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0. List of acronyms 
 

ACRONYM  MEANING 

ADC Analog-to-Digital Converter 

ADM Allergy diagnosis market 

ALPC automatic laser power control 

ATM Allergy treatment market 

AuNP Gold nanoparticles 

BD Blu-ray Disc 

BLC -̡lactam 

CAD Computer-aided design 

CD Compact Disc 

COBIOPHAD Compact biophotonic platform for drug allergy diagnosis 

COC Cyclic Olefin Copolymer  

COP Cyclo-Olefin Polymer 

CPU Central Processing Unit 

DAC Digital-to-Analog Converter 

DI Deionized water 

DICOM Digital imaging and communication medicine 

DMP Data Management Plan 

DoA Description of Actions 

DVD Digital Versatile Disc 

e-Beam Electron beam 

ECMA European Computer Manufacturers Association 

ELISA Enzyme-linked immunosorbent assay 

EM Exploitation manager 

CŎʶwL IgE high-affinity receptor 

FGIP Foreground intellectual property 

FTO Freedom to Operate 

GUI Graphical User Interface 

HMI Human machine interaction 

HW Hardware 

IgE Immunoglobulin E 

INNODECs INNOvación DE COBIOPHAD 

IP Intellectual Property 

IPM Image processing module 

IRF INNODEC Recording Form 

IT Information Technology 

IVD In vitro diagnostics 

kDa Kilo Dalton 

KET Key enabling technology 

LDD Laser diode drive 

NA Numerical Aperture 
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NPA Network patent analysis 

ODD Optical Disc Drive 

OPU Optical Pickup Unit 

PB Project Board 

PC Project coordinator 

PD Photodetector 

PDE Plan of dissemination and exploitation 

PEDR Plan for exploitation and dissemination of results 

PMMA Poly(methyl methacrylate) 

PSA Pressure-Sensitive Adhesive 

SDS PAGE Sodium dodecyl sulphate polyacrylamide gel electrophoresis 

sIgE Specific IgE 

SN Signal to Noise ratio 

SW Software 

TLs Team Leaders 

VCM Voice Coil Motor 

WCA Water Contact Angle 

WHO World Health Organisation 

WP Work Package 

WPLs Work Package Leaders 

  

-̡LACTAM ANTIBIOTICS 

ACRONYM  MEANING 

ACP 6-aminopenicillanic acid 

AMP Ampicillin 

AMX Amoxicillin 

AZT Aztreonam 

CF2 Cefaclor 

CF3 Cefalexin 

CF4 Cefoxitin 

CF5 Cefotaxime 

CFT Cefrutixone 

CRB Carbenicillin 

CVL Clavulanic acid 

MRP Meropenem 

PG Benzylpenicillin 

PPR Piperacillin 

PV Phenoxymethylpenicillin 
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1. Explanation of the work carried out by the beneficiaries 
and Overview of the progress 

1.1. Objectives 
 
Every one of the following objectives was defined as global objectives of the project. All of them should 
be achieved at the end of the project and in most of the cases, there are no intermediate evaluable 
goals. Nevertheless, the degree of fulfilment or the status of the developments is given in Table 1, as 
an intermediate evaluation. 
 
Table 1. Status objectives first period. 

Objective 
Lead 
beneficiary 

STATUS 

High sensitivity (80%) and detection 
limits below 0.1 IU/mL, equivalent to 
0.24 ng/ml  

UPVLC, 
FOOKE, 
HULAFE  

The analytical sensitivity expressed as the detection limit, 
is 0.4 IU/mL, using Artificial Human Serum (ARTHUS). The 
sensitivity of the assays analyzing real serum samples is 
not yet evaluated. 

High specificity όǘŀǊƎŜǘ җ фу҈ύ  UPVLC, 
HULAFE, 
FOOKE 

The assay developed against antibiotics of different B-
lactam families is specific (>98%) for discriminating 
between ARTHUS. 

Capable of multi-drug diagnosis (10 
allergens per sample and 10 samples 
per disc)   

SINTEF, 
STRATEC 

First version of discs being manufactured support up to 5 
samples per disc and 9 allergens per sample are analyzed. 
On each detection chamber, about 300-500 spots of 100 
µm diameter are printed. Nine protein conjugate 
determinants have been already developed. 

Fast (total analysis time less than 30 
min.)  

UPVLC The analysis is made at this moment semi automatically, 
with a single test of ca. 60 min. According to the 
preliminary data obtained from the current assay format, 
disc and reader, the total assay time is expected to be ca. 
30 min. 

Minimally-invasive compared to 
invasive and risky skin or provocation 
tests   

HULAFE, 
CHRUM 

The test will be done in a minimally invasive way. Blood is 
extracted from the patient, according to the established 
procedure, by finger prick. The obtained serum will 
analyze automatically. 

Low-cost device with a manufacturing 
ǇǊƛŎŜ ƻŦ олл ϵ ŦƻǊ ǘƘŜ detector. м ϵ ǇŜǊ 
ŘƛǎŎ ŀƴŘ лΦо ϵκŀƭƭŜǊƎŜƴ ƛƴ ǊŜŀƎŜƴǘǎ, at 
least ten-times lower than the current 
IVD tests   

FOOKE, 
OPTOEL, 
STRATEC 

Current cost of the drive, disc and reagents are: 
Reader: 360 ϵ single unit, 
Disc price is under estimation because it depends on the 
design to lead to a proper industrialization, achieving low 
unit cost. Reagent/allergen cost is also under evaluation 
because final assay format is not yet stablished.  

Scalable covering a broad range of 
scenarios, i.e. from 1-2 samples per 
disc for Emergency and Critical care 
units to 10 samples per disc 
recommended in Allergy Departments. 
Samples can be tested to either one 
drug or to the complete BLC family 
within a single run 

SINTEF, 
STRATEC 

The scalability is assured because the processing methods 
for different reagents are compatible; the stability of the 
printed reagents allows reasonable storage periods, and 
the printing of different reagents for different discs is 
industrially customizable. 
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Objective 
Lead 
beneficiary 

STATUS 

Flexible to incorporate new target 
drugs in a short time after the project 
completion 

UPVLC The current design allows the incorporation or 
substitution of new target drugs. The disc device is flexible 
enough to be used to diagnose other allergies such as 
those caused by environmental or food allergens.  

Operational autonomy: The device 
should autonomously operate in 
clinical or mobile lab environments. 
Centralized databases, in its turn, allow 
for an optimized decision-making 
process in drug diagnostics, research 
and development settings 

B3D It is expected that the system will be able to operate in a 
fully automatic and straightforward way, so that the 
result could be locally shown, printed or stored. 

