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Abstract  With the aim of developing a smartphone-based point-of-care device that is small,
inexpensive, and easy to handle by non-expert, we designed a fluorescence smartscope for counting
particles and a DC motor—controlled particle positioning system. Our smartscope can count the number
of fluorescent particles and fluorescently-stained white blood cells through a phone camera with an
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Evaluation of Particle Counting by Smartphone-based Fluorescence Smartscope and Particle Positioning in

Spinning Helical Channel

adaptor containing a LED, a ball lens and optical filters and an application running on a smartphone.

The motor was controlled wirelessly via Bluetooth with an Android smartphone. We found that axial

spinning of a helical microfluidic channel allows arrangement of particles having size similar to the

white blood cells. The motor-controlled particle positioning system can minimize time-consuming manual

processes and automate sample preparation process and thus, if integrated with the smartscope, it can

be used for a point-of-care testing device based on a smartphone.

Key Words : Image Cytometry, Smartphone, Helical Channel, Particle Counting, Particle Positioning,

Point-of-care Test
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Fig. 1 Schematic of smartscope for fluorescence

imaging. A detachable optical module is
denoted by the dotted line.

Fig. 2 3D model (left) and prototype (right) of

an optical adaptor for fluorescence

smartscope
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Fig. 3 Simulation results of optical performance
of fluorescence smartscope system with a
ball lens of 2 mm in diameter. (a) Ray
tracing diagram (b) Grid distortion image
(c) Field curvature graph
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Fig. 4 Simulation results of optical performance
of fluorescence smartscope system with a
ball lens of 1 mm in diameter. (a) Ray
tracing diagram (b) Grid distortion image
(c) Field curvature graph

2.3 & & smartscopel| XA W

A ZE ¥4 smartscoped] Y AA G <
P e ax A RS smartscopet HFAW A
(IX51, Olympus)olA] &3t & B ARE
waskATh FFAn Ao A= Fol7F 0.lmmel F
Bek EekaY Al EAH(C-Chip, INCYTO),
smartscopeol| A= Egtol=et AW Aol
of gFe dHHoZE BEoA AT oyt oF
0.09-0.11pym?¢%! A28 E A& =97}
ARG AEHAHE AFEeH Jxb FFe] Aok

712 FH gabo] LIEE A ERuS AAE
FoonR 4 AFE AEFIE YiE dA
TEE EET & Y

[al (b} (e

Fig. 5 (a) Grid image at the bottom surface of
plastic sample chamber (C-Chip) captured
by smartscope with 1-mm ball lens (b)
Fluorescent bead (10 pm in diameter)
image captured by smartscope (c)
Fluorescently—stained white blood cell

image captured by smartscope
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Table 1 Concentration (number/ul) of fluorescent
bead and white blood cells measured by
smartscope and fluorescence microscope

Smartscope  Microscope
Fluorescent bead 430 330
White blood cell 4797 3400
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Fig. 6 Comparison of smartscope-based WBC
counting results with the standard test
results obtained by  conventional

fluorescence microscope for 4 sets of

diluted blood samples.
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Fig. 8 An inside view of helical microchannel filled with 1um and 10um fluorescent beads

suspension after spinning with respect to its axis
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