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CoBpeMeHHOE COCTOsIHME MMPO00JIeMbI
cerMmeHTanuu DM Mo3ra

1. A pipeline to automatically reconstruct neuronal processes from large-scale electron microscopy image data.
The target volume consists of 1000 images with a size of 5120 x 5120 pixels, corresponding to 27000 um3 of
mammalian brain tissue. With 8 bits per pixel, the full data volume is 25 GB in size [1].

2. Mojo, a proofreading tool including semi-automated correction of merge errors based on sparse user scribbles.
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[1] Verena Kaynig et. al. Large-scale automatic reconstruction of neuronal processes from electron microscopy images
// Medical Image Analysis. 2015. 22: 77-88.
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CoBpeMeHHOE COCTOsIHME MMPO00JIeMbI
cerMmeHTanuu DM Mo3ra

Membrane classification problem [1]:
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Example segmentation of a test
EM image.

Top left: original image.

Top right: manual annotation.
Bottom left: random forest
output.

Bottom right: CRF segmentation.

The isotropic smoothing closes
small regions caused by
extracellular space between cells,
whereas the anisotropic term
prevents shrinking bias for long
elongated structures and
enhances gap completion. All
images are 1.9 Im wide.

[1] Verena Kaynig et. al. Large-scale automatic reconstruction of neuronal processes from electron microscopy images

// Medical Image Analysis. 2015. 22: 77-88.
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CoBpeMeHHOE COCTOsIHME MMPO00JIeMbI
cerMmeHTanuu DM Mo3ra

Semiautomatic
proofreading with Mojo [1]

Example region of an automatically
segmented image (middle) compared to
manual annotation (left). The original EM
image is shown on the right. All images are 3
um wide.
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2000t Histogram of error rates for different region sizes. While over 70% of

the regions are correctly segmented for most region sizes, smaller
regions tend to be merged, whereas larger regions tend to be split.
Overall large regions exhibit smaller error rates than small regions.
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[1] Verena Kaynig et. al. Large-scale automatic reconstruction of neuronal processes from electron microscopy images
// Medical Image Analysis. 2015. 22: 77-88.
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CoBpeMeHHOE COCTOsIHME MMPO00JIeMbI
cerMmeHTanuu DM Mo3ra

[2] Kendrick Cetina, José M. Buenaposada, Luis Baumela. Multi-class segmentation of neuronal structures in electron
microscopy images // BMC Bioinformatics. 2018. 19:298.

MultiScale: Table 1. Vesicle

descriptor parameters and GRIMS

scales selected for each data set
Vesicle
parameters

rn r2 w

R 12, 16,5660 (5 5 2

cortex

Cerebellum 1.2,1.6,2.0,4.8 4 4 2

b Mapped Mitochondria

! Methods:
1) Gaussian Rotation Invariant MultiScale (GRIMS)
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CoBpeMeHHOE COCTOsIHME MMPO00JIeMbI
cerMmeHTanuu DM Mo3ra

[2] Kendrick Cetina, José M. Buenaposada, Luis Baumela. Multi-class segmentation of neuronal structures in electron
microscopy images // BMC Bioinformatics. 2018. 19:298.

Results:

Investigated series
of images:

Input image

Table 5 Hippocampus segmentation results (Jaccard) for
different classifier, features and GRIMS scales

Classifier Features Mitochondria Synapses

AdaBoost EPFL 0618911 0.071279 ‘

AdaBoost GRIMS+E 0.622995 0.282041 |
PIBoost GRIMS+E] 0691545 0.347415 @
PiBoost GRIMS+El 0.705145 0.364175

Scale Selection
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HcxoaHble JaHHbIE JJIEKTPOHHOM MUKPOCKOIUH
MO3ra U UX pa3MeTKa

OO01ieoCcTynHbIE JaHHBIE pecypca JIadopaTopuu KOMIIbIOTEPHOro 3peHusi yuusepcutera Jlozannsi (hitp://cviab.epfl.ch/data/em)
[3]. M3 3Tx naHHBIX BbIpe3aH Kyd ¢ peopom 500 Bokceiei.
[3] A. Lucchi; Y. Li; P. Fua : Learning for Structured Prediction Using Approximate Subgradient Descent with Working Sets.

2013. Conference on Computer Vision and Pattern Recognition (CVPR), Portland, Oregon, USA, June 23-28, 2013. DOI :
10.1109/Cvpr.2013.259
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http://cvlab.epfl.ch/data/em

UcxoaHbie TaHHBIC YJICKTPOHHON MUKPOCKOIINU

mo3ra. IIpodjema cermeHTanuu

OO01ieoCcTynHbIE JaHHBIE pecypca JIadopaTopuu KOMIIbIOTEPHOro 3peHusi yuusepcutera Jlozannsi (hitp://cviab.epfl.ch/data/em)

[3]. Ky6 ¢ pedpom 500 Bokceeii.