User friendly. Portable, simple to 
operate by locally trained healthcare 
staff 

B3D The current reader is a portable and simple system that 
needs an external computing and electrical power 
connection unit to operate. Discs will contain all reagents 
needed for analysis of samples. 

External communication and the end-
ǳǎŜǊΩǎ interface: standardization of 
DICOM and protocol development for 
cloud computing (HL7), connectivity to 
internet or telephone network to allow 
for telemedicine 

B3D External communication of the device is assured. It will 
allow both, the operation of the system and the reception 
of results from a remote point. 

Important reduction of the costs of 
diagnosis procedure 

HULAFE, 
CHRUM 

After the end of the first period of the project, there is no 
expected change concerning the initial estimation in cost 
reduction of diagnosis procedure. If, by the end of the 
project, the costs of components are kept to their 
expected values, the reduction of costs in the diagnosis 
procedure will reach the initially declared figures. 

Development of an integrated 
biophotonic device based on compact 
disc technology for In vitro diagnosis of 
drug allergy to antibiotics by 
determining human specific IgEs for 
ƘȅǇŜǊǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ʲ-lactam antibiotics 
(BLCs) 

UPVLC, 
B3D, 
CHRUM, 
HULAFE, 
OPTOEL, 
SINTEF,  
STRATEC, 
DAS 

Based on the analysis of the current status of the different 
technologies involved to develop the system, the initial 
efforts to integrate them point out that this objective will 
be achieved.  

Improving the life quality of millions of 
European citizens suffering from real or 
suspected drug allergies to BLC 

HULAFE, 
CHRUM 

Better and quicker minimally invasive diagnostic tool, 
developed with our methodology and tests, will clearly 
improve the quality of life of people suffering from real or 
suspected drug allergies to BLCs. In addition, allergy 
diagnosis could be carried out in Primary Healthcare 
Centers in a shorter time, improving the effectiveness of 
the tests.  

Helping the healthcare systems and 
reduce costs of drug allergy diagnosis 
to BLC 

HULAFE, 
CHRUM 

Quicker and cheaper diagnostic procedures will clearly 
help the healthcare system, reducing the costs associated 
with diagnosis of BLC allergy. At the end of the project, 
this objective will be evaluated. At this moment, both the 
results and the ongoing developments lead to an 
optimistic position concerning this objective. 
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Objective 
Lead 
beneficiary 

STATUS 

Creating new products to be 
manufactured and marketed by the 
European enterprises 

All In the section concerning exploitation of results, an 
identification of possible new products for the market is 
anticipated. This will be reviewed during the 2nd iteration 
of Network Patent Analysis (NPA ς D6.10 M18-M33) and 
summarized both in D6.10 and in the final draft of the 
PEDR (Deliverable 6.11. M36) delivered at the end of the 
project, according to the results obtained, the Business 
Plan (D6.13 M36), as well as the exploitation plans of the 
partners. 

 
Deliverables 
 
The deliverables for the first period (Table 2) have been properly submitted, except deliverable D1.1 
First reader prototype finished which has been delayed to M20 due to the modifications of the discs 
specifications (see section 1.2). 
Deliverable D3.4 IgE standards for the BLC determinants has been postponed as, today, there are no 
representative samples for the 10 BLCs. Moreover, the isolation and purification of the total IgEs 
contained in blood of the allergic patients (positive cases), yielded low concentrations of IgEs.  
 
Table 2. Deliverables 1st Period. 

Deliverable nº Deliverable name WP Due date Comments 

D1.1 First reader prototype finished WP1 M12 
Submission delayed to M20 
07-08-2017 
PO informed 

D2.1 
Prototype disc specifications and 
microfluidic design concept 

WP2  M3 
Submitted on time 
31-03-2016 

D2.2  Prototypes of the detection zone WP2 M9 
Submitted on time 
30-09-2016 

D2.3 
Prototypes of the combined pre-
concentration and detection 
system 

WP2 M15 
Submitted on time 
31-03-2017 

D3.1 
Ethics approvals for the research 
with humans 

WP3  M1 
Submission delayed 
28-04-2016 

D3.2 
Ethics approvals for the research 
with human cells/tissues 

WP3  M1 
Submission delayed  
28-04-2016 

D3.3 

Confirmation by the competent 
Institutional Data Protection 
Officer or authorization or 
notification by the Data 
Protection Authority 

WP3  M1 
Submission delayed 
01-03-2016 

D3.4 
IgE standards for the BLC 
determinants  

WP3  M9 
Submission delayed 
PO informed on M9 

D3.5  
Samples identified for method 
development 

WP3  M12 
Submitted on time 
29-12-2016 

D4.1 
Pre-evaluation of the reader, 
discs, and reagents 

WP4  M18 
Submission delayed  
Expected date M22 

D6.1  Project presentation  WP6  M1 
Submission delayed 
23-02-2016 
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Deliverable nº Deliverable name WP Due date Comments 

D6.2  Data management plan (DMP)  WP6  M6 
Submission delayed 
11-07-2016 

D6.3 
First Communication kit about 
the project  

WP6  M2 
Submitted on time 
01-03-2016 

D6.4  Web site  WP6  M3 
Submitted on time 
31-03-2016 

D6.5  Report on the 1st iteration NPA  WP6  M6 
Submitted on time 
01-07-2016 

D6.6  First draft PEDR  WP6  M9 
Submitted on time 
23-09-2016 

D6.7  Revised PEDR  WP6  M18 
Submitted on time 
30-06-2017 

D6.8 
Second Communication kit about 
the project 

WP6  M18 
Submitted on time 
30-06-2017 

D7.1 
Infrastructure for Management 
Service and Support 

WP7  M3 
Submitted on time 
31-03-2016 

D7.2  Quality Plan  WP7  M3 
Submitted on time 
31-03-2016 

D7.3  Risk Management Plan  WP7  M3 
Submitted on time 
31-03-2016 

D7.4  Brief Interim Status Report  WP7  M9 
Submitted on time 
30-09-2016 

D7.5 
Progress and Cost Reporting for 
the first period 

WP7  M18 
Submitted on time. 
60 days after opening the First 
reporting period  

 
Milestones 
 
Table 3 shows the status of the milestones for the first reporting period. Milestones M1 and M5 have 
been achieved. M2, M3 and M4 have been partially fulfilled. The partial accomplishment of certain 
milestones is related to the delays in some tasks or (unforeseen) problems that arose during the 
development. However, considering the current progress of the work, the delays do not compromise 
the achievement of the project objectives.  
 
Table 3. Milestones 1st Period. 

