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0. List of a&ronyms

ACRONYM  MEANING

ADC Analogto-DigitalConverter
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ALPC automaticlaser power control
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AuNP Gold nanopatrticles

BD Bluray Disc
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CAD Computer-aided design
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DICOM Digital imaging andommunication medicine
DMP Data Management Plan

DoA Description of Ations

DVD Digital Versatile Disc

e-Beam Electron beam

ECMA European Computer Manufacturers Association
ELISA Enzymedinked immunosorbent assay
EM Exploitation manager

cOs wL IgEhigh-affinity receptor

FGIP Foreground intellectual property
FTO Freedom to Operate

GUI Graphical Usemnterface

HMI Human machine interaction

HW Hardware

IgE Immunoglobulin E

INNODECs INNOvacion DE COBIOPHAD

IP Intellectual Property

IPM Imageprocessing module

IRF INNODEC Recording Form

IT Information Technology

IVD In vitro diagnostis
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KET Key enabling technology

LDD Laser diode drive

NA Numerical Aperture
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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 objectivesisdefined as global objectives of the project. All of them should

be achieved at the end of the project andnost of the casesthere are nointermediate evaluable
goals. Neverthelesshe degree of fulfilment or the status of the developmerggivenin Tablel, as

an intermediate evaluation.

Tablel. Status objectives first period

Obijective Lead - STATUS
beneficiary
High sensitivity (80%) and detectiory UPVLC The analyticakensitivityexpressed as the detection limi
limits below 0.11U/mL, equivalent to| FOOKE i5s0.4 IU/mL, usingArtificial Human Serum (ARTHURje
0.24 ng/ml HULAFE | sensitivity of the assayanalyzingreal serum samples i
not yet evaluated.
High specificityo G  NASG x | UPVLC | The assaydeveloped against antibiotics of different |
HULAFE, | lactam familiesis specific (>98%) for discriminating
FOOKE betweenARTHUS
Capable ofmulti-drug diagnosis(10 | SINTEF Firstversion of discs being manufactured support ugbt
allergens per sample and 10 sampl| STRATEC| samples per disand9 allergenger sampleare analyzed
per disc) On eachdetectionchamber about 300500 spots of 100
pm diameter are printed. Nine protein conjugate
determinans have been already developed.
Fast (total analysis time less than 3 UPVLC The analysis is made at this momesaimiautomatically
min.) with a single test of ca60 min. According to the
preliminarydata obtained from thesurrentassay format,
discandreader, the total assay timas expectedo beca.
30 min.
Minimally-invasive compared to| HULAFE | The test will be done in a minimally invasive way. Blog
invasive and risky skin or provocati¢ CHRUM | extracted from thepatient, according to the establishe
tests procedure, by finger prick The obtained srum will
analyzeautomatically
Low-cost device with a manufacturing FOOKE | Current cost ofhe drive, disc and reagents are:
LINA OS 2 F odetector. @ & 3 OPTOEL | Reader360¢ single unit
RAaO | YR ndo € kat{ STRATEC| Discpriceisunder estimation because it depdaon the
least tentimes lower than the current designto lead to a proper industrialization, achieving Ig
IVD tests unit cost.Reagent/allergercostis alsounder evaluation
because final assay format is not yet stablished
Scalable covering a broad range d SINTEF | Thescalability is assurdagecause lhe processingnethods
scenarios i.e. from 12 samples pel STRATEC| for different reagents are compatibi¢he stability of the

disc for Emergency and Critical ca
units to 10 samples per dig
recommended in Allergy Department
Samples can be tested to either of
drug or to the complete BLC fami

within a single run

printed reagents allow reasonable storage periods, ar|
the printing of different reagents for different discs
industrially customizable.
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Obijective

Flexible to incorporate new targef]
drugs in a short time after the projeq
completion

Lead
beneficiary

UPVLC

STATUS

The current designallows the incorporation or
substitutionof new target drugsThediscdevice is flexible
enough to be usé to diagnose otherallerges such as
those caused bgnvironmental or foodhllergens

Operational autonomy: The device
should autonorously operate in
clinical or mobilelab environments.
Centralizeddatabass, in its turnallow
for an optimized decisiomaking
process in drugdiagnostics, researc
and development settings

B3D

It is expected that the system will be able to operate i
fully automatic and straightforwardway, so that the
result could be locally showprinted or stored.

User friendly Portable, simple to
operate by locally trained healthcan
staff

B3D

The current reade is a portableand simplesystemthat
needs an external computing and electrical pow
connectionunit to operate Discs will contain all reagen
needed for analysis of samples.

Externalcommunicationand theend-

dza S MIedace: standardization of

DICOM and protocol development fq
cloud computing (HL7¥onnectivityto

internet or telephone network t@llow

for telemedicine

B3D

External communication of the deviée assured. Itill
allow both the operation of the system and the receptiq
of results from a remote point.

Important reduction of the costs of
diagnosisprocedure

HULAFE
CHRUM

After the end of the first period of the projedhere is no
expected change concerning the initial estimation in ¢
reduction of diagnosis procedurdf, by the end of the
project, the costs of components are kepb their

expected valuesthe reduction of costs in the diagnos
procedure willreachthe initiallydeclared figures.

