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The degree to

which the data
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77| (B2 5PIHE 7 1EIHR0] 540t S KR B4 10| AO[SHEIOIE 95 HE(LRH) 57| 19252 0.30%
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mean 17015.6430 256.3988 8156.2429 691.9291 2.3504

std 2346984.4250 1364.1303 60153.1923 38027.5603 3.1328

min 0.1200 0.0010 0.0010 -9.2400 0.0000
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50% 495.0000 116.1300 178.8000 173.1000 1.0000

75% 1307.0000 199.56000 425.3100 404.4900 3.0000

max | 4333333333.0000 | 2218284.2800 | 83374375.0000 | 58461732.0000 123.0000

AHE XS g Reds | M MYE NS5 Az | ANESE_SUE

count 4777956.0000| 4724847.0000| 4707543.0000| 4791077.0000| 4720271.0000| 4703097.0000
mean 0.3080 0.6543 2.3107 0.9649 0.2739 0.9818
std 0.2223 3.1704 277.0266 0.0969 0.4277 56.2283
min 0.0000 -0.0280 0.0009 0.0001 -0.0093 0.0001
25% 0.1188 0.1371 1.0000 1.0000 0.1078 0.8404
50% 0.2521 0.3043 1.0000 1.0000 0.2278 1.0000
75% 0.5275 0.9516 2.0000 1.0000 0.4394 1.0000
max 1.0000 4946.7970|  408459.3333 1.0000 549.6441 66603.0000
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01000 H==H 4,326,700 4,189,356 96.83%
02000 SSTH 578,273 541,520 93.64%
03000 H1EZe A 594,056 98,580 16.59%
04000 H2Z 2SN 718,151 499,771 69.59%
05000 el =SNG 15,969 11,384 71.29%
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13000 2SAE 14,124 10,700 75.76%
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18000 PSEIVNE=! 409,787 277,607 67.74%
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26000 SXZEAE 1,783 1,344 75.38%
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05000 i S k=N 18.13 2.28
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07000 HofAIE 12.08 3.1
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09000 O|ZAlM 9.14 1.97
10000 WEHTFAY 23.63 2.92
11000 LCRAAA 21.52 6.42
12000 SEAE 21.35 3.73
13000 2SAA 17.12 2.43
14000 HFAIH 11.03 2.97
15000 SHAIS 16.48 2.67
16000 N 17.38 2.56
17000 =y 27.92 3.63
18000 PSaIINES] 72.60 14.55
19000 | SIHSKAURIAL 15.68 2.95
20000 NN S NS 21.79 3.39
21000 S2UAES UM 53.82 5.78
22000 S M 7| X2 AL 20.87 3.02
23000 mMESLEIININES| 103.19 7.55
24000 LESELAA 11.53 3.51
25000 LXAE 31.91 3.17
26000 BXRHHEAY 12.44 2.14
27000 HEFAANH 19.48 2.57
29000 P INE=! 15.06 2.55
30000 Ny i e S 39.99 3.13
31000 OFHZIA A 52.23 4.24
33000 e R NN 86.40 21.66
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02005 HojA g 13.97 11.53
03001 204 63.01 6.97
03002 FSAE 87.04 5.90
03005 9l 4511 3.83
03999 7 BN S L 61.86 6.70
04001 UHZAY 88.79 5.70
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17100 USSR 16.82 6.38
17999 7|EtaAt 11.05 8.53
18001 =i 106.84 9.27
18999 7|EFEIA 28.64 11.91
21101 A 49.00 9.78
21999 JEtsAlS 14.18 156.02
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Summary

Enhancing Building Data Quality Using Artificial Intelligence

Ahn, Euisoon Heo, Hankyul Nam, Kicheon Kang, Bumjoon Lee, Sunjae Park, Dongjoon

Alrewuwng

Introduction

Buildings are fundamental spatial units that form the basis of policymaking, so having an
accurate picture of the nation’s building stock is a critical task. However, data related to
buildings produced and managed by the government are limited in both quality and
interoperability. The building register—the representative administrative dataset for
buildings—is an official ledger that records current building information and serves as the
core foundation for inter-ministerial data integration on buildings. Nevertheless, previous
studies have repeatedly pointed out issues of errors, omissions, and inconsistencies in these

datasets.

A complete on-site survey of all buildings would be the only way to fully ascertain the actual
building status, but such an approach would be prohibitively costly and impractical.
Therefore, this study aimed to verify building data errors and identify data quality issues such
as omissions, outliers, and inconsistencies by applying artificial intelligence (Al
methodologies that minimize human intervention. Furthermore, to strengthen the technical
and institutional foundation for the open access of building data, the study explored data
linkage methods based on “Building ID"—a unique building-level identifier introduced in the

“Seumter,” or the e-AIS, the electronic Architectural Information System.

Accordingly, this study explored Al-based strategies to improve the quality of building data
and proposed practical applications for quality enhancement. It also suggested measures to
distribute quality-enhanced datasets and improve the quality of newly generated data during

the building permit process.
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Directions for Enhancing Building Data Quality
m Current state of legislation and regulations regarding building data

Under the Building Act, building permit processes must be handled via an electronic
information processing system (Article 32), and permit authorities must maintain and update
the Building Register to ensure accurate building information (Article 38). Accordingly, the

Seumter system has been in operation.

Also under the Act on Promotion of the Provision and Use of Public Data, public institutions
are required to provide the data they manage so that they may be utilized by the public
(Article 3). Unprocessed administrative building data managed through Seumter are
provided accordingly via the Building Hub platform. However, this data, along with the

original register, lacks continuity and consistency.

In addition, the primary key (PK) structure has changed since the transition from the
previous Open Building Data System to the new Building Hub in early 2025, making it

difficult to link data across the time series.

