìtupo MIDlet. 'Olec oi efarmogèc gia ta SPOTs

prèpei na klhronomoÔn (extend) ta stoiqeÐa thc kl�shc

MIDlet kai na ulopoioÔn tic parak�tw mejìdouc:

i) startApp() - H mèjodoc aut  kaleÐtai ìtan prìkeitai

na ektelesteÐ to MIDlet.

ii) pauseApp() - H mèjodoc aut  kaleÐtai ìtan

prìkeitai na anastaleÐ h ektèlesh tou MIDlet.

iii) destroyApp() - H mèjodoc aut  kaleÐtai ìtan to

MIDlet termatÐzetai apì to sÔsthma, ìpwc sumbaÐnei sthn peript¸sh pou to

MIDlet prokalèsei mia exaÐresh tou tÔpou MIDletStateChangeException.
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To MIDlet apì thn kataskeu  tou brÐsketai sthn kat�stash anastol c paused.

Me thn mèjodo startApp() desmeÔontai oi aparaÐthtoi pìroi gia thn ektèlesh thc e-

farmog c kai energopoieÐtai to MIDlet. Sthn perÐptwsh pou h ektèlesh tou MIDlet

gÐnei anenerg    sumbeÐ mÐa exaÐresh, tìte kaleÐtai h mèjodoc pauseApp(), h opoÐa

apeleujer¸nei proswrin� touc arqik� desmeumènouc pìrouc. Met� thn olokl rwsh

thc ektèlesh thc efarmog c kaleÐtai h destroyApp(), h opoÐa apodesmeÔei pl rwc touc

desmeumènouc pìrouc tou MIDlet kai sth sunèqeia to katastrèfei (sullèkthc apor-

rimm�twn).

Oi efarmogèc, loipìn, pou proorÐzontai gia ta SPOTs èqoun thn parak�tw basik 

dom , sthn opoÐa èqoun eisaqjeÐ ìlec oi biblioj kec pou apaitoÔntai gia thn pl rh

leitourgikìtht� touc.

import com . sun . spot . p e r i ph e r a l . Spot ;
import com . sun . spot . i o . j2me . rad iost ream . ∗ ;
import com . sun . spot . i o . j2me . radiogram . ∗ ;
import com . sun . spot . sensorboard . p e r i ph e r a l . ITriColorLED ;
import com . sun . spot . sensorboard . EDemoBoard ;
import com . sun . spot . p e r i ph e r a l . r ad io . IRadioPolicyManager ;
import com . sun . spot . u t i l . ∗ ;
import javax . m i c ro ed i t i on . i o . ∗ ;
import javax . m i c ro ed i t i on . mid let . MIDlet ;
import javax . m i c ro ed i t i on . mid let . MIDletStateChangeException ;

pub l i c c l a s s SunSpotAppl icat ion extends MIDlet {
protec ted void startApp ( ) throws MIDletStateChangeException {
}
protec ted void pauseApp ( ) {

// This i s not cu r r en t l y c a l l e d by the Squawk VM
}
protec ted void destroyApp ( boolean uncond i t i ona l ) throws

MIDletStateChangeException {
}

}

6.1.4 Exomoiwt c Solarium

To Solarium eÐnai mÐa efarmog  Java, h opoÐa ekteleÐtai ston upologist  kai

qrhsimopoieÐtai gia na ektelèsei mia seir� apì enèrgeiec sta SPOTs san exomoiwt c

(bl.Sq ma 18). 'Eqei tic parak�tw dunatìthtec:
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• AnakalÔptei kai emfanÐzei SPOTs, ta opoÐa mporeÐ na eÐnai sundedemèna me ton

upologist  mèsw USB   mèsw asÔrmathc epikoinwnÐac (Wireless).

• MporeÐ na fort¸sei kai na xefort¸sei logismikì apì ta SPOTs, na ekkin sei, na

diakìyei, na epanekkin sei kai na termatÐsei efarmogèc kaj¸c kai na aniqneÔsei

thn kat�stash miac suskeu c. Up�rqei èna plaÐsio pou lègetai Radio View, to

opoÐo parèqei ènan grafikì trìpo anapar�stashc thc asÔrmathc sundesimìthtac

ìlwn twn SPOTs.

• MporeÐ na elègxei èna dÐktuo apì SPOTs me qr sh tou plaisÐou Deployment

View. To plaÐsio autì kajorÐzei to poi� efarmog  prèpei na fortwjeÐ se poi�

suskeu  kai dieukolÔnei th diadikasÐa fìrtws c touc.

• Perilamb�nei ènan prosomoiwt , o opoÐoc mporeÐ na fort¸sei kai na ektelèsei

eikonikèc efarmogèc se eikonik� SPOTs (Virtual SPOTs).

Me ton exomoiwt  autì dÐnetai h dunatìthta ston qr sth na elègxei èna prìgramma

pou èqei anaptÔxei protoÔ to efarmìsei p�nw se èna pragmatikì SPOT. Akìma, ìmwc,

kai an èna pragmatikì SPOT den eÐnai diajèsimo, o exomoiwt c dÐnei sto qr sth th

dunatìthta na qrhsimopoi sei ta eikonik� SPOTs (virtal SunSPOTs). 'Ena eikonikì

SPOT perilamb�nei ènan eikonikì pÐnaka aisjht rwn, ìpou o qr sthc mporeÐ na jèsei

timèc stic di�forec eikonikèc paramètrouc, (fwtismoÔ, jermokrasÐac, kÐnhshc ktl), ka-

j¸c kai na elègxei ta LEDs, ìpwc akrib¸c kai se èna pragmatikì SPOT. To Solarium

uposthrÐzei akìma kai thn apostol  kai th l yh dedomènwn mèsw thc asÔrmathc sÔn-

deshc gia ta eikonik� SPOTs. Gia thn asÔrmath sÔndesh orÐzetai mÐa dieÔjunsh se k�je

eikonikì SPOT (MAC address) ¸ste k�je eikonikì SPOT na metadÐdei kai na lamb�nei

dedomèna apì �lla eikonik� SPOTs.
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Sq ma 18: Exomoiwt c Solarium

6.2 Efarmog  AlgorÐjmou CUSUM gia mÐa Metablht 

H efarmog  pou anaptÔqjhke gia ton algìrijmo CUSUM mÐac metabht c, èqei ba-

sisteÐ p�nw ston algìrijmo pou perigr�fetai sthn epìmenh par�grafo (bl.Algìrijmoc

6.1). O algìrijmoc autìc eÐnai monìpleuroc (one-sided CUSUM), pou shmaÐnei ìti upo-

logÐzei mìno to �nw susswreutikì �jroisma S+ kai to sugkrÐnei me to �nw ìrio +h,

ìpwc faÐnetai kai sto di�gramma tou Sq matoc 19.

6.2.1 Algìrijmoc Monìpleurou CUSUM

O sugkekrimènoc algìrijmoc gia ton monìpleuro monometablhtì CUSUM pou ana-

ptÔqjhke aniqneÔei tic allagèc pou sumbaÐnoun sthn katanom  miac sun�rthshc xt.

'Opwc anafèrjhke kai prohgoumènwc, o algìrijmoc arqik� upologÐzei to susswreutikì

�jroisma, R = S+ = max(0, xt − (µ + k+) + R) kai sth sunèqeia to sugkrÐnei me to

epilegmèno �nw ìrio h.
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Sq ma 19: Di�gramma Monìpleurou CUSUM

Th stigm  pou mÐa tim  tou ajroÐsmatoc R uperbeÐ to ìrio h (R > h), tìte o

algìrijmoc ja d¸sei san apotèlesma 1, pou shmaÐnei ìti anÐqneuse mÐa allag  p�nw

sthn katanom  thc xt, h opoÐa eÐnai ektìc orÐou h. Sthn perÐptwsh pou to �jroisma R

pèsei k�tw apì to ìrio h, tìte o algìrijmoc gia ekeÐnh th sugkekrimènh stigm  ja mac

d¸sei thn tim  −1. Tèloc, an met� apì k�poia allag  (R > h   R < h) to �jroisma

R den all�xei kat�stash, tìte o algìrijmoc ja d¸sei thn tim  0. Oi par�metroi pou

qrhsimopoioÔntai san eÐsodoi ston algìrijmo monìpleurou CUSUM eÐnai oi ex c:

1. h mèsh tim  µ ∈ R,
2. to �nw ìrio anektikìthtac k, kai

3. to �nw ìrio elègqou h

En¸ san èxodo mac dÐnei èna s ma output, to opoÐo èqoume orÐsei na paÐrnei mÐa ek twn

tri¸n tim¸n output ∈ {−1, 0, 1}, pou antistoiqoÔn stic 3 katast�seic sust matoc pou

perigr�fhkan parap�nw, dhlad :

output = 0: Kat�stash Stajer  (eÐte R > h eÐte R < h)

output = 1: AnÐqneush allag c p�nw apì to ìrio h th qronik  stigm  ti

output = −1: AnÐqneush allag c k�tw apì to ìrio h th qronik  stigm  tj
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EpÐshc, gia to swstì qarakthrismì thc kat�stashc sthn opoÐa brÐsketai to sÔsth-

ma pou parakoloujeÐtai, èqei prostejeÐ h par�metroc state. H par�metroc aut  krat�ei

apojhkeumènh (san mn mh) thn kat�stash sthn opoÐa brÐsketai to sÔsthma k�je for�

pou elègqei to susswreutikì �jroisma S+. 'Etsi, ìtan to sÔsthma eÐnai entìc elègqou

h kat�stas  tou qarakthrÐzetai wc “stable”, en¸ sthn antÐjeth perÐptwsh qarakthrÐze-

tai wc “unstable” (bl. Sq ma 20 kai Sq ma 21).

Sq ma 20: Katast�seic AlgorÐjmou CUSUM

Sq ma 21: Mhqan  Katast�sewn Sust matoc (fsm)

AkoloujeÐ h diatÔpwsh tou algorÐjmou CUSUM.
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Algìrijmoc 6.1. One-sided CUSUM Algorithm

R ← 0

output ← 0

state ← “stable”

while(true)

R = max(0, xt − (µ + k) + R)

if (R > h)

if (state = “stable”)

output = 1

state = “unstable”

else-if (state = “unstable”)

output = 0

end-if

R = 0

end-if (R > h)

if (R < h)

if (state = “stable”)

output = 0

else-if (state = “unstable”)

output = −1

state = “stable”

end-if

end-if (R < h)

END.

¥
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6.2.2 Efarmog  AlgorÐjmou CUSUM sto SunSPOT

H efarmog  tou algorÐjmou CUSUM pou ulopoi same, anaptÔqjhke se gl¸ssa

Java me th bo jeia tou anaptuxiakoÔ logismikoÔ NetBeans 6.5 (IDE). To NetBeans

perilamb�nei mÐa prìsjeth efarmog  (plug-in) pou onom�zetai SunSPOT Manager. To

SunSPOT Manager eÐnai èna ergaleÐo me to opoÐo gÐnetai dunat  h diaqeÐrish prag-

matik¸n SunSPOT, all� kai eikonik¸n SunSPOT, miac kai perilamb�nei ton exomoiwt 

Solarium. 'Etsi, me to sugkekrimèno logismikì pakèto mac dÐnetai h dunatìthta na

elègxoume thn orjìthta thc efarmog c mac fort¸nont�c thn se èna eikonikì SunSPOT

mèsw tou exomoiwt  Solarium.

Sthn ulopoÐhs  mac, o algìrijmoc CUSUM efarmìzetai p�nw stic timèc thc jermo-

krasÐac pou perilamb�nontai mèsa se èna arqeÐo. Sth sugkekrimènh efarmog , dhlad ,

den qrhsimopoioÔntai oi timèc pou mac dÐnei o aisjht rac jermokrasÐac tou SunSPOT.

