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Finding appropriate flux in low-pressure membrane process
using deep learning

Noori Kim

Department of Civil Engineering, The Graduate School,
Pukyong National University

Abstract

The low-pressure membrane filtration process includes
microfiltration = and ultrafiltration, which are mainly
operated at pressures within 200 KPa. Membrane fouling
reduces the operating efficiency of the low pressure
membrane  filtration process, so it 1s important to
determine an proper flux to minimize that. The best way
to determine the proper flux is to go through a long-term
pilot test with one or two membrane modules applied in
the field, which can take at least 6 months to over a year
and pilot. There is a disadvantage that it is difficult to
apply if the quality of the raw water in the water
changes.

In this study, by using the characteristic that fouling
increases or decreases when the flux is increased or
decreased, an algorithm is developed to lower the flux
when the fouling index exceeds the limit value through
artificial intelligence automatic control, and to increase the
flux when the value is not reached. It was attempted to

derive an proper flux.

_Vi_



The reference value of the fouling index was calculated
through the low—pressure membrane filtration model, and
the flux fluctuation was made to find an appropriate value
by using deep learning. The membrane filtration process
operation result when the flux fluctuates was scored
through a function of the fouling index, and the
subsequent operation result when the artificial intelligence
fluctuated the flux was feedback, and through this
feedback result, the appropriate flux fluctuation value was
found by itself.

Finally, an proper flux suitable for operating conditions

such as raw water quality was derived.
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th e AAEE ARAY D AESA A2" AP B4 ==l
BAS Wtk ANNS FAske ‘¥4 E&(perceptron)’ 2 1A 3 9
FEe 71AE Wi g lok wEITh AN ANNE Frehs @
< FEolA AolE KRl 53 AAWE ZEIadwrl g Ent
=4 ol7] wWio] EE JAZdEsS Fdste FHekeE 2 Aolrb Adnh
(Available from <https://en.wikipedia.org/wiki/Deep_learning> [Accessed 20
December 2020])
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-1.2/

Tanh Function

tanh(x)

19 2.8 tanh &<+

tanh 5 -1 7 1 9 Foe2 Yl Aaxol= stgrt x2F
g "2 HE delds Zo| Aojiolty. Iy A|laRolE ¢
tanh &= oz 9 A g (backpropagation), 7}53* A4 (vanishing
gradient) @} 22 FA| Ao 7] wiitel dAl= o] ALEHA ket F
&+ 7 Bol AlgHlE &3t FFE &= rectified linear unit(ReLU) 7
7} Atk ReLU $ee 0RO &A2gte] 4¥EHd 05, 02k & gl ¢
HyH O s vkEete o)t
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10

Rectified Linear Unit (RelLU)

relu(x)

> 8 r - ) 0 P Z 6 :

HAEZS e/ Eow dFA A (artificial neural network; ANN)

S PAE = Aok A& =(nput layer), &4 =(hidden layer), 2%
,_—r’.
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Input

Output
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19 211 Simple Neural Network®} DNN
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AA R AFetes 7 EER ofyet T2 ALEA7E whEolA] AE Ul &
HiE VT ES theRE WobA AMEE ootk o]l VT ES Eolw
g golrelg gt sl

Python &2 &#o]x]o A vz ol A8 4= 9lov Python
a9 O AARE 39 9 Aol sheetArt e ] B Ad T
S o "HakA st Bol wWel EAldth 1 F F2edA A Fdh= Colab
T& Aol CPUS RAME AFshs A& AL&A7E dEA &
RAEd TFF AR glom dr o] Python TEIWS AXET &

, TE AHE ARSS Aol7] " dHUR 25 Y

rlo
4>

€O Colaboratory?

by ! Iabaratory 8 A SR 2175

- Ajfe)

% 212 = Colabotory & o] %]

Available from <https://colab.research.google.com/notebooks/intro.ipynb>
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[Accessed 20 December 2020]
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< C @& tensorflow.org/Thi=ko ®& % 8 =

