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Abstract Information mining has turned to be increasingly important in the modern digital world. The mining
results lead to the essential advances in not only information technology, but general natural science, such as life
science, mechanics, numerical analysis, calculation technology, etc. These innovations permitted for the
manipulation of biomicrofluidic droplets at micrometer-scale. Through the acquisition of raw data and the
multidimensional analysis, numerical modeling can possibly be established and the further optimization can be
processed. This work was focused on the multi-dimensional analysis based on small samples of the biomicrofludic
droplet generation. Then numerical modeling was used to describe the fabrication of microdroplets in complex
circumstances. Both linear modeling and nonlinear optimization were performed while the artificial intelligence
technology was applied. Although the linear model presented the rough descriptive capacities of microdroplets
variation, non-linear optimization improved its descriptive properties. Artificial neural network was established to
depict the microfluidic droplets and its accuracy was validated satisfactorily.
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1. Introduction
The multidimensional analysis has been performed to
evaluate the different variations in social life and scientific
researches, giving birth to an effective tool to understand
the nature of our observations. Taking a medical case for
example, the medical effects on the patients and the
necessary beliefs on their adherence to medication were
assessed through clarifying the potentially complex
interactions between different factors [1]. In cancer
survivors, the good treatments, appropriate promotions
and sufficiency for the accommodation can lead to
attenuate the functional limitations at work [2].
Carcinogenesis biomarkers were evaluated through
multidimensional analysis to overcome the deficiencies
from single dimensional statistical analysis [3]. The
application of multidimensional analysis facilitated the
development in the fields of interest.
Biomicrofluidiscs, as an interdisciplinary subject,
mainly combined the microfluidic technology and life
science [4,5]. The micrometer-scale droplets with size
homogeneity provided the same compartments to realize
drug targeting, drug discovery [6] and food emulsions [7].
Biomicrofluidic droplets can be applied to test the
heterogeneity in cytokine-secreting immune cells [8].

Microwell assays were performed to sort single cell based
on images [9]. The mechanism of how a specific
pharmaceutical was affected by a single cell was not well
understood. The technical advancement limited the
examination of little amounts of chemicals before
microfluidic solutions appeared. Microfludics-based
experimental techniques provided a way for single cell
manipulation to analyze pharmacokinetics [10]. The
advances in microfluidics brought about first-time, highresolution monitoring on the human immune systems.
Microfluidic technology realized the diagnostic and
prognostic examinations, while the quantitative general
evaluation for immune system can be drawn [11]. It was
reported that the combination of microwell technology
and ELISA assay allowed for the possible goal-oriented
diagnostics and drug susceptibility examinations [12].
The observed complexity made it not easy to describe
the phenomena in biomicrofluidic environment [13].
Multi-dimensional analysis provided an effective way to
depict different kinds of flow regimes in biomicrofluidics.
Based on the analysis, the information mining allowed for
the numerical modelling of the complex phenomena
existing in the microfluidic channels.
The special shapes of microfluidic channels led to two
different kinds of geometries, T-shape and flow-focusing
shape [14]. The modeling on different droplet size
evolution in these two geometries was distinguished due
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to the biomicrofluidic geometrical variations. Through
including the force balance and geometrical effects,
numerical modeling was established to describe the
droplet flow under T-shaped microfluidic chips. The
model can well explain the transition regimes of droplet
formation [15]. However, flow-focusing shaped
microfluidics is the other typical question for microdroplet
flow. Small samples of microfluidic droplets were chosen
as research object rather than large scale, for the large
samples have been studied for a while. Furthermore, it is,
to some extent, more difficult to establish an effective
numerical model from small samples than at the moment
when we had already known various situations from
experimental observations. In this work, we at first
presented experiments and multi-dimensional analyses on
the small samples of microlfuidic droplets; secondly, the
information mining was performed reasonably from the
analyses to direct the establishments and optimization of
numerical modelling; Thirdly, artificial neural network
(ANN) was established to describe the microfluidic
droplets and the validation procedures was performed to
assess the accuracy of ANN model.

