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1 Kopsavilkums

Per i 0lB.2015ni B31.05.2015. projekta I nBi T aktivitUtes "

1. Projekta ietvaros izstrU0dUtO multimodUOIU ie
vairUkus moduNus un tUdejUakt iuziltabbtog o2. 3)egl t

221l nformUcij a par jauno i ekUrtu pre
I nternational ConferenceonBioPhotonics 20150
"Mobileplatformforonlineprocessingofmultimodalskinopticalimages"( a kt i vi t Ut e 2. 4)

3 KorigUta publikUcija par Udas veidojumu KI

10.

11.

12.
13.

dzi mumz o mUm i e Etektreniggatir&lekératechmkd’{ akt i v)i t Ot e 2. 4

PublicUts patenta pieteikums par iekOttds me
uz Udas veidojuma at t bldnta pieteilumsl kgamiug Uu s @ mstk
ekspert gzleask tatvziitnUbneu 2. 4)

StarptautiskU jauno zinUtnieku konfer €ncU I
2015) tika prezeinztz Ut slddiatsaijast ktUd ui etevgarsd sr Wict P
2.4).

KonfeMércecdwaveand Radio ElectronicsWeek 201
"RegistrationMethodforMultispectral Skinl mage
(aktivitUte 2.4).

Vei kit i pUt oj umi par neironu toklu izmantogan
i zmant ot t. s .deeplearniNysp imejjy.addgat(avota vide n
attUlu klasifikUcijas uzdevumu risinUganai (

Veikti pUt oj i r pegnab un_ heunk gt tubfdaaas nheei nMmavtaozn
i zmantoj ot hiperizspterkld Wt 0 altg drl iotgrmasnuhemogl ol
koncentrUci j(asktn ovi WrUtt &g &2n &2i) .

Vei kti IpwWamg¢sumendes izmantoganU el ektrofor U:
novUr oganai( adkztgivvoist Uatued 02s. 2 ) .

Veikti piUt 07 Usni atdstaroganUs eknr UdwWtsof lad d
izmanabgphbkupi gment Ut ualaks ivei dojeurdu 2i) z g Ri
konferencU fi3rd International Confiersaatac®on Bi c
publ i k'Begignj ia atypicalnevidiscriminationusingdiffusereflectanceand fluorescence
multispectralimagingsystem"(aktivit Ut e 2. 4) .

Pabeigts pbdamium3l opaun ani eru s@mn@aswrtambhgud
(DT) 4ukbiostOte 2.2).

l esniegtas Gitas Krievi AaktumitlUngag. 8aknot e
Projekta pUtniecziskUt nias bfpemhiata@isipi ¢ les t a

Pojekta zinUtniskais vadot Uj s A.Lorencs



2 levads

Gis pUrskatssesptolmas | pi &je kvtea Baapldmtht(;tjllkrt
uzs Ukt i euzlgpdibtuplj aubmdr,at or i tiegkapsU r & mjsuad B i Mcesknaketst pars
ieglitajiem rezuIBkJ(bmfemrseaeréLdmts 1 fbtentd ims § iadhg ganu
ssgat avotas zinUtniskUs publikUcijas.

Izst rUhduditt i modUl a i ekUr p&r §Kat a a preutdbotednameimpth ij k B a
gai smas avot u, un diogu strUvas &kontroles me
l zstrUdUts jauns diogu gredzens un apar Uta ko
i zmant oj ot 3D pr|ntelblauddnelqunmlum:mﬂ;sapzetklwkrt\lm
vei doj umu att Ul us. I nformUcija par jauno i e
sagatavota publikUcij a.

PUr skat aa Apeemtiso dd&k ssp e r t paentaspieteiktmzi ipmau msi e g &dr t u  me
aggrganai noPdetmuknumme:publlcUts Latvijas Re
i zdevuPmilet ei kums korigUts saskaAU ar nor Udot
i zsni.eggana

PUrskata periodU wuzsUOkti pUtga@mnuwWmi Udnalk su eigbdo j!
apstrUdei . Tiek izskatQgtas iespUjas izmantot
mel anomu atggirganai no d2|mumzomUm Apmekl U
(deeplearning met ogu |z_marnetadgaanaC||JLan tals augstas ve
pal 0dzQgbu. KopumU neironu tQoklu izmantogana |
perspektovu tUlI Uko pUtdjumu virzienu.

TurpinOti pUtgojumi ar¢ citpdls skatUagt@knoes Uk
Sagatavot Us publ i kUcijas pievienotas pi el i ku
di sertUciju iesnieggana komisijai



3 Adas veidojumu attélu iegi$anas un straumésanas iekartas
izstrade

PUrskatU periocBkeurpi 00p8sptopBektUgana un to
Gal venie athjapst Qbas posmi

A palielinUtas |ga|smasra31|ottla\teszssttraerceJ mmatestUga
A gai smas diogu strUvas kontroles moduNa pUr
A gai smas diogu gredzena izstrUde;

A prototipa rasUjuma izstrUde un 3D modeNe_l i
A jaunas kameras adaptUcija un darbobas pUrb
31 PalielinUtas intensitUtes starojuma &

TestUj ot ojpawniozVveiudotti kalUdasnmamapttialay il dulenBg @ n
Sal ¢dzi noundermatoskopaMoleMAXda pgai smogasasnpriegttikps at

secinlkas nepieci pgamet ipmd i ghi shas avota inte
izggirtspUju, kU aro izmantot priekgUjo filtr
Lai p Urab pratodipp tpwa | ¢ dzeggbisatatmidv al i t Ot es i zmai Aas,
apgaismoganas imateasbhallUtas gakamaps edlu(egu grup

ImkO ar @ t i kpa evleiiekttoojf ottletsptnii, e k@U8j pi espieg Udu.

i el Uk o aa ttk@daitri gtbOut Up aviaire | ri encbz Utk ces t  a @tkatl.3.1p § & a p
Or Uj ost g gist®@sas ir mini mUOl as.