1F TensorFlow R og - LR Q sao] ~ GitHub 2
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-

B335

2 MLojA HEt

MEBD EE AT R,

29 213 Tensorflow & o]

Available from <https://www.tensorflow.org/> [Accessed 20 December
2020]

Tensorflow &#Ho]x|o)] Soj7}d oy dAES F3 74

£

T A
g AEF FAAEY Jor, g SAE Ul o A5 & Colab

T AR Ho] gormzg A 7|AsEI
Tensorflow 355 Al&& 4 9t}

Kerast Pythonoz A" o A2~ AAY golrgg ot}
MXNet, Deeplearning4j, Tensorflow, Microsoft Cognitive Toolkit,
Theano °|A Ad 4 Aok § A4 He wE AFAS 7t stes
AAERNeH HAage] BE WA & JhesAd 23Es T dth
2017d9l <= Tensorflow ® o] Tensorflowe] Fo] gto]E &gl Keras

2 XYs7|2 AASHAREH Tensorflows TF&8st7] 7F4 # sk
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API(Application Programming Interface) 2 Keras& AF-&3lal v}, whzt
A Q= Tensorflow®} Keras7F A2 © & golB g oy, oA+
Pythonoll A= AA thEHe] ot e Fid Ax=2 A A

Al = o1 )
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=

Python Z 218 A& At Doz 34 ANEHHE FA4% & 2

wors | RERRBICT— )| =12 52
=

a9 31 Ask ol 34 AlEeolH

Agh wrolat 34 ABUIEE W5/ A8l e 2 At ol

= H
qe e

. P

J ,UJ—R (3.1)

714 JE Hel# F&(m/day), APE 3 Z4(Pa), nE B9 A

AAGPas), R& AA 2 A3 (m o]t}

d(AP)

[ A ) n
- E(AP,) (32)

Apis 1A Alo]Zoll A 2] w3t At (Pa), t= AlZH(sec), ki equation

parameter(Pa' "/sec), n& 3% A4 (fouling characteristic parameter,
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s
- T=

ol

=15 ¢ u

% %A (cake filtration), n
2}3] (complete blackage

SR

n = 0¥ d Aol=a
(pore constriction),

process)) ]t} o] o

n = 20
ki k o« JE wET

=R+ ( i,f_Ri,O)XR[F (3.3)

z+10

AAE wel AA A R = idA Aol 2

R, Al Apol 2ol
o] B¢ W] AA 9w A RIF:= V794 3o Hlgolth o]
RIF= RIF« (R, —R,,)% et

21 (3.2)9 v WAAS 29 o5 2 th(Park et al., 2012)

1
AP, =(0—n)xkxAt+AP, 0~ ">)(1 = (34)
oA7|M AP = 3 AtolES AlZE wWe] = (KPa)olil AP, & o
37l By A Fe HEAKPaolT. oA ¥ HEE oy faAE 29
AN AAGA ek vkl Fege mH el ik vk H Bg
9 AW A AP, Y Wl Ade 4 BDE Bal FEE et
2
AP,
(3.5)

4 (337 R, & A&kl 94 Fo v A4gE
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(3.6)

Ak =y g AlEdelHE wE7] 1% A4 Python =+ o

# A ol A AEHoly =
for i in range(9, cy, 1):
ifi>oe:
if (i+1) % 1000 == 0:
print("E A %d AFolE AF" %(i+1))

try:
waterq = pd.read_csv("./waterq.csv")
cycleq = waterq['Cycle']

if (i+l1) % 96 == 0:
waterqq = waterg[waterq['Cycle’].isin([qindex])].reset_index(
drop=True)
turb = waterqq.loc[0][1]/100 # *f3}
TOC = waterqq.loc[@][2]/10 # i3}
k = 3.31E-06 * (turb*100) ** 0.2 + 3.7E-05 * (TOC*10) ** 0.2
gindex += 96
read = 0
except:
if (i+l) % 96 ==
turb = random.randint(1,100)/100
TOC = random.randint(1,10)/10
k = 3.31E-06 * (turb*100) ** 0.2 + 3.7E-05 * (TOC*10) ** 0.2
read = 1