Development of an integrate(
biophotonic device based on compa|
disc technologyor In vitrodiagnosis of]
drug allergy to antibiotics by
determining human specific IgEs fi
K & LJS N& Sy aldciark ahfibibtics
(BLCs)

UPVLC
B3DQ
CHRUM
HULAFE
OPTOEL
SINTEF
STRATEC
DAS

Based on the analysisthfe current status of the differen
technologies involvedo develop the systemthe initial
efforts to integrate thempoint out that thisobjective will
be achieved.

Improving the life quality of millions g

HULAFE

Better and quickermminimally invasive diagnostic toal

to BLC

European citizens suffering from real| CHRUM | developed with our methodology and testwill clearly

suspected drug allergies to BLC improve thequality of life of people suffering from real ¢
suspected drug allergies to BL.Cn addition allergy
diagnosiscould be carried out in Primary Healthca
Centersin a shorer time, improving the effectiveness a
the tests.

Helping the healthcare systes and| HULAFE | Quicker and cheaper diagnostic procedures will cle

reduce costs of drug allergy diagno§ CHRUM | help the healthcaresystem redudngthe coss associated

with diagnosis of BLC allergy. At the end of the prgj
this objective will be evaluated. At this momeiiththe

results and the ongoing developments lead to a
optimistic position conceting this objective
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Lead

Obijective - STATUS
beneficiary
Creating new products to b( All In the sectionconcerning exploitation of resultsan
manufactured and marketed by th identification of possible new producfsr the market is
European enterprises anticipated.Thiswill be reviewed during the"8 iteration

of Network Pagnt Analysi§NPA¢ D6.10 M18M33) and

summarizedboth in D6.10 and irthe final draft of the

PEDR (Deliverable 6.1M136) delivered at the end of thg
project, according to theresults obtained the Business
Plan (D6.13 M36as well aghe exploitationplans of the
partners.

Deliverables

Thedeliverabledor the first period (Table2) havebeen properly submittedexceptdeliverable D1.1
First reader prototype finisheahich has been delayetb M20 due to the modifications of the discs
specificationgsee section 1.2)

Deliverable D3.4gE stanlards for the BLC determinattas been postponeds,today, there are no
representative samples for the 10 BL®&®&reover, he isolation and purification of théotal IgEs
contained in blood of the allergic patients (positive casgs)ded low concentrations of IgEs

Table2. Deliverables 1 Period

Deliverablen® Deliverable name WP Due date Comments

Submission delayeid M20

D11 First reader prototype finished | WP1 M12 07-08-2017
PO informed
Prototype disc specifications anc Submitted on time
D2.1 microfluidic design concept wp2 M3 31-03-2016

Submitted on time

D2.2 Prototypes of the detection zonel WP2 M9 30:09-2016

Prototypes of thecombined pre

D2.3 concentration and detection WP2 M15 Submitted on time

31-03-2017
system
Ethics approvals for the researct Submission delayed
D3.1 with humans WPs3 M1 28-04-2016
Ethics approvals for the researct Submission delayed
D3.2 with human cells/tissues WP3 M1 28-04-2016

Confirmation by the competent
Institutional Data Protection
D3.3 Officer or authorization or WP3 M1
notification by the Data
Protection Authority

IgE standards for the BLC

Submission delayed
01-03-2016

Submission delayed

D3.4 determinants WP3 M8 PO informed on M9
D3.5 S:\r/r;;lz)(l)z;igsrtified for method WP3 M12 S;tir;i;t(;af(son time

D41 iscaandreagents. | WP | s | B et M2
D6.1 Project presentation WP6 M1 g;g?fg'l%n delayed

H202C6ICT2015-28a688448



Deliverablen® Deliverable name WP Due date Comments

D6.2 Data management plan (DMP) | WP6 M6 ffg?gg;_%n delayed
D6.3 tl:}i;stp%cj)en;;nunication kit about WP6 M2 Sf_gr;i;'[c)efeson time
D6.5 Report on the 1st iteration NPA | WP6 M6 gf_t())l;lgtgfgon time
D6.6 First draft PEDR WP6 | M9 g‘;gr;gtgf;” time
D6.7 Revised PEDR WP6 | M18 i&gggtgld?o” time
D6.8 tshic[())rl:)cjieccitommunlcat|on kit abou WP6 M18 g(l;t())rggtgf?on time
or | el o ersoe et [wpr | wa | Sibritedonime
D7.2 Quality Plan WP7 M3 i‘_gr;gtgf‘son time
D7.3 Risk Management Plan WP7 M3 gf_ggg?f;n time
D7.4 Brief Interim Status Report WP7 M9 gggg:g?feon time
D7.5 t';f%if;;?g dCOSt Reporting forl 7 M18 gg Z@;ﬁefncé? gpr:]eeﬁing thisirst
reporting period
Milestones