2.3. Correlation Analysis
The correlation analysis was performed between Qc and
Ql. Qc and Ql were found to be independent to each other,
with R2 ≈ 0. This is a logic result for the flow rates
adjustment were separately controlled between Qc and Ql.
This finding proposed a possibility to include these two
flow rates into the mathematical model to express their
linear behaviors for droplet generation.

Figure 1. Scattering of Qc and Ql in research space

2. Experiments and Multi-dimensional
Analysis
2.1. Experiment Design
The experiments were designed to test the possible
combinations of flow rates, in order to clarify the role of
each parameter. The central flow rate Qc was designed to
include three levels, with a specific value each, as shown
in Table 1; the lateral flow rates Ql consisted of three
levels, each level with a particular value, shown in Table 2.
Experiment conditions were distributed uniformly in the
testing space, shown in Figure 1. This balanced design led
to easy result comparison.
Table 1. Three Qc levels for corresponding values
level

1

2

3

value

6.6

9.6

13.7

Table 2. Three Ql levels for corresponding values
Level

1

2

3

Value

10

15

20

2.2. Value Analysis
Value analysis was undertaken to see the effects of Qc
and Ql, respectively. The results presented the relation
between the droplet size S as function of Qc and Ql in
biomicrofluidics. S seemed to be on the direct proportion
to Qc, while almost on the reverse proportion to Ql. This
experimental observations can be logically explained: for
the increase of Qc, the central viscous force became
stronger, which took effects to give more time for droplet
formation, permitting to enlarge droplet size; however, the
augmentation of Ql led to enforce lateral shear stress on
the central flow, allowing for the reduction of droplet sizes.
We find the variation of droplet size for Ql is 1.25 times as
large as that of Qc. The Ql seemed to weigh more for
droplet size variation in the process.

2.4. Modeling
As shown in Equation 1, the linear model showed that
as increase of Qc or decrease of Ql. droplet sizes increased.
The same phenomena were observed through different
experiments. This result could be explained through
mechanical
viewpoint:
In
this
biomicrofluidic
environment, surface tension and viscous force take main
effects. Surface tension between two flows tended to
intercept flow elongation and facilitated the droplet
formation, while the fluidic viscous force took more
effects on keeping flow stable. In this study, the Ca
~O(10-1), the surface tension overweighed the viscous
force. This led to the formation of different droplets.
Besides, the greater central flow rate Qc supported
stronger viscous effects, permitting to extend the central
flow much longer; while with augmentation of lateral flow
rate Ql., the shear stress on the central flow becomes
stronger, resulting in smaller droplets. The same
phenomena were observed through different experiments.

S = 24.5Qc − 44.2Ql + 1011, R 2 > 0.85.

(1)

However, this linear model seemed to some extent to
express droplet generation, but R2 value was something
short of effectiveness. The droplet generation was
regarded as nonlinear process involving the interactions
between pressures or flow-rates control, design of
biomicrofuidic environment, and chemical interfacial
compatibility. Then the nonlinear technique was used to
optimize the modeling. The item (Qc2 + Ql2) 0.5 was tested
in the linear model to see the interaction between the two
flow ratios. We added the nonlinear item (Qc2 + Ql2) 0.5 to
the model to involve the interaction effects.

2.5. Nonlinear Optimization
The modeling for droplet generation was optimized
with the inclusion of flow rates item (Qc2 + Ql2) 0.5, as
presented in Equation. 2. The improved nonlinear model
could explain well the droplet size variation.
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S=
−49Qc − 150Ql + 129(Qc 2 + Ql 2 )0.5 + 975, R 2 > 0.9. (2)
This nonlinear model showed that as the increase of Qc
or Ql, the droplet sizes decreased; besides, with the
increase of flow rates item (Qc2 + Ql2) 0.5, droplet sizes
varied towards the opposite direction. For Ql, droplet sizes
varying as the same results as linear model; For Qc,
however, droplet sizes varied differently comparing with
linear model. This difference consisted in the inclusion of
nonlinear item (Qc2 + Ql2) 0.5, showing that the interaction
effects could take effects on each item at the model. The
addition of nonlinear item improved the model quality but
also expressed the descriptive complexity for the droplet
variation. The conclusion deduced from this model
coincided well with the experimental observations.

droplet variations. It was found that ANN brought
satisfactory accuracy to the droplet variation through the
validation procedures.
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