B Quality and Utilization of Building Data

The Ministry of Land, Infrastructure and Transport (MOLIT) and local governments have
been continuously refining the building register. In 2022, Seumter defined 86 rules for
inspecting the building register along with building/housing permit data, and reviewed their
error rates. Out of 620 million total records, about 8.55 million contained errors,
corresponding to an overall error rate of 1.37%. However, some rules showed much higher

error rates between 10% and 30%.

Building data are widely used for statistical and research purposes. Current construction
statistics are automatically generated through the administrative system. In these datasets,
key variables include district codes, floor area, ownership type, usage codes, and floor
counts, while permit-related datasets use district codes, usage and structure codes, floor

area, type of permit, number of buildings, and key approval dates.

A review of prior research revealed common data errors, including invalid main-use codes,

missing building names or main-building counts, and unrealistic outliers in total floor area.

® Directions for Building Data Quality Enhancement

Based on the review of current quality and utilization, this study proposes strategies to

enhance data on building area and usage, as well as linkage quality between datasets.



The building area data is a numerical variable central to statistics and research. Since the
building register shows the highest error rate in rules on area data, it was prioritized for
review. Four rules from the Seumter inspection (site area, building area, building coverage
ratio, and floor area ratio) were verified again as of now and analyzed by region and year of
completion. In addition, new verification rules were developed to supplement the existing

framework.

To go beyond rule-based checks, Al-based anomaly detection techniques such as Isolation
Forest and One-Class SVM were employed. These were applied complementarily to detect

potential errors that cannot be captured through the rule-based method.

The building usage data were also analyzed, as they are widely used in both statistics and
research. To ensure consistency between free-text “other use” entries and coded “main use”
classifications, a Naive Bayes classifier was trained to predict main use codes from textual

descriptions.

Finally, the study examined data linkage quality using Building ID by connecting building
registers with building and housing permit datasets, and analyzing linkage rates, data

consistency, and matching success.

Pilot Application of Building Data Quality Enhancement
B Building Register Area Data

A comprehensive diagnostic process combining existing rule-based validation, newly
developed rules, and Al-based anomaly detection revealed an error rate ranging from 0.13%

to 5.01%.

New validation rules were added for cases where the floor area used for floor area ratio (FAR)
calculation exceeded the total floor area (0.26%), and where the total floor area exceeded the

derived upper threshold (0.86%).

For anomaly detection, dimensionless indicators were created—such as the ratio of building
area to site area, the ratio of FAR floor area to total floor area, and floor occupancy ratios.
Results showed temporal stability but different regional variation pattern from the existing
and new rules: higher anomaly rates were found in Seoul and Busan, suggesting that the Al

approach successfully detected previously unidentifiable error patterns.
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B Building Register Usage Data

The usage data were systematically analyzed for quality issues. Frequency analysis revealed
mismatches between frequently occurring words and official use codes, particularly in
mixed-use buildings. Using a Naive Bayes classifier, prediction accuracy reached 84.78% at
the building level and 78.97% at the floor level. However, class imbalance and multiple-use
entries led to misclassification, highlighting the need for layer-specific verification across all

floors.

B Linking between Building Register and Permit Data

A Building ID—-based linked dataset was established to assess linkage quality between the
building register and building/housing permit data. Among 55,784 buildings approved for
occupancy in 2024, Building ID assignment rates were 97.0% for the building register, 99.4%

for building permits, and 99.4% for housing permits.

Linkage success rates were 93.6% for building permits and 34.9% for housing permits. Among
successfully linked records, area consistency exceeded 90% for building permits but ranged

from 67-73% for housing permits; usage data consistency exceeded 95% for both datasets.

B A shift toward a tailored maintenance framework that accounts for error patterns in
building data

The pilot application confirmed that building data errors are not random but structured by

temporal, regional, and institutional factors. Hence, uniform periodic maintenance alone is

insufficient. A context-aware and customized maintenance framework integrating Al-based

anomaly detection with rule-based validation is required.

Furthermore, Building ID needs stricter management of linkage quality, ensuring the

uniqueness and reliability of Building IDs as universal linkage keys across datasets.

Proposals for Building Data Quality Improvement
B Independent Distribution of Enhanced Building Data

Given the administrative difficulty of directly amending official registers, this study proposes
maintaining enhanced data externally from Seumter and distributing them as open-source
datasets. Also the methodologies themselves—(1) rule-based error detection, (2) Al-based
anomaly detection, and (3) cross-verification using Building IDs—should be openly

published as reproducible documentation and code.



A phased release through the Public Data Portal is recommended, incorporating user

feedback and version control to ensure continuous improvement and sustainability of the

enhancement.
DOCS ‘ Seumter (the electronic Architectural Information System) ‘ Public Data Portal
‘ Permit ‘ -~ Permit . Permit Data ‘
‘ Groundbreaking — ‘ Sylrs]feur:]s - broak } king Data 4 J %’;?an
‘ Approval ‘ Approval } Building Register
Improvement
[ Refinement
Bnosypes - | Methodology
Feedback Enhanced

- Distribution

Data

Proposals for Building Data Quality Improvement
Source: Written by the research team

® Improving the Quality of New Data

For newly constructed buildings, validation should be integrated into the building and floor
summary input systems during the permit process. Area values, currently entered manually,
are prone to errors; therefore, automatic calculations and alert mechanisms should be
introduced when discrepancies arise. For usage-related fields, inconsistencies or typos
between free-text entries (“other use”) and classified codes should trigger warnings for user

correction.

At the approval for use stage, Building IDs should be actively used as linkage keys to verify
data consistency between permit data and the building register data. When inconsistencies
occur, the system should alert users, providing an opportunity to correct the data while

maintaining the authority of the permitting agency.

