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SANTRAUKA

Siame darbe pristatomas embriono skilimo stadijy klasifikavimo algoritmas. Naudojami
statistiniai pozymiy surinkimo metodai ir du Klasifikavimo metodai: klasifikavimas su mokymu ir
klasifikavimas be mokymo.

Pagrindiné sio darbo problema yra ankstyvo embriono branduolio skilimo stadijy
aptikimas. Darbo tikslas yra pritaikyti tinkamgq klasifikavimo metodq.

Pirmoje darbo dalyje pristatoma literatiiros analizé, ir metodai kuriais naudojasi kiti
tyréjai nagrinéjant panasaus pobiidzio problemas.

Antroje tiriamojoje dalyje pateiktas siiilomas algoritmas. Pristatomi siiilomi metodai.
Pozymiy isgavimui siilomi statistiniai metodai: entropija, paveiksléliy momentai invariantai ir
principiniy komponenciy koeficientai. Klasifikavimui taikomas neurony tinkly ir K-artimiausio
kaimyno metodas.

Siitloma metodika tikrinama eksperimenty biidu. Tikimasi kad sis metodas gerai veiks
vaizdo sekose.

Magistro darbqg sudaro jvadas, trys skyriai, literatiiros sqrasas ir autoriaus publikacijy magistro
tema sgrasas.

Bendra magistro darbo apimtis 70 psl. plius priedai , numeruoty formuliy 26 ,paveiksléliyl03 ir
lenteliy 8. Literatiuros sqrasq sudaro Saltiniai.

Raktiniai Zodziai: embriono vystymosi stadijy aptikimas, neuroniniai tinklai, K- artimiausio
kaimyno algoritmas, bruozy isrinkimas.
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SUMMARY

This paper represents an embryo cleavage-stage classification algorithm. There are used
statistical feature extraction methods and two classification methods: Classification with
training and classification without training.

The main problem of this work is detection of early embryo cleavage stages. The aim is to adapt
the proper classification method.

The first part of this paper represents the analysis of the literature, and the methods used by
other researchers examining similar issues.

The second part of this research represents the proposed algorithm. There are introduced
proposed methods. For the feature extraction proposed statistical methods: entropy, invariant
moments and principal components analyses. For the classification are used neural networks
and K-nearest neighbor method.

The proposed method is checked by experiment. It is expected that this method will work well in
video sequences.

The Master's thesis consists of an introduction, three chapters, references and author of
publications on the topic of the Master.

General master's thesis consists of 70 pages, numbered 26 formulas, 103 pictures and 8 tables.
References list includes sources.

Keywords: detection the cleavage stages of embryo , neural networks,K- nearest neighbor
algorithm, feature extraction.
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Jvadas

Apvaisinimas mégintuvélyje — tai procediira, kurios tikslas gauti embriong pritaikant
metodus, kai ,,0ocitas apvaisinamas sperma ne zmogaus kiine. Sios procediiros pabaigoje
gaunami keli embrionai, ir ikyla problema pasirinkti tinkamiausig embriona, kuris bus perkeltas
1 gimda. Tinkamo embriono atrinkimui mokslininkai tiria jvairius metodus. Paveikslélyje(1) ,

pateikiamas embriono Igstelés vystymosi etapai, kuriuos kompiuterinis algoritmas turéty atpazinti

ir vertinti.
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1 pav. Embriono vystymosi stadijos [1]

Apvaisinimas meégintuvelyje — vienas nevaisingumo gydymo metody, kurio metu
,00citas* apvaisinamas sperma ne zmogaus kiine. Tam reikia paSalinti kelis nevaisingumo
priezasCiy faktorius, pirmiausia mazg spermos kiekj ejakuliacijos metu arba obstrukcija moters
kiausintakiuose. Vienu metu apvaisinami ir kultivuojami keli ,,00citai”, 0 programos pabaigoje
iSrenkamas vienas ar daugiau embriony, kurie bus perkelti ; gimdg. Viena didziausiy tokio
apvaisinimo problemy yra parinkti gyvybingiausig embriong, t.y. auks¢iausios kokybés embriona,

kurio perkélimas galéty garantuoti klinikinj néStuma[2].



Sukurta nemazai metody, kuriy tikslas padéti atrinkti gyvybingiausig embriong
taikant pagalbinio apvaisinimo terapija. Literatiiroje nagrinéjami keli skirtingi metodai. Wharf [3]
duomenimis, ankstyva segmentacija 4 lasteliy fazéje leidzia nustatyti, kurie embrionai turi aukstg
potencialg implantacijai. Balaban [4] naudojo iki branduoling morfologijg, kuri leidzia
prognozuoti biisimg embriono vystymasi. Dar kitokie Borini [5] tyrimy rezultatai pasiekti blastulés
stadijoje siekiant sumazinant ,,aneuploidijos“ rizika. Rienzi et al [6] tyrimas apjungé anksciau
aptartas schemas ] bendra/kaupiamgja embriono vertinimo baly sistemg ir nustaté aukStus
s¢kmingo implantavimo rezultatus. Taciau visi Sitie paminéti embriono vertinimo metodai
atliekami specialisto, ne automatiniy technologijy.
Vienas i§ svarbiausiy kriterijy pagal ka sprendziama embriono iSsivystymo kokybé yra
ankstyvas dalijimasis. Ankstyvas dalijimasis — tai pirminé embriono vystymosi stadija, kada
lastelés branduolys pasidalina j keturis branduolius(pav. 1). Branduolio skilimo laiko momentai ir

yra vertintinas kriterijus[3].

Siuolaikinés technologijos leidzia stebéti embriono vystymasi. Naujausias biidas stebéti
embriono vystymasi yra — ,, Time lapse™ (vert. Laiko tarpas) mikroskopas, kuris nuolat seka
embriono vystymasi (2pav).

2 pav. embriono vystymosi skirtingu laiko momentu kadrai.[7]

Siuo metu mokslininkai aktyviai domisi nauju metodu (,.time-lapse “ mikroskopu).
Buvo publikuota nemazai tyrimy, jrodanciy jo efektyvumg atrenkant implantacijai tinkamus
embrionus, pavyzdziui, Meseguer ir Kkt.[9]ir Chamayou [10].“Time-lapse“ stebéjimas turi
pranasuma, todél yra patrauklesnis lyginant su jprastais stebéjimo bitidais, nes $is metodas leidzia
labai tiksliai nustatyti gyvybiSkai svarby embriono vystymosi laikg. Taciau fiziskai yra labai
sudétinga perziaréti prietaiso sukauptus duomenis, esant ypatingai dideliam vaizdinés

informacijos kiekiui. Pavyzdziui, taikant ,time lapse® mikroskopa, vaizdas fiksuojamas kas 5



minutes, tod¢l bendras vaizdy skaicius po 5 stebéjimo dieny gali lengvai siekti 1440 nuotrauky
vienam klientui. Norint atrasti, paaiSkinti ir apdoroti tokj didziulj kiekj informacijos reikia dideliy
pastangy. Todé¢l Cia ypac praversty automatiné embriono paieSkos bei atitinkamy savybiy
jvertinimo sistema.

Darbo aktualumg pagrindZia statistika. Kas aStunta pora turi nevaisingumo problemuy.[11]
Todél automatiné priemong, gerokai palengvinty tokio pobiidzio kliniky darba. Sio darbo tikslas

yra sukurti ir iSbandyti automatinj embriono skilimo stadijy aptikimo algoritma.
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1. Technologijy apzvalga

Dabartiniuose dirbtinio apvaisinimo klinikose dazniausiai naudojami standartiniai
inkubatoriai, kur iSmanigja automatikos dalimi vadinami temperatiros reguliatoriai su itin mazom
reguliavimo paklaidomis, bei CO ir N2 dujy miSinio reguliatoriais (tai dirbtinio apvaisinimo
klinikose didelis pasickimas, kadangi nereikia naudoti ,,premixed-gas‘“(i$ anksto sumaisyty dujy),
kuriy kaina gerokai lenkia nesumai$yty dujy kaing). Siuose inkubatoriuose, pats gydytojas,
reguliariai iSiminéja embrionus, ir mikroskopo pagalba seka jy vystymasi[12]. Keletas kliniky
naudoja ,, Time Lapse“[13] inkubatorius (su integruotu mikroskopu ir kameros sensoriumi), taciau
vienintel¢ ir pagrindiné jy funkcija, kaupti embriono vystymosi kadrus, jau nekalbant apie tai, kad
daugelis $iy prietaisy veikia ne itin preciziSkai. Ne visada automatiskai atpazjstamas embrionas,
arba embriono pozicija (koordinates) turi kalibravimosi momentu priskirti pats vartotojas. Tad
analizuoti turimg sukauptg informacija vis tiek turi daktaras. DidZiausia problema, kad dél
did¢janc¢iy nevaisingumo problemy, klienty tokiuose klinikose vis daugé¢ja, tad fiziSkai tampa
nebejmanoma perziaréti ir jvertinti kiekvieno embriono jsivystymo kokybe. Sios paslaugos
kainuoja didelius pinigus, todél klinikos negali daryti klaidy. Kiekvienas technikos tobulé&jimas
Sioje srityje, kuris leisty optimizuoti klinikos darbg yra vertinimas tiek moksliniu tiek praktiniu

pozilriu.

TL(time lapse) sistemos iSkilo kaip galingas neinvazinis metodas jvertinti Zmogaus
embriono vystymasi. TL gali suteikti jzvalgy, kaip Zmogaus embrionas pasiekia kritinius
vystymosi etapus ir j jas reaguoti esant sutrikimams .Kaip embriono vystymosi kokybés parametry
galima paminéti, embriono sieneliy storj, skersmenj embriony(turi biiti tolygus), fragmentacijos
procenting dalj embriono ploto iSsivysCiusioje lgstel¢je. Daugelis naujausiy tyrimy parode, kad
lgsteliy dalijimosi laikus ankstyvame vystymosi etape (iki keturiy lasteliy) gali padéti nuspéti,
tolesnj embriony likima. Ankstyvas embriono vystymasis nuo apvaisinimo(vienos lasteles) iki

keturiy lgsteliy stadijos - paprastai trunka iki 48 valandy. Keletas pavyzdziy parodyta 3 paveiksle.
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1.1 pav. Ankstyvas embriono jsivystymas[14]

Taigi automatinis embriono ,,keitimosi® (vystymosi ) identifikavimas, kaip minéta ir
ankséiau gerokai pagerinty IVF kliniky darbo kokybe. Turint etaloninj modelj, pagal ka bty
galima nuspresti jsivystymo kokybe, atsirasty ir daugiau objektyvumo. Kadangi kompiuteris, tam
tikrus bruozus vertinty vienodai. Gydytojas, dél pernelyg didelio informacijos kiekio gali suklysti,

ar padaryti kitg klaida kuri budinga zmogui.

Kompiuterin¢ rega yra tyrinéjama daugelio mokslininky ir sukurta labai daug jvairiy
metody, sekti ar aptikti tam tikrus objektus. Nagrin¢jamam objektui taip pat yra nagrinéta keletas
1§ metody, taciau kol kas néra pasiekta jokio technologijos novatoriSkumo $ioje srityje. DidZiausia
problema, tai kad esamos vaizdo apdorojimo sistemos, seka tam tikrus bruoZzus, tai yra tam tikra
spalvy pasiskirstymg, forma, nekintancius pozymius ar Kitus bruozus. Embriono vystymosi
procese susiduriame su problema, kadangi néra vieno formos modelio, sekamo objekto krastai
kinta laike, kiekvienas embrionas yra skirtingo dydzio, keiCiasi topologija, néra modelio
apibudinancio konkrecig embriono biisena laike ir t.t. Standartiniam sekimo sistemoms naudojama
begal¢ metody, tokiy kaip ,,Hidden Markov model“, ,Neural network®, , Kalman filters*,

,Gaussian®, ,,Bayesen* ir kt.
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Morales [8] tyré skirtingas Bajeso klasifikavimo sistemas embriony gyvybingumui
palyginti ir iSrinko geriausius embrionus pagal tam tikrus deskriptorius - centrinius embriono
vaizdo momentus (central moments of embryo image). Siy rezultaty duomenimis, geriausiai tam
tinka ,,tree augmented naive Bayes“ (TAN) metodas pasak tyré¢jo. Manna.[15] siiilo naudoti
bendra/visuminj neuroninio tinklo (,,neural network®) vertinimg kartu su ,,local binary pattern
(LBP) nustatant gyvybingiausig embriong. Ning [17]pasiilé metodg, kurio metu aparatais
gaunama informacija apie neuroninj tinkla ir energija, kurios pagrindu klasifikuojami C.
,,elengans* embrionai. Kito tyrimo metu, kurj atliko Jiang ir kt.. [16],buvo naudojamas ,,Scale
Invariant Feature Transform* (SIFT), kurio metu buvo stebimas ir registruojamas Igstelés
judéjimas, kai ,,petri“ 1éksteléje vienu metu buvo kultivuojamos kelios lastelés. Taip pat buvo
pasitilytos technologijos, kuriy metu ,,mikrofluidiniy lusty* pagalba patikrinama mechanin¢ varza
ir iSmatuojamas ,,00cito* amzius [18].

Kultanen[14] embriono lastelés atpazinimui taiké Hough Transform metoda. Sis
metodas naudojamas atpazjstant apskritimg (circle detection) ir yra placiai pritaikomas, kaip,
pavyzdziui, judesio, formos ir ultragarso vaizdo detektorius. HT transformuoja formos paieskos
erdvinéje srityje uzduotj j uzduotj surasti maksimalig voted value / parametring vertg. (finding a
shape in the spatial domain into finding maximal voted value in the parametre domain.)[14] Erdvés
parametry dydis ir i$matavimai priklauso nuo formos, kuria reikia ,,spresti®. Siuo atveju, kai gauta
uzduotis yra identifikuoti apskritima, apskritimui sudaryti naudojami trys skirtingi parametrai x0,
y0, ir r. Siekiant sumazinti Hough Transform erdvés ir laiko sudétinguma, tyréjas atliktos kelias
studijos. Vienos jy rezultate buvo sukurtas Randomized Hough Transform (RHT)[14] (randomize
— atrinkti atsitiktine tvarka) ir panaudotas siekiant aptikti 1asteliy dalijimasi. Pagrindinis skirtumas
tarp HT ir RHT yra tas, kad (elements voted) pasirinktieji elementai parenkami atsitiktine tvarka,
nenaudojant visy parametro ,,domain* elementy. Vienas RHT panaudojimo trikumy tas, kad

jautrumas ,,triukSmams* gan didelis.

PSO (Particle Swarm Optimization) — tai optimizacijos algoritmas, kuris ,,pamégdZzioja‘“ socialinj
paukscCiy ir zuvy elgesj, buidingg jiems buriantis j spie¢ius(mimic the social behaviour of bird
flocking or fishschooling.). Paskleidus daugybe daleliy paieskos erdvéje, kurioje kiekviena dalelé
tarnauja viena kitai kaip galimas sprendimas, atsiranda galimybé rasti priimting sprendima. Sj

algoritma pasiilé Kenedy ir Eberhal[19]. Siam algoritmui pritaikoma Xie[20] idéja ir naudojamas
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tik 1D accumulator array/ sumatoriaus masyvas ir tokiu budu smarkiai supaprastinamas
sudétingas kompiuterinio skai¢iavimo procesas. Sis metodas ypatingas tuo, kad PSO daleliy
pozicijas atstovauja atsitiktinai sukurty apskritimy aplink realy vaizda centriniai taskai (Xc, yc) .

Taip pat lastelés aptikimui .

Osher ir Sethian [21], taiké nustatyto lygio funkcija (LSF) evoliuciSkai prisitaikancig prie norimo

aptikti objekto panasioms problemoms spresti.
1.1. Skyriaus apibendrinimas

Apzvelgta literatiira ir metodai embriono vystymosi kriterijams vertinti. Analizuojama tema vis
dar néra pakankamai gerai iSnagrinéta. Temos aktualumg grindZia nevaisingy pory statistika.
Esant tokiam dideliam Kiekiui nevaisingy pory (kas aStunta pora turi vaisingumo problemy), §io

metodo praktinis jgyvendinimas turéty tiek praktine tieck moksling verte.

2. Metodiné dalis

2.1. Objekto atpaZinimas

Vaizdy analizé bendruoju aspektu skirstoma j tokias sritis:

1) segmentavimas,

2) transformavimas

3) pozymiy iSgavimas

4) objekto klasifikavimas arba objekto atpazinimas :
a. Neuroniniy tinkly,

b. sintaksés metody,

C. genetiniy algoritmy,

d. statistiniy metody ir kt.

Vaizdo atpazinimg galima skirstyti j atpazinimg su mokymu ir atpazinimg be mokymo.
[22] Klasifikatoriams su mokymu Klasifikavimo funkcijos parametrai nustatomi pagal mokymo

imties duomenis.
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Mokymo imtis — informacija apie dalies tiriamy objekty pozymiy reikSmes ir
priklausomybe vienai ar kitai Klasei. Mokymo imtis susideda i§ aibés mokymo pavyzdziy,
nuotrauky su embriony stadijy pavyzdziais. Kiekvienas mokymo imties elementas yra pora,
sudaryta i§ stebinio, kurj dazniausiai sudaro stebiniy vektorius, ir klasés, kuriai priklauso objektas.
Pvz. nuotrauka su vienu branduoliu priklauso pirmai klasei.. Klasifikavimo funkcija privalo
prognozuoti bet kuriam naujam stebiniui, atitinkanc¢iam funkcijos apibrézimo sritj(tikimybe kad

priklauso kuriai nors klasei).

Klasifikavimo be mokymo metodai yra naudojami tada, kai klasés néra apibréztos i$
anksto. Naudojant abu metodus pagal nustatytus duomeny pozymius atitinkami objektai

priskiriami atitinkamai klasei.

Siame tyrime naudojami statistiniai bruozy surinkimo metodai :
1. Entropija
2. Paveikslélio momentiniai invariantai (angl. vert. invariant moments)
3. Principiniy komponenciy koeficientai
Klasifikavimui naudojami
1. Neuroniniai tinklai

2. K- artimiausio kaimyno algoritmas

2.2. Vaizdo gavimo technologija embriono vaizdams registruoti

Duomeny pagrindg sudaro 84 embrionai, gauti i§ 6 pacienty.. Viena lekstele, gali
talpinti skirtingg kieki embriony, pvz 10, 14, ar 20, ar kitokj skaiciy. Kiekvienas embrionas
fotografuojamas naudojantis tam tikrg jrangg. Praktikoje naudojama sraigtiné pavara, ir ant jos
pritvirtintas kameros sensorius su mikroskopu. Tiek pavaros tieck kameros modelis néra labai
svarbus, kadangi pavaros pagrindinis kriterijus yra zingsnis, o kameros sensoriaus jos vidiniai
parametrai. Taigi gamintojas néra taip svarbu, kadangi jeigu jisai tenkina keliamus reikalavimus
ir vaizdo kokybé yra pakankamai gera, vadinasi gali biiti naudojamas bet kokio gamintojo kameros
sensorius ar pavara. Kompiuterinés programos tikslas — nustatyti embriong vaizde naudojant
atitinkamg algoritmg. Kiekvieno embriono kultivavimo laikas skiriasi dél jvairiy klinikiniy

priezasCiy. Todel duomeny apie kiekvieng embriono vystymosi stadija paskirstymas labai
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netolygus. pav.2 pateikti keli embriono nuotrauky pavyzdziai. Siose nuotraukose yra uzfiksuotas
»idealus* lastelés atvaizdas. Praktikoje vaizde yra nemazai ,triukSmy® ir daZnai pastebimas

persidengimas, kas ir jtakoja algoritmo sudétinguma.(2.1 pav)

2.1pav. Realaus bandymo metu gautas embriono atvaizdas

Paveikslélyje galima matyti realiu laiku paimtg atvaizda, kur branduoliy kraStai

menkai i$siskiria i§ bendro fono, ir matosi daugybe ,,triukSmy*, kas apsunkina tyrima.

2.3. Duomeny bazé

Programa kuriama ,,Matlab“ aplinkoje. Duomeny baz¢ kuriama i§ ,,jpg™ formato
nuotrauky. Kadangi ankstyvas branduolio dalijimosi procesas apima keturis branduolius, todél
duomeny bazei ruoSiamos nuotraukos su vieno, dviejy, trijy ir keturiy branduoliy atvaizdais.
Kiekvienai klasei panaudota 50 nuotrauky, kad kuo tiksliau biity atkartota, visi jmanomi varijantai.

