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COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

COSI 2021 KICKOFF 7/9/2021

MORNING SESSION Location: A building Atrium

ALI AMIRSHAHI 9:00-9:30
COSI ACADEMIC COORDINATOR
• Introduction to COSI, mobility, grades, internship, master thesis, financial matters

MARKKU HAUTA-KASARI 9:30-10:00
ACADEMIC COORDINATOR AT UEF
• Introducing the University of Easter Finland

COFFEE BREAK 10:00-10:15

JUAN LUIS NIEVES 10:15-10:45
ACADEMIC COORDINATOR AT UGR
• Introducing the University of Granada

ALAIN TRÉMEAU 10:45-11:15
ACADEMIC COORDINATOR AT UJM
• Introducing Jean Monnet University

MARIUS PEDERSEN 11:15-11:45
HEAD OF THE COLORLAB
• Introducing the Norwegian University of Science and Technology

LUNCH BREAK 11:45-12:45
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COSI 2020 INDUSTRIAL INTERNSHIP 7/9/2021

AFTERNOON SESSION Location: A building Atrium

MD BORHAN UDDIN SUMON 12:50-13:00
HYPERSPECTRAL IMAGE DEHAZING IN THE VISIBLE AND INFRARED RANGES
• Worked at the Color Imaging Lab at UGR

SANAM NISAR MANGI 13:00-13:10
3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)
• Worked on site forMihaly

LINNA YANG 13:10-13:20
3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)
• Worked on site forMihaly

MARIA JOSE RUEDA MONTES 13:20-13:30
PIXEL VALUE REDUCTION TO REDUCE ENERGY CONSUMPTION OF OLED DEVICES
• Worked remotely in France for Interdigital

MILAN KRESOVIĆ 13:30-13:40
SEGMENTATION OF ZUCCHINI PEDUNCLE IN A CONTROLLED AND NON-CONTROLLED ENVIRONMENT
• Worked remotley in France for Vilmorin-Mikado

DANISH ALI CHAGHDO 13:40-13:50
PERCEPTUALLY OPTIMIZED COLOR CALIBRATION FOR WIDE GAMUT DISPLAYS
• Worked remotely in France for Barco

THONG DUY NGUYEN 13:50-14:00
MACHINE VISION
• Worked remotely in France for Chromasens

COFFEE BREAK 14:00-14:10

RONNY XAVIER VELASTEGUI SANDOVAL 14:10-14:20
APPLICATION OF EYE TRACKING TECHNOLOGIES
• Worked remotely in Spain for Olympus

LAKSHAY JAIN AND TAWSIN UDDIN AHMED 14:20-14:40
JOINT OPTIMIZED ISP AND STILL IMAGE CODING
• Worked remotely in France for Huddly
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ZOLBAYAR SHAGDAR 14:40-14:50
DEEP LEARNING BASED IMAGE ANALYSIS
• Worked remotely in France for Olympus

AKIB JAYED ISLAM 14:50-15:00
WEB-BASED VISUALIZATION OF HYPERSPECTRAL IMAGING
• Worked remotely in France for Norwegian Colour and Visual Computing Laboratory at NTNU

COFFEE BREAK 15:00-15:10

DONG HAN 15:10-15:20
3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)
• Worked on site forMihaly

GEMAL HAMID HISUIN 15:20-15:30
STUDY OF MULTI-SPECTRAL IMAGE FORMATS FROM THE VIEWPOINT OF STANDARDIZATION
• Worked remotely in France for Olympus

DAVID NORMAN DIAZ ESTRADA 15:30-15:40
MELON SEGMENTATION BY ARTIFICIAL VISION
• Worked remotely in France for Vilmorin-Mikado

EHSAN ULLAH 15:40-15:50
BLOOD OXYGENATION ESTIMATION USING MULTISPECTRAL IMAGING AND ITS ESTIMATED HYPERSPECTRAL REFLECTANCES
• Worked remotely in Spain for Norwegian Colour and Visual Computing Laboratory at NTNU
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COSI INDUSTRIAL DAY (1) 8/9/2021

MORNING SESSION Location: Eureka 2/3

INTRODUCTION 9:00-9:05

SUSUMU KIKUCHI AND KENRO OSAWA (ONLINE PRESENTATION) 9:05-9:50
OLYMPUS
• Technical innovation activities in Olympus

ASBJØRN BERGE AND AHMED KEDIR MOHAMMED 9:50-10:35
SINTEF
• Deep learning in industrial CV applications - the challenges with data scarcity and mitigations

COFFEE BREAK 10:35-10:45

PEPE FERNÁNDEZ DORADO 10:45-11:15
COGNEX
• Introducing Cognex and the optical engineering activities

KRISTIN VATLAND 11:15-11:45
NAGRA KUDELSKI
• Nagra Kudelski and ever-changing media- and entertainment industry

MARINA CANTERO (ONLINE PRESENTATION) 11:45-12:30
HP
• Color Science in Large Format Printing

LUNCH BREAK 12:30-13:30
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COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

COSI INDUSTRIAL DAY (2) 8/9/2021

AFTERNOON SESSION Location: Eureka 2/3

CHRISTOPHE LEYNADIER (ONLINE PRESENTATION) 13:30-14:15
MIHALY
• The challenges of a material reproduction flow

LODE DE PAEPE 14:15-15:00
BARCO
• AI in healthcare applications: challenges and opportunities

GROUP PHOTO & COFFEE BREAK 15:00-15:30

KAY GASTINGER 15:30-16:00
PICTERUS
• Picterus - color science applied in MedTech

CINDY TORRES 16:00-16:45
LIMAGRAIN
• Presentation of the Limagrain group and examples of application of artificial vision in agriculture

COFFEE BREAK 16:45-17:00

VICKRANT ZUNJARRAO (ONLINE PRESENTATION) 17:00-17:30
MICROSOFT
• Camera Image quality assessment : traditional and advance methods

FRANCISCO IMAI (ONLINE PRESENTATION) 17:30-18:00
CHAIR OF OSA COLOR TECHNICAL GROUP
• Computational colour and spectral imaging - a perspective
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COSI - COLORLAB DAY (1) 9/9/2021