Keywords

Building Register, Building ID, Machine Learning, Public Data, Open Source
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# %%
import time

from

pathlib import Path

import duckdb
import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

import seaborn as sns

from
from
from
from
from

sklearn.ensemble import IsolationForest
sklearn.kernel_approximation- import Nystroem
sklearn.linear_model import SGDOneClassSVM
sklearn.pipeline import make_pipeline

tabulate import tabulate

# from sklearn.neighbors import LocalOutlierFactor

plt.style.use("../auri.mplstyle")

pd.options.display.unicode.east_asian_width = True

# %%

parquet_path = Path("../data/processed/F71&5=_ASH

Appendix

%l parquet”)
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

40
41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

df_orig = pd.read_parquet(parquet_path)
print(f'Loaded shape: {df_orig.shape}")
df_orig.head()

# %%

con = duckdb.connect(database=":memory:")

query = "

SELECT

FROM

df_orig

WHERE

COALESCE("tHX|_HA(m)", "SZ_UX|_HE(m)", 0)

»= COALESCE("?1Z_H&(m)", 0) —— not 7|&14

AND COALESCE("®HX(nr)", 0) »= COALESCE("ZAZ_HX(w)", 0) —-
not 7|&16

AND COALESCE("AHZAE(m)", 0) —— not 47101

»= COALESCE("&X_& At AHX(m)", 0)

AND COALESCE("HHX|_HX(m)", "&SZ_HX_HA(m)", 0) )= 0 —— not
417703

AND COALESCE('?7iZ_HH&(m)", "SZ_AS_HX(m)", 0) )= 0
AND COALESCE("1EX(m)", 0) )= 0

AND COALESCE("XIH_Z_=", 0) )= 0

AND COALESCE("XI5t_Z_=", 0) )= 0

rel = con.sql(query)

con.sql("SELECT COUNT(*) FROM rel").show()

# A435t2 4ol Sifet A== ME

df_filtered = rel.df()

with pd.option_context("display.max_columns”, None):

print(tabulate(df_filtered.head(), headers="keys",

# %%
df_filtered.shape

tablefmt="psql"))



59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80

81
82

83
84
85

86
87

# %%
df_filtered.dtypes

# %% [markdown]

4 #H PRI B ME

#
# ASF29 20| HZGHK| L=(RAH) g 15s2 §
~5 MESE| 5t TH BB B4 X BMS A,
#
# | 0|5 | At |
#| —mmmmmm e |
# | CHXIEHA | [HA] |
# | AEHA | [HY] |
# | ASA | [EN][E=] |
# | B8 MYE oA | [HA][E] |
#| XY 3= | [B] |
#
# (-- | dhg | [HH]/[HN] = [Hg] |
# | 888 | [HE][E)/[HA] = HIEIES] | —)
#(-— | Kot 3 | B2 |
#
=,

S0 8.
#
# 10 | 9 | A& |

# | =mmmmmmmm e | mmm
______________________________ |

# | WS (WS | HESE/Re | [P/

# | 8XE (WMB) | 8ME 4] ABE/HXEK | |
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- 88 | # | XY Ra54 | SNE MW ANN/AZUY | [MH][E4]/[3E) =
|
~

89 | # | B MEE | BMS MHZ AUH/AVY | [HN][E4)/[HH][E4] =
|

[HIZ
90  #
91 | # (-- | 4F 8NE | AHN/UXHA | [HAN][Z=]/[HA] = [HIE][E+
|
92 | # | Rad3s | AUN/ARHY | [HA][E]/[FH] = HIE[E] | —)
93 | #
94  # BHE, ®ad+ 5 OHA0| HEH HlE HsE S+ U5 S8 HIE
o HeE TE
g 95 | #
g 96 | # | 015 | Mol | At |
i 7B [ — e
g el B |
a 98 | # | XNLBE AHE | ENE MHE AUN/XYSH/UXHY | [HA][S
: F/E+/] = [H1g] |
g 99 | # | XNLBE SUE | ENE MHE AUN/XYSH/AHFHY | [HN][S
: +/E4/[H] = (18] |
100 | #
& 101
102 | # %%
103 | # 24 COALESCE ¥M&
104 | THRIHA = df_filtered["CHX]_HX(m)"] fillna(df_filtered['&2&_CHX|_HZX(m)
')
105 | # ZASHA = df_filtered["71Z_H&(w)"] fillna(df_filtered['&2Z 715 A
(m)'])
106 | XM= = df filtered["X|A & 2] fillna(0)
107 | X|5}E4 = df filtered["X|t & £"] fillna(0)
108 | &3 = AdS+ + Kotz
109
110 | df_dimensionless = pd.DataFrame(
11 {
112 | "#e|_ASSUE PK": df_filtered['&2|_ASSUHE_PK'],
113 | "CHA|HA" iX|HA,
114 "HZHA" df filtered["HE_HA ()",



115
116
117
118
119
120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

"AEA" df filtered[ Eﬁﬁ(mz)"]

"SME MHEE AHY" Jf_filtered['X_&_ MY HAHX(m)"],
e II%%#

"HEE" df_filtered["Ad=_H&(n)"] / CHX|ITA,

'BHE" df_filtered["8X_E_AH_HHE(m)"] / CHXITA,

# A %X*E - df_filtered["HHE(7)"] / CHX|HE,

S df _filtered["HAHX(m)"] / df_filtered["?71Z_HA ()",
"X _LEE4" df filtered['F_E_AK_HHE(1m?)"]