Milestone nº Milestone name WP 
Due 
date 

Comments 

M1 
1st Functional modified 
ODD 

1, 2 12 

Accomplished in M18. The first prototype was 
finished at the end of M18. The ODD is robust and 
portable, and controls the lasers, the pickup head, 
the spinning of the centrifugal microfluidic disc 
and the detectors. The cost of a single prototype 
is estimated in ослϵΦ 

M2 

Decision on the pre-
concentration and 
sample preparation 
method  

2, 4 18 

Partially accomplished. According to the 
experimental results, pre-concentration of target 
IgEs is required. Utilization of nano- or 
microparticles is the selected strategy to achieve 
target sensitivity of 0.1 IU/mL. Serum will be used 
as sample without additional preparation. 
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Milestone nº Milestone name WP 
Due 
date 

Comments 

M3 
Decision on the 
detection method 

1, 2, 4 18 

Partially accomplished. The assays performed 
under the detection principle of transmission, 
using the first discs prototype are coming. 
Previous assays in batch, working in transmission 
are promising, achieving good selectivity and 
sensitivity. 

M4 
Decision on 
determinants and 
other reagents  

3, 4 18 

Partially accomplished. In the absence of specific 
IgEs for the panel of target analytes, several 
determinants and reagents were selected using 
specific ARTHUS as standards.  

M5 
Selection of materials 
and methods of disc 
manufacturing 

2 18 

Accomplished in M19. 
Materials and manufacturing methods have been 
selected; the behavior of COP material for 
anchoring physisorbed probes has been validated. 
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1.2. Explanation of the work carried out per WP 
 

1.2.1. Work Package 1. Hardware and software development 
 
Å Work Package Leader: OPTOEL 
Å Partners involve in 1st Period: UPVLC, B3D, DAS, LUM 

 
The main objectives of WP1 related with Period 1 were: 

1. Development of the hardware (HW) and electronics for achieving the target specifications 
ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ /h.LhtI!5 ŘŜǾƛŎŜΥ {ŜƴǎƛǘƛǾƛǘȅ όул҈ύΣ ŎƘŜŀǇ όоллϵύΣ ǊƻōǳǎǘƴŜǎǎ ŀƴŘ 
straightforward in operation and autonomous.  

2. Creation of software (SW) and the user interface for: 
Å Controlling the HW, acquiring and processing the signal and images to automate the 

assay. 
Å Generating DICOM outcome from the device and the clinical analysis software to 

help physicians to diagnose drug hypersensitivity/allergy to BLCs antibiotics. 
3. Integration of the hardware and software to automate the diagnosis of drug 

hypersensitivity/allergy to BLCs antibiotics. 
 
Task 1.1. Hardware development and electronic design (OPTOEL and UPVLC) (M1-M24) 
This report and the deliverable 1.1 describe the activities related to this task. 
 
Initial position 
The first activities were focused on the revision of current state of compact disc (CD) technology, 
mainly the concept and the hardware. Related to the hardware, it is composed by a support (compact 
disc) and a disc scanner (driver or reader). 
An Optical Disc Drive (ODD or optical reader) is an optical device developed to store information 
(audio, video, text) as digital data on a media disc (compact disc) and play the recorded data. There 
are three optical media discs: CD (compact disc), DVD (digital versatile disc), and BD (Blu-ray disc). 
One of the most important components of an ODD is the optical pickup unit (OPU) (Figure 1). The laser 
diode emits a radiation non-polarized and non-collimated, which power is regulated by a sensor. The 
polarizing beam splitter polarizes linearly the radiation and splits to the collimator lens. The quarter 
wave plate circularly polarizes the light to the objective lens, focusing the light in a vertical/horizontal 
direction to the reflective layer of the disc. The reflected light comes back through the lens. The 
polarizing beam splitter routes the light to the quadrant photodiode. The principles and features of 
this device are described in several ECMA standards.1 
 

                                                           
1 European Computer Manufacturers Association: http://www.ecma-international.org/ 
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Figure 1. OPU from a standard DVD reader: (A) Scheme, (B) Image of an OPU (LPC-819R model). 

 
Modifications of reader specifications  
The project proposal was based on the integration of two advanced technological concepts: compact 
disc technology and centrifugal microfluidics. The results of discussion during the kick-off meeting 

were that the COBIOPHAD solutions will be based on writable DVD-R technology (l = 650 nm, NA=0.6)2. 
The defined features of the new reader included the following operations: open/close tray, rotate the 
disc, modify the disc speed, change the disc direction, turn on/off laser light of diodes, vary laser power 
and incorporate a high-performance data acquisition system. 
Later partner meetings and teleconferences, performed during the following project months, 
concluded important modifications on reader specifications derived from the disc fabrication (work 
package 2). Partners defined that the assay platform (disc) will be manufactured using cyclo-olefin 
polymer (COP). From SONY/STRATEC experience, the reasons were related to the better material 
features (e.g. optical characteristics) and fabrication techniques compatible to the expected 
microfluidic assay (see activities of WP2). A wide range of nano and microstructures can be integrated 
complying with high quality standards. Currently, COP is one of the most used materials for the 
fabrication of biosensing chips, Lab-on-a-chip or cartridges, in clinical applications.  
This approach influences the disc reading principle and functionalities of the reader. Regarding the 
disc: 

¶ Loss of track. An entire metallic layer with groove structure was not compatible with the 
required COP bonding techniques. The consequence was the elimination of the track or 
circular path on the disc surface. Then, an alternative reading system must be designed for 
supporting the surface scanned by the laser.  

¶ Variation of disc physical properties. The disc was designed to incorporate the microfluidic 
structures to run the tests. This involved increasing the disc thickness and therefore, the 
weight what implied the modification of the clamp system used in standard CD/DVD drivers.  

¶ Absence of coding zone. The use of conventional DVD-R drives would require the discs to have 
the coding zone in the central ring, which is used for e.g. power calibration, recording 
management and copy control purposes. However, its implementation was considered risky 
because: (a) on each disc, there is a mandatory pre-write step where a special equipment is 

                                                           
2 Standard ECMA-279: 80 mm (1,23 Gbytes per side) and 120 mm (3,95 Gbytes per side) DVD-Recordable Disk (DVD-R) 

A 
 B 
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used to write copy control information. The use of this copy control information is only 
available for licensees of the recordable DVDs (Sony DADC does not produce such recordable 
DVDs); (b) this pre-write step only works if there is the correct groove structure and the 
recordable dye covered by a reflective layer. Even if one could provide such recordable DVD-
w άƘŀƭŦ ŘƛǎŎǎέ ǘƘŜ ǎǳōsequent bonding process would damage the layer structure/dye, most 
likely. 
 