Nuotrauky pavyzdziai kiekvienai klasei pateikiami Zemiau(pav 2.2;2.3.2;2.4;25):

2.2 pav. Pirmos klasés nuotrauky pavyzdZiai
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2.3 pav. Antros klasés nuotrauky pavyzdZiai

2.5 pav. Ketvirtos klasés nuotrauky pavyzdziai

,,Matlab* programiniame pakete nurodomas kiekis nuotrauky kiekvienos klasés atskirai mokymo
im¢iai suformuoti. Nuotraukos konvertuojamas j bw (black and white formatg). Suvienodinti

duomenims naudojama funkcija ,,imresize®. Pasirinkta 50 skirtingy nuotrauky kiekvienai klasei:

n=50;
file name='a (%d).jpg"'
image=imread (sprintf (file name,i));
image = imresize (image, [60 60])
imgbw=im2bw (image) ;
imgbw=logical (imgbw) ;

Sukuriamos keturios saugyklos nuotraukoms skirtoms duomeny bazéj formuoti.
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Bruozy surinkimui naudojama placiai taikomi metodai:

2.4. Pozymiy iSskyrimo metodai

2.4.1.

Entropija

Entropija[24]- informacijos kiekis, kurj suteikia konkretus simbolis ar pranesimas.

Vaizdy analiz¢je entropija reiskia informacijos kiekj, kuris iSreiskiamas:

-sum(p.*log2(p))

Kur p — yra atitinkamas histogramos skaicius.

1)

Naudodami §j metoda i kiekvienos nuotraukos gaunam tam tikrg bruozy rinkinj, kurj ir

klasifikuosime.

Naudojama ,,matlab* pakete esanti ,,entropy* funkcija, gauti kiekvienos nuotraukos

entropijos reikSmems:

data=[data image(:)];

J:
vienaent =

entropy (image) ;
[vienaent J]

Rezultatai pateikiami prieduose, o duomeny fragmentas Zemiau:

Lenteléje pateikiamos pirmy penkiy kadry entropijos reikSmeés, likusios priede nr. 7):

2.1 lentelé. Entropijos duomeny fragentas

Kadras

Viena lastelé

Dvi lgstelés

Trys lgstelés

Keturios [gstelés

1

Lo w2

7.6850501721052%4
7.685050172105254
7.672314253585511
7.672314255585511
7.68959094017345568

7.363200427536030
7.563200427536030
7.535523504369442
7.535523504365442
7.366994587238206

Surinkti bruoZzai i§saugomi ,,mat* formatu :

save kketvienaentropy.mat kketvienaent

7.582432300381541
7.575045211545565
7.5038325585987189
7.6387710853713060
7.0630259874526347

7.672834135017689
71.623732279571059
7.684115410846588
7.697074310612736
7.396680763123553
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2.4.2. Momentiniai nuotraukos ,invariantai”

Paveiksléliy momentai[25] naudojami objekty formai aprasyti. Paveiksléliy momentai yra
tam tikri konkretiis pasverti vidurkiai (matematiniai momentai), skai¢iuojami paveikslélio
elementy intensyvumo reik§méms. Naudojant paveiksléliy momentus, yra randamas geometrinis

srities plotas (ar visas intensyvumas) ir centrinis vaizdo elementas.

SkaiCiuojant momentinius invariantus, reikia apibrézti paveikslélio funkcijos, geometrinj

momentg ir centrinj momentg.

Geometrine paveikslélio f(x,y) (paveikslélio 2 —D funkcija turinti ribas ir baigtinj nenulinj

integralg) funkcija momentas m ., kur p ir q yra neneigiami sveikieji skai¢iai ir suma (p + q)

pq’

vadinama momento eile, apibréZiamas tokia formule:

Pq

3

Il
é'—;S
é'—o8

xPy?f(x, y)dxdy @)

kurp,q=0,1,2,..

Diskreciu atveju, kai momentai skai¢iuojami skaliariniam (pilkumo lygiy) paveiksleéliui,

integralas momento apibrézime turi biiti pakeistas suma. Tuomet formulé (2) pavirsta j tokia:

N N
mpq:zzxpyq f (3)

x=0 y=0

kur N yra paveikslélio vaizdo elementy skaiCius, o f; - atskiry vaizdo elementy pilkumo lygiy
reikSmes.
Naudoti Invariantiniy momenty metoda gauname tokias savybés: Plotg m,, ir centrinius

vaizdo elementas:

{X, Y} ={my, / Mgy, My, / Mg} @)
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Centrinis momentas s, apibréZiamas tokia formule :

Hog = | JOX=%)P(y=9)" f (x, y)dxdy (5)

—00—00

kur koordinatés {X, y} nurodo f(x,y) centra (centrinj paveikslélio vaizdo elementa, apskai¢iuojama

pagal formulg (4)).

Toks pats integralo pakeitimas suma kaip paprastajam momentui (formuléje (3))
skaitmeninio paveikslélio atveju pritaikomas ir centriniam momentui. Tuomet formulé (5) pavirsta

] tokia:

Hpq :ZZ(X_)_()p(y_y)q fij (6)

x=0 y=0

Pirmos ir antros eilés centriniai momentai:

Hoo = Moo
()
Moy =0
©)
o =0, ©)
Hyy =My = XMy =My —ymy, (10)
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(12)
Hop =My — YMg, .
(13)
N N
/upq :ZZ(X_)—()D(y_y)q fij (14)

x=0 y=0

1962 m. M. K. Hu paskelbé septynis mastelio keitimo ir posiikio invariantus (objektui
paveikslelyje skai¢iuojami momentai, kuriy reikSmés nekinta perkeliant, didinant ar maZinant bei

pasukant tg objekta), sudarytus i$ antros ir tre¢ios eilés centriniy momenty[26]:

Iy =m0 + Moz (15)

I; = (020 — Mo2)” + 407, (16)

I3 = (N30 — 33’?12)2 + (3721 — ??03)2 )
Iy = (130 + ??12)2 + (721 + ??03)2 (18)

Is = (720—=3112) (Mao+112) [(Ma0+1712)" =3 (M1 +103) 4+ (3121103 ) (Ma1+103) [3(1130+1112)  (19)
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Is = (120 — Mo2) [(M30 + 3’?12)2 — (1 + ??03)2] + 4111 (730 + M12) (121 - (20)

I7 = (3121—103) (M30+1m12) [(M30+1712) =3 (121 +103) “] — (M30—3112) (M21+703) [B(Mz0+112)* — (21
)

ApraSytas metodas realizuojamas ,,matlab* aplinkoje. Invariantiniams momentams (angl. vert.
Invariant moments) iSkvie¢iama ,,affine_ moment* funkcija. Programos fragmentas pateiktas

zemiau:
temp vect=affine moment (imgbw) ;

moml = [moml temp vect];

duomhu_moment vector(:,:,i)=temp vect;
format long
vienamom/(:,i)=duomhu moment vector(:,:,1i);

,Matlab* aplinkoje aprasomi septyni momentai, kurie panaudoti skaic¢iavimuose. Programos

fragmentas pateiktas Zemiau :

Il=(mu 20 * mu 02 - mu_llAZ)/(mu_OO)A4;

I2=(-(mu_3072) * (mu 0372) + 6*mu 30*mu 21*mu 12*mu 03 - 4*mu 30*
(mu_12)73)/(mu_00)"10;

I3=(mu 20 * mu 21 * mu 03 - mu 20 * (mu 12)"72 - mu 11 * mu 30 * mu 03 +

mu 11 * mu 21 * mu 12 + mu 02 * mu 30 * mu 12 - mu 02 * (mu_21)A2)/(mu_OO)A7;
I4=(-(mu_20)"3 * (mu 03)"2 + 6 * (mu_20)"2 * mu 11 * mu 12 * mu 03 - 3 *

(mu 20)72 * mu 02 * (mu 12)"2 -6 * mu 20 * (mu 11)"2 * mu 21 * mu 03 - 6 *

mu 20 * mu 1172 * mu 1272 + 12 * mu 20 * mu 11 * mu 02 * mu 21 * mu 12 - 3 *
mu 20 * mu 0272 * mu 212 + 2 * mu 1173 * mu 30 * mu 03 + 6 * mu 1173 * mu 21
*mu 12 -6 * mu 1172 * mu 02 * mu 30 * mu 12 -6 * mu 1172 * mu 02 * mu 2172 +
6 *mu 11 * mu 0272 * mu 30 * mu 21 - 1 * mu 02"3 * mu_SOAZ)/(mu_OO)All;

I5S=(1 * mu 40 * mu 04 -4 * mu 31 * mu 13 + 3 * mu 2272)/(mu_00)"6;

I6=(1 * mu 40 * mu 22 * mu 04 -1 * mu 40 * mu 1372 -1 * mu 3172 * mu 04 + 2 *
mu 31 * mu 22 * mu 13- 1* mu 2273)/( mu 00)"9;

I7=(1 * mu 2072 * mu 04 -4* mu 20 * mu 11 * mu 13 +2 * mu 20 * mu 02 * mu 22

+ 4 *mu 1172 * mu 22 - 4 * mu 11 * mu 02 * mu 31 + 1 * mu 0272 * mu 40)/(
mu_00)"7;
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Rezultatai pirmy dviejy kadry pateikiami lentel¢je Zemiau, visi kiti duomenys pateikti prieduose.

2.2 lentelé Inavariantiniy momenty fragmentas.

Kadras | 1 lgstele | 2 lgsteles 3 lgsteles 4 |gsteles
0.011809285552778 0.715789580830763 0.3418%2700503943 | 0.017508635885359
-0.000000000004348 0.0000655939651944 -0.00006692215%6473 | -0.000000000004552
-0.000000135158625 -0.007322968793837 -0.004684607551774 | 0.000000266135545

1 -0.000000008450025 -0.011021435750441 -0.029380757248270 | -0.000000065971935
0.000842706502081 2.0823254229279224 1.350216515885050 | 0.001653328230776
0.000003380613805 0.518683805516161 0.266048550801067 | 0.000003361741359
0.000765830073433 2.358928475400965 1.445300537135317 | 0.001605519861746
0.011809285552778 0.715789580830763 0.458380827841830 | 0.627777856786567
-0.000000000004348 0.0000685539651944 -0.000076604641878 | -0.001279291812172
-0.000000135158625 -0.007322968793837 0.001553769197919 | 0.002663743396875

2 -0.000000003450025 -0.011021435750441 -0.042091795469225 | -0.050275533568072
0.000842706502081 2.0823254229279224 1.262763534032163 | 1.986631541279350
0.000003380613805 0.518683805916161 0.236551727885957 | 0.4017951131391255
0.000765830073433 2.358928475400965 1.275578386157658 | 1.950133521011410

Surinkti bruozai i§saugomi ,,mat* formatu :

save kketvienamoments.mat ketvienamom

2.4.3. Principiniy komponenciy koeficientai

Principal component analyses (angl. vert. Pagrindinis komponentai analiz¢) yra statistiné
procediira, kai naudojama staciakampé transformacija konvertuoti susiety kintamyjy rinkinj j
bruozy rinkinj.(tiesiSkai nekorelivoty kintamyjy vadinamy pagrindinémis komponentémis
duomenims sumazinti). Kai paveikslélio parametrai randami, jie gali bati suspausti, ty, juy
matmenys gali blti sumazintas, be daug informacijos praradimo. Apibendrinant, principiniy
komponenc¢iy kompozicija gali buiti naudojama kaip skaitmeninis vaizdo duomeny sumazinimo
algoritmas su mazu informacijos praradimu. Toks sumazinimas yra naudingas keliais atvejais:
vaizdy suspaudimo, duomeny pateikimo, ir t.t. Todél duomenys supaprastinama ir naudojami
principiniai koeficientai kurie teikia tik reikalingg informacijg. IS pagrindiniy sudedamyjy daliy

(paveikslélio), isreikstas skai¢ius yra maZesnis negu arba lygus originaliy kintamyjy skaiciui. Si
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transformacija yra apibréziama tokiu budu, kad pirmasis pagrindinis komponentas turi didziausig
galimg dispersijg (tai yra, sudaro kaip atspindj j duomenis ir kiekvienas kitas komponentas, savo
ruoztu, yra labiausiai tikétina dispersija pagal tai, kad ji yra statmenos projekcijos j (nekoreliuoja)
ankstesnj komponenta. Pagrindinés komponentés yra statmenos, nes jos yra vektoriai Vvariacijy
matricos , kuri yra simetriska . PCA yra proporcingas santykis mastelio originaliy kintamyjy.

Principiniy komponenéiy koeficientai randami randant ,,eigeno* vektorius.

Principiniy komponenciy koeficientams rasti taip pat naudojamos ,,Matlab* funkcijos, kuriy
pagalba gaunamas tam tikras kiekis koeficienty. Nuo pasirinkto koeficienty skai¢iaus priklauso

duomeny kiekis, kuris bus naudojamas klasifikavimui:

[vienaomeg eig psi] = comppca? (double (data),15);

Zemiau pateikta funkcija , apskaiciuoti principiniy komponenciy koeficijantams:
function [Omega EigenVectors Psi]= comppca2 (Data,NumberOfEigenVectors)

NumberOfData = size(Data,?2);
Psi = mean (Data,2);
Theta = Data - repmat (Psi,1l,NumberOfData) ;
[EigVect EigVal] = eig(Theta'*Theta);
for 1 = 1:NumberOfData
EigenVectors (:, (NumberOfData + 1) - 1) = Theta*EigVect(:,1);
end
EigenVectors = normc (EigenVectors) ;
Omega = zeros (NumberOfEigenVectors,NumberOfData) ;
for 1 = 1:NumberOfData
Omega(:,1) = EigenVectors(:,l:NumberOfEigenVectors) '*Theta(:,1);
end

Zemiau esancioje lenteléje atvaizduoti kiekvienos nuotraukos PCA(principal component analyzis)
koeficientai. Pateiktame pavyzdyje atvaizduota penkiolika kiekvieno atvaizdo koeficienty(Kiti

duomenys pateikti priede nr.9):

Lentelé 2.3 Principiniy komponenciy koeficienty duomeny fragmentas:
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Kadr | 1lgstelé 2 |gstelés 3 Igstelés 4 |gstelés

as |4
0.966528724530410 -4.976067178381150 -2.801559613736563 | 0.608240912646916
2.101065473429166 -0.184059373418128 -0.374099638491891 | 1.454159895734550
0.242029624857310 -0.009289334005829 -0.069916477658810 | “0-223261179385246

0.333735312207404

-0.045148905965369
-0.180562402568500
1.211690372874501

-0.2917113944403801
-0.574417670144536
-0.445510863117401
-0.183026272293181
-0.116532051192127
-0.104844973663114
-0.127360773428061
0.32065970657822589

0.175145528532713
0.074732608555364
0.092201578370941
0.774217347483406
0.133230708503851
-0.058035835617535
0.141054411113032
0.263460218726084
0.121223731460348
-0.155455632577580
-0.183406826304695
-0.187375805876724

0.065407364828431
0.051067194280684
0.0979825360064425
0.053188691233873
0.035142313347159
0.047405557050647
0.194267217377151
0.015681578185135
-0.1051559133857446
-0.111081563115564
-0.054576963865706
0.028480425357250

-0.130874024256887
0.015438545638558
0.636511042890773
-0.429825764071515
0.376901846622636
-0.061297715215545
0.174465080383044
0.766369000146533
-0.040356129940736
-0.153518812112015
0.050087515777589
0.301221651408267
0.608240912646916

Surinkti bruozai i$saugomi ,,mat* formatu :

save kketvienaomega.mat ketvienaomeg;

2.5. Klasifikavimo metodai

2.5.1. Neuroniniai tinklai

Dirbtiniy neuroniniy tinkly [28]atsiradima lémé biologiniai neuroniniai tinklai, kurie
atkartoja zmogaus smegeny sandarg susidedancia i§ daugelio tarpusavyje sujungty neurony
(vidutiniskai jie turi keletg tikstanéiy jungc¢iy). Kiekvienas neuronas yra specifiné biologiné
lastele, galinti generuoti elektrochemin;j signala, turinti ir informacijos apdorojimo galimybiy
ypatybe. Biologinis neuronas gali biti sglyginai suskirstytas j tris dalis: j€jimo, laidumo bet

18¢jimo sluoksnius.

Dirbtinis neuronas bando imituoti biologini neurong. [¢jime turime signalg X (vektoriy),
kurj mes gauname kaip pradinius duomenis arba kaip kity neurony i$¢jimus. Kiekviena §io
vektoriaus komponenté Xi dauginama i$ atitinkamos svorio Wi ir visos $ios sandaugos yra

sumuojamos . Si suma ir lemia neurono aktyvavimo lygj. Neuroninio tinklo i§¢jimo reik§mé
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n
y = |2 wjz; (22)
j=0

Kur (xo, X1, X2, ..., Xn) j€jimai ,(y)- i$&jimas - i jéjimy svoriais, o funkcija ¢ - aktyvavimo funkcija.

Neurony tinklai, turintys daugiau nei vieng neurony sluoksnj, vadinami daugiasluoksniais
neuroniniais tinklais. Kiekvienas toks tinklas sudarytas i$ jéjimy aibés, 1§¢jimy neurony

sluoksnio ir paslépty neurony sluoksniy tarp jéjimy ir i$¢jimy(pav2.6).

Jéjimo sluoksnis

Paslépty neurony sluoksnis

ISéjimo sluoksnis

2.6 pav. neuroninio tinklo pavyzdys
Neuroninio tinklo pagrindg sudaro jéjimai, neuronai, kurie $akojasi j kopijas paskirstomas
kitiems neuronams, ir neurono i$éjimas — i$¢jimo sluoksnis. ,,Matlab“ programiniame lange

kuriamas neuroninis tinklas. Naudojami anksc¢iau gauti bruozy vektoriai. Tam yra uzkraunama
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duomeny bazé, gauta naudojant bruozy surinkimo metodus. Uzkraunami duomeny rinkiniai

kiekvieno naudoto metodo keturioms klaséms:

clc

clear all

close all
load('dvientropy.mat')

load('dvimoments.mat"')

load ('dviomega.mat")
load('keturiosentropy.mat')
load('keturios moments.mat')
load('keturiosomega.mat')

(
(
(
(
(
load('trysentropy.mat')
(
(
(
(
(

load('trysmoments.mat")
load('trysomega.mat')
load('vienaentropy.mat')
load('vienamoments.mat')
load('vienaomega.mat')

Suformuojamas tikslo vektorius, keturioms klaséms :

T=[ ones(l,length(vienaent)), zeros (1, length (dvient) + length(trysent)
+ length(keturios_entrop))
zeros (1, length(vienaent)), ones (1, length (dvient)),
zeros (1, length (trysent) +length (keturios_entrop));
zeros (1, length (vienaent) +length (dvient)), ones (1l,length(trysent)),

zeros (1, length (keturios_entrop)) ;
zeros (1, length (vienaent) +length (dvient) +length (trysent)),
ones (1, length (keturios _entrop))];

Duomeny vektoriui formuoti, bruozai sugrupuojami pagal klases:

T viena=[vienaent; vienamom;vienaomeg];
T dvi=[dvient;dvimoment;dviomeg] ;
T trys=[trysent;trysmoment;trysomeqg];
T keturios=[keturios entrop;moment keturios;keturiosomeg];

Suformuojamas duomeny vektorius:
Vec = [T _viena, T dvi, T trys, T keturios];

Kuriamas neuroninis tinklas, tam naudojama ,,newff* funkcija, taip pat nustatomas neurony

skaicius bei kiti parametrai. Programos fragmentas pateiktas pavyzdyje zemiau:

net = newff (Vec,T,110);
net.trainParam.epochs 1000;
net.trainParam.goal = 0.001;
net=train (net,Vec,T);
out=sim(net,Vec);

I~
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Naudojant komanda ,,plot* atvaizduojami neuroninio tinklo i$¢jimai:

hold on

figure (1)

plot(T(1,:),'b.=-");

hold on

plot(out(l,:),'r.-")%pirmas isejims
figure (2)

plot(T(2,:),'b.=-");

hold on

plot(out(2,:),'g.-")%antras isejims
figure (3)

plot(T(3,:),'b.=-");

hold on

plot(out(3,:), 'k.-")%trecias isejims
figure (4)

plot(T(4,:),'b.=-");

hold on

plot(out(4,:), 'm.-")%ketvirtas isejims

Sukurtas neuroninis tinklas i§saugomas ,,mat“ formatu.

save lasteles.mat net

Metodo patikimumui patikrinti, naudojami auk$¢iau paminéti bruozy surinkimo metodai.
Suformuojamas testavimo vektorius naudojant visus tris paminétus bruozy surinkimo metodus

(entropija, principiniy komponenéiy koeficientai, ir ,,invariantiniai‘ momentai):

tvec=[kketvienaent; ketvienamom; ketvienaomeqg];
testVec = [tvec];

Tada “simuliuojamas” modelis ir lyginami rezultatai su mokymo imtimi:

out= sim(net, testVec);
% plot (T, 'b.-")

level = 0.7;
Names = 'images';
arr = [];

for 3j=1:0.05:1length(level)

Aprasomas automatinis metodas paskaiciuoti tikslumui testuojamos klasés. Algoritmas
automatiSkai padalina testuojamy nuotrauky kiekj i§ atpazinty nuotrauky skaiciaus. Taip

gaunama procenting iSraiska algoritmo patikimumo.

count = 0;
ok = 0;
for i=l:size (out,?2)
[maxvalue klase]=max (out(:,1));
if maxvalue>level (j) && klase == 4;
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embrio=klase;
ok = ok +1

else
embrio = 0;
end;
count = count + 1;
end
arr = [arr (ok /count)*100]

end

Komandos “plot™ naudojama atvaizduoti grafiskai :
Dtikimybinio slenkscio jtaka tikslumo rezultatui

2) teisingai algoritmo priskirtas nuotraukas atitinkamai klasei.
figure (1)

plot (level,arr, 'b.-")

figure (2)
plot (ok ,arr, 'b.-")

Realaus laiko sistemai, testavimo algoritme buvo naudojamas komandos ,,tic* ir ,,toc* sistemos

greitaveikai tirti.