/ df_filtered["71&_H&™(m?)"],

"X MHE" df filtered['8%_E AP AT (m)']

/ df_filtered["HAHE(m*)],

# "B _AHE" df_filtered["HHH()'] / 55+ / WXHA,
RYEE_AME" df filtered["8X_&_MF_AHXM(m)"] / XS+ / WX

S
'SE_SUE" df_filtered["AHH(m")']

/ df_filtered["HAE_HX(m)"],
8 Z0IE" df filtered['8% & AN HAHE(m)"]

/
/ df_filtered["ZH&_HE(m)"],
}

# S5tH/NaN &2

df_dimensionless = df_dimensionless.replace(
[pd.NA, float("inf"), —float("inf")], np.nan

)

# %%
df_dimensionless.dtypes

# %%
df _dimensionless.head()

# %%
with pd.option_context("display.float_format", "{:.4f}".format):
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150 | display(df_dimensionless.describe())

151

152 | # %%

153 | sampled = df_dimensionless.sample(n=3000, random_state=1106).cop
y0

154

1565

156 | # %%

157 | sampled.head()

158

159 | # %%

160 | sns.pairplot(sampled.iloc[:, 1:6], corner=True)

161

162 | # %%

163 | sns.pairplot(sampled.iloc[:, 6:], corner=True)

164

165 | # %% [markdown]

166 | # ### Anormaly Detection
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167  #

168 | # Isolation Forest, One—Class SVM using SGD
169 | #

170

171 | # %%

172 df = (

173 | df_dimensionless.iloc[:, 6:12] # select only the dimensionless colu
mns

174 | .dropnal()

175 | # .sample(n=1_000_000, random_state=1106)

176 | .copy()

177 1)

178

179 | df.head()

180

181 | # %%

182 | df.shape

183



184 | # %%
185 | import time 199
186 | import numpy as np

187 ' import pandas as pd

188 | from sklearn.ensemble import IsolationForest

189 | from sklearn.kernel_approximation- import Nystroem
190 | from sklearn.linear_model import SGDOneClassSVM
191 | from sklearn.neighbors import LocalOutlierFactor
192 | from sklearn.pipeline import make_pipeline

193

194 | # settings

195 | outliers_fraction = 0.01

JHT

196 2
197 | anomaly_algorithms = | z
198 | (

199  "One-Class SVM (SGD)",

200 | make_pipeline(

201 | Nystroem(gamma=0.1, random_state=1106, n_components=1_000),
202 SGDOneClassSVM(

203 | nu=outliers_fraction,

204 | fit_intercept=True,

205 | random_state=1106,

206 | ),
207 ),
208 ),
209 | (

210 | "Isolation Forest",

211 | IsolationForest(contamination=outliers_fraction, random_state=1106),

212 | ),

213 ]

214

215 | # Choose sizes to test

216 | sizes = [10_000, 100_000, 1_000_000] # 4_703_097 failed on 64GB
RAM machine

217 | results = ]

218
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219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

252

for algo_name, clf in anomaly_algorithms:
for size in sizes:
X = df.sample(n=size, random_state=1106).to_numpy()

start = time.perf_counter()
clf fit(X)
elapsed = time.perf_counter() — start

results.append((size, elapsed))
print(f'clf={algo_name} n={size:{6} time={elapsed:.4f} sec")

# %%
X = df.to_numpy()
X_sampled = df.sample(n=1_000_000, random_state=1106).to_numpy

0

# settings
outliers_fraction = 0.01

# %%

clf = make_pipeline(

Nystroem(gamma=0.1, random_state=1106, n_components=1_000),
SGDOneClassSVM(

nu=outliers_fraction,

fit_intercept=True,

random_state=1106,

),

)

clf.fit(X_sampled)

y_pred = clf.predict(X)

# align by index when assigning back
df_dimensionless|'pred_one-class_svm"] = pd.Series(y_pred, index=d
f.index)



253 | # runtime ~6 min.

254

255 | # %%

256 | clf = lIsolationForest(contamination=outliers_fraction, random_state=11
06)

257 | clf fit(X_sampled)

258 | y_pred = clf.predict(X)

259

260 | # align by index when assigning back

191

261 | df_dimensionless|'pred_isolation_fores-t'] = pd.Series(y_pred, index=d
f.index)

JHT

262

263 | # runtime <1 min.

264

265 | # %%

266 | # 1: inlier, =1: outlier

267 df_dimensionless.head()

268

269  # %%

270  df_orig.loc[1]

271

272 | # %% [markdown]

273 | # =QISOHIE(£QIZ2H) OIE St S0 CHsl, SVME inlier2 IF= outlier
2 mEsgh

274 #

275

276 # %%

277  with pd.option_context("display.float_format", "{:.4f}".format):

[ME AT

278 display(df_dimensionless.describe())

279

280 | # %%

281 | stat_func_names = ['count’, "'mean”, "std", "min", "max’]

282
283 | stats = df_dimensionless.groupby(‘pred_one-class_svm”)[
284 |

285  "CHX|HX"
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286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
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314
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316
317
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320
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].agg(stat_func_names) # type: ignore
stacked = stats.stack(level=1, future_stack=True) # columns — index

stacked.swaplevel(0, 1) # flip the first two index levels

stacked
stacked.index = stacked.index.set_names(["EH", *stats.index.names])
stacked = stacked.reindex(index=stat_func_names, level=0)

with pd.option_context(

)

isplay.float_format”, "{:.4f}".format, "display.max_columns", None
display(stacked)

# %% [markdown]

# N

#

# %%
stat_func_names = ['count’, "'mean”, "std", "min", "max’]

stats = df_dimensionless.groupby("pred_isolation_fores-t")]



322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

348
349
350
351
362
353

354

RN
g,
‘858’
TY_REES
'8N MEE'
RNEE 2
RNEE S0

]

].agg(stat_func_names) # type: ignore

stacked = stats.stack(level=1, future_stack=True) # columns — index
stacked = stacked.swaplevel(0, 1) # flip the first two index levels
stacked.index = stacked.index.set_names(["E7", *stats.index.names])
stacked = stacked.reindex(index=stat_func_names, level=0)

with pd.option_context(

n

isplay.float_format", "{:.4f}".format, "display.max_columns", None

):

display(stacked)

