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Tyrimy objektas, tikslas ir uzdaviniai

Tyrimo objektas: Palydoviniy vaizdy atpazinimas.

Tyrimo tikslas: Pasiulyti efektyvig konvoliuciniy neuroniniy tinkly architektirg, skirtg
tiksliai atpazinti objektus, esancius vaizduose is optiniy palydovy.
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Tyrimu objektas, tikslas ir uzdaviniai

Tyrimo uzdaviniai:
- Atlikti skirtingy metody analize naudojamy palydoviniams vaizdams atpazinti;

- Nustatyti (identifikuoti) mokslines problemas, Kylancias uzdaviniuose, susijusiuose su
palydoviniy vaizdy atpazinimu;

- Dirbtiniu neuroniniu tinklu pagrjsto algoritmo sukurimas palydoviniams vaizdams
atpazinti;

- Sukurto algoritmo tyrimas sprendziant keletg testiniy uzdaviniy, jskaitant ir praktinj
panaudojimg finansy rinkoje;

- Gauty rezultaty analize

Planuojami rezultatai:

- Sukurta unikali konvoliuciniy neuroniniy tinkly architektura, pritaikyta efektyviam ‘
objekty atpazinimui dideles rezoliucijos optiniy palydovy gautuose vaizduose.
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Tyrimo problema: Geospatial data (GSD)
revolution
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Tyrimo problema: pritaikymas finansu rinkai
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Tyrimy problema: Satelitiniy vaizdy peripetijos

Satelitiniy vaizdy specifika ir iSSukiai:

Rezoliucija: 5m - 0.3m per pixel

RGB P-band M-band A-band

450-690nm 450-690nm 400-1040nm 1195-2365nm
0.31 m/pixel 0.31 m/pixel 1.24 m/pixel 7.5 m/pixel

PerspeCtive diStortion 3 channels 11 th_______ 1 channel 11 bit 8 ch_annels 11 bit P 8 channels 14 bit
Scale and size variability

Atmosferos ir Sviesos pokyciai (haze, fog)

Predictions 10 classes

Debesys ir triukSmas

Hyperspectral - images: 12 Band (RGB, P-band, M-Band, A-band)
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Studijy planas (2017-2021)

ferencija:
DJAMSS
Iskininkai
2017

)

()

Egzaminas:
Skaitinis
intelektas
investuojant j
vertybinius
popierius
2018 Geguzé

Konferencija:
ICCCV
Singapuras
2018 Birzelis

()

Konferencija:
,Data
Science in
Capital
Markets”,
London 2018
Lapkritis

) O

Egzaminas:

Atpazinimo

teorija 2018
Rugséjis

Publikacija 1:

Machine
Vision and
Applications
Zurnale 2019
Kovas

O O

Egzaminas:
Duomeny
analizés
strategijos ir
sprendimy
priémimas
2019 Sausis

()

Egzaminas:
Lygiagretieji ir
paskirstytieji
skaiciavimai
20109 Liepa

Publikacija 2:
Academic
journal 2020
Rugséjis

()



2017-2018 darbo planas

Studijy planas:

ISlaikyti egzaming ,Skaitinis intelektas investuojant j vertybinius popierius”. Vertinimo komisija: doc. dr. A. Raudys

ISlaikyti egzaming ,Atpazinimo teorija“. Vertinimo komisija: doc. dr. Povilas Treigys, dr. G. Korvel, doc. dr. G.Tamulevicius

Rezultaty pristatymo planas:

Dalyvavimas mokslinéje konferencijoje ,9th International Workshop on Data Analysis Methods for Software Systems®,
vyksiancioje Lietuvoje, Druskininkuose, 2017 m. gruodzio ménes;j.

Dalyvavimas mokslinéje konferencijoje ,International Conference on Control and Computer Vision ICCCV 2018,
vyksiancioje 2018 m. birzelio 15-18 d. Singapure.

Moksliniy tyrimy planas:

Atlikti skirtingy metody analize naudojamy palydoviniams vaizdams atpazinti;

Nustatyti (identifikuoti) mokslines problemas, kylancias uzdaviniuose, susijusiuose su palydoviniy vaizdy atpazinimu;

Parinkti tyrimo metodika iSkeltam uzdaviniui spresti; L
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2017-2018 detalus darbo planas
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Ataskaita uz 2017-2018 mokslo metus

1) 2017-2018 m. islaikyti egzaminai:

- ISlaikytas egzaminas: ,Skaitinis intelektas investuojant j vertybinius popierius“. Vertinimo
komisija: doc. dr. A. Raudys, doc. dr. O. Kurasova, dr. S Blaziunas: |vertinimas 10 (puikiai).

- ISlaikytas egzaminas: ,Atpazinimo teorija“. Vertinimo komisija: doc. dr. Povilas Treigys, dr. G.
Korvel, doc. dr. G. Tamulevicius: Jvertinimas 8 (gerai).

