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Abstract - This paper proposes a machine learning model to address the time and cost inefficiencies caused by the initial designs
of non-experts and repeated design changes during the structural design of photovoltaic installations. The study applies
K-Nearest Neighbors (KNN) and Logistic Regression as the machine learning models. GridSearch was used to find the optimal
hyperparameters, while StandardScaler was employed to improve model performance. The F1-score was utilized to evaluate the
performance of the models. Both models demonstrated a low prediction accuracy for the safety class, likely due to data bias
caused by class imbalance. Further research is needed to mitigate this data bias through dataset adjustment and preprocessing,

and the exploration of alternative machine learning models.

Keywords - Steel structures, Solar structures, Machine learning, KNN, Logistic Regression

LA E

b

1048 o g Al thgt ¥l o] ot whet, =
Aol gt 871 Z7bekaL Qe SAolTH!.

B Aol A EE YTy B9 A
914 01]‘5“ 508 Hx7} Z718kal Q).
Y Fg AAs g 12 E

o
g M
R r>~

o
|
i

)
o
il
™ >
e 52
nﬂn
o>

fot T 1o ok off
N
)
H

=
o0
old
-
PN
o
2 |
r_>.i
oX,
o
[
£”.=
09,
E
1
PN
o
=2
=)

My Hofu X ope Hz Jm
)

riet
2
r [©]
1w o
2
i)
ox
filo
s
N
R
39,
i
4
o
o
-
PN
o
)
il

Note.-Discussion open until June 30, 2025. This manuscript for this
paper was submitted for review and possible publication on September
22, 2024; revised November 20, 2024; approved on December 06, 2024.
Copyright (©) 2024 by Korean Society of Steel Construction
"Corresponding author.

Tel. +82-51-6739-8739 Fax. +82-51-629-7084

E-mail. mjp@pknu.ac.kr

GA oA dutx oz 1z AR/ ofd B HES}
Aol ot 7] AAE APt o]¢ 27] HARE
& Eﬂii B AW 82 APgsto] Aok & F2AA A
2842 AYstA e} 0|2 s, 27] Aok &
011/% AEZ QI FZ 4 o] A Qe
Hgg F2E ARG wE o FEY 44,

Het 7E AA, AR A e AgdEn. 1
By AR BFgAd S ] A 27] Al e
o7 HHE7 e @ AR wE AT ol F
ojfe] wet, F2MUAS WE3HA] oke 7t H
o 2 s Al A SARNA AlSARE FRHE
€ JdYste 27 2 vHE2ARl A doet AdE
2 ]loto], g2 ¥ AJZt Hlgo] 285 & o=
o dtt. 27| AA| Al o4 TA|E FEolME 4
ARl W& AAF 59 A7 E AR

T ATA s H 7IASEe] FHer HAS0A
= o5 &8ote AFEC] Bol FUbetL YU

=08 = A36d Ao (5 A1932) 2024 129 443


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2024.36.6.443&domain=https://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

7\t

NS

2EE 8 TSI HEFY T2= I B

flo

Badugeloll A A% A opoll A A&E= 71AI15}
I J1EAS ol sl APt ok A5T=
oM & T ASt 55 085t RSl 3o o
AZE 53} Aot AAE Aste] gol 8835k 9
o Arz=e] A A Esjio dd 8 34
A Ao tiste] Kim'“o] A 475 9l Hashemi'®
old MRFEZE 72z 4 44 A % A5 2
of HsiAl A= At Gupta”i= KNN 22 &85}
of 34 w2 £99 ts 2L 27 2dE A
5L F12 5015 53f B71sHi o Lee™= CFST 7]
59 $AA=E ASste 7IASE BdE AEHA
om, Ha"l= w#ko] Wols} 535 JF2 o & gt

v}

& JFHo
o, {7 B0 2haste At A At JEe AT
5ttt Duong!'" Wk 5H5-g Hhe thFel T o
CEST 7|50 dat 71Asts mdg Alokshgict
Jang!"'z} Kim!o A thefet 71 AlSks wdEo] 234
PEo 3% Wolg &S 452 Brsgen,
JeongP'e ZIHE FEo] &4 AL Hrlisks 7]

At BEL A st

£ AL AZE A% GG FEE YA
oA \ASE BAL s stel, 27] 44 GA
A g FREY A tet J3e e AR
¥ 5 Uk A Bde SR ot

ot

2. 4A |8

21 HFF F2E 718

5= A HFE 22 dAs Les AA= 5

e A, 3= A5 2ot 7% 4A, A %
5 A%EI] HPR UA, A2 A4 PE
o2 AYAY. e, B U5 I 4A F
A A BES AT, A B RS sk 9
th ZE9] 49 CRL Agon, Bet 159 7
9 ZAG7TE AT TR FAHL B 4
59 ol7lurhe, A% 7149 WAL B4 Sud
oh7b 9 AR A AR 4% B, WY 9
X, BEQ] $% 5 1T W47t cropate, Al g At}