Buytpu mutoxonapuit

PSD, o6onouka akcona
Besukynsl

O00709Ka MUTOXOHIPHHA

Heomnpenenennocts |
Knerounsie MeMOpaHbI

®DoHOBBIE 00BEKTEI |

J
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IIpoGiema n npuYMHA OIMOOK: BTOPOIl M TPETUH ClI€Ba MUKH BKJIIOYAIOT MUKCEIN CEMU M LIECTH KJIaCCOB, U, [I09TOMY, HE
JOIMYCKAIOT OAHO3HAYHOU KJIacCU(PHUKAIIMKA O0bEKTa M0 OHOMY NMPHU3HAKY KiIaccu(UKAIUN HAa TUKCENTbHOM ypoBHE. OCHOBHAs

npobJeMa: MUTOXOHIPUH-BE3UKYIbI-MEMOPAHBI.
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http://cvlab.epfl.ch/data/em

IIpoduaema cermenTanuu. MHCTpyMeHTApUHA

AHaau3 npoduiis, BLIOOP MOPOroB

line Segmentation
‘radius | \ ‘ | average |
| segmentX | | segmentx |

i"“" | |segmentY | | segment |
= Cao ] [ mp
| |
average radius ‘ average Threshol [ | nonMonotonicAv ‘

|
average | segmentX | | segmentX |
L [y | [ seqment Y |
tolerance
l | [ aw | | Ao |
non monotonic count icThr ] [ThrﬁholdDista‘lc ‘
\, |
tolerance monoton ‘ segment X ‘ | segment X ‘

| | segment Y | | segmentY |
edgeThiness | AND | [ aw |

\ |

84 sliceLabe

maximum

87

minimum

Mocksa, UBM PAH, 6-8 Hoa6pa 2018

06.11.2018



IIpoduaema cermenTanuu. MHCTpyMeHTApUHA

o Statistics =

Openimg Openmask Calculate Calculate each one
minimum: 28 average: 135.60867210584
maximum: 221 mediana: 131

HistogramView = B
in: 0

max: 221
y
densty: 128
U
curValueX
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IIpo0jiemMa cerMeHTAlUM.
HccienoBanue TEKCTYPHBIX J1eCKPUIITOPOB

Caoui Nel3 u ero pasmerka.
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IIpo0jiemMa cerMeHTAlUM.
UcciaenoBaHue TEKCTYPHBIX J€CKPUIITOPOB

IIpueMBbl cerMeHTAIIMH HA OCHOBE MUKCEJIbHBIX MIPU3HAKOB.
OO01mme npuembl:

I[MapannenbHast 00padoTKa Mo crpokam/ ITapaJuteqbHOE HCIIOIB30BAHUE Hcnoap30BaHne NpeIBapuTeILHOTO
croaduam. [IpocTbie KpUTEPHU THCTOIPAMMBI HU3KHX pa3peuieHuii (moxa3zano 1/8) MACKHPOBAHUA OKPECTHOCTH
MUTOXOHAPUI (cpeaHee, AUCIIEPCHS). OJTHO3HAYHO KJIaccupuIupyeMbIxX
FN o0Benenbl kpacHbIM, FP - eJThIM . oobekToB (PSD)
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IIpo0jiemMa cerMeHTAlUM.
HccienoBanue TEKCTYPHBIX J1eCKPUIITOPOB

Ha 4 ypoBHs
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IIpo0siemMa cerMeHTAlIUH.
I/ICCJ]eI[OBaHI/Ie TCKCTYPHBIX ICCKPHUIITOPOB

Crnaxxuanue 3D-dursrpom Maycca ¢ pagnycom 3 pix  CrmakuBanue 3D-dunsrpom ["aycca ¢ paguycom 5 pix
(R3) + BEIUMTaHWE OpUTHHAIA (R5) + BEIUMTAHME OpUTHHATIA
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IIpo0jiemMa cerMeHTAlUM.
UcciaenoBaHue TEKCTYPHBIX J€CKPUIITOPOB

KBanToBanue Ha 10 ypoBHEl, ¢ MHOTOKpaTHbIM ~ Pa3HOCTH pe3yapTaroB criiakuBaHust 3D-duisTpom
MIPUMEHEHUEM MEJIMAHHOTO (PUIbTpa ["aycca 1o OKpecTHOCTH € paarnycoM 8 U 5 muKcenei
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IIpo0jiemMa cerMeHTAlUM.
HcciienoBaHue TEKCTYPHBIX J€CKPUIITOPOB

Crnaxeno 3D-TI"ayccom R3, cpennekBaapaTudeckoe
oTKJIOHEeHHe 10 obnacTu R3, meauannbiil punstp R1
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IIpo0jiemMa cerMeHTAlUM.
HccienoBanue TEKCTYPHBIX J1eCKPUIITOPOB

HpHeMbI CCrMEeHTAIMHA HA OCHOBC INHMKCCJIBbHBIX ITPU3HAKOB.

Menuannsiii 3D-punsrp no 06bemy R1. Menuannbiit 3D-punsTp o 06bemy R3.
MHOrokparHo npuMeHeEH. MHOroKkparHo npuMeHeEH.
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IIpo0jiemMa cerMeHTAlUM.
UccienoBanne TEKCTYPHBIX JeCKPUNITOPOB

HpI/IeMI)I CCrMCcHTAIlMM HA OCHOBC IMINKCC/IbHBIX IIPU3HAKOB.

