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; ated to the overall bio-chemical and fluidic systems and the
generic limitations of the camera systems for the use as a colorimeter affect the overall

detection performance of the device highly, While, the errors arising from these two diverse
systems have completely different influences on the overall device performance, still the
detection as well as mitigation of the errors highly depends or the analysis and iz erpretation
of the captured digital color images. Furthermore, the imaging systems or more broady the
Optical Detection Systems {ODS) consist of multipic sub-systems like the light source, camera
system and the 3D imaging box that have cither Joint o individual influcnces on the overall
detection performance, To address all of these issues in the overall quantification mn’owcc
and to provide some fruitful solutions to these issues without any increase of devi‘ce comple.\uty
and cost budget, this thesis work has mainly provided a generic framework for improving the
quantification performance for any colorimetric analyte detection work using the Paper
Microfluidic sensors,

Based on the prior knowledge of the existence of multiple snur.o.cs of err.ors. this. tl:lCSiS :vo:c
has mainly focused on providing generalizability, mtcrprc,zablh.ly and m::rp;mho: ,0 .lne
specific domain knowledge within the simplc_ Image ‘.‘\nal}'tlxcs 1wzu:ld.' h ﬁ ‘n‘.;.: ; ca:::; %
frameworks for the Paper Microfluidic Colorimemt_: Analys!s. While the ;In |or'h ‘c w e gcf u
the source of uncertainties {rom the fluidic and hlo-ch:':l.'n-lu‘l] syslcm.s |kr.? the issue 'o no:.

i tion have been cxactly addressed within the quamlﬁcnlu.m trnmc“‘ork, the
iy color.g’cr?cmm Jex surface characteristics of the Filter Paper materials has also been
?ﬂ.w " lh.c %br}h c:ol);r signal representation and attribute discovery frameworks. ln contrast
e ritons uantification approaches of the Image Analytics based POC Colc'mm?(m-
s fJflhc {m ; tk has relied on characlerizing the errors and signals origir.u.nng tfom
N wof the bDS utilizing the Physics as well as specitic domain iutunnuu_un.
G sub-systefn; Gph ics and domain information can be amalgamated with the specific
s :\eng:lrdl,i:'::nzi :ducf:nc; Leaming frumeworks has become the major exploratory work
Image yuc

of this thesis.
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dev?.lopmcm communities; signal estimation and signal quality enhancement arc major factors
behind declaring the present POC Colorimetric devices as highly ‘inaccurate”. Furthermore.
!.Jolh of 'thesc works can actually be integrated properly with the Physics and domain
mfonna'txon. While, the different factors of the ODS like the light source parameters, positions
of the light and camera sources with respect to the Region of Interest (ROI) or in general the
conventional geometric factors of the imaging systems and different camera parameters like
the Exposure or White Balance parameters control the image and color signal quality, due to
the presence of multiple source of errors and uncertainties within the color image generation
framework, dedicated colorimetric signel cstimation works arc of paramount importance,
Exactly, from these two realizations, this thesis work has utilized the exact understanding of
the role of different constituents of the ODS on the color signal quality assessment and
estimation of the colorimetric signal as a characterization work. In fact, not only the
characterization of differcnt constituents of the ODS, this thesis work has also proposed the
characterization works of the complex Fiiter Paper Materials with the changes in the colorant
strengths. Furthermore, the analytical as well as numerical works from the Physical models
like the DRM and the above mentioned characterization works become the pivot behind
representing the signal in such a way that robust signal estimation becomes a simpler task.
Apart from different kind of image representations and their suitability in bandling multiple
estimation related issues, this thesis work has also proposed generic algorithmic development
works relevant for Paper Microfluidic Colorimetry.

This thesis work addresses the major loopholes within the state of the art Paper Microfluidic
Colorimetric Quantification techniques and proposes a novel Physics-informed Image
Analytics framework that aims to selve multiple well-known issues in the conventional POC
devices. From a Machine Learning outlook, it emphasises more on the generalizability and
interpretability and hence Physics and domain knowledge have emerged as a spontaneous
source of information for devising a novel framework that is able to improve the device
performance remarkably without increasing the complexity of the device and the cost budget.
The incorporation of further physical details that have not been yet addressed within the thesis
work and translating this into exact algorithmic works of Image Analytics and ML have been
considered as the major future works of this thesis. Specifically, the exact understanding of the
complex interaction among the light, cemera and material has been considered as the game
changer for the objective of this thesis work.
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