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ABSTRACT

This study proposes a method to optimize an electrohydrodynamic (EHD)-
based micro-dispensing process using image processing and signal control
algorithms. To achieve stable Taylor cone formation and uniform droplet
dispensing of high-viscosity solutions, key process variables such as nozzle
diameter, applied voltage, electrode distance, liquid surface area, and voltage
waveform were varied, and real-time vision analysis and voltage waveform
control logic were applied. Taylor cone angle and droplet diameter data
measured using a Basler acA1600-20gc camera were processed using the
Python-based OpenCV library, while the signal control unit was implemented
on an NI-DAQ and embedded control board. Experimental results showed
that applying vision-feedback-based control reduced the standard deviation of
the dispensing diameter by 18%, achieving a minimum droplet diameter of 9
pm under multiple DC + sine pulse conditions. This research can be utilized
in the design of Al-based automatic compensation systems for high-precision
manufacturing processes such as microLEDs and microprinting.

Keywords Electrohydraulics, High viscosity solution, Microdispensing, Computer visio
Signal control, Taylor cone
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Figure 1. Taylor cone angle according to voltage.
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(a) 0V, (b) 2,000V, (c) 3,000V, (d) 4,000V, (e) 5,000V, () 6,000V.
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fluid surface

4t 014! 91 IY8 Hlof ZEHE EHD OlM £ AT A7 2 &/xis}

67



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 3, 2026

4.2 XA 3H F7|o 2 BEE EA

2
B
ra

4

=7]Z 100, 150, 200, 250ymz ©A 2 o2
P AT, 39 277 ARSE A7 R

g5 2rgo| wet Taylor cone?l Zte+=
o2 Z¥Astal, conell Aol Uiy oz F7tst
UERTE 5] 100150 9ol & 23 /%
Zof oA Ao st EFEHE Ao 2
7] Wap7t Folso] #d/do] FE = aE Elch 1
Ut ZH 3717} 200um o402 AXH FF Kol

o 2
Y,
o
@ Q2
>
n: iy
_]!:“Jd Ugl',
lo
OT‘
fol

S

™
ox
)

o
o
Bl od
2

o2 Q) 7] 35819 £ el A cone Fo
37 B2 A8l @yl BaEgih oleis 2
= 9 2717 7142 SH(EHD) 78 ojN] EE 37
Al cone FAT A Edol AHA FE wAu, A
912 dold A9 S conerjet WA WolE 4 3l
28 AARITE

i
2

4.3 A5 W73 Hslo) -2 EZ 9] A

A= UW4ES 4, 6, 8, 10z +x}2 02 HAs}o]
St A, A WHol Ae4E A7) Bxo] vitd
714 cone Aol A= oY WFor HEFE = A4
gotA Yetson, 53] £ olzigt
A& o2 HAste] Ust BEES FA|517] o3 it
= WHo] smzE HE HF, cone T4
EE Qo 5] vgly &go
HA o] Ao §l5o] A

ox M

>
°
I 230 o on o fr kb S 48 o ga

)
ot

s
i)
i
¥ O
|o
=
—~ l_m a
i

Function Generatorg ©]-&sto] Multi sine, Multi
DC, Multi DC+Sine, Multi square®] 4| 7}A] &g 7zt
Zk H85t A3}, oby EAol whal A 274t Aol A]
Seg1gt xbo] 7} UERTH Multi sine ThgoldE o
740l oF 25mz EZZE R on, MEAR(o/wE 0.272 F
29 #dAdS Btk Multi DC oS A &% 7
, B Aol oF 1mE FASHIL HMsAsE 0.252
= JjME o] B} QP Al EFo| 753t E3] Multi
DC+Sine 5 (DC 4 kV, Sine Fu}4> 2 kHz, U= £0.5
kV, duty ratio 60%)°llAl+= B+ A7o] °F oum= 71 2
A e o AsAS JA] 0.222 247 7] 551 &
73 aet #dd F SHolA A9 dss Bt §F
H, Multi square 382 A4 27 o] 50~1,000um H ol
A EZsHA ®igtslH HEASE 0.452 =4 UEd,

Q.

b o 3

5 2Pyt Antg Beoh ol
EERELEEE

4.5 4] H=w) Ao} He F3

Bl 7|5k o] =d Hlo] S A 851A] 2 baseline(THd
DC 18, Alo] n]&-& x71)olA= A7 Ha7t B o]
oF 3200l out, = 2HojA] Vision-Feedback Ao =
2835+ 749 oF 18% 7r45kqitt. webAl baseline tiH] 7i
A &7t HE2e] JSE AT o237t Alof ’AL AR
&e] QHSHERE of e}t A 3] MEAES FHAIRRL
o, 21402 HA| EE dFEC] 7]& 92%°lA 97%=
‘&55tlt. o= B ZIRF mjEry Aloj7p 7] 20
anHo= BAYsta, 1¥E §A9] EHD 7|8 B]A|
o A LS ot d F
(Q

Meniscus Size vs Droplet Diameter

200
150

100}

Droplet Diameter (um)

50

100 120 140 160 180 200 220 240
Meniscus Size (um)

Figure 4. Effect of meniscus size on droplet diameter
Electrode Diameter vs Droplet CV
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Figure 5. Effect of electrode diameter on droplet coefficient of variation
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Figure 6. Effect of electrode diameter on droplet coefficient of variation
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