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DCC – Department of Computer Science

– Bachelor of Computer Science (60 admissions/year)
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(Poli, IF, IAG, IGc, FEA, IO, Molecular Sciences, ICB)

– Graduate Program - CS
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DCC – IME / USP

https://www.ime.usp.br/dcc

9 full professors
16 Associate professors
14 professors
4 collaborators

Image/vision group

J. Barrera R. Cesar R. Hirata

R. Hashimoto C. Morimoto P. Miranda

M. Jackowski N. Hirata

Workshop eScience – UFABC – IP, PR & ML at IME / USP (N. Hirata) 3

https://www.ime.usp.br/dcc


DCC – IME / USP

https://www.ime.usp.br/dcc

9 full professors
16 Associate professors
14 professors
4 collaborators

Image/vision group

J. Barrera R. Cesar R. Hirata

R. Hashimoto C. Morimoto P. Miranda

M. Jackowski N. Hirata

Workshop eScience – UFABC – IP, PR & ML at IME / USP (N. Hirata) 4

https://www.ime.usp.br/dcc


eScience applications

Astronomy – multiband astronomical survey

Oceanography – plankton data analysis

Document processing and analysis

Smart cities

Medical images

Augmented reality

Bioinformatics
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Astronomical data analysis



Astronomical data analysis

In collaboration with IAG / USP (http://www.iag.usp.br/labcosmos/en/)
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Astronomical data analysis / S-PLUS
T80S optical telescope at Chile – 12 filters

Cerro-Tololo Inter-American Observatory

https://confluence.astro.ufsc.br:8443/display/TP/T80S+Telescope

Scientific questions

– Dark energy

– Identification of object type

– Computation of redshift

– Computation of physical
parameters

– Kinematics
– Temperature
– Metalicity
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Astronomical surveys

By ESO/M. Hayes - http://www.eso.org/public/images/eso1013a/, CC BY 4.0
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Astronomical data analysis
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Astronomical surveys
General map or image of a region of the sky; no specific target

Multiwavelength surveys with multiple detectors, each sensitive to

a different bandwidth
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Spectrum

Emission lines are important to discriminate astronomical objects
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Astronomical surveys

The ALHAMBRA case (21 optical filters + 3 NIR filters)

Emission lines are lost ??
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Astronomical survey data analysis

New object identification/analysis methods are needed

- SDSS (SLOAN) — 5 filters

- ALHAMBRA — 23 filters

- T80 J-PLUS / S-PLUS — 12 filters (ongoing)

- T250 J-PAS / S-PAS — 59 filters (to come soon)

Current research topics

– star / QSO separation

– galaxy classification

– star / galaxy separation

– pixel level deblending
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STAR × QSO separation

• feature extraction

• candidate selection (PCA)

• k-NN templates (ground-truth derived from SDSS)

– redshift estimation
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Galaxy classification

• SDSS data: jpg and fits (5 channels)

• Convolutional neural networks

• S-PLUS data: fits (12 channels)

• morphometric and spectral variables + classifier
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Plankton image analysis



Plankton image analysis
In collaboration with IO / USP (http://laps.io.usp.br/index.php/en/)

• image acquisition
– Laser microscopy
– Digital holography

• classification pipeline

• image reconstruction
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Plankton image classification

Appendicularia Bubble Calanoida Dinoflagellate Dinoflagellate M Chaetoceros

Cnidaria Copepoda Coscinodiscus Cyclopoida Detritus Detritus ball

Filaments Nauplii Noctiluca Penilia P. Dactyliosolen Stalked c.

• Standard pipeline
- target cropping
- contour delineation
- feature extraction

- classifier training

• 18 species, classifier ensembles

• deep learning

• data augmentation
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Plankton image reconstruction

DEMO
Interactive system for holographic image analysis

(Jefferson Ascaneo / R. Hirata / Rubens Lopes (IO))
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Image operator learning

Observed input

Expected output

Ψ =?

Given pairs of images as the ones
on the left...

Question:

– how to design an image
operator Ψ that transforms
the input image to the
expected output image?
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Local image operators

There is a local function ψ that uniquely characterizes Ψ

S Ψ(S)

zz

Ψ(S)(z) = ψ
( )

Representation in terms of basic morphological operators
(erosion and dilation)

The local function can be seen as a pixel classifier

Machine learning techniques to learn these functions!
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Image operator learning — applications

– Document image binarization

– Page component segmentation

– text
– graphics
– tables
– staff lines (music scores)

– Vessel segmentation
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Application examples

Input Expected output
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Application examples

Input Test output
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Input Expected output

Workshop eScience – UFABC – IP, PR & ML at IME / USP (N. Hirata) 38



Input Test output
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Input Expected output

Workshop eScience – UFABC – IP, PR & ML at IME / USP (N. Hirata) 40



Input Test output
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Input Expected output
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Input Test output
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Input Expected output
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Input Test output
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Input Expected output
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Input Test output
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Input Expected output
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Input Test output
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Handwritten musical scores

Staff line removal:
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Synthetically generated musical scores
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Image operator learning

– Pixel, connected component, super-pixel level
classification

– Morphological / deep representation

– raw image, explict feature extraction,
implicit feature extraction

– Applications in document image processing, vessel
segmentation, music score image processing, ...
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Image operator learning – TRIOSlib

Open software for image operator learning

https://sourceforge.net/projects/trioslib
Integrates with Numpy, Scipy, scikit-learn
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What is happening now ...

Machine learning group
– started this year

– meeting once a week

– discussion of papers

– tutorial on ML libraries

– hands-on: Kaggle

INCT (National Institute for Science and Technology) of the
Future Internet for Smart Cities

Undergrad students: have specialization option in
data science
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Data: images, videos, and signals

Astronomical images

Microscopic/holographic plankton images/videos

Document images

Handwriting

Medical images (retina, eye globe, tomography, brain
ressonance)

Sensors (GPS, traffic surveillance video, twitter, ...)

Natural language processing
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DCC – IME /USP

Image/vision group

J. Barrera R. Cesar R. Hirata

R. Hashimoto C. Morimoto P. Miranda

M. Jackowski N. Hirata

eScience

Computer music

Parallel processing

Bioinformatics

Machine learning

Image/vision

NLPBD

IA

Contact: nina@ime.usp.br
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