# %%

cols = ['pred_one-class_svm", "pred_isolation_fores-t']

pred_sum = df_dimensionless|cols].sum(axis=1, min_count=2)
# -2 for outlier by both, O for outlier by one

pred_both = pd.Series(pred_sum == -2, index=df_dimensionless.inde
X)

df_dimensionless["pred_both"] = pred_both.mask(pred_sum.isna())

df_dimensionless.head()

# %%

outliers = df_dimensionless[df_dimensionless['pred_both"] == True] #
noga: E712

inliers = df_dimensionless[df_dimensionless['pred_both"] == False] #

noga: E712
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355
356
357
358
359
360
361
362
363
364

365
366
367
368
369
370
371
372
373
374

375
376
377
378
379
380
381
382
383
384
385
386
387

# Choose how many to keep
n_out = min(len(outliers), 1000) # keep up to 1k outliers
n_in = min(len(inliers), 3000) # keep up to 3k inliers

out_sample = outliers.sample(n=n_out, random_state=1106)
in_sample = inliers.sample(n=n_in, random_state=1106)

plot_df = pd.concat(fout_sample, in_sample]).sort_index()
plot_df["prediction’] = plot_df["pred_both"].map({True: "Outlier’, False:
"Inlier"})

# Attach only the features + predictions

plot_df = plot_df.iloc[:, [*range(6, 12), -1]]

plot_df.head()

# %%
plot_df["prediction"].value_counts()

# %%
sns.pairplot(

n,oon n n

plot_df, hue="prediction", corner=True, palette={"Outlier": "red", "Inlie

r': "blue'}

)

# %% [markdown]

# I

#

# AMzd, G HE USOHEX
#

# %%

df_results = df_orig.copy()

df_results["0|&%f"] = df_dimensionless|"pred_both"]

# SotH/NaN 2]

df_results = df_results.replace([np.nan, pd.NA, float(‘inf"), —float("inf"
)], pd.NA)



388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409

410

df results['A|=_FE"] = df _results["AlZ2F+ ZE"].str[:2]
df results['At401 A"l = df _results["AtE01 '] str(:4]
df_results = df_results]

[

el HESUY_PK,

"NE_FE"

‘A&

"—’.‘—_%E_::’_E",

"TIE4

"71&16",

"71E19,

"71&20",

"A017,

"A02",

0143l

]

]

with pd.option_context("display.max_columns", None):
print(tabulate(df_results.head(30), headers="keys", tablefmt="psql"))

# %%
df_results.to_parquet("../results/area_data_anomaly.parquet”, index=Fal
se)

. /\]71—5} =

1
2
3
4
5
6
7
8
9

# %%
import time

from pathlib import Path

import matplotlib.pyplot as plt
import numpy as np

import pandas as pd

import seaborn as sns

from tabulate import tabulate
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

plt.style.use("../auri.mplstyle”)

pd.options.display.unicode.east_asian_width = True

# %%

parquet_path = Path("../data/processed/F1==_ ASH2!.parquet”)
df_orig = pd.read_parquet(parquet_path)

print(f'Loaded shape: {df_orig.shape}")

with pd.option_context("display.max_columns”, None):
print(tabulate(df_orig.head(30), headers="keys", tablefmt="psql"))

# %%

df_results = pd.read_parquet("../results/area_data_anomaly.parquet”)

df_results = df_results.convert_dtypes()

print(f"Loaded shape: {df_results.shape}")
with pd.option_context("display.max_columns”, None):
print(tabulate(df_results.head(30), headers="keys", tablefmt="psql"))

# %%
df_results.dtypes

# %%
df _results.head()

# %% [markdown]

# %%
df_year = pd.DataFrame(



42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

>
00
ol>
ro
im

"t [f'{year:04d}" for year in range(1950, 2025)],

df_year

# %%
df_usage

df_orig[['®_ 8% _FL" "F 2 A= H"]].drop_duplicates()

df_usage = df_usage.set_index("F_2&_FTL").sort_index()

df_usage = df_usage.reindex(
index=[f"{i:02d}000" for i in range(1, 34)]
) # 01000, 02000, -

df_usage

# %%

df_kcad = pd.read_csv(
"../data/processed/code_kcad_sgg_2024.csv", dtype="string"
).sort_values("&HAHER"

df kcad['A|=_FE"] = df_kcad['AlZTZE"].str[:2]

df_sido = df_kcad[['Al=_TZE", "A|="]].drop_duplicates()
df_sido

# %%

df_results.shape

# %%

df_results["7|&16"].value_counts(dropna=False)

# %%
# mean()2 NA Mot HAt

print(df_results["7|&16"].mean())
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74
75
76
77
78
79
80
81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

print(373505 / (7364967 - 343908))

# %%
# NA — False2 X2

print(df_results["7|&16"].astype("boolean”).fillna(False).mean())
print(373505 / (7364967))

# %%

# NA — FalseZ X2|gt df FH|

# Convert columns to the best possible dtypes using dtypes suppor
ting pd.NA

df_gb = df_results.iloc[:, 1:].copy().convert_dtypes()

df_gb.iloc[:, 3:] = df_gb.iloc[:, 3:].fillna(False) # NA — False

df_gb

# %%
df_gb.dtypes

# %%

gb = (

df_gb.iloc[:, [0, *range(3, df_gb.shape[1])]]
.groupby("A|=_TE")

.mean()

.astype(float)

.mul(100)

.-round(2)

)

df_ratio = df_sido.set_index("Al=_ZZ=").join(gb)
df_ratio

# %%



105
106

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123
124
125
126
127
128
129
130
131
132
133
134

df ratio.to_csv(

"../results/area_data_anomaly_ra-tio_by_sido.csv"’, index=True, encodin
g="utf-8-sig"
)

# %%

df_orig["71&14"].value_counts(dropna=False)