Table3 shows the status of the milestones for the first reporting peridlilestones M1 and M5 have
been achieved. M2, M3 and M#ave beerpartially fulfilled. The partiakaccomplishment of certain
milestones is related to the delayn some tasks ofunforeseen)problemsthat arose during the

development However considering the current progress of the wotke delaysdo notcompromise

the achievement othe projectobjectives

Table3. Milestones * Period

Milestone rP Milestone name WP (;E)autg Comments
Accomplishedin M18. The first prototype wag
finished at the enadf M18. The ODDs robustand
M1 18 Functional modified 192 12 portable, andcontrolsthe lasersthe pickup head
ODD ' the spinning of the centrifugal microfluidic dis
and the detectors. The cost of a single prototyy
isestimatedino ¢ n € ®
Partially accomplished. According to ti
Decision on the pre experimentalresults pre-concentration oftarget
concentration and IgEs is required Utilization of nano or
M2 . 2,4 18 . c .
sample preparation microparticlesis the selected strategio achieve
method target sensitivity of 0.1U/mL. Serum will be use(
as sample without additional preparation.
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Milestone r° Milestone name WP ([j);tg Comments

Decision on the

Partially accomplished. The assaperformed
under the detection principle of transmissipl
using the first diss prototype are coming

manufacturing

M3 detection method 124 18 Previous assays in batalvorking in transmissior|
are promising achieving goodselectivity and
sensitivity

- Partially accomplished. In the absence of spec
Decision on IgEs for thepanel of target analytesseveral
M4 determinants and 3,4 18 9 . P g y )
other reagents determinants and reagentsvere selected uig
specific ARTHUSS standards
. . Accomplishedn M19.
Selection of materials Materialsand manufacturingmethods havebeen
M5 and methods of disc 2 18 g

selected; the behavior & COP material fol
anchoringphysisorbed probekas been validated

H202C6ICT2015-28a688448
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1.2. Explanation of the work carrie@dut per WP

1.2.1Work Package IHardware and software development

A Work Package Leader: OPTOEL
A Partners involve instPeriod:UPVLCB3D, DAS,UM

The main objectives of WP1 related with Period 1 were:

1. Development of the hardware (HW) and electronics for achieving the target specifications
YR NBIdZANBSYSyida 2F GKS /h.Lhtl!5 RS@GAOSY
straightforward in operation and autonomous.

2. Creation of software (SW) antdd user interface for:

A Controlling the HW, acquiring and processing the signal and images to automate the
assay.

A Generating DICOM outcome from the device and the clinical analysis software to
help physicians to diagnose drug hypersensitivity/allergy tesBin@biotics.

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 UPVLRIR&Y1
This report and the deliverable 1.1st@ibe 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 hardwarRelated to the hardware, it is composed by a supjcoinpact

disg and a disc scanner (driver or reader).

An Optical Disc DrivéODD oroptical reade) is an optical device developéd store information
(audio, video, textps digital data on a media disc (compact disc) and play the recorded datee
arethree optical medialiscs CD (compact disc), DVD (digital versatile disc), and Bia§Btlisc).

One of the mosimportant componensof anODD is the optical pickup unit (OPBiglrel). The laser
diode emits a radiation nepolarized and nostollimated 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 |dasusingthe lightin avertical/horizontal
direction to the reflective layer of the disc. The reflected light comes back through the lens. The
polarizing beam splitter routes the light the quadrant photodiodeThe principles and features of

this deviceare described in several ECMA standatds.

1 EuropeanComputer Manufacturers Association: http://www.ecrhrgernational.org/
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= Oojectiieiers
| | Z-mniis mpoing|

154 wares pilaie

Dptical Pick-up Unit i o
Figurel. OPU from astandardDVD reader: (A) Scheme, (B) ImageaoafOPULPGE819R modél.

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 theffkinketing
were that the COBDPHAD solutions will be basedwritable DVDBR technologyl (= 650 nm, NA=0.8)
The defined features of the new reader includeeé following operationsopen/close tray, rotate the
disc, modify the disc speed, change the disc direction, turn on/adf laght of diodes, vary laser power
and incorporate a higiperformance data acquisition system.

Later partner meetings and teleconferersceperformed during the following project months,
concluded important modifications on reader specifications derivedhfthe disc fabricatiorfwork
package 2)Partnes defined that the assay platform (dise)ll be manufactured using cyclolefin
polymer (COP). From SONY/STRATEC experienceatiumsenere related to the better material
features (e.g. optical characietics) and fabrication techniques compatible to the expected
microfluidic assay (see activities of WRPRWwide range of nano anmuicrostructurescan be integrated
complying with high quality standard€urrently, COP is one of the most used materialsttier
fabrication of biosensing chipksalon-a-chipor cartridgesin clinical applications.

This approactinfluencesthe disc reading principle and functionalities of the readeegarding the
disc

1 Loss of trackAn entire metallic layer with groove sitture 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 scaed by the laser.

9 Variation of disc physical propertiesThe disc was designed to incorporate the microfluidic
structures to run the tests. This involvedcreasing the disc thickness and therefotiee
weightwhat implied the modification othe clamp system used in stdard CD/DV@rivers

1 Absence of coding zon&he use of conventional DMRdriveswould require the discs to have
the coding zone in the centraing, whichis used for e.g. power calibration, recording
management and copy control purposétowever its implementation was considered risky
because: (a) on each djgbere is a mandatory prevrite step where a special equipment is

2 StandardECMA279: 80 mm (1,23 Gbytes per side) and 120 mm (3,95 Gbytes per siddjdadgiable Disk (DVR)
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used to write copy control information. The use of this copy control informatioanig
available for licensees of the recordaldV3 (Sony DADC does not produce sustordable
DVDs) (b) this prewrite step only works if there is the correct groove structure and the
recordabledye covered by a reflective layer. Even if one could provide such recordable DVD
w GKIfF ReequétbbndifigpBcess awould damage the layer structure/dye, most
likely.