8
&

I f ]

3

ﬁ).lw gaisma un stikla filtrs, ar
kontrasta korekciju

Att.3. 1. Gai smas intensitUtes ietekmes

Apkopojot testu rezultUtus, tika secinUts, ka
A Gai smas spilgtuma izmai AUm ir mini mOls efe
A Ieskajaam;sUnu gai sma var Ut u, samazinUt mati At
A Pieaugot spilgtumam,krls u  vi endabggums ir | abUks,

A Pieaugot spilgtumam, atstakilast inidst irecskpu, aj o ad
samazinUs.



~

32 Gai smas diogu strUvas kontroles moduN

Vei dojot spilgtas gaismas avotu, tika secinO
prasobUm. To maksetnmeldilUe csitergUavnas ilri eOt.o7ftA,vi smaz

TO kU Udas apgaismoganas | aikszmantmitnipreld sy, c
regul ator u, neskadeofteltsi vizt Ut o. sedabsnpti eej a
neesamdba, kasai rpUsuagprsiuyrskgflibejut ovrasr reiaé iuk Ut g ¢
vadQbaus, skhalbm |satst enem®wi em (Mosfet, tranzistor
strUvas | ieluma ierobegojumu panUk ar rezistoc¢
kontrolei, pie ieejas ppdinddWma pmopaltaVsnibjadsz. i TV
3.3 Gaismasdi ogu gredzena izstr Ude

Liel OkO probl Uma gaismas avota izveidU ir g
sapl Unotu iespUjamo diogu skaitu un to izviet

vadoties pUc to rasUjumi em.

Rezutt®WaUi zvietotas 28 diodes,328as tika sadal

Att3. 2. Diogu izvietojums gredzenU

34 Prototipa rasUjuma izstrUde un 3D moc

bl tu iespUj ahkospusui z v @i drodpipercd tegtaimslemesta p | Un

izvietojumu. To visUrtUOk dargt, izveidojot vi

uOl'U model Uganas vidU. RezultUt B3ti)ka kiuz:
zdrukUts 34 3D printeri (sk. att.



Att.3.3. Prototipa 3D modelis.

\ -

i, )
X

L

v

Att.3.4.1 e k U rotbtipaszdryka, izmantojot izveidoto 3D modeli.

35 Jaunas kameras adaptUcija un darbobas

SaAemot jauno 5kMpuivxa liDeSs pklgjmaemisu sal 9dzi nUt to K
| 9dz9dgo kameru ar 2Mpix izggirtspUju. Testu r
att i ks

S
.5.). TurpmUkos pUtojumos tik vei kta padz



&

Kamera ar 2Mpix izskirtspéju

Att.35. Divukameruk val i t Ot.es test Ugana

3.6 Raksti un konferences

PUrskat O per iaopd | tkokfedeocei§ &g dt ambernati onal Conf e
20150 Konfe2&nméb p tlatn killi k(@2 Oopr ezent Uts refe
AMobi |l eprloantifiomemfroocessi ngof mul ti modal skinopti c
publi kUcijai konferenlu krUjumU. RakstU ir
motivUciju, piedUOvUtas modul Uras arnotekstevart | r as
atrastPi e | i Mrd.mU

4 Patenta pieteikuma virziba par iekartu adas veidojumu
atSkirSanai
PUrskat a pdéembatifas Repubkikas Patentu valdes ekspertdzes paz

i esniegtU patpemtacpygribked imema, kurus nepiecie:
v a r ikbniegt.

Patent a pieteiLIelImsijapsubIRieqoﬁlltbslikas_Patentu v
"zgudrojumi, prel u "z @mMelss . w(skdti Pi€lkimoeldrd.yUa u g i

Pazi AoijjulnWilekumi novUrsti un iesniegti pieteik



5 Adas veidojumu segmentacija ar masinmaci$anas metozu
palidzibu

utdas veidoj umu kl asificUganali Naundabdgos un
redzamie apgabali atbilst veidojumam, un Kk ur i tam neathbil st. l epri
0stenota segmentUcijattWha pabksglar uiu vigb dapl
Udmisk s eoNpiteins k U bl.QvGma pted&]as piemjt vair Uki
intens i t Ut es gai gie margieri un nevienmUr §gi af
vei doj ums, I|emaonwullalrapttetzlq@arntmraaqugtasbalu att Ul 0,
veidojums ir wviendggai s galnglI(BpetmbSJkeU(atitsﬂkjvathakl
velkstgtUt3|egme 0stegaij t meJ'redatlaIaTUeUNodU ti
segment Ucijas metodes, kas Nautu gan automat i
rezul t Ot u.