444 =7d72010] =g A36H Al6 2 (FH A193%) 2024 124

2 Bote] YEAT. o 7|20 4§
29 B4 B GG H1G9] BAVL
AL e AT SolA wrEA

A
75 AYSIh AFEY B WL HPEA
Aol A PRAES Bag £AL Hokslo] ofg
2ol itk Gt AZEY Ba - B 90| BEre
A9} = 9tck

=

sttt 5359 APy 22 HiFE 7|AIsks] W
2 A o Ard 229 F9 U WEAT
of 24 cof Higk 34 ZdSo] A= AT

F2E RAZE FxE o] C-100 x 50 x 20
x 2.30]31, He} 7152 g 733 0-100 x 100 x 2.3 t&
AAE AT 24 BA 9] 752 SRT2758 7|22 4l
FEAT F2E9 FEES} B, 752 & dAst
2 7o, 715 shit e 1o B dAEn



2.3 HloJ ¥ #jo]A

714 s Hdof| AHEE HolgHojAs =7HAA

71Z(KDS)°] A%TFZ71% AAGZEKDS 41 10 15 :

2019)"3F AZE 7z AA7|E(KDS 41 30 10 :
2019)912 BT 2 MIDAS 314 A2 H3atdct.

Hlol8 = 3,061717F AF&E QU Th. RG-S T
st SEiA 512709 PGS TSR] Bots S
2 2549702 FAE QL B FHaE F5(1),
H ¥4 (D), 71 HA(D,), A5= Eol(M)=E U5t
FAG S TSR] Foke Ffolth. 429 S A 5

+ Table 19]4] &1 4= ot 7|Agks Bd P H
O fote] b FEAE 1, B SHHAE 0

T2 doj(2)7t #7te ¥ 57HA] 0|t ZF S Fig. |

oA &elo] 7hssttt. T4 3% 24 m/soll A 38 m/s
U9 T 7185 7ML it B 2HA 9] 9o
< #& 1.6 moA ) 3.7 mAtolS] e, 715 2F
AL F4 2.6 m, Hdf 3.0 mo] HE oA st