Regarding the reader (detector), the analysis of the DVD technology market also pointed towards the
search of averyinnovative device based on own technologie market ofecordable storage media
including DVER is decreasing and so is the market for recorders. In addttienmanufacturers of
recorders tend to replace their models frequently (and without notice) which makes it difficult to
guarantee duture supply.
Other argument was to get a higher control thfe reading system. This strategy was considered as
recommendable for assuring the compliance of requirements to ensure future commercial
exploitation following current directive DVDrecorders are consumer goodsnd they are not
manufactured to thestandards thatare 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 platformdor diagnostic test use
properlydevelopeddevicedor their commercialization
Finally the consortium agreedn the COBIOPHAD reader ahe 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 recordabiscyl for a discontinuous correction
based on certain reflective regions located in determiaedesof the disc.
Although the main componentsf the readerare the same (e.g. OPU), thpecified modifications
disabled important features ofi standardoptical recorder Consequently, alternative technological
solutionswere envisaged. The planned activities were:

1 Integration of positioning sensors for accurately determiningléserlocation on the disc

1 Development of an algorithm for the correction of lagecus

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

1 Measurement of the working ranges for the new reader.

These modifications involved thikesign of new electronics feine optical reader (hardware), with new
firmware andnew software Innovative solutions proposed by OPTOEL were discussed with partners
in different meetings/teleconferences. Thesearchand developmeniactivities were to adapt the
mechanical part of a standard optical disc reader, add new electronics with dedicated firmware and
new softwarein PC. For that, some stands were developed for measuring optical parameters and/or
for testing solutions.
AsFigure2 shows, two working lines wer@pened
1 Development of a partially modified ODD, leaded by UPVLC. The objective was the design,
fabrication and evalation of the reading system when the assay is performed on standard
optical diss (DVDs)
1 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 (@ptisal and
microfluidic).

3 Directive 98/79/EC In Vitr®iagnostic Medical Devices
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CDtechnology Disc design Disc fabrication
‘g, (ECMA standards) restrictions restrictions
0
a

Standard ODD ODD prototype
I= Standard discs (track COBIOPHAD Microfluidic .'
o based scanning) discs
5 e 4
o
: v
[ Partially
- modified ODD ¥
Standard discs (no traek
based scanning)

Figure2. Road map of activities involved in the ODD hardware development.

Development of a prtially modified ODD

During this project period, UPVLC has set up a partially modified ODD in order to support the
development of COBIOPHADDD prototype and to anticipate the impact of the optical reading
principle onthe assay performances. Severaharacteristicswere evaluated for developing an
innovative device capable to redte COBIOPHAD discs, based on standard reader/recorder DVD drive
technology The first activities werthe 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 photoseasarpart of

the detecting system.

Optical simulation studie§ he analysis of reading principle in the new detector conclutiatithe

loss of focus would have an important impact on the resulting signals. In order to study the expected
optical signalsome 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 materiakupportsincludedin the study werepolycarbonate (PC), cyclidefin copolymer (COC),

and cycleolefin polymer (COP)The aim of these preliminary simulationgas the definition of
restrictions for the system (positioning, stability). Témftware used for performing the simulation
tests wadOptics Software for Layb and Optimization (Oslo) that is a commergialvailable program

The studied conditions were:

Experiment AModel of the optical system included in the head of the pigk It works as an objective,
focusing the incident beam withreominal apertureof 0.6 for a wavelength of 650 nm.

Experiment BThe optical system included in the head of the pipk working as an objective, with a
doubledisc of 0.6 mm and 0.2 mm thickness wéth air chamber between the discs, simulating the
assay detection chamber

Experiment CThe optical system included in the head of the pigk working as an objective, with a
double disoof 0.6 mm and 0.2 mm thickneséth an air chamber between the discs, simulating the
assay detection chamber. The double disc was tilteddisylaced in the direction of light propagation
(producing defocus), to analyze the effect in the spot size.
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The main results, summarizedkigure3, were:

1 Experiments ARA2
The effect of material in the focus shift (single sheet) was determined measuring the size of the spot
at the secondface of the sheet (virtual position of the spots to be measured). The expected size of the
spots to be read was 108m. Despite the big increase obtained in the size of fdousCOC an
important influence in the final readas not expectedasthe readng is based oman integration of
multiple points. Nevertheless, the distance for positioning the sample should be correcisatding
to the refraction index of the material

1 Experiments AR4-AS
The effect of materials (two joined sheetgas evaluateaneasuringhe size of the spot at theecond
face of thesecondsheet (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 differencesolaieed forthe
studied materials.