# %%
df_orig[df_orig["AlZ27t_ZE"].str.startswith("38")]

%% [markdown]

H O OHF HF HF =

# %%

# Convert columns to the best possible dtypes using dtypes suppor
ting pd.NA

df_gb = df_results.iloc[:, 1:].copy().convert_dtypes()

df_gb.iloc[:, 3:] = df_gb.iloc[:, 3:].fillna(False) # NA — False

key_col = "Af2&01 1"

gb = (

df_gb.iloc[:, [1, *range(3, df_gb.shape[1])]]
.groupby(key_col)

.mean()

.astype(float)

.mul(100)

.-round(2)
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135
136
137
138
139
140
141
142
143

144
145
146
147
148
149
150
151
152
153

154
155
156
157
158
159
160
161
162
163
164

df_ratio_year = df_year.set_index(key_col).join(gb).fillna("-")
with pd.option_context("display.max_rows", None):

display(df_ratio_year)

# %%

df_ratio_year.to_csv(

"../results/area_data_anomaly_ra-tio_by_year.csv", index=True, encodin
g="utf-8-sig"

)

# %% [markdown]

# N

# %%

# Convert columns to the best possible dtypes using dtypes suppor
ting pd.NA

df_gb = df_results.iloc[:, 1:].copy().convert_dtypes()

df_gb.iloc[:, 3:] = df_gb.iloc[:, 3:].fillna(False) # NA — False

key col = "F &L FAL"

gb = (

df_gb.iloc[:, [2, *range(3, df_gb.shape[1])]]
.groupby(key_col)

.mean()

.astype(float)

.mul(100)



165
166
167
168
169
170
171
172
173
174

175
176

.-round(2)
)

non

df_ratio_usage = df_usage.join(gb).fillna("-")
with pd.option_context("display.max_rows", None):

display(df_ratio_usage)

# %%

df_ratio_usage.to_csv(
"../results/area_data_anomaly_ra-tio_by_usage.csv", index=True, encod
ing="utf-8-sig"

)
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11 # %%

2 | from pathlib import Path

3 | import pandas as pd

4 ' import duckdb

5

6  data_root = Path("D:\\BIO|E\\AFH[O|H 4=5{E JHLTH0[E")

7 | path_DB = data_root / "ZASSHE_2025E_02E.db"

8
ol 9 | results_dir = Path("../results")
% 10
g 1| # %%
g 12 | # Open a DuckDB connection
% 13 | con = duckdb.connect(database=path_DB, read_only=True)
F 14
- 15 | # print the list of tables in the database
XEI 16 | tables = con.execute("SHOW TABLES").fetchall()
§ 17 | print("Tables in the database:")
fg* 18 | for table in tables:
T 19 | print(table[0])

20 | print()

21

22 | # show heads of the tables

23 | for table in tables:

24 | table_name = table[0]

25 | print(f"Head of {table_name}:")

26 | # print(con.execute(f"SELECT * FROM {table_name} LIMIT 5").fetchdf
0)

27 | print(con.sql(f"SELECT * FROM f{table_name} LIMIT 5"))

28 | print()

29

30 | # %%

31 | # Create a list to store the table names and their record counts

32 | table_counts = []

33



34
35
36
37

38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

# lterate through the tables and count the records
for table in tables:
table_name = table[0]

count = con.execute(f'SELECT COUNT(*) FROM {table_name}").fetc

hone()[0]

table_counts.append({"Table Name": table_name, "Record Count": co

unt})

# Convert the list to a DataFrame
record_counts_df = pd.DataFrame(table_counts)

# Display the DataFrame
display(record_counts_df)

# %%

# Create a temporary view with the selected columns
SEHQ_EHY = con.sql("™

SELECT

"—$—_-gE__|:_,E",

' 8k AE
RS =
FROM ZE7HQ

WHERE "7|Ef_Z&" IS NOT NULL AND "7|Ef 8&" I= "

AND " & FE F' IS NOT NULL AND " & I F' ="

™)

# Count the records in the filtered view
con.sql("SELECT COUNT(*) FROM Z¥7{ ZE2") fetchone()[0]

# %%

# Perform value count using SQL
value_counts_sqgl = con.sql(""
SELECT

' 8L AL

'F 8L It &

"Bt 8K,

COUNT(*) AS "Count"
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68
69
70
71
72
73
74
75
76
77
78

79
80
81
82

83
84
85
86

87
88
89
90
91
92
93
94

95
96
97
98

FROM =712 ZHY
GROUP BY "'#_ &k FALE" "F
ORDER BY "Count" DESC
")

# Fetch and display the result

value_counts_df = value_counts_sql.fetchdf()
display(value_counts_df.head(5))

# Save the top 30 rows to a CSV file

# value_counts_df.head(30).to_csv(

# results_dir / "BNE_E=_7|MUHE_top30.csv’, index=False, encodin
g="utf-8-sig"

#)

# %%

# Create a temporary view to split the 7|Et_ X' column into array
s using a regular expression

value_counts_split = con.sql("™

SELECT

*

regexp_split_to_arra-y(lower("7[Et_E%"), ["\\p{L\\d]+) AS "7|E}_E%
_22/

FROM value_counts_sql

™)

# Fetch and display the result
value_counts_split.fetchdf()

# %%

# Create a temporary view to split the '7|Etl_ %' column into rows
using a regular expression

value_counts_split_t-able = con.sgl(""

SELECT

*s

regexp_split_to_tabl-e(lower("7|Et_2E"), "M\\p{LI\\d]+) AS "7|E} 8=

_=ef



99 ' FROM value_counts_sql

100 1 ™)

101

102 | # Fetch and display the result

103 | value_counts_split_t-able.fetchdf()