Regarding the reader (detector), the analysis of the DVD technology market also pointed towards the 
search of a very innovative device based on own technology. The market of recordable storage media 
including DVD-R is decreasing and so is the market for recorders. In addition, the manufacturers of 
recorders tend to replace their models frequently (and without notice) which makes it difficult to 
guarantee a future supply.  
Other argument was to get a higher control of the reading system. This strategy was considered as 
recommendable for assuring the compliance of requirements to ensure future commercial 
exploitation following current directive3. DVD recorders are consumer goods and they are not 
manufactured to the standards that are required for a diagnostic instrument. It is very unlikely that 
manufacturers are willing to open their documentation and certify their highly automated 
manufacturing equipment to comply with the required standards for a relatively small number of 
devices. To our knowledge, all products working on rotational platforms for diagnostic tests use 
properly developed devices for their commercialization. 
Finally, the consortium agreed on the COBIOPHAD reader and the disc specifications to be developed. 
Briefly, the disc will have some reflective areas (see WP2 section) which will be used for focusing 
purposes. The reading principle was modified substituting the continuous correction based on track 
reflection (and reading the sector information of a recordable disc) for a discontinuous correction 
based on certain reflective regions located in determined zones of the disc. 
Although the main components of the reader are the same (e.g. OPU), the specified modifications 
disabled important features of a standard optical recorder. Consequently, alternative technological 
solutions were envisaged. The planned activities were: 

¶ Integration of positioning sensors for accurately determining the laser location on the disc. 

¶ Development of an algorithm for the correction of laser focus. 

¶ Incorporation of a new clamp system to keep the disc in the reader firmly.  

¶ Measurement of the working ranges for the new reader. 
 
These modifications involved the design of new electronics for the optical reader (hardware), with new 
firmware and new software. Innovative solutions proposed by OPTOEL were discussed with partners 
in different meetings/teleconferences. The research and development activities were to adapt the 
mechanical part of a standard optical disc reader, add new electronics with dedicated firmware and 
new software in PC. For that, some stands were developed for measuring optical parameters and/or 
for testing solutions. 
As Figure 2 shows, two working lines were opened:  

¶ Development of a partially modified ODD, leaded by UPVLC. The objective was the design, 
fabrication and evaluation of the reading system when the assay is performed on standard 
optical discs (DVDs). 

¶ Development of the first ODD prototype, leaded by OPTOEL. The objective was the design and 
fabrication of a reader prototype capable to operate with COBIOPHAD discs (optical and 
microfluidic). 

 

                                                           
3 Directive 98/79/EC In Vitro Diagnostic Medical Devices 
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Figure 2. Road map of activities involved in the ODD hardware development. 

 
Development of a partially modified ODD 
During this project period, UPVLC has set up a partially modified ODD in order to support the 
development of COBIOPHAD ODD prototype and to anticipate the impact of the optical reading 
principle on the assay performances. Several characteristics were evaluated for developing an 
innovative device capable to read the COBIOPHAD discs, based on standard reader/recorder DVD drive 
technology. The first activities were the optical simulations for evaluating the effect of an error in laser 
focusing on the spot signal. The following experimental activities were addressed on the control of 
pickup, the rotation performance of spindle motor and the incorporation of a photosensor as a part of 
the detecting system.  
 
Optical simulation studies. The analysis of reading principle in the new detector concluded that the 
loss of focus would have an important impact on the resulting signals. In order to study the expected 
optical signal, some virtual experiments were defined based on the advances in WP1 and WP2. They 
included modifications of the materials used, defocusing, decentering or tilting of the components. 
The material supports included in the study were polycarbonate (PC), cyclic olefin copolymer (COC), 
and cyclo-olefin polymer (COP). The aim of these preliminary simulations was the definition of 
restrictions for the system (positioning, stability). The software used for performing the simulation 
tests was Optics Software for Layout and Optimization (Oslo) that is a commercially available program. 
 
The studied conditions were: 
Experiment A: Model of the optical system included in the head of the pick-up. It works as an objective, 
focusing the incident beam with a nominal aperture of 0.6 for a wavelength of 650 nm. 
Experiment B: The optical system included in the head of the pick-up, working as an objective, with a 
double disc of 0.6 mm and 0.2 mm thickness with an air chamber between the discs, simulating the 
assay detection chamber. 
Experiment C: The optical system included in the head of the pick-up, working as an objective, with a 
double disc of 0.6 mm and 0.2 mm thickness with an air chamber between the discs, simulating the 
assay detection chamber. The double disc was tilted and displaced in the direction of light propagation 
(producing defocus), to analyze the effect in the spot size.  
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The main results, summarized in Figure 3, were: 

¶ Experiments A1-A2 
The effect of material in the focus shift (single sheet) was determined measuring the size of the spot 
at the second face of the sheet (virtual position of the spots to be measured). The expected size of the 

spots to be read was 100 mm. Despite the big increase obtained in the size of focus for COC, an 
important influence in the final read was not expected, as the reading is based on an integration of 
multiple points. Nevertheless, the distance for positioning the sample should be corrected, according 
to the refraction index of the materials. 

¶ Experiments A3-A4-A5 
The effect of materials (two joined sheets) was evaluated measuring the size of the spot at the second 
face of the second sheet (output surface of the system). The size of the spot at the last surface of the 
disc was slightly depending on the materials used. No significant differences were obtained for the 
studied materials.  

¶ Experiments B1-B2-C1 
The study of material effect (sheet+air chamber+sheet) showed that the spot size at the last surface 
of the disc was similar for the materials used. No significant differences were expected due to the use 
of any of the selected materials.  

¶ Experiments C2-C4 
The simulations indicated that the shift of the layered structure (sheet+air chamber+sheet) did not 
change significantly the spot size (2nd face of the 2nd sheet). In all cases, the structure made up with 
COP provided an increment about 3% related to the value in the last surface of the polycarbonate 
structure. This increase was not considered significant, although the position and holders should be 
optimized. 

¶ Experiment C3-C4 
The shift and tilt of the layered structure (sheet+air chamber+sheet) produced a slight modification of 
spot size. Tilt was introduced as a displacement at the extreme radius of the disc (120 mm diameter). 

In this case, a tilt of 0.1̄  produced an increase of 34̄. This effect should be considered in the design 
process, trying to avoid the tilting of the disc during the reading process. 
 
The main conclusions of this simulation study were: 

¶ Materials: the use of COC or COP instead of PC does not affect significantly to the optical 
performances. 

¶ Tilt: to minimize the tilt of the disc is needed in order to avoid undesired increases in the spot 
size. The expected curvature of the disc when spinning should be calculated at each radius and 
then, the distance modified to minimize this effect. Also, the reading speed could be lowered 
to reduce this curvature. 