2.5.2. K —artimiausio kaimyno metodas

K-artimiausio kaimyno metodas (angl.vert k-nearest neighbor, k-NN) priklauso vektoriniy
metody grupei. Jo esm¢ yra duomeny atvaizdavimas specialioje vektorin¢je erdveéje. Vektorinés
erdveés dimensijos atitinka naudojamy klasifikacijai raktiniy poZymiy aib¢(anks¢iau minéti bruozy
rinkiniai). Sis metodas veikia pagal paprasta algoritma objektui randami artimiausi ,.k* pagal tam
tikra (euklidinj, kosinusinj ir pan.) atstumga objekty i§ apmokymo aibés, iStyrus gautus k kaimyny
atstumus nustatoma, kokia kategorijai jy priklauso daugiausiai, ir tai kategorijai yra priskiriamas

klasifikuojamas objektas(branduolys).

Matematiskai $is modelis pagal aprasomas taip: naujo atvaizdo priskyrimas klasei c(i) jei c(i) turi
didziausig panasumo rodiklj tarp visy kategorijy. PanaSumo rodiklis apskaiCiuojamas pagal

formule:
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23
s(d,cj)z Zsim(d.d, )y(d,.c!) (23)

d ek=NN

kur sim(d,di) — panasumas tarp nuotraukos d ir klases di.
Paprasciausiu atveju apskaiciuojamas kaip euklidinis atstumas tarp vektoriy. atitinkanciy d ir dj;

Apskaiciavus Siuos rodiklius klasés priskyrimas vykdomas pagal formule:

arg max (s(d,c,)) (24)

J=... o
C1,...,cm — 1§ anksto apibréztos kategorijos.

Egzistuoja kelios algoritmo k-NN atmainos.

Gali buti kitaip apskai¢iuojamas branduolio priskyrimo klasei funkcija, ir atstumas tarp
,kaimyny“. Atvaizdo panaSumg galima apskaiCiuoti vietoj euklidinio atstumo panaudojant

kosinusinj panasumg Tokiu atveju duotiems atvaizdams atitinkantys vektoriai su svoriais yra

_ﬁ'&’q,_l lo N
S e (25)

W ——
max, ( freq, ;) n,

i

kur freqi; yra bruozo i pasikartojimo daznis atvaizde; N yra bendras paveiksléliy skaiéius ir n; yra

atvaizdy, kuriose pasitaiko atitinkamas atstumas skaicius. Tada panaSumo funkcija

o Wy, XW,,
V,*V, Z, ‘ (26)

1N 1 P N
Sui S
=l =l

sim(d,.d,)=
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Kuriamas K- artimiausio kaimyno algoritmas. UZzkraunama duomeny bazé:

clc

clear all

close all
load('dvientropy.mat')

load ('dvimoments.mat")
load('dviomega.mat")
load('keturiosentropy.mat"')

load('keturios moments.mat')

load ('keturiosomega.mat')
load('trysentropy.mat')
load('trysmoments.mat")

(
(
(
(
(
(
(
load('trysomega.mat')
(
(
(
(
(
(
(

load('vienaentropy.mat')
load ('vienamoments.mat')
load('vienaomega.mat')
load('vienaaaentropy.mat')
load('dvitestentropy.mat')
load('trysyentropys.mat')
load('ketvienaentropy.mat')

load ('kketvienaomega.mat')
load ('kketvienamoments.mat')
load('kketvienaentropy.mat')

Suformuluojamas tikslo vektorius:

T=[ ones(l,length(vienaent)), ones(l,length(dvient))*2,

ones (1, length (trysent))*3, ones(l,length(keturios entrop))*4];
Taip pat suformuojamas duomeny bazés vektorius:

T viena=[vienaent; vienamom;vienaomeg];
T dvi=[dvient;dvimoment;dviomeg] ;
T trys=[trysent;trysmoment;trysomeqg];
T keturios=[keturios entrop;moment keturios;keturiosomeg];

Vec = [ T viena, T dvi, T trys, T keturios];
Sukuriamas vektorius testuojamai klasei:
testas=[kketvienaent; ketvienamom; ketomeqg]

Klasifikuojami duomenys naudojant artimiausio kaimyno algoritma. Nurodomas kiekis
artimiausiy kaimyny kurie bus naudojami klasifikavime, taip pat atstumo metodas ir taisyklés

kaip bus klasifikuojama testavimo imtis.
out = knnclassify(testas',Vec',T',15, 'euclidean' , 'consensus' ) ;
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Tada naudodami knnclassify funkcija klasifikuojami duomenys, ir priskiriant atitinkama vektoriy

atsitiktiniy duomeny tikrinami rezultatai.

2.6. Skyriaus apibendrinimas

Antrame skyriuje buvo pristatyti metodai, kurie bus naudojami tolimesniam tyrimui. Bruozy
iSskyrimui taikomi statistiniai metodai :entropija, invariantiniai momentai, principiniy
komponenciy koeficientai. Klasifikavimui pasirinkti du metodai : 1)su mokymu- neuroninis
tinklas, ir 2) be mokymo K-artimiausio kaimyno algoritmas. Pristatytas papildomas algoritmas

testavimames atlikti.

3. Eksperimentinis tyrimas

Klasifikavimui, kaip minéta ankstesniuose tyrimuose panaudoti du metodai, neuroniniai
tinklai ir K- artimiausio kaimyno algoritmas. Tyrimas pradedamas formuojant duomeny bazg.
Kadangi nuo duomeny bazés priklauso visas tolimesnis tyrimas. Bruozams i$gauti naudojami trys
anksCiau paminéti metodai. Kadangi nuotraukos yra labai panaSios, ir bruoZus identifikuoti yra
pakankamai sunku, todél pasirinkti trys statistiniai metodai. Buvo tirta bruozy jtaka neuroninio
tinklo klasifikavimo rezultatams. Padavus vieng jéjima (entropijos reikSme) j neuroninj

tinklg(3.1pav ) gauti tokie i$¢jimai(3.2pav ):

OQutput Layer

3.1 pav. Neuroninis tinklas su vienu jéjimu
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3.2 pav. Neuroninio tinklo iséjimai visy keturiy klasiy(padavus vienq jéjimg)..

Kaip matyti i§ neuroninio tinklo i§¢jimo bruozy néra pakankamai, suklasifikuoti duomenims.

I neuroninio tinklo jéjimg padavus entropijos koeficienta ir septynis momentus rezultatai gavosi
tokie (3.3 ir 3.4 pav):
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~Neural Network

Hidden Layer OutputLayer

3.3 pav. Neuroninis tinklas su astuoniais jéjimais.

3.4 pav. Neuroninio tinklo iséjimai.

IS rezultaty galima daryti iSvadas kad klasiy atskirtinumas yra labai menkas, todél
duomeny neuztenka tinkamai suklasifikuoti duomenims. | neuroninj tinklg buvo paduoti ir PCA

(ang. Principal component analyzes) koeficientai. Grafikuose atvaizduota rezultatai, kai
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paduodamas 1 koeficientas prie anks¢iau minéty entropijos, ir momenty koeficienty, kai
paduodama 15, ir 30 koeficienty. Daugiau tyrimy nebuvo tikslinga daryti, kadangi esant 15
koeficienty rezultatai gavosi geriausi. Didinant koeficienty skaiciy rezultatai yra iskraipomi,

mazinant - duomeny yra per mazai. Rezultatai atvaizduoti paveiksl¢livose 3.5 -3.10.

Hidden Layer OutputLayer

3.5 pav. Neuroninis tinklas su devyniais jéjimais(entropija, 7-i momentai, ir vienas PCA
koeficijantas)

14 T T -

12

1 o

03t

i ot b
! ;

"‘ﬁtjp ﬁu“ AN u:- _;. ' L..' ’l '.* -

02

oL 1 AN P .o‘lAAAA. R
50 @ e 8 W0 2 wWo % % 2 0 20 40 & 8 100 120 140 160 10 200

35



3.6 pav. neuroninio tinklo iséjimai

Hidden Layer OutputLayer

- Alnarithme

3.7 pav. Neuroninis tinklas su 38-iais jéjimais(entropija, 7-i momentai, ir trisdesimt PCA
koeficientas)
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3.8 pav., neuroninio tinklo iSéjimai (naudojant 38 jéjimus)

- Neural Network

Hidden Layer

OutputLayer

3.9 pav. Neuroninis tinklas su dvideSimt trimis jéjimais(entropija, 7-i momentai, ir penkiolika PCA

koeficienty)
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tinklo iséjimai(110 neurony)

Kaip matyti i8 rezultaty(pav. 3.10), klasifikacijos rezultatai pakankamai geri, kadangi

pozymiai yra arti tikslo vektoriaus, o ,,triuk§mai‘ kuriuos galima matyti grafikuose yra

suprantamas dalykas, kadangi bruozai yra gana panasis kiekvienos klasés. Paveiksle 7 pateiktas

i8vestas vidurkis klasiy atpaZinimo , ir jo priklausomybé nuo PCA koeficienty skaiciaus

naudojant neuroninj tinklg. Geriausias rezultatas gautas esant 15 koeficienty.
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Atpazinimo vidurkio priklausomybé nuo PCA koeficienty kiekio
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20

10

10 15 20 25 30 35
PCA Koeficijantai

3.11 pav. principiniy koeficienty atpaZinimo tikslumui naudojant neuroninj tinklg.
Neurony skaicius, prie kurio klasifikacijos rezultatai blity geriausi, taip pat buvo
nustatytas, eksperimento biidu. Geriausias neuroninio tinklo i§¢jimas gautas prie 110

neurony(pav 3.10). Zemiau pateiktas eksperimentas su neurony skai¢iumi(pav 3.12-3.17).

Hidden Layer Output Layer

3.12 pav. Neuroninis tinklas su desimt neurony
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3.13 pav. Neuroninio tinklo iSéjimai.

Hidden Layer Output Layer
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3.15 pav. neuron

inis tinklo iséjimai.
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3.17 pav. neuroninio tinklo iSéjimai.

Tiriant metodg artimiausio kaimyno algoritmu taip pat eksperimento biidu, buvo
nagrin¢jama duomeny kiekis jtakojantis atpazinimo rezultatg. Tyrimas buvo atliekamas tokiu
principu: pirmiausia buvo tiriami klasifikatoriaus rezultatai naudojant tik entropijos koeficienta,
po to buvo paduodami i klasifikatoriy Nekintamy momenty metodu gauti duomenys, ir PCA

koeficientai. Geriausi rezultatai gavosi naudojant entropija ir inavariantinius momentus(

3.18 pav.). Todél tolimesniuose tyrimuose PCA koeficientai nenaudojami.
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Duomenys

3.18 pav. Naudojamy bruozy jtakq K-artimiausio kaimyno algoritmui

Buvo tiriamas artimiausiy kaimyny skai¢ius naudojamas klasifikavimui. Geriausias rezultatas

gautas naudojant 13 kaimyny, kaimyny skai¢iy didinant rezultatas nebesikeicia.

100
90
80
70
60
50
40
30
20
10

AtpaZzinimo tikslumas,%

Atpazinimo tikslumas

10

= Atpazinimo tikslumas
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3.19pav. Naudojamy kaimyny ,,k“ jtaka atpaZinimo tikslumui.

Tiriant artimiausio kaimyno algoritmo parametrus, buvo istirti artimiausio kaimyno atstumo, bei

klasifikavimo taisykliy metodai.(3.20, 3.21 pav.)
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3.21 pav. Klasifikavimo taisykliy metodo jtaka atpazZinimo tikslumui

Atstumo tarp "kaimyny" metodas
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3.20 pav. Atstumo skaic¢iavimo metodo jtaka atpaZinimo tikslumui

Klasifikavimo "taisykliy" metodai
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8
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3.2 Siulomas algoritmas

Pateikti du algoritmai, kadangi patj tyrimg galima suskirstyti j dvi atskiras dalis:

1. Bruozy surinkimas ir klasifikavimas;

2. Realus sitlomo metodo veikimas;
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3.22 pav. Mokymosi algoritmas

Taip
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3.23 pav. Testavimo algoritmas

Pabaiga
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Mokymosi algoritmas(3.22pav). Inicijuojamas algoritmas, nustatomi pradiniai nustatymai,
tokie kaip duomeny saugyklos, duomeny kiekis, nuotrauky parametrai. Parenkama nuotrauky
seka. Gaunama nuotrauka, jeigu nuotraukoje yra embriono atvaizdas, duomenys grupuojami,
jeigu ne skenuojamas kitas paveikslélis. Surenkami anks¢iau paminéti bruozai, kurie yra
suriiSiuojami pagal klases, ir iSsaugomi duomeny bazéje. SuriisSiuoti duomenys klasifikuojami

naudojant atitinkamg neuroniniy tinkly ar artimiausio kaimyno klasifikatoriy.

Testavimo, realaus veikimo algoritmas(3.23pav): Kartojamas tas pats ciklas kaip ir mokymosi
algoritme. Gauti bruozai kiekvieno atvaizdo lyginami su klasifikatoriaus i$¢jimu. Jeigu
pasirinktas klasifikatorius atpazjsta atvaizda, skilimo stadija priskiriama atitinkamai klasei, o
jeigu duomeny nepakanka atvaizdas atmetamas. Atvaizdy tikrinimas vyksta kol vartotojas

nusprendZia baigti.
3.3. Skyriaus apibendrinimas

Treciame skyriuje buvo tiriama bruozy jtaka klasifikavimo rezultatams.

Neuroninio tinklo geriausi rezultatai gauti naudojant entropijos reikSme, 7is invairiantinius
momentus ir 15 principiniy komponenciy koeficienty. Neurony skaicius taip pat labai jtakoja

rezultatg. Esant 110 neurony klasifikavimo rezultatai geriausi.

K-artimiausio kaimyno algoritmas geriausiai klasifikuoja duomenis naudojant entropijos reikSme
ir 7-is invariantinius momentus. Naudojant 13-a kaimyny klasifikavimo rezultatai yra geriausi.
Tiriant atstumo skaiciavimo algoritmus nustatyta kad tiek naudojant ,,euclidaen* tiek ,,cityblock
rezultatus gauname tokius pacius. Naudojant klasifikavimo taisykles ,,nearest ir ,,random* gavom
taip pat tokius pat rezultatus. Tyrimas buvo atliekamas naudojant 4-3 klase , kadangi parametrai
naudojant abu algoritmus keturiy branduoliy gaunasi pras¢iausi. Tolimesniuose tyrimuose
naudojant K- artimiausio kaimyno algoritmg bus naudojami atstumui skaiiuoti ,,euclidean

metodas, Klasifikavimo taisyklé ,,nearest” ir kaimyny skaicius 13-a.

Algoritmy greitaveika , taip pat turi skirtumy : neuroninis tinklas kadra apdoroja per 0,094s , K-

artimiausio kaimyno algoritmas per 0,03s
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4. Rezultatai

Tyrimo rezultatams nustatyti buvo suformuota 50 skirtingy vektoriy su skirtingais laikais
gautomis nuotraukomis. Tai reiSkia kad buvo tikrinta 2500 nuotrauky. Rezultatai pateikiami
lentelése Zemiau naudojami tyrimo metu gauti geriausi parametrai. Rezultaty tikslumas priklauso
nuo vystymosi stadijos, kaip matyti i§ rezultaty, esant nuotraukoje vienam branduoliui, sitilomas
metodo atpazinimas naudojant neuroninj tinkla 88.78%, naudojant K- artimiausio kaimyno
algoritmg 86.4%, esant dviem lgsteléms neuroninio tinklo klasifikatorius atpazjsta vidutiniskai
88,32 %. K- artimiausio kaimyno algoritmas 85.92%, esant trims branduoliams atpazinimo
tikslumas krenta iki 78.52% naudojant neuroninj tinklg ir 79.12% naudojant artimiausio kaimyno
klasifikatoriy. Esant keturiems branduoliams 79.4% ir atinkamai 77%

Lentel¢ 4.1 pav. vienos lgstelés atpazinimo tikslumas naudojant neuroninj tinkla.

Bandymas Viena lastelé
1 88
2 88
3 81
4 89
5 89
6 88
7 87
8 88
9 86
10 93
11 91
12 92
13 93
14 92
15 91
16 92
17 94
18 87
19 88
20 89
21 88
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22 90
23 88
24 87
25 88
26 89
27 90
28 89
29 88
30 90
31 88
32 89
33 88
34 89
35 88
36 87
37 88
38 90
39 91
40 88
41 88
42 87
43 88
44 88
45 90
46 88
47 87
48 88
49 88
50 88
Vidurkis 88.78

Standaritinis nuokrypis

2.081249625
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Viena lgstelé(neuroninis tinklas)
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4.1 pav. Vienos Igstelés bandymy skaicius ir atpaZinimo tikslumas

Lentelé 4.2 pav. vienos lgstelés atpazinimo tikslumas naudojant K- aritmiausio kaimyno

algoritma..
Bandymas Viena lastelé
1 87
2 88
3 81
4 86
5 85
6 88
7 87
8 88
9 86
10 88
11 88
12 87
13 89
14 88
15 86
16 82
17 83
18 84
19 88




20 85
21 88
22 87
23 88
24 87
25 88
26 89
27 83
28 89
29 88
30 84
31 88
32 84
33 88
34 85
35 84
36 87
37 88
38 85
39 88
40 88
41 88
42 87
43 84
44 85
45 85
46 88
47 87
48 85
49 84
50 87
Vidurkis 86.4

Standaritinis nuokrypis

1.949358869
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Viena lgstelé(aritimiausio kaimyno algoritmas)
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4.2 pav. Vienos lgstelés atpazinimo tikslumas naudojant K- artimiausio kaimyno algoritma.

Lentele 4.3 pav. Dviejy lasteliy atpaZzinimo tikslumas naudojant neuroninj tinkla.

Bandymas Dvi lgstelés
1 87
2 86
3 90
4 88
5 87
6 88
7 86
8 88
9 89
10 90
11 89
12 88
13 90
14 86
15 92
16 87
17 88
18 89
19 90




20 88
21 89
22 91
23 89
24 88
25 87
26 88
27 91
28 88
29 87
30 91
31 86
32 85
33 84
34 89
35 91
36 90
37 90
38 87
39 89
40 88
41 88
42 89
43 87
44 86
45 85
46 89
47 88
48 90
49 91
50 89
Vidurkis 88.32
Standaritinis nuokrypis 1.76
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Dvi lastelés(neuroninis tinklas)

100
95
90
85
80
75
70
65
60
55
50

AtpaZinta %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

Paveiklelis 1 Dviejy Igsteliy bandymy skaiCius ir atpaZinimas anudojant neuroninj tinklg

Lentelé 4.4 pav. dviejy lasteliy atpazinimo tikslumas naudojant K-artimiausio kaimyno

algoritma..
Bandymas Dvi lgstelés
1 80
2 82
3 81
4 88
5 87
6 88
7 86
8 88
9 89
10 82
11 89
12 88
13 81
14 86
15 85
16 87
17 88
18 89
19 84
20 88
21 89




22 84
23 83
24 88
25 87
26 88
27 85
28 88
29 87
30 85
31 86
32 85
33 84
34 84
35 85
36 84
37 84
38 87
39 89
40 88
41 88
42 83
43 87
44 86
45 85
46 89
47 88
48 84
49 86
50 84
Vidurkis 85.92

Standaritinis nuokrypis

2.373520592
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Dvi lastelés (artimiausio kaimyno algoritmas)

100
95
90
85
80
75
70
65
60
55
50

Atpazinta %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

4.4 pav. Dviejy lgsteliy atpaZinimo tikslumas naudojant K-artimiausio kaimyno algoritmg.