Gia na mporèsei na eÐnai prosb�simo èna arqeÐo apì mia efarmog , kat� th di�rkeia

ektèles c thc se èna SunSPOT, ja prèpei to arqeÐo autì na eÐnai apojhkeumèno

ston f�kelo resources. O f�keloc autìc dhmiourgeÐtai kat� th dhmiourgÐa enìc nèou

prìtzekt sto NetBeans kai brÐsketai mèsa ston kÔrio f�kelo tou prìtzekt autoÔ. 'Ola

ta arqeÐa pou brÐskontai mèsa sto f�kelo resources eÐnai diajèsima gia k�je efarmog 

pou ekteleÐtai se èna SunSPOT.

Gia to di�basma tou arqeÐou temperature.txt, pou perilamb�nei tic metr seic thc

jermokrasÐac me tic opoÐec ja promhjeÔsoume kai ja elègxoume ton algìrijmo CUSUM,

fort¸jhkan oi akìloujec kl�seic:

• Inputstream: H kl�sh aut  eÐnai afhrhmènh (abstract class) kai uperkl�sh

(uper-class) ìlwn twn kl�sewn pou ekproswpoÔn reÔmata eisìdou apì bytes.

• InputStreamReader: H kl�sh aut  eÐnai ousiastik� h gèfura metaxÔ enìc

reÔmatoc eisìdou apì bytes kai enìc reÔmatoc qarakt rwn. Dhlad , h kl�sh

aut  diab�zei ta bytes apì èna reÔma eisìdou kai ta apokwdikopoieÐ se qarakt rec,
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qrhsimopoi¸ntac èna sugkekrimèno sÔnolo qarakt rwn.

• BufferedReader: H kl�sh aut  diab�zei to keÐmeno apì mia ro  qarakt rwn

eisìdou, kai me th qr sh miac endi�meshc mn mhc (buffer) apojhkeÔei touc qara-

kt rec, exasfalÐzontac ètsi thn apotelesmatik  an�gnwsh lèxewn, pin�kwn kai

gramm¸n. EpÐshc, h kl�sh aut  perilamb�nei th mèjodo readline() me thn opoÐa

mporeÐ na diabasteÐ èna arqeÐo an� gramm .

'Etsi, gia to di�basma tou arqeÐou o k¸dikac diamorf¸netai wc ex c:

import java . i o . InputStream ;
import java . i o . InputStreamReader ;
import com . sun . squawk . i o . BufferedReader ;

InputStream inputStream = getC la s s ( ) . getResourceAsStream ( ”/ temperature . txt ” ) ;
InputStreamReader dataReader = new InputStreamReader ( inputStream ) ;
BufferedReader buf feredReader = new BufferedReader ( dataReader ) ;
S t r ing th i sL i n e = nu l l ;
S t r i ngBu f f e r data = new St r i ngBu f f e r ( ) ;
double temperature ;

System . out . f l u s h ( ) ;
t ry {

whi le ( ( t h i sL i n e = buf feredReader . readLine ( ) ) != nu l l ) {
data . append ( th i sL in e + ”\n” ) ;
temperature = Double . parseDouble ( th i sL i n e ) ;
System . out . p r i n t l n ( ”Data = ” + temperature ) ;

}
} catch ( Exception e ) {

e . pr intStackTrace ( ) ;
}

H kÔria kl�sh thc efarmog c mac CusumApplication perilamb�nei tic akìloujec

kl�seic:

• CSState: H kl�sh aut  ousiastik� qrhsimopoieÐtai gia na up�rqei apojhkeumènh

h olik  eikìna tou sust matoc (susswreutikì �jroisma kai kat�stash elègqou),

protoÔ trèxei xan� o algìrijmoc CUSUM. Sthn kl�sh aut  orÐzontai dÔo meta-

blhtèc, ènac prìtupoc kataskeuast c (default constructor) kai dÔo mèjodoi. Sth

sunèqeia, dÐnetai mia sÔntomh perigraf  twn metablht¸n kai twn mejìdwn.

– H metablht  private double R: krat�ei apojhkeumènh thn pio prìsfath

tim  tou susswreutikoÔ ajroÐsmatoc S+,
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– H metablht  String csmstate: krat�ei apojhkeumènh thn kat�stash tou

sust matoc kai mporeÐ na eÐnai Ðsh mìno me dÔo sugkekrimènec grammato-

seirèc. Autèc oi grammatoseirèc orÐzontai apì thn eswterik  kl�sh MyEnum

kai eÐnai h “STABLE” kai h “UNSTABLE”.

– H mèjodoc public double getR(): qrhsimopoieÐtai gia to di�basma thc

tim c thc metablht c R, efìson eÐnai kruf  (private).

– H mèjodoc public void setR(double R): jètei mia kainoÔria tim  sthn

kruf  metablht  R.

• CSAlgorithm: H kl�sh aut  eÐnai o Ðdioc o algìrijmoc CUSUM, ìpwc èqei

perigrafeÐ sthn par�grafo 6.2.1. Oi metablhtèc pou orÐzontai sthn kl�sh aut 

kaj¸c kai oi mèjodoi perigr�fontai parak�tw.

– H metablht  private CSState state: orÐsthke gia na dÐnei tic aparaÐthtec

plhroforÐec ston algìrijmo ìson afor� thn prohgoÔmenh kat�stash tou

sust matoc.

– H metablht  double targetValue: perièqei th mèsh tim  thc jermokrasÐac.

– H metablht  double k: èqei oristeÐ wc to �nw ìrio thc anektikìthtac.

– H metablht  double h: èqei oristeÐ wc to �nw ìrio elègqou gia ton al-

gìrijmo.

– H mèjodoc public int update(double xt): upologÐzei to kainoÔrio �nw

susswreutikì �jroisma S+ kai afoÔ to sugkrÐnei me to �nw ìrio h mac

epistrèfei thn telik  èxodo tou algorÐjmou output ∈ {−1, 0, 1}.

EpÐshc, h kÔria kl�sh CusumApplication ektìc apì tic treic mejìdouc pou orÐzo-

ntai p�nta gia th swst  leitourgÐa tou MIDlet kai �ra kai tou SPOT (startApp(),

pauseApp(), destroyApp()), perilamb�nei akìmh thn:

• private void run(): h opoÐa test�rei thn efarmog  mèsw tou diab�smatoc twn
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tim¸n thc jermokrasÐac, pou perièqontai mèsa sto arqeÐo temperature.txt kai mac

dÐnei ta an�loga apotelèsmata.

Sto sq ma 22 dÐnetai èna di�gramma me tic kl�seic thc efarmog c CusumApplication gia

mia kalÔterh eikìna tou trìpou me ton opoÐo sundèontai metaxÔ touc. 'Epeita akolou-

jeÐ olìklhroc o k¸dikac se Java, ìpwc anaptÔqjhke gia ton algorÐjmo monìpleurou

CUSUM gia mÐa metablht , kaj¸c kai ta apotelèsmata pou p rame apì ton exomoiwt 

kat� thn efarmog  tou p�nw se èna eikonikì SPOT (bl.Sq ma 23).

Sq ma 22: Kl�seic thc efarmog c CusumApplication
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package net . java . dev . netbeansspot ;

// C la s s e s needed f o r the MIDlet
import javax . m i c ro ed i t i on . mid let . MIDlet ;
import javax . m i c ro ed i t i on . mid let . MIDletStateChangeException ;

// Class f o r Exception messages
import java . i o . IOException ;

// C la s s e s f o r Reading a F i l e
import java . i o . InputStream ;
import java . i o . InputStreamReader ;
import com . sun . squawk . i o . BufferedReader ;

pub l i c c l a s s CusumApplication extends MIDlet {
// Class to d e f i n e the system ’ s s t a t e
pub l i c c l a s s CSState {

pr i va t e double R;
S t r ing csmstate ;

/∗ Two s t a t e s : STABLE, UNSTABLE ∗/
/∗ STABLE −−−> Temperature under the l im i t ∗/
/∗ UNSTABLE −−−> Temperature over the l im i t ∗/

pub l i c c l a s s MyEnum {
pub l i c f i n a l s t a t i c S t r ing STABLE = ”STABLE” ;
pub l i c f i n a l s t a t i c S t r ing UNSTABLE = ”UNSTABLE” ;

}

// Defau l t con s t ruc to r
pub l i c CSState ( ) {

R = 0 ;
csmstate = ”STABLE” ;

}

// Method f o r g e t t i n g the value o f R
pub l i c double getR ( ) {

r e turn R;
}

// Method f o r s e t t i n g a new value to R
pub l i c void setR ( double R) {

t h i s .R = R;
}

} // end o f c l a s s CSState
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pub l i c c l a s s CSAlgorithm {
pr i va t e CSState s t a t e = nu l l ;
double targetValue ; // parameter
double k ; // above t o l e r an c e
double h ; // above th r e sho ld

// Defau l t Constructor
pub l i c CSAlgorithm (){ }

// Constructor with parameters
pub l i c CSAlgorithm ( double TargetValue , double kPlus , double hPlus ) {

s t a t e = new CSState ( ) ;
t h i s . targetValue = TargetValue ;
t h i s . k = kPlus ;
t h i s . h = hPlus ;

}

// Method that d e f i n e s the f i n a l output o f the a lgor i thm
pub l i c i n t update ( double xt ) {

i n t outValue = 0 ;
double RR;

s t a t e . setR (Math .max(0 , ( xt − ( targetValue + k) + s t a t e . getR ( ) ) ) ) ;
RR = s t a t e . getR ( ) ;

i f (RR < h) {
i f ( s t a t e . csmstate . equa l s IgnoreCase ( CSState .MyEnum.STABLE) ) {

outValue = 0 ;
}
e l s e i f ( s t a t e . csmstate . equa l s IgnoreCase ( CSState .MyEnum.UNSTABLE) ) {

s t a t e . csmstate = CSState .MyEnum.STABLE;
outValue = −1;

}
}
e l s e i f (RR > h) {

i f ( s t a t e . csmstate . equa l s IgnoreCase ( CSState .MyEnum.STABLE) ) {
s t a t e . csmstate = CSState .MyEnum.UNSTABLE;
outValue = 1 ;

}
e l s e i f ( s t a t e . csmstate . equa l s IgnoreCase ( CSState .MyEnum.UNSTABLE) ) {

outValue = 0 ;
}
s t a t e . setR ( 0 . 0 ) ;

}
r e turn outValue ;

} // end o f method update ( )
} // end o f CSAlgorithm
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pr i va t e void run ( ) throws IOException {
i n t output = 0 ; // the f i n a l output o f the a lgor i thm
double temperature ; // to save the new temperature from f i l e

// Construct a cusum with parameters
// targetValue = 20 .0 , k = 5 . 0 , h = 20 .0
CSAlgorithm cum = new CSAlgorithm (20 . 0 , 5 . 0 , 2 0 . 0 ) ;

System . out . p r i n t l n ( ”Running the Cusum Algorithm . . . ” ) ;
System . out . p r i n t l n ( ”About to open f i l e . . . ” ) ;

// We de f i n e the nece s sa ry v a r i a b l e s f o r read ing a f i l e
InputStream inputStream = getC la s s ( ) . getResourceAsStream ( ”/ temperature . txt ” ) ;
InputStreamReader dataReader = new InputStreamReader ( inputStream ) ;
BufferedReader buf feredReader = new BufferedReader ( dataReader ) ;
S t r ing th i sL in e = nu l l ;
S t r i ngBu f f e r data = new St r i ngBu f f e r ( ) ;

// Flush the input stream from l e f t o v e r cha ra c t e r s
System . out . f l u s h ( ) ;

t ry {
// Loop un t i l the f i l e ends
whi l e ( ( t h i sL i n e = buf feredReader . readLine ( ) ) != nu l l ) {

data . append ( th i sL in e + ”\n” ) ;
temperature = Double . parseDouble ( th i sL i n e ) ;
output = cum . update ( temperature ) ;
System . out . p r i n t l n ( ”Data = ”+temperature+”\ t | Output = ”+output ) ;
System . out . p r i n t l n ( ”Cusum = ”+cum .RR+”\ t | State = ”+cum . s t a t e . csmstate ) ;
System . out . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−” ) ;