MORNING SESSION Location: A building Atrium

STEVEN LE MOAN 9:00-9:30
COLORLAB
• Image quality and change blindness

MEKIDES ASSEFA ABEBE 9:30-10:00
COLORLAB
• High dynamic range imaging and applications

COFFEE BREAK 10:00-10:10

ANNELI T. ØSTLIEN 10:10-10:20
COLORLAB
• MSCA Innovative Training Network projects at the ColorLab

OLGA CHEREPKOVA 10:20-10:30
COLORLAB
• Personalized image quality assessment

FEDERICO GRILLINI 10:30-10:50
COLORLAB
• Visible and (part of) infrared spectral imaging

COFFEE BREAK 10:50-11:10

VELI TAPANI PELTOKETO (ONLINE PRESENTATION) 11:10-12:00
HUAWEI FINLAND
• Image and video quality assessment: from cold numbers to aesthetics

LUNCH BREAK 12:00-13:00
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COSI Days 2021
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COSI - COLORLAB DAY (2) 9/9/2021

AFTERNOON SESSION Location: A building Atrium

MOHIB ULLAH 13:00-13:30
COLORLAB
• Multi target tracking

IVAR FARUP 13:30-13:40
COLORLAB
• RCN project introduction: Individual Colour Vision based Image Optimisation

MARIUS PEDERSEN 13:40-13:50
COLORLAB
• RCN project introduction: Improved Pathology Detection in Wireless Capsule Endoscopy Images through Artificial
Intelligence and 3D Reconstruction

DAVIT GIGILASHVILI 13:50-14:00
COLORLAB
• From color toward material appearance

COFFEE BREAK 14:00-14:10

VLADO KITANOVSKI 14:10-14:20
COLORLAB
• Reflectance transformation imaging

HILDA DEBORAH 14:20-14:50
COLORLAB
• Spectral imaging for Mjøsa

ALI AMIRSHAHI 14:50-15:00
COLORLAB
• RCN project introduction: Video Quality Assessment and Enhancement for Pre-Hospital Medical Services

SOCIAL EVENT 9/9/2021

SCIENCE CENTER 17:00
ADDRESS: BRENNERIGATA 1, 2815 GJØVIK
Directions: https://s.ntnu.no/2_Science_Center
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COSI Days 2021
Gjøvik/Norway

7-10 September 2021
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CIMET/COSI ALUMNI DAY (1) 10/9/2021

MORNING SESSION Location: Eureka 1/3

SHEIKH FARIDUL HASAN (ONLINE PRESENTATION) 9:00-9:30
EYN
• How NOT to build a start-up?

RAHAT KHAN 9:30-10:00
IDEMIA
• How to FAIL a job interview in the industry...

SEZER KARAOGLU (ONLINE PRESENTATION) 10:00-10:30
3DUNIVERSUM
• About the journey from academic research to own company

COFFEE BREAK 10:30-10:45

TIMO ECKHARD 10:45-11:15
CHROMASENS
• Your choice!

PANAGIOTIS-ALEXANDROS BOKARIS (ONLINE PRESENTATION) 11:15-11:45
L’OREAL
• The digitalization of the appearance in the beauty industry

ULDANAY BAIRAM 11:45-12:15
WAGENINGEN FOOD & BIOBASED RESEARCH
• My current position and lessons learned during the COSI program

LUNCH BREAK 12:15-13:15
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COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

CIMET/COSI ALUMNI DAY (2) 10/9/2021

AFTERNOON SESSION Location: Eureka 1/3

YU-JUNG CHEN 13:30-14:00
VARJO TECHNOLOGIES
• My journey from COSI to Varjo

VIVEK SHARMA (ONLINE PRESENTATION) 14:00-14:30
MIT AND HARVARD MEDICAL SCHOOL
• Recent advances in video understanding

THIYAGARAJAN MANIHATTY BOJAN (ONLINE PRESENTATION) 14:30-15:00
REVIEVE
• How computer vision will dominate our future?

CLOSING REMARKS 15:00
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COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

AKIB JAYED ISLAM Norwegian Colour and Visual Computing Laboratory at NTNU
•WEB-BASED VISUALIZATION OF HYPERSPECTRAL IMAGING
Remote visualization has long been an important area of research motivated by the need to visualize huge amounts
of data ranging from simulations over medical imaging to big data from social media or business intelligence. This
need arises from insufficient computational resources at the user’s side. The reason can either be relatively thin
clients, like mobile phones, or the sheer amount of data to process. Even if computational resources at the client
side were powerful enough, moving the full data set to the client quickly becomes impractical due to bandwidth,
latency or local storage limitations. In certain scenarios, making the raw data available to other users might also
present legal or privacy issues. Here, remote visualization can be a viable solution. However, limited bandwidth is
still the main challenge for remote visualization, together with network latency issues. This was the main motivation
of our work.
We examined an easy-to-use web-based hyperspectral imaging (HIS) visualization tool that enables simultaneous
interaction with the information captured in different spectral bands. The task was to implement a web-based vi-
sualization system to visualize hyperspectral image and observe the spectral reflectance. While implementing the
IIPImage, several other web-based systems such as BOSCH PROJECT, Google Earth Engine, Web-based visualiza-
tion for multispectral images by RIT were taken into account. Based on a literature review IIPImage server seems
promising for web-based visualization of HSI.
IIPImage is an advanced high performance, versatile and robust client–server system for remote visualization and
analysis of extremely large scientific images. Applications of this IIPImage include survey image quality control,
interactive data query and exploration, citizen science, as well as public outreach. It is designed to be fast and
bandwidth-efficient with low processor and memory requirements. The system can comfortably handle gigapixel
size images as well as advanced image features such as 8, 16 and 32 bits per channel, CIELAB colorimetric images
and scientific imagery such as multispectral images and digital elevation maps.
In practice the IIPImage platform consists of a light-weight C++ Fast-CGI server, iipsrv, and an AJAXbased web in-
terface. Image data stored on disk are structured in order to enable efficient and rapid multi-resolution random
access to parts of the image, allowing terapixel scale data to be efficiently streamed to the client. As only the region
being viewed needs to be decoded and sent, large and complex images can bemanaged without onerous hardware,
memory or network requirements by the client.
IIPImage supports both TIFF and JPEG2000 formats. IIPImage is based on the Internet Imaging Protocol (IIP), a
simple HTTP protocol for requesting images or regions within an image, which allows the user to define resolution
level, contrast, rotation and other parameters. The raw data can never be directly accessible by the public and can
be stored on firewalled internal storage and only accessible via the IIPImage server.
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SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