Lentel¢ 4.5 pav. trijy lasteliy atpazinimo tikslumas naudojant neuroninj tinkla.

Bandymas Trys lgstelés
1 70
2 76
3 80
4 78
5 77
6 78
7 76
8 70
9 79
10 70
11 79
12 78
13 80
14 76
15 72
16 77
17 78
18 79
19 80
20 78
21 79




22 81
23 79
24 88
25 77
26 78
27 81
28 78
29 87
30 81
31 76
32 75
33 84
34 79
35 81
36 80
37 80
38 77
39 79
40 78
41 78
42 79
43 87
44 80
45 75
46 79
47 78
48 80
49 81
50 80
Vidurkis 78.52

Standaritinis nuokrypis

3.567856499
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Trys lgstelés

100
95
90
85
80
75
70
65
60
55
50

Atpazinta %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

4.5 pav.trijy lgsteliy atpazinimo tikslumas naudojant neuroninj tinklg.

Lentelé 4.6 lentelé. trijy Igsteliy atpazinimo tikslumas naudojant K-artimiausio kaimyno

algoritmag
Bandymas Trys lgstelés
1 80
2 77
3 81
4 78
5 80
6 78
7 76
8 70
9 79
10 70
11 79
12 77
13 80
14 75
15 72
16 77
17 79
18 79
19 79




20 78
21 79
22 81
23 79
24 88
25 80
26 78
27 81
28 78
29 87
30 81
31 76
32 80
33 84
34 81
35 79
36 80
37 79
38 82
39 79
40 78
41 78
42 79
43 87
44 79
45 82
46 81
47 79
48 78
49 80
50 79
Vidurkis 79.12

Standaritinis nuokrypis

3.308413517
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Trys lgstelés(artimiausio kaimyno algoritmas)

100
95
90
85
80
75
70
65
60
55
50

Atpazinta %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

4.6 pav.. trijy lgsteliy atpazinimo tikslumas naudojant K-artimiausio kaimyno algoritmg

4.7 lentele. keturiy lasteliy atpazinimo tikslumas naudojant neuroninj tinklg

Bandymas Keturios lgstelés
1 75
2 76
3 80
4 81
5 82
6 88
7 80
8 75
9 79
10 80
11 75
12 78
13 79
14 78
15 77
16 76
17 77
18 79
19 79
20 78
21 80




22 79
23 80
24 81
25 82
26 78
27 81
28 78
29 88
30 81
31 76
32 77
33 84
34 79
35 81
36 80
37 80
38 77
39 79
40 78
41 78
42 79
43 88
44 80
45 75
46 80
47 77
48 79
49 82
50 81
Vidurkis 79.4

Standaritinis nuokrypis

2.959729717
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Keturios lgstelés

100
95
90
85
80
75
70
65
60
55
50

Atpazinta %

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

4.7.pav. keturiy Igsteliy bandymy skaicius ir atpaZinimas naudojant neuroninj tinklg

4.8 lentelé. keturiy lasteliy atpazinimo tikslumas naudojant K- artimiausio kaimyno algoritma

Bandymas Keturios lgstelés
1 75
2 74
3 75
4 77
5 77
6 75
7 77
8 75
9 79
10 75
11 75
12 78
13 79
14 78
15 77
16 76
17 77
18 78
19 79
20 75
21 74




22 79
23 75
24 77
25 72
26 78
27 81
28 78
29 77
30 81
31 77
32 77
33 84
34 79
35 78
36 77
37 78
38 77
39 79
40 78
41 78
42 74
43 77
44 77
45 75
46 75
47 77
48 78
49 74
50 78
Vidurkis 77

Standaritinis nuokrypis

2.088061302
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Keturios Igstelés(artimiausio kaimyno algortimas)

100
95
90
85
80
75
70
65
60
55
50

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Bandymai

AtpaZinta %

4.8 pav. keturiy lgsteliy atpaZinimo tikslumas naudojant K- artimiausio kaimyno algoritmg

Klasifikavimo metody palyginimas
100

O O O O ©O O ©o

K

% 78.52 79.12 79.4 77
80
7
6
5
4
3
2
1

0

NN NN KNN NN KNN N KNN

NN N
1 branduolys 2 branduoliai 3 branduoliai 4 branduoliai

Pav.4.9 Abiejy klasifikatoriy atpaZinimo tikslumo sulyginimas



ISvados.

1. Apzvelgta literatira ir metodai embriono vystymosi kriterijams vertinti. Analizuojama

tema vis dar néra pakankamai gerai iSnagrinéta. Temos aktualumg grindzia nevaisingy
pory statistika. Esant tokiam dideliam kiekiui nevaisingy pory (kas astunta pora turi
vaisingumo problemy), §io metodo praktinis jgyvendinimas turéty tiek praktine tiek
moksling verte.

Pristatyti metodai, kurie panaudoti tyrimui. Bruozy iSskyrimui taikomi statistiniai
metodai :entropija, invariantiniai momentai, principiniy komponenciy koeficientai.
Klasifikavimui pasirinkti taikomi metodai : neuroninis tinklas, ir K-artimiausio kaimyno
algoritmas.

ISnagrinéta bruozy jtaka klasifikavimo rezultatams.

Neuroninio tinklo geriausi rezultatai gauti naudojant entropijos reik§me, 7is invairiantinius
momentus ir 15 principiniy komponenciy koeficienty. Principiniy komponenciy
koeficienty kiekis jtakoja tyrimo rezultata. Nuo neurony skaiciaus taip pat priklausomas
rezultatas. Esant 110 neurony klasifikavimo rezultatai geriausi.

K-artimiausio kaimyno algoritmas geriausiai klasifikuoja duomenis naudojant entropijos
reikSme ir 7-is invariantinius momentus. Naudojant 13-a ,kaimyny“ klasifikavimo
rezultatai yra geriausi. Tiriant atstumo skai¢iavimo algoritmus nustatyta kad tiek naudojant
,Euclidean® tiek ,.cityblock® rezultatus gauname tokius pacius rezultatus. Naudojant
klasifikavimo taisykles ,nearest” ir ,random* gavom tokius pacius rezultatus. Bruozy
jtakos tyrimas rezultatams buvo atliekamas naudojant 4-3 klase. 4-a klasé pasirinkta, nes
del branduoliy persidengimo, klasifikavimo rezultatai pras¢iausi.

Duomeny apdorojimo greitis taip pat skirtingas. Geresni rezultatai gauti naudojant K-
artimiausio kaimyno algoritmg. Neuroninis tinklas kadra apdoroja per 0,094s , K-
artimiausio kaimyno algoritmas per 0,03s

Neuroninio tinklo klasifikavimas gaunasi geriausias esant 23 jéjimams, ir 110 neurony.
Gauti stadijos atpazinimo rezultatai pirmos(vieno branduolio) klasés 88,78%, antros
(dviejy branduoliy)88,32 %, treios(trijy branduoliy) 78,52%, ketvirtos(keturiy
branduoliy) 79,4%.
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Naudojant Artimiausio kaimyno algoritmg su S$iais nustatymais: atstumui skaiCiuoti-
,euclidean” metodas, klasifikavimo taisyklé ,,nearest” ir kaimyny skaicius 13-a , gauti
rezultatai :pirma klasé — 86,4%, antra klasé -85.92%, trecia klasé-79.12%, ketvirta klasé-
77%.

Abu metodai pakankamai gerai suklasifikuoja duomenis. Neuroninio tinklo bendras
atpazinimo vidurkis -83,75 %, standartinis nuokrypis- 2,54, K- artimiausio kaimyno
algoritmo bendras atpazinimo vidurkis- 82,13%, standartinis nuokrypis - 2,395.
Atpazinimo procentas yra geresnis neuroninio tinklo, tac¢iau Standartinis nuokrypis r Siek
tiek prastesnis. K- artimiausio kaimyno algoritmas grei¢iau apdoroja duomenis vieng

kadra -0,03s , kai neuroninis tinklas per 0,094s.
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Priedai
Priedas nr. 1.

,Matlab“ kodas bruozy gavimui

clc
clear all
close all

n=50;

file name='a (%d).Jjpg'
vienaent = [];

data = [];

moml= [];

for i=1:n

image=imread (sprintf (file name,i));
image = imresize(image, [60 60]);

data=[data image(:)];
J = entropy (image) ;
vienaent = [vienaent J];

entropijoj vector(:,:,1i)=J;
d=entropijoj vector(:,:,1i)
xlformatl vector(:,i)=entropijoj vector(:,:,1);

oe

d(i)= xlformatl vector(:,1i);
d= xlformatl vector(:,1i)
[o datal=d (1)

oe

o\°

save ('vienaentropy.mat' , 'vienaent');

o\°

o\°

load('entropy.mat')

imgbw=im2bw (image) ;
imgbw=logical (imgbw) ;

temp vect=huu moment (imgbw) ;

moml = [moml temp vect];
duomhu moment vector(:,:,i)=temp vect;
format long
vienamom/(:,1i)=duomhu moment vector(:,:,i);
save ('vienamoments.mat', 'wvienamom') ;
figure(l), imshow (imgbw, []) ;
end
$write the name of the excel file

[vienaomeg eig psi] = comppca?2 (double (data),15);
save vienaomega.mat vienaomeg;



Priedas Nr 2
Matlab funkcija invariantiniams momentams

function hu moment = huu moment ( image )
[x bar,y bar] = centroid image (image) ;

mu 00 = sum(sum(image)) ;

mu 11 central mm( image ,x bar,y bar,1,1
mu 13 central mm( image ,x bar,y bar,1,3
mu_20 central mm( image ,x bar,y bar,2,0
mu 02 = central mm( image ,x bar,y bar,0,2

’

’

’

’

)

( )

( )

( )
mu 21 = central mm( image ,x bar,y bar,2,1);
mu 22 = central mm( image ,x bar,y bar,2,2);
mu 12 = central mm( image ,x bar,y bar,1,2);
mu 03 = central mm( image ,x bar,y bar,0,3);
mu 30 = central mm( image ,x bar,y bar,3,0);
mu 31 = central mm( image ,x bar,y bar,3,1);
mu 40 = central mm( image ,x bar,y bar,4,0);
mu 04 = central mm( image ,x bar,y bar,0,4);

Il=(mu 20 * mu 02 - mu 1172)/(mu_00)"4;

I2=(-(mu_3072) * (mu 0372) + 6*mu 30*mu 21*mu 12*mu 03 - 4*mu_ 30*
(mu_12)73)/(mu_00)"10;

I3=(mu 20 * mu 21 * mu 03 - mu 20 * (mu 12)"72 - mu 11 * mu 30 * mu 03 +

mu 11 * mu 21 * mu 12 + mu 02 * mu 30 * mu 12 - mu 02 * (mu_21)A2)/(mu_OO)A7;
I4=(-(mu_20)"3 * (mu 03)"2 + 6 * (mu _20)"2 * mu 11 * mu 12 * mu 03 - 3 *

(mu 20)72 * mu 02 * (mu 12)"2 -6 * mu 20 * (mu 11)"2 * mu 21 * mu 03 - 6 *

mu 20 * mu 1172 * mu 1272 + 12 * mu 20 * mu 11 * mu 02 * mu 21 * mu 12 - 3 *
mu 20 * mu 0272 * mu 212 + 2 * mu 1173 * mu 30 * mu 03 + 6 * mu 1173 * mu 21
*mu 12 -6 * mu 1172 * mu 02 * mu 30 * mu 12 -6 * mu 1172 * mu 02 * mu 2172 +
6 *mu 11 * mu 0272 * mu 30 * mu 21 - 1 * mu 02”3 * mu 3072)/(mu_00)"11;

I5=(1 * mu 40 * mu 04 -4 * mu 31 * mu 13 + 3 * mu 2272)/(mu_00)"6;

Ie=(1 * mu 40 * mu 22 * mu 04 -1 * mu 40 * mu 1372 -1 * mu 3172 * mu 04 + 2 *
mu 31 * mu 22 * mu 13- 1* mu_22A3)/( mu 00)*9;

I7=(1 * mu 2072 * mu 04 -4* mu 20 * mu 11 * mu 13 +2 * mu 20 * mu 02 * mu 22
+ 4 *mu 1172 * mu 22 - 4 * mu 11 * mu 02 * mu 31 + 1 * mu 0272 * mu_40)/(

mu 00)"7;

hu moment = [I1 I2 I3 I4 I5 I6 I7];

function cm = central mm(image,x bar,y bar,p,q)

[row cull=size (image) ;

cm=0;
for i=1:row
for j=l:cul
cm=cm+ ((i-1-x_bar)"p) * ((J-l-y_bar)”"qg) * (image(i,]));
end
end
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function [x bar,y bar]=centroid image (image)

gmlO=geomoment (image,1,0) ;
gm0l=geomoment (image,0,1) ;
mO0O0=sum (sum (image) ) ;

x _bar=(gml0) /m00;
y _bar=(gm01) /m00;

function gm = geomoment (image,p,qd)
[row cul]l=size (image) ;

gm=0;
for i=l:row%x axis
for j=l:cul%y axis
gm=gm+ ((i-1)"p) * ((j-1)"q) * (image(i,]));

end
end
end
Priedas Nr 3
Matlab funkcija PCA koeficientams
function [Omega EigenVectors Psi]= comppca2 (Data,NumberOfEigenVectors)

NumberOfData = size(Data,?2);

Psi = mean (Data,?2);

Theta = Data - repmat (Psi,1l,NumberOfData) ;
[EigVect EigVal] = eig(Theta'*Theta);

for 1 = 1:NumberOfData

EigenVectors (:, (NumberOfData + 1) - i) = Theta*EigVect(:,1);
end
EigenVectors = normc (EigenVectors) ;
Omega = zeros (NumberOfEigenVectors,NumberOfData) ;
for 1 = 1:NumberOfData
Omega(:,1) = EigenVectors(:,l:NumberOfEigenVectors) '*Theta(:,1);
End
Priedas nr 4

Matlab kodas klasifikuoti duomenims naudojant neuroninius tinklus
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clc

clear all

close all
load('dvientropy.mat')

load('dvimoments.mat"')
load('dviomega.mat")
load('keturiosentropy.mat')
load('keturios moments.mat')
load ('keturiosomega.mat')

(
(
(
(
(
load('trysentropy.mat')
(
(
(
(
(

load('trysmoments.mat")
load('trysomega.mat')
load('vienaentropy.mat')
load ('vienamoments.mat"')
load('vienaomega.mat')
T=[ ones(l,length(vienaent)), zeros (1, length(dvient) +
length (trysent) + length(keturios entrop))

zeros (1, length (vienaent)), ones (1, length(dvient)),
zeros (1, length (trysent) +length (keturios_entrop));

zeros (1, length (vienaent) +length(dvient)), ones (1l,length(trysent)),

zeros (1, length (keturios_entrop));
zeros (1, length (vienaent) +length (dvient)+length (trysent)),
ones (1, length (keturios_entrop))];

T =[ones(1l,length(vienaent))*10, ones(l,length(dvient))*20,
ones (1, length(trysent))*30 ones(l,length(keturios _entrop)) *40]"';

T viena=[vienaent; vienamom;vienaomeg];

T dvi=[dvient;dvimoment;dviomeg] ;

T trys=[trysent;trysmoment;trysomeqg];

T keturios=[keturios entrop;moment keturios;keturiosomeg];

Vec = [T viena, T dvi, T trys, T keturios];

oe

fazis=[Vec, T];
Vec frag yeas = [entl;momfrag;omeqg];
Vec frag non = [duomentl;duommomfrag;omegl];

oe

o\°

net = newff (Vec,T,110);
net.trainParam.epochs = 1000;
net.trainParam.goal = 0.001;
net=train (net,Vec,T);
out=sim(net, Vec) ;
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plot (T, 'b.-");

hold on

figure (1)
plot(T(1,:),'b.=-");

hold on
plot(out(l,:),'r.-")%pirmas
figure (2)
plot(T(2,:),'b.=");

hold on
plot(out(2,:),'g.-")%pirmas
figure (3)
plot(T(3,:),'b.-");

hold on

plot (out(3,:), 'k.-")%pirmas
figure (4)
plOt(T(4I:)I'b'_');

hold on

plot (out(4,:), 'm.-")%pirmas

save lasteles.mat net

Priedas nr 5

Matlab kodas KNN klasifikatoriui

clc

clear all

close all
load('dvientropy.mat')

load ('dvimoments.mat"')
load ('dviomega.mat")
load ('keturiosentropy.mat')

load('keturios moments.mat')

(

(

(

(
load('keturiosomega.mat')
load('trysentropy.mat')
load ('trysmoments.mat')
load('trysomega.mat"')
load('vienaentropy.mat')
load ('vienamoments.mat"')
load('vienaomega.mat')
load('vienaaaentropy.mat')
load('dvitestentropy.mat')
load('trysyentropys.mat')

(

load('ketvienaentropy.mat')

isejims

isejims

isejims

isejims
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T=[ ones(l,length(vienaent)), ones(l,length(dvient))*2,

ones (1, length (trysent))*3, ones(l,length(keturios _entrop))*4];

ClassNames={'T viena' 'T dvi' 'T trys' 'T keturios'};
Vec = [vienaent, dvient, trysent, keturios entrop];
dist
out = knnclassify(ketvienaent',Vec',T'");

Priedas Nr 6

Matlab kodas testavimui

clc

clear all

close all

load lasteles.mat

n=50;

file name='a (%d).Jjpg';

% hu moment vector=zeros([7 1 n]);
% xlformat vector=zeros(7,n);

vienaenttest = [];
data = [];
moml= [];

for i=1:n

image=imread (sprintf (file name,i));

image = imresize (image, [60 601]);
data=[data image(:)];

J = entropy (image) ;

vienaenttest = [vienaenttest J];

entropijoj vector(:,:,1i)=J;

% d=entropijoj vector(:,:,1)
xlformatl vector(:,i)=entropijoj vector(:,:,1);

d(i)= xlformatl vector(:,1);
save ('vienaaaentropy.mat' , 'vienaenttest');
% load('entropy.mat')
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imgbw=im2bw (image) ;
imgbw=logical (imgbw) ;

temp vect=affine moment (imgbw) ;

moml = [moml temp vect];
duomhu moment vector(:,:,1i)=temp vect;
format long

vienamom/(:,i)=duomhu moment vector(:,:,i);

save ('vienamoments.mat', 'wvienamom') ;
figure (1) ,imshow (imgbw, []);

)

end

[vienaomeg eig psi] = comppca? (double (data),15);

save vienaomega.mat vienaomeg;

tvec=[vienaenttest; vienamom; vienaomeqg];
testVec = [tvec];

out= sim(net, testVec);
level = 0.55;

Names = 'images';

arr = [];

for j=l:1length(level)

count 0;
ok = 0;
for i=1:size(out, 1)
[maxvalue klase]=max (out(:,1));

if maxvalue>level (j) && klase == 1;

embrio=klase;
ok = ok +1

else
embrio = 0;
end;
count = count + 1;
end
arr = [arr (ok /count)*100]
end
figure (1)
plot(level,arr, 'b.-")
figure (2)

plot (ok ,arr, 'b.-")
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Priedas nr 7

Bruozai (entropija)

Kadras

Viena lgstelé

Dvi lgstelés

Trys lastelés

Keturios Igstelés

OO NOOULL B WN K

[EEY
=L O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

7.685050172105294
7.685050172105294
7.672314299589511
7.672314299589511
7.699094017345568
7.699094017345568
7.655071192825310
7.655071192825310
7.633521539116429
7.633521539116429
7.369429598696461
7.369429598696461
7.611411812156611
7.611411812156611
7.652980802090548
7.652980802090548
7.694993883866430
7.69499388386643

7.650679458753734
7.650679458753734
7.681658437129997
7.681658437129997
7.548230987702612
7.548230987702612
7.529739488384165
7.529739488384165
7.486953363681149
7.486953363681149
7.592554164632293
7.592554164632293
7.533612382001754
7.533612382001754
7.545395587647866
7.545395587647866
7.619869843464781
7.619869843464781
7.490422621530051
7.490422621530051
7.405347007644012
7.405347007644012