}
} catch ( Exception e ) {

e . pr intStackTrace ( ) ;
} // end o f t ry

} // end o f method run ( )

pro tec t ed void startApp ( ) throws MIDletStateChangeException {
System . out . p r i n t l n ( ” S ta r t i ng the Appl i ca t ion . . . ” ) ;
t ry {

run ( ) ;
} catch ( IOException ex ) {

ex . pr intStackTrace ( ) ;
}

}

protec ted void pauseApp ( ) {
// This i s not cu r r en t l y c a l l e d by the Squawk VM

}

protec ted void destroyApp ( boolean uncond i t i ona l ) throws
MIDletStateChangeException {

// TODO
}

} // end o f c l a s s CusumApplication
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Sq ma 23: Apotelèsmata efarmog c algorÐjmou CUSUM
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6.3 Efarmog  AlgorÐjmou CUSUM gia dÔo Metablhtèc

H efarmog  pou anaptÔqjhke gia ton algìrijmo CUSUM gia dÔo metablhtèc è-

qei basisteÐ p�nw ston algìrijmo pou perigr�fetai sthn amèswc epìmenh par�grafo

(bl.Algì-rijmoc 6.2). Gia ton algìrijmo autì qrhsimopoioÔntai oi sqèseic 5.3.4, 5.3.5

kai 5.3.6, pou perigr�foun ton monìpleuro polumetablhtì algìrijmo CUSUM, sÔmfw-

na me ton Crosier (1988). Gia to lìgo autì, epilèxame na onom�soume ton sugkekrimèno

algìrijmo wc algìrijmo Crosier.

6.3.1 Algìrijmoc Crosier

Sth logik  tou o algìrijmoc Crosier den diafèrei apì ton algìrijmo 6.1, pou peri-

gr�fei ton algìrijmo monìpleurou CUSUM. Sto mìno pou diafèroun eÐnai ston trìpo

pou ja upologisteÐ to telikì �nw susswreutikì �jroisma. San eÐsodoi ston algìrijmo

Crosier èqoun oristeÐ:

1. to di�nusma twn mèswn tim¸n means,

2. o antÐstrofoc pÐnakac sundiakÔmanshc Σ−1,

3. to �nw ìrio anektikìthtac k kai

4. to �nw ìrio elègqou h.

H èxodoc tou algorÐjmou eÐnai h metablht  output, h opoÐa ìpwc kai ston algì-

rijmo CUSUM èqei oristeÐ ¸ste na paÐrnei mÐa ek twn tri¸n tim¸n {−1, 0, 1}, dhlad ,
output ∈ {−1, 0, 1}. EpÐshc, h metablht  state pou eÐqame orÐsei ston algìrijmo

CUSUM qrhsimopoieÐtai kai ston algìrijmo Crosier akrib¸c me thn Ðdia logik  kai oi

katast�seic tou sust matoc ìpwc perigr�fontai apì ta sq mata 20 kai 21 isqÔoun kai

se aut  thn perÐptwsh. AkoloujeÐ h diatÔpwsh gia ton algìrijmo Crosier.
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Algìrijmoc 6.2. Crosier Algorithm

Yn ← 0

ouput ← 0

state ← “stable”

while(true)

Cn =
[
(Sn−1 + xn −means)′Σ−1(Sn−1 + xn −means)

]1/2

if (Cn ≥ k)

Sn = (1− k/Cn)(Sn−1 + xn − µ)

else-if (Cn < k)

Sn = 0

end-if

Yn = [S′nΣ−1Sn]1/2

if (Yn > h)

if (state = “stable”)

output = 1

state = “unstable”

else-if (state = “unstable”)

output = 0

end-if

end-if (Yn > h)

if (Yn < h)

if (state = “stable”)

output = 0

else-if (state = “unstable”)

ouput = −1

state = “stable”

end-if
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end-if (Yn < h)

END.

¥

6.3.2 Efarmog  AlgorÐjmou Crosier sto SunSPOT

H kÔria kl�sh thc efarmog c mac CrosierApplication perilamb�nei tic akìloujec

kl�seic:

• CrosierState: H kl�sh aut  ousiastik� qrhsimopoieÐtai gia na up�rqei apo-

jhkeumènh h olik  eikìna tou sust matoc (susswreutikì �jroisma kai kat�stash

elègqou), protoÔ trèxei xan� o algìrijmoc Crosier. Sthn kl�sh aut  orÐzo-ntai

dÔo metablhtèc, ènac prìtupoc kataskeuast c (default constructor) kai dÔo mè-

jodoi. Sth sunèqeia, dÐnetai mia sÔntomh perigraf  twn metablht¸n kai twn

mejìdwn.

– H metablht  private double Y: krat�ei apojhkeumènh thn pio prìsfath

tim  tou susswreutikoÔ ajroÐsmatoc, ìpwc autì upologÐzetai apì th sqèsh

5.3.6.

– H metablht  String crosierstate: krat�ei apojhkeumènh thn kat�stash

tou sust matoc kai mporeÐ na eÐnai Ðsh mìno me dÔo sugkekrimènec gram-

matoseirèc. Autèc oi grammatoseirèc orÐzontai apì thn eswterik  kl�sh

MyEnum kai eÐnai h “STABLE” kai h “UNSTABLE”.

– H mèjodoc public double getY(): qrhsimopoieÐtai gia to di�basma thc

tim c thc metablht c Y, efìson eÐnai kruf  (private).

– H mèjodoc public void setY(double Y): jètei mia kainoÔria tim  sthn

kruf  metablht  Y.
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• CrosierAlgorithm: H kl�sh aut  eÐnai o Ðdioc o algìrijmoc Crosier, ìpwc èqei

perigrafeÐ sthn par�grafo 6.3.1. Oi metablhtèc pou orÐzontai sthn kl�sh aut 

kaj¸c kai oi mèjodoi perigr�fontai parak�tw.

– H metablht  private CrosierState crstate: orÐsthke gia na dÐnei tic a-

paraÐthtec plhroforÐec ston algìrijmo ìson afor� thn prohgoÔmenh kat�-

stash tou sust matoc.

– H metablht  double Cn: h opoÐa perigr�fetai apì th sqèsh 5.3.4

– H metablht  double[] means: eÐnai o pÐnakac pou perièqei tic mèsec timèc

twn dÔo metablht¸n tou algorÐjmou. AntiproswpeÔei, dhlad , to di�nusma

twn mèswn tim¸n.

– H metablht  double[] Sn: eÐnai o pÐnakac (di�nusma), o opoÐoc perièqei tic

timèc pou upologÐzontai sÔmfwna me th sqèsh 5.3.5 pou orÐzei to di�nusma

Sn.

– H metablht  double k: èqei oristeÐ wc to �nw ìrio thc anektikìthtac gia

to sÔsthma.

– H mèjodoc public int update(double[] covMat, double threshold):

upologÐzei to kainoÔrio �nw susswreutikì �jroisma Y kai afoÔ to sugkrÐnei

me to �nw ìrio h mac epistrèfei thn telik  èxodo tou algorÐjmou output

∈ {−1, 0, 1}.

EpÐshc, h kÔria kl�sh CrosierApplication ektìc apì tic treic mejìdouc pou orÐ-

zontai p�nta gia th swst  leitourgÐa tou MIDlet kai �ra kai tou SPOT (startApp(),

pauseApp(), destroyApp()), perilamb�nei akìmh th mèjodo:

• private void run(): h opoÐa elègqei thn efarmog  mèsw tou diab�smatoc tim¸n

dÔo metablht¸n x1 kai x2, oi opoÐec perièqontai mèsa sta arqeÐa input1.txt kai

input2.txt antÐstoiqa gia thn kajemÐa. Epeid , o algìrijmoc Crosier qrhsimopoieÐ

perÐplokec sqèseic kai sÔnjetouc upologismoÔc, gia ton èlegqo thc orjìtht�c
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tou epilèxame na qrhsimopoi soume tic timèc tou paradeÐgmatoc 5.1.

Sto sq ma 24 dÐnetai èna di�gramma me tic kl�seic thc efarmog c CrosierApplication

gia mia kalÔterh eikìna tou trìpou me ton opoÐo sundèontai metaxÔ touc. 'Epeita,

akoloujeÐ olìklhroc o k¸dikac se Java, ìpwc anaptÔqjhke gia ton algorÐjmo Crosier

gia dÔo metablhtèc, kaj¸c kai ta apotelèsmata pou p rame apì ton exomoiwt  kat�

thn efarmog  tou p�nw se èna eikonikì SPOT (bl.Sq ma 25). An sugkrÐnoume ta

apotelèsmata thc efarmog c mac me aut� tou paradeÐgmatoc 5.1, ta opoÐa sunoyÐzontai

ston pÐnaka 2, ja doÔme ìti eÐnai Ðdia. Gegonìc, pou sunep�getai ìti h efarmog  mac

dÐnei swst� apotelèsmata.
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Sq ma 24: Kl�seic thc efarmog c CrosierApplication
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package net . java . dev . netbeansspot ;

// C la s s e s needed f o r the MIDlet
import javax . m i c ro ed i t i on . mid let . MIDlet ;
import javax . m i c ro ed i t i on . mid let . MIDletStateChangeException ;

// Class f o r Exception messages
import java . i o . IOException ;

// C la s s e s f o r Reading a F i l e
import java . i o . InputStream ;
import java . i o . InputStreamReader ;
import com . sun . squawk . i o . BufferedReader ;

pub l i c c l a s s Cro s i e rApp l i c a t i on extends MIDlet {
// Class to d e f i n e the system ’ s s t a t e
pub l i c c l a s s Cro s i e rS ta t e {

pr i va t e double Y;
S t r ing c r o s i e r s t a t e ;

/∗ TWO s t a t e s : STABLE, UNSTABLE ∗/
/∗ STABLE −−−> Temperature under the l im i t ∗/
/∗ UNSTABLE −−−> Temperature over the l im i t ∗/

pub l i c c l a s s MyEnum {
pub l i c f i n a l s t a t i c S t r ing STABLE = ”STABLE” ;
pub l i c f i n a l s t a t i c S t r ing UNSTABLE = ”UNSTABLE” ;

}

// Defau l t con s t ruc to r
pub l i c Cro s i e rS ta t e ( ) {

t h i s .Y = 0 . 0 ;
c r o s i e r s t a t e = ”STABLE” ;

}

// Method f o r g e t t i n g the value o f Y
pub l i c double getY ( ) {

r e turn Y;
}

// Method f o r s e t t i n g a new value to Y
pub l i c void setY ( double Y) {

t h i s .Y = Y;
}

} // end o f c l a s s Cro s i e rS ta t e

// Class f o r the Cros ierAlgor i thm
pub l i c c l a s s Cros ierAlgor i thm {

pr i va t e Cro s i e rS ta t e c r s t a t e = nu l l ;
p r i va t e double Cn ;
double [ ] means ;
double [ ] Sn ;
double k ;

// Defau l t con s t ruc to r
pub l i c Cros ierAlgor i thm ( ) {

c r s t a t e = new Cro s i e rS ta t e ( ) ;
t h i s .Cn = 0 . 0 ;

}
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pub l i c Cros ierAlgor i thm ( double k , double [ ] meanMatrix , double [ ] sn ) {
t h i s . means = meanMatrix ;
t h i s . Sn = sn ;
t h i s . k = k ;
c r s t a t e = new Cro s i e rS ta t e ( ) ;

}
pub l i c Cros ierAlgor i thm ( double k ) {

t h i s . k = k ;
c r s t a t e = new Cro s i e rS ta t e ( ) ;