DANISH ALI CHAGHDO Barco
•PERCEPTUALLY OPTIMIZED COLOR CALIBRATION FOR WIDE GAMUT DISPLAYS
High Dynamic Range (HDR) and Wide Color Gamut (WCG) screens are able to render brighter and darker pixels with
more vivid colors than ever. These features have now become must factor for high-precision display in different
range of areas such as Medical. BARCO has been making active progressing towards the color calibration standard
for medical displays. The main objective to achieve is, uniformity of perceptual difference between the colors of
display gamut so that physicians can analyze and detect the subtle features more easily. During this internship, we
try to provide solutions to define a better calibration standard, taking the human visual system into consideration,
to improve the perception of the subtle color difference without making the overall appearance too disturbing for
the user.
To well-grasp the core concepts, we studied number of research papers related to the basics of HDR and WCG. We
studied about the transfer functions such as Opto-Electronic Transfer Function (OETF) and Electro-Optic Transfer
Function (EOTF) which are used to transform the true linear light to perceptually linear light and vice-versa respec-
tively. Different response curves such as gamma curve and Perceptual Quantizer (PQ) curve were also covered.
Moreover, to understand more about human visual response, we also covered Barten’s Contrast Sensitivity Function
(CSF). Additionally, we found that, a PQ curve is quite similar to Digital Imaging and Communication in Medicine
(DICOM) (currently BARCO uses this) as these both work on the principle of Barten’s CSF hence any color space which
is based on PQ curve would yield us uniform results.
For a better color calibration system which is perceptually optimized for wide gamut displays and HDR, we need to
select appropriate color space which best fits the requirements. Therefore, we narrowed down our search space
to only those color spaces which are recommended for HDR and WCG i.e. JzAzBz, ICtCp, and CAM16.We also found
during our research that although CIE has recommended CAM16 and CAM16 UCS as future reference color space
however that recommendation is on the basis of Standard Dynamic Range (SDR) not HDR and/or WCG in which we
are interested in hence it is not the first choice for us as far as the color calibration system is concerned which falls
into our interest areas. In addition to that, CAM16 uses S-curve while JzAzBz and ICtCp use PQ- curve (PQ quantizer).
The advantage of using PQ-curve over S-curve, is its capability to cover higher range of color of display gamut. PQ-
curve is used for large gamut (Rec 2020 – largest possible gamut).
Currently, ICtCp is recommended for HDR applications. However, JzAzBz also utilizes the PQ- response curve to
represent actual human visual response curve but due to less exposure and publicities, it is not a well-known color
space until now. In future, we are looking for an independent dataset on which we can test these color spaces to
better compare their performances to help BARCO define better calibration system.
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SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

DAVID NORMAN DIAZ ESTRADA Vilmorin-Mikado
•MELON SEGMENTATION BY ARTIFICIAL VISION
In the food industry, the automation of quality inspection is crucial to ensure an efficient evaluation of product quality
and guarantee it meets the standards. Vilmorin-Mikado is the worldwide leader in the vegetable seeds market, with
diverse research areas including fruit quality.
For this project, the focus was on melon segmentation, which allows extracting the fruit from the background for
further analysis such as measurement of area, diameter, and other features related to quality. In particular, the aim
was to build the Image Processing pipeline for the vision system of the new melon chain developed by Vilmorin-
Mikado, which consists of a conveyor system that automatically captures images of the melon from different views
in a controlled environment. The project was done remotely and developed using Image Processing in MATLAB; the
code versioning was carried out through Azure DevOps.
As an outcome, we designed several segmentation algorithms for different melon typologies such as Charentais,
Piel de Sapo, Canaris, etc., which vary in colors, texture, and size. The algorithms developed were based on back-
ground subtraction, channel extraction, and manipulation; therefore, different color representations were explored,
including RGB, HSV, and L*a*b*, where the HSV space showed the best segmentation results.
Moreover, we developed a first approach for automatic selection of the segmentation method, with the possibility of
further improvements. Future work also includes developing a method to predict missing content in the melon due
to occlusions caused by the mechanical system.

13



COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

DONG HAN Mihaly
•3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)

Recently 3D printing in art painting advances rapidly. Due to the advantage of 3D printing in achieving fine detailed
structure, 3D skin printing can be a potential application since human skin has a certain microstructure that affects
the most perception of customers. Our goal is to achieve certain similar glossiness in terms of human skin by using
the software platform OpenCV to implement the algorithm and CMYK printer for printing.
The height map and the glossiness map of the image are used during the whole implementation of our method.
Those two kinds of maps can be obtained from the original image. The pixel value in height map indicates how high
or low each pixel’s position while the counterpart in the glossiness map indicates how rough or glossy each pixel is.
In general, the height map represents the microstructure of the object while the glossiness map tells us how light
is reflected from the surface of the object. There is a relationship between the two maps, which allows us to modify
the height map according to the glossiness map to achieve different glossiness levels. In our case, we defined 10
glossiness levels in total. This relationship can be a halftoning matrix that is obtained based on industry experience.
The matrix used in this project is provided by company Mihaly. The halftoning process also is applied during the
modification.
During the modification, we applied halftoning to each image bocks of height map based on the corresponding
glossiness map. The glossiness level can be calculated using the glossiness map, which can be used for selecting
halftoning matrix. Basically, each glossiness level has one specific halftoning matrix. The halftoning matrix size de-
pends on what kind of materials are used for printing and also how glossiness is needed. The operation between
matrix and image block can be different numerical operations. To simplify the process, we applied the addition op-
eration. The modification process is a local pixel region based operation. When the local height difference is too big,
the operation can be useless in terms of the visual appearance of the observer. To handle this problem, themaximum
height difference threshold is introduced into our method. The threshold here is defined according to percentage
changes, which means how many percentages of image blocks we decide to change in terms of glossiness.
For future work, the relationships between the glossiness map and other maps (eg. roughness map, reflection
map, etc.) can be discussed to see how other parameters can affect the gloss. And for the halftoning matrix, the
improvement of the accuracy can be a potential research direction.
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SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