104

105 | # %%

106 | # Group by valid (5 digit) '& = AL

107 | # sum the 'Count’ column, and filter where the sum is »= 100

205

108 | class_counts_sql = con.sqgl("™

109 | SELECT

110 "= 8 A",

1M1 "> 8 3 ¥

112 SUM("Count") AS "Total Count"

113 FROM value_counts_sql

114 WHERE LENGTH('Z: 2% FE") = 5 AND "& 8% A" ~ "\\d+$

115 GROUP BY '# 8L FL' "F 8 FC& H'

116 HAVING SUM("Count") )= 200

117 | ORDER BY "Total_Count" DESC

118 ")

119

120 | # Fetch and display the result

121 | class_counts_df = class_counts_sql.fetchdf().astype({"Total_Count": in
t})

122 | display(class_counts_df)

123 | # Save to a CSV file

124 | class_counts_df.to_csv(

125 | results_dir / "&_naive_bayes_ZHAHE EAMEITE csv',

126 = index=False,

127 | encoding="utf-8-sig",

128 )

129

130 | # %%

131 | # Group by 7|El = 22/,

132 | # sum the 'Count’ column, and filter where the sum is »= 100

JHT
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133 | word_counts_sql = con.sql("™



134 | SELECT

136 | "V|E B &2,

136 | SUM("Count”) AS "Total_Count’

137 ' FROM value_counts_split_t-able

138 ' WHERE "7|Et & £2]" IS NOT NULL AND "7|gt x &2]" I="

139 GROUP BY "7[gt 8= &2/

140 = HAVING SUM("Count”) »= 200

141 ORDER BY "Total_Count" DESC

142 ")

143

144 | # Fetch and display the result

145 | word_counts_df = word_counts_sgl.fetchdf().astype({"Total_Count": in
t})

146 | display(word_counts_df)

147 | # Save to a CSV file

148 ' word_counts_df.to_csv(

149 | results_dir / "&_naive_bayes_HHHE _ZAEIE csv',

150 | index=False,

151 encoding="utf-8-sig",

152 )

153

154 | # %%

155 | # Construct training data with '&=_ &%= _FE" and 7|Ef & &2

156 | # Filter with class_counts_sqgl and word_counts_sq|
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nn

157 | train_data_sqgl = con.sql(
158 | SELECT

159 t.'"3= 8L FE" AS class,

160 t."7|Et % 22|" AS word,

161 | t."Count” AS weight,

162 FROM value_counts_split_t-able t

163 = JOIN class_counts_sql ¢

164 ON t."& 8% FAL" = ¢."& 2 AL
165 JOIN word_counts_sgl w

166 | ON t."7|Ef 8% 22" = w."7|Et_ 8= 22|
167 | WHERE t.Count )= 200

168 | ORDER BY t."Count” DESC



169
170
171
172
173
174
175
176
177
178
179
180
181
182

183

184

185
186
187
188

189
190
191
192
193
194
195
196
197
198
199
200

")
train_df = train_data_sql.fetchdf()
train_df

# %%

import duckdb

import pandas as pd

from sklearn.feature_extraction.text import CountVectorizer
from sklearn.naive_bayes import MultinomialNB

# 2. Vectorize & train

# The multinomial Naive Bayes classifier is suitable for classification
with

# discrete features (e.g., word counts for text classification). The m
ultinomial

# distribution normally requires integer feature counts. However, in
practice,

# fractional counts such as tf-idf may also work.

# word is already a word, but no harm from count vectorization

# regex does not support unicode, so we need to customize the p
attern

vectorizer = CountVectorizer(token_pattern=r"[\\w\\d7}-&]+")
X = vectorizer.fit_transform(train_df["word"])

y = train_df["class’]

weights = train_df["weight"]

clf = MultinomialNB(alpha=1.0)

clf.fit(X, y, sample_weight=weights)

# %%
vectorizer.vocabulary_

# %%
# test the classifier
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201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

test_text = "EHI,EVI|AM(AHAE K<)
X_test = vectorizer.transform([test_text])
X_test.toarray()

# %%
clf.predict(X_test)[0]

# %%

# 3. Register a prediction UDF
def nb_predict(text: str) —) str:
x = vectorizer.transform([text])
return clf.predict(x)[0]

# Remove the function if it already exists
try:

con.remove_function("nb_predict")

except Exception as e:

if "No function by the name of" not in str(e):
raise

# Register the function
con.create_function('nb_predict”, nb_predict)

# %%

preds = con.sqgl("™

SELECT

nb_predict("7|Et_X") AS predicted_label,
CASE

WHEN "Z & FL" = predicted_label THEN 1
ELSE O

END AS is_correct

FROM value_counts_sql

™)



237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

preds_label = con.sqgl("™

SELECT

preds.*,

class_counts_sql."& & A= H" AS "predicted_label_name-",
FROM preds

LEFT JOIN class_counts_sql

ON preds."predicted_label" = class_counts_sql."&® & AE"
™)

preds_df = preds_label.fetchdf()

preds_df

# %%

# Save preds to a CSV file
preds_df.to_csv(

results_dir / "&_naive_bayes_0|ZZ1t.csv',
index=False,

encoding="utf-8-sig",

)

.« A7t} FE

1
2
3
4
5
6

10
11
12
13

# %%
import duckdb

# Load the CSV file into DuckDB

con = duckdb.connect()

results = con.sql("SELECT * FROM '../results/Z_naive_bayes_0|SZ 1},

csv'")
# Display the first 5 rows of the results
display(results.df().head())

# %%
# Calculate the overall accuracy

overall_accuracy = con.sql(""
SELECT
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14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

SUM(Count * is_correct) / SUM(Count) AS overall_accuracy
FROM results
)

print("Overall Accuracy: {:.2f}%".format(overall_accuracy.df().iloc[0, 0] *
100))