}

// Method f o r s e t t i n g a new value to Cn
pub l i c void setCn ( double cn ) {

t h i s .Cn = cn ;
}

// Method f o r read ing the value o f Cn
pub l i c double getCn ( ) {

r e turn t h i s .Cn ;
}

// Method f o r f i nd i n g the new value o f Cn
pub l i c void findCn ( double [ ] xn , double [ ] covMat ) {

double c = 0 . 0 ;
double [ ] temp cn = new double [ 2 ] ;
double [ ] temp mult = new double [ 2 ] ;

temp cn [ 0 ] = Sn [ 0 ] + xn [ 0 ] − means [ 0 ] ;
temp cn [ 1 ] = Sn [ 1 ] + xn [ 1 ] − means [ 1 ] ;
temp mult [ 0 ] = temp cn [ 0 ] ∗ covMat [ 0 ] + temp cn [ 1 ] ∗ covMat [ 2 ] ;
temp mult [ 1 ] = temp cn [ 0 ] ∗ covMat [ 1 ] + temp cn [ 1 ] ∗ covMat [ 3 ] ;
c = temp mult [ 0 ] ∗ temp cn [ 0 ] + temp mult [ 1 ] ∗ temp cn [ 1 ] ;
setCn (Math . s q r t ( c ) ) ;

System . out . p r i n t l n ( ”Cn = ” + getCn ( ) ) ;

// Ca l l method f indSn to f i nd the new vecto r Sn
f indSn ( getCn ( ) , xn ) ;

} // end o f method findCn

// Method f o r f i nd i n g the new vecto r Sn
pub l i c void f indSn ( double cn , double [ ] xn ) {

double c = 0 . 0 ;
double [ ] temp sn = new double [ 2 ] ;

c = 1 − k/getCn ( ) ;

temp sn [ 0 ] = c ∗ (Sn [ 0 ] + xn [ 0 ] − means [ 0 ] ) ;
temp sn [ 1 ] = c ∗ (Sn [ 1 ] + xn [ 1 ] − means [ 1 ] ) ;

Sn = temp sn ;

System . out . p r i n t l n ( ”Sn [ 1 ] = ”+Sn [ 0 ] ) ;
System . out . p r i n t l n ( ”Sn [ 2 ] = ”+Sn [ 1 ] ) ;

} // end o f method f indSn
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pub l i c i n t update ( double [ ] covMat , double th r e sho ld ) {
i n t output = 0 ;
double yn = 0 . 0 ;
double [ ] temp yn = new double [ 2 ] ;

temp yn [ 0 ] = Sn [ 0 ] ∗ covMat [ 0 ] + Sn [ 1 ] ∗ covMat [ 2 ] ;
temp yn [ 1 ] = Sn [ 0 ] ∗ covMat [ 1 ] + Sn [ 1 ] ∗ covMat [ 3 ] ;
yn = Math . s q r t ( temp yn [ 0 ] ∗ Sn [ 0 ] + temp yn [ 1 ] ∗ Sn [ 1 ] ) ;

System . out . p r i n t l n ( ”Yn = ”+yn ) ;

i f ( yn < th r e sho ld ) {
i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.STABLE) ) {

output = 0 ;
}
e l s e i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.UNSTABLE) ) {

c r s t a t e . c r o s i e r s t a t e = Cro s i e rS ta t e .MyEnum.STABLE;
output = −1;

}
} e l s e {

i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.STABLE) ) {
c r s t a t e . c r o s i e r s t a t e = Cro s i e rS ta t e .MyEnum.UNSTABLE;
output = 1 ;

}
e l s e i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.UNSTABLE) ) {

output = 0 ;
}

}
r e turn output ;

} // end o f method update ( )
} // end o f c l a s s Cros ierAlgor i thm

pr i va t e void run ( ) throws IOException {
Cros ierAlgor i thm c r o s i e r = new Cros ierAlgor i thm ( 0 . 5 ) ;
i n t count = 0 ;
i n t outValue = 0 ;

double [ ] means = {0 . 0 , 0 . 0 } ;
double [ ] s0 = {0 . 0 , 0 . 0 } ;
double [ ] x = new double [ 2 ] ;
double [ ] covMatrix = {1 .33 , −0.67 , −0.67 , 1 . 3 3} ;

System . out . p r i n t l n ( ”Running the Cusum Algorithm . . . ” ) ;
System . out . p r i n t l n ( ”About to open f i l e s . . . ” ) ;

// Read from f i l e input1 . txt
InputStream inputStream1 = getC la s s ( ) . getResourceAsStream ( ”/ input1 . txt ” ) ;
InputStreamReader dataReader1 = new InputStreamReader ( inputStream1 ) ;
BufferedReader buffReader1 = new BufferedReader ( dataReader1 ) ;
S t r ing th i sL in e1 = nu l l ;
S t r i ngBu f f e r data1 = new St r i ngBu f f e r ( ) ;

// Read from f i l e input2 . txt
InputStream inputStream2 = getC la s s ( ) . getResourceAsStream ( ”/ input2 . txt ” ) ;
InputStreamReader dataReader2 = new InputStreamReader ( inputStream2 ) ;
BufferedReader buffReader2 = new BufferedReader ( dataReader2 ) ;
S t r ing th i sL in e2 = nu l l ;
S t r i ngBu f f e r data2 = new St r i ngBu f f e r ( ) ;
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System . out . f l u s h ( ) ;

t ry {
// Loop un t i l the end o f f i l e s
whi l e ( ( ( th i sL in e1 = buffReader1 . readLine ( ) ) != nu l l ) &&

( ( th i sL in e2 = buffReader2 . readLine ( ) ) != nu l l ) )
{

data1 . append ( th i sL in e1 + ”\n” ) ;
x [ 0 ] = Double . parseDouble ( th i sL in e1 ) ;
data2 . append ( th i sL in e1 + ”\n” ) ;
x [ 1 ] = Double . parseDouble ( th i sL in e2 ) ;

System . out . p r i n t l n ( ”n = ”+(count +1)) ;
System . out . p r i n t l n ( ”x1 = ” + x [ 0 ] ) ;
System . out . p r i n t l n ( ”x2 = ” + x [ 1 ] ) ;

i f ( count == 0) {
c r o s i e r . Sn = s0 ;

}
c r o s i e r . means = means ;
c r o s i e r . f indCn (x , covMatrix ) ;
outValue = c r o s i e r . update ( covMatrix , 5 . 5 ) ;
System . out . p r i n t l n ( ”Output= ” + outValue ) ;
System . out . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−” ) ;
count++;

} // end o f whi l e statement
} catch ( Exception e ) {

e . pr intStackTrace ( ) ;
} // end o f t ry

} // end o f method run ( )

pro tec t ed void startApp ( ) throws MIDletStateChangeException {
t ry {

run ( ) ;
} catch ( IOException ex ) {

ex . pr intStackTrace ( ) ;
}

}

protec ted void pauseApp ( ) {
// This i s not cu r r en t l y c a l l e d by the Squawk VM

}

protec ted void destroyApp ( boolean uncond i t i ona l ) throws
MIDletStateChangeException {

// TODO
}

}
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Sq ma 25: Apotelèsmata efarmog c algorÐjmou Crosier
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6.3.3 Efarmog  AlgorÐjmou Crosier se dÐktuo apì SunSPOTs

To dÐktuo pou ulopoÐhsame apoteleÐtai apì trÐa SunSPOTs. To k�je SunSPOT

trèqei th dik  tou efarmog , pou eÐnai eidik� diamorfwmènh gia th leitourgÐa pou

jèloume na ektelèsei. An�mes� touc up�rqei epikoinwnÐa kai eÐnai dunat  h l yh kai h

apostol  mhnum�twn kai apì ta trÐa. Ta dÔo SunSPOTs diab�zoun dedomèna apì èna

arqeÐo kai ta stèlnoun sto trÐto SunSPOT, to opoÐo ta qrhsimopoieÐ gia na trèxei ton

algìrijmo Crosier. To arqeÐo apì to opoÐo diab�zoun ta dÔo SunSPOTs eÐnai diafore-

tikì gia to kajèna, miac kai to èna perilamb�nei timèc jermokrasÐac kai to �llo timèc

fwteinìthtac.

Gia to sugqronismì twn tri¸n SunSPOTs, èqoume orÐsei to SunSPOT pou ja trèxei

ton algìrijmo Crosier na steÐlei pr¸ta èna m numa “OK” sta �lla dÔo, ¸ste na

arqÐsoun na stèlnoun ta dedomèna touc. EpÐshc, èqoume orÐsei ta dÔo SunSPOTs na

mhn xekin soun na stèlnoun dedomèna protoÔ l�boun to m numa “OK” apì to trÐto. Tic

treic efarmogèc pou anaptÔxame tic èqoume antistoiqÐsei se sugkekrimèna SunSPOTs

an�loga me th dieÔjunsh pou èqei to kajèna (MAC address). Sugkekrimèna,

¦ to SunSPOT me th dieÔjunsh 7f00.0001.0000.1001 trèqei thn efarmog 

SenderTemperature,

¦ to SunSPOT me th dieÔjunsh 7f00.0001.0000.1002 trèqei thn efarmog 

SenderBrightness kai tèloc,

¦ to SunSPOT me th dieÔjunsh 7f00.0001.0000.1003 trèqei thn efarmog 

CrosierOnlineAppReceiver.

Oi dÔo efarmogèc SenderTemperature kai SenderBrightness, den diafèroun ka-

jìlou ìson afor� ton k¸dika, par� mìno sto gegonìc ìti diab�zoun apì diaforetik�

arqeÐa. Dhlad , parousi�zoun mìno mÐa diafor� se mÐa gramm  k¸dika, pou èqei na

k�nei me to �noigma tou arqeÐou. Gia to lìgo autì, ja perigr�youme mìno thn efarmog 

SenderTemperature.
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I Efarmog  SenderTemperature: 'Opwc anafer�me kai prohgoumènwc, kai ta

trÐa SunSPOTs èqoun th dunatìthta na steÐloun kai na l�boun mhnÔmata. Gia to sug-

qronismì twn dÔo aut¸n leitourgi¸n èqoun qrhsimopoihjeÐ diaforetik� n mata (threads),

¸ste na up�rqei sugqronismìc metaxÔ apostol c kai l yhc. H kÔria kl�sh thc efar-

mog c SenderTemperature perilamb�nei tic akìloujec kl�seic:

• DataSender: h opoÐa qrhsimopoieÐtai gia thn apostol  mhnum�twn se èna �l-

lo SunSPOT. H kl�sh aut  perilamb�nei mÐa metablht  kai dÔo mejìdouc pou

perigr�fontai parak�tw.

– H metablht  private static DataSender ourInstance, h opoÐa ìpwc

faÐnetai apì ton orismì thc èqei ton tÔpo thc kl�shc DataSender kai qrhsi-

mopoieÐtai apì thn mèjodo getInstance(), pou perigr�fetai amèswc met�. H

metablht  aut  eÐnai ousiastik� ènac deÐkthc, pou deÐqnei se èna antikeÐmeno

DataSender.

– H mèjodoc public static DataSender getInstance(), h opoÐa ìtan kalesteÐ

dhmiourgeÐtai èna kainoÔrio antikeÐmeno DataSender kai epistrèfetai h tim 

thc metablht c ourInstance (dieÔjunsh mn mhc pou antistoiqeÐ sto antikeÐ-

meno pou deÐqnei). Autì bohj�ei ston sugqronismì gia thn apostol  twn

mhnum�twn se èna SunSPOT pou {akoÔei}.

– H mèjodoc synchronized public void send() pragmatopoieÐ thn apostol 

mhnum�twn mèsw diagramm�twn (datagrams) se ìpoio SunSPOT {akoÔei}.

• Receive: H kl�sh aut  epekteÐnei thn kl�sh Thread kai qrhsimopoieÐtai gia

th l yh mhnum�twn apì �lla SunSPOTs. Sth sunèqeia, dÐnetai mia sÔntomh

perigraf  twn metablht¸n kai twn mejìdwn pou perilamb�nei.

