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OBJECTIVES 
 
•  Develop a set of design recommendations for the ESDC pertinent 

to (1) data handling strategy, (2) scientific functionality and (3) 
software environment. 

  
•  Produce a high level architectural design for the ESDC with a 

sizing and costing estimate.  

•  Provide supporting verification work, including both theoretical 
analyses and direct prototyping of critical elements. 

•  Identify gaps, highlight risks and make recommendations with 
respect to mitigation.  
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WORK BREAKDOWN 
T3.1  ESDC Processing: Inventory of SKA science cases and post-SDP 

 computing requirements  
 

T3.2  ESDC Data storage: Inventory and sizing of SKA science data 
 products and ESDC user-derived products  

 

T3.3  Evaluation of existing HPC, cloud and distributed computing 
 technologies  

 

T3.4  Design and costing for distributed ESDC computing architecture 
 

T3.5  Requirements for interfaces to SKA Science Archives & Other 
 Repositories 

 

T3.6  Validation, Verification & Proof of concept activities utilizing  SKA 
 pathfinder and pre-cursor facilities 
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The SKA Project has: 

11 Science Working Groups 
	 	 Extragalactic Spectral Line

	 	 Our Galaxy

	 	 Solar, Heliospheric & Ionospheric Physics

	 	 Epoch of Reionization

	 	 Cosmology

	 	 Extragalactic Continuum (galaxies/AGN, galaxy clusters)

	 	 Cradle of Life

	 	 HI galaxy science

	 	 Magnetism

	 	 Pulsars

	 	 Transients

2 Science Focus Groups 
	 	 High Energy Cosmic Particles

	 	 VLBI
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https://astronomers.skatelescope.org/science-working-groups/spectral-line/
https://astronomers.skatelescope.org/science-working-groups/milky-way/
https://astronomers.skatelescope.org/science-working-groups/shi/
https://astronomers.skatelescope.org/science-working-groups/epoch-reionization-cosmic-dawn/
https://astronomers.skatelescope.org/science-working-groups/cosmology/
https://astronomers.skatelescope.org/science-working-groups/galaxy-evolution-continuum/
https://astronomers.skatelescope.org/science-working-groups/galaxy-cradle-life/
https://astronomers.skatelescope.org/science-working-groups/galaxy-evolution/
https://astronomers.skatelescope.org/science-working-groups/magnetism/
https://astronomers.skatelescope.org/science-working-groups/pulsars-tests-gravity/
https://astronomers.skatelescope.org/science-working-groups/transients-phenomena/
https://astronomers.skatelescope.org/home/focus-groups/high-energy-cosmic-particles/
https://astronomers.skatelescope.org/home/focus-groups/vlbi/
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Scientific Use Case —> Pilot Compute Models
• Implementing example use cases on existing infrastructure 
• Mostly using WLCG resources 
• Identifying potential bottlenecks in e-infrastructure designed for other fields 

Current Compute Model Use Cases: 

• Calibration & Imaging Use Case  
• Image-based Object Detection & Classification Use Case 
• Catalogue-based Cross Matching incorporating External Archives Use 

Case 

• Image Mosaicking Use Case 
• Image Cube Stacking Use Case 
• Time-domain Re-folding Use Case 

skatelescope.eu VO
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Use Case : Calibration & Imaging
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Supernova Remnants

Radio Galaxies
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(a)

1 Mpc

(b)

Figure 1.2: (a) Figure 12a from Markevitch (2010) showing the contours of the radio halo
in the bullet cluster overlaid on the cluster X-ray emission. (b) Figure 12f from Markevitch
(2010) showing the contours of the radio halo in the Coma cluster overlaid on the cluster X-ray
emission.

et al., 1999; Govoni et al., 2006). These surveys find that embedded radio galaxies
have patchy Faraday depths structure of order several hundred rad m�2 on scales of
5-15 kpc. The magnetic field strengths measured are of the order of a few µG with s2

rm

decreasing with increasing distance from the cluster centre.