¶ Shift: defocusing during the reading process will happen due to different reasons; this should 
be considered and minimized in order to keep the size of the spot within certain limits. It is 
suggested to define an interval of ± 0.1 for the reading distance. 
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Assay Scheme Assayed conditions/Results 

A1 
A2 

 

PC 
1.6 mm 
 
100% 
reference 

COC 
6.0 mm 
 
375% 
 

 

A3 
A4 
A5 

 

PC+PC 
123 mm 
 
100% 
reference 

PC+COC 
126 mm 
 
102% 

COC+COC 
129 mm 
 
105% 

B1 
B2 
C1 

 

PC+AIR+PC 
112 mm 
 
100% 
reference 

COC+AIR+COC  
115 mm 
 
103% 

COP+AIR+COP 
115 mm 
 
103% 

C2 
C4 

 

Shift PC+AIR+PC COP+AIR+COP 

 +20 mm 119 mm 122 mm 

+10 mm 115 mm 119 mm 

0 mm 112 mm 115 mm 

-10 mm 108 mm 112 mm 

-20 mm 105 mm 108 mm 
 

C3 
C4 

 

COP+AIR+COP Size of spot 

TILT (+0 mm, 60 mm) 115 mm 

TILT (+10 mm, 60 mm) 115 mm 

TILT (+100 mm, 60 mm) 150 mm 
 

Figure 3. Results of optical simulations using different materials and optical schemes. 

 
Control of pickup. The initial experiments were performed using an optical pickup unit (OPU, LPC-819R) 
taken from a standard DVD reader (model GH24NS70, LG Electronics Inc., South Korea). UPVLC 
designed a printed circuit board (PCB) to connect the data acquisition board (DAQ, USB-2527, 

mm 

mm 

mm 

mm 

mm 
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Measurement Computing, Norton, MA, USA) to OPU. An interface based on virtual instrumentation 
platform (LabVIEW) controlled the system. 
The first challenge was to be able to select between the emitting lasers, because standard OPUs are 
manufactured with two laser diodes (650/780 nm). For that, an automatic laser power control (ALPC) 
was also implemented. The controlled signal is driving to the laser through the laser diode driver 
(model AK8927, AKM Semiconductor Inc., Japan) integrated in the OPU. Thus, the laser power of OPU 
can be varied from 0 to 5 mW, although the working power was 1 mW.  
Regarding to laser focusing, the mechanic movement of the objective lens was examined (Figure 4). 
Controlling the current intensity over the coils, the vertical/horizontal displacement was adjusted. The 
controlled signal is driving to the voice coils through the actuator driver (model R2A30254, Renesas 
Electronics Corporation, Japan). Considering the state of rest (where no current was applied to the 
coils), the lens can achieve a vertical displacement of ± 1.5 mm and horizontal displacement of ± 1 mm. 
In case of tilt parameter, the selected value was fixed to rest position. 
The temporal evolution of the laser power output with ALPC and without it was checked measuring 
the variation of the laser power with an own custom detector based on the photodiode SLCD-61N2 
(Silonex). A constant power through the time was recorded (Figure 4) when ALPC was on. 
 

 
Figure 4. a) Relation of the laser optical power output versus control signal applied to the laser diode driver. 

b) Temporal evolution of the laser power output with ALPC control (red) and without it (blue). 

 
Control of motor. The initial experiments in UPVLC facilities were performed using the standard spindle 
motor incorporated in compact disc drives (model MSDH-W040A-1, LG INNOTEK CO., South Korea). 
Although some circuits of the DVD reader main board were used, a new PCB was designed, 
manufactured and assembled for interconnect the DAQ to the motor. Then, the control signals could 
be transferred to/from the computer. In addition, a sensor was incorporated in the assembly 
(photosensor QRE1113GR, Fairchild Semiconductor, USA). This sensor measured the rotation speed of 
a disc that included a null reflective footprint (1 cm width) on the outer ring of the disc. 
A software system implemented an algorithm of feedback control and proportional function to set a 
constant angular velocity of the disc (clockwise rotation). For this, the control system took the sensor 
signal as input, correlating to the current spin time. The error between the measured rate and the 
desired reference value (angular rate of the disc) was calculated. Analog signals were sent to the device 
in order to apply the correspondent external signal from customized PCB. The output actuator 
(R2A30254SP, Renesas Techn, Japan), localized in the original main PCB of the DVD drive provided 
PWM signal for spindle motor. Then, the rotation rate was corrected in a real time mode. 
 
Implementation of the planar photosensor. For capturing laser intensity transmitted through the disc, 
a photodiode was incorporated in the device. The selected photodetector was a planar photodiode 
(model SLCD-61N2, Silonex, Canada), with a sensitive area of 5.1 mm long, and 5.1 mm width, spectral 
sensitivity of 0.55 A/W at 940 nm, spectral range between 400 and 1100nm and acceptance half-angle 
of 60º. For the measurement of the current generated by the photodiode, a transimpedance amplifier 
was implemented. 

a 

 

b 
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The most important problem of reading disc without reflective layer is the loss of the laser focussing. 
In a conventional reader, a characteristic S-Curve is detected using the quadrant photodiode when 
sweeping the astigmatic diagonal objective lens vertically from down to up. The peaks in the S-Curve 
indicated the focus constraints, because the minimum value is measured when objective lens is too 
close to the disc and the maximum when is too far. Between these values, there is a linear region 
where this focus error signal is used to move the objective lens to the correct focus. 
Without metallized layer, the characteristic S-Curve of CD technology cannot be monitored and the 
focus cannot be corrected. Our innovative approach was based on the incorporation of a pre-reading 
stage that can estimate the focus error and maximize the output signal. In the prototype discs, a 
section was considered as an optical marker. Then, the vertical movement of objective lens from down 
to up varied the transmitted light intensity captured by the photodiode. The position that produced 
the maximum transmitted signal was used for the correction of focus on the disc. In summary, the real-
time correction system of a conventional reader was substituted by a discontinuous correction system, 
triggered by the reference mark on the prototyped discs (cyclic measurement). 
 
Development of the partially modified ODD. The prototype developed by UPVLC, incorporating several 
elements of DVD reader (main PCB, spindle motor, OPU) and integrated elements (custom PCB, DAQ, 
rotation sensor, photodetector), is presented in Figure 5. The system was divided in four main 
functionalities: to select one of the two laser diode of the OPU and control the optical radiation 
intensity to a fixed value defined; to control the objective lens to a correct focus of the light to 
maximize the transmitted signal through the disc; to control the rotational speed of the disc at the 
correct RPM to run an assay, and finally, to capture the signal, resulting from the biointeraction 
between the radiation light and the samples by the planar photodiode detector. 
 