– H metablht  private int readyToReceive èqei oristeÐ gia na elègqei an

to SunSPOT pou prìkeitai na l�bei m numa eÐnai ètoimo gia th l yh aut .
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– H mèjodoc public void setReadyToReceive() jètei thn metablht  ready-

ToReceive Ðsh me th mon�da, ¸ste na xekin sei h l yh twn mhnum�twn.

– H mèjodoc public int getReadyToReceive(): qrhsimopoieÐtai gia to

di�basma thc tim c pou èqei h kruf  metablht  readyToReceive.

– H mèjodoc public void run(), h opoÐa klhronomeÐtai apì thn kl�sh Thread,

qrhsimopoieÐtai gia th sugqronismènh l yh twn mhnum�twn ìtan to sug-

kekrimèno SunSPOT, pou trèqei thn efarmog  aut , akoÔsei k�poio �llo

SunSPOT na tou stèlnei.

Tèloc, h kÔria kl�sh SenderTemperature perilamb�nei kai tic treic aparaÐthtec

mejìdouc gia th swst  leitourgÐa tou MIDlet, dhlad , 1) th mèjodo startApp(),

2) th mèjodo pauseApp() kai 3) th mèjodo destroyApp(). Parak�tw dÐnetai èna

sqhmatikì di�gramma pou apeikonÐzei tic kl�seic pou perigr�fhkan kai sth sunèqeia

dÐnetai o k¸dikac pou anaptÔqjhke gia thn efarmog  SenderTemperature.

Sq ma 26: Kl�seic thc efarmog c SenderTemperature kai SenderBrightness
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package net . java . dev . netbeansspot ;

// C la s s e s needed f o r the MIDlet
import javax . m i c ro ed i t i on . mid let . MIDlet ;
import javax . m i c ro ed i t i on . mid let . MIDletStateChangeException ;
import javax . m i c ro ed i t i on . i o . ∗ ;

// Class f o r Exception messages
import java . i o . IOException ;

// C la s s e s f o r Reading a F i l e
import java . i o . InputStream ;
import java . i o . InputStreamReader ;
import com . sun . squawk . i o . BufferedReader ;

// Class f o r us ing the method u t i l s . s l e e p ( t ) to make a
// thread s l e ep f o r t ms i gno r i ng any Inter ruptedExcept ion
import com . sun . spot . u t i l . U t i l s ;

// Class f o r sending a data message to another SunSPOT
c l a s s DataSender {

// s t a t i c i n s t ance ( our Ins tance ) i n i t i a l i z e d as nu l l .
p r i va t e s t a t i c DataSender our Ins tance = nu l l ;

// Pr ivate con s t ruc to r suppre s s e s gene ra t i on
// o f a d e f au l t con s t ruc to r .
p r i va t e DataSender ( ) {

// Does nothing
}

// DataSender i s loaded on the f i r s t execut ion o f
// DataSender . g e t In s tance ( ) or the f i r s t a c c e s s to
// DataSender . ourInstance , not be f o r e . r e tu rn s −> our Ins tance
pub l i c s t a t i c DataSender ge t In s tance ( ) {

synchron ized ( DataSender . c l a s s ) {
i f ( our Ins tance == nu l l ) {

our Ins tance = new DataSender ( ) ;
}

}
r e turn our Ins tance ;

}

// Send a message ( S t r ing ) to a s p e c i f i c Des t ina t i on .
synchron ized pub l i c void send ( f i n a l S t r ing targetAddress , f i n a l S t r ing msg) {

t ry {
// We c r ea t e a DatagramConnection
f i n a l DatagramConnection dgConnection = ( DatagramConnection )

Connector . open ( ” radiogram :// ” + targetAddress + ” :37 ” ) ;

// Then , we ask f o r a datagram with the maximum s i z e a l lowed
f i n a l Datagram dg = dgConnection . newDatagram( dgConnection . getMaximumLength ( ) ) ;

//Ensures that the next read / wr i t e opera t i on
// w i l l read / wr i t e from the s t a r t o f the datagram
dg . r e s e t ( ) ;
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//Write Data to Datagram
dg . writeUTF(msg ) ;

//Send Datagram
dgConnection . send ( dg ) ;

// Close the connect ion
dgConnection . c l o s e ( ) ;

U t i l s . s l e e p ( 5 0 0 ) ; // Make the thread s l e ep f o r 500ms
} catch ( IOException ex ) {

System . out . p r i n t l n ( ”Could not open radiogram connect ion ” ) ;
ex . pr intStackTrace ( ) ;

} // end o f t ry
} // end o f send method

} // end o f c l a s s DataSender

// Class to r e c e i v e messages
c l a s s Receive extends Thread{

pr i va t e i n t readyToReceive = 0 ;

pub l i c void setReadyToReceive ( ) {
readyToReceive = 1 ;

}

pub l i c i n t getReadyToReceive ( ) {
r e turn readyToReceive ;

}

pub l i c void run ( ) {
// Se t t i ng up the Datagram Connection
DatagramConnection dgConnection = nu l l ;
Datagram dg = nu l l ;

t ry {
//Open Datagram Connection on port 37
dgConnection = ( DatagramConnection ) Connector . open ( ” radiogram : / / : 3 7 ” ) ;

// Then , we ask f o r a datagram with the maximum s i z e a l lowed
dg = dgConnection . newDatagram( dgConnection . getMaximumLength ( ) ) ;

} catch ( IOException e ) {
System . out . p r i n t l n ( ”Could not open radiogram r e c e i v e r connect ion ” ) ;
e . pr intStackTrace ( ) ;
r e turn ;

} // end o f t ry

whi l e ( t rue ) {
t ry {

// Ensures that the next read or wr i t e opera t i on
// w i l l read / wr i t e from the s t a r t o f the radiogram
dg . r e s e t ( ) ;

// Receive a Datagram
dgConnection . r e c e i v e ( dg ) ;
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//Read a St r ing from datagram .
f i n a l S t r ing rcvMsg = dg . readUTF ( ) ;

i f ( rcvMsg . equa l s IgnoreCase ( ”ok” ) ) {
setReadyToReceive ( ) ;

} e l s e {
System . out . p r i n t l n ( ”Not ready to r e c e i v e yet ! ” ) ;

}

} catch ( IOException e ) {
System . out . p r i n t l n ( ”Nothing r e c e i v ed ” ) ;
e . pr intStackTrace ( ) ;

} // end o f t ry
} // end o f whi l e ( t rue )

} // end o f method run ( )
} // end o f c l a s s Receive

pub l i c c l a s s SenderTemperature extends MIDlet {

protec ted void startApp ( ) throws MIDletStateChangeException {
// Read from f i l e temperature . txt
InputStream inputStream = getC la s s ( ) . getResourceAsStream ( ”/ temperature . txt ” ) ;
InputStreamReader dataReader = new InputStreamReader ( inputStream ) ;
BufferedReader buf feredReader = new BufferedReader ( dataReader ) ;
S t r ing th i sL in e = nu l l ;
S t r i ngBu f f e r data = new St r i ngBu f f e r ( ) ;
f i n a l S t r ing d e s t i n a t i on = ”7 f00 . 0001 . 0000 . 1003 ” ;
Receive spot = new Receive ( ) ;

// Flush the input stream from l e f t o v e r cha ra c t e r s
System . out . f l u s h ( ) ;

spot . s t a r t ( ) ; // Sta r t to Receive

whi l e ( t rue ) {
i f ( spot . getReadyToReceive ( ) == 1) {

t ry {
whi le ( ( t h i sL i n e = buf feredReader . readLine ( ) ) != nu l l ) {

data . append ( th i sL in e + ”\n” ) ;
DataSender . g e t In s tance ( ) . send ( de s t i na t i on , t h i sL i n e ) ;

}
} catch ( Exception e ) {

e . pr intStackTrace ( ) ;
} // end o f t ry

} // end o f i f statement
} // end o f whi l e ( t rue )

}

protec ted void pauseApp ( ) {
// This i s not cu r r en t l y c a l l e d by the Squawk VM

}

protec ted void destroyApp ( boolean uncond i t i ona l ) throws
MIDletStateChangeException { // TODO

}
} // end o f c l a s s SenderTemperature
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I Efarmog  CrosierOnlineAppReceiver: H kÔria kl�sh thc efarmog c aut c

perilamb�nei tic Ðdiec kl�seic me autèc pou perigr�fhkan gia thn efarmog  Crosier-

Application sthn par�grafo 6.3.2 kai èqoun prostejeÐ kai oi kl�seic DataSender kai

Receive gia thn apostol  kai l yh mhnum�twn, oi opoÐec perigr�fhkan sthn par�grafo

6.3.3. EpÐshc, sthn kl�sh CrosierAlgorithm pou perigr�fetai o algìrijmoc Crosier,

èqoun prostejeÐ k�poiec mèjodoi. Parak�tw dÐnetai mia sÔntomh lÐsta kai perigraf 

twn stoiqeÐwn pou perilamb�nei h kÔria kl�sh thc efarmog c CrosierOnlineAppRe-

ceiver.

• CrosierState: h kl�sh aut  èqei perigrafeÐ sthn par�grafo 6.3.2.

• CrosierAlgorithm: h kl�sh aut  perilamb�nei tic Ðdiec metablhtèc kai mejìdouc

ìpwc èqoun perigrafeÐ sthn par�grafo 6.3.2 kai èqoun prostejeÐ k�poiec meta-

blhtèc kai mèjodoi, pou perigr�fontai sth sunèqeia. Tic metablhtèc kai tic

mejìdouc autèc tic prosjèsame gia dÔo lìgouc. Pr¸ton, gia thn arqikopoÐhsh

tou sust matoc kai deÔteron gia thn ananèwsh twn statistik¸n stoiqeÐwn pou

upologÐzontai. H arqikopoÐhsh tou sust matoc gÐnetai met� apì th l yh 50

deigm�twn gia th jermokrasÐa kai th fwteinìthta, ìpou upologÐzontai ìla ta

statistik� stoiqeÐa pou qrei�zontai gia ton algìrijmo Crosier. 'Epeita, me tic

timèc autèc h efarmog  elègqei thn kat�stash tou sust matoc mèsw tou al-

gorÐjmou Crosier. Sth sunèqeia, o algìrijmoc Crosier trèqei me tic timèc pou

upologÐsthkan sthn arqikopoÐhsh, en¸ par�llhla anane¸nontai ta statistik�

stoiqeÐa gia k�je kainoÔrio zeÔgoc tim¸n (jermokrasÐa, fwteinìthta), qwrÐc to

deÔtero na ephre�zei to pr¸to. Ta statistik� stoiqeÐa anane¸nontai k�je for�

pou oloklhr¸netai èna set apì 50 deÐgmata zeÔgwn (jermokrasÐac, fwteinìthtac).

– H mèjodoc public void meanUpdate(): èqei oristeÐ ¸ste na k�nei mia

apl  antikat�stash twn kainoÔriwn mèswn tim¸n kai na anane¸nei to di�nus-

ma twn mèswn newMeans, afoÔ oloklhrwjoÔn ìloi oi upìloipoi statis-
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tikoÐ upologismoÐ. O lìgoc pou gÐnetai autì eÐnai giatÐ ìpwc ja doÔme kai

stic epìmenec sqèseic, gia thn online ananèwsh twn stastik¸n stoiqeÐwn

qrei�zontai kai oi palièc all� kai oi kainoÔriec mèsec timèc.

– H mèjodoc public void findNewMeans(): qrhsimopoieÐtai gia ton upo-

logismì twn kainoÔriwn mèswn tim¸n, sÔmfwna me th sqèsh,

x̄new = x̄old +
xn − x̄old

n

ìpou xn eÐnai h kainoÔria tim  thc metablht c x pou lamb�nei o algìrijmoc.