2) 2017-2018 m. rezultaty pristatymai mokslinése konferencijose:

- Dalyvavimas mokslinéje konferencijoje ,9th International Workshop on Data Analysis
Methods for Software Systems*, vykusioje Lietuvoje, Druskininkuose, 2017 m. lapkric¢io 30 -
gruodzio 2 d., stendinis pranesimas: “Object detection and classification in satellite imagery”

- Dalyvavimas mokslinéje konferencijoje ,International Conference on Control and Computer
Vision ICCCV 2018*, vykusioje 2018 m. birzelio 15-18 d. Singapure, skaitytas pranesimas:
“Convoliutional neural networks in object detection and classification problems in satellite
imagery”
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Ataskaita uz 2017-2018 mokslo metus

3) Papildomas jgudziy jgijimas:

CERTIFICATE OF ACHIEVEMENT
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POVILAS GUDZIUS

on August 17, 2018 for completing 9 weeks curriculum of study in
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Approved by the

>i< New York State Ed
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ation Department

NYC Data Science Academy
500 8th Avenue, Suite 905
New York, NY 10018

Vivian §. Zhang

Director of NYC Data Science Academy




Ataskaita uz 2017-2018 mokslo metus

4) 2017-2018 m. m. gauti moksliniai rezultatai:

Atlikta skirtingu metodu, naudojamu palydoviniams vaizdams atpazinti, analizé;

Nustatytos mokslinés problemos, kylancios uzdaviniuose, susijusiuose su palydoviniy vaizdu
atpazinimu;

Sukurti kanalai jsigyti sunkiai prieinamiems optiniams palydoviniams vaizdams, skirtiems
algoritmo apmokymui ir testavimui;

Sukurtas dirbtiniu neuroniniu tinklu pagrijstas algoritmas palydoviniams vaizdams atpazinti;

Sukurta didelio galingumo Google Cloud Platform (GCP) debesyje esanti didelés apimties
skaiciavimui, apmokymui, validavimui ir rezultaty vizualizavimui skirta sistemuy architektura

Atlikti pirminiai tyrimai l
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Pirminiai mokslinial tyrimai: sistemuy architektura
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Pirminial moksliniai tyrimai: CNN U-net
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Pirminial moksliniai tyrimai: CNN U-net

“Our fully convolutional model is based on the U-
Net architectures [B14], where low-level feature
maps are combined with higher-level ones,
enables precise localization (practical use - cell
location). This type of network architecture was
especially designed to effectively solve image
segmentation problems. Due to this reason this
architecture has been chosen as a default
architecture for our research problem.”

nRn 1264 12 80x80

161124112 B0

e

31112 aff

B =
Y ’

e =
RGB+P+ “
M+ ;
indices INLM112 I B4x112x112
N 6 B 60 128 64 64
“I - m
ﬂwb‘“ﬂ ' 128x64x64
" 64 128 128 128 256 128 128
Maxpoolin
§ ool I'.'. 1830 7/
) %,
Upsamplin
piamping ﬂus:sm? 'ISExJMZ
= Conv+BatchNorm+ELU ] 250 26 128
Concat s
ﬂIEEﬂGllE tg]hlmlﬁ
= Input ;n 512
&-__

/ \\\;’\



Pirminiai moksliniy tyrimy rezultatai: 1 is 4

Finding number 1: Winning U-net

* The highest Jaccard metric validation accuracy reached was 63.90% using 50 number of
epochs for the backpropagation and the training set. Winning U-net parameters: Batch_size:
128, pixel frame: 160x160, 2% polygon qualification to the training set, ReLU as an activation
function at each of the Conv layer, 50 epochs of training:

Epochs Training Validation Batch Size "ISZ" mozaic size Part_proc (proc ¢ Activation function Pixel threshold |Jaccard Accuracy
U-net Experiment 17 50 25,000 objects 0.2(5) 128 160x160 pixel 0.02 RelU 100 63.90%
Epochs Training Validation Batch Size "ISZ" mozaic size Part_proc (proc c Activation function Pixel threshold | Jaccard Accuracy Experiment 12
U-net Experiment8 20 25,000 objects 0.25 256 160x160 pixel 0.02 RelU 100 ResourceExhaustedError -
U-net Experiment9 160 25,000 objects 0.25 64 160x160 pixel 0.02 RelU 100 62.18%
U-net Experiment 10 20 25,000 objects 0.25 64 80x80 pixel 0.02 RelU 100 50.02% (4 times faster)
U-net Experiment 11 20 25,000 objects 0.25 64 80x80 pixel 0.02 Leaky_RelU 100 Leaky config
U-net Experiment 12 20 25,000 objects 0.25 256 80x80 pixel 0.02 RelU 100 47.99%
U-net Experiment 13 50 25,000 objects 0.25 512 80x80 pixel 0.02 RelU 100 51.49%
U-net Experiment 14 50 25,000 objects 0.25 32 200x200 pixel 0.02 RelU 100 MEMORY ERROR
U-net Experiment 15 50 25,000 objects 0.25 512 160x160 pixel 0.02 RelU 100 ResourceExhaustedError
U-net Experiment 16 50 25,000 objects 0.25 128 160x160 pixel 0.01 RelU 100 MEMORY ERROR

e




Pirminiai moksliniy tyrimy rezultatai: 2 is 4

Finding number 2: Real-life accuracy

* Jaccard metric is hot the most representative metric given our research problem. After manual
object count examination, we have established that 63.90% Jaccard metric accuracy is equivalent to
an impressive 94.09% of object count measure:

SpaceNet 30cm high-res optical satellite imagery (RGB) 1.5km2
Number of manually market car polygons AOI 288
Number of objects that U-net model predicted accurately 271
Number of objects were detected 17
Number of objects detected yet nor marked in the training set 28
Model accuracy 94.09% |
Jaccard Index of best performed U-net 63.90%
N

~ NN



Pirminiai moksliniy tyrimy rezultatai: 3 is 4

Finding number 3: Above human performance

U-net architecture is some cases provided “better-than human accuracy” since it has detected 28
objects within the given manual test sample that were not discovered by human annotator.
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Pirminiai moksliniy tyrimy rezultatai: 4 is 4

Finding number 4: Epochs

« Efficient networks are able to train faster and an optimal number of two-way backpropagations is to
be conducted between 25-50 times for network to be trained if considering computational restrains.

val_jaccard_coef
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Name Smoothed Value Step Time Relative

O > 0.6390 0.6390 49.00 Sat Oct 20, 18:34:54 3d Oh 18m 51s



Kitu mety darbo planas (2018 - 2019)

- Studijy planas:
- ISlaikyti egzaming ,Duomeny analizés strategijos ir sprendimy prieémimas®“. Vertinimo komisija: prof. habil.
dr. G. Dzemyda, prof. dr. O. Kurasova, dr. J. Bernataviciené
- Rezultaty pristatymo planas:

- Dalyvavimas tarptautinéje mokslinéje konferencijoje ,Artificial Intelligence and Data Science in
Capital Markets 2019” vyksiancioje Londone, UK arba kitoje tarptautinéje konferencijoje vyksiancioje
Lietuvoje ar uzsienyje

- Dalyvavimas tarptautinéje mokslinéje konferencijoje ,14th Innovative Applications of Artificial
Intelligence Conference” New Orleans, Louisiana USA arba kitoje uzsienyje vyksiancioje tarptautinéje
konferencijoje

- Moksliniy publikacijy planas:

- Jteikti mokslinj straipsnj j zurnala, turintj cituojamumo rodiklj Clarivate Analytics Web of Science
duomeny bazéje, ,U-net architecture for small objects detection and classification in optical satellite
imagery“
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Praktinio panaudojimo pavyzdziai finansy rinkoje

Ultimate objective is to develop an accurate, optimal and computationally efficient
Machine Learning image recognition model with custom features and applied to financial
markets. Examples include:

“Chipotle Stock Price” prediction prior to earnings release. ML model counts quantity,
type, color of cars in the car park predicting revenue

“China Construction Index” prediction. ML model estimates growth based on shadows
cast by buildings (Orbital insight)

“Crop Yield Prediction”. ML model consumes multi-wave length (infrared, Rband)
images and estimates Crop harvest (Descartes)

- “Global Oil Reserves Calculation”. ML model captures the height of reserve containers
and produces global oil reserves figure (RS Metrics)

» i\\f\
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APPENDIX: Machine learning techniques
research for object detection in satellite imagery

- Support Vector Machines (SVM)

- Self-organizing map (SOM)

- Assemble methods such as Random Forests (RF)
- Case-based reasoning (CBR)

- Neuro-Fuzzy (NF)

- Genetic Algorithm(GA)

- Neural Networks (NN)

CNN is most effective object detection and recognition (up to 95.05% accuracy).

> / \\\/\



APPENDIX: Convolutional Neural Net - hyper-parameters
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APPENDIX: Convolutional Neural Net - hyper-parameters

CNN architekturos hiper-parametrai, kurie bus testuojami optimizacijai:

- Window stride

- Pooling window size

- Number of neurons

- Number of features

- Size of those features

- Padding (zero padding) and the size of it
- Activation functions

- CNN architecture itself (Capsules, ResNet)

Single depth slice
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and stride 2
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APPENDIX: Convolutional Neural Net - hyper-parameters

CNN architekturos hiper-parametrai, kurie bus testuojami optimizacijai:

- Window stride ~
CONYOLUTIONVS

WIDTH




APPENDIX: Convolutional Neural Net - hyper-parameters -

RELU

- Activation functions
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APPENDIX: Convolutional Neural Net - Architecture

CNN architekturos hiper-parametrai, kurie bus testuojami optimizacijai:

- CNN architecture itself (Capsules, ResNet. Inception, ResNet)
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APPENDIX: Architektura + padaryti darbai
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