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A concentration meter is widely used at purification plants, sewage treatment plants and waste water treatment
plants to sort and transfer high concentration sludge and to control the amount of chemical dosage. When the
strange substance is contained in the sludge, however, the attenuation of ultrasonic wave could be increased or
not be transmitted to the receiver, At that case, the value of concentration meter is higher than the actual density
value or vibrated up and down, It has also been difficult to automate the residuals treatment process according
to the problems as sludge attachment or damage of a sensor. Multi-beam ultrasonic concentration meter has been
developed to solve these problems, but the failure of the ultrasonic beam of a specific concentration measure-
ment value degrade the performance of the entire system. This paper proposes the method to improve the ac-
curacy of sludge concentration rate by choosing reliable sensor values and learning them by proposed algorithm,
The prediction algorithm is chosen as neuro-fuzzy model, which is tested by the various experiments,
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Fig. 1. Sludge density measurement in ultrasonic multi-beam
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Fig. 2. Density estimation algorithm using neuro-fuzzy model
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Fig. 3. Density rates acquired by 4 sensors
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Fig. 4. Measurement exclusion by data selector
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Fig. 6. Fuzzy rule and inference value for density estimation
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Table 1. Major component facilities of pilot plant
Type Specification Remark
Sludge Tank Sm’ Capacity
Mixer 0.75KW
Inverter Sample
Supply Pump 2.2KW circulation
Magnetic Velocity
Flowmeter 100A measurement
Ultrasonic
Density Meter 4CH 1004
RTU Cimon Reatl1 time data
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Fig. 8. Ultrasonic multi-beam concentration meter and sensor

(a) Installed Sensor

3.2 M U GlolE S

Pilot Plant 018 T35 F A S fAkeE hedl
& Fsie] 29 o3} 2ol SEMR 4E EHele A9L 519
o} w6 HoleE H5a] Mol 2831 $wA Ao AEE
of e 54, AxzA 9 el B4 5ol el it &
o] Thznz ik AS7loh RV GHA gk 3
S s

(a) Mixing water & powder (b) Kaolin powder

a3 9, stealnt B4 SRy

Fig. 9. Mixing kaolin and water

Pilot Plante] AJ&Axl= 28 107 7o) 2ePskeion dlo|g
#H5L 229 tey] wAle] WE)9) L ERS RS-23254 0%
ods}e] :ER| A" MMI(Cimon)old 1% ©h¢je] AAzt )
olEIE FH53IL.

Sensor Zero Span Converter
Clean E> Correction E> Correction E> Setting

Sludge Sludge
moisture—content <:| Density

Measurement Measurement

% 10. Pilot Plant A[&ZX}
Fig. 10. Experiment procedure of pilot plant

122 | »y= 0|58 - 0| - XIS - MHZ

HA Sensor Clean THAIZA] HAZA A 24 AE FHAAT|
7] S1el AAell F2E oled A7 9 AP AYE ekn, Zero
Correction W= 94 w4 o2 FEAl HFE AL
ol 233} AlA W7o Yehhs 72 S 58 %
2 A5k 29 W3k Span Correction YAl S=Al9] 7]
21} 7k &A(l, 3nEE)S AL ofuf 253t Al e
o] M-S FE4) 3R AAI} Converter Setting YHAl= %
Ale] HE7]oAM RS-2325410 8 =EE ddste] tloy 43
AAER= Tlo|t). Sludge Density Measurement ©HAIE Pilot
Ao Qleje] &HAE AL HE Y MixerZ|E 71s3ste] AARE
T2 A5 WAt vEAHt Sludge  moisture-content
Measurements= S| A &S S48k QAIEA] 29 1134 o)
HA SEA FA(g, )5 S7g8kaL v Sampling WE oA A]
25 A g2 Tl Aol FAl(g,)E St thel
QBA 105%00A] 124K o 7Fdete] HZAIZ] Fol FAl(g,)
==

1PE] FAE St 1P EY SR HEA TS

vehi] i A ofel A 2

(%) = (93 791)

e 100 @)

(a) Scale

(b) Oven

a3 1. 24 Al

Fig. 11. Method of analysis

3.3 M Zat
A= dolERE See] 24 Awg A gstel

T darelss A8ske] Bkt dolE T2 e 4
BHOE TE(EY)E oI5stat staLl F 2400709 €
o8 % 20007} 855 dlolEl2 400712 HI2E dlojE2 Eels)
o F5ATE BAsle] Btk ASAEZE MAPE (Mean abso-
lute percentage Error), MAE(Mean absolute prediction Error) 2
Al F- 22kl RMSE(Root means square error)S 1}a}SiTt.