– H mèjodoc public void updateVariances(): anane¸nei tic timèc twn dia-

kum�nsewn twn dÔo metablht¸n (jermokrasÐa, fwteinìthta), sÔmfwna me th

sqèsh,

var(x)new =
var(x)old + (xn − x̄old)(xn − x̄new)

n− 1

ìpou xn eÐnai h kainoÔria tim  thc metablht c x pou lamb�nei o algìrijmoc.

– H mèjodoc public void updateCovariance(): upologÐzei thn kainoÔria

sundiakÔmansh twn dÔo metablht¸n (jermokrasÐa, fwteinìthta), sÔmfwna

me th sqèsh,

cov(x, y)new =
(n− 1)cov(x, y)old + n−1

n (xn − x̄old)(yn − ȳold)
n

ìpou xn kai yn eÐnai oi kainoÔriec timèc twn metablht¸n x kai y pou lamb�nei

o algìrijmoc.

– H mèjodoc public void updateInverseCovMatrix(): anane¸nei ton pÐ-

naka sundiakÔmanshc me tic kainoÔriec timèc pou upologÐsthkan.

• DataSender: h kl�sh aut  èqei perigrafeÐ sthn par�grafo 6.3.3.

• Receive: h kl�sh aut  eÐnai lÐgo diaforetik  apì thn kl�sh pou perigr�fhke

sthn par�grafo 6.3.3. Autì ofeÐletai sto gegonìc ìti sthn kl�sh aut  ja
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trèxei o algìrijmoc me tic timèc pou ja l�bei apì ta dÔo SunSPOTs. 'Etsi,

èqoun oristeÐ k�poiec epiplèon metablhtèc kai h mèjodoc run() pou klhronomeÐtai

apì thn kl�sh Thread èqei diamorfwjeÐ kat�llhla gia thn efarmog  aut  kai

perigr�fetai analutik� sth sunèqeia.

– H metablht  String address: èqei oristeÐ gia na apojhkeÔetai h dieÔjunsh

tou SunSPOT, apì to opoÐo gÐnetai h l yh thc epìmenhc mètrhshc.

– H metablht  char spotaddr: eÐnai Ðsh me ton teleutaÐo qarakt ra thc

metablht c address, kai qrhsimopoieÐtai se mÐa sunj kh switch, ¸ste na gÐne-

tai h di�krish an�mesa sta dÔo SunSPOTs. Me autìn ton trìpo h efarmog 

mac katalabaÐnei an h mètrhsh pou mìlic èqei l�bei eÐnai tim  jermokrasÐac

  tim  fwteinìthtac.

– H metablht  private double temperature: qrhsimopoieÐtai gia na apo-

jhkeÔsei thn kainoÔria tim  jermokrasÐac pou lamb�nei h efarmog .

– H metablht  private double brightness: qrhsimopoieÐtai gia na apo-

jhkeÔsei thn kainoÔria tim  fwteinìthtac pou lamb�nei h efarmog .

– H mèjodoc synchronized public void run(): xekin�ei th sÔndesh me

ìpoio SunSPOT {akoÔsei}, k�nei ton èlegqo me th sunj kh switch, ìpwc

perigr�yame parap�nw, gia na katal�bei an lamb�nei tim  jermokrasÐac  

tim  fwteinìthtac kai trèqei èpeita ton algìrijmo Crosier, afoÔ l�bei timèc

kai gia tic dÔo metablhtèc (jermokrasÐa, fwteinìthta).

Tèloc, h kÔria kl�sh CrosierOnlineAppReceiver perilamb�nei kai tic treic aparaÐ-

thtec mejìdouc gia th swst  leitourgÐa tou MIDlet, dhlad , 1) th mèjodo startApp(),

2) th mèjodo pauseApp() kai 3) th mèjodo destroyApp(). Parak�tw dÐnetai èna

sqhmatikì di�gramma pou apeikonÐzei tic kl�seic pou perigr�fhkan kai sth sunèqeia

dÐnetai o k¸dikac pou anaptÔqjhke gia thn efarmog  CrosierOnlineAppReceiver.
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Sq ma 27: Kl�seic thc efarmog c CrosierOnlineAppReceiver
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package net . java . dev . netbeansspot ;

// C la s s e s needed f o r the MIDlet
import javax . m i c ro ed i t i on . i o . ∗ ;
import javax . m i c ro ed i t i on . mid let . MIDlet ;
import javax . m i c ro ed i t i on . mid let . MIDletStateChangeException ;

// Class f o r Exception messages
import java . i o . IOException ;

// Class to d e f i n e the system ’ s s t a t e
c l a s s Cro s i e rS ta t e {

pr i va t e double Y; // value that d e f i n e s the alarm
St r ing c r o s i e r s t a t e ; // to remember prev ious s t a t e

/∗ TWO s t a t e s : STABLE, UNSTABLE ∗/
/∗ STABLE −−−> Temperature under the l im i t ∗/
/∗ UNSTABLE −−−> Temperature over the l im i t ∗/
pub l i c c l a s s MyEnum {

pub l i c f i n a l s t a t i c S t r ing STABLE = ”STABLE” ;
pub l i c f i n a l s t a t i c S t r ing UNSTABLE = ”UNSTABLE” ;

}

// Defau l t con s t ruc to r
pub l i c Cro s i e rS ta t e ( ) {

t h i s .Y = 0 . 0 ;
c r o s i e r s t a t e = ”STABLE” ;

}

// Method f o r g e t t i n g the value o f Y
pub l i c double getY ( ) {

r e turn Y;
}

// Method f o r s e t t i n g a new value to Y
pub l i c void setY ( double Y) {

t h i s .Y = Y;
}

}

// Class f o r the Cros ierAlgor i thm where the output depends on
// the two dimension vec to r x = ( temperature , b r i gh tne s s )
c l a s s Cros ierAlgor i thm {

// Var iab l e s f o r the Cro s i e r Algorithm
pr i va t e Cro s i e rS ta t e c r s t a t e = nu l l ;
p r i va t e double Cn ;
double [ ] Sn = new double [ 2 ] ;
double k ;

// Var iab l e s f o r the s t a t i s t i c a l formulas
i n t n = 0 ; // number o f sample va lue s
double [ ] means = new double [ 2 ] ; // ho lds the f i r s t mean va lues
double [ ] inverseCovMatrix = new double [ 4 ] ; // the i nv e r s e covar iance matrix
double varX ; // var (X)
double varY ; // var (Y)
double covXY ; // cov (X,Y)

// Temporary v a r i a b l e s f o r the updating o f the s t a t i s t i c a l e lements
double [ ] oldMeans = new double [ 2 ] ; // ho lds the o ld mean va lues
double [ ] newMeans = new double [ 2 ] ; // f o r on l i n e updating the means
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double VX; // var (X)
double VY; // var (Y)
double CXY; // cov (X,Y)
double [ ] INCOV = new double [ 4 ] ; // i nv e r s e covar iance matrix

// Defau l t con s t ruc to r
pub l i c Cros ierAlgor i thm ( ) {

c r s t a t e = new Cro s i e rS ta t e ( ) ;
t h i s .Cn = 0 . 0 ;

}

// Constructor with three parameters
pub l i c Cros ierAlgor i thm ( double k , double [ ] meanMatrix , double [ ] sn ) {

t h i s . means = meanMatrix ;
t h i s . Sn = sn ;
t h i s . k = k ;
c r s t a t e = new Cro s i e rS ta t e ( ) ;

}

// Constructor with one parameter
pub l i c Cros ierAlgor i thm ( double k ) {

t h i s . k = k ;
t h i s .Cn = 0 . 0 ;
c r s t a t e = new Cro s i e rS ta t e ( ) ;

}

// Se t t e r and g e t t e r f o r the p r i va t e va r i ab l e Cn
pub l i c void setCn ( double cn ) {

t h i s .Cn = cn ;
}
pub l i c double getCn ( ) {

r e turn t h i s .Cn ;
}

/∗ The f o l l ow i ng methods are used to c a l c u l a t e and update ∗/
/∗ a l l the s t a t i s t i c a l e lemenents that are nece s sa ry f o r ∗/
/∗ the Cro s i e r a lgor i thm : 1)mean vector , 2) var iance , ∗/
/∗ 3) covar iance and 4) i nv e r s e covar iance matrix ∗/

// Method f o r f i nd i n g the mean vec to r means [ ]
pub l i c void findMeans ( double [ ] x , double [ ] y ) {

double tempx = 0 . 0 ;
double tempy = 0 . 0 ;

n = x . l ength ; // n = number o f sample va lue s

f o r ( i n t i =0; i < n ; i++) {
tempx = tempx + x [ i ] ;
tempy = tempy + y [ i ] ;

}
tempx /= n ;
tempy /= n ;

means [ 0 ] = tempx ; // mean(x )
means [ 1 ] = tempy ; // mean(y )

} // end o f method findMeans ( )
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// Method f o r f i nd i n g the var iance o f a va r i ab l e x
pub l i c double f indVar iance ( double [ ] x , double meanX) {

double [ ] temp = new double [ n ] ; // n va lue s o f x
double var i ance = 0 . 0 ;

f o r ( i n t i = 0 ; i < n ; i ++) {
temp [ i ] = x [ i ] − meanX ;
var iance += temp [ i ] ∗ temp [ i ] ;

}
var iance /= (n−1);
r e turn var iance ;

} // end o f method f indVar iance

// Method f o r f i nd i n g the covar iance between two va r i a b l e s x and y
pub l i c double f indCovar iance ( double [ ] x , double [ ] y , double meanX, double meanY) {

double [ ] tempX = new double [ n ] ;
double [ ] tempY = new double [ n ] ;
double covar iance = 0 . 0 ;

f o r ( i n t i = 0 ; i < n ; i ++) {
tempX [ i ] = x [ i ] − meanX ;
tempY [ i ] = y [ i ] − meanY ;
covar iance += tempX [ i ] ∗ tempY [ i ] ;

}
covar iance /= (n−1);
r e turn covar iance ;

} // end o f method f indCovar iance

// Method f o r f i nd i n g the i nv e r s e covar iance matrix f o r two va r i a b l e s x and y
pub l i c void f indInverseCovMatr ix ( double [ ] x , double [ ] y , double meanX, double meanY) {

double [ ] covMatrix = new double [ 4 ] ;
double [ ] tempCovMatrix = new double [ 4 ] ;
double det = 0 . 0 ;

varX = f indVar iance (x , meanX ) ;
varY = f indVar iance (y , meanY ) ;
covXY = f indCovar iance (x , y , meanX, meanY ) ;

covMatrix [ 0 ] = varX ;
covMatrix [ 1 ] = covXY ;
covMatrix [ 2 ] = covXY ;
covMatrix [ 3 ] = varY ;

// f i nd the determinant
det = covMatrix [ 0 ] ∗ covMatrix [ 3 ] − covMatrix [ 1 ] ∗ covMatrix [ 2 ] ;

i f ( det != 0) {
tempCovMatrix [ 0 ] = covMatrix [ 3 ] / det ;
tempCovMatrix [ 1 ] = −covMatrix [ 1 ] / det ;
tempCovMatrix [ 2 ] = −covMatrix [ 2 ] / det ;
tempCovMatrix [ 3 ] = covMatrix [ 0 ] / det ;
inverseCovMatrix = tempCovMatrix ;

} e l s e {
System . out . p r i n t l n ( ”The determinant i s ze ro ! ! ! ” ) ;

}
} // end o f method f indInverseCovMatr ix

// Method f o r updating the means
pub l i c void meanUpdate ( ) {

oldMeans [ 0 ] = newMeans [ 0 ] ;
oldMeans [ 1 ] = newMeans [ 1 ] ;

}
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// Method f o r c a l c u l a t i n g the new mean o f a va r i ab l e
pub l i c void findNewMeans ( double [ ] xn ) {

n = n + 1 ;
newMeans [ 0 ] = oldMeans [ 0 ] + (xn [ 0 ] − oldMeans [ 0 ] ) / n ;
newMeans [ 1 ] = oldMeans [ 1 ] + (xn [ 1 ] − oldMeans [ 1 ] ) / n ;

