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Park, U-Yeol Accurate cost estimation in the early stages of a construction project is critical to the successful
Tel : 82-54-820-5897 execution of the project. In this study, an ANFIS model was presented to predict construction costs in
E-mail : wypark@anu.ac.kr the early stages of a construction project. To increase the usability of the model, open construction cost

data was used, and a model using limited information in the early stage of the project was presented.
We analyzed existing studies related to ANFIS to identify recent trends, and after reviewing the basic

Received : December 26,2022  structure of ANFIS, presented an ANFIS model for predicting conceptual construction costs. The

Revised :]January 10, 2023 variation in prediction performance depending on the type and number of membership functions of

Accepted : January 12, 2023 the ANFIS model was analyzed, the model with the best performance was presented, and the prediction
accuracy of representative machine learning models was compared and analyzed. Through comparing
the ANFIS model with other machine learning models, it was found to show equal or better
performance, and it is concluded that it can be applied to predicting construction costs in the early
stage of a project.
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3. ASTA| 052 23t HSH H2-T{X|(ANFIS) 2

3.1 ANFIS?| 7|2 1%

o]7] A<= Jang[19]°] AltRt 2-3-9 =~ 2] BHO] 7] 7lg 9 o] v A

ANFIS+= Figure 12](a)oll Al & = Q= v o] o8] F-0.2 74 5= DNNA | 57]2] Z0.2 F/4J Sk DNNO] 855
A7} oh2 -2 W 2|8} I E(layer 1)9F 3 7152] &1 2] 8K Defuzzification) = =(layer 4)7} SH5Hgof| A &8 &)= HhH
1 € 0] Fproduct) ol NSRS - (layer 2)9F A5 e E(layer 3y SH5TH0IA] 25 7] ohth. 7} 20 Tk The
ot e,

Layer 12 JEHS(THA x& y)o] HRA]SKFuzzification)THA|ZA], 2AH YA HE AE53(Membership
function)S ZAot1! 247 T (membership)E A 2Joh= WAt £A&582E 7194 O]'(Gausswn) Lt generalized
Bell o 50] AMEEH 7H-AH(Gaussian) <71 o] AREEIT.

Layer 2+= 7121 2] FFE& Alitots @AIRA o] FollA ZF i Ex= Layer 10014 713t 259kpgk-S 2= 53 7H

2= Z I} Figure 12)(b)ollA & 4= Sl HEeh o] l g Hp(x2ty) o] A5 H & 0] F O & ke Eof sgsh= Wit W2E
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(a) The architecture of ANFIS (b) Defuzzification

Figure 1. ANFIS based on Sugeno
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ZSAH| KIF= ?I8 ANFIS 22

3.2
3.2.1 HOH =& & HX2

Ao A= DA ek FAH]A B33 (http:/pcae.g2b.go.kr:8044/pbs/psa/psa0000/index.do accessed on
15 November 2020)°11 4] 57l5h= 5-531522] 5AH] Blo|E et AAAT A 55 Foll N A 0= £33 Hlo|8 & 239t
Stod Z 908719] Bllo|E& =345ttt 980712] HlolE| & FAFE0] 3009 ¢S Zot= A E 9 o] X|(Outlier) &
A|ATE F8307112] Hlo|H & &85ttt od A= AHA K S A o] & 39t o =2]F o & @ 77} 3= HolH
o, w9 -2 thAH A o] H]off FARFEZ} X UER|A| 2o} A7 A o1 W2 "o B & oA &2 ER1t & Al At
Ak ERE, 3009 o/dRl F-5-3A TR A E = FAA O WAl o] Db B ofu e} A7t g grot el Skkof ARg-5]

o1H7] w2l siAIstt.

Table 1. Parameters and attributes for the input and target variables

Parameter Type Parameter Average Standard Deviation Minimum Maximum
Gross floor area(m?) 8046.3 5341.1 145.4 32269.2
Building area(m?) 2624.7 1747.9 26.5 11392.0
Input variables Building height(m) 20.2 7.5 39 53.2
Number of floors 4.1 1.8 1 15
Number of parking spaces 78.7 76.1 2 7.6
Target variables Construction cost(million W) 10103.4 6142.9 251.1 29859.1
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Hlol8E Aok NN FEEAY 7|1 E= A7 ST 5 grofl §17] wiel g dlolEdls 254
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1 ATE o1 S QUtH21]. o] ZAIE 7HAsH ] flste] FEoll= 71A
0]-2(K Nearest Neighbor; KNN)o | 3HE ZH| A E(Random Forest; RF) @11 252 &8s o] &85 17 Qlct, whahA
2 Aol A= KNNe = Z2ZA 5 ARt Hlol el & &85l

cheret A7} A Al ET e 5 Ao}
(), 7158 o], 24, FATiSlnt. o] 5714
] = 3}k

of o] Hrg& PHHT=E L85 Table 12 U

ME

O

3.2.3 2o Wt

o A= mho] A(Python) Q101 S 7|8H0 2 FIhE ©Z AAE o] 85}o] ANFIS ZE-S 285190 W, ANFIS 2d
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4.1 Di7HH-E ANFIS 22 &5

A7) Ms &0 S B ol mEt ANFIS HH9] A so] of g7 DetAl=A] vl sttt RHlo] 452 vl st
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ATELE 20%E A-8ot3rt. Y] AA D] 2tojof uheh WAL 4= Q1= ¥ Eol7] ol 2 Hme] izt
I H 2GS 710 & 03} 1 Ate] 9] 3L = A4 2K(Normalization)F § oH5-2 2184513t
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o
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Table 2. Performance comparison of ANFIS models in terms of membership functions

