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Abstract U-DROP Results Discussion and Future Works

Microfluidic chips, devices that transport fluids through channels on the micron scale, help u-DROP works well even in videos with subpar lighting and resolution. Apart from low frame  u-DROP’s high accuracy and “glass box’ design philosophy make it a great tool for the
make biological experiments more cost and time efficient. However, designing these chips rate videos, u-DROP worked well on all videos provided with almost no adjustments needed. specific problem of droplet generation analysis. Droplet generators, however, are not the
can be challenging for a biologist entering the field. Specifically, a droplet generator, one of An analysis tool was included in u-DROP to provide detailed information about the results and  only components in microfluidics. For the next step of u-DROP, we are looking to expand
the most basic microfluidic components, requires many iterations of testing and validation to to enable accuracy quantification. the program to analyze videos of droplet fission. The preliminary tests have shown that u-
ensure It produces droplets at the correct rate and of the correct size. The goal of this | i - e B | ** DROP can handle these videos with very little modifications. We hope that u-DROP can be
research project was to make droplet generator design faster and simpler through the e Start and end valleys: [1,726 Apply | Recalculate | expanded to analyze all basic microfluidic primitives. Our future goals for u-DROP are not
software we developed. The first program, Micro Droplet Rate/Region Ocular Processing (u- e [reccie | only to make the program a data gathering tool for DAFD but also to have the program be
DROP), was used to determine the droplet size and generation rate produced from various Edge detection thresholds: [1000400______ [ Reset useful as a standalone tool to speed up analysis of already milled chips.

experiments 1n which we changed the chip’s orifice size, aspect ratio, width ratio, orifice = pm;ax:::v:wi:“ e Max |

length, the water and oil input width, the capillary number, and the flow rate. The data $ i We are currently working on finishing the experiments to gather the real data for DAFD.

gathered from these experiments was used by the second program, Design Automation based

L : : There 1s no way to computationally check DAFD’s accuracy with the real data, so we must

on Fluid Dynamics (DAFD) to suggest a droplet generator design that can produce droplets ] do it experimentally.

at the specified rate and size. DAFD employs two interpolation models, one to output — :

generation rate and one to output droplet size, to make its predictions. DAFD was validated 10 -

on a test data set of 2500 randomly generated points. ol | | | | | Errors in DAFD can come from either incorrect fitting of the interpolation models to the real

.F'f‘-"‘i,-"ers“’. % :“ppﬂéeipd:m”” 20 data or an inability_ of the program to find a solution that satisfies both the mo_dels. The |
Methods e | ermEmTemEi second type, combined model errors, is equal to the difference between combined and single
Confm | Coned e optimization error. This error will become more prevalent when expanding the number of

u-DROP inputs u-DROP outputs and analysis output variables and constraining inputs. The figure below explains the error and the general

premise behind reverse predictive modelling.
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— ?r:{*:ﬂ:;tt':; : (randomly chosen t_O be within the range of our real Solves f(x.) = Z. Solves g(x,y) = Z, X,y coordi?ate that solve_s
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i , S — mathematically difficult to determine) that maps our o . —
Vo ) s — Droplet Diameter (um): 220 Inputs to outputs. 7 //"’ ) //'"
eneraon Rate 7 Mave Perd — The error for a given input i can be calculated as u-_DROP_apd DAFD are part of a larger family of tools at CIDAR lab that attempt _to make
e iceszE 1500 | f.(0) - f@) | for the generation rate and | 4 g | I_T]ICI‘OﬂUIdICS che_aper, faste_r, gnd more accessm_le_ for all researchers. \We are working to
Size Caleulation out Hu;ﬁt;ig;;l%;iigﬂfgﬁgﬁ??ﬂ £ () | g(@) mtegrate_ DA_FD mFo the eX|st|pg_ pipeline. Specifically, we want to_ combine DAFD w!th our
puts ot e RN e 1o for the droplet size. We created a dataset of 1000 automatic chip design tool Fluigi so that users do not have to provide as many constraints as
at Local Maxes — Capillary Number : 0.130947733874 desired rate/size points to test DAFD. We ran an they did before. When DAFD and u-DROP are expanded to cover more microfluidic
Generation Rate experiment where DAFD tried to optimize on both primitives, chip design can be abstracted to setting the constraints for the experiments and
Droplet Diameters DAFD GUI rate and size, and then we ran two more where letting the CIDAR tools output a chip that can perform that specific experiment accurately
DS AR +WR xOL «WIW DAFD just optimized on rate or size. We tested RBF and efficiently.
' OIW +CN + FRR *10 Interpolation (our current model), M5P linear
(D) = (OIW + AR + WR + OL + WIW + FRR) = CN = 5000 regression trees, and a simple nearest data point
Measures the droplet generation rate and droplet sizes from a given droplet ” method. Additional Readin g an d Acknowled gemen ts
generation video. Used to collect data for DAFD. Errors for Combined _ S
Optimization .- Errors for Single Optimization . Wei-Yin Loh (2011). Classification and Regression Trees. WIREs Data Mining and
—— D AF D 30 06 Knowledge Discovery, Volume 1, 14-23
Generation 20 05 . Link, Anna, Weitz, Stone (2004). Geometrically Mediated Breakup of Drops In
R(?_;e j _ 20 0.4 Microfluidic Devices. Physical Review Letters, Volume 92, 4 pages
(TE;QTE:?;%L?QE o 0.3 . John Canny (1986). A Computational Approach to Edge Detection. IEEE
. | versus generation rate . Y 12 gi I Transactions on Pattern Analysis and Machine Intelligence, Volume 8, 679-698
— — f > F'”dszﬁ';'gcﬁ’]atf;:eter Retugg Stlf; chip : - . p . - . L . Ronald L. Graham (1983). Finding the Convex Hull of a Simple Polygon. Journal
Exp%';T:ntal - o lf(J;)s-r;lir;rLgig)eé_Sl paramieters Interpolation  MS5P Tree Nearest Interpolation  M5P Tree Nearest of Algorithms, Volume 4, 324-5331 | | -
~— RBF model of chip = Size Error  m Rate Error mSize Error  m Rate Error . M. Powell (1978). A fast algorithm for nonlinearly constrained optimization
N Seeggg gf‘g;”;f:; A calculations. Lecture Notes in Mathematics, Volume 630, 144-157
_ g S i . Amar Basu (20_12). Droplet Tracl_<|ng \_/e!ommetry (DTV) Automqte_d I\/I_easurement
DrgslitreSC:; of Droplet Motion and Shape Using Digital Image Processing. Miniaturized
(s) interpolation S0 L 2.8 = === Systems for Chemistry and Life Sciences, Volume 16, 1894-1896

VIh 19.14% 67606 250004 M5P Tree 0.14% 0.04% This work was funded, in part, by NSF grant DBI-1559829, awarded to the Boston
| | | University Bioinformatics BRITE REU program
Moo ot 218%  7.62%  9.80% Point 0.15%  0.10% D osters. com

Gives a user the chip design parameters necessary to build a droplet
generator that produces the desired generation rate and droplet size.