1 Experiments BB2C1
The study of material effect (sheet+air chamber+sheet) showed that the spot size at the last surface
of the disc wasimilar for themateriak used. No significant differences were expected due to the use
of any of the skected materials.

1 Experiments CZ4
The simulations indicated that the shift of the layered structure (sheet+air chamber+stidatpt
changesignificantlythe spot size (2nd face of the 2nd sheet). In all cases, the structure made up with
COP providedraincrement about 3% related to the value in the last surface ofpiblgcarbonate
structure. This increase was not considered significant, although the position and holders should be
optimized.

1 Experiment CX4
The shift and tilt of the layered structufsheet+air chamber+sheet) producedlahtmodification of
spot size. Tilt was introduced as a displacement at the extreme radius of the disc (120 mm diameter).
In this case, ailt of 0.1 produced an increase of 34Thiseffect should beconsidered irthe design
process, trying to avoid the tilting of the disc during the reading process.

The main coclusionsof this simulation study were:

I Materials the use of COC or COP instead of PC does not affect sighifittathe optical
performances.

9 Tilt: to minimize the tilt of the dists neededn order to avoid undesired increasim 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. Alsioe reading speed could be lowered
to reduce this curvature.

9 Shift defocusng during the reading process will happen due to differesdsonsthis should
be considered and minimized in order to keep the size of the spot within certain limits. It is
suggested talefine an interval of £.1 for the reading distance.
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Assay Scheme Assayed conditioriResults
Al PC cocC
A2 1.6nm 6.0mm
100% 375%
reference
A3 0.854 mm PC+PC PC+COC Ccoc+CcocC
Ad 123mm 126mm 129mm
A5
100% 102% 105%
reference
Bl 0-675{' m PCAIR-PC COCAIR-COC COPAIR-COP
B2 112m 115mm 115m
C1
100% 103% 103%
reference
C2 (2675 mm Shift PC+AIR+PC | COP+AIR+COP|
c4 +20mm 119mn 122m
+10mm 115mm 119mm
Omm 112mm 115mm
-10mm 108 mm 112mm
-20mm 105mm 108mm
C3 (0-675mm COP+AIR+COP Size of spot
C4 TILT (+@m, 60mm) 115mm
TILT (+16m, 60mm) 115mm
TILT (+10€ém, 60 mm) 150mm

Figure3. Results of optical simulations using different materials and optical schemes.

Control ofpickup The initial experiments were performed using an optical pickup unit (OPLB19)
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, (D3B2527,
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Measurement Computing, Norton, MA, USA) to OPU. An interface based on virtual instrumentation
platform (LabVIEW) controlled the system.

The first challengevasto be able toselectbetweenthe emitting lasers, becausestandardOPUs are
manufactured with two laser diodes (63880 nm). Fothat, anautomatic laser power control (ALPC)
was alsoimplemented. The controlled signal is driving to the laser through the laser diode driver
(model AK8927, AKM Semiconductor Inc., Japan) integrated @RHeThus the laser power of OPU
canbe 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 exdFimaa4).
Controlling the current intensity over the coitbe vertical/horizontal displacement was adjusted. The
controlled signal is driving to the voice coils through the actuator driver (model R2A30254, Renesas
Electronics Corporation, Japafonsidering the state of rest (where no currewas applied to the

coils), the lens can achieve a vertical displacementlobanm and horizontal displacement ofamm.

In case of tilt parameter, the selected value was fixed to rest position.

The temporal evolution of the laser power output with ALPC and withowa# cheked measuring

the variation of thelaserpower with an own custom detector based on the photodidsleCB51N2
(Silonex)A constant power through the time wasaerded(Figure4) when ALPC was on
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Figure4. 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 4 C contro(red) and without it (blue).

Control of motor The initial experiments in UPVLC facilities were performed tisrgiandardspindle
motor incorporaied incompact disc drives (model MSBY¥D40A1, LG INNOTEK CO., South Korea)
Although somecircuits of the DVD reader main boardere used, anew PCB waslesigned,
manufactured and assembled for interconnect the DAG®motor. Then, the control signals could

be transferred to/from the computer. In addition, a sensor was incorporated in trserably
(photosensor QRE1113GR, Fairchild Semiconducto), U8i8 sensor measured the rotation speed of

a disc that included a null reflective footprint (1 cm widtim) the outer ring of the disc.

A software system implemented an algorithm of feedbacktadrand proportional function to set a
constant angular velocity of thadisc(clockwise rotatio. 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 refeence value (angular rate of tliisg was calculateddnalog signals were sent to the device

in order to apply the correspondent external signal from customized PCB. The output actuator
(R2A30254SP, Renesas Technan)apocalized in the original main B@fthe DVDdrive provided

PWM signal for spindle motor. Then, the rotation rate was corrected in a real time mode.

