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202349 0749 179 A4 Received on July 17, 2023 / 20239 08€¥ 199 44 Revised on August
19, 2023 / 20234 OSé 259 AAF¢EE Accepted on August 25, 2023

* E AFe FEILFH/AELFTHN|EAELY 2w F S (A E RS-2022-00143404).

1 AAEn A3 HA24 / Graduate Student. Dept of Urban Planning & Engineering, Kyungsung
Unlversuy

AU & AT 24 / Research Professor, Kyungsung University.
'3 AN Y =583} w4 / Professor, Dept. of Urban Planning & Engineering, Kyungsung University.
% Corresponding Author E—mail : kwnam4794@gmail.com



38 Spatialization of Unstructured Document Information Using Al

spatializing urban information, especially when it lacks location details,

have been

consistently developed. Typical methods include Geocoding using structured address
information or place names, spatial integration with existing geospatial data, and manual

tasks utilizing reference data. However,

a vast number of documents produced by

administrative agencies have not been deeply dealt with due to their unstructured
nature, even when there's demand for spatialization. This research utilizes the natural
language processing model BERT to spatialize public documents related to urban

planning.

It focuses on extracting sentence elements containing addresses from

documents and converting them into structured data. The study used 18 years of urban
planning public announcement documents as training data to train the BERT model and
enhanced its performance by manually adjusting its hyperparameters. After training, the
test results showed accuracy rates of 96.6% for classifying urban planning facilities,
98.5% for address recognition, and 93.1% for address cleaning. When mapping the result
data on GIS, it was possible to effectively display the change history related to specific
urban planning facilities. This research provides a deep understanding of the spatial
context of urban planning documents, and it is hoped that through this, stakeholders can

make more effective decisions.

KEYWORDS - Non-Spatial data, BERT, Spatial Information, Natural Language Processing,

Named Entity Recognition
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A-1 BABGEA 1A A|2022-388%
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FIGURE 2. Urban planning public announcement document sample
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TABLE 1. Types of urban planning facilities for document classification

No. Urban planning facility type ,\lslé?tbeircgf No. Urban planning facility type ,\lsir:gircgf

1 Public Facility 327 8 Amusement Park/Recreation Area 155

2 Park 677 9 Medical Facility 35

3 Plaza/Square 38 10 Parking Lot & Bus Terminal/Bus Stop 58

4 Miscellaneous Supply Facilities 149 " Railway/Port/Airport 30

5 Green Space/Greenery 40 12 S(;wagg/Waste/Sto‘rmwaterl/ Water 64

ollution Prevention Facilities

6 Road 783 13 School 179

7 Plural Type 122 14 Classification Exception 11,406
g 29 ‘A-9 , ‘A-12" , ‘A-16" , ‘A-17 Greenery) , ‘=% (Road)’ , 5473 (Plural
Ay o] FAE E3E Fo] W FAY Type)’ , “F¥# (Amusement Park/Recreation
A A= - AT - /s - AR Area)’ , ‘98A14d (Medical Facility)’ , F
5o Wolw, mRHRat A/E - AT - A% 9 ASAYFAParking Lot & Bus
Ee - Aes 9 qfH o SISl Terminal/Bus Stop)’ , “H%/3/3% (Railway/

A 4 B % dolEAe] 58 A% Port/Airport)’ , SH/H7IR/SG/F AL
T R 19 Aok =AARAEY e B A1/ (Sewage/Waste/Stormwater/Water
s A0 BN v BRE 5] $Isk Pollution Prevention Facilities)” , ‘€h(School)’
o] theksl §3Le ¥y B oL} ME ) ot 68 BF o9 (Classification Exception)’
< 3 el 35S AsY T T 14709 3% #7T 5 ATt
Al (Public Facility)' , ‘3 Park)’ , 3% A A= SAAGAE W 9 A B
(Plaza/Square)’ , 7]EFsg73H] (Miscellaneous g 1o mE EAAIEAE /5359 2
Supply  Facilities)” , ‘=% (Green Space/ < At TA FH 7 S5 dlolHA(R

TABLE 2. Document classification training dataset example

No. Contents Labels
A—D Announcement of the Implementation Plan (Amendment) Authorization for the Urban
Planning Facility Project (Compensation Project for Minrak Amusement Park)
Pursuant to Busan Metropolitan City Notice No. 2006—471 (Jan 2, 2007), the urban
planning facility (Minrak Amusement Park) was determined and its establishment plan
was decided. Following this, the establishment plan was modified according to
Busan Metropolitan City Notice No. 2007-453 (Nov 28, 2007), No. 2009-306 (Aug 5,
2009), No. 2013-97 (Mar 13, 2013), and the topographical drawings were
announced. Further modifications to the establishment plan and the announcement
A-3 of topographical drawings were made under Busan Metropolitan City Notice No.  Amusement Park/Recreation Area

2014-515 (Jan 1, 2015), No. 2017-207 (Jul 5, 2017), No. 2017-239 (Jul 19, 2017),

and No. 2020-387 (Oct 14, 2020) for the urban planning facility (Minrak Amusement

Park). In accordance with Articles 86, 88, and 91 of the "Land Planning and
Utilization Act" and Articles 96, 97, and 100 of the same Act's Enforcement Decree,
the following is hereby announced as the authorization notice of the urban planning
facility project execution plan (modified)
A-8 2. Project Name: Minrak Amusement Park Compensation Project Amusement Park/Recreation Area
A—DD 8. Document (modification) of land ownership and rights other than ownership to be
acquired or used: Refer to the attached document

Amusement Park/Recreation Area

Classification Exception
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TABLE 3. Address recognition training dataset example

No. Contents Labels
The related documents are available at Busan Metropolitan City (Parks Management Department
A-4 #888-3824) and Suyeong—gu (Employment and Economy Department #610-4532) for not_in
stakeholders and the general public to view
A-9 3. Location of the project: 106—1, Minrak—dong, Suyeong—gu, Busan Metropolitan City in
A1 4-b. Specifications: Compensation acquisition (land and fixtures, etc.), Minrak—dong 106-1 and in
15 other plots
A-16 (Originally) 39 Sejong—daero, Jung—gu, Seoul, 6th Floor (Namdaemun—ro 4-ga, Korea Seoul in

Chamber of Commerce)

TABLE 4. Address cleaning training dataset example

No. Contents

Labels

3. Location of the project : Area of 106—1, Minrak—dong, O O O O O O O