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Background and Objective

Quantification of a diagnostic test result and its digitalization is crucial in modern medical
diagnostics. A plethora of dedicated readers, that often can only be used with a single
specific test have been developed1–4. Generalization, modularization and the usage of wide
spread, cost effective resources for such readers would lower the costs (during development
and final usage) and increase the throughput in (point-of-care) diagnostics. However, such
readers require high standards in terms of the sensitivity, accuracy and reproducibility of
a test result under various circumstances. In this project we consider a in-house devel-
oped modular camera calibration system (MCCS) in combination with a test system as a
starting point to test several different camera sensors (mobile industry processor interface
(MIPI) cameras) for their applicability for such readers. With a focus on pixel size, gain,
ISO and shutter speed for controlling the sensor, different optics and sample to camera
distances. To validate the various combinations, we consider systematic evaluation using
standardised LEDs and calibrated light intensity meters. Additionally suitable lateral flow
systems will be evaluated and characterized for suitability. Finally the best performing pro-
totype (Software-Hardware interface) will be applied to an immunoassay detecting a protein
biomarker in blood.

Project tasks

1. Familiarization with the in-house developed MCCS hardware and lateral flow systems.

2. Implementation of a software library for the automatic control and readout of the
camera sensors.

3. Optimization of the software-hardware interface (software, camera, microfluidic sys-
tem).

4. Creation of an experimental design plan for systematic evaluation of the required
parameters.

5. Run experiments with appropriate statistical analysis of the results.

6. Evaluation of the best performing system using an established immunoassay. Deter-
mine an initial LOD and CV.

General:

The project or thesis will include a written report (in English language, with critical as-
sessment of the work) and an oral presentation of the work in our group. Additionally, we
expect comprehensible written, test driven code development using version control. The
delivered code and hardware will be tested for the expected functionality and the afore-
mentioned criteria prior to the project/thesis evaluation. The project/thesis is part of a
collaboration with an industry partner and other research institutes. A suitable candidate
will have to sign a confidentiality agreement and keep the work confidential.
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Required skills:

Good rapid prototyping skills (3D design & printing); Good programming skills (OOP), pref-
erentially experience with Java and Python (C++); basic knowledge in Optics, camera sen-
sors, image generation and processing and electronics; basic knowledge in microfluidics;
basic knowledge in diagnostics; basic knowledge in statistics and experimental design.

Contact
Prof. Dr. Joerg Stelling joerg.stelling@bsse.ethz.ch
Dr. Andreas Cuny andreas.cuny@bsse.ethz.ch
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