7.563200427936030
7.563200427936030
7.539523904369442
7.539523904369442
7.566994587238206
7.566994587238206
7.665807927089679
7.665807927089679
7.615394393040828
7.615394393040828
7.668408794575383
7.668408794575383
7.602128419765336
7.602128419765336
7.731539239426971
7.711002179609769
7.711002179609769
7.731539239426971
7.686374097033717
7.686374097033717
7.544402158445514
7.544402158445514
7.448255764409487
7.448255764409487
7.565602711579919
7.565602711579919
7.559208510700214
7.559208510700214
7.598989155471652
7.598989155471652
7.570058240879003
7.570058240879003
7.518941879001818
7.518941879001818
7.561683501313461
7.561683501313461
7.562346324085319
7.562346324085319
7.588235269398390
7.588235269398390

7.582432360381941
7.575049211949569
7.503832598987189
7.638771089713060
7.663029874526347
7.548782702555476
7.513197101033398
7.563786456536921
7.551239942723499
7.600119422944531
7.578739751586712
7.578978303487854
7.547092209285952
7.460397197046564
7.527185548881563
7.533393313215320
7.517487909829926
7.623267564524629
7.608568860532643
7.655482265592397
7.629704341647670
7.558600621406736
7.542836703765763
7.433125197675149
7.510087222195267
7.597818283091851
7.500463361996381
7.560949832224587
7.597370442342981
7.571484318720741
7.581051169251796
7.595660227308225
7.623119290192808
7.675614529673035
7.658025624259084
7.560227118274854
7.527408514359784
7.590256191528821
7.699742523212301
7.332244423605521

7.672834135017689
7.623732279971059
7.684115410846588
7.697074310612736
7.596680763123553
7.578978271440292
7.550957070556517
7.669080354903570
7.684085310237561
7.677259717792269
7.673146375948694
7.675643429164131
7.686607776354506
7.691409840567980
7.708216041033588
7.687189160531631
7.687376782705860
7.703030801319670
7.677941999283087
7.683625956032511
7.694602921287533
7.669003230563300
7.682937391309276
7.669796820835764
7.667988342588434
7.691575918276245
7.682324249502254
7.687253252670543
7.666289556934075
7.690727127227904
7.682289111729482
7.703406059141638
7.705657599318456
7.689887001768977
7.669900861498869
7.697106396781483
7.669905007228698
7.688400419609683
7.693140465102771
7.681689955349531
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41
42
43
44
45
46
47
48
49
50

7.533775322850739
7.533775322850739
7.615325067269112
7.615325067269112
7.622132076285986
7.622132076285986
7.710750502299613
7.7107505022996

7.702802645842479
7.702802645842479

7.542237843452825
7.542237843452825
7.598898567731071
7.598898567731071
7.452258047999456
7.452258047999456
7.554362290857089
7.554362290857089
7.535894229779261
7.535894229779261

7.539658293321976
7.645823721367390
7.494915077521965
7.562450277622181
7.439367697815369
7.527800611900086
7.614975267900127
7.340641912445120
7.670418834350567
7.720981170707521

7.685131836230097
7.695549069209875
7.685477429850032
7.690523554374677
7.700649498436677
7.700367335039472
7.680245964280760
7.692432341711469
7.696372465833012
7.673157914738246

Priedas nr 8

Bruozai (momentai)

Kadras

1 Igstelé

\ 2 lgstelés

3 lgstelés

4 |astelés

0.011809285952778
-0.000000000004348
-0.000000135158625
-0.000000008450029
0.000842706502081
0.000003380613805
0.000765830073433

0.715789580830763
0.000065939651944
-0.007322968793837
-0.011021435750441
2.082254229279224
0.518683805916161
2.358928475400965

0.541892700503943
-0.000066922196473
-0.004684607951774
-0.029380757248270
1.390216515885090
0.266048550801067
1.449300937135317

0.017508635885359
-0.000000000004552
0.000000366135545
-0.000000065971995
0.001693328230776
0.000009361741859
0.001605519861746

0.011809285952778
-0.000000000004348
-0.000000135158625
-0.000000008450029
0.000842706502081
0.000003380613805
0.000765830073433

0.715789580830763
0.000065939651944
-0.007322968793837
-0.011021435750441
2.082254229279224
0.518683805916161
2.358928475400965

0.498380827841830
-0.000076604641878
0.001953769197919
-0.042091795469229
1.262763934032163
0.236951727889957
1.275578386157658

0.627777856786567
-0.001279291812172
0.002663743396875
-0.050275933568072
1.986631941279850
0.401795113191295
1.990133521011410

0.011852586275146
-0.000000000010170
-0.000000127670282
-0.000000009201177
0.000837741714061
0.000003335676158
0.000766046471717

0.824234877079750
-0.000094702340326
-0.028631579042973
-0.132361287862244
3.292185317940228
0.949345451466997
3.387481847877463

0.015761024578770
-0.000000001009902
0.000003352260633
-0.000000357691797
0.001492807494927
0.000008012754072
0.001362710085144

0.018219803954986
-0.000000000011993
0.000000415967128
-0.000000057851651
0.001843897234669
0.000010596526875
0.001742811083265

0.011852586275146
-0.000000000010170
-0.000000127670282
-0.000000009201177
0.000837741714061
0.000003335676158
0.000766046471717

0.824234877079750
-0.000094702340326
-0.028631579042973
-0.132361287862244
3.292185317940228
0.949345451466997
3.387481847877463

0.016517815226692
0.000000000001462
0.000000221912964
-0.000000027936024
0.001492883914191
0.000007784716513
0.001422893370921

0.018877895873516
-0.000000000083408
-0.000000112901862
-0.000000048162932
0.002018286168929
0.000011901000068
0.001886257202126

0.011902236299330
0.000000000002038
0.000000030580648

1.047253220596533
0.001535196310304
-0.059744953141123

0.016882348909797
0.000000000001113
-0.000000145226731

0.742944767969930
-0.000529302124458
0.005764521910379
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-0.000000010431468
0.000868450188919
0.000003530354809
0.000783462071787

-0.195844597317649
4.449055839835151
1.638975354045478
5.050103958743539

-0.000000005375542
0.001577755801432
0.000008404559577
0.001494382824752

-0.040607588870470
2.336715431137721
0.646660861094120
2.606602863736336

0.011902236299330
0.000000000002038
0.000000030580648

1.047253220596533
0.001535196310304
-0.059744953141123

0.738069521368109
-0.000848151048581
0.009808206738151

0.761810288123128
0.000050191184781
-0.007904333941625

6 -0.000000010431468 -0.195844597317649 -0.092314512264840 | -0.013653859863284
0.000868450188919 4.449055839835151 2.613644910490540 | 2.389319275395741
0.000003530354809 1.638975354045478 0.706208436541494 | 0.622813705993259
0.000783462071787 5.050103958743539 2.716143729041522 | 2.681608101208411
0.011967816179323 0.036048137760676 0.829018858621664 | 0.436831000076246
-0.000000000004468 -0.000000018941604 -0.006393154562545 | -0.000561042741446
-0.000000210969369 0.000010473078258 -0.054004745269176 | -0.006371629221403

7 -0.000000014423799 -0.000003251598358 -0.156204657550485 | -0.017476944907707

0.000842303921501 0.007482266792523 3.265117843711622 | 0.889289597050357
0.000003463020253 0.000082814083030 0.923752918812653 | 0.140076890276540
0.000777629584514 0.006930058834136 3.392624756590505 | 0.937219556091203
0.011967816179323 0.036048137760676 0.748030689744988 | 0.016991502227457
-0.000000000004468 -0.000000018941604 -0.001154004349458 | -0.000000000010031
-0.000000210969369 0.000010473078258 -0.019897884634065 | 0.000000268279777

8 -0.000000014423799 -0.000003251598358 -0.069252421673373 | -0.000000035075533
0.000842303921501 0.007482266792523 2.606943701472056 | 0.001588038337636
0.000003463020253 0.000082814083030 0.666949192734026 | 0.000008535594652
0.000777629584514 0.006930058834136 2.735886393629357 | 0.001509443675846
0.011610812803842 0.012921593737148 0.570338052359485 | 0.017804319787362
0.000000000000337 -0.000000000000312 -0.000263933968603 | 0.000000000000013
-0.000000128139514 0.000000005227437 -0.009137699370925 | 0.000000005397983

9 -0.000000004258740 -0.000000008063465 -0.031809119139758 | -0.000000004328483
0.000757747526660 0.000998136122331 1.502037071183368 | 0.001709419817315
0.000002997862956 0.000004280523731 0.302631149212260 | 0.000009529654480
0.000716587440456 0.000910669479880 1.589076364955273 | 0.001640942372882
0.011610812803842 0.012921593737148 0.768843486284241 | 0.016471584829626
0.000000000000337 -0.000000000000312 -0.001232893720506 | -0.000000000023842
-0.000000128139514 0.000000005227437 -0.011345621529269 | 0.000000663394097

10 -0.000000004258740 -0.000000008063465 -0.053069059130237 | -0.000000066754384
0.000757747526660 0.000998136122331 2.761774535708577 | 0.001493617645509
0.000002997862956 0.000004280523731 0.683716802191635 | 0.000007801881734
0.000716587440456 0.000910669479880 2.881712246336336 | 0.001419279147229
0.008861145394483 0.013188620424661 0.670355190494087 | 0.016792818684176
0.000000000056964 0.000000000000380 -0.000478347168043 | -0.000000000001062
-0.000000953745826 -0.000000079443861 -0.037279549752287 | -0.000000086937211

11 -0.000000026610658 -0.000000002113441 -0.061183022401389 | -0.000000011252715

0.000472421956640
0.000001575072729
0.000434460273271

0.001039381883336
0.000004500563092
0.000947552773352

2.026134625951805
0.454570701640386
2.160746862801019

0.001546465864425
0.000008131434568
0.001471061228432

0.008861145394483

0.013188620424661

0.721920150255547

0.016023275837310
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0.000000000056964
-0.000000953745826

0.000000000000380
-0.000000079443861

-0.000825802085796
-0.013092890792546

-0.000000000002845
0.000000143288150

12 -0.000000026610658 -0.000000002113441 -0.041034596537982 | -0.000000022411448
0.000472421956640 0.001039381883336 2.419133920180517 | 0.001414886860029
0.000001575072729 0.000004500563092 0.537224957910426 | 0.000007227634747
0.000434460273271 0.000947552773352 2.516588817298634 | 0.001344304538787
0.033533908958805 0.012766621712786 0.517766710810814 | 0.017561644513170
-0.000000000014888 -0.000000000000059 -0.001190958058746 | -0.000000000014957
0.000001881314397 0.000000187672532 -0.007139240059844 | -0.000000070707069

13 -0.000000425970260 -0.000000014703056 -0.045924796734533 | -0.000000023588102
0.005764652798292 0.000989601888942 1.344635154491851 | 0.001708528035644
0.000055044985504 0.000004155074020 0.264093821310827 | 0.000009397271377
0.005642423385666 0.000894660159857 1.368781049845659 | 0.001616246995199
0.033533908958805 0.012766621712786 0.563016100178967 | 0.017723651205032
-0.000000000014888 -0.000000000000059 -0.001998949053314 | -0.000000000003737
0.000001881314397 0.000000187672532 -0.037988808085330 | 0.000000470857102

14 -0.000000425970260 -0.000000014703056 -0.075417408422186 | -0.000000084225345
0.005764652798292 0.000989601888942 1.526184640070571 | 0.001765616142843
0.000055044985504 0.000004155074020 0.329377223761934 | 0.000009883346484
0.005642423385666 0.000894660159857 1.590571394438699 | 0.001658502291626
0.030807292185793 0.013777401070152 0.526833141803954 | 0.017164528235205
0.000000000003574 -0.000000000010823 -0.000345193447936 | -0.000000000004124
0.000000448464888 -0.000000025366031 -0.021682886962468 | -0.000000076302574

15 -0.000000137249958 -0.000000014297296 -0.030992901299287 | -0.000000022562731
0.004963089240462 0.001148517355071 1.242701410235964 | 0.001650198474184

0.000044759421151 0.000005312409955 0.243153446330334 | 0.000008970730166
0.004817127369038 0.001041902465416 1.342999518630088 | 0.001553211446553
0.030807292185793 0.013777401070152 0.554173144092660 | 0.017729983160517
0.000000000003574 -0.000000000010823 -0.002071207959426 | -0.000000000039424
0.000000448464888 -0.000000025366031 -0.013618274901489 | 0.000000662965558

16 -0.000000137249958 -0.000000014297296 -0.051701823971749 | -0.000000079099658
0.004963089240462 0.001148517355071 1.484000791814413 | 0.001738937342232
0.000044759421151 0.000005312409955 0.294472234078678 | 0.000009726310540
0.004817127369038 0.001041902465416 1.532414372478852 | 0.001647373403124
0.037377508350382 0.013850236647243 0.018974269271496 | 0.018108588048509
-0.000000010660149 -0.000000000017411 -0.000000006510813 | -0.000000000142218
-0.000005129470223 0.000000124045721 0.000005637033682 | 0.000001162493895
-0.000001953148010 -0.000000028507362 -0.000000691530192 | -0.000000130636850

17 0.007343353785911 0.001183079333468 0.002117187343936 | 0.001853051476078
0.000083177920119 0.000005401336223 0.000012767204388 | 0.000010485860668
0.007130448638808 0.001060608163058 0.001945248855304 | 0.001733919954618
0.037377508350382 0.013850236647243 0.023260825958168 | 0.019095311426178
-0.000000010660149 -0.000000000017411 -0.000000003307254 | -0.000000000125906
-0.000005129470223 0.000000124045721 0.000005420232211 | 0.000000606334143

18 -0.000001953148010 -0.000000028507362 -0.000000812092546 | -0.000000096490828

0.007343353785911
0.000083177920119

0.001183079333468
0.000005401336223

0.003107511017844
0.000022817118813

0.002086057726650
0.000012521376816
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0.007130448638808

0.001060608163058

0.002891473628688

0.001940083496735

0.016958016429188
0.000000000003934
-0.000000310967546

0.013590001776468
-0.000000000001971
0.000000223346184

0.020899198707629
-0.000000005279075
0.000006661734471

0.017550255907582
-0.000000000000245
0.000000021469200

19 -0.000000015014235 -0.000000028348656 -0.000000910867620 | -0.000000003358994
0.001640351514018 0.001158155964698 0.002553448496743 | 0.001677074349022
0.000008786451870 0.000005268990365 0.000016966503600 | 0.000009252145524
0.001528973499202 0.001030418877555 0.002353990575727 | 0.001602193679342
0.016958016429188 0.013590001776468 0.023250365285798 | 0.017707173467386
0.000000000003934 -0.000000000001971 -0.000000004049138 | -0.000000000070585
-0.000000310967546 0.000000223346184 0.000006652577617 | 0.000000636737672

20 -0.000000015014235 -0.000000028348656 -0.000000971671787 | -0.000000073974828
0.001640351514018 0.001158155964698 0.003138202162709 | 0.001749850025413
0.000008786451870 0.000005268990365 0.000022877507213 | 0.000009744322044
0.001528973499202 0.001030418877555 0.002898539107988 | 0.001649240248994
0.015608128026450 0.012491280382294 0.021275832368448 | 0.018910976828801
0.000000000000980 -0.000000000000694 -0.000000003269519 | -0.000000000017758
-0.000000157139612 0.000000030940222 0.000004658122504 | 0.000000576190012

21 -0.000000008510364 -0.000000003214975 -0.000000726464618 | -0.000000084079079
0.001417184506717 0.000894374916263 0.002619189531590 | 0.001992306581592
0.000006807637688 0.000003626880174 0.000017218681150 | 0.000011869087899
0.001303543482835 0.000833091124648 0.002420655347289 | 0.001879872216650
0.015608128026450 0.012491280382294 0.019219472858802 | 0.018045047562792
0.000000000000980 -0.000000000000694 -0.000000002593497 | -0.000000000019241
-0.000000157139612 0.000000030940222 0.000005544226464 | 0.000000150898199

22 -0.000000008510364 -0.000000003214975 -0.000000733033650 | -0.000000024032415
0.001417184506717 0.000894374916263 0.002202482461322 | 0.001812539751275
0.000006807637688 0.000003626880174 0.000013776875482 | 0.000010328957304
0.001303543482835 0.000833091124648 0.002012969188031 | 0.001711881067628
0.014728647787400 0.011777083506162 0.018546105298250 | 0.018230194191294
-0.000000000019433 -0.000000000004610 -0.000000004942894 | -0.000000000001052
0.000000244533597 0.000000103589167 0.000004217536895 | 0.000000219001484

23 -0.000000022494574 -0.000000008959870 -0.000000604932614 | -0.000000037340715
0.001186619988392 0.000788790691825 0.002001264753165 | 0.001823761472243
0.000005604405372 0.000003059632119 0.000012049352696 | 0.000010403674782
0.001132868851267 0.000738877539452 0.001852086715949 | 0.001734066565894
0.014728647787400 0.011777083506162 0.015569676473707 | 0.017122912376245
-0.000000000019433 -0.000000000004610 -0.000000002736295 | -0.000000000006104
0.000000244533597 0.000000103589167 0.000004811579849 | 0.000000182797094

24 -0.000000022494574 -0.000000008959870 -0.000000482453599 | -0.000000025415903
0.001186619988392 0.000788790691825 0.001494339263845 | 0.001591514919920
0.000005604405372 0.000003059632119 0.000007975602541 | 0.000008565425675
0.001132868851267 0.000738877539452 0.001347253030843 | 0.001522875856638
0.012815934262622 0.012476096843714 0.017817436821298 | 0.016993435985189
-0.000000000037448 0.000000000000040 -0.000000003888976 | -0.000000000020219
0.000000251496415 0.000000025071883 0.000004952100459 | 0.000000234620795

25 -0.000000022314846 -0.000000002112788 -0.000000583684632 | -0.000000031301893

81



0.000975523535397
0.000004117002757
0.000892781548927

0.000892137267740
0.000003611397456
0.000830966390794

0.001885319953513
0.000011116718131
0.001729478001971

0.001571557689324
0.000008438267556
0.001502210227780

0.012815934262622
-0.000000000037448
0.000000251496415

0.012476096843714
0.000000000000040
0.000000025071883

0.020334116384696
-0.000000004237096
0.000005761074720

0.018862339987587
-0.000000000005857
-0.000000014576191

26 -0.000000022314846 -0.000000002112788 -0.000000737986685 | -0.000000029918725
0.000975523535397 0.000892137267740 0.002410137763797 | 0.001961540632801
0.000004117002757 0.000003611397456 0.000015595549783 | 0.000011465642143
0.000892781548927 0.000830966390794 0.002224003067049 | 0.001858647329032
0.011609257148526 0.012251887878974 0.017154631030929 | 0.017165566435652
-0.000000000016288 -0.000000000000219 -0.000000002301908 | -0.000000000022360
0.000000159722781 0.000000035060227 0.000005000119654 | 0.000000392345093

27 -0.000000012968999 -0.000000002577863 -0.000000562702042 | -0.000000046227299
0.000790109678179 0.000857918866269 0.001754082874389 | 0.001609179093208
0.000003054103566 0.000003425331037 0.000010099095037 | 0.000008701233057
0.000728928245175 0.000800634964818 0.001608543538407 | 0.001534792841562
0.011609257148526 0.012251887878974 0.018853347323058 | 0.017823151793168
-0.000000000016288 -0.000000000000219 -0.000000005276028 | -0.000000000062438
0.000000159722781 0.000000035060227 0.000005409472142 | 0.000000859793113

28 -0.000000012968999 -0.000000002577863 -0.000000695947612 | -0.000000104187630
0.000790109678179 0.000857918866269 0.002093454518326 | 0.001767365844343
0.000003054103566 0.000003425331037 0.000012704260028 | 0.000009973106934
0.000728928245175 0.000800634964818 0.001923495784392 | 0.001669542244836
0.014475626666377 0.013348194863252 0.020497843040626 | 0.017983592793426
-0.000000000032777 -0.000000000001694 -0.000000006789533 | -0.000000000001179
0.000000433022717 0.000000125478983 0.000007558669593 | -0.000000081771802

29 -0.000000037970710 -0.000000010862560 -0.000001265151549 | -0.000000008478227
0.001205832835320 0.001013348594271 0.002594146585111 | 0.001756854428049
0.000006065948207 0.000004384197156 0.000018140139838 | 0.000009862172091
0.001128225745666 0.000947926242144 0.002335800450516 | 0.001679354919052
0.014475626666377 0.013348194863252 0.018574799185025 | 0.017126226137892
-0.000000000032777 -0.000000000001694 -0.000000005802746 | -0.000000000019356
0.000000433022717 0.000000125478983 0.000007601718529 | 0.000000240680635