Implementation othe planar photosensof~or capturing laser intensity transmitted through the disc,

a photodiode was incorporated in thgevice. The selected photodetector wagplanar photodiode
(model SLCIB1N2, Silonex, Canadaith a sensitive area &.1 mm long, and 5.1 mm widthpectral
sensitivity of 0.55 A/W at 940 nm, spectral range between 400 and 1100nm and acceptaramgtealf

of 60°. For the measurement of the current generated by the photodiode, a transimpedance amplifier
was implemented.
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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, eharacteristic &urve is detected using the quadrant photodiode when
sweeping the astigmatic diagonal objective lens vertically from down to up. The peaks kCthreeS
indicated the focus constraints, because the minimum value is measured whpattivelensis 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, theharacteristicSCurveof CDtechnologycannot be monitored and the
focus cannot be corrected. Our innovative approach was based on the incorpoohtioprereading

stage that can estimate the focus error and maximize the output signal. In the prototype discs, a
section was consided 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 odie 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 theartially modified ODDTheprototype developed by UPVLiGgorporatingseveral
elements of DVD reader (main PCB, spindle motor, OPU) and integrated elements (custom PCB, DAQ,
rotation sensor, photodetector)is presented inFigure5. 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 definedo control the objestive lens to a correct focus of the light to
maximize the transmitted signal through the disa control the rotational speed of the disc at the
correct RPMto run anassay, and finallyo capture the signalresulting from the biointeraction

between the radiation light and the sampldxy the planar photodiode detector

Figure5. Imageof the UPVLC prototype. 1: custom PCB, 2: DAQ, 3: Power supph3Q0A1, Asian Power
Devices Inc., Taoyuan, Taiwan), 4: Optical disc driver, 5: Original main PE€B\AD device, 6: Actuator
driver, 7: Flat flexible cable, 8: Optical pielp unit, 9: Spindle motor, 10: Planar photodiode, 11: Rotation

sensor.

Development ofhe testing software An eBeam Lab/IEWplatform was used to develop a control
interface to operate the prototypé-igure6). The resuls of the biochemical assayeresaved in a CSV
format for further data analysis.
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Figure6. 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 Acquisition screen.

Evaluation assaydhe next experiments were addressgy stablish theperformances of theODD
prototype. To guarantee the measurement reproducibility, standard discs were manufactured,
containing physical marks. Using a milleggiipment (Bungard CCBungardElektronik GmbH&Co.,
Karo 5410,Germany), reference discs were fabricated from commercial DVDs. They had eight
transparent wells per radius (1.5 mdiameter, 100% transmittance) and opaque sections (0%
transmittance). Prototpe reader measured these disflSigure 7). The prototype discs contained
analytical zones with different optical properties, simulating the spot pres€eT he cyclic reading was
configurated toperforme at intervals of equal time during the assay.

21

Figure7. (Left) UPVLC prototyp includ‘ig the disc with 1.5 rualls. (Right) Screenshot of acquisitilon
graph after several ten reading cycles: intensity of the transmitted signal throtiggawells vs. position.

The stagesf the reading processere:

9 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 mWocusng the laser beam to thealiscsurface. Tis phase begins one
minute before the cycle time.

9 Capturing analytical signal continuous data acquisition was activated during a fixed time
interval (e.g. 2 min). The datsequence wasplit into peaks that correlate to the circumference
described by tk disc in a full turn, synchronized at the same initial point through a footplatedat
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the outer edge of thelisc According to the results, ten peaks per cycle were averaged to improve the
SN (Signal to Noise). Simultaneously, an automatic adjustofi¢iné laser power was carried out. This
adjustment was especially important feeepingconstantthe laser power during acquisition.

9 Signal processin@:he data was recorded in a CSV (charas¢garate values) file. After, the
optical drive was disablefr waiting the initiation of a new cycle. At the end of the assagSV file
containing a set of peaksas obtained. The data wasranged in columns, where the first column
corresponds to the first cycle, and so on, as many columns as cycles havedistered.

According to the results, the rotation rate wast totally controlled. Thencertain irreproducibility of
the peak position was included in the measurements duthmg cyclic reading. Nevertheless, after
incorporating a correction/normalizatioprocess the signal from different assay sections was
correctly read. Maximunsignal of peaks (high relative intensity, excellent reproducibility) was
satisfactory based on a8y requirements.

Summary The development and testing tfe partially modified @D provided valuable information
for two main technical needs.

1 Gontrol of the readerto scanthe 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 resuksipported the development ahe first ODD prototype
(WP1).

1 Preevaluation 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 integated assay (WP4).

Development of the firstODD prototype
Anew optoelectronic systemvas developedy OPTOEIThe objective was the design and fabrication
of a reader prototype capable to operatiee COBIOPHAD optical/microfluidic discs.

Design restridons. Several design criteria were defined. First, the new optical reader must fulfill with
the project objectives Second, the disc requirements (described in deliverable* 2vEye also
considered. Briefly, the main parameters are: inner diameter 15 mm, outer diameter 120 mm, COP
substrate (instead of polycarbonate), no trackartial reflective layer (instead of full reflective layer),
mass 30 gifstead of 13 20 g) thickress 2 mmifistead of 1.2 mnthe refractionindex of transparent
COPsubstrate is similato that of polycarbonate(according with ECMA 267 is 1.59)hese
modifications over the initial proposal introduced important technical challengesaamkling delays

and, probably, an extra cost of the reader.

Selection of reader component®PTOEL analyzed the hardware of CD/D&&sler/writer from
different manufacturers (LG, SONY, SAMSUNG, PHILIPS, LITEONetcEA&Iso, different
commercial technologies werstudied (Lightscribelabel flash DiscT@R Figure 8 shows the
components of a standard disc drive.