1.1.4 Radio Halo Scaling Relationships

Since their discovery, a number of empirical scaling relations have been found between
the radio power of giant radio halos and the properties of the host cluster such as cluster
mass, temperature, and X-ray luminosity (Colafrancesco, 1999; Govoni et al., 2001;
Feretti, 2002; Enßlin & Röttgering, 2002; Feretti, 2003; Brunetti et al., 2009; Cassano
et al., 2013; Yuan et al., 2015). The most well studied scaling relationship is between
the radio power at 1.4 GHz, P1.4, and the X-ray luminosity, Lx, of the ICM with more
powerful halos found in high luminosity clusters. Figure 1.3 shows the P1.4�LX as pre-
sented in Cassano et al. (2013). There are two distinct populations seen in Figure 1.3.
The first is the population of radio halos, which exhibits the correlation between P1.4

and LX. The second is the population of radio quiet clusters, marked as upper limits in
Figure 1.3. The upper limits on P1.4 lie well below the expected P1.4 from the P1.4 �LX

CHAPTER 1. INTRODUCTION 22

(a)

1 Mpc

(b)

Figure 1.2: (a) Figure 12a from Markevitch (2010) showing the contours of the radio halo
in the bullet cluster overlaid on the cluster X-ray emission. (b) Figure 12f from Markevitch
(2010) showing the contours of the radio halo in the Coma cluster overlaid on the cluster X-ray
emission.

et al., 1999; Govoni et al., 2006). These surveys find that embedded radio galaxies
have patchy Faraday depths structure of order several hundred rad m�2 on scales of
5-15 kpc. The magnetic field strengths measured are of the order of a few µG with s2

rm

decreasing with increasing distance from the cluster centre.

1.1.4 Radio Halo Scaling Relationships

Since their discovery, a number of empirical scaling relations have been found between
the radio power of giant radio halos and the properties of the host cluster such as cluster
mass, temperature, and X-ray luminosity (Colafrancesco, 1999; Govoni et al., 2001;
Feretti, 2002; Enßlin & Röttgering, 2002; Feretti, 2003; Brunetti et al., 2009; Cassano
et al., 2013; Yuan et al., 2015). The most well studied scaling relationship is between
the radio power at 1.4 GHz, P1.4, and the X-ray luminosity, Lx, of the ICM with more
powerful halos found in high luminosity clusters. Figure 1.3 shows the P1.4�LX as pre-
sented in Cassano et al. (2013). There are two distinct populations seen in Figure 1.3.
The first is the population of radio halos, which exhibits the correlation between P1.4

and LX. The second is the population of radio quiet clusters, marked as upper limits in
Figure 1.3. The upper limits on P1.4 lie well below the expected P1.4 from the P1.4 �LX

Radio Halos

CHAPTER 1. INTRODUCTION 20

(a)

(b)

Figure 1.1: (a) Figure 2 from van Weeren et al. (2016b). The toothbrush relic as observed by
LOFAR at 150 MHz. (b) Figure 1 from Bonafede et al. (2014). A double relic in the cluster
PLCKG287.0 +32.9.

CHAPTER 1. INTRODUCTION 20

(a)

(b)
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•Radio galaxy zoo: It took 1 year for 
~7000 people to classify 53 229 
images 

•SKA surveys expected to detect 
>10^7 AGN 

•Classifying sources by eye takes  
too much time!

Banfield et al 2015
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Figure 2: Faster R-CNN is a single, unified network
for object detection. The RPN module serves as the
‘attention’ of this unified network.

into a convolutional layer for detecting multiple class-
specific objects. The MultiBox methods [26], [27] gen-
erate region proposals from a network whose last
fully-connected layer simultaneously predicts mul-
tiple class-agnostic boxes, generalizing the “single-
box” fashion of OverFeat. These class-agnostic boxes
are used as proposals for R-CNN [5]. The MultiBox
proposal network is applied on a single image crop or
multiple large image crops (e.g., 224⇥224), in contrast
to our fully convolutional scheme. MultiBox does not
share features between the proposal and detection
networks. We discuss OverFeat and MultiBox in more
depth later in context with our method. Concurrent
with our work, the DeepMask method [28] is devel-
oped for learning segmentation proposals.