EHSAN ULLAH Norwegian Colour and Visual Computing Laboratory at NTNU
•BLOOD OXYGENATION ESTIMATION USING MULTISPECTRAL IMAGING AND ITS ESTIMATED HYPERSPECTRAL REFLECTANCES

Blood oxygen saturation is an important diagnostic criterion for skin specialist and physicians, which provides valu-
able information for timely treatment of several health conditions e.g., sepsis, hypoxemia, or decompression ill-
ness. Skin oxygenation measurement has been used in a variety of clinical applications, including cosmetic product
development, chronic wound care, and recovery monitoring of plastic surgeries of tissue etc. Pulse oximetry is a
well-known traditional monitoring technique for non-invasive detection of oxygen saturation level which is easy and
reliable in certain cases. However, it does not work quite well in certain conditions. Previous scientific studies shows
that there are some accuracy differences in pulse oximeters for subjects with dark and light skin pigmentation, skin
thicknesses, skin temperature etc. Secondly conventional pulse oximeters perform point measurements instead of
spatial measurement.
Recently, new non-invasive contactless optical imaging techniques are gaining popularity and are preferred in med-
ical field. Patient information is gathered with ease and without fear of infection, discomfort, and minimizes the
utilization of disposable supplies used in invasive procedures. Snapshot Multispectral imaging is one of them and
it is proving it grounds in medical field in detection and analysis of skin properties. The benefit of using multispec-
tral imaging is the spatial measurement where patient data is measured spatially with ease. Blood oxygenation
estimation is still a big challenge because of skin complex structure and the internal blood circulation mechanism.
Skin is said to be made up of three layers: stratum corneum, epidermis, and dermis. Another notion is that because
the stratum corneum mainly contains keratin, it does not absorb light it only provides scattering properties. The
epidermal layer contains the skin pigment melanin, which absorbs light, whereas blood is the main absorber in the
dermal layer, which is further separated into oxy/deoxy hemoglobin absorption.
The goal of this study is to look at a multispectral imaging approach for measuring skin tissue oxygen saturation
(StO2) quantitatively. For this study hand spectra is capturedwith Snapshot 1.3MP Silios CMS-Cmultispectral camera
which have a filter array that captures one panchromatic band and eight narrow bands in the visible range. Rubber
band is used on a target finger to limit the flow of blood. During the time course of arterial occlusion, the occluded
finger became darker, displaying signs of mild cyanosis. Two types of data are gathered one with five multispectral
captures consecutively taken each with an interval of 30 seconds. For the second data, 30 frames are captured with 2
seconds interval. Hyperspectral reflectance’s are estimated from snapshot multispectral images from the two data.
After that blood oxygenation of hand with occluded target was estimated by using snapshot multispectral and its
estimated Hyperspectral reflectance’s and evaluated their results by comparison.

15



COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

GEMAL HAMID HISUIN Olympus
•STUDY OF MULTI-SPECTRAL IMAGE FORMATS FROM THE VIEWPOINT OF STANDARDIZATION

Multispectral image file format refers to image file formats that contain spectral data for each pixel rather than the
more typical RGB color values. As multi-spectral imaging (MSI) technology is primarily based on physical measure-
ment rather than subjective observation, it allows us to design image sensing systems for application in the IoT
and AI worlds. Many researchers have tried to develop novel imaging systems based on MSI technology in many
fields such as industrial, biological, agricultural, ecological, and medical sciences. However, MSI technology has not
contributed to big markets in businesses. The reason of such disadvantage is that the infrastructure of elemental
methods necessary forMSI technology has not been established as well as RGB color imaging technology. Themeth-
ods of, for example, image sensing device, image data connection, image format and image coding technique are
not commonly standardized forMSI technology. Therefore, it would be tough for companies to applyMSI technology
to products because they should prepare all of such elemental methods by themselves. On the other hands, we can
easily complete RGB-based systems by using standardized elemental methods, devices, and software. Therefore,
the standardization is one of the most important issue for MSI technology.
An almost infinite number of conventional MSI file formats have been established since the start of digital imaging
decades ago. But a standardization file format for spectral image data is still missing. For numerous applications,
several spectral image formats are used, but no standard format exists. The study of large datasets obtained through
diverse methods demands the usage of particular databases. Therefore, defining a standard MS image format that
incorporates imaging parameters is critical for combining various data.
We initially studied the possible applications of MSI and its image formats in agricultural, medical, and biological
fields, followedbyworkflows of Antonello and Pix4DfieldsMSI imaging systems andMicaSense RedEdgeMSI imaging
systems. As a result of this, we have observed howmuch theMSI image formatsmay have an influence on application
domains, as the data handling method differs from one image format to another.
The project’s work evaluates the MSI file formats linked to various multispectral applications, as well as the bene-
fits of various data file formats as an application-oriented spectral image format. It also evaluates spectral images
frommultispectral imaging applications using the file format by utilizing assessment criteria from a standardization
standpoint.
openEXR, DCS, ENVI, JPEG2000, AIX, NV, GeoTIFF, and HDF5 are the MSI file formats chosen for study. Platform
independence, compression method, number of channels, matrix reconstruction, bit encoding, color space, storage
capacity, and native tags were among the factors used to evaluate the image formats. The results indicate a relevant
MSI file format that is suited for MSI technology standardization, as well as recommended application areas for
different MSI file formats.