51 Pi ksklNasi fi cUgana ar mUksl Qgo neironu

Segment Ucijas uzdevums ir not eifkad pikéeles piedesipiep i k s e
veidojuma vai nU. ProopjtelkstkUJaltbengbIIvtuJorrmmlkIsteleurse katpm
kas ir optiskU bl o v umdagWddsbwisNAa gar umos. Tur pmUOk p

ar 51 xiUR®.bruxvar iedal ot konkrUtU0O klasU, ba
nol 1l kam jUzina, k Udi ir Udas Lwadi dtog uma snk aait dori
noskaldrotu,ku_rasvart_Qbas ir svarqukas, | ai ledal gt
magonmUcoganUs metodes. GUdas metodes rakstu
paraugii pi ks e Nu aepkrtaokrsit ougni egivem pi kyd dRNi ePntUcat bpiil estti
daudzu paraugu (treni Adatu) apstrUdes, algori

iepriekgxneredzUtus

MaanmchganUs algoritmu izmantoganai ir nep
parUdots treni AXtotBalss. attwlralmleqm@rsatb(w\lts Ul lsur
5.1.b ir atbilstogais pi GpeNuUImahr ULums. i Kat
i espUjamUm vUrtobUm: y=1, ja pikselis pieder
atbilst otrai klasei. Lai varUtu apmUcdt wun t
j Uvei do rmmaieejasOlpit i ls&tla tbtl @lvaurma

ProjektU izmantotU magonmUcoganUs metode ir n
2012 ir atguvugi pop_ularltUti jo uzruUdojugi
jomWsei ksmbygsusemar Udoj a dzi Ni neironu t okl i,
vei ksmgga neironu toklu arhitektlira attUlu |
pUtniecgbas jomu dW@e pllqnnmgArdzndileIemmaanonguUt(dzu
apmUcobas meta@u maspljaskd6apmekl UOta konfere

(GTC2015).
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a)

Att51|eejasopt|skUatthL{DIvaJrrmlrmU josla (a) wun tai a
rezulmabtgdj ums (b)

At t®I1 D parU0dogts mUOksl g0 neironu tokla piemU
KonkrUtajam tokileaen asr, |iezejiass|uwnAidi vi sl Upti e
atbilst katra pikseNa padrBlametru skaitam, kas

[ x, ] Pikselis ir veidojumam

X, piederigs (y=1)

:3 Pikselis nav veidojumam

x. piederigs (y=0)

51

Sleptie neironu slani

Att. 5.2. MUksl|l ggais neironu tok

Savienoj umi starp xuaejnaU:kaEnUUédlauﬁuaelkm@anprr@amklsetmgt
koeficientiem de. Pi emUr am, 3§ tnagrag r roaliarso rsiveam.a Kde fpii @ imé)
otr Ust @Jl&laamvel]rrtombaa at i ek aprUginUta ar sekojog!

3= 0(Cuar X +Coar Xo+... ¥ Cs1 20 Xs1)

Funkcijag)i r nel ineUra funkcija, piemUraawv,Ursigdpmaes)
ierobegotas no/e(DdIUQdarlcltap@dgggsgslumemnelkotsablC|er
sl Uni , kas savukUrt savienots ar izejas sl Uni
|l zejas sl Uno var, piemUram, bit vairUOUki neiro
objekta kIl ase o(gtawtsad Zlelj aseineatrminlsgt, kura wuz
uzskatota par piegmUrhiltiuk a bAH2e, |IU00tkise kp axi e Aemt s | C
pi kselis ir veidojumam pieder dgs.

renUganas mUr gis ir advnict@obbaass

Neirona tr
i kU, ieej U tiek padot.i daudzi t

. t okl a
TrenUganas | a
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zinUm, kuram izejas neironam bétul {fUasgrsalgod
vUrtgbu ir nepareizs, tiek noteikta kNida, un
to samazinUtu. I nformUcija par igmizdiafNizdegju t i ek
(backpromgation . G§ kNT das informUcija viscaur t gkl
turpina, |1 @dz togkls atrod optimumu. UztrenUtu
tU ieejU pikseNus, kurus tokls iepriekg nav r
Att UI30 a5 parUdota Udas attUla spektra josl a,.
mUr gj uma uzAemganas | ai kU 1 ti i er i
par UdUs attUl 0 5.3.b, kur am dat a
BildU 5.3.¢c multispektrUl tt el
gaj O attUIU atbilst varbi a pik

t Ut aelk npitéskaitoti pie ve evi
veida arQ negat Qvi nei et e

b) c)

Att. 5.3. UuUdas attUla segment (Ghana ar vi e
52 Konvol Tcijas neironu t okl
l epri ek @ appashklantigetnasi k|l asi ficU pikseNusopttiiksaki O
bl ¢vaitmaUl a josl U, Bitiska informUC|Ja kl asi fi
apgabal U. Lai tokls Aemtu vUrUggoapkOot mBcijp
tokl a ie_ezjf92x32x5a|rzumwrablrmatr|ca Palielinot iee
sareggQtUks tokls. Ja neironu tokls pUc treni
pagus tr enviAsat idcaatnulsk, itraspUOr Ok mazs wun vienkUr
sl UAu skaitu, tas wvar aprokS|ml_Jt sareggot Uk a
savienots ar visiem nUkamU sl UAa raedigr omg e m (gl
trenUganai nepieciegamai s IaakskoAt/bUIltugad()r
pal 0. dzQbu
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Konvolicijas
filtrs