) . Training dataset Testing dataset
Membership function 3 5
RMSE R RMSE R
Gaussian(mf=5) 1915.0 0.903 2012.5 0.891
Gbellmf(mf=5) 1971.0 0.897 2014.3 0.890
Sigmoid(mf=5) 1945.3 0.899 2005.7 0.891

Table 3= 25T 19 A1 A4S A GRS 1] £45849] Aol THE ANFIS 2] 4%5-2 LeRd Zlolck, 44
0 57t 570 Qo Aol 71 97 A0 LEREon], 248 0] A4 1070 9 Sol Bt At Ra}
7421 el AHISIA ] o] S B0}/ e A0 e, igure 2 /AR B

A0S v YRS Lehbs 243150] 58-S ek Zo]tt,

>

&
Y
.

Table 3. Performance comparison of ANFIS models in terms of number of membership function

Number of Training dataset Testing dataset
membership function RMSE R? RMSE R?
2 1959.4 0.898 2099.0 0.890
5 1915.0 0.903 2012.5 0.891
10 1944.6 0.899 2054.5 0.886

Membership functions

Gross floor area Bulldlng height Number of parking spaces

10 o~ 10

-4 -2 o0_ 2 4 -2 0
Building area Number of floors

-4 -2 0 2 4 -4 -2 0 2 4

Figure 2. Membership functions in ANFIS model
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4.2 ANFIS 221t 7[A|sts €125 g5 Hld

7] A= ANFISE &7} ThE 7] Alsls A 18|50 452 Hlwskgint. 71AIek59] @l g) S AWtz o & ol 285
+= A3 3]9(Linear regression; LR), 4173 (Neural Networks; NN), S & iﬂﬂ/\E(Random forest; RF), Light GBM2 -8
sttt 71AIsE datElEe] mi7fa= 18] = B H(Grid search) 4] 0. 2 FE5fo] 2-85}%ct

Table 40141 B 4= Q1= H}o} ZFo] ANFIS B2 t}2 7] Ajsky Rdla} vl wsto] #0] E535 458 HolFl AL
4= 9Ick. RFS} Light GBME 8H4-& d]o|elo] 23t wl= o] Liehtis Aol Hlal], ANFIS Rl 8744 to]el g
=8 glo|g oA Aol & 2o} glo] A-erbs3st AL sholstalnt.

AN 2Hlo) A9 A E £E517] S 2 mele] Wag 220 iAu-E Aok ste, T2l Ao}

o 1

rlo
05
N

AL ARSI 52 BAT} QIEk ANFIS 29 EGE 2480] |47} 3710 AR Sk B3] 9)
O 2&740] 457} 57 of51el B9 ARSI 8] 9k HlaE ME G5 AE ol 202 Lefiteh, ANFIS
22 1720} o] 220 FNE EEoke AGPSE THLE TP S GLort Ak B4 A4} B e
P EESHE ATO 2 DNNO| e iet e BRI A4Sk ol S} Qi A 02 ek

Table 4. Performance comparison of ANFIS model with machine learning models

Training dataset Testing dataset

Membership function 3 5

RMSE R RMSE R
ANFIS(mf=5, Gaussian) 1915.0 0.903 2012.5 0.891
Linear regression 2006.6 0.893 2021.5 0.890
Neural Networks 1965.3 0.897 2006.9 0.890
Random Forest 1732.2 0.921 2111.1 0.879
Light GBM 1677.9 0.925 2080.4 0.882

5.2 E

2 AT AR AE Belre) A S AT 5 Aws TRAE /| olA FAE o 5T 5 9l ANFIS
29 ANED B8 q*#ﬂﬂﬂqw%ﬂ%%&mmﬂaéag&doq 2AE 271940 AaE
Hugrigos

8 Y Aejol 0] BAHE Tlotels o] ANFISS] 11 FEE DA F 153 o5
2 9I3F ANFIS 292 AX|5}9I0 ANFISS] B20] £4310] $R9H Aol et Sepat o5 A2 Balste] /1
9.2 A Ak, Q) 7] ASHs R o Betmel vl R stgich
§ 27 AAH), AFAZ (), AHE o), 55 FANSE YRS 2 o DS PHAG 00, 25T
5

Z1 0 2 et TS ANFIS 24

mlo
O

il HOo A= = lelNe) o T T %
H W3 AW 55 o L' AsS YEH ZRAE 270 FAH] S0 A8 7sd Al o' ddE,

2 A= DNNZH H 2] A ARLS A9eE FNNC] 421 ANFIS BE-S F5510] FAH] 45 A5-g BAsh= 2oz A
T2 F912 75IAAITL, ANFIS ©]9]2] FNN 2dlo]ul ANFIS 2E-& 288 off 22 o] uj/ji-E A5 o2 5351
etol tigt A7t Bae A o & wrbeth T3 E2 Aol A= ANFIS R Eo] DNNO| S=HfAZRe o g 7| e
ek AABEAL Lot A4:5Hr0] 4T wolAH &3S DT e T35 Ao 21 SHA7} 917 wio]] Axt
off tigt el o] A7 Fs/dS 0171 Asiie 71l A7t Bad 7 o= wekerh
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