4 Deliverable2.1. Confidential document of COBIOPHAD project
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LoT]
Figure8. 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) linegriding, (9) open/close tray PCB, (10) optical reader PCB.

The reading principle used in Light Scribe technolegg especially interesting for supporting the
development of COBIOPHAD prototype. This technology istaseaduce laseetched labels with

text or graphicon gecially coatedliscs Labels are generated in concentric circles, moving outward
from the center of the disc. The center of optical media, LightScribe enabled pinégue code, called
control feature zone, which allows the drive to kntdve precise rotational position of the disc. On the
other hand, on the optical drive there is a dedicated circuit with sensor integrated (AEDRB360).
encoder has a resolution of 80 lines per inch, providing highly accurate position sensing talietect
position of a rotating disc. The encoder consists of an LED light source, a special photodetector IC with
integrated electronics and integrated optics. AEEERO reduces the overall area required on a printed
circuit board by 30 percent, which in tumeduces 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 spinningigit speed using these references.
Therefore, in contrast to the most of &iased technologies, the laser position is not determined using
the reflection measurements (light emitted by OPU) in the disc track.

This approach is not directly transferableaiar new disc reader. The first reason is the cost of licensing
technologyaround 256300.000 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.réasaoh is the

lack of support for this technologproperty of HewlettPackardhat decided in 2013 to abandon the
marketing of this technology and hardware, as well

Label flashs a technology just for DVD drives developed as alternative to Light Scubes a 655 nm
laser diode available from OPU to direct write on a dedicated organic dye layer placedrsi @lé€ep

into the media.Label flasthas a rotation control, higepeed signal processing system of image data
and focus control. This approach was also not possible to be transfdregtgthe mainreasons: (1)
absence of availability on the market, (2) optical media produced with sgectahology with a cost
about 3 times highethe standardsand (3) need of an optical reader with integrated technology.
Yamaha DiscT@?2 technology is used on dedicated daveacking, control disc rotation and control
laser intensity and positioninigVriting is possible from same side as data writing on a special ink layer.
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The system converts the gregale 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 buasethatterns to disc.
OPTOEHiscardedthis 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 optidarives.

The next activities wertvcused on the individual evaluationthbie standardoptical drive components.

The objective was to select which assembliesld be incorporated in the first reader prototype,
considering the firmware to be designed aimtegrated in hardware. Their combination was studied

in such a way to perform needed functions.

For the project prototypingDPTOE&eleced somecomponents from a DVBrive Philips 611% The
following parts/assemblies werassembledmechanicabtructure, OPU, OPU mechanism, OPU linear
translation, spindle motor, open/close tray assemblynew hardware and firmwar® control the
OPUwas developed. OPU linear translation positioning was controlled with a loop composed by a
sensor with dedicatedeading 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 accéipe new microfluidic disc.

Stud/ of speed stabilityThe next sebf experiments evaluated the rotation speed, stability, and limit.
Those testprovided information abouthe features of motors used standarddrives for their use in
centrifugal based analyzer. Some dedicated routines were developed to command the optical reader
underreadingconditions and Light Scribe enabled. The following investigations were done: maximum
rotational speed, changef rotation, change of speed test&igure9 showsspindle motor sensor
signals from two DVD drives.

Figure9. Speed stability measurements performed by a DVD reader: (Up) tracking mode witbptital
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:

1 Hrmware and hardwarevere carelated.

1 The additimn of other hardwareto the optical reader ws possibleand commandng the
functions: open/close tray, speed, rotation, laser power, etc.
1 FRull control ofthe rotation speedwas achievednjaximum speedeactesaround 9500 rpm
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1 Reflective layer, disc behavior, VCM strakere corelated. Without reflective layer, the light

emitted by OPU lasexas not reflected backThen the focusingwas not possible even VCM
moved optics inside of his stroke trying to correct the problem.

Approaches for laser focusingOne of most important scientifitdchnical 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 severaletile regios in the disc arealhere were several
spatial limitations related to the fluidic/detection regions where the assay would be performed. Two
main approaches werevaluated(FigurelO).

)l

Reference circle$woreflective ring, nner and outerwould beraisedon thediscsurface At
outside of the disc there is also a series of transparent or Hiaels The reader would
incorporate a high resolution and precision optical detector (AEDR 8300). OPU will be moved
over the reflective area to definghe focus. A specific firmware would be developed for
correlating the detector output and OPU position. Ald®, reflective rings would support the
laser focusing.

Reference regionsThe disc wouldilsoincorporate a layer with several specific reflective
regions: an internal ringtapezoid shape regionsxternal markers and a zero position marker.
Then, OPU wuld start to find the focusing ring, rotate and defitiee 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 detectionbEram
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, therbfjbtted

back and a control signal is launched with an output signal level of 1. In a transparent region, this
reflection is not producedthen the output signal level of 0. If the laser beam is fixed on the same
radius and the disc is rotated, the readaill get output signals in 0 or 1 level in function of disc
structure. On the other hand, angular spe&d {s related to the angle variatiobj() per time variation

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

afactive area Reflective area

& mm

Spot area

Figure10. Scheme ofhe proposed approaches for reflective regions on COBIOPHAD disc: (Left) Approach 1:

reference ringsand (Right) Approach 2: reference regions.
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After discussioetweenpartners abouthe viability of the approach{see more details presented in
WP2 dedicated to disc desigtihe final solution was proposed. TI&OBIOPHADBIsc must contain
partial reflectve zonesbetween two discs Additionally, here areone reflective ring for focusing
purposes, some trapezoidal shapes for edge déacand a zero position markdor both detection
of the position and calculatioof the error correction.