}

// Method f o r updating the new var i anc e s o f x and y
pub l i c void updateVariances ( double x , double y ) {

double tempX = 0 . 0 ;
double tempY = 0 . 0 ;

tempX = VX + (x − oldMeans [ 0 ] ) ∗ ( x − newMeans [ 0 ] ) ;
tempY = VY + (y − oldMeans [ 1 ] ) ∗ ( y − newMeans [ 1 ] ) ;

VX = tempX/(n−1);
VY = tempY/(n−1);

} // end o f method updateVariances

// Method f o r updating the covar iance o f x and y
pub l i c void updateCovariance ( double x , double y ) {

double tempCov = 0 . 0 ;
double tempXY = 0 . 0 ;

tempXY = (n−1)∗(x − oldMeans [ 0 ] ) ∗ ( y − oldMeans [ 1 ] ) / n ;
tempCov = CXY ∗(n−1) + tempXY;
CXY = tempCov/n ;

} // end o f method updateCovariance

// Method f o r updating the i nv e r s e covar iance matrix
pub l i c void updateInverseCovMatrix ( ) {

double [ ] covMatrix = new double [ 4 ] ;
double [ ] tempCovMatrix = new double [ 4 ] ;
double det = 0 . 0 ;

covMatrix [ 0 ] = VX;
covMatrix [ 1 ] = CXY;
covMatrix [ 2 ] = CXY;
covMatrix [ 3 ] = VY;

det = covMatrix [ 0 ] ∗ covMatrix [ 3 ] − covMatrix [ 1 ] ∗ covMatrix [ 2 ] ;

i f ( det != 0) {
tempCovMatrix [ 0 ] = covMatrix [ 3 ] / det ;
tempCovMatrix [ 1 ] = −covMatrix [ 1 ] / det ;
tempCovMatrix [ 2 ] = −covMatrix [ 2 ] / det ;
tempCovMatrix [ 3 ] = covMatrix [ 0 ] / det ;
INCOV = tempCovMatrix ;

} e l s e {
System . out . p r i n t l n ( ”The determinant i s ze ro ! ! ! ” ) ;

}
} // end o f updateInverseCovMatrix

/∗ The f o l l ow i ng methods are used to c a l c u l a t e the f i n a l r e s u l t Y, ∗/
/∗ accord ing to the b i v a r i a t e cusum algor i thm desc r ibed by Cro s i e r . ∗/
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// Method f o r f i nd i n g the new value o f Cn
pub l i c void findCn ( double [ ] xn , double [ ] covMat ) {

double c = 0 . 0 ;
double [ ] temp cn = new double [ 2 ] ;
double [ ] temp mult = new double [ 2 ] ;

temp cn [ 0 ] = Sn [ 0 ] + xn [ 0 ] − means [ 0 ] ;
temp cn [ 1 ] = Sn [ 1 ] + xn [ 1 ] − means [ 1 ] ;
temp mult [ 0 ] = temp cn [ 0 ] ∗ covMat [ 0 ] + temp cn [ 1 ] ∗ covMat [ 2 ] ;
temp mult [ 1 ] = temp cn [ 0 ] ∗ covMat [ 1 ] + temp cn [ 1 ] ∗ covMat [ 3 ] ;
c = temp mult [ 0 ] ∗ temp cn [ 0 ] + temp mult [ 1 ] ∗ temp cn [ 1 ] ;

i f ( c >= 0) {
setCn (Math . s q r t ( c ) ) ;

}
System . out . p r i n t l n ( ”Cn = ” + getCn ( ) ) ;

i f ( getCn ( ) <= k) {
Sn [ 0 ] = 0 ;
Sn [ 1 ] = 0 ;

f o r ( i n t i =0; i <2; i++) {
System . out . p r i n t l n ( ”Sn [ ”+i+” ] = ”+Sn [ i ] ) ;

}
} e l s e {

f indSn ( getCn ( ) , xn ) ;
}

} // end o f method findCn

// Method f o r f i nd i n g the new vecto r Sn
pub l i c void f indSn ( double cn , double [ ] xn ) {

double c = 0 . 0 ;
double [ ] temp sn = new double [ 2 ] ;

c = 1 − k/getCn ( ) ;
temp sn [ 0 ] = c ∗ (Sn [ 0 ] + xn [ 0 ] − means [ 0 ] ) ;
temp sn [ 1 ] = c ∗ (Sn [ 1 ] + xn [ 1 ] − means [ 1 ] ) ;
Sn = temp sn ;

f o r ( i n t i =0; i <2; i++) {
System . out . p r i n t l n ( ”Sn [ ”+i+” ] = ”+Sn [ i ] ) ;

}
} // end o f f indSn

// Method that d e f i n e s the f i n a l output o f the a lgor i thm
pub l i c i n t update ( double [ ] covMat , double th r e sho ld ) {

i n t output = 0 ;
double yn = 0 . 0 ;
double [ ] temp yn = new double [ 2 ] ;

temp yn [ 0 ] = Sn [ 0 ] ∗ covMat [ 0 ] + Sn [ 1 ] ∗ covMat [ 2 ] ;
temp yn [ 1 ] = Sn [ 0 ] ∗ covMat [ 1 ] + Sn [ 1 ] ∗ covMat [ 3 ] ;

yn = Math . s q r t ( temp yn [ 0 ] ∗ Sn [ 0 ] + temp yn [ 1 ] ∗ Sn [ 1 ] ) ;
System . out . p r i n t l n ( ”Yn = ”+yn ) ;

i f ( yn < th r e sho ld ) {
i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.STABLE) ) {

output = 0 ;
}
e l s e i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.UNSTABLE) ) {

c r s t a t e . c r o s i e r s t a t e = Cro s i e rS ta t e .MyEnum.STABLE;
output = −1;

}
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} e l s e {
i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.STABLE) ) {

c r s t a t e . c r o s i e r s t a t e = Cro s i e rS ta t e .MyEnum.UNSTABLE;
output = 1 ;

}
e l s e i f ( c r s t a t e . c r o s i e r s t a t e . equa l s IgnoreCase ( Cro s i e rS ta t e .MyEnum.UNSTABLE) ) {

output = 0 ;
}

}
r e turn output ;

} // end o f method update ( )
} // end o f c l a s s Cros ierAlgor i thm

// DataSender i s loaded on the f i r s t execut ion o f
// DataSender . g e t In s tance ( ) or the f i r s t a c c e s s to
// DataSender . ourInstance , not be f o r e . Returns −> our Ins tance
c l a s s DataSender {

// s t a t i c i n s t ance ( our Ins tance ) i n i t i a l i z e d as nu l l .
p r i va t e s t a t i c DataSender our Ins tance = nu l l ;

// Pr ivate con s t ruc to r suppre s s e s gene ra t i on o f a d e f au l t con s t ruc to r .
p r i va t e DataSender ( ) {

// Does nothing
}

pub l i c s t a t i c DataSender ge t In s tance ( ) {
synchron ized ( DataSender . c l a s s ) {

i f ( our Ins tance == nu l l ) {
our Ins tance = new DataSender ( ) ;

}
}
r e turn our Ins tance ;

} // end o f method ge t In s tance ( )

// Send a message ( S t r ing ) to a s p e c i f i c Des t ina t i on .
pub l i c void send ( f i n a l S t r ing targetAddress , f i n a l S t r ing msg) {

t ry {
// We c r ea t e a DatagramConnection
f i n a l DatagramConnection dgConnection = ( DatagramConnection )

Connector . open ( ” radiogram :// ” + targetAddress + ” :37 ” ) ;

// Then , we ask f o r a datagram with the maximum s i z e a l lowed
f i n a l Datagram dg = dgConnection . newDatagram( dgConnection . getMaximumLength ( ) ) ;

// Ensures that the next read / wr i t e opera t i on w i l l
// read / wr i t e from the s t a r t o f the datagram
dg . r e s e t ( ) ;

//Write Data to Datagram
dg . writeUTF(msg ) ;

//Send Datagram
dgConnection . send ( dg ) ;

// Close the connect ion
dgConnection . c l o s e ( ) ;

} catch ( IOException ex ) {
System . out . p r i n t l n ( ”Could not open radiogram connect ion ” ) ;
ex . pr intStackTrace ( ) ;

} // end o f t ry
} // end o f method send ( )

} // end o f c l a s s DataSender
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// Class to r e c e i v e messages
c l a s s Receive extends Thread {

St r ing address ;
char spotaddr ;
p r i va t e double temperature ;
p r i va t e double b r i gh tne s s ;

// Getters and S e t t e r s f o r p r i va t e v a r i a b l e s
// temperature and br i gh tne s s
pub l i c void setTemperature ( double temp) {

t h i s . temperature = temp ;
}
pub l i c double getTemperature ( ) {

r e turn temperature ;
}
pub l i c void s e tBr i gh tne s s ( double br ) {

t h i s . b r i gh tne s s = br ;
}
pub l i c double ge tBr i ghtne s s ( ) {

r e turn b r i gh tne s s ;
}

// Method run i s synchron ized so that any changes that happens
// to the s t a t e o f the a lgor i thm w i l l be v i s i b l e to a l l threads .
synchron ized pub l i c void run ( ) {

// Se t t i ng up the Datagram Connection
DatagramConnection dgConnection = nu l l ;
Datagram dg = nu l l ;

// Make a new Cros ierAlgor i thm ob j e c t with k = 0 .5
Cros ierAlgor i thm c r o s i e r = new Cros ierAlgor i thm ( 0 . 5 ) ;

// v a r i a b l e s that w i l l be u s e f u l to loop statements
i n t count2 = 0 ;
i n t count = 1 ;
i n t i = 0 ;

// Var iab l e s that w i l l be used f o r the a lgor i thm
in t outValue = 0 ;
double newTemperature = 0 . 0 ;
double newBrightness = 0 . 0 ;
double [ ] tempVector = new double [ 5 1 ] ; // temperature bu f f e r
double [ ] b r ightVector = new double [ 5 1 ] ; // b r i gh tne s s bu f f e r
double [ ] vec to r = new double [ 2 ] ; // vec to r = ( temperature , b r i gh tne s s )
double [ ] s0 = {0 . 0 , 0 . 0 } ; // f o r the i n i t i a l i z a t i o n o f vec to r Sn
double h = 5 . 5 ; // th r e sho ld

t ry {
//Open Datagram Connection on port 37
dgConnection = ( DatagramConnection ) Connector . open ( ” radiogram : / / : 3 7 ” ) ;

// Then , we ask f o r a datagram with the maximum s i z e a l lowed
dg = dgConnection . newDatagram( dgConnection . getMaximumLength ( ) ) ;

} catch ( IOException e ) {
System . out . p r i n t l n ( ”Could not open radiogram r e c e i v e r connect ion ” ) ;
e . pr intStackTrace ( ) ;
r e turn ;

} // end o f t ry
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whi le ( t rue ) {
t ry {

// Ensures that the next read or wr i t e opera t i on
// w i l l read / wr i t e from the s t a r t o f the radiogram
dg . r e s e t ( ) ;

// Receive a Datagram
dgConnection . r e c e i v e ( dg ) ;

// Get the address o f the sender
address = dg . getAddress ( ) ;

// Check the l a s t cha rac t e r o f the address to
// see which o f the two spot s i s sending the dg
spotaddr = address . charAt ( 1 8 ) ;

//Read a St r ing from datagram .
f i n a l S t r ing rcvMsg = dg . readUTF ( ) ;
double temp = Double . parseDouble ( rcvMsg ) ;