Pilnigi savienots
neironu tikls

Konvolucija Decimacija

Att. 5.4. Konvollcijas neironu t okl

0 cijas tokl a5.pama®P 0Nt i ek uplddldtast taititat)ias
I i fi eUFamp Opitbkeélai sl Ong katrai attUla |
I r m, pie katra |egpaizapmjualklaUkes.ré’zgkltau
zjknWdus tiegiaskdnvalriues |ietot, | ai izej U |
e pirmaj U six®nizmWUre filett oit ,i tdaeckmpt_Jc p
tha52851|OzerU8ra pazomju kar t es1l0x75as kogficientimU s |
c
s
c

3
C
G

konvollcijas, pazomju kargu pi kseNi em bi e
kat gt aj am vi_enkUrgaJam neironu toklam. NUK :
i mUcijas sl Uni s, kamUrsuamaE’lBmUrpam,kaxﬁtlklar
kseNu |liela apgabala tiek izvUIUta un sitot
5.4. att iukldi pmE@mdr Paz @mj mokardt (prh.e S
atkal tiek veikt a konvol lcija, bet jau ar citu filtru
atkarogs no izvUIl UtUO neironu tokla dzi Numa. J

T QY PYTT S O X

<
C
-
—
o]l
(o
Q

PUc kUda sl UAu skaita visas mazUs Iplag ¢tmjup ikral
kU klasisks mUkskagass shdARaorlemékts ir savi
elementu (fully connectey

Vei ksmggi trenUtU0O tokl U konvolTlcijas filtri |
kIaswfschzgdaenvumos, pirmU sl UAa filtri visbieg!

att Ul os. Katra nUOkamO sl OAa filtri i emUcUs re
Pielietot uztre enUt u aprakstoto konrvol At kj abi
process. TUdUN, aprakstgtU metode nav perspe
vei doj uma attUIa uzAemganas ti ktu Utri i zdot s
kombinUt ar iepriekg ogmeenUganpasmpalhemké&niain
pielietot atseviggiem pikseNiem strgdggos att
segment Uganas metogu izdoto rezultUOtu pareizd

53 MagonmUcoganUs vides uzstUdogana

Pasaul U izstrO0dUOt i vair Uki programmUganas i e
pUtoganai . Lai efektouvi tes_tUtu un atrastu
neironu tokl us, jU|szIas ktvdrdisTorch Thépmo @mCaffe.e t v ar
Torch?7 i1 etvars ir bivUts wuz Lua programmUgan
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MATLAB. Papildus tam, konferencU GTC2015 tike
konkrUtais ietvaream inzv Ulobtus tarkd ut wrO0EMPku mi e m.

Neironu toklu trenUganai ir nepi eciegamas | i
ai zAem ilgu 1aiku. Daudzi s oNi neironu toklu
trenUganU gi@aki skimanpoocesor i, kuri em, atggir
paral Ul'i darboties spUjgoggu kodoli. EDI ir pi
K20 grafiskajUm kartUm. Projekta pH7# sikeatt\aa rpser
darbobai nep|e0|egamUs programmas un pakas.

uzstUdotu paral Ul Us skaitNoganas platformu CU
PDC vides sagatavoganas, tika i zveidotuws Lua
vUIl amos margUJumus, Il zveidot mUksIng I ron
vizualizUciju par to, kU laikU mainUs tokla k
54 Dzi NUs mUcdoganUs pielietogana mel anor

dzi mumz Q mes

Melanomasatt Ul u at pazodoganai ir iespUjams izmantot

paredz statistikas apkopoganu un, bal stoties
atthUusnotelktajlem kritOUri goiitmth, &keamot rvUrb] v
mUcQgganai Ir nepieciegams pietiekogi i el s s
pi eej ams, tiek plUnots, bal stoties uz esogaj
uzdevuma risinUganai

Uz dodio \birej)nsmamb(_arpial&goritmiem bl tu | ogistisek
i zmant ot mediconU, lai noteiktu, vai pacienta
uz daguUdu iepriekg definUtuUnpnat amktr bogneat kaé
(at KmapgogU)Logli ts & tu .f Qvnakrc i g iae A eenet] vl_JED,tQ-ba]s a i
izei0dod rezultUtu diapazonOUO {0, 1}, t0dUj UOdi tU

1
Fz) = 1 + e (Bot+hrz)

kur

F)i r var hiztsktma Umad s gadodojums ir patiess (t.
Boir koeficients, kas apzomU kritUrija vUrtql
Sizirregresijas kesef@ircheatkarogUzmalOhogU (pred

FX) tiek invarpiedpbanas kmlaiatikgaridg (i zej a) bis
melanoma.