16



COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

LAKSHAY JAIN AND TAWSIN UDDIN AHMED Huddly
•JOINT OPTIMIZED ISP AND STILL IMAGE CODING

The task is to investigate how neural imaging pipelines can be trained to replace digital camera internals and jointly
optimized for high-fidelity photo production and consistent provenance analysis. In the process of neural imaging
pipeline design, initially, we simulate the raw image from the pristine RGB images. Reverse gamma and brightness
correction of RGB images followed by the sRGB to camera color space conversion, image mosaicing is employed to
get the sensor raw Bayer pattern and add black and saturation levels. Finally, the Bayer pattern layers are extracted
and stacked in order to obtain simulated 4D raw image data. As a part of the neural ISP pipeline, the raw imageswere
incorporated to train several neural network architecture: INet (simple NIP which mimics step-by-step processing of
the standard pipeline), UNet, DNet(medium-sized model adapted for joint demosaicing and denoising).
The entire imaging pipeline is replaced with CNN that converts raw sensor readings into color RGB images. We
reverse the non-linear value mapping according to the camera’s LUT, subtract black levels from the edge of the
sensor, normalize by sensor saturation values, and apply white-balancing according to shoot settings before feeding
the images to the network. Anyways, INet was the simplest to train among all the models studied, not just because
of its simplicity but also because it could be initialized with relevant parameters that already gave legitimate results
and required fine-tuning. After that, We used bilinear interpolation to initialize the demosaicing filters, color space
conversion with a known multiplication matrix, and gamma correction using a toy model trained independently
to recreate this non-linearity. The UNet model was created at random, but thanks to skip connections, it quickly
improved. However, The DNet model took the most prolonged and had issues with color rendering for a long time.
Moreover, we proposed training a deep neural network for JPEG image compression, which predicts image-specific
optimized quantization tables that are fully compatible with the standard JPEG encoder and decoder. Our frame-
work’s quantization network accepts DCT coefficients as input and outputs two quantization tables, one for lumi-
nance and one for chrominance, per image. The DCT coefficient matrix was reshaped to a 3D tensor whose channels
reflect individual DCT frequency before being transmitted to the network; this procedure is akin to a reverse oper-
ation of the sub-pixel convolution (pixel shuffle). The base architecture is made up of several convolutional layers
and fully connected (FC) layers. Convolutional layers are anticipated to learn attention-like representations, whereas
FC layers predict the optimal quantization levels based on the absolute values of input coefficients and relative rel-
evance within an entire image for each frequency. We take a bottleneck skip connection block from ResNet50 and
modify it slightly to meet the channel sizes.
In addition, we worked on an approximate model of the bitrate measure utilizing a deep neural network rather than
an explicit analytic function in our study. We choose a bidirectional LSTM as our RNN model for symbol prediction,
mimicking encoding rule during scanning a sequence and outputs a logit of symbol labels. We sought to preserve
the standard codec and used the standard Huffman coding included in the Neural Imaging Toolbox. Finally, we
compared the results using the PSNR and MS-SSIM indexes, which are the most commonly used to mimic human
perception of visual quality.

17



COSI Days 2021
Gjøvik/Norway

7-10 September 2021
https://cosi-master.eu
mscosi@studier.ntnu.no

SUMMARY OF INTERNSHIPS BY COSI 2020 STUDENTS

LINNA YANG Mihaly
•3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)

This internship is about the translucency of 3d printing in the simulation of human skin. The goal is to try to find the
link between the software simulation and the real printing result in term of translucency.
Human skin is a kind of complex model to simulate, especially the texture and its translucency properties. After try
different software tools (Substance, Mitsuba2, etc.), Blender was chosen as the main tool to build the skin model.
which is very commonly used in themodeling field. Since there aremany strokes or texture package available online,
that could make the model creating more efficient. To simulate the real skin, firstly, I observed the different skins
under the microscope and got the 3D-scanning result of real hand skin to see more details. Then, I used various
strokes to sculpture different skins, like the hand skin, pores skin and rough skin.
We got stuckwhen trying to add the translucency effect, because both the 3D scanningmodel and sculpturedmodels
are based on frame, so it’s very difficult to give it thickness. And the fine detailed models are composed of millions of
small triangles, which makes every tiny change costs extremely long time. Instead, for the translucency rendering,
I use the noise and random displacement to simulate the skin texture to make the rendering easier. In the blender
script, the translucency can be accomplished by using the subsurface scattering, and the different levels of translu-
cency can be implemented by change the amount of Translucent BSDF. To make the model more real, some physical
properties are all implemented.
Inspired of the somepapers about the translucency in 3Dprinting, the “halo” effect is themost practical experiment in
both of the software and the real printing. For different translucency, the different amount of light can pass through,
so the circle of light can somehow indicate the translucency level. In the blender, I give a light source just beneath
the skin model, and change the translucency amount, so the scatter circle size change as well. In total, 42 reference
samples are made. Then I process them in Matlab to give all the image a threshold to make a final binary results.
Finally, I got the curve of the scattering size for different translucency level. For the real printing, I did the same
experiment in the dark room using three columns of printed skin patched with different color and layers, and got 21
tested results. Then using the same method in Matlab to get the scattering size. After having that, the curve of the
reference can be used to predict the translucency level of the printing result. This connection can be used to define
the “translucency level” in both of software simulation and real printing. Also, in the test result, we found the white
pigment can contribute more than the other color layer in translucency. Themore test samples and the experiments
can be done in the future.
The final goal is to build a “translucency map” for the skin simulation in 3d printing. So for each printed patch has its
corresponding “translucency number” by using the link between the reference and the test samples, that could help
the designer, customer and the company to choose the suitable translucency.
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MARIA JOSE RUEDA MONTES Interdigital
•PIXEL VALUE REDUCTION TO REDUCE ENERGY CONSUMPTION OF OLED DEVICES