Developmentof 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 showrFigurell. The optical reader is compatible with the
use an optical media with a specific reflective layer that replaces the tracking.
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Figurell. Draft scheme of ODD main hardware.

In the
Figurel2, the main parts of the optical readerre presentedopen/close tray, motor for open/close
tray, mechanical structure, spindle motor, OPU and their mechanism, disc clamp. The system also
integrates the photdiode detector (Hamamatsu S3588).

Figurel2. 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 struciire.added components

and the new electronics provide additional performances as a flexitntrol, data acquisition,
computer interface, etcand own technology
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Table4 showsthe features of first prototype ODD.

Table4. Features of first prototype ODD.

Criteria

Functionalities

Feature

Open/close tray

Disc rotation with programmable speed

Disc rotation on clockwise / anticlockwise directio
Detection using laser diode

Laser diode power control

OPU wavelength

650 nm

Photo-Detector

Spectral response range 340 to 1100 nm
Area 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 softwafegmware (OPTOEL) (M8124)

OPTOEL deloped the needed firmware and software for conttbé functions of the reader. Some
functionsof the standardreaderswere kept as open/close of the tray. Riie rest ofthe functions,
dedicated routinesand algorithms were developed Firmware and control software were developed
by OPTOEL in order to fulfill the project tasks to exethéeneededfunctions and commands in
correlation with tasks performed by DAS/LUM and B3D.
The deliverable "First reader prototype" (deliverable D.1.1) inclulti#ailed informationabout the
firmware and control software in thérst prototype featuresIn Figurel3, the maingraphical user

interface(GU) interface is shown.
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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 OPT\MEL)
M24)

Processing aftware requirements

The activities in this task started in M3 instead of M6, due to the early definition of the image
processing objectivedasically the activities were focused on facittge error correction of theadisc

reader plaform andthe evaluation of thaéntensity of spots.

Discussion and meetings among the partners involved in this task were held to agree in the basic
principles and to avoigroblemsrelated to thesoftware acquisitionprocess imageprocessingand
DICOM) The main agreements reached by the partners are being implemented along the task:

- The binaryformat of the readout images coming from the reader device ageeed. The
image will be generatedand thenrecorded 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 (defirees the percentage of the
intensity over the background value to be considered a signal) and $teetefore 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 riotinteract with the algorithm.

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

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

0 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 developmenttleé SW modules, simulated
microarray images were generated by OPTOEL, considering different assay/reading scenarios. The
model microarray (2 20 mm) contained three types of spots groups, placed on the right and left
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side:4 x4 spots (A 00nm, distance300mm), 3x 3 spots (Z00nmm, distancet00nm) and 3x 3 spots
(®2500mm, distancel000mm).

The acquisition process of ODD prototype was simulated incorporating speed, radial position, focus
errors and background noise. The estimated errorsawetation speed #%, focus error Z mm, radial

error £5 mm and/or background errors 4%. The output file format was binamgpresenting the
amplitude of the acquired signal. Constant values were also stored on the file headbe rsation
direction of the disdn 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 ispresented inFigurel4.

Figurel4. Example of a restored image from output binary file.

Algorithm for data/image analysis, processing and correction
DAS started the execution of this teekd later LUMcontinued fromM12 onwards.
Thealgorithm was developeftom the binary files of acquisition data. The functions included image
analysis, processing and correctidrhe work done by DAS covered the first steps of the algorithm,
including reading of the data and basic image binarizatitM continued with the algorithm, handling
important tasks such as spots identification and image restoring.
The procesgnage processing of the currealgorithmis explained below step by step
1) Read input data according to the binary formahe algorithm extracts all necessary information
from the header and careconstructthe image from data.
2) Background identificatioh ¢ KS Wy 2AaS fS@StQ Aa OFfOdAgAFiSRd L
identification
3) Grid identification As with he 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. Howeveis ipossible that the grid andl K S~ W LJdzNJB
0l O1l3ANRdzyRQ O2dz R 0S YIydzZFl O0GdzNBR FTNBY GKS aly
regions could be similar. In such situation, the algorithm will work with the whole background.
4) Imagebinarization As a further step, the image is transformed into a logical matpomwits (Figure
15). 0 points are normal values of background or grid ambiit are regions to analyze in next
steps. f A2 NAGKY A YLI SYSy thresholdingnethdd Yakad ordthe @tk@py B £
the image histogram

5J. N. Kapur, P. Bahoo, and A. C. K. Wong (1985). "A new method forlgva@picture thresholding using the
entropy of the histogram”, Graphical Models and Im&gecessing, 29(3): 27285
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