P{y=1x} = F(X) , kur vy 1r melanomas gadgj ums.
SavukUrt, lejusapgakéfdmus prkad izskatUmais ¢

melanoma), izmanto logit funkciju
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. F(
F(z))=1In {—E} = Gn+ G -

n klasificUt at

Lai programma var Utu atggirt u

i ekNaut i neatkarQgu mainggo vUrt Obasataggiartgdn.
uzc_levuma gaddjumU neatkarggie maindggie ir paz
kr Us i zmUr s . Katr ai pazoQmei ir savs svar ¢
defanganU

ApmUcgobas kopas sastUdgyggandait apmUegplj amasne? s
un uz ne-melanomas (labvld 0 gi em vei doj u mielenm)mag a g@jdwmiuemn. al

apgrlt‘anta ar t o, k a prOJektU nav pieejams
model Uganu, apaagmjtowt vldrayg®bas k embi nUci j as. S
pietiekogi | i dl $gw avt eli cagjj wmMms d adbdj umi e m. Un,
aprakstog;ottfaJnaCQJa kas tiegi nosaka #fapl@imMuso

iespUjams veikt apmUcobu.

6 Bilirubina un hemoglobina neinvaziva kartéSana adas
hematomas, izmantojot hiperspektralo attéloSanu

Tika izveidots jauns modelis bilirubdna un h
i zmant oj ot hiper_sMekdetUbotakaUIekgparlmentUIl
attogstobai Il ai kU, novUrtUjot hemoglobgna un b
(1 0dz pat 2 nedUNu) 1 ai kU pUc traumas.

6l Literatiras apskats

Gis pUtni ecnjobzadgsmdvgisr zuine nisntieer esants tros bltisl
un wuzticama metode neinvazgvam bilirubgna mor
dzeltes atklUganai, kO aro vUI Ok t Us vea @mat Q st Q
novUrtUjums, kas ir bitiski tiesu medicognO, k
subjektgogvu vizuUOlu novUrtUjumu, kU arg¢ diab!

virzienU galvenokUrt pUtosumisonkéekmagsasUdi vars

(LiseL.Randebedlg un Amsterdamas Medi BybaiaStenpj U centr U

At t 814 shematiski attUloti biogomiskie un fiz
ti kusi traumUtreo.datsd asUch eéddaatsonvai r smas traumas,
sieniAas un asinis nonUk apkUrtUjos audos. S|
neitrofilu un makrofUgu rekrutUgana, kuwai tC
atbrgvoganos bojUjuma vietUO. Tas, savukUrt,
hemogl obgnu, kO rezultUtO bojUjuma vietU rod
nokrUsu vairUkas di lgse b Randebergle i (da@m jspulhie . mak om@ n o
bi ezumu un ieguva atstarotUs gaismas spektr
vienkUrgotu diflzijas aprokS|mUC|Ju asi Au p |
transporta un ve|dlogah|UIsad|eeg1Utansc)dleblulgnahlazUtg
bl Qvuma vUrtQmutlu;tbrsa|6AS1$l ol daziiknlb t ( eksperlmeth
spektrus ar model Ut ajiem dati em, gUdUTJ1v3gi dU b
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Att6.l.a) Shematisks biogogmisko un fiziologisk

b) Model Utas bilirubdna un hemof]l obdona bl
Barbara Stamt ur pi nUja ¢go darbu un paplaginUja iep
di flzijas model i ar trosdi mensiju skMentnd i ski
enzomu K nUUdWuUdi model Ujot ard hemoglobdona
model i ar hemoglobgna wun biIiru_anaadQ_@Tszhjs_
der mas apakgUjais slUnis un zemUdas sl Unis) U
hemoglobons tika lokalizUts zemUdas -8énBnad un

kinUtisko vienUdoj umuo mdfoairedNsa Vv @rt viar @si amiagr U
arQ starp sl UAiem. GQ pieeja NUva model Ut he
hemat omU gan | ait k6@))53gan aro tel pU (
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Cog
NA UN
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LAIKS DIENAS

Att6.2. Model Utie rezultUti bi

ir

I u na un hemogl
hemat omas centr U, KkUTI5r

Q I
O 8mm att Ul un
Kaut argo citas pUtnieku grupas jau ir izstrU0
vecuma novUrtUj umakUr gWUkusviam gaeej amUku ierd
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vUIl ams, neprasotu |ielu skaitNogan las jaudu,
pieejamu iergci, pi emUr am, RGB att Ioganas k a
bl tuvepiidont un attQ@gstot arg hlperspektrUIUs att

62 Eksperiment Ul ais stends

Hemogl obgna un bilirubgona sadal 0 uma un kon
attQogstQbas f Uz Us lai kU tika pUtQta5750nm@rmanto
spektrUlo izggirtspUju 10nm) ekektiUldsdiaapdd or
CRi Nuance 2], pagu |zveidota_gaismas avot a, _kas
spul_dzi[?lsrmasgaavotam priekgU novietota |ineUra
no Udas[7lyvi K 8§ ma s Bluanteptr orga aanmat [ r u, ar kuru tik
(6'0) vUrthas, i zmant oj ot balta papora@nefere

i egl pantd) s( 6.

