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Image Classification in Space

○ Lack of large-scale 
dataset

○ Large amounts of 
unlabeled data

Main challenge

○ Discover unknown 
radio morphologies,

○ Astronomical Society 
of Australia

Unsuperv ised learn ing

○ Reduce the amount of 
manual labelling for 
effective radio galaxy
morphology 
classification.

Semi -superv i sed  



Anomaly Detection in Space
l In space  set t ing:

○ Reducing false positives in satellite systems, CIKM 2020

○ Time series anomaly detection, IGARSS 2021

l Main quest ions

○ Human-AI collaboration workflow

○ Usefulness and usability of such a system



Object 
Detection in 
Space

Locating and classifying an object 
based on predefined categories 
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Datasets

○ DOTA, Aerial Images 

○ xView, Overhead Imagery 

○ SpaceNet, Remote Sensing
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Main challenges

○ Ultra-high image resolutions 

○ Extreme class imbalances 

○ Sparse annotations
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Object 
Detection in 
Space

Two-stage detectors

○ Faster RCNN, Cascade RCNN

○ More accurate, more robust

○ Better at small- resolution objects in the 
space setting
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One-stage detectors

○ YOLO, SSD

○ Faster at the cost of lower accuracy
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Semantic Segmentation in Space

l Deep Convolutional Networks (DCNs) 

l Probabilistic Graphical Models 

Learning a class label  for  each pixel  in an image 

l Low quality of data 

l High density of objects in an image 

Same chal lenges as object  detect ion



Federated Learning v.s. Space: an analogy

l Obser ve blackhole

l Scient ists  require a s ingle disk te lescope 
that  needs to be as big as the s ize of  the 
ear th!

l Instead,  a  network of  te lescopes was 
brought together f rom across the world

○ The Event  Hor izon Telescope 

○ An aperture of  the same diameter  as  that  
of  the ear th

The first ever image of a black hole produced
by The Event Horizon Telescope (EHT) 



Federated Learning
l Explore decentral ised data and decentral ised computing power

l Provide a more personal ized exper ience 

l Without compromis ing on user privacy

Image retr ieved from 
IBM Data Science: the
framework of FL
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What are anomalies
An observation that deviates so significantly from other observations
as to arouse suspicion that it was generated  by a different mechanism.
Also called outliers, novelties.
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Types of anomalies



Time Series Anomaly Detection
Time series



ASKAP Datasets: Diagnostic



ASKAP Datasets: Monitoring

water cooling system
WaterFlowRate
Temperature



Three categories of AD algorithms

Rule based method
PersistAD
VolatilityShiftAD
QuantileAD

Supervised learning method
AutoregressionAD
SeasonalTrendDecompositionAD

Unsupervised learning method
KNN
SingularSpectrumAnalysisAD
MatrixProfileAD



Results on diagnostic datasets



Results on monitoring datasets

chiller1

chiller2

chiller3

chiller_ChilledWaterReturningTemp
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Data 
Explosion

Credit: Vanessa Moss