// Depending on the spot ’ s address the SunSPOT that runs
// t h i s app l i c a t i on w i l l know i f the data that i s r e c e i v i n g
// r ep r e s en t va lue s o f temperature or b r i gh tne s s
switch ( spotaddr ) {

case ’ 1 ’ : // case the sender ’ s address l a s t d i g i t i s 1
setTemperature ( temp ) ;
break ;

case ’ 2 ’ : // case the sender ’ s address l a s t d i g i t i s 2
s e tBr i gh tne s s ( temp ) ;
break ;

d e f au l t : System . out . p r i n t l n ( ”Something went t e r r i b l y wrong ! ” ) ;
} // end o f switch

} catch ( IOException e ) {
System . out . p r i n t l n ( ”Nothing r e c e i v ed ” ) ;
e . pr intStackTrace ( ) ;

} // end o f t ry
++count2 ;

// The next i f statement w i l l be entered whenever the SunSPOT
// running t h i s app l i c a t i on r e c e i v e s new value samples f o r both
// the temperature and b r i gh tne s s .
i f ( count2%2 == 0) {

// I n i t i a l i z a t i o n f o r vec to r Sn
i f ( count == 1) {

c r o s i e r . Sn = s0 ;
}

// The next i f statement c o l l e c t s the f i r s t 50 value samples
// f o r temperature and b r i gh tne s s to c a l c u l a t e a l l the
// s t a t i s t i c a l e lements and run the Cro s i e r a lgor i thm .
i f ( count <= 50) {

// Save the samples in bu f f e r s
tempVector [ i ] = getTemperature ( ) ;
br ightVector [ i ] = ge tBr i ghtne s s ( ) ;
System . out . p r i n t l n ( ” temperature [ ”+i+” ] = ” + tempVector [ i ] ) ;
System . out . p r i n t l n ( ” b r i gh tne s s [ ”+i+” ] = ” + br ightVector [ i ] ) ;
System . out . p r i n t l n ( ) ;
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// Ca l cu l a t i on s f o r the s t a t i s t i c a l e lements
// a f t e r c o l l e c t i n g the f i r s t va lue samples
i f ( count == 50) {

// Get the new temperature and b r i gh tne s s va lue samples
newTemperature = getTemperature ( ) ;
newBrightness = getBr i ghtne s s ( ) ;

// Place the new va lues in to vec to r mode
vec to r [ 0 ] = newTemperature ;
vec to r [ 1 ] = newBrightness ;

// Ca l cu la te the means f o r temperature and br i gh tne s s
c r o s i e r . findMeans ( tempVector , br ightVector ) ;

// Find the i nv e r s e covar iance matrix
c r o s i e r . f indInverseCovMatr ix ( tempVector , br ightVector ,

c r o s i e r . means [ 0 ] , c r o s i e r . means [ 1 ] ) ;

// I n i t i a l i z e the temporary s t a t i s t i c a l v a r i a b l e s
c r o s i e r . oldMeans = c r o s i e r . means ;
c r o s i e r .VX = c r o s i e r . varX ;
c r o s i e r .VY = c r o s i e r . varY ;
c r o s i e r .CXY = c r o s i e r . covXY ;

// Pr int a l l the s t a t i s t i c a l e lements
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”−−−− System ’ s S t a t i s t i c a l Elements −−−−” ) ;
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”X: Temperature , Y: Br ightnes s ” ) ;
System . out . p r i n t l n ( ”mean(X) = ” + c r o s i e r . means [ 0 ] ) ;
System . out . p r i n t l n ( ”mean(Y) = ” + c r o s i e r . means [ 1 ] ) ;
System . out . p r i n t l n ( ”var (X) = ” + c r o s i e r . varX ) ;
System . out . p r i n t l n ( ”var (Y) = ” + c r o s i e r . varY ) ;
System . out . p r i n t l n ( ”cov (X,Y) = ” + c r o s i e r . covXY ) ;

f o r ( i n t z = 0 ; z < 4 ; z++) {
System . out . p r i n t l n ( ” invCovMatrix [ ”+z+” ] = ”

+ c r o s i e r . inverseCovMatrix [ z ] ) ;
}
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”−−−− System ’ s S t a t i s t i c a l Elements −−−−” ) ;
System . out . p r i n t l n ( ) ;

// Pr int the r e s u l t s
System . out . p r i n t l n ( ”−−−−− Resu l t s f o r samples n = ”+count+” −−−−−” ) ;
System . out . p r i n t l n ( ” ( temperature , b r i gh tne s s ) = ( ”

+newTemperature+” , ”+newBrightness+” ) ” ) ;
System . out . p r i n t l n ( ) ;
// Run the Cro s i e r Algorithm with th r e sho ld h = 5 .5
c r o s i e r . f indCn ( vector , c r o s i e r . inverseCovMatrix ) ;
outValue = c r o s i e r . update ( c r o s i e r . inverseCovMatrix , h ) ;
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”OUTPUT = ” + outValue ) ;
System . out . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−” ) ;
System . out . p r i n t l n ( ) ;

} // end i f ( count == 50)
i++;

} // end i f ( count <= 50)
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e l s e i f ( count > 50) {
// Get the new temperature and b r i gh tne s s va lue samples
newTemperature = getTemperature ( ) ;
newBrightness = getBr i ghtne s s ( ) ;
vec to r [ 0 ] = newTemperature ;
vec to r [ 1 ] = newBrightness ;

// We use the temporary v a r i a b l e s o f the c r o s i e r a lgor i thm
// f o r the on l i n e updating o f a l l the s t a t i s t i c a l e lements .
// The Cro s i e r algor ithm , though , runs with the o ld s t a t i s t i c a l
// va lue s (mean , covar iance matrix ) , and a f t e r 50 new samples
// the on l i n e updating r e f r e s h e s the va lue s and the a lgor i thm
// runs with the new means and new covar iance matrix . That happens
// every 50 new sample va lue s .
c r o s i e r . findNewMeans ( vec to r ) ;
c r o s i e r . updateVariances ( vec to r [ 0 ] , vec to r [ 1 ] ) ;
c r o s i e r . updateCovariance ( vec to r [ 0 ] , vec to r [ 1 ] ) ;
c r o s i e r . updateInverseCovMatrix ( ) ;
c r o s i e r . meanUpdate ( ) ;

// After 50 value samples −> Update a l l the s t a t i s t i c a l e lements
i f ( count % 50 == 0) {

c r o s i e r . means = c r o s i e r . newMeans ;
c r o s i e r . varX = c r o s i e r .VX;
c r o s i e r . varY = c r o s i e r .VY;
c r o s i e r . covXY = c r o s i e r .CXY;
c r o s i e r . inverseCovMatrix = c r o s i e r .INCOV;

// Pr int a l l the updated s t a t i s t i c a l e lements
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”−−−− System ’ s Updated S t a t i s t i c a l Elements −−−−” ) ;
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”X: Temperature , Y: Br ightnes s ” ) ;
System . out . p r i n t l n ( ”mean(X) = ” + c r o s i e r . means [ 0 ] ) ;
System . out . p r i n t l n ( ”mean(Y) = ” + c r o s i e r . means [ 1 ] ) ;
System . out . p r i n t l n ( ”var (X) = ” + c r o s i e r . varX ) ;
System . out . p r i n t l n ( ”var (Y) = ” + c r o s i e r . varY ) ;
System . out . p r i n t l n ( ”cov (X,Y) = ” + c r o s i e r . covXY ) ;
f o r ( i n t z = 0 ; z < 4 ; z++) {

System . out . p r i n t l n ( ” invCovMatrix [ ”+z+” ] = ”
+c r o s i e r . inverseCovMatrix [ z ] ) ;

}
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−” ) ;
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System . out . p r i n t l n ( ) ;

// Online update f o r the means
c r o s i e r . meanUpdate ( ) ;

} // end i f ( count % 50 == 0)

// Pr int the r e s u l t s
System . out . p r i n t l n ( ”−−−− Resu l t s f o r samples n = ”+count+” −−−−” ) ;
System . out . p r i n t l n ( ” ( temperature , b r i gh tne s s ) = ( ”

+newTemperature+” , ”+newBrightness+” ) ” ) ;
System . out . p r i n t l n ( ) ;

// Run the Cro s i e r Algorithm with th r e sho ld h = 5 .5
c r o s i e r . f indCn ( vector , c r o s i e r . inverseCovMatrix ) ;
outValue = c r o s i e r . update ( c r o s i e r . inverseCovMatrix , h ) ;
System . out . p r i n t l n ( ) ;
System . out . p r i n t l n ( ”OUTPUT = ” + outValue ) ;
System . out . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−” ) ;
System . out . p r i n t l n ( ) ;

}// end i f ( count > 50)
count++;

} // end i f ( count2%2 == 0)
} // end whi l e ( t rue )

} // end sunchronized pub l i c void run ( )
} // end c l a s s Receive

pub l i c c l a s s Cros ierOnl ineAppRece iver extends MIDlet {

protec ted void startApp ( ) throws MIDletStateChangeException {
f i n a l S t r ing spot1 = ”7 f00 . 0001 . 0000 . 1001 ” ;
f i n a l S t r ing spot2 = ”7 f00 . 0001 . 0000 . 1002 ” ;

// Star t r e c e i v i n g
Receive r e c e i v e r = new Receive ( ) ;
r e c e i v e r . s t a r t ( ) ;

// Send ”OK” to spot1 and spot2 so that they w i l l
// s t a r t sending the value samples
t ry {

DataSender . g e t In s tance ( ) . send ( spot1 , ”OK” ) ;
DataSender . g e t In s tance ( ) . send ( spot2 , ”OK” ) ;

} catch ( Exception e ) {
e . pr intStackTrace ( ) ;

}
}

protec ted void pauseApp ( ) {
// This i s not cu r r en t l y c a l l e d by the Squawk VM

}

protec ted void destroyApp ( boolean uncond i t i ona l ) throws
MIDletStateChangeException { // TODO

}
}
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I Apotelèsmata Efarmog c CrosierOnlineAppReceiver: Gia ton èlegqo

thc orjìthtac thc efarmog c CrosierOnlineAppReceiver, epilèxame 200 tuqaÐec timèc

pou an koun sthn kanonik  katanom  N ∼ (0, 1) diaforetikèc gia th jermokrasÐa

kai diaforetikèc gia th fwteinìthta, tic opoÐec apojhkeÔsame sta antÐstoiqa arqeÐa

temperature.txt kai brightness.txt. To k�je arqeÐo eÐnai apojhkeumèno ston antÐ-

stoiqo f�kelo resources tou SunSPOT pou prìkeitai na to diab�sei. Sth sunèqeia,

dÐnontai ta apotelèsmata pou p rame apì to trèximo thc efarmog c CrosierOnlineAp-

pReceiver p�nw sto dÐktuo twn SunSPOTs.
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Sq ma 28: L yh twn pr¸twn 50 deigm�twn (jermokrasÐac, fwteinìthtac apì ta SunSPOTs
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Sq ma 29: Olokl rwsh thc l yhc ìlwn twn 50 deigm�twn (jermokrasÐac, fwteinìth-
tac) apì ta SunSPOTs, upologismìc ìlwn twn statistik¸n stoiqeÐwn (mèsec
timèc, diakum�nseic, pÐnakac sundiakÔmanshc) kai pr¸ta apotelèsmata algorÐj-
mou Crosier
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Sq ma 30: Olokl rwsh thc l yhc twn epìmenwn 50 deigm�twn (jermokrasÐac, fwteinìth-
tac) apì ta SunSPOTs, ananèwsh ìlwn twn statistik¸n stoiqeÐwn (mèsec timèc,
diakum�nseic, pÐnakac sundiakÔmanshc) kai kainoÔria apotelèsmata algorÐjmou
Crosier
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Sq ma 31: PerÐptwsh SunagermoÔ - SÔsthma ektìc elègqou



6 Efarmogèc AlgorÐjmou CUSUM 110

Sq ma 32: Epanafor� Sust matoc sthn kat�stash entìc elègqou
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Sq ma 33: PerÐptwsh pou to sÔsthma all�zei katast�seic
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