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Abstract — A neural network is utilized for preprocessing of de-noizing in electrocardiogram signals, retinal images,
seismic waves, etc. However, the de-noizing process could provoke increase of computational time and distortion of the
original signals. In this study, we investigated a neural network architecture to analyze measurement data without
additional de-noizing process. From the dynamical behaviors of DNA in aqueous solution, our neural network model
aimed to predict the mole fraction of each DNA in the solution. By adding white noise to the dynamics data of DNA
artificially, we investigated the effect of the noise to neural network’s predictions. As a result, our model was able to
predict the DNA mole fraction with an error of O(0.01) when signal-to-noise ratio was O(1). This work can be applied
as a efficient artificial intelligence methodology for analyzing DNA related to genetic disease or cancer cells which
would be sensitive to background measuring noise.
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Fig. 1. (a) Schematic of microfluidic platform for DNA manipulation. (b) Concentration profiles for DNA solution of ¢y, : €10005p =1:9. (¢)

bulk bulk

Spatiotemporal map for DNA solution of . (d) Concentration profiles for DNA solution of c¢;gp, : €1g99pp =9:1. (e) Spatiotemporal map
for DNA solution of cfg{,':, :cf{,‘éﬁbp =9:1. In (b) and (d), each colored solid line corresponded with t=0.001 (black), 0.0025 (blue), 0.005

(green), respectively.

o] Ak5 2 FH3t], cDNAS] |} oS A8t "t o]
AEL o|u|x] A Y elA G EdHA] 2 5ol x3E
o} mEba] 24 7Y S0 S-S dAlsta Al Qg A
7F Q3 11,12]. B AAEE 13 ubEQl HES 3
| (mean filter)[13], T3 %k ZE (median filter)[14], 757~ 2
(Gaussian filter)[15]9} 2> BHE gugS5S o]&-3itt.

71&2] 72 AA 7] PHEL 14t Al (computation time)2] 57}
& AT o] FAES sy, o]2fst TAE 55t
7 2 AFolA =, F A S dERste] Fol 23
2l g AR5 vk A4S Qe S ekt skl
o} 5998 xk82 = =2 29 (numerical model)S 3 Ao,
2] #4] % A (numerical domain)< Fig. 1(2)2} £ O(1) cm x
0(100) mm x O(1) mm =712 vlA] F-2 A& 13313t} s
FFelA 2] 24 B3 AT & A7xlel| &3l EAste] BaE )
tHi6]. vlAl £-2 FAell 0(100) mme) 9Fo]-& w3k =& v %] 3}k
I TF AFE ek, ool wEk vk vl/fA) Al o] &
I= ®=(ion concentration polarizationys 2351 54, 574,
A7) ;a2 o 7 M3lektH16-20]. o]l Wk, 10 bpe} 1,000
bpé] DNA §-& 2] wh} M2 o 7155 BERIth 72 =
2 Fall ArkE %] DNA 598 2k5E, Fig. 1(b)-(e)$} 2o,
TR ARR AZtslsto] A Qe AR ggato] &4
o] DNA 245 F438h AFTS /sl x4 oz s
o] WA Ho] glo] Aol 28 AE7FEA o] s
iz, DNA 249 o5 22k= 0(0.01) = +-&% 43 o5
4= QAQlTk & AT A gasitid fo] 28d 74

=

FRE B4Fe glof 1o Ae S A S glom,

N

el Nzkeb) o
3}
.

30 K oX

2. 71 ehe WHE

2-1. &5 HZY

Fig. 2(a)& & A7l AR-E AS Y 725 =48 A
o]t} 93 217" (convolutional neural network)¥} $+-214 41
73" (fully-connected neural network)= 285}, DNA &% &-¢
9] e TR AEE FAEI T e ST A =
dETS Bl AEEo = ATt AT AT T Ak
=0]3L FoF 5AS FEHES 517 fl8l, T4+ S(convolution
layer)?} # -39 S-(max-pooling layer)S W2 4 331T). o]
o] T -2 3 x 3 712 A (kernelyS ARE3II oW, Al 7<)
E T2 44 8, 16, 32702 FEE ASISich A5 2
2x2 7718 E9 715 ARSIt 1 ths gk A 218
570¢] 29 Z(hidden layer) .2 G35t} 2} 59 w1 7+
480, 240, 120, 60, 30712 A7gsk3ieh. T T3 24959 2
3} g4 (activation function):= ReLU (Rectified Linear Unit)&
£ St 2852 1719 WS ol DNA §9¢) 23
10 bp DNA9] o5 585 St es sigivh A7378e] Hatgh
(target)o] 0.5 ©|3I %, ol AFL7} HolA= AL st
7] f18to] 2852 43} $h+ LeakyReLU (Leaky Rectified
Linear Unit)3F5& AH-sIQITE o] 2f et 722 49 2482
adam (adaptive moment estimation) ¥ 2] 3} & 12|53 &850
2SS sSHEAIHTE Fig. 2(b)s 2ol, & A7) A A3t
o] Aget T A Holi= 21 gRIsIgitt. &7 3157 (epochs)’}
3503] o] B 3t Al F 2XHRoot-Mean-Squared-Error, RMSE)
7} g ghe = sk, T 35 5003 = Y sISiT).

A7) 71A S5 I Slps) 1 A59] TiT) el
5 g5 A Ul 3YETh H49 F A5 rE 2]
A3k, Fig. 2(c)8} 2ol, 31 2k5.9] 7ol i 41392 5
ds& ARl T4 Aks.2] A7 20070 o Rl AB9-FElE

o o
to rlr 12

od o
Mo r

N
=~

N
‘h ox

J

Korean Chem. Eng. Res., Vol. 62, No. 1, February, 2024



J

120 7A3 -
convolutional
neural network

(@)

AA -

olgrl

fully-connected
neural network .
A

K

spatiotemporal
dynamics
of DNA mixture

Il input & output layer
[ flatten layer

(b) & 0.20 Pr—r—r—r—r—v—"r"T—
¢ L
B 015 1
®©
o
¢ 0.10 validation
§

o)
£ 0.05
Q
Je)
@ 0.00
0 100 200 300 400 500
Epochs

LY.

1 convolution layer

(c)

X

s

mixture ratio
(mole fraction)

[ max-pooling layer

1 hidden layer

S 0.5 =gy

= ] L
Q 'I ‘ :—) . 1
3 : 1 appropriate |
S ’ i number J
o )

Q ! ]
c | -
[33] ]

[0 ] o
g : ]
S ¥

o ]

m L] - L] bl L] - L}

0 100 200 300 400 500

Number of train data

Fig. 2. (a) Configuration of deep neural network structures. (b) Root-mean-squared-error for train and validation data as a function of num-
ber of epochs. Red dashed line and green solid line correspond with train and validation data, respectively. (c¢) Root-mean-squared-
error affected by number of train data. Symbols and error bars represent average and standard deviation at the given number of train
data, respectively. Red solid line is regression for data point of symbols. The shaded region shows appropriate number of train data.
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