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A Hardware-Based Image Processing Acceleration for Optical Readout of
GEM-based Detectors

Phatham Loahavilai* and Florian Brunbauer'
Sirindhorn International Institute of Technology, Thammasat University, Thailand
and CERN, Switzerland

Abstract

Optical readout is a method used to detect scintillated photons positions and
intensities triggered from particles GEM-based detectors. The summer student
work includes standardization of detection procedure, hardware exploitation
and implementation, and knowledge transfer.

Keywords
summer student report; GEMs; optical readout; image processing.

1 Introduction

The optical readout method in this context utilizes image capturing from scintillation light by high-speed
camera. The goal of the project is to achieve high-rate data processing capability.

2 Summer Student Contributions

The contributions of Phatham Loahavilai to the GDD group are mainly implementation and knowledge
transfer of image processing algorithms.

2.1 Standardization of Detection Procedure

The first step to begin with hardware-based acceleration is to create a set of standard algorithms, which
in this case refers to OpenCV-based algorithms. Previously, the software that is being used is ImageJ,
along with MicroManager, which the algorithms are simplified and does not comply with standard image
processing algorithm.

The processing flow composes of background noise removal and cluster assembly. A simplified
procedure is shown in Figure 1.

2.1.1 Background Noise Removal Algorithm

Background noise is a factor that reduces data quality. For multiple frames image acquisition applica-
tion such as energy spectrum acquisition requires bright-spot distinction; thus, background removal is
mandatory. The result of steps are shown in Figure 3

2.1.1.1 Threshold

Thresholding is the first step implemented to classify pixels into two groups: background and foreground.
The threshold-finding algorithm in this stage is using fixed threshold. However, due to different envir-
onments and conditions of each measurement, a fixed threshold is not as effective as dynamic threshold.
Otsu’s threshold-finding method is proposed as one of the future stages.

“phatham.loahavilai @ gmail.com
Supervisor
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Figure 1: Simplified processing procedure

2.1.1.2 Erosion

Erosion is an algorithm that reduces the size of pixel groups. The operation requires a kernel, which in
this case is defined as 3-by-3 matrix shown as Figure 2. For each output pixels, the resulting pixel of
erosion is considered as 1 if and only if the kernel pixels completely overlaps the input pixels. Otherwise,
the pixel is considered as 0. In this case, erosion is effective at removing noises, since single or not
connected pixels are eliminated.

0 1 0
1 1 1
0 1 0

Figure 2: Filtering Kernel

2.1.1.3 Dilation

Dilation is an algorithm reciprocal with erosion. The operation also requires a kernel, which in this case
is the same as erosion. For each output pixels, the resulting pixel of dilation is considered as 1 one of
the kernel pixels overlaps the input pixels. Otherwise, the pixel is considered as 0. Dilation after erosion
would restore the size of pixel groups.
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Sincethe dilated image isbinary, i €. contans only 0 and maximum possible vaue (255 for 8-bitsimage
and 65535 for 16-bitsimage), and could not precisdy represent energy levd, the dilated imageisANDed
together with the origind image to produce noisefree output image with origing intengty.

Original

Thresholded
!

Combined

250
200
150
100
S0
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Figure 3: Resulting images from processing steps

212 C(Cluster Assembly

The clusters, or atermndively referred as contours in OpenCV, could be obtained in two sub-steps. defin-
ing pieces, and combining pieces into clusters.

22 HardwareExploitation and | mplementation

Usng pure software image processing is smple and easy to implement, but a mgor drawback is the
processng speed.  APGA hardware implementation could tremendoudy speed up the process by its
pardld processing capabilities. The ovarview is shown in Figure 4.

221 Hardwareand Todls

The hardware used in this project is Xilinx Zyng®-7000 SoC ZC702 Evduation Kit, dong with Xilinx
Vivado® Desgn Suite softwares, as shown in Figure 5.
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Algorithm 1 Define Pieces
Initialize pieces storage list indexed by row
for each row of image do
for each non-zero pixel do
if previous pixel is zero then
Add new element to current row of pieces storage containing Tgqrs — T, iNtENSityYiotal
intensity, Tepg <— T
else
Modify last element, set Tepq <— T, tntensitysorg; < intensityiorq + intensity
end if
end for
end for

Algorithm 2 Combine Pieces into Clusters
Initialize cluster storage list and cluster cache list
for each piece in first row of pieces storage do
Add piece to cluster cache with additional data yg,, < 70W, Yeount < 1, visited < False
end for
for each row of image do
for each cluster in cluster cache do
visited < False
end for
for each piece in pieces storage do
for each cluster in cluster cache do
if piece overlaps cluster then
Modify cluster, ysym < row, increment Yepunt by 1, visited <— True, intensityiora; <—
ntensityiotal + tntensity
end if
end for
if piece doesn’t overlaps any of the clusters then
Add piece to cluster cache with additional data ysy,, <— 70W, Yeount < 1, visited < True
end if
end for
for each unvisited cluster in cluster cache do
Move cluster to cluster storage
end for
end for
for cach cluster in cluster storage do
Post-process (depends on application)
end for

Vivado® High-Level Synthesis (HLS) is a tool to create image processing algorithms.The high-
level synthesis converts C-based code into either Verilog or VHDL code, and could be synthesized further
into a hardware block.

Vivado® HLx is a tool to combine multiple block diagrams, both pre-defined and custom, together
to create the whole system hardware implementation. After hardware implementation

Xilinx SDK is used to program the software side to control the hardware and data transfer, includ-
ing sequential processings that are not efficient to calculate using hardware.
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Figure4: Overview of the system implementation
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* = solution1
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Figure5: Screenshots of softwares used from Ieft to right: Vivado® HLS, Vivado® HLx and Xilinx SDK

23 Knowledge Trandfer

Knowledge trandfers are typically occurred in the group though weekly group meetings. In this case, the
presentation dides are available in the Indico system. Contact the GDD group for more information.
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4.2.2 ARIADNE Optical Readout
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4.3 N159UTUANUGHUANTS (Workshops)

nseusBaUfuRnsdmsutnAnwvnirggioududsidimdnaninivsslevilu
981984 tanlaseusannsinues
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(Characterization of a simple particle detector using cosmic particles workshop)
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4.4 A15USSENELREIYINTS (Summer Student Lectures)
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“Nombreux sont les Hommes et Femmes illustres qui ont consacré leurs vies
a faire avancer la recherche scientifique dans ces différents domaines. Tout commence
par la volonté d’aller au-dela de ca qui est visible en rénovant. Si Newton avait
simplement mangé la fameuse pomme sans se questionner sur l'origine de sa chute,

les lois de la physique moderne n’auraient pas existé.”

“Many famous men and women have dedicated their lives to advancing
scientific research. It all starts with the desire to go beyond what is visible. If Newton
had just eaten the famous apple without questioning about the origin of its fall, the

laws of modern physics would not have existed.”
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