With the rapid development in Information Technology (IT), the energy consumption of electronic devices has be-
come an important consideration. In this way, the term “Green IT” is becoming ever more relevant given the need
to reduce the environmental impact. Display is the component with the most dominant power consumption on de-
vices such as smartphones, TVs, or personal computers, consuming up to 38%-50% of the total energy. As a result,
arise the new organic light-emitting diode (OLED) display technology. An important property of OLED display is its
power consumption, which is directly proportional to the luminance of the image pixels. Based on this characteristic,
during my internship in InterDigital, we worked on the use of contrast sensitivity function (CSF) as the core inven-
tion to reduce energy consumption while preserving the high quality of the images. First, we use discrete wavelet
transform (DWT) to extract how much there is of each frequency at each pixel location. Then, this information is
used together with Barten’s model, one of the formulas for modulating CSF. Barten’s model enables us to determine
for which spatial frequency the weighted CSF produces a maximum, and consequently, we can obtain the human
contrast sensitivity. Finally, we apply the minimum detectable modulation and the well-known Michelson contrast
to compute the new lower pixel luminance. With this formulation, for each pixel of the image independently, we
managed to reduce the pixel values to less than 1 just noticeable difference (1 JND). As a result, we decrease the
total luminance in a single image by approximately 4%, while the output image is imperceptibly different from the
input image. It should also be noted that when this percentage is translated into energy terms, applied to video, and
considering the sum of the energy consumed by all the devices together, it will result in a relevant reduction in the
total power consumption.
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MD BORHAN UDDIN SUMON Color Imaging Lab at UGR
•HYPERSPECTRAL IMAGE DEHAZING IN THE VISIBLE AND INFRARED RANGES)

Images captured by the camera in the outdoor condition can be affected by absorption and scattering particles of
the atmosphere when it travels to the camera from the scene. This in turn reduces the visibility of the objects in the
scene as well as reduces the contrast and changes the color of the objects in the scene. The reduction of visibility
and contrast depends on several factors such as distance between camera and scene, wavelength, and the density of
particles contained in the atmosphere. There is a subtle difference between fog and haze by considering the radius
of water particle size wheremore than 100 particles/cm3 is considered as fog and less than 1micron is considered as
haze. Either haze or fog, because of the presence of these particles in the atmosphere the main feature of the scene
is difficult to identify. This situation gets even worse in distant images with high haze or fog density. Due to the poor
visibility of the images, it hinders the further image processing task whether performed by a human observer or by
computer vision algorithms. The dehazing techniques aim to improve the visual quality of the images by eliminating
the degradation of the images which can be further used for computer-aided applications and human interpretation.
The objective of thesemethods is to obtain an image as free as possible fromeither haze or fog. Image dehazing is an
indispensable step in many applications such as air and maritime transport, surveillance, driver assistance systems,
remote sensing, agronomy, archaeology, astronomy, medical sciences, and environmental studies.
To get the background knowledge about image dehazing we studied several research papers. We captured 17 hy-
perspectral images of the scene in the visible and near-infrared range from the top of the Granada science museum
tower. All the images were captured in the summer so there was no real fog or haze in the image. To use these
images in dehazing we must simulate the hazy images from the captured images. For this purpose, we first cre-
ated the distance map taking into account different planes with different distances for each image. By using Google
Earth, we calculate the distance of each plane of the image from the Granada science museum tower. The extinction
coefficients values used in this process are measured in 450 nm, 550 nm, and 700 nmwavelength for VIS in Granada.
And for the NIR range, the extinction coefficient values were measured in 830 nm, 1060 nm 3900 nm wavelengths
respectively. Koschmieder equation is used to create synthetic haze. We also increase the values of the extinction
coefficient to increase the haze density in the images. All the images are normalized afterward to get better quality
hazy images. In the next step, we will use these hazy images to evaluate the performances of different dehazing
algorithms.
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MILAN KRESOVIĆ Vilmorin-Mikado
•SEGMENTATION OF ZUCCHINI PEDUNCLE IN A CONTROLLED AND NON-CONTROLLED ENVIRONMENT

In the coming years, climate change and population growth will put additional pressure on food security all over
the world. One way of combating this problem is sustainable agriculture and reliable production of food. Vilmorin-
Mikado is a company working on the research and development of innovative seeds that could improve yield and
create plant disease resistance while not affecting the quality of fruits. This improvement is done either by selecting
plants expressing specific properties just by natural genetic variability or by hybridization. The whole process usually
takes several generations until a stable seed is produced.
My job during the internship in Vilmorin-Mikado was focused on the problem ofmeasuring the physical properties of
zucchinis. When measuring zucchini size, we are only interested in the zucchini body without peduncle. Therefore,
to infer the size of the zucchini just from an image, a process of image semantic segmentation is used. Moreover,
it is necessary to create a segmentation method that will be robust enough in both controlled environment (images
acquired in the laboratory) and non-controlled environment (images acquired in the field). Because of the different
domains in which images were acquired we decided to proceed with the DL technique. The network that was chosen
for this task was U-Net. This architecture was created for a precise semantic segmentation of biomedical images.
Firstly, the received set of images acquired in the controlled and non-controlled environment and their labels, needed
to be converted in a format suitable for the training phase of the chosen architecture. Wrong labels, inaccurate in-
dexation, and images without labels had to de discarded or edited. Labels given in the XML format were converted
in COCO JSON format and the COCO annotator tool was used for better visualization and data cleaning. The dataset
was divided into the training and validation set (80%-20%). Furthermore, different data augmentation techniques
were applied: rotation, horizontal and vertical flip, Gaussian noise, random brightness contrast, normalization, etc.
The U-Net architecture was written in PyTorch. The loss that was implemented was Lovasz-Softmax loss and the
optimizer used was Adam. To speed up the training process the parallelization was utilized. Additionally, dice coeffi-
cient and accuracy score were added to evaluate each model. Segmentation was done in three levels: background,
zucchini body, zucchini peduncle.
Three different models were trained depending on different inputs: the whole images with multiple fruits, the
fruits cropped by bounding box, and fruits cropped by bounding box without image resizing. Finally, the results
showed that the models yielded almost perfect results on the controlled-acquired images and good results with
non-controlled-acquired images. Our models are giving better performance when comparing them to the output
of the open-source segmentation software Ilastik. Further improvements could include more labeled images with
darker fruits in a non-controlled environment, additional data augmentation, and longer training periods. Addition-
ally, more advanced architectures (e.g., UNet++) and transfer learning from models of different domains could be
used.
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RONNY XAVIER VELASTEGUI SANDOVAL Olympus
•APPLICATION OF EYE TRACKING TECHNOLOGIES
Subtitle: Study of Visual Inspection for Standard Operating Procedures (SOP)
Factory managers want workers to follow certain tasks in a standardizedmanner. This standardization has twomain
purposes. The first one is to increase efficiency and reduce quality defects during themanufacturing process. And the
second one is to improve and facilitate the training process of new workers. In order to accomplish this standardiza-
tion, traditionally, the managers of the manufacturing industry create instruction manuals (usually text-based) that
the workers need to follow, those manuals are called standard operating procedures (SOP). But even though factory
managers try to improve the text-based SOPs by adding intuitive images of the procedures to follow, those SOPs can
be interpreted differently by the workers depending on their previous knowledge and experience. Therefore, factory
managers need to mitigate this ”subjective interpretation” of SOPs by implementing modern technologies.
Currently, due to the rise of industry 4.0, there are some new proposals to improve the creation and execution of
SOPs. They consist of the implementation of AI-based visual inspection technology to monitor human work with a
camera andnotifyworkers ofworkmistakes. So, in this project, wewill go a little further, andwewill try to improve the
creation and execution of SOPs using eye-tracking technologies. So that, unlike traditional AI-based visual inspection
systems, where the camera is fixed in a certain place in the workstation, eye-tracking allows you to see the operations
from the worker’s point of view. Also, it allows you to get precise information about what the worker is looking at.
Therefore, this will help you discover where the workers’ greatest attention is focused and where is not, while they
carry out their work activities.
At the end of this project, it can be concluded that eye-tracking technology can be successfully applied for the im-
provement of SOPs, while it improves the workers’ performance monitoring. This results in a reduction of quality
defects and improvement of worker training in the manufacturing industry.
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SANAM NISAR MANGI Mihaly
•3D SCANNING-PRINTING COLOR FLOW TO REPRODUCE FINE ART (PAINTINGS, MOSAICS, TEXTILES OR WALL PAINTINGS)