CRi Nuance 2.4

EEDPAOODPAE
AOOG6IT T AAT
) AA1T 66 O« S ——

1 ETAa00 PC withNuance

- polarizators software
l + Al AOAO
2EECA EUOEAOI BAO EAI

I I ETA200 PilAO

A

s @A A

Att63. Hi perspektr Ul Us attUloganas eksperi me

i edOvUts modelis, kas ietver 0Gtru hrom
hend@h) obmmedautnadi(ldd@ubona (

00 = -5ap D+ o5y Dovan+ - Dot -saadsa 1)

kur 8505 Oosai Op N 8sa0l 1 at ti ec9ogUs hromoforas relatgvl
gan no hromofordnsgaklmnaenptqrankUqJItaJtsUdtutmaec(ggU S
starojums i é&s@ixe ¢Tak Lkél,lgamgoaanrthas i raaghauvumaas
modeli var aprakstot ar | ineUru vienUdojumu s
vUrtobas:

2 Coy 6 08,5,

ieOH 450 ﬁ)HAso M§450 Bil,4§ X O z
4 4 4 DOH 0 — 2)
e r Mel O %
S%bH 750 6oH 750 mders0 Bi, 7% %C 0 g
Bl + 50

SpektrUl o attUlu apstrUde wMatlaban alUfz e i tkiak d z\se i
di vu soNu sall‘grocrmdfrmsruUdraeIatho koncentrUC|Ju
attWdlsT®. kU vienas un tUs pagas Udas hemat oma
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i eglganas, sUkotnUji tika veikta piasutd&agUdes
spektrUlo attUlu savietogana viena mUrQjuma |
uzAemot dagUdos spektrUlos attUlus vienu pU
algoritmiem Matlab v i d U. PUc tsamnotrinklal aisz vudlalst apgabal s

a
I

robegUm, 00wWr tielgd ¢ unor mUl ai Udai. No visiem s
Udas hematomas apgabal s, kas i zmantots turpm
daNUs: viens algoritms bi l-650nmépekimdiapaoedt Ugawna
ors-oksi hemogl obgna, deoksi hemogl obgna -7a0mm mel a
di apazonU. Tas tika darb08npmjgaspektrauvbomapa
absorbcija ir augst a, pagmbaamhémogkeobeésa aalb
novUrtUganai Udaav lUretngabtaosmassUkaotttnUljui t 0@y | zda
vUrt gbUm, I ai samazinUtu hemoglobgna un mel an
anal ozektakal ae aprUginUtu bilirubdona relatd
i eglstot bilirubona sadal 0j uma kartes. | zmant
oksi hemogl obgna, deoksi hemogkobanaUunhoimabaman
kartes. No visu |letru hromoforu relatgvo Kkor
koncentrUcijas vUrtgba no visa Udas hematomas

| ai kU katras Bbromoforas gadgdj um

lelasa visus
attélus OD(x,y,At)
I
[ Spektralo att&lu ]

registrésana

Dazados laikos uznemto
attslu registracija

[ Adas hematomas ]

apgabala izvéle

Normalas adas OE‘;MdeJas
S normalaadda
3pgabalz izvéle vértibas aprekins
Bilirubins Oksihemoglobins, deoksihemoglobins, melanins
450-650 nm 500-700 nm
' . ™\ ' ~\
lzdalti$ana ar normalas adas Mazako kvadratu metode
vértibam Conb (X, P), Cocrp (%, P), CmaX,P)
ODI"ODnurméla ada h d
L J ~
Oksihemoglobina,
™ . - _
Mazako kvadratu metode, deoksihemoglobina, melanina
lai aprakinatu cg; (x,y) L relativo koncentraciju sadalfjums )
A ' A
4 ™
~ Vidgjo vertibu aprekins
Bilirubina relativo CoHbr CDoHbr CMel
koncentraciju sadalfjums \ s
A A
' It
Vidajas verttbas aprekins
Cail
\ vy

Att6.4. Al goritma bl okshUma.
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63 Rezul t Ut i

Lai eksperimentUli aprobUtu uzlaboto divu solR
speci Ul i radot as Udas hemat omas 2 brovpr Ut Q
eksperimentam. Tika radgtas HiGBdad ihdrhatmbmads,:
Utrums ~45m/ s, distance starp pistold]i un Udas
hematomas tika radgtas wuz divu sieviegu (25
oksi hemogl obgna, bekshbemag[ebangvunkoncentr
i egltu Udas hemataotnuls godsn@d..umU par Udot i
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@ 30 Deoxyhemoglobin 10000 E 4
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Att.6.5 . Hr omof oru rel atgvo koncentrUC|ju i zmai Ac

Udas hematomagWdUsuggstistPhbpsdat adi ]
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Udas hematoma uz auggstilba) dagUdUs
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3.0 e Bilirubin 14000
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Att6.7.Hr omof oru rel at 0vo khoennaetnatmalsc i (jsui & vzineati ed a s2

6.

Ti

pieliet oj ot hi perspektr Ul Us att Ul

T

Udas hematoma uz auggstilba) dagUdUs
0dzogi kU augstUk redzamajos piemUros maksin
Udas hematomu gad@dj umUaitk lk ap Ba stnd erga caa MU d :§ o
0dz 5. dienU (apskatot 3 Udas hematomas), sa
das hemat omas). Gan oksi hemogl obgna, gan de
amazinWds vpi dmenu | ai kU kopg Udas hemat omas
el atgvU koncentrUcija, izmantojot wuzlaboto
agUdUs Udas hematomas attostobas stadijUs, k
4 SecinUj umi

ka veikts pUtogjums vienlaicggai Udas hemogl
ganas metodi

Tika izmantoti algoritmi hiperspektrUlo att
artefaktus un vienas, kU ar@ vienas un tUs pagas Uda
uzAemtos attUlu masovus savstarpUji salodzir
Tika izveidots modelis Dbilirubgna, hemogl ob
vienlaicoQggi notei kbncgont hompbliovUrtébasokatr
Tika izstrUOdUts wuzlabots divu soNu algorit
relatogvUs koncentrUcijas Udas hemat omUs;