Table 1. The number of data per class

Type Cause Count Mark
Safe ALL 512 1
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D, 795
Unsafe D, 512 0
D, D, 512
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Fig. 1. Solar structures
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z=a*(Vo)+b*(H)+ c*(L)+ d*(Dy)+e*(Dx) (1)
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ARGE T Sage L1 L25 25 A HstH, glojg Al
EQ 7|7} Y o AFRHh F1— score — 2* (Recall* Precision) 3)
¥ = A (GridSearch)t= 3to] 7 wtetn] e £ Recall + Precision
%O]T:I‘ ‘8]‘01 ‘ﬁ1 il—.]-E]-U] ——g_ ﬁx]-fq 01/\‘:' E—'E— e Precision = 7’1‘})’1‘_’1_3 FP (4)
e Alesto] shgd RHo A9 deg BoFe
stold Tieful el HolFt QU Atk RWS BE  Recall = - )
F4o] Aol T HAY 4he FE FBo| BAL,
stolsf mhetulel o] FFLt 230l ket 4§ 2. A
Zl-o] 7E—]% '{l\_ 9»;'\'15: E};\g O] 9‘7]\‘:]— Confusion Matrix w0
3.4 A3} )
71 Asts RS Hr1st7] Y8l F1AF o](Fl-score) 0
E ARSI} FlAFoj#k AU (Precision)2} XHOi '_é 25
_ <
& (Recall) & F319], L2 a5 el &
Pdo|th(Fig. 5). A UL Bdlo] FAPOZ &3 7}1 £
T AAz S vler, Bdo] dutyt HEs] ¥
SHLE A&t AE et Adeold F4E< |
% mdlo] fyo g o=t u|es, mdo] JupL} T bredicted
11:.!5—1% T8 FHAE Zotl= A& UEdT FIAFT Fig. 5. F1-score confusion matrix
ol o} A& g0 %5} Bitolth,
AlA] glo|Elo|A] 32 S AQ] H]go] S AL Table 2. Hyperparameters in machine learning
wdlo] glo|g 7} we Ze Ao th3t o= A} = Algorithm K Metric Weights
oA HA AL} =A4 UL 2 9lh FT L L =3 KNN 7 Euclidean Uniform
] - o9 ] O 3] = r
wF AR FEoA B el vheolA= Aol Algorithm C Solver Max_iter
O]% HJ'X]U]—7] ‘!‘]—6]—01 Fl—/—\—ioi% %‘?_]: %7}_7} %—8——8} Logistic o
. 10 Liblinear 10000
o} FlA3olt o]x] £5 BAo] A0, o} £5  Regression
Table 3. Before data pre-processing machine learning result
Algorithm Class Precision Recall Fl-score Support
Train Unsafe 0.84 1.00 0.91 1801
KNN Safe 0.00 0.00 0.00 341
Test Unsafe 0.81 1.00 0.90 748
° Safe 0.00 0.00 0.00 171
Trai Unsafe 0.88 0.96 0.92 1801
Logistic ra Safe 0.70 0.40 0.51 341
Regression Test Unsafe 0.89 0.98 0.93 748
° Safe 0.86 0.48 0.61 171
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Fig. 7. Data histogram after StandardScaler
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Table 4. After data pre-processing machine learning result
Algorithm Class Precision Recall F1-score support
. Unsafe 0.85 1.00 0.91 1801
Train
KNN Safe 0.67 0.04 0.08 341
Test Unsafe 0.81 0.99 0.89 748
° Safe 0.25 0.02 0.03 171
Trai Unsafe 0.89 0.95 0.92 1801
Logistic ram Safe 0.69 0.49 0.57 341
regression Test Unsafe 0.90 0.95 0.92 748
s Safe 0.69 0.51 0.59 171
A gk, #25F HEl & HolEH &2 ILE 2EE ET d2dee T AES HAE AE 25 092
Table 4% EZ3} W F FIAT0|S HolZT) & 2 %2 452 HolRyrh ol 2YAL A
3ot Mgk & KNN Zd 9] sto]w wpetulE = 7| &3} AE 0.57, BIAE A E 0.598 K go] I g 3jr},
FU3FUTH KNN 2L Fl AFoj= E9Hd FFA ) F ZE2 HAE7E 27] AA Aol ®HSF T
of HhafH L ET AE 091, HIAE HE 0.890]m, < 20| BOMATAE WY 5 Uk JA%NE
Xj S 20 A= dlE5S JFFHA] Z5FAH. 24 2d-g A Qtsk it
g 89 mde dole WA F sfolw wetulee] @) F B obd Fe 2] gk Beto] Bl
A 45 547 10000914 1000.2 Wsko} A7, o] LA Ze2ot BobA FE2 dolg 49 o]
Z A8, A& &85 AlZto] GEFHUAH. F1A3 = Rt glojH Hafo] H7 Ao r wtdh
ol U S0 dsiHE T A ES HAE Al o[E] AJES] F7}2{Ql gtH L} HlofE A2
E BT 0928 2 452 EAFAH. A SHE = &5t L9 452 Hoof OPE‘r
o HsiA= —%Fd AIE 0.57, HAE AE 0592 H& (5) & AFolM= HEY HA 4= =9 &ol,
o] g g s}r}. AEE A8 4= 52 | Oﬂ/ﬁ Xﬂﬂ A
2%, 27159 W4So] ggt A7t ol2eld
o, o W2 HHolA B FE2= A
.42 2 e 4 9l Tigro] F Aol
£ AT T ASE BEL A8 HFY F2EB)
S I EoHe BYS AN FHAYNE Aol 2
(KDS)9] A&=Fz7|& DA SHE(KDS 41 10 15 : 2019)
o ARE GTEDAIEKDS 4131 00: 01902 o] EBS RAURD AFFITNEATH023Y)

‘]
=
AEH 3061749 27 o4 dlol e 2 AHgsglon,
Fl2A301E S5 Bdo] 452 Slstart.

(1) KNN 29l 9] 5}o]5] mtahu]|E] = K=7, Euclidean,
UniformC & At A S0 &9
AE 091, HIAE AE 0.89% £2
2, 2 FALE 22 QWA 23l
At

(2) 2X4H

Liblinear, S+

o9 Lde| stolx mEtulE= C=10,
3l 10002 A E gt =1t
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1 24st7] st 71AIsy BES AQSity. 7ASky REREE K 0|(K-Nearest Neighbors)d =2 AE 3] F(Logistic
Regression)E 4-8-5131th. 2 9] so]w netn|E| & BHA57] 9i5te] 12| E A X|(Grid Search)E AHE-Fith. 23t H¥H(Standard
Scaler)& AHg-5to] BE 0] 53 & 3Ith FIAF 0| (Fl-score) & AHE-oto] BdlZ H7HGITh 2714 HE2 80 % o)/d9] FE=E Ko
FAA G, P S Ao gk A7 ROkt 271HK] S A B 2 & Q1 HolE HEFo| 7] A L& g EH ) Ho|E A ES
27 9 AA Y, o2 7 A eE BE9] AHE-Z B vlolE HgFo] thgt =714l A7t F a5t

FHE] : A%, HFFTFEE, HARY, KHZH 0%, 2ALE 59

450 F=7d7E0t] =g Al36d Al62(FH A193%) 2024 124
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