For years, 3D printing has been regarded as one of themost promising industrial techniques. Variousmodeling types
have been studied, including the inkJet type. Ink, which we use for research in inkJet printers, is made of polymer
material. The goal is to characterize the layered ink layout to estimate the number of layers to print a patch of human
skin that looks natural.
The appearance of the skin, on the other hand, is a complex phenomenon that has attracted researchers’ curiosity in
a variety of domains.For example, The skin appears to be more glossy after sweating, If the skin has dense hair and
fine wrinkles, it seems to be more matte because of optical effects. To limit the scope, this milestone is kept limited
to the translucency and the color of the skin.
The expression of translucency can be replicated by stacking thin layers, and for color, CMYK ink combinations are
employed to replicate color machining using the half toning approach. At first small patches were defined, each of
size 1.5x1.5 cm square. Three colors were selected as Asian (AS) (8:30:48:0), Caucasian (CA) (6:27:32:0) and Lt. Black
- CMYK (BL) (21:53:69:3). The small patches of each size 1.5x1.5cm square were printed on the transparent sheet of
plastic material. To estimate appropriate layers in a 3D printer, we first created color patches of human skin with
arbitrary translucency. Total 42 patches for 6 cases, 2 for each color, 7 layers of ink were printed as a first arbitrary
target.
We begin by stacking together random combinations of transparent and colored layers. For the 1st case column, the
first patch was transparent layer with the thickness of 15.84µm, the second patch was AS color layer around 3.16µm
thick, on the top of previously applied transparent layer, the third patch was another transparent layer, we continued
creating translucent layers on top of the preceding patches layers until patch seven. For the 2nd case, we started
with the transparent layers one on the top of each other until patch 5, then the colored AS layer was placed on the
top of others as the 6th patch, and the transparent layer on top of previously stacked layers as the 7th patch. The
same combinations were repeated with color CA and BL. Note that the thickness of the single transparent layer for
all the patches is 15.84µm, AS is 3.16µm, CA is 4.16µm, BL is 5.16µm and the background sheet is 0.16µm thick.
When these patches were printed, those patches were very clear and transparent, and their thickness was too low.
For the 2nd time, the same cases were repeated, however the number of all the layers were multiplied by x3.
Between different trial and errors, it was realized that the patches needed to be denser to appear translucent, so the
number of layers were chosen to increase. For the 1st case, we stacked three colored layers and continued printing
patches in three-layer increments until the seventh patch. We alternated stacking transparent and color layers by 3
increments till patch7 in the 2nd case. For all three colors, we repeated both situations.
Pantone i1Pro3 plus was used to compute reflectances, which is a more quantitative technique to determine the
color difference between patches. We need to characterize the impact of transparent layers on translucency as we’re
stacking them together. Translucent objects are known to allow some light to pass, we need to compare the light
transmission and color changes to analyze the impact of each layer being placed. For the transmissionmeasurement,
we used a Jasco V 750 spectrophotometer. The transmission and reflectance curves were plotted to be analyzed.The
transmission decreases as each color layer is added, and the material becomes increasingly translucent; neverthe-
less, there is a progressive increase in color if many colored layers are stacked, the color becomes darker and darker.
A white color layer was also added to see whether the dark hue could be stabilized, which didn’t prove to be a right
fit.
For the final print, we needed to create clear samples thicker and not to stack so many colored layers together.
For the 1st case, we placed a single colored layer on the top, followed by 15 transparent layers, and we alternated
stacking transparentx15 and color 1 layer until patch8. For the 2nd scenario, we alternated stacking transparentx14
and color 2 layers until patch8. The same scenarios were repeated for 3 colors. The size (thickness) of the final target
patches was approx 1 mm and there was a good improvement in translucency while maintaining a color.
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THONG DUY NGUYEN Chromasens
•MACHINE VISION
Wafer inspection is one of the popular tasks in the semi-conductor industries, which is the process to mainly prevent
defects from being escaped to the following process such as probing or sawing. The solar cell is the primary device to
transform solar power into electric power. Therefore, detecting the defects generated in the manufacturing process
is necessary to maintain the high power efficiency of a solar cell. In this work, by using Halcon software, we aim to
implement an image processing-based solution to detect dust particles, cracks, and busbars-defects on the wafer
surface and the solar cell’s busbars.
At the beginning, to adequately comprehend the current state-of-the-art algorithms, we conducted a literature re-
view about illumination techniques and inspection approaches. Regarding the former topic, the lighting plays a vital
role because it carries the primary information. Therefore, choosing the proper lighting for the inspection system
is important and it depends on many factors: the object’s surface properties, lighting types, and illumination tech-
niques. Additionally, illumination techniques are essential for creating contrast between the object features to be
detected. The popularly used illumination techniques are Darkfield illumination and Brightfield illumination. For
the latter topic, all the inspection techniques are classified into four groups: filtering-based method, learning-based
method, optical design method and hybrid method.
We realized that it is difficult to compare the performance between discussed inspection approaches because the
technical concepts behind them are different. Some techniques are implemented to detect common failure patterns
such as scratch, dust particles, crack, while other methods are built for specific defect patterns. Our implementation
during this internship is inspired by some morphology-related solutions from the previous works. In fact, the given
data is only three super-resolution images of a frontside wafer, a backside wafer, and a solar cell. Due to the few
data provided, it is only possible to apply image-processing methods for inspection tasks. Our approach is consisted
of three main stages. The first stage is to split the interlaced image and reconstruct the output into two different
fields: the darkfield image and the brightfield image. Only the darkfield one is used for the inspection process.
The next stage is about the domain reduction or image cropping, depending on the product type. In particular,
this stage helps to select the proper working area over an image and avoid the surroundings of noise by applying
different morphological algorithms (Erosion, Dilation, Opening, Closing) and Gaussian filter, Direche filter. The last
stage involves region features methods offered by Halcon software to detect defects. Finally, defects are localized in
rectangle boxes.
As a result, we managed to catch many defects on the wafer surface and the solar cell’s busbars. However, there is
an issue with the given data: Images are not tiled together perfectly due to the overlapping caused by the capturing
process. We implemented the RANSAC algorithm for image stitching, but it took a long time to finish a single image.
This problem will be for further research.
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ZOLBAYAR SHAGDAR Olympus
•DEEP LEARNING BASED IMAGE ANALYSIS
Recent advancements in deep neural architectures combined with increased data availability and technological de-
velopments have prompted deep learning as the go-to method for image analysis. Nowadays, deep learning-based
image analysis is being used extensively in fields ranging from face recognition to medical diagnoses. However, the
performance of deep neural networks depends highly on the data (training and test) fed into the network.
In my summer internship I, under the supervision of Kenro Osawa in Olympus corporation, worked to analyse the
impact of variability between training and test data on the performance of deep learning-based image analysis tools.
Particularly, different datasets have variability in characteristics such as color and contrast. In the case of medical
images, this variability can be caused by different staining used in the histologic slides, difference in image acquisition
devices, etc. As a result, a deep learning model trained on a certain set of images perform poorly to analyse unseen
image data with different characteristics. So, it is important to ensure that an image analysis system is robust to
such variability.
We started the investigation by mimicking the real-world mismatch in training and test data by directly modifying
the characteristics of the original test data. This modification can for instance, be transformations in non-RGB colour
spaces. The significant drop in performance over themodified test data comparedwith the original test data concurs
with the real-world phenomenon. We then focused on exploring methods to increase the performance of a deep
learning model on these modified test data, preferably up to the same level as of that on the original test data.
Regarding dataset type, models trained on data with high colour variation are found to be more robust to this sort
of perturbations/modifications. But many interesting datasets such as histopathologic scan images are generally
uniform in terms of colour. In those cases, use of appropriate data augmentation techniques during the training
process of the deep learning model would improve the performance. With our study, we were able to improve the
performance of the image analysis model on modified test images up to the same level as the original performance
in most cases.
In addition, we ran analyses on other factors such as different augmentation techniques, and the effect of pertur-
bation extent (i.e., test data modification range) on the model’s prediction confidences. The analyses helped us in
understanding some causes behind performance drops associated with data variability.
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CONNECTING TO THE WIRELESS NETWORK FOR VISITORS