30 -0.000000037970710 -0.000000010862560 -0.000001009995355 | -0.000000029186745
0.001205832835320 0.001013348594271 0.002150771647729 | 0.001602066566722
0.000006065948207 0.000004384197156 0.000013865161069 | 0.000008720259629
0.001128225745666 0.000947926242144 0.001929916244264 | 0.001529302342418
0.012579445079322 0.013078306021625 0.019846003399617 | 0.018449931223668
-0.000000000008331 0.000000000000000 -0.000000005716244 | 0.000000000000154
0.000000082071459 -0.000000000147230 0.000007492034311 | 0.000000013677450

31 -0.000000013723136 -0.000000000031656 -0.000000981186092 | -0.000000013298330

0.000907858079834
0.000003722286752
0.000845618448515

0.000953556342569
0.000004039102638
0.000901588539017

0.002374241854378
0.000015622702460
0.002160008560594

0.001862272950151
0.000010765407054
0.001773674809319

0.012579445079322
-0.000000000008331

0.013078306021625
0.000000000000000

0.020349944768562
-0.000000001525062

0.018626916613783
-0.000000000036866
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0.000000082071459

-0.000000000147230

0.000006306224906

0.000000670808304

32 -0.000000013723136 -0.000000000031656 -0.000001129466395 | -0.000000085439257
0.000907858079834 0.000953556342569 0.002547118704080 | 0.001934184287470
0.000003722286752 0.000004039102638 0.000017532389513 | 0.000011277159619
0.000845618448515 0.000901588539017 0.002296357484668 | 0.001823457556127
0.011603148803824 0.012640747643937 0.022132980341826 | 0.018580300530629
0.000000000000034 -0.000000000000464 -0.000000002321636 | -0.000000000017485
-0.000000002509134 0.000000016551428 0.000006742756210 | 0.000000133109667

33 -0.000000003737291 -0.000000002090183 -0.000001213251736 | -0.000000023479501
0.000817966027971 0.000894342442906 0.002907112768187 | 0.001911778368374
0.000003198928776 0.000003654921572 0.000021305421202 | 0.000011173273181
0.000740612856722 0.000843741557980 0.002667294910125 | 0.001809785264405
0.011603148803824 0.012640747643937 0.023071686823899 | 0.017767521431241
0.000000000000034 -0.000000000000464 -0.000000001849724 | -0.000000000075989
-0.000000002509134 0.000000016551428 0.000006391246048 | 0.000000313272217

34 -0.000000003737291 -0.000000002090183 -0.000001112456281 | -0.000000053615151
0.000817966027971 0.000894342442906 0.003105548614448 | 0.001762351743622
0.000003198928776 0.000003654921572 0.000023095492652 | 0.000009926470533
0.000740612856722 0.000843741557980 0.002866008264969 | 0.001662358841413
0.011219162459130 0.013096942953479 0.021941115652623 | 0.016610576959323
-0.000000000002429 -0.000000000003210 -0.000000003021449 | -0.000000000008152
0.000000086117552 0.000000188817288 0.000006960013653 | 0.000000106591567

35 -0.000000006403329 -0.000000015080338 -0.000001041102205 | -0.000000026025253
0.000737282587888 0.000967276457921 0.002813442292894 | 0.001496638581603
0.000002762787122 0.000004094956381 0.000020025877154 | 0.000007852281784
0.000680491536730 0.000908694592786 0.002597016799547 | 0.001433093851963
0.011219162459130 0.013096942953479 0.017262324047450 | 0.018113328583941
-0.000000000002429 -0.000000000003210 -0.000000006125904 | -0.000000000012774
0.000000086117552 0.000000188817288 0.000000926522210 | 0.000000029440715

36 -0.000000006403329 -0.000000015080338 -0.000000359389859 | -0.000000055268808
0.000737282587888 0.000967276457921 0.001682353086304 | 0.001828816680499
0.000002762787122 0.000004094956381 0.000009501650831 | 0.000010415600763
0.000680491536730 0.000908694592786 0.001582877946884 | 0.001724682569358
0.010836557779866 0.013423973944053 0.017873240974466 | 0.016048998338884
-0.000000000001434 -0.000000000000438 -0.000000002904471 | -0.000000000009874
0.000000088167066 0.000000057651526 0.000005860880855 | 0.000000259008213

37 -0.000000006132593 -0.000000005257430 -0.000000764093057 | -0.000000033172488
0.000674454497668 0.001004174421958 0.001956421317894 | 0.001413053819007
0.000002456337238 0.000004358369341 0.000012058736734 | 0.000007292028342
0.000629510599716 0.000949532180762 0.001771875123784 | 0.001347115298810
0.010836557779866 0.013423973944053 0.020486853425830 | 0.016767633256767
-0.000000000001434 -0.000000000000438 -0.000000007503729 | -0.000000000019572
0.000000088167066 0.000000057651526 0.000005609282213 | 0.000000618869077

38 -0.000000006132593 -0.000000005257430 -0.000000867822570 | -0.000000090685555

0.000674454497668
0.000002456337238
0.000629510599716

0.001004174421958
0.000004358369341
0.000949532180762

0.002469247633770
0.000016287323702
0.002269680215637

0.001583741670447
0.000008607632418
0.001489051104493
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0.009402333156081
-0.000000000006738
0.000000115060029

0.012961625503261
-0.000000000001645
0.000000125715840

0.023909250105936
-0.000000005437147
0.000003491992631

0.017672678332005
-0.000000000032431
0.000000335661549

39 -0.000000006746779 -0.000000010474061 -0.000000674528204 | -0.000000059756429
0.000531245357423 0.000955807788989 0.003271453333191 | 0.001744016951614
0.000001717938615 0.000004003568599 0.000024779520418 | 0.000009725681815
0.000484783497222 0.000893599484492 0.003045085693397 | 0.001643673558602
0.009402333156081 0.012961625503261 0.012691413593611 | 0.016605582994733
-0.000000000006738 -0.000000000001645 -0.000000001448800 | -0.000000000010001

40 0.000000115060029 0.000000125715840 0.000002724181210 | 0.000000412859474
-0.000000006746779 -0.000000010474061 -0.000000226698137 | -0.000000069343908
0.000531245357423 0.000955807788989 0.000995822735819 | 0.001535629955965
0.000001717938615 0.000004003568599 0.000004499982014 | 0.000008209873202
0.000484783497222 0.000893599484492 0.000899344818994 | 0.001452040288127
0.009632050112551 0.012801442186499 0.015796172622433 | 0.016639144533012
-0.000000000008943 0.000000000000027 -0.000000001637428 | -0.000000000096896
-0.000001067526186 0.000000031363553 0.000003458847119 | 0.000001213324745

41 -0.000000028005442 -0.000000002749792 -0.000000335146552 | -0.000000151856577
0.000538850270491 0.000917408982265 0.001469625041002 | 0.001601830795933
0.000001923025576 0.000003802170322 0.000007721812220 | 0.000008727411202
0.000504480153341 0.000865462455017 0.001353316363145 | 0.001485665890112
0.009632050112551 0.012801442186499 0.019389504895710 | 0.017745940029604
-0.000000000008943 0.000000000000027 -0.000000000168102 | -0.000000000013062
-0.000001067526186 0.000000031363553 0.000002132391069 | 0.000000549366935

42 -0.000000028005442 -0.000000002749792 -0.000000386008342 | -0.000000092242937
0.000538850270491 0.000917408982265 0.002140278126611 | 0.001790844815675
0.000001923025576 0.000003802170322 0.000013532879920 | 0.000010126115216
0.000504480153341 0.000865462455017 0.002003479792572 | 0.001672682555925
0.010961076205340 0.013136925288587 0.014649019573465 | 0.016887874031918
0.000000000004448 -0.000000000001508 -0.000000001908014 | -0.000000000195243
-0.000000566570706 0.000000165126487 0.000002670440074 | 0.000000798951551

43 -0.000000014994552 -0.000000013421549 -0.000000258658627 | -0.000000105329628
0.000703465461185 0.000990516003332 0.001271764358304 | 0.001620756571971

0.000002757780282 0.000004177594621 0.000006180744706 | 0.000008827328076
0.000653503082392 0.000921086616835 0.001167077032796 | 0.001516161609225
0.010961076205340 0.013136925288587 0.016810682162214 | 0.017859528423904
0.000000000004448 -0.000000000001508 -0.000000000590332 | 0.000000000000928
-0.000000566570706 0.000000165126487 0.000003422613865 | -0.000000192532028
-0.000000014994552 -0.000000013421549 -0.000000525686261 | -0.000000014597751

44 0.000703465461185 0.000990516003332 0.001705661225605 | 0.001760765834339

0.000002757780282 0.000004177594621 0.000010051186400 | 0.000009908372699
0.000653503082392 0.000921086616835 0.001557746389944 | 0.001669779171752
0.011469831660203 0.011490769528779 0.014139124495738 | 0.017790689725693
0.000000000014620 -0.000000000000014 -0.000000001753820 | -0.000000000457222
-0.000000548752159 0.000000003065029 0.000002983988671 | 0.000002048098398

45 -0.000000015495787 -0.000000000417375 -0.000000254332036 | -0.000000235977888

0.000753394791561

0.000744890485756

0.001208847443489

0.001859786178237
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0.000003022841752
0.000707023508400

0.000002810613547
0.000700690373859

0.000005741796160
0.001098703961017

0.000010542150577
0.001706920102212

46

0.011469831660203
0.000000000014620
-0.000000548752159
-0.000000015495787
0.000753394791561
0.000003022841752
0.000707023508400

0.011490769528779
-0.000000000000014
0.000000003065029
-0.000000000417375
0.000744890485756
0.000002810613547
0.000700690373859

0.016285904671493
-0.000000003753930
0.000005138836123
-0.000000523232585
0.001645923864736
0.000009150841638
0.001478372724434

0.016527575673367
-0.000000000785703
0.000002121399599
-0.000000216981673
0.001592380978572
0.000008459022258
0.001468714225761

47

0.012713985605066
-0.000000000002389
-0.000000276527141
-0.000000012119987
0.000930321154187
0.000003999363105
0.000867936755478

0.012328791678303
-0.000000000000021
0.000000004279773
-0.000000000506565
0.000864099114524
0.000003461690309
0.000808648147618

0.018270802765785
-0.000000015648414
0.000006166545223
-0.000000804459922
0.002067880710309
0.000012633366796
0.001855007568831

0.016989990459896
-0.000000000000973
-0.000000122108194
-0.000000009152319
0.001591081939770
0.000008485343815
0.001509679267546

48

0.012713985605066
-0.000000000002389
-0.000000276527141
-0.000000012119987
0.000930321154187
0.000003999363105
0.000867936755478

0.012328791678303
-0.000000000000021
0.000000004279773
-0.000000000506565
0.000864099114524
0.000003461690309
0.000808648147618

0.012828953311248
-0.000000003944639
0.000003727133881
-0.000000298761060
0.001067089592105
0.000004869158491
0.000939577611814

0.017617273141005
0.000000000000465
0.000000132507953
-0.000000033993427
0.001730624197029
0.000009562146108
0.001631652956210

49

0.012214516137412
-0.000000000003452
-0.000000114046334
-0.000000022092542
0.000880534023159
0.000003724401051
0.000811959816171

0.012312681154014
-0.000000000000133
0.000000012966602
-0.000000001208720
0.000862525615496
0.000003474829855
0.000807269892354

0.017556401940140
-0.000000005116423
-0.000000388078094
-0.000000349174667
0.001576409257966
0.000009031791592
0.001564168439927

0.017580971143432
-0.000000000025233
0.000000654510699
-0.000000086399949
0.001726870334668
0.000009616719730
0.001627738555541

50

0.012214516137412
-0.000000000003452
-0.000000114046334
-0.000000022092542
0.000880534023159
0.000003724401051
0.000811959816171

0.012312681154014
-0.000000000000133
0.000000012966602
-0.000000001208720
0.000862525615496
0.000003474829855
0.000807269892354

0.020224750580057
-0.000000000958825
0.000000083943537
-0.000000178738674
0.002092130010665
0.000013197186955
0.002067942392898

0.016245097903667
-0.000000000004238
-0.000000031665720
-0.000000012863697
0.001452506912159
0.000007509113559
0.001380855676518
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Priedas nr 9

Bruozai PCA
Kadr | 1lastelé 2 lgstelés 3 lgstelés 4 |gstelés
as

0.966528724530410 -4.976067178381150 -2.801559613736563 | 0.608240912646916
2.101065473429166 -0.184059373418128 -0.374099638491891 | 1.454199899734550
0.243029624857310 -0.009289334005829 | -0.069916477658810 | 0->23261173385246
0.333735312207404 0.175145928932713 0.069407364828431 '(())' iogig%i?;ﬁi;
-0.045148905965369 0.074732608555364 0.051067194280684 | ~ o oo R0 o
-0.180562402568506 0.092201878370941 0.097982836064425 | 1 4500>c762071519

1 1.211690372874501 0.774217347483406 0.053188691233873 |  376901846622636
-0.291711394440801 0.138230708903851 0.039142313347159 | -0 061297715215545
-0.574417670144986 -0.098035839617935 0.047409957050647 | 0.174465080383044
-0.445910863117401 0.141094411113032 0.194267217377151 | 0.766869000146533
-0.183026272293181 0.263460218726084 0.019681578185135 | -0.040356129940736
-0.116932051192127 0.121223791460348 -0.105155918897446 | ~0-193918812112015
-0.104844973663114 -0.195455632577580 | -0.111081563115564 g'giggigéizgggg
-0.127360773428061 -0.183406826304695 -0.054576968865706 | "= o00 700 s eaeo
0.306970697822589 -0.187375805876724 0.028480425357250
0.966528725 -4.976067178 -2.596448302 -5.328489749
2.101065473 -0.184059373 -0.363791609 0.2041769
0.243029625 -0.009289334 -0.005420299 -0.129364825
0.333735312 0.175145929 0.24695822 -0.144152236
-0.045148906 0.074732609 -0.03312417 -0.211710418

5 -0.180562403 0.092201878 0.096434499 -0.345574705

1.211690373
-0.291711394
-0.57441767
-0.445910863
-0.183026272
-0.116932051
-0.104844974
-0.127360773
0.306970698

0.774217347
0.138230709
-0.09803584
0.141094411
0.263460219
0.121223791
-0.195455633
-0.183406826
-0.187375806

0.279364266

-0.127871829
-0.006579422
-0.083042913
-0.081883017
0.044071155

-0.230752762
-0.069149965
-0.061337912

-0.209735553
0.131371198
0.024583809
0.118524839
0.362136117
0.033142982
0.008536774
0.047969186
-0.197481329

0.807287208
1.839816249
0.06423277

-4.409046381
0.007816165
0.066436407

1.031837295
-0.512987498
1.761113873

0.519363676
0.187510491
-0.737808296
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0.207727251 -0.145888135 -0.309956205 -1.359931238
-0.170539666 0.152335042 0.398734907 0.042727257
0.728955235 0.046668899 0.30032734 -0.422157706
0.647729405 0.116339232 -0.696589919 0.499183358
-0.719351934 -0.14743016 -0.497049837 -0.468301034
0.603624396 0.006772532 -0.131620454 -0.569757083
0.179120448 0.070191062 0.454080872 -0.048950751
0.392368909 -0.244278266 -0.927405333 -0.250318629
1.304734463 0.10445194 -0.049127791 0.332162032
0.619193376 0.075095683 0.341650582 -0.083967193
-0.386023328 0.053474406 0.161333828 -0.303331981
-0.644980966 0.181790874 -0.080345695 0.269826951
0.807287208 -4.409046381 2.462688832 -0.046848418

1.839816249
0.06423277

0.207727251
0.170539666
0.728955235
0.647729405
0.719351934
0.603624396
0.179120448
0.392368909
1.304734463
0.619193376
0.386023328
0.644980966

0.007816165
0.066436407
-0.145888135
0.152335042
0.046668899
0.116339232
-0.14743016
0.006772532
0.070191062
-0.244278266
0.10445194
0.075095683
0.053474406
0.181790874

-1.656175065
-0.798776465
0.409815769
-0.221753367
0.963613295
1.174481712
-0.873683351
0.850312096
-0.241309442
-0.083672999
-0.229976291
-0.338189057
0.20456251
-0.445355176

0.350333045
1.606657585
0.314989182
1.453583617
-0.291850543
-0.095287992
0.777119468
0.445582729
-0.159565533
-0.193103558
0.736934132
-0.219021809
-0.52452582
0.88962639

0.16157411
-0.10932027
-2.204507301
-1.146979519
-1.096127859
1.311614577
-0.658418543
-0.122431729
-0.634792358
1.063887454
-0.182185125
0.368945532
-0.2225831
-0.054989901
0.394649707

-4.791974903
-0.390303352
0.112986726
-0.023328796
-0.228441726
0.04681861
0.562231077
-0.079016631
-0.019038756
0.011682729
0.04433023
-0.250807982
0.037939874
0.246743469
0.11875957

2.481521757
-1.410501563
-0.835542634
0.370528997
-0.181775142
1.240663826
1.319782084
-1.356304216
0.352134087
-0.239204158
-0.601920565
0.47290978
0.040534704
-0.162618836
0.373769729

-5.512169655
-0.112676226
-0.1326326
-0.182304381
-0.150422486
0.436638332
-0.009956223
0.044740555
-0.062012586
-0.142522121
-0.047626465
-0.001762406
0.06011326
-0.115730609
-0.230646767

0.16157411

-4.791974903

-2.841973564

-5.622363628
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-0.10932027 -0.390303352 -0.363421458 -0.298111341
-2.204507301 0.112986726 -0.027305278 -0.289639112
-1.146979519 -0.023328796 0.035295136 -0.176480732
-1.096127859 -0.228441726 0.016884741 -0.038384133
1.311614577 0.04681861 0.234062326 0.101054554

-0.658418543 0.562231077 0.025322411 0.017794382

-0.122431729 -0.079016631 -0.044531888 -0.154101984
-0.634792358 -0.019038756 0.03682109 -0.041935609
1.063887454 0.011682729 0.125438833 -0.110139565
-0.182185125 0.04433023 -0.000641556 -0.384936446
0.368945532 -0.250807982 -0.129780768 -0.013832483
-0.2225831 0.037939874 -0.12553293 -0.156615991
-0.054989901 0.246743469 -0.18449103 0.431579298

0.394649707 0.11875957 -0.121108441 0.578284995

1.185941996165130 -1.959827537460349 2.681330996481 4.82434400164

1.237250976857475
0.075941680031291
0.231892750836395
-0.361804335591121
-0.069514522503929
0.505362228476603
-0.624736552815194
-0.697559360658840
-0.017620679786779
-0.795940562644204
-0.978284758296553
-0.537957522119807
0.003596593766429
0.659190756232326

-0.229837435097311
-0.093037129319657
-0.339409906839632
0.329274967099865
-0.424869517199255
-2.848168334236089
0.331470190580414
0.272401852330556
-0.576333339196236
-0.156101062493432
0.099818503091473
0.098028074524222
0.095538890120336
-0.211143963974044

0.133549467601
0.143002748822
0.059543134550
0.103252608538
0.017515017915
0.128942878710
0.104824992902
0.132887984787
0.137793299630
0.158398553575
0.172810239142
0.061551313810
0.024072025367
0.066479959662

0.07088155505
0.05317082839
0.17344551417
0.03463548043
0.18900383968
0.15375752628
0.05430138079
0.28330522665
0.14746808087
0.06875301970
0.13263568679
0.05846535452
0.35986864483
0.29387592261

1.185941996
1.237250977
0.07594168
0.231892751
-0.361804336
-0.069514523
0.505362228
-0.624736553
-0.697559361
-0.01762068
-0.795940563
-0.978284758
-0.537957522

-1.959827537
-0.229837435
-0.093037129
-0.339409907
0.329274967
-0.424869517
-2.848168334
0.331470191
0.272401852
-0.576333339
-0.156101062
0.099818503
0.098028075

-2.876719716
-0.345718359
-0.102238629
0.104167777
-0.092475143
0.114848279
0.103289383
0.00673475
-0.020355596
-0.097446811
-0.037989122
0.11125963
-0.173696001

0.637121026
-0.479655014
-0.24126069
-0.476295206
-0.311325576
0.944173275
0.304950842
-0.36777912
-0.360573093
-0.055810909
0.176126908
-0.165531857
0.38129979
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0.003596594
0.659190756

0.09553889
-0.211143964

0.144260103
0.195934063

-0.638601016
0.533347967

1.690921621
-0.531257851
-0.138948428
-0.025274582
2.441857329
1.348203898
-0.392351798
-0.48678672
0.904797432
0.107506222
-0.271641779
-0.55320679
0.023001294
-0.147398806
0.043728319

0.610520761
1.454182946
0.039795243
-0.566218105
-0.141866766
0.128389005
0.317731537
-0.872358302
-1.091883699
-1.825994103
-0.909379048
-0.553854732
-0.591260245
0.30207678
-0.093369709