 
Figure 5. Image of the UPVLC prototype. 1: custom PCB, 2: DAQ, 3: Power supply (DA-30C01, Asian Power 
Devices Inc., Taoyuan, Taiwan), 4: Optical disc driver, 5: Original main PCB of a DVD device, 6: Actuator 

driver, 7: Flat flexible cable, 8: Optical pick-up unit, 9: Spindle motor, 10: Planar photodiode, 11: Rotation 
sensor.  

 
Development of the testing software. An e-Beam LabVIEW platform was used to develop a control 
interface to operate the prototype (Figure 6). The results of the biochemical assay were saved in a CSV 
format for further data analysis. 
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Figure 6. Screenshot of the software developed by UPVLC. 1: Menu for assay parameters, 2: Start/Stop 

buttons, 3: Menu for saving acquisition data, 4: Rotation rate graph, 5: Acquisition screen. 

 
Evaluation assays. The next experiments were addressed to stablish the performances of the ODD 
prototype. To guarantee the measurement reproducibility, standard discs were manufactured, 
containing physical marks. Using a milling equipment (Bungard CCD, Bungard Elektronik GmbH&Co., 
Karo 5410, Germany), reference discs were fabricated from commercial DVDs. They had eight 
transparent wells per radius (1.5 mm-diameter, 100% transmittance) and opaque sections (0% 
transmittance). Prototype reader measured these discs (Figure 7). The prototype discs contained 
analytical zones with different optical properties, simulating the spot presence. The cyclic reading was 
configurated to performe at intervals of equal time during the assay. 
 

  
Figure 7. (Left) UPVLC prototype including the disc with 1.5 mm-wells. (Right) Screenshot of acquisition 
graph after several ten reading cycles: intensity of the transmitted signal through the wells vs. position. 

 
The stages of the reading process were: 

¶ Capturing reference signal: The optical drive is configured to the specified operating 
conditions. These conditions set the disc rotational speed at 1000 rpm (revolutions per minute), laser 
power at approximately 1 mW, focusing the laser beam to the disc surface. This phase begins one 
minute before the cycle time. 

¶ Capturing analytical signal: A continuous data acquisition was activated during a fixed time 
interval (e.g. 2 min). The data sequence was split into peaks that correlate to the circumference 
described by the disc in a full turn, synchronized at the same initial point through a footprint placed at 
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the outer edge of the disc. According to the results, ten peaks per cycle were averaged to improve the 
SN (Signal to Noise). Simultaneously, an automatic adjustment of the laser power was carried out. This 
adjustment was especially important for keeping constant the laser power during acquisition. 

¶ Signal processing: The data was recorded in a CSV (character-separate values) file. After, the 
optical drive was disabled for waiting the initiation of a new cycle. At the end of the assay, a CSV file 
containing a set of peaks was obtained. The data was arranged in columns, where the first column 
corresponds to the first cycle, and so on, as many columns as cycles have been registered. 

 
According to the results, the rotation rate was not totally controlled. Then, certain irreproducibility of 
the peak position was included in the measurements during the cyclic reading. Nevertheless, after 
incorporating a correction/normalization process, the signal from different assay sections was 
correctly read. Maximum signal of peaks (high relative intensity, excellent reproducibility) was 
satisfactory based on assay requirements. 
 
Summary. The development and testing of the partially modified ODD provided valuable information 
for two main technical needs.  

¶ Control of the reader to scan the disc without track. For instance, the experiments showed 
that the absence of entire metallic layer had an impact on laser focusing. Then, the need of 
alternative reference solutions for the correction of OPU status during the reading was 
predicted. These preliminary results supported the development of the first ODD prototype 
(WP1). 

¶ Pre-evaluation of the impact of removing track on assay performances. For instance, a 
distortion of spot shape was anticipated. These preliminary results will support the 
development of the integrated assay (WP4). 

 
Development of the first ODD prototype 
A new optoelectronic system was developed by OPTOEL. The objective was the design and fabrication 
of a reader prototype capable to operate the COBIOPHAD optical/microfluidic discs.  
 
Design restrictions. Several design criteria were defined. First, the new optical reader must fulfill with 
the project objectives. Second, the disc requirements (described in deliverable 2.1)4 were also 
considered. Briefly, the main parameters are: inner diameter 15 mm, outer diameter 120 mm, COP 
substrate (instead of polycarbonate), no tracks, partial reflective layer (instead of full reflective layer), 
mass 30 g (instead of 13 - 20 g), thickness 2 mm (instead of 1.2 mm), the refraction index of transparent 
COP substrate is similar to that of polycarbonate (according with ECMA 267 is 1.55). These 
modifications over the initial proposal introduced important technical challenges and working delays 
and, probably, an extra cost of the reader. 
 
Selection of reader components. OPTOEL analyzed the hardware of CD/DVD reader/writer from 
different manufacturers (LG, SONY, SAMSUNG, PHILIPS, LITEON, TEAC, etc.). Also, different 
commercial technologies were studied (Lightscribe, Label flash, DiscT@2). Figure 8 shows the 
components of a standard disc drive. 
 

                                                           
4 Deliverable 2.1. Confidential document of COBIOPHAD project 
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Figure 8. Standard optical reader: (Left) Up view, (Right) Bottom view. Elements: (1) open/close disc tray, (2) 

open/close tray motor, (3) optical reader mechanical structure, (4) spindle motor, (5) OPU, (6) OPU 
mechanism, (7) OPU linear translation, (8) linear guiding, (9) open/close tray PCB, (10) optical reader PCB. 