# o3t 771

if deltakP > ChemClean: # 3}3} |4
Jo = Jfirst
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MJ =30 / 24 / 60 / 60

deltaP = dP * Jo

deltakP = deltaP / 1000

Rtl = deltaP / MJ / bs/10**10
Rt = Rtl

do = deltaP

GPO = deltaP

GP2 = deltaP

0

0

Findex

updown
step = 0
FS =0

for jenga in range(9, mt):
# o7 AZHS 1% S92 Yol AlLkS Ragk).
Mtime = Mtime + 1
Stime = Mtime * 60

# B9 A, o A% AL

deltaP = (((1 - n) * J0 * k * (1 * 60) + deltaP ** (1 - n)) ** (1
/ (1 -n)))

deltakP = deltaP / 1000

MJ =30 / 24 / 60 / 60

Rt2 = deltaP / M3/ bs/10**10 # ¥} F u} &gt A1t

Dtime = Mtime / 60 / 24

# o7 & k=, gk AlolE o] FHa ol =FoA] deltaP_(i,1)=
GP1 = deltaP

FH
o

# A 3

for karla in range(9, ct):
Mtime = Mtime + 1
Stime = Mtime * 60
MJ =30 / 24 / 60 / 60

# AA 5 9 AF ARt

Rt3 = Rtl + (Rt2 - Rtl) * (RIF * (Rt2 - Rtl) / Rt)

_34_



ol

bs * Rt3 * MJ*10**10

deltaP / 1000
Mtime / 60 / 24

deltaP

deltakP
Dtime
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Step feedback ¢ A3 F=+= t}S-3} )

=3
# Step Feedback Z13). Findex W% Al83l Feedbacko] A]ZF&li=#](0) o}
Ui AR (1)5 AT,
if Findex == T #1
if FRI > cri * (l+crirange) : #2 Z¢~= o= y=w
list31.append(Dtime)
1list32.append(30)
1list33.append(turb)
1list34.append(TOC)
list35.append(FRI)
list36.append(FS)
list37.append("")
FS -= 1. # =Y<E5 Wg7] wol Fs7t < = 4840
Jo = list32[0] * (1 + (alpha * FS)) # =22 Ug7] 943 2

< gom, drm Al F A fjste] #H gHo
updown = 1 # 25 o= v=wolehs A
Findex = 1 # 2

elif FRI < cri * (1-crirange) : #2 S 2% 27+ y=u
list31.append(Dtime)
list32.append(30)
list33.append(turb)
list34.append(TOC)
list35.append(FRI)
list36.append(FS)
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list37.append("")
FS 4= 1 # 923 £u)7) 9o 52 44
Jo = 1list32[0] * ( (alpha * FS))

1+
updown = 2 # ZE25 S I=w; 22 ey

i

Findex = 1

step += 1

else : #1 Findex = 1; Y=w 3}AZFo] &
if turb != 1ist33[0] or TOC != list34[0]: # ¥ =® = S#o] W3}
B¢ FEw xxo] ¥lstERE 7|E HolHE B
FS = 0
step = 0

f

updown
Findex
liste1=[]
list62=[]
1list63=[]
liste4=[]
list65=[]
list66=[]
list67=[]

else: #2 3= % o] WakA @ A5 (LA A9
if updown == 1 : #3 ZY2=5 Ulgc =
if FRI > cri -+ #4 FRI 7} cri Ho b Fx27 =S 7143
t}
list31.append(Dtime)
list32.append(30)
list33.append(turb)
list34.append(TOC)
list35.append(FRI)
list36.append(FS)
FS -=1
Jo = list32[0] * (1 + (alpha * FS))
score = @ # FRI 7} cri Kt} ¥7] W&o 323 o] go] kAl
la Qlome s #tt