-2.729862298
-0.349104793
-0.107911208
-0.000604837
0.098988947
0.192599361
-0.046300254
-0.015807835
0.138921418
0.062037422
0.032800237
-0.140444975
-0.012538907
-0.130020855
-0.182734996

0.544897821
-1.452811814
0.471005505
-0.079390102
-0.237310045
0.121326296
0.368879939
0.028827237
-0.122146873
-0.264185774
0.902914593
-0.628702014
0.181297181
-0.020701308
-0.154377746

10

1.690921621
-0.531257851
-0.138948428
-0.025274582
2.441857329
1.348203898
-0.392351798
-0.48678672
0.904797432
0.107506222
-0.271641779
-0.55320679
0.023001294
-0.147398806
0.043728319

0.610520761
1.454182946
0.039795243
-0.566218105
-0.141866766
0.128389005
0.317731537
-0.872358302
-1.091883699
-1.825994103
-0.909379048
-0.553854732
-0.591260245
0.30207678
-0.093369709

-3.000258445
-0.285019339
-0.096400544
-0.022700379
0.048316872
0.093539374
-0.176672337
-0.009835653
-0.004082776
0.009316499
-0.1438137
0.10428963
0.377754371
-0.078907152
0.077595453

0.36235915
0.36842985
0.52205205
1.15164551
1.46552901
0.07932232
0.15958130
0.87977644
0.72299521
1.15510776
0.71751893
0.56637547
-0.2356137
0.61971200
0.33880006

11

1.212609755
-0.147040517
-0.415593422
0.342696052
0.102745492
0.141992598
-0.311133277
-0.18454024
0.335081696
-0.225284381

0.594529392
1.326240707
-0.88671131
0.520578491
2.059680699
-0.018529961
-0.020273355
1.091979964
-1.362291895
0.745485004

-2.851090399
-0.195713874
-0.175712321
-0.013078429
-0.018078259
0.046788587

-0.140622255
0.055270862

0.071070265

-0.015367459

0.61419251
2
-1.15298734
0.27157801
6
0.15678521
7
1.19183707
6
-0.15061997
0.66139985
6
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0.190771205
-0.138802928
0.231348514
0.169687051
0.395916365

-0.133954936
-0.37064304
0.164661365
-0.315901496
0.255995164

-0.173348983
-0.028977679
0.166261243
0.077817933
-0.014637662

0.17935213
4
0.05465987
4
0.61585034
4
0.63415404
6
0.02865264
8
0.15468870
9
0.07204988
3
0.15927060
3

1.212609755
-0.147040517
-0.415593422
0.342696052
0.102745492
0.141992598

0.594529392
1.326240707
-0.88671131
0.520578491
2.059680699
-0.018529961

-2.914198849
-0.257918216
-0.111941715
0.025813768
-0.003178534
0.101944247

0.61335863

0.176590982
0.692762259
0.040857767
0.831711145
1.310007907

" -0.311133277 -0.020273355 -0.104790203 0.388464642
-0.18454024 1.091979964 0.028434264 0.174359985
0.335081696 -1.362291895 0.129778885 -0.00189135
-0.225284381 0.745485004 0.003034657 0.142339432
0.190771205 -0.133954936 -0.10710588 0.391516155
-0.138802928 -0.37064304 -0.061721652 0.07656733
0.231348514 0.164661365 0.130590797 0.322105577
0.169687051 -0.315901496 0.001601572 0.116140967
0.395916365 0.255995164 0.005361849 0.511803203
3.0247894709801 0.477718787709214 -2.642548730560542 | (.564826217
0.2568640206314 1.546087134655684 -0.376426512010183 | 1077539019
0.9257615405802 0.169126867855291 -0.056002941760037 | (.169212767
0.1367540111455 1.004725433960205 0.179688232319094 | (197831723
0.4717671950868 0.750366654299771 -0.104296467005490 | (643883716

13 0.3166692824649 0.166636868849786 0.101940234983503 | (.198332127

0.7819584723655
0.1969237393799
0.4318695621343
0.0916668242743
0.1109937530525
0.1153560888074
0.1339085263999

0.007550902219637
0.241649024574292
0.678466277397208
0.172870801221445
1.447878239553890
0.997122646950589
0.096343321455024

0.229770966335956

-0.040830734299023
-0.016786691830122
-0.009001584762807
-0.069359240050058
-0.002675803383869
-0.080827464334366

0.327046790
0.056973647
0.459629281
0.261445930
0.352001436
0.534822871
0.350833738
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0.0519004768271
0.1157525077738

0.623970321684417
0.123884980088487

-0.013591858041739
0.065849515615094

0.547736693
0.252930856

-3.024789471
-0.256864021

0.477718788
1.546087135

0.074902305
-2.380356102
-0.337439943

0.508570994
1.533340046

-0.925761541 -0.169126868 Pt -0.301739462
1136754011 -1.004725434 : 434
0171767155 075086054 0012889317 0 062189615
-0.143268421
-0.316669282 -0.166636869 0141596378 0.64877857
14 0.781958472 -0.007550902 0.074902305 -0.262149458
-0.196923739 -0.241649025 -0.032227063 0.579948668
0.431869562 -0.678466277 0.038183911 -0.138173537
0.091666824 -0.172870801 -0.025341906 0.211905118
-0.110993753 1.44787824 -0.021890189 0.85066519
0.115356089 0.997122647 -0.019429531 0.296943737
0.133908526 0.096343321 8'2222?2223 0.255989417
0.051900477 -0.623970322 0168658566 0.61374409
0.115752508 -0.12388498 0.21183784
-3.249367739 0.456537708 -2.455602147 0.459486519
0.197893621 -0.285133191 -0.12960712 0.250441863
-1.20326933 -2.911656606 -0.133987523 0.29493798
" 0.110003809 1.748037256 0.083467654 -0.084346319
0.624253198 -1.433282748 0.089614542 -0.227841786
-0.200812588 0.279360427 -0.055924458 -0.703646706
0.844658147 -0.272403316 -0.13329129 -0.313341574
-0.149727681 -0.473915135 0.01486303 0.304075027
0.311697201 -0.224671975 -0.023323968 1.107957322
-0.158502416 0.150884161 -0.055428035 -0.308217795
0.105603584 -0.159615378 -0.019164179 -0.128323727
0.045999813 0.125834516 -0.129212288 0.448771186
0.091467482 0.160599238 -0.056516745 1.745854067
0.170252725 0.011352179 0.111992044 -0.160284795
0.150384431 0.119022523 -0.034219134 -0.196123845
-3.249367739 0.395388511 -2.574079596 0.481173801
0.197893621 2.402819257 -0.322269586 0.071694522
-1.20326933 -0.09845114 -0.066500674 -1.013090066
0.110003809 0.745254656 0.11450122 -0.85530105
0.624253198 1.168571881 -0.129083573 0.517803179
16 -0.200812588 0.571325197 0.056053938 -0.189282972
0.844658147 0.100011296 0.079193441 0.458508195
-0.149727681 -0.912306776 -0.046183878 -0.020327713
0.311697201 1.757259735 -0.009378095 -0.832584352
-0.158502416 0.018509935 -0.063638575 -0.287034066
0.105603584 0.363670225 0.009818888 -0.514861432
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0.045999813
0.091467482
0.170252725

0.366919739
0.005888214
0.32270783

-0.043659066
-0.133061771
0.158665835

0.449657655
0.06227063
0.352430217

0.150384431 -0.156762635 0.048287286 -0.134478412
-2.055069572 0.395388511 0.745322446 0.287224261
1.948727104 2.402819257 -0.360558431 0.274699064
1.207764265 -0.09845114 0.241775901 -1.277214619
0.574293858 0.745254656 0.416165397 0.377100922
-0.016751668 1.168571881 0.448178126 0.678516686

-0.225129321

0.571325197

-0.302876557

-0.742655183

17 -2.090955008 0.100011296 0.143711259 -0.483712551
-0.144211345 -0.912306776 0.463490273 0.055180472
0.326685138 1.757259735 0.611784216 -0.89731389
0.881571603 0.018509935 -0.87119869 -0.540684415
-0.252809643 0.363670225 0.460823501 -0.119767239
-0.079623098 0.366919739 0.858684046 -0.261355368
-0.081498036 0.005888214 -0.503345523 0.314344128
0.218000843 0.32270783 -0.352336164 0.803651323
-0.210621507 -0.156762635 0.240154487 -0.469544192
-2.055069572 0.456537708 0.371550721 0.0282663
1.948727104 -0.285133191 -0.47704992 0.572761594
1.207764265 -2.911656606 -0.100808262 1.329124718
0.574293858 1.748037256 -0.02428464 0.29898123

18 -0.016751668 -1.433282748 -0.719507941 0.386309443
-0.225129321 0.279360427 -0.150238225 1.105737907
-2.090955008 -0.272403316 -0.776946469 0.617985186
-0.144211345 -0.473915135 -0.187708045 0.237337433
0.326685138 -0.224671975 -0.592161054 -0.93027109
0.881571603 0.150884161 -0.422739294 0.305474198
-0.252809643 -0.159615378 0.725994802 0.135879913
-0.079623098 0.125834516 1.549453267 1.136896136
-0.081498036 0.160599238 0.607662609 0.390830674
0.218000843 0.011352179 0.330773191 0.661432783
-0.210621507 0.119022523 -2.030691155 0.657193538
1.1021349034878 0.392752435617801 0.753040017470680 0.229698482882526
0.4872809332316 2.036508434423468 -0.368495226300948 -0.847791121547128
0.4160123534812 0.123462184657667 -0.400228774540885 0.454490987815184
0.4459614236185 -1.245065839390418 -1.208674021158228 0.787776772009169
0.0971331938363 -1.677775175242832 0.224742299100008 -0.333547056215465
0.6832226185954 -0.084737589086245 -1.426651900237741 -0.402984475340094

19 0.9257238320906 -0.049313764152358 0.132157596742177 -0.259181357461900

0.0328256318297
0.7883763563771

1.170992386210358
0.469079972551087

-0.172857608304612
0.015721836959007

0.156308631133919
-1.303076926247471
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1.9023733125307
0.8263531199784
0.6340258035697

1.028153122987428
-0.600372031466723
-0.430066785082344

0.091823475367027
-0.524551009330735
0.166036503921569

1.011561584176320
0.243651296896033
0.739179784989673

0.4996270449224 0.014327403282643 -1.092683152998787 -0.484515963487871
0.0858950280489 0.230759941466316 -0.740815159376929 -0.708599500788093
0.4270961226005 0.010830367098233 -0.294326437214739 -0.822744748681346
-1.102134903 0.392752436 0.42740101 0.441669638
0.487280933 2.036508434 0.30184539 -0.390783316
-0.416012353 0.123462185 0.31705369 -1.505569965
-0.445961424 -1.245065839 1.32756536 -0.186321317
0.097133194 -1.677775175 0.70447225 0.523439959
0.683222619 -0.084737589 0.94477137 -0.569850917
-0.925723832 -0.049313764 0.57222366 0.314687657
0.032825632 1.170992386 1.08310960 -0.029440715
-0.788376356 0.469079973 0.93872848 -0.164799657
20 -1.902373313 1.028153123 0.97649664 -0.39464937
0.82635312 -0.600372031 1.20094250 -0.286885208
-0.634025804 -0.430066785 0.28562725 0.515758853
-0.499627045 0.014327403 0.17749019 -0.047766131
0.085895028 0.230759941 0.06761784 0.144879386
-0.427096123 0.010830367 0.61281796 -0.278034469
-0.700167104 0.621313575 0.591370409 0.502329867
-0.448764809 -0.660998544 0.364930231 0.465110723
1.022538973 0.569457188 -0.690586198 -0.621462136
21 -0.270159189 -0.130308139 -1.60417733 -1.230180703
-1.499107304 0.132531073 0.399435348 -0.440363684
1.44831466 -0.003355299 -1.10880122 -0.687623691
0.454494254 -0.306444711 0.226957659 0.138995466
0.986043118 -0.633526452 -0.547339164 -0.505819156
1.121017112 -0.482831579 0.683670175 -0.359514891
-0.535259025 0.483836154 0.758855848 0.042389717
-0.966751873 0.214983829 -0.275443243 -0.318078875
-0.477769896 0.538731611 -0.229170081 0.337180599
0.208032096 -0.680793903 0.163772487 -0.111285813
-0.260350352 -1.096893363 -0.021544444 -0.485261845
-0.188726614 0.004938564 -0.25444324 0.492438898
-0.700167104 0.621313575 0.63202561 -0.051338704
-0.448764809 -0.660998544 0.312308865 -0.145709281
1.022538973 0.569457188 0.239419347 1.472078765
-0.270159189 -0.130308139 0.304090368 0.496827816
22 -1.499107304 0.132531073 -1.319078113 1.076191445

1.44831466
0.454494254

-0.003355299
-0.306444711

-0.813664423
0.91174494

-0.387083612
-0.297303652
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0.986043118 -0.633526452 0.372769542 0.596992801
1.121017112 -0.482831579 -0.960720138 -0.562873872
-0.535259025 0.483836154 0.295695354 -0.818694575
-0.966751873 0.214983829 -0.207034268 -0.03332795
-0.477769896 0.538731611 0.36141466 -0.139591894
0.208032096 -0.680793903 -0.439159748 -0.648209067
-0.260350352 -1.096893363 1.028947362 -0.692056374
-0.188726614 0.004938564 0.407491354 0.350991302
-0.552587749 0.930693007 0.886256893 0.51866228
-0.863815583 -0.687812183 -0.00290228 -0.380926115
0.661038792 -0.119033535 0.439474145 -0.028313161
0.059247162 -0.226897789 1.168535546 -1.230673682
23 0.247856228 0.125490483 0.509248253 0.180265
-0.199349307 -0.156520615 -0.314758428 0.140223849
0.271335246 0.268961101 0.051486999 0.759633582
0.019572706 0.04599022 0.507102598 -0.536719762
-0.071160536 -0.216623522 1.339779546 -0.222282623
0.168460936 0.161046053 -0.528037078 -0.08564598
-0.534830761 -0.108252181 0.592060768 0.141144599
-0.255281134 0.416889303 0.412102776 0.356345751
0.154164422 0.11928717 0.014276449 0.072347999
0.059971161 0.7155783 -0.093962203 -0.224864604
0.366543369 -1.088923871 0.137343072 0.037999988
-0.552587749 0.930693007 0.924317843 0.422186249
-0.863815583 -0.687812183 -0.213947432 -1.062126281
0.661038792 -0.119033535 1.072393757 -0.865243336
0.059247162 -0.226897789 -0.312001792 1.047033647
0.247856228 0.125490483 -0.077259007 -0.50022604
24 -0.199349307 -0.156520615 0.01709012 -0.203257733
0.271335246 0.268961101 -0.226175766 0.443733061
0.019572706 0.04599022 -0.10763262 0.710039528
-0.071160536 -0.216623522 -0.093475164 -0.018401336

0.168460936
-0.534830761

0.161046053
-0.108252181

0.140805474
-1.083204073

0.227889028
0.128595371

-0.255281134 0.416889303 0.295503214 0.534802012
0.154164422 0.11928717 0.049633757 -0.119110743
0.059971161 0.7155783 -0.716190371 0.477797749
0.366543369 -1.088923871 -0.403141941 0.078916885
0.489594249933989 0.663249677013167 0.685786676417476 0.469313937071513

0.550564614288282
0.931603374566829
0.183059284958365
0.055040292789009

0.185056150116687
1.001897426552182
0.183297786410337
0.400916547389362

0.163622264002801
-0.114141840782834
0.007590893752406
-0.973528955047019

-1.062349758346847
-1.281088893966087
1.027973984601301
0.539366158306077
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0.152377532540166 0.039885510031090 -0.720669790122735 0.043307464188127
0.082724267190303 0.149050411838008 0.353969936303215 0.897559850681532
0.283506404301144 0.853922258529082 -0.144187568271747 0.328962894995008

25 0.212446358463522 0.030840172232684 -0.627598538692679 0.417143982590118
0.404315185503617 0.673705683092798 -0.000679334178509 -0.132780994208345
0.024430469926378 0.540438830515605 0.131770886381126 0.129633082962356
0.070730201015120 0.494704852953052 0.691100810371943 -0.060678761058447
0.389870594876946 0.494613008537270 -0.094039853732969 -0.029336585719149
0.185816129020110 1.133417669507272 1.151837812498337 0.211435897784439
0.989548752543606 0.343111308542788 0.768942956077052 0.307486193961198
-0.48959425 0.663249677 0.840373303 0.418436771
-0.550564614 -0.18505615 0.853724351 -0.984780293
0.931603375 1.001897427 -0.666110169 0.52652772
-0.183059285 0.183297786 -0.253901135 -0.439800151

26 -0.055040293 -0.400916547 0.843072331 0.01250855
-0.152377533 -0.03988551 -0.835883048 -0.288319234
0.082724267 -0.149050412 0.556343803 0.614395812
0.283506404 -0.853922259 0.327099836 -0.248919078
0.212446358 0.030840172 -0.002330834 0.492644815
0.404315186 0.673705683 -0.550289265 0.185417909
-0.02443047 -0.540438831 -0.944532717 1.313351244
0.070730201 -0.494704853 -0.316014542 0.180432497
-0.389870595 0.494613009 0.086217382 -0.16454039
-0.185816129 -1.13341767 0.091648733 0.017674273
0.989548753 -0.343111309 -0.577835901 0.070565438
-0.100420418 0.68865385 0.897429357 0.476169637
-0.61638723 -0.070640217 0.486913174 -1.024614497
0.719042425 0.383349157 0.10992828 -1.314364621
-0.531110633 0.643457406 0.510221861 1.066592821
0.285023363 0.140205838 -0.582088432 0.676679554

27 -0.587680677 -0.165103272 -0.64132992 0.115190611

0.008277746
-0.273374851

0.156096272
-0.097970176

0.299887505
0.172675102

0.795592299
0.269085455

-0.432379399 0.667753769 -0.470866113 0.423998273
-0.275934063 0.004376307 -0.05074257 -0.080497701
-0.734364031 -0.97649884 -0.152691493 -0.00462427
0.550652079 -0.298601999 0.139708995 -0.370459879
-0.24759698 -0.34696669 -0.960312626 -0.028914522
0.088980023 -0.696576327 -0.511340064 -0.078458163
-0.3768332 -0.240810715 -0.30662289 0.301411427
-0.100420418 0.68865385 0.868184951 0.537855087
-0.61638723 -0.070640217 0.979361903 1.425284374

0.719042425

0.383349157

-0.318628403

-0.369899366
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-0.531110633 0.643457406 0.274610827 -0.278617905
0.285023363 0.140205838 1.184906254 -0.278639614
-0.587680677 -0.165103272 0.306107014 0.265334888
28 0.008277746 0.156096272 0.035512717 -0.215593218
-0.273374851 -0.097970176 0.714074602 0.197755789
-0.432379399 0.667753769 0.743012888 -0.27824014
-0.275934063 0.004376307 -0.198377438 0.460477032
-0.734364031 -0.97649884 0.02355563 0.410626186
0.550652079 -0.298601999 0.304454636 -0.303811814
-0.24759698 -0.34696669 0.065910232 -0.370551566
0.088980023 -0.696576327 0.719997916 -0.333697925
-0.3768332 -0.240810715 -0.300556904 0.187778396
-0.380911639 0.715643121 0.665479917 0.456735888
-0.786355652 -0.026665669 1.225235958 -1.362711125
0.076326693 0.956893014 -0.396180798 0.649085794
0.642376909 0.692509977 1.363545971 0.389588149
-0.157149598 -0.211342846 0.534089146 -0.80981367
29 -0.501807334 -0.266607806 8.62386E-05 -0.735461976
-0.512684144 0.294487276 -0.629320756 -0.289819299
-0.071357296 0.392926317 -0.810778956 0.320864907
-0.378563369 -0.102192195 -0.465704121 -0.180806387
-0.313540498 -0.915393583 0.486147544 0.365852596
0.315243085 0.254498346 0.015616263 0.34558402
0.187073391 -0.02016615 0.150913073 0.105287296
0.280249393 2.07116661 -0.118323783 -0.024236077
-2.106292153 -0.010434988 0.124982666 0.131658822
0.261761792 0.205459549 0.176027344 -0.260193123
-0.380911639 0.715643121 0.624968075 0.605558661
-0.786355652 -0.026665669 1.856202442 -0.432986539
0.076326693 0.956893014 0.049231915 0.728675839
0.642376909 0.692509977 0.557037263 -0.682827722
30 -0.157149598 -0.211342846 0.383796647 0.036244053