 
The reading principle used in Light Scribe technology was especially interesting for supporting the 
development of COBIOPHAD prototype. This technology is used to produce laser-etched labels with 
text or graphics on specially coated discs. Labels are generated in concentric circles, moving outward 
from the center of the disc. The center of optical media, LightScribe enabled, has a unique code, called 
control feature zone, which allows the drive to know the precise rotational position of the disc. On the 
other hand, on the optical drive there is a dedicated circuit with sensor integrated (AEDR 8300). This 
encoder has a resolution of 80 lines per inch, providing highly accurate position sensing to detect the 
position of a rotating disc. The encoder consists of an LED light source, a special photodetector IC with 
integrated electronics and integrated optics. AEDR-8300 reduces the overall area required on a printed 
circuit board by 30 percent, which in turn reduces system cost. The encoder operates at rated 
performance for frequencies up to 30 kHz. 
This combination of disc code and the drive hardware allows it to know the precise position from the 
center outwards, and the disc can be labeled while spinning at high speed using these references. 
Therefore, in contrast to the most of CD-based technologies, the laser position is not determined using 
the reflection measurements (light emitted by OPU) in the disc track.  
This approach is not directly transferable to our new disc reader. The first reason is the cost of licensing 
technology, around 250-300.000 USD. Second, a special optical media is required for using central code 
zone, so the cost of optical media will be higher as were foreseen in the project. Third reason is the 
lack of support for this technology, property of Hewlett-Packard that decided in 2013 to abandon the 
marketing of this technology and hardware, as well. 
Label flash is a technology just for DVD drives developed as alternative to Light Scribe. It uses a 655 nm 
laser diode available from OPU to direct write on a dedicated organic dye layer placed at 0.6 mm deep 
into the media. Label flash has a rotation control, high-speed signal processing system of image data 
and focus control. This approach was also not possible to be transferred, being the main reasons: (1) 
absence of availability on the market, (2) optical media produced with special technology with a cost 
about 3 times higher the standards and (3) need of an optical reader with integrated technology.  
Yamaha DiscT@2 technology is used on dedicated drives for tracking, control disc rotation and control 
laser intensity and positioning. Writing is possible from same side as data writing on a special ink layer. 
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The system converts the grey-scale information pertaining to the graphic image into special patterns 
with a minimum size of 0.1 mm, or the equivalent of 250 dpi. The driver burns these patterns to disc. 
OPTOEL discarded this technology from followings reasons: (1) include in Label Flash technology that 
is superior, (2) not available on the market, (3) require optical discs with higher production costs and 
(4) require dedicated optical drives. 
 
The next activities were focused on the individual evaluation of the standard optical drive components. 
The objective was to select which assemblies could be incorporated in the first reader prototype, 
considering the firmware to be designed and integrated in hardware. Their combination was studied 
in such a way to perform needed functions. 
For the project prototyping, OPTOEL selected some components from a DVD drive (Philips 6116). The 
following parts/assemblies were assembled: mechanical structure, OPU, OPU mechanism, OPU linear 
translation, spindle motor, open/close tray assembly. A new hardware and firmware to control the 
OPU was developed. OPU linear translation positioning was controlled with a loop composed by a 
sensor with dedicated reading circuit and a driver. A data acquisition system was integrated in the new 
electronics to simplify production and reduce the costs. The optical disc mechanical clamp and 
associated fixing part were modified to accept the new microfluidic disc. 
 
Study of speed stability. The next set of experiments evaluated the rotation speed, stability, and limit. 
Those tests provided information about the features of motors used in standard drives for their use in 
centrifugal based analyzer. Some dedicated routines were developed to command the optical reader 
under reading conditions and Light Scribe enabled. The following investigations were done: maximum 
rotational speed, change of rotation, change of speed tests. Figure 9 shows spindle motor sensor 
signals from two DVD drives.  
 

  

  
Figure 9. Speed stability measurements performed by a DVD reader: (Up) tracking mode without optical 

media, (Bottom left) tracking mode with optical media inserted (both Light Scribe enabled), (Bottom right) 
light mode with optical media inserted (both Light Scribe enabled). 

 
The conclusions were: 

¶ Firmware and hardware were correlated. 

¶ The addition of other hardware to the optical reader was possible and commanding the 
functions: open/close tray, speed, rotation, laser power, etc.  

¶ Full control of the rotation speed was achieved (maximum speed reaches around 9500 rpm). 
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¶ Reflective layer, disc behavior, VCM stroke were correlated. Without reflective layer, the light 
emitted by OPU laser was not reflected back. Then, the focusing was not possible even VCM 
moved optics inside of his stroke trying to correct the problem.  

 
Approaches for laser focusing. One of most important scientific/technical challenge was the 
development of a solution for capturing data from a disc without tracking and limited focus signal. The 
proposed approach is the inclusion of several reflective regions in the disc area. There were several 
spatial limitations related to the fluidic/detection regions where the assay would be performed. Two 
main approaches were evaluated (Figure 10). 

¶ Reference circles. Two reflective rings, inner and outer, would be raised on the disc surface. At 
outside of the disc there is also a series of transparent or black lines. The reader would 
incorporate a high resolution and precision optical detector (AEDR 8300). OPU will be moved 
over the reflective area to define the focus. A specific firmware would be developed for 
correlating the detector output and OPU position. Also, the reflective rings would support the 
laser focusing.  

¶ Reference regions. The disc would also incorporate a layer with several specific reflective 
regions: an internal ring, trapezoid shape regions, external markers and a zero position marker. 
Then, OPU would start to find the focusing ring, rotate and define the focusing level. A 
dedicated algorithm in the firmware is required to perform this task. The trapezoidal shape 
will be detected by the OPU, supporting the focusing correction between detection chambers. 
Close to the outer disc diameter, there are start/end markers for each chamber detection and 
a dedicated marker for zero position (number of lines).  

 
The principle of edge detection is based on a trigger system. In a reflective region, the light is reflected 
back and a control signal is launched with an output signal level of 1. In a transparent region, this 
reflection is not produced, then the output signal level of 0. If the laser beam is fixed on the same 
radius and the disc is rotated, the reader will get output signals in 0 or 1 level in function of disc 

structure. On the other hand, angular speed (w) is related to the angle variation (Dj) per time variation 

(Dt), as describes the equation: w=Dj/Dt. Combining those change of level signals and geometric 
formulas, the result is a positioning system.  
 

  
 

Figure 10. Scheme of the proposed approaches for reflective regions on COBIOPHAD disc: (Left) Approach 1: 
reference rings and (Right) Approach 2: reference regions. 
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After discussion between partners about the viability of the approach (see more details presented in 
WP2 dedicated to disc design) the final solution was proposed. The COBIOPHAD disc must contain 
partial reflective zones between two discs. Additionally, there are one reflective ring for focusing 
purposes, some trapezoidal shapes for edge detection and a zero position marker for both detection 
of the position and calculation of the error correction. 
 
Development of hardware. The deliverable "First reader prototype" (deliverable D.1.1) includes a 
document summarizing all currently available data about the first prototype features. Briefly, the block 
scheme of the final reader prototype is shown in Figure 11. The optical reader is compatible with the 
use an optical media with a specific reflective layer that replaces the tracking.  
 

 
Figure 11. Draft scheme of ODD main hardware.  

 
In the 

Figure 12, the main parts of the optical reader are presented: open/close tray, motor for open/close 
tray, mechanical structure, spindle motor, OPU and their mechanism, disc clamp. The system also 
integrates the photodiode detector (Hamamatsu S3588-08). 
 

  
 

Figure 12. Images of optical reader: (Left) top view of reader without case and a transparent disc fixed with 
disc clamp, (Right) bottom view. 

 
In summary, the basic COBIOPHAD ODD characteristics are not far away from standard CD/DVD 
reader/writer because it has been built on similar components and structure. The added components 
and the new electronics provide additional performances as a flexible control, data acquisition, 
computer interface, etc., and own technology. 
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Table 4 shows the features of first prototype ODD. 
 