Ar izstrUdUto modeli iespUjams nové&nt OOcihje
i zmai Aas Udas hematomUs. Go pUtogjuma rezul
koncentrUcija tiek sasniegta 4 190dz 6 dienu

koncentrUcija ir visliel Ukildguzsr.ei z pUc traur
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7 Fluorescences izmantosSana elektroforezes un sonoforezes
iedarbibas ilglaicigai novérosanai dzivos audos

Elektr‘ofor‘Uze un sonoforUze tle_k uzskatota pa
met odUm gUnu terapijas veikganU, kuru viens 1
joprojuUm ir i zpUt es stadljnUsg rUepri e&kkag Ug s tpd
novUrtUganai neinvazovU veidUO ir izmantojama
novUrojot zaNU fluorescUjogU protedona ievaddg

jos mUrgjumasropamalctiejsasUt an dagitadpo re
iju izmantogana gan nor mUliem audi em,
vei kti pirms un QslaicQggi pUc terapijas
ktugalllgmcavlertUganallmonltorlngam tika veli
audi em. legltie rezultUti par Uda, k a r_ninUtU f
neinvazovs veids erapijas efelgianhazjnbttb[d)psijﬂs i
nepieciegamdobu. SokUks iRsKatksA.nUegitajos rezu

- — 0o o

8 Difuzas atstaroSanas un autofluorescences spektralas
atteloSanas izmantosSana atipisku pigmentétu adas
veidojumu izsSkirSanai

DermatologijU urNawmneakggupddasagvéeindoj umu di a
Udas vUga gadojumi ir jau vUOI O attostogbas sta
Udas veidojumiem, tomUr no tiem nUkoaugafd var a
oOpagi pacientiem, kuriem iepriekg di agnosticU
izggirgana no citiem Udas veidojumiem un ar g
noder gga agronai Udas vUga diagnsoti kai

Projektalaik U t i ka vei kta 75 brovprUtdggo pacientu i :

veidojumu spektrUlos attUlus (skatgt iepriekg
cilvUkiem jUrUginUs ar daudziem btakugbbakkas
ietekmU ieglto rezultUtu, tad tUl Okai i@atu ap
atipiski un 21 parasts | abdabdogs nUvuss.

Di fTzUs atstaroganUs un autofluorescences spe

reglstrUC|Ja_ i nteregu regiona izdal ggana, pi gl
un to variUcijas jeb standartnovirzes novUrtdU
veidojumam tika |eths opi_iasklzJUbt()bamakapeths
51 spektrUlais kanUls), kU arg autofluorescen
spektra kanUlI U (kopa 23 spektrUlie kanuUli). I
novUrtts upareagrhetru i zmantojamdobu atipisku nUOv

pigment Utiem veidojumi em.

LabUkais rezultUts tika ieglits fluorescences
vUrtobUs starp atipiskiem nUvusiiéd@%uf uciotbiae mn
specifika. Diflzi atstar oattlysyigadibsamasst adrapt oasb Une
klasUm. To varf_Jtu skai dr ot ainetikaazmantotipalanzgtgiu ma k
tei gi atstarotUs gaismas nofilrUganai, kas va
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ilgs (7..500msvienamono hr oma att Ul a uz,&emga\_nai no 51 ne
ieglganai . Mi nUt Us nepilngbas plUnots novUr st

MinOt O pUtgjuma rezultUOti tika prezentUti 3rd
notika 20.-2 2 . mai jam Fl orencU, anigMIatypjcalUnew dieifmieatiodt a n o
using diffuse reflectance and fluorescence multispectral imaging systemo ; pUc konf er enc
sagatavots arQ raksts publi cUganBUkkoinéekanee
rezul t URielikemuNsd4k at ot

9 Abdominalo un nieru sinusu taukaudu segmentésana
datortomografijas (DT) attélos

Pabeigts pUgQJ_ums par datortomogrUfljas att Ol
novUrtlUgsatamdd d@ameotelUt k as nodr opi & @faz uk &Jtr it ® K a miu
taukaudu objektu Matl guimll nopai kKGENGj umu pi evi

10 Secinajumi
PUrskata periodU veiktOUO darbdaikesz Alewdpthlika 8
pUtniecisskaj U darbU

T lzstr UJchUtriJesr i 0dbha lue tlsigd redl dlee t ogdmua9 miUkspU'Ujanst a
apstUkNos, ar t Us pal gdzgbu |eglstot Udas
aparatlru. JUveblalmmglll@lhacwdwaw maUIzgedzd<o var
veidojumu apstrUdes metogu pUrbaudUm,. tajU |j

1T Bal stoties uz maketierggces pielietoganas p
apstrUdnds al gor i

T JOattgsta zinUganu un tehnologiskUO bUze mUKk

JUpUta iespUjas izmantot @Jgo pieeju ne tikai
attUlu apstrUdes uzdevumu risinUganai
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Pielikums Nr.3. Fluorescence technique for monitoring
ofelectroporationandsonoporationlongtermeffectsinlivingtissu
e

Either electroporation (EP) or sonoporation (SP) alone has become an attractive new
strategy for the gene therapy, in part because of minimal toxicity and an excellent safety profile
when compared to conventional gene transfection methods such as virus vectors. However, the
efficiency of the gene transfection using electroporation or sonoporation alone is insufficient and it
remains the main drawback for further development of these methods for clinical trials.