# calculate the accuracy by & &% FE
accuracy = con.sqgl("™"

SELECT

ZF 28 I
> 8& It T,
SUM(Count) AS total _count,

SUM(Count * is_correct) AS correct_count,

SUM(Count * is_correct) / SUM(Count) AS accuracy

FROM results

WHERE LENGTH('Z: 2% FE") = 5 AND "'& & A" ~ "\\d+§'
GROUP BY & &k IE F 2 I
HAVING SUM(Count) »= 100
ORDER BY SUM(Count) DESC
™)

accuracy_df = (

accuracy.df()
.astype({"total_count": "int", "correct_count": "int"})

.head(20)

.sort_values(by="%&_&=_FTLE" ascending=True)

)

accuracy_df["accuracy'] = accuracy_df["accuracy"].apply(

lambda x: "{:.2f}%".format(x * 100)

)

display(accuracy_df)

# Save the accuracy results to a CSV file

accuracy_df.to_csv(

"..[results/Z_naive_bayes_accurac-y.csv', index=False, encoding="utf-
8-sig"



46
47
48

49
50
51
52
53
54

55
56
57
58
59
60
61

62
63
64
65
66

67

68
69
70
71
72
73
74

)

accuracy.df().astype({"total_count": "int", "correct_count": "int"}).to_csv(
"..[results/Z_naive_bayes_accurac-y_orig.csv', index=False, encoding=
"utf-8-sig"

)

# %%

# # top and bottom 5 by accuracy

# top_b_accuracy = accuracy.df().nlargest(5, "accuracy")

# bottom_5_accuracy = accuracy.df().query("accuracy ) 0").nsmallest
(5, "accuracy")

# print("Top 5 Accuracy:")

# display(top_b_accuracy)

# print("Bottom 5 Accuracy:")

# display(bottom_5_accuracy)

# %%

# Calculate the average Count for is_correct values 0 and 1 groupe
d by & 8¢ IE and T 2 FE H

average_count = con.sql(""

SELECT

F 8 IAL,

= & It §,

AVG(CASE WHEN is_correct = 1 THEN Count ELSE NULL END) AS
avg_count_correct,

AVG(CASE WHEN is_correct = 0 THEN Count ELSE NULL END) AS
avg_count_incorrect,

FROM results

WHERE LENGTH("Z_ 8% _FE") = 5 AND " S FL" ~ "\\d+§'
GROUP BY #=_ &k IE, & 8%

HAVING SUM(Count) »= 100000

ORDER BY #_ &k _FE

")

average_count_df = average_count.df()
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79

80
81
82
83
84
85

86
87

# format the average counts to 2 decimal places
average_count_df["avg_count_correct’] = average_count_df["'avg_count
_correct'].apply(

lambda x: "{:.2f}".format(x)

)

average_count_df["avg_count_incorrect’] = average_count_df["avg_coun
t_incorrect'].apply(

lambda x: "{:.2f}".format(x)

)

display(average_count_df)

# Save the average counts to a CSV file

average_count_df.to_csv(
"../results/Z_naive_bayes_average-_count.csv’, index=False, encoding
="utf-8-sig"

)



	기본25-8_인공지능을 활용한 건축물 데이터 품질 고도화 방향 연구_1119수정
	개요
	 연구요약
	 제1장
	 서론
	1. 연구의 배경 및 목적
	1) 연구의 배경 및 필요성
	2) 연구목적

	2. 연구의 범위 및 방법
	1) 연구범위
	2) 연구방법

	3. 연구의 차별성
	4. 연구흐름도

	 제2장
	 건축물 데이터 품질 고도화 방향
	1. 건축물 데이터 관련 제도 분석
	1) 건축법과 건축물 데이터
	2) 공공데이터법과 건축물 데이터 개방

	2. 건축물 데이터 품질 및 활용 현황 분석
	1) 건축물 데이터 구조 및 특성
	2) 건축물데이터 품질 현황
	3) 건축물 데이터 활용 현황

	3. 건축물 데이터 특성을 고려한 품질 고도화 방향
	1) 개요
	2) 건축물 면적 데이터 품질 고도화
	3) 건축물 용도 데이터 품질 고도화
	4) 인허가-건축물대장 데이터 연계 품질 고도화


	 제3장
	 건축물 데이터 품질 고도화 시범적용
	1. 건축물대장 면적 데이터 품질 고도화
	1) 개요
	2) 분석 데이터 구축 및 오류 현황 검토
	3) 기존 정비규칙 적용한 오류 검증
	4) 신규 검증규칙 개발
	5) 기계학습을 통한 이상값 탐지
	6) 결과 종합

	2. 건축물대장 용도 데이터 품질 고도화
	1) 개요
	2) 건축물대장 용도 데이터 현황
	3) 기계학습 기반 용도 데이터 오류 탐지
	4) 결과 종합

	3. 건축물대장-인허가 연계 품질 고도화
	1) 개요
	2) 건물ID 도입현황 파악 및 검증
	3) 건물ID 기반 연계 데이터의 교차검증

	4. 소결
	1) 분석 종합
	2) 시사점


	 제4장
	 건축물 데이터 품질 제고를 위한 방안 제안
	1. 개요
	2. 품질 제고 건축물 데이터 유통
	1) 공공데이터포털을 통한 품질 제고 건축물 데이터의 유통
	2) 품질 고도화 방법론의 오픈소스 기반 유통

	3. 신규 데이터 품질 제고
	1) 건축허가･신고-신축 허가 단계
	2) 건축허가･신고-사용승인 단계
	3) 건물ID를 활용한 건축물 사용승인 시 데이터 검증


	 제5장
	 결론
	1. 연구 요약
	2. 연구의 정책적 시사점
	3. 연구의 한계 및 향후 연구 추진 방향

	 참고문헌
	 Summary
	 부록

	책갈피
	품질 제고 건축물 데이터 유통
	공공데이터포털을 통한 품질 제고 건축물 데이터의 유통