MAPE— 1 2\’: Actual, — Forecast, 100 ®
T NE Actud, 8
1 &
MAE= N E |Actuall. — Forecast, | 9)
i=1
1 &
RMSE= N E (Actuali *Forecasti)Q (10)
i=1

H 20ME SAHUOHE dksle] olF Haisls ke W
23} F2-R] daelEe o83 g tlofEle] Tk 3t o= 4
Folc}, Hlo[ElE MeleiA] ¢kal 479 AXE BT o83t ¢
ATTF MBS0 27} 10, 94% 2 F2-H Aol 25 0,00082%1] B
slo] - =kt 53k 47)o) Al S Al ZE AR GRS ARKsE



http://dx.doi.org/10.5391/JKIIS.2015,25.2.119

o Hapt 7P 2 A g AAT T ARk Ay Alsdi
5.84%, Tr=2-314] 0,00049%= WA=} 37 30X HIZE dlo]
He| s% 3k oS Aio|r HelHE MestA] el 4742 AXME
BT o]get 799 HolHE Must A5 vust Ay e
27} <F 3%, w=-FHAPE oF 0.6 95 3t

# 2. ot5 HojEol thet 5= &3
Table 2. Density estimation for training data,

Before data selection After data selection

Perfor ce - : - ;
Arithmetic ANFIS Arithmetic ANFIS

mean mean
MAPE 10.94533 | 0.00082 5.84429 0.00049
MAE 0.28599 0.00002 0.14324 0.00001
RMSE 0.30128 0.00003 0.16170 0.00002
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Table 3. Density estimation for test data.

Before data selection After data selection
Performance - - : )
Arithmetic ANFIS Arithmetic ANFIS
mean mean
MAPE 23.35874 1.31026 20.39507 0.73988
MAE 0.15212 0.00770 0.13146 0.00592
RMSE 0.15586 0.00001 0.13375 *0.01024
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Fig. 12. Density estimation by Arithmetic mean (before selection)

—— Estmated OuiputiArithmetic Mean)
—— Real Output

14 -

Sludge Concentration Rate

02 i e n £ L L 1

E] 100 150 00 20 30 350 100
Number of Data

O3 138, M Eoof| et s= FY(H0|E M 2)
Fig. 13. Density estimation by Arithmetic mean (after selection)

a3 140t Fhe) Blolelel HE ANFIS Saieize] HE
glolelol tigk Al g} a2 o) Aol A PRI ek
S elZaha he-g HelFa gtk a7 1501 ©Ab} 4
el Helel2 olgs A9 a8 149] 47l wlelE A
shark 4] ghol ek slel 2ah pEgiee RelFn

o

o e

%0,

Estimated Output{ANFIS)
— Real Output

1af
2
® 12
-4
=
H
=
]
5
E
H
b
s
o
- L- L
g,
S et
w

D6}

- | ; ;

L] 0 00 00 0 400

w Numbe}l:\\o!Da!a =
T8 14, ANFISO ©J3t & ZFH(dolE| MeY )
Fig. 14. Density estimation by ANFIS (before selection)

18 - -

—— Estimated Output/ANFIS)
—— Real Output

Sludge Concentration Rate

s 100 150 20 20 m L] am
Number of Data

T2 15, ANFISO| oj3t 5= EH(TI0[E] Aef 3)
Fig. 15. Density estimation by ANFIS (after selection)

FE-IX| YU2ES 0185 23X 5= £ 71 My | 123



Journal of Korean Institute of Intelligent Systems, Vol, 25, No. 2,

April 2015

4. 8 B

Ze7] Fele FEE(Polymen 2 WiZS AAEA 2
E312 93 203t A2V 2] A= AR 58 Eal]
ARgRe] 293 93k eat WS ol Bolews Axjgitt 1
U &2A A3 U Bl 9 713y olBAS 3 7Fs o]
zon olu] B4 MMM £7HHoR I ZAelE AU} A
ZPEA Po] ol mgh Ak el T 2T} Ao
Ago] Pl W o] cle] Hy|w gtk ozl A
dala A grshr] st v swAl] i = A
A7} AV 2 HS Aol ASe} ek uid duelEAg sbs
e 9fate] A% 9 Bl

ofg] Qeolog clate] A7t Ao R AEakA] S 797}
olom, AZAT 47)e] S BF o]gdt ASHTE 37He] AA]
2 olggl 2y} wrt /I on ) AREET Q= HEAA
o T Aol o8 Tk AEHrl wAE gumelEal
ANFIS 8|28 #g3te] AXkel Ay} o] 27 MHES
A3k

=]

olr

References

[1] Dr. Kawamura, Integrated Design and Operation of Water
Treatment Facilities, 2nd edition, 2003.

K. panter, ‘Comparison of Centrifuge and Belt Press for
Compressible ~ Digested  After
WEFTEC2009, pp. 6220-6229, 2009,
Korea water and wastewater works association, Standard for
drinking water facility, 2010,

Seiji Yamaguchi, “New type of sludge density meter using

(2]
Thermal ~ Hydrolysis’,
(3l

[4]
microwaves for application in sewage treatment plants’,
Water Science and Technology, Vol33, issuel, pp. 53-60,
1996.