In our previous work we demonstrated that electroporation and sonoporation parameters
could be varied to increase the green fluorescent protein (GFP) transfection efficiency into mice
tibialis cranialis muscle. Further to increase the GFP expression levels we investigated the
applicability of electrosonoporation. From experimental and clinical practice, the disease targeting
arsenal often includes strategies based on synergistic (or additive) interactions of two therapeutic
modalities, like electroporation and sonoporation that have been combined here. Taking into
account that both electroporation and sonoporation induce pores in the plasma membrane we
naturally assume that used in combination these methods can result in an increased efficiency of
plasmid DNA delivery. Using GFP coding plasmid, this effect has been only investigated in vitro
[Escofre et al. Ultrasound in Med. Biol. Vol. 36(10), 2010] demonstrating the synergism of GFP
transfection by electrosonoporation. In this study, we were the first to reveal the
electrosonoporation effect in vivousing GFP coding plasmid.

Based on our previous data, the optimal exposure parameters for electrosonoporation were
investigated by applying various types of electric pulses (HV-high voltage or LV- low voltage) in
combination with sonoporation. In Fig. 1 we show 1-year fluorescence pharmacokinetics of GFP in
all these electrosonoporated groups, based on our previous work where we demonstrated the
suitability of fluorescence spectroscopy and multispectral imaging for non-invasive quantification
of GFP transfection efficiency.

As expected before the experiment, when the couple of different therapy methods are added
one should achieve the summation or even synergistic results of the therapy. However, combining
both electric pulses and ultrasound for the muscle gene therapy, the electrosonoporation was not the
way to enhance the number of GFP positive fibers as well as to increase the amounts of GFP
produced in muscle. In opposite, all the combinations of electrosonoporation suppressed the GFP
transfection levels, and we clearly prove it with our experimental data (Fig. 1). However, our results
may indicate the synergistic increase in cytotoxicity of electrosonoporation, e.g. the increased
damage to the muscle fibers produced by combining both electric pulses and ultrasound.

The diffuse reflectance method was further applied as the non-invasive way to prove the
damage of muscle fibers produced by electrosonoporation. Diffuse reflectance allows estimating the
absorption properties of the tissue. When muscle necrosis happens, it is always accompanied with
the extensive hemorrhages. So the diffuse reflectance data could provide quantitative estimation of
muscle hemoglobin content, e.g. 24 hr. post electrosonoporation and to compare it with the control
levels of hemoglobin before muscle treatment. Within a frame of this project, the successive
electrosonoporation experiment was performed under the same electric pulse and ultrasound
conditions (as in Fig. 1) and the diffuse reflectance spectra were measured before, immediately after
and 24 hr. after muscle electrosonoporation treatment. Currently the data is under processing.

In conclusion, our investigations lead to the optical diagnostic strategies (fluorescence
spectra point measurements and multispectral imaging) for gene transfection efficiency
quantification and also are expected to provide the information on tissue viability state after
electrosonoporation by applying diffuse reflectance spectroscopy.
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Fig.1. Comparison of 1-year GFP transfection
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electroporation, sonoporation and electrosonoporation. a) electrosonoporation produced by
substitution of 4LV electric pulses with sonoporation; b) electrosonoporation produced by
substitution of 1HV electric pulse with sonoporation; c¢) electrosonoporation produced by
successive application of sonoporation and 1HV pulse (in comparison to Fig.1a, Fig.1c reveals the
result for the reverse order application of electric pulse and ultrasound).



As it is shown in Fig. 1la and Fig. 1b, the most efficient transfection of GFP plasmid was
achieved by electroporation, using combination of 1HV pulse (amplitude 800 V/cm, length of 100
ps) and 4LV LV (80 V/cm; 100 ms; 1 Hz) pulses. Muscle GFP transfection by using sonoporation
(2 W/cm? 20% ultrasound duty cycle and 5 min application) resulted in much lower GFP
expression levels in a whole 1 year period.

The first strategy for electrosonoporation was the substitution of either 4LV pulses by
sonoporation (Fig.1a) or 1HV pulse by sonoporation (Fig.1b). Both electrosonoporation protocols
resulted in a significant decrease of GFP transfection levels in comparison to electroporation
(IHV+4LV) results.

The second strategy for electrosonoporation was combination of 1 HV electric pulse (800
V/cm; 100 ps) with sonoporation (Fig. 1c). Considering the long time transfection, both methods
are capable to induce the comparable amounts of GFP in situ However, our data show that the
successive application of sonoporation and electroporation could not increase the transfection levels
of GFP.



Pielikums Nr.4. Benign — atypical nevi discrimination using
diffuse reflectance and fluorescence multispectral imaging
system



Pielikums Nr.5. Abdominalo un nieru sinusu taukaudu
segmentésana datortomografijas (DT) attélos



Pielikums Nr.6. RegistrationMethodforMultispectralSkinlmages
(publicets konferences MAREW 2015 rakstu krajuma)



Pielikums Nr.7.
Methodforregistrationofmultispectralskinimages (konferences
DOC 2015 prezentacijas kopsavilkums)