GLCM. I'opuzoHTaIbpHOE COCEACTBO, GLCM. I'opuzoHTaIbHOE COCECTBO,
KBAaHTOBaHHE — Ha 4 YPOBHs. DHTPOIHSL. KBAaHTOBAaHMUE — Ha 2 YPOBHsI. DHTPOIIHS.
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IIpo0jiemMa cerMeHTAlUM.
I/ICC.HQI[OBaHI/Ie TCKCTYPHBIX ICCKPHUIITOPOB

HpI/IeMbI CCrMCHTAIIMM HA OCHOBC IINKCC/IbHBIX IIPU3HAKOB.

GLCM. I'opuzoHTambHOE COCEICTBO, GLCM. IIpenobpadorka 3D-T"aycc R2,
KBaHTOBaHUE — 16 ypoBHEW. DHTpOMUSI. TOPU30HTAJILHOE COCEJICTBO, KBaHTOBaHUE —16
- lllymononoOHast kapTUHA. YPOBHEU. DHTPOIHS.
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IIpo0siemMa cerMeHTAlIUH.
I/ICCJ]QI[OBaHI/Ie TCKCTYPHBIX ICCKPHUIITOPOB

HpI/IeMbI CCrMCHTAIIMM HA OCHOBC IINKCC/IbHBIX IIPU3HAKOB.

GLCM. I'opuzoHTambHOE COCEICTBO, GLCM. IIpenobpadorka 3D-T"aycc R2,
KBaHTOBaHHE — 24 ypOBHA. DHTPOIIHUS. TOPU30HTAJILHOE COCEJICTBO, KBAaHTOBaHUE —24
- lllymononoOHast kapTUHA. YPOBHSI. DHTPOIIHUS.
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IIpo0jiemMa cerMeHTAlUM.
UcciaenoBaHue TEKCTYPHBIX J€CKPUIITOPOB

s .

Ucxonnoe nzobpaxenne, cioit Nel3, BHyTpeHHS 4acTh MUTOXOHIAPUI:

Mack npegoopadotku PSD u akcoHa (KpacHBIM) 3D-dpunerpel ['aycca R3, cpemHekBaaparndeckoe
otknonenne R3, meauanueiii R2 19 pas,
+ Mopdosiorudeckoe 3akpbiTe (yaajaieHue MeMOopaH)
+ HaJIOKEHUE MAaCKH MpeaoOpadoTKu
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IIpoOiema cermenTanuu M Ha OCHOBE TEKCTYPHBIX NMPU3HAKOB.
3akiroueHue

1. TekctypHbie (MUKCEIbHBIC) TPU3HAKKH BO MHOTHX CIIy4asx CIIOCOOHBI KiIacCU(UIIMPOBATH
TUIN 00BEKTA U 00ECIIEYUTh HAUBBICIIYIO TPOU3BOIUTEIILHOCTh CETMEHTAIIUU PH
OJIUHAKOBOW TOYHOCTH

2. Co3maHuio anropuT™Ma CETMEHTAIMHU JTOJDKHO TIPEANIeCTBOBATh CTATUCTUYECKOE
UCCIIEIOBaHNE OOBEKTOB CETMEHTAIIMA HA OCHOBE UX Pa3METKU Ha UCXOJHBIX JIAHHBIX

3. Crnenyert UCTIOIB30BaTh BCE MACIITA0BI M300paKEeHMSI, HA KOTOPBIX HanboJiee OTYETINBO
MPOSIBIISIIOTCS IPU3HAKKA CETMEHTUPYEMBIX 0OBEKTOB

4. TlpenoOpaboTka, noBbiaras HHOOPMAIUOHHYIO [IEHHOCTh N300pakeHus (yaajaeHue
IIyMa, SKBaJIU3aIHisl THCTOTPAaMMBI, HAIIOJTHEHHOCTh YpoBHEH ceporo 1t GLCM)
MOBBIIIACT OJJHO3HAYHOCTH MIPU3HAKOB CETMEHTHUPYEMBIX 0OBHEKTOB.

5. MosxkeT ObITh MOJIE3HOM Mpe/IBApUTEIbHAS CETMEHTAIMsd OOBEKTOB C OJTHO3HAYHBIMU
MPU3HAKAMU U UX MAaCKUPOBAHUE MPU MPUHATUU PEIICHUS.

6. Hcnonw3zoBanue 3D OKkpecTHOCTH MPHU OJIMHAKOBOW CTATUCTUUECKOW IIEHHOCTH BBIOOPKHU
YBEJIMYMBAET MPOCTPAHCTBEHHYIO TOYHOCTh CETMEHTAIINM, & UHOT/Ia 00ECTICUNBAET U
MPUHITMITHATIBHYI0 pab0TOCIIOCOOHOCTh TEKCTYPHOTO JIECKPUIITOPa

[Tnanupyercs: [Ipogonxuth uccienoBanue Bo3mMoxHocteit GLCM B koMmmiekce ¢ anropuTMomM
HEJIOKAJILHOTO CPETHETO.
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