Shared computation of convolutions [9], [1], [29],
[7], [2] has been attracting increasing attention for ef-
ficient, yet accurate, visual recognition. The OverFeat
paper [9] computes convolutional features from an
image pyramid for classification, localization, and de-
tection. Adaptively-sized pooling (SPP) [1] on shared
convolutional feature maps is developed for efficient
region-based object detection [1], [30] and semantic
segmentation [29]. Fast R-CNN [2] enables end-to-end
detector training on shared convolutional features and
shows compelling accuracy and speed.

3 FASTER R-CNN

Our object detection system, called Faster R-CNN, is
composed of two modules. The first module is a deep
fully convolutional network that proposes regions,
and the second module is the Fast R-CNN detector [2]
that uses the proposed regions. The entire system is a

single, unified network for object detection (Figure 2).
Using the recently popular terminology of neural
networks with ‘attention’ [31] mechanisms, the RPN
module tells the Fast R-CNN module where to look.
In Section 3.1 we introduce the designs and properties
of the network for region proposal. In Section 3.2 we
develop algorithms for training both modules with
features shared.

3.1 Region Proposal Networks

A Region Proposal Network (RPN) takes an image
(of any size) as input and outputs a set of rectangular
object proposals, each with an objectness score.3 We
model this process with a fully convolutional network
[7], which we describe in this section. Because our ulti-
mate goal is to share computation with a Fast R-CNN
object detection network [2], we assume that both nets
share a common set of convolutional layers. In our ex-
periments, we investigate the Zeiler and Fergus model
[32] (ZF), which has 5 shareable convolutional layers
and the Simonyan and Zisserman model [3] (VGG-16),
which has 13 shareable convolutional layers.

To generate region proposals, we slide a small
network over the convolutional feature map output
by the last shared convolutional layer. This small
network takes as input an n ⇥ n spatial window of
the input convolutional feature map. Each sliding
window is mapped to a lower-dimensional feature
(256-d for ZF and 512-d for VGG, with ReLU [33]
following). This feature is fed into two sibling fully-
connected layers—a box-regression layer (reg) and a
box-classification layer (cls). We use n = 3 in this
paper, noting that the effective receptive field on the
input image is large (171 and 228 pixels for ZF and
VGG, respectively). This mini-network is illustrated
at a single position in Figure 3 (left). Note that be-
cause the mini-network operates in a sliding-window
fashion, the fully-connected layers are shared across
all spatial locations. This architecture is naturally im-
plemented with an n⇥n convolutional layer followed
by two sibling 1⇥ 1 convolutional layers (for reg and
cls, respectively).

3.1.1 Anchors
At each sliding-window location, we simultaneously
predict multiple region proposals, where the number
of maximum possible proposals for each location is
denoted as k. So the reg layer has 4k outputs encoding
the coordinates of k boxes, and the cls layer outputs
2k scores that estimate probability of object or not
object for each proposal4. The k proposals are param-
eterized relative to k reference boxes, which we call

3. “Region” is a generic term and in this paper we only consider
rectangular regions, as is common for many methods (e.g., [27], [4],
[6]). “Objectness” measures membership to a set of object classes
vs. background.

4. For simplicity we implement the cls layer as a two-class
softmax layer. Alternatively, one may use logistic regression to
produce k scores.

Automatically 
generate  

source catalog 
including  

source classification

Use Case : Object Detection & Classification
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• 2.5 million sources 

• Provide photometry data (optical/IR/radio) 

• Similar sources cluster, learning source types 

• Afterwards colour-coding the plot by type shows 
galaxies/stars/quasars 

• 97 % accuracy on classifying stars/galaxies/QSO  

Use Case : Classification using External Archives
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COMPUTE MODEL USE CASE : Pulsar SWG
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