Table 4. Features of first prototype ODD. 

Criteria Feature 

Functionalities Open/close tray 
Disc rotation with programmable speed 
Disc rotation on clockwise / anticlockwise direction 
Detection using laser diode 
Laser diode power control 

OPU wavelength 650 nm 

Photo-Detector Spectral response range 340 to 1100 nm 

Area 3 ³ 30 mm 
Photo sensitivity 0.66 A/W 
Dark current (max.) 10000 pA 

Maximum disc speed 9000 rpm 

Disc dimensions Outer diameter 120 mm  
Inner diameter 15 mm 
Thickness maxim 2mm 
Weight 30 g 

Size 180 x 180 x 200 mm 

Weight 1.7 Kg 

AC 220 V/50 Hz 

PC connection  Wireless and 2.0 USB 

Estimated cost of ODD 360 euro/pcs 

 
Task 1.2. Software development: Control software/firmware (OPTOEL) (M3-M24) 
OPTOEL developed the needed firmware and software for control the functions of the reader. Some 
functions of the standard readers were kept as open/close of the tray. For the rest of the functions, 
dedicated routines and algorithms were developed. Firmware and control software were developed 
by OPTOEL in order to fulfill the project tasks to execute the needed functions and commands in 
correlation with tasks performed by DAS/LUM and B3D. 
The deliverable "First reader prototype" (deliverable D.1.1) includes detailed information about the 
firmware and control software in the first prototype features. In Figure 13, the main graphical user 
interface (GUI) interface is shown. 
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Figure 13. Screenshots of optical reader graphical user interface: (upύ άaŀƴǳŀƭέ ƳƻŘǳƭŜΣ όdownύ άLƳŀƎŜ 

ǊŜǎǳƭǘǎέ ƳƻŘǳƭŜΦ 

 
Task 1.3. Software development: Signal analysis/Processing software; Algorithms development for 
data/image analysis. Integration of the hardware and software (DAS, B3D, LUM and OPTOEL) (M6-
M24) 
 
Processing software requirements 
The activities in this task started in M3 instead of M6, due to the early definition of the image 
processing objectives. Basically, the activities were focused on facing the error correction of the disc 
reader platform and the evaluation of the intensity of spots.  
Discussion and meetings among the partners involved in this task were held to agree in the basic 
principles and to avoid problems related to the software, acquisition process, image processing and 
DICOM). The main agreements reached by the partners are being implemented along the task: 
 

- The binary format of the readout images coming from the reader device was agreed. The 
image will be generated, and then recorded in a proper repository. The image analysis 
software will then be informed about the availability of new images through a user interface. 

- The user interface (still to be completely defined) will have three simple steps: Image location 
selection, threshold for image segmentation introduction (defined as the percentage of the 
intensity over the background value to be considered a signal) and start. Therefore, the user 
interface will only be a launcher for the algorithm and will allow the user to prepare, start 
processing and view the results, but not to interact with the algorithm. 

- The specifications for software algorithm to be implemented on COBIOPHAD reader device 
are: 

o Reduction or elimination of reading errors (focus, radial position and rotation) 
accumulated on the resulting data/images provided as an output from reader device.  

o Image processing so that only the spots with an intensity value greater than the 
defined threshold will be considered as signal. 

 
Simulation and file generation 
In order to allow WP1 partners to work on early development of the SW modules, simulated 
microarray images were generated by OPTOEL, considering different assay/reading scenarios. The 
model microarray (20 × 20 mm) contained three types of spots groups, placed on the right and left 
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side: 4 × 4 spots (Ø 100 mm, distance 300 mm), 3 × 3 spots (Ø 200 mm, distance 400 mm) and 3 × 3 spots 

(Ø 500 mm, distance 1000 mm). 
The acquisition process of ODD prototype was simulated incorporating speed, radial position, focus 

errors and background noise. The estimated errors were rotation speed ± 1%, focus error ± 7 mm, radial 

error ± 5 mm and/or background errors ± 4%. The output file format was binary, representing the 
amplitude of the acquired signal. Constant values were also stored on the file header. As the rotation 
direction of the disc in simulations was anticlockwise, angular coordinates increased from left to right, 
radial coordinates decreased from top to bottom. An example of the restored image using binary 
output file is presented in Figure 14.  
 

 
Figure 14. Example of a restored image from output binary file. 

 
Algorithm for data/image analysis, processing and correction 
DAS started the execution of this task and later LUM continued from M12 onwards. 
The algorithm was developed from the binary files of acquisition data. The functions included image 
analysis, processing and correction. The work done by DAS covered the first steps of the algorithm, 
including reading of the data and basic image binarization. LUM continued with the algorithm, handling 
important tasks such as spots identification and image restoring.  
The process image processing of the current algorithm is explained below step by step: 
1) Read input data according to the binary format. The algorithm extracts all necessary information 

from the header and can reconstruct the image from data. 
2) Background identificationΦ ¢ƘŜ ΨƴƻƛǎŜ ƭŜǾŜƭΩ ƛǎ ŎŀƭŎǳƭŀǘŜŘΦ Lǘ ƛǎ ǘƘŜ Ƴƻǎǘ ǳǎǳŀƭ ǾŀƭǳŜ ŦƻǊ ōŀŎƪƎǊƻǳƴŘ 

identification. 
3) Grid identification. As with the background, the algorithm can find the region of the base grid, 

where the spots are dropped. With that information, the algorithm can discharge the data that is 
out of the grid in order to optimize the process. However, it is possible that the grid and ǘƘŜ ΨǇǳǊŜ 
ōŀŎƪƎǊƻǳƴŘΩ ŎƻǳƭŘ ōŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ƳŀǘŜǊƛŀƭΦ Lƴ ǘƘŀǘ ŎŀǎŜΣ ǘƘŜ ƴƻƛǎŜ ƭŜǾŜƭ ƛƴ ōƻǘƘ 
regions could be similar. In such situation, the algorithm will work with the whole background.  

4) Image binarization. As a further step, the image is transformed into a logical matrix of points (Figure 
15). 0 points are normal values of background or grid and 1 point are regions to analyze in next 
steps. !ƭƎƻǊƛǘƘƳ ƛƳǇƭŜƳŜƴǘǎ ŀ άaŀȄƛƳǳƳ 9ƴǘǊƻǇȅέ, thresholding method based on the entropy of 
the image histogram5. 

                                                           
5 J. N. Kapur, P. K. Sahoo, and A. C. K. Wong (1985). "A new method for gray-level picture thresholding using the 
entropy of the histogram", Graphical Models and Image Processing, 29(3): 273-285 






































































































































































































