(51 S. S. Baek, Y. O, Park, J. H. Ban, “Study on optimal oper-
ation of residual treatment process automation’, Jjournal of
Korea society for fluid machinery, vol 20, issue 6, pp. 77-81,
2008.

[6] S. B Jang, J. H Kwen, Development of Ultrasonic Multi-beam
Sludge density meter, K-water, 2009,

[7] J. Bougadis, K. Adamowski, and R, Diduch, "Short-term mu-
nicipal water demand forecasting," Hydrological Processes,
vol. 19, no. 1, pp. 137-148, 2005.

[8] S. L. Zhou, T. A, McMahon, A. Walton, and J. Lewis,
"Forecasting daily urban water demand: a case study of mel-
bourne," Joumnal of Hydrology, vol, 236, no. 3, pp. 153- 164,
2000,

[91 P. N. Tan, Introduction to data mining, Addison- Wesley,
2000,

[101J. s. R "ANFIS:  Adaptive-network-based
fuzzy inference system," [EEE Trans, on Systems, Man
and Cybernetics, Vol, 23, No, 3, pp. 665-685, 1993,

[1JHH Lee, S.B Jang, S.T Hong, M.G Chun, "Intelligent
Controller for Constant Control of Residual Chlorine in

Jang,

124 | 4= - o|sH - o|chE - BRI - MHZ

Water — Treatment Process", Intemational  joumal  of
fuzzy  and  intelligent  systems, Vol.24 No.2, pp.
147-154, 2014,

[12] Bo-Hyeun Wang, Short-term Electrical Load
Forecasting ~ Using ~ Neuro-Fuzzy  Model with  Error
Compensation, [International  journal of fuzzy and in-
telligent systems, Vol.9 No.4, pp. 327-332, 2009.

[13]S.C  Shin, "A Study on Prediction of Wake
Distribution by  Neuro-Fuzzy  System",  Intemational

Journal of fuzzy and intelligent systems, Vol.17 No.2,
pp. 154-159, 2007.

[141SP  Chun, SS Kim, CB
Transformation and Evaluation for

Lee, "Modified
High Concentration
Ozone Predictions", Intemational journal of fuzzy and
intelligent systems, Vol.17 No.4, pp. 435-442, 2007.

X XF A N

ZAtE(Sang-Bok Jang)

19804 : Fdietal HAx}ge FEpAL
2003 : ghifistal AlZA|olF sl FEJAL
20159 : SEUIsk Alo]=R3sl} Fsfutal
1989 d~1991'd = thekAdTE(F)

1992 3~SA) : ST AIATAL S AR

4RO : Modelling, SCADA System, Process Control
Phone  : +82-2-2150-0363
E-mail : jsbok0502@kwater, or kr

0|&%(Ho—Hyun Lee)

1998\ - dgefstal kst St
2010\ : KAIST 258t4] FaAA)
2013\ 3~31A) - ZHch3t st

QSEEELEE R

FAEol : Fuzzy, Pattern Recognition, Optimization
Phone
E-mail

: +82-42-870-7683
: LTHH@kwater,com

0|ti=(Dae-Jong Lee)

1995 : et A7]88k 33t
1997 : SEHAL 7|9 B3}
AL
2002 FHEUE. A7 REeTt
AL
200653~2008\d : ZEstn SEAHH )& ALY



http://dx.doi.org/10.5391/JKIIS.2015,25.2.119

s

!

o~
Ho] %7l T

FAFol : Biometrics, Recognition, Intelligent system
Phone
E-mail

: +82-43-261-2383
¢ bigbell@cbnu.ac kr

HZ15|(Jin—Hee Kweon)
1992\ : Zdigtal dojsta st

201083 : Fetheta Al A
At

2014\ : Jeistn B doiEkel B gstt
ks

1999 3~&A)] : & 2El= oAt

PAIEO} : Sensor, Transmitter
Phone  : +82-53-383-7181
E-mail : 1t200@naver,com

HMHZ(Myung—Geun Chun)
1987 - Fakdeta dxeeta 3t
1989\ : KAIST 7] @ =A=}-3-3k}
AL
19934 : KAIST #17]
S}
1996\ : A3} Abgsleta Addel

ERR e

1996\ d~AY : SEHSuL ZAApET ug
20073~3A) : ISO/IEC SC27 AR KF TF3} #29Y
2008 3~8 4] : TTA PG505 HE9]Y

FAEL 1 ASA2E AREE Az

Phone
E-mail

=2-T{x| Y13l

: +82-43-261-2388
: mgchun@cbnu. ac.kr

£S 0|83 23X 5 £ 7H e | 125