list37.append(score)
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step += 1

i

it
N
Jpt
ol
ol

else : #4 FRi 7} cri9} ZAY cri B} doma go]gs

=
&
[
1=
o
ofN
ol

list31.append(Dtime)
list32.append(30)
list33.append(turb)
list34.append(TOC)
list35.append(FRI)
list36.append(FS)
score = SCORE(cri,FRI)

if score < ©: # score function®o @ 7|E¥ AF7 &< 7
5, HlolEHE o3 Agdth; A score function oAlT dojd 4= Jle dolA

o2t AR A$E dulstd AhalskA e
score = 0

1list37.append(score)

# 7]17 stES 93 oy AA; step feedbackWt = A =
TolA = AR H A Feth
if len(list31) > 1:
for down in range(©,len(list31)-1): # ¥Zo] st dolg

list41.append([list31[down],list32[down],list33[down]
,1list34[down],list35[down], (1ist36[-1]-1ist36[down]),1ist37[-1]])

# score 718 tolE AA; scored] H=w A7HS UEA A
g AWstse e AN
if len(list32) > 1:
list42.append([list31[0],1ist32[0],1ist33[0],1ist34[0],
list35[0],1list36[-1],abs(1list37[-1]/step)])

step = 0
FS = 0

updown

Findex

score = 0
list31=[]
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list32=[]
list33=[]
list34=[]
list35=[]
list36=[]
list37=[]

elif updown == 2: #3 ZEAE & v
if FRI < cri : #4 9|=W9S Al&ehes 47F
list31.append(Dtime)
list32.append(30)
list33.append(turb)
1list34.append(TOC)
1ist35.append(FRI)
list36.append(FS)
FS += 1
Jo = list32[@] * (1 + (alpha * FS))
score = SCORE(cri,FRI)
if score < 0:
score = 0

1list37.append(score)
step += 1

else : #4 YEW-FT,; FRI 7} cri Ht}- oA £F5 %, do|F

£ 71FskA @il Fewol. o} o]l u|olHE ARE-gitt.
for jat in range(@,len(list31)-1): # w}A|u} F=mS o]l
BE H4E 0 At

list37[jat] = ©

# ot 8
if len(list31) > 1:
for up in range(@,len(list31)-1):
list41.append([list31[up],list32[up],list33[up],list34[
up],list35[up], (list36[-1]-1list36[up]),list37[-1]1])

# B7He
if len(list32) > 1:
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list42.append([list31[0],1ist32[0],1ist33[0],1ist34[0],11
st35[0],1list36[-1],abs(1ist37[-1]/step)])

step = 0
FS = 0
updown = @
Findex = ©
score = 0
list31=[]
list32=[]
list33=[]
list34=[]
list35=[]
list36=[]
list37=[]

¢ FE=o|A alphas =822 24 4 FSE =W 7% (feedback
strength)E 5t} I EW AZbo] SolgdF= F7lst= FSol wel dwt

b Eelsg

)
Astol A5@ ANE ALE3 FRIE Abele] @7 FRIS) 5 %
oA Bud F ELx 22 Youe A B4 330
e DEICE

w4
o, AG $)E J1S8a, Frve] FRW J1SE dolHE QA
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def build model():
model = keras.Sequential([

layers.Dense(64, activation='relu', input_shape=[len(train_d
ataset.keys())]),

layers.Dense(64, activation='relu'),

layers.Dense(1)

D

optimizer = tf.keras.optimizers.RMSprop(0.001)
# 5SS AJEHAS 7]lFoR g A Ak, loss+ mse, metrice
mae, mse & T} &lgkc),
model.compile(loss="mse’,
optimizer=optimizer,
metrics=['mae', 'mse'])
return model
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