The guest network is made for visitors who can not access Eduroam.

HOW TO CONNECT TO NTNU GUEST
•STEP 1

1. Click on the wireless icon on your taskbar (on your machine).
2. Select ntnuguest in the window that appear and click Connect (Koble til).

This will look like this in Windows 10

•STEP 2: LOG IN

1. Open your web browser and this page (shown below) should appear..
2. Fill in your email address and click on submit.
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HOW TO GET TO GJØVIK AND NTNU

TRAVEL FROM THE AIRPORT OR OSLO TO GJØVIK
If you arrive at Oslo airport Gardermoen, the best option is to take the train to Moelv station and then bus to Gjøvik
station which would take about 2 hours. Both the train and bus have departures every hour. On this page you can
see some of the departures: https://s.ntnu.no/Gardermoen2Gjovik.
If you travel directly from Oslo, you can take the train from Oslo central station to Gjøvik which will also take around
2 hours.

QUALITY HOTEL STRAND
Most of you who will stay in Gjøvik have a room booked at the Quality Hotel Strand. This is just a short walk from the
train and bus station (https://s.ntnu.no/Gjovikstation2hotel).

FROM THE HOTEL/CITY CENTER TO NTNU
Gjøvik is not a big city with everything at a walking distance. From the hotel it takes about 20-minutes to walk to the
campus (https://s.ntnu.no/hotel2campus).
You can also take the bus from Gjøvik station to the campus (NTNU Gjøvik). Bus nr. B42, B44 and B47 all pass the
campus and Gjøvik station.

AT CAMPUS
The meetings on Tuesday (7/9) and Thursday (9/9) takes place in the Atrium of the A-building (https://s.ntnu.
no/Atrium_A_building).
Our meetings on Wednesday (8/9) and Friday (10/9) is held in the H-building (https://s.ntnu.no/H_building).

Welcome to COSI days!
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