-0.501807334
-0.512684144
-0.071357296
-0.378563369
-0.313540498
0.315243085
0.187073391
0.280249393
-2.106292153
0.261761792

-0.266607806
0.294487276
0.392926317
-0.102192195
-0.915393583
0.254498346
-0.02016615
2.07116661
-0.010434988
0.205459549

1.000757714
-0.496591287
-0.03497789
0.24935809
0.85573421
0.303920084
0.583072048
-1.424277283
0.014287605
0.149656738

1.084461355
-0.01784626
-0.622914083
-0.25791347
0.04072078
-0.12269119
-0.461416382
0.549382116
-0.207647047
0.043093493

-0.142951813587066

0.9269432432

0.6909003743

0.5443152288600
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-0.334905692529121 0.9217607479 0.597547318 1.2024958209057
0.709256294803198 0.0291685382 0.6082393681 0.7099611173677
-0.143501394124884 0.2731744798 0.4331343467 0.4502909915643
0.165249615493212 0.1398645389 0.3031217424 0.0130529894722

31 0.029716712426516 1.5589274495 0.6462763886 0.2711401407748
0.004546732993602 0.1637437768 0.4429827592 0.0677496366126
0.121577584437471 0.4381652077 0.2764462670 0.1983787841123
-0.288127108307594 0.2228805078 0.2061526411 0.2450519895381
-0.171089700321782 0.1141967162 1.3652867354 0.4274330409402
0.206911101875984 0.1059571322 0.5569204828 0.4375613537728
0.837398906194177 0.2311758610 0.1470006381 0.7737015851792
-0.420044001889693 0.2903782366 0.8129240113 0.4881630581458
1.022073306451722 0.2697282297 0.0171986362 0.0589949513729
0.742548080457529 0.5737590582 0.2119111286 0.3589757268866
-0.142951814 0.926943243 0.59194255 0.507337039
-0.334905693 -0.921760748 1.221627989 0.248279996
0.709256295 -0.029168538 -0.42310637 -0.982395628
-0.143501394 -0.27317448 1.104267174 -0.779344388
0.165249615 0.139864539 -0.835989972 -0.169711018

32 0.029716712 1.55892745 -0.183448052 -0.977079667
0.004546733 0.163743777 -0.001390971 -0.233366549
0.121577584 0.438165208 0.059786836 0.144400404
-0.288127108 0.222880508 -0.327627845 0.395049724
-0.1710897 -0.114196716 -0.415065444 0.183474704
0.206911102 -0.105957132 -0.006311984 0.188378337
0.837398906 -0.231175861 -0.319915068 -0.361872255
-0.420044002 0.290378237 -0.03811856 -0.127605355
1.022073306 -0.26972823 -0.878757823 -0.347674793
0.74254808 -0.573759058 0.395039179 -0.260671078
-0.31261564 0.962800376 0.619355461 0.217817312
-0.741867491 -0.607449288 1.5314127 -0.096009743
0.199205455 -0.122940814 -0.819905105 1.785874776
-0.382576878 -0.70976789 0.773123902 -0.251746813

33 -0.037308809 0.344004599 0.206305969 1.146148826

-0.306752317
0.307253043
-0.507081867
-1.100688681
0.941590205
-0.058802624
-1.127513604
0.84272043
0.10346817

-0.694275635
0.334719014
-0.267230591
0.185329364
0.229216782
-1.106323613
1.328341087
0.253524558
0.237061839

0.179750082
-0.554547227
-0.541426195
-0.6378703
-0.141248981
-0.047721583
-0.024206027
0.787183166
0.068965722

-0.003523414
-0.280624843
0.133501434
-0.181319629
0.08699525
0.423376253
0.434448841
0.399236918
-0.138167548
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-0.938424767 1.389903389 0.38490214 -0.73969381
-0.31261564 0.962800376 0.403326174 0.33193037
-0.741867491 -0.607449288 1.853388376 0.89672095
0.199205455 -0.122940814 -0.711709044 1.21347945
-0.382576878 -0.70976789 -1.620580022 -0.3572452
-0.037308809 0.344004599 -0.031777638 0.45991595
-0.306752317 -0.694275635 1.350075254 0.50573077
0.307253043 0.334719014 0.048032627 0.21061921
34 -0.507081867 -0.267230591 0.400194551 0.02194269
-1.100688681 0.185329364 -0.265328312 0.04662211
0.941590205 0.229216782 -0.676222098 1.18093046
-0.058802624 -1.106323613 0.212783287 0.45848831
-1.127513604 1.328341087 -0.054368799 0.39199751
0.84272043 0.253524558 0.121863755 0.25295230
0.10346817 0.237061839 -0.099768727 0.69996939
-0.938424767 1.389903389 0.220832065 0.28872012
0.017282373 0.871950344 0.522383162 0.729959113
-0.462542645 -0.224766028 1.539266414 -0.596204856
1.304617683 0.897838152 -0.605432037 -0.780565233
-0.026219778 1.167658594 -1.825845559 0.593661409
-0.277669922 -0.372273759 -0.276230562 -0.346416413
35 0.695402692 -1.036627131 0.823817834 0.794999183
0.678030769 0.086048768 -0.198626497 -0.333393294
0.196700896 0.331897801 0.236431857 0.134784148
-0.137986559 0.069053638 0.553699921 0.066381981
0.661466544 -0.359673715 -0.358367427 -0.033426355
2.04949616 0.263028045 0.303966779 0.078029263
-0.333964297 0.170904378 0.087458614 -0.448089488
-0.031619303 -0.523457487 0.115883999 -0.115556259
0.238915352 -0.084943141 0.146872623 -0.375449896
-0.0220253 0.022241348 0.176143503 0.191074473
0.017282373 0.871950344 0.997459435 0.548795403
-0.462542645 -0.224766028 -0.71314885 0.022288101
1.304617683 0.897838152 -0.145137529 0.209329992
-0.026219778 1.167658594 -0.073755957 -1.190346369
-0.277669922 -0.372273759 -0.115036165 -0.238268527
36 0.695402692 -1.036627131 0.809694557 -0.784460146
0.678030769 0.086048768 0.611708486 -0.124495906
0.196700896 0.331897801 -0.401753494 -0.181315508

-0.137986559
0.661466544
2.04949616
-0.333964297

0.069053638
-0.359673715
0.263028045
0.170904378

-0.888954085
0.643751941
1.058744707
-0.664593056

1.094409187
0.463215307
-0.15975415
-0.091950428
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-0.031619303 -0.523457487 0.622155623 -0.223486317
0.238915352 -0.084943141 -0.110298149 0.045085936
-0.0220253 0.022241348 -0.412855003 -0.253578781
0.436683769044211 0.946280093878295 0.7328130594747 0.73039103700
-0.739109264320882 -0.751248777877968 0.5646560981582 0.18588669949
0.383299416200831 0.080067505039897 0.5908120082228 0.92040363522
-0.559100711795799 -0.239225854131589 0.8619887582254 0.20694750298
0.110054845748250 0.011337493526882 1.2193633370539 0.50053312379
-0.031821482067414 1.478953720303840 0.3313543959796 0.88286258849
37 -0.177710686451566 0.056381702762951 0.4075187578068 0.0205038178
0.140292244125377 0.629039846338087 0.5163161345905 0.38119635789
-0.380472784975737 -0.017483383703327 0.5017194098806 0.13358427393
-0.499557575309075 -0.319808637566069 0.1636468877033 0.53932595639
-0.273125662827943 0.010858334358050 0.2328471559123 0.50057910732
1.095005568515494 0.048937905614624 0.5986879231151 0.15741210806
-0.110502061452336 -0.186627317288515 0.4747909962121 0.71493334780
0.170760233243777 -0.118679570254939 1.0063125212275 0.53406060610
-0.385859483965032 0.149504602172408 0.3883215300324 0.54752339012
0.436683769 0.946280094 0.812542706 0.544668115
-0.739109264 -0.751248778 0.56654206 1.686795724
0.383299416 0.080067505 -0.297816928 0.372013438
-0.559100712 -0.239225854 0.321165783 0.423683612
0.110054846 0.011337494 1.5369575 -0.666310916
-0.031821482 1.47895372 -0.123305629 -0.337048589
38 -0.177710686 0.056381703 -0.046075095 0.537154704
0.140292244 0.629039846 -0.08755429 -0.03960126
-0.380472785 -0.017483384 -0.347591882 0.452477921
-0.499557575 -0.319808638 0.31525191 -0.282948507
-0.273125663 0.010858334 0.134092592 -0.099634759
1.095005569 0.048937906 -0.04745374 -0.156258809
-0.110502061 -0.186627317 0.140729002 -0.67684555
0.170760233 -0.11867957 -0.04269678 0.066689676
-0.385859484 0.149504602 -0.186931842 -0.50906398
0.609466599 0.87499041 0.433535536 0.580231471
-0.6031714 -0.042864639 -0.123125919 0.483643063
0.46852611 0.767880069 0.235417278 -1.193104653
-0.536442386 1.344130614 -0.249621077 -0.682215936
0.228967852 -0.249131445 1.716085385 0.396295637
39 -0.160005581 -1.0500764 -0.1627212 -0.321842979

0.046153468

-0.290770967
-0.572213576
-0.016008752

0.243669905
0.974411905
0.063264056
-0.136951914

1.539857423
0.690661819
-1.241621922
1.129696934

-0.518790197
0.546625551
0.196304569
-0.016649978
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-0.477049623 0.309008221 0.491565171 -0.060007992
0.525462018 -0.050146333 0.462078407 -0.549113055
0.1274532 -0.810071722 0.469531478 -0.161098071
0.078143188 0.404572519 -0.571378791 -0.004044426
-0.709741393 -0.13097956 0.150105898 -0.368438927
0.609466599 0.87499041 1.19951898 0.610224203
-0.6031714 -0.042864639 -0.211329335 0.766529211
0.46852611 0.767880069 0.662193805 0.771242853
-0.536442386 1.344130614 0.031714849 -0.307373134
0.228967852 -0.249131445 0.095980585 -0.154373438
40 -0.160005581 -1.0500764 0.438778503 0.659157234
0.046153468 0.243669905 -1.305423533 0.473968563
-0.290770967 0.974411905 -0.787305274 -0.502184162
-0.572213576 0.063264056 -0.287355014 0.528767746
-0.016008752 -0.136951914 -0.085802356 -0.153368417
-0.477049623 0.309008221 -0.803962225 0.020026638
0.525462018 -0.050146333 -0.077713255 0.282496822
0.1274532 -0.810071722 -0.098157247 -0.815778057
0.078143188 0.404572519 -0.171232971 0.387452882
-0.709741393 -0.13097956 0.058739928 -0.378269759
1.204997283 1.009840912 1.126136001 0.451492142
-0.3445566 0.623986429 -0.813296666 1.313790459
-0.144894378 0.463197073 1.559778026 0.305184551
-0.316556508 0.028957289 0.275186699 1.180466277
-0.153654299 0.209581924 0.480659032 -0.821346242
-0.83550327 1.379231935 -0.438424675 -0.554630725
-0.488086043 0.159897774 0.124733108 0.460482597
41 -0.152512171 0.570597959 0.672062641 -0.352165366
0.18895626 0.313039747 0.947290449 0.245972115
-0.01076018 0.399191086 -0.069916767 -0.954497493
0.45525814 0.47528793 0.619729685 -0.408464567
0.169478155 0.137215621 0.023637436 -0.147846496
0.328969133 0.598525761 0.609743565 0.115777102
-0.113853118 0.184586908 0.209469546 -0.467117245
0.906692194 0.963614579 0.421756553 -0.430320909
1.204997283 1.009840912 0.912961435 0.508940284
-0.3445566 -0.623986429 1.214063776 1.392461608
-0.144894378 0.463197073 -0.310024411 -0.198264133
-0.316556508 0.028957289 1.166282489 -0.078343242
42 -0.153654299 -0.209581924 -0.129095913 -0.822799329

-0.83550327
-0.488086043
-0.152512171

1.379231935
-0.159897774
0.570597959

-0.761481748
-0.172423317
-0.571851705

-0.257197485
-0.250924358
0.08968462
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0.18895626 0.313039747 0.900025949 0.214158521
-0.01076018 -0.399191086 0.67273061 -0.021624147
0.45525814 0.47528793 -0.484587431 0.239551973
0.169478155 0.137215621 -0.667415968 -0.414168053
0.328969133 -0.598525761 0.676819311 -0.138795668
-0.113853118 0.184586908 0.745209532 -0.544740376
0.906692194 0.963614579 -0.305785599 0.602840644
0.94822965965383 0.844219072021390 1.15582788455621 0.301397807674438
0.35571736549154 0.261792887919564 0.97981845554675 1.365308731940880
0.56017492232801 1.140870458435975 1.36098113406196 0.822606371455456
0.22323148785224 0.278998228785538 0.44599004129647 0.707986788759551
0.50524103431389 0.118495685719871 0.08858126377920 -0.567996077200415
1.09781733158854 0.356619136389493 0.16493261120999 0.039448788833502
0.22050116215594 0.548712567042617 0.02257365448577 0.919493722694744
0.31961820322990 1.226441127573077 0.44364083921229 0.416878584696241

43 1.22494947347600 0.774573337151300 0.27432349097104 -0.175622157107086
0.34881455836098 1.146328697815626 0.12329563110261 0.810278469269319
0.29395087669690 0.492886918954835 0.35394135582023 -0.363943757064850
0.29958516135702 0.765274946452773 0.29452350472621 -0.283643776322044
1.74446271260758 0.076738307428775 0.13207676597539 0.469650120036344
0.20961323286336 1.222591755423508 0.88468908879446 0.354856238680317
0.87957924817543 0.448439105702886 0.2183124758898 -0.155215054666650
0.94822966 0.844219072 0.675248953 0.356758292
-0.355717365 -0.261792888 1.349217088 -0.808696805
-0.560174922 1.140870458 1.519742445 1.506392512
-0.223231488 0.278998229 -0.46959721 -0.169477287
-0.505241034 -0.118495686 -1.312338877 0.315485811

44 -1.097817332 0.356619136 1.100377583 -0.327083782

0.220501162
-0.319618203
1.224949473
0.348814558
0.293950877
-0.299585161
-1.744462713
-0.209613233
-0.879579248

-0.548712567
-1.226441128
-0.774573337
1.146328698
0.492886919
-0.765274946
0.076738307
1.222591755
0.448439106

0.521728181
1.017987072
0.466413666
0.889066191
-0.386398812
-0.143917724
-0.00323813
-0.015210484
-0.355982123

-0.643851776
0.05335999
0.383599827
-0.81899388
-0.237738064
-0.201612773
-0.423873428
0.408821552
0.227348684

1.097287454
-0.112616337
-0.61174485
-0.313434388
-0.882036074
-1.100125281

1.202027553
-0.901404772
-0.230162547
-0.622601674
0.371287431
-0.154253989

1.158501026
-0.839689136
0.992607284
-0.477173828
0.673048701
0.107136335

0.251985407
1.259725571
0.073910364
1.098766508
-0.626020725
0.533162573
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45

-0.474058564
-0.361390266
0.999169378
-0.676565301
0.160783269
-0.399697804
1.253001701
0.734849917
0.042131394

0.284952146
-0.001301041
-0.130735122
0.293358004
-0.243822405
0.827026597
0.028701464
0.737257785
-1.130701149

-0.50286872
-0.174616219
-0.334751629
-0.610298311
-0.167686276
0.270810206
-0.117023897
0.138256455
0.729546526

0.297637557
-0.179256668
-0.307316175
-0.782436004
-0.080847444
0.733106766
0.566515319
-0.514349034
0.020685386

46

1.097287454
-0.112616337
-0.61174485
-0.313434388
-0.882036074
-1.100125281
-0.474058564
-0.361390266
0.999169378
-0.676565301
0.160783269
-0.399697804
1.253001701
0.734849917
0.042131394

1.202027553
-0.901404772
-0.230162547
-0.622601674
0.371287431
-0.154253989
0.284952146
-0.001301041
-0.130735122
0.293358004
-0.243822405
0.827026597
0.028701464
0.737257785
-1.130701149

0.89781925
-0.078751218
0.629050713
0.099436937
-0.197478175
-0.234812669
-0.415331703
-0.471043849
-0.486019592
-0.692316915
0.708320154
-0.303002129
0.412810514
-0.850587757
0.568730061

0.288102696
0.220178204
-0.50077822
1.390547158
0.340619415
-0.374673632
-1.281113495
-2.200174349
0.110022353
0.050610517
0.595349973
0.506468132
0.06844144
0.456319312
0.438222827

47

0.987319844
1.181728564
-0.643181664
-0.556207116
0.856394083
-0.704465797
0.101163699
2.581496315
-0.173051685
0.34677847
0.033185023
-0.091273704
0.212756782
-0.128599372
-0.245342046

1.001908212
-0.887870717
-0.957381133
-0.9967634
0.333109647
-0.819502968
0.366326845
-0.080476703
0.590254
-0.166810362
0.532532381
-0.869023398
-0.114727352
-0.127350556
0.264565317

0.923223288
-0.081955752
0.647966086
-0.194572193
0.428660566
-0.187404894
-0.073242918
-0.349179877
-0.461769344
-0.790369593
1.081328446
-1.79107916
-1.094567066
0.731291753
-0.705308818

0.654235533
-1.153620774
0.763795511
-0.247876405
-0.743609383
0.153757345
-0.748112274
0.068115361
0.009598026
-0.206611211
-0.65133877
-0.218678863
-0.056339111
0.354210717
0.15373557

0.987319844
1.181728564
-0.643181664
-0.556207116

1.001908212
-0.887870717
-0.957381133
-0.9967634

1.176609934
-0.050224273
0.700947242
-0.376722674

0.652613412

-0.056530619
-0.055566627
-1.035075554
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0.856394083 0.333109647 -0.313136251 0.463209401

48 -0.704465797 -0.819502968 -0.020578459 0.459201484
0.101163699 0.366326845 -0.284193213 -0.09624445
2.581496315 -0.080476703 -0.315103634 0.319652278
-0.173051685 0.590254 -0.255006696 0.411549482
0.34677847 -0.166810362 -0.293606723 0.045860564
0.033185023 0.532532381 0.338641244 -0.276109453
-0.091273704 -0.869023398 0.035788182 0.291335502
0.212756782 -0.114727352 -0.174630969 -0.069546492
-0.128599372 -0.127350556 -0.398579676 0.326874809
-0.245342046 0.264565317 0.063634039 -0.165749762
0.784479900360469 0.948954958778602 2.279686624525802 0.598679224171008
0.988905580238417 -0.830004242269713 1.769175400759388 1.032761626910642
0.802335369513598 -0.977171648881453 1.567864671218294 -1.093519626689292
3.021088162934430 -1.004650784527757 0.130322971108677 -0.348082235611550
0.373722627187449 0.411048975360179 0.323367863038119 0.381308810452548

49 0.282971035464056 -0.857513697084904 0.077861315358890 0.224308828363666
0.134757117895743 0.235897839346851 0.948701209443424 -0.877250437447124
0.534512056299478 -0.228158128794742 1.286060832122776 0.533654171630440
0.430504562616473 0.550898233442230 0.167074778988977 -0.036221446940856
0.053228297410699 -0.170643847667863 0.704531400175523 -0.005093037959273
0.163972294294209 0.612570806856270 0.172867226295075 0.216964579870096
0.215124812608135 -0.948951559668523 0.669574660214841 -0.423348827611075
0.115660017890874 0.060593581320734 0.011638424941306 -0.089834622092388
0.523803096445683 -0.103000112211789 0.046882071192845 0.072203378020084
0.346587718286950 0.145757804096509 0.395287222741864 -0.091999038184555
0.7844799 0.948954959 2.146681808 0.667981729744931
-0.98890558 -0.830004242 -1.880963279 -1.007665495957589
-0.80233537 -0.977171649 -1.581892699 -0.491354791871801
3.021088163 -1.004650785 0.192351394 0.348465749108704
-0.373722627 0.411048975 -0.200702948 -0.925108504101625
0.282971035 -0.857513697 0.419755421 0.325812377408817

50 -0.134757118 0.235897839 -1.138911194 -0.538110086839397

0.534512056
-0.430504563
0.053228297
-0.163972294
0.215124813
-0.115660018
0.523803096
-0.346587718

-0.228158129
0.550898233
-0.170643848
0.612570807
-0.94895156
0.060593581
-0.103000112
0.145757804

1.426681264
-0.142293826
0.239024912
-0.104556868
0.051233954
-0.113031928
-0.016401479
-0.055249077

0.408550873324427
-0.142431946570796
0.191103591148273
-0.810770024070186
0.164607862626619
-0.036131554719983
-0.126550984389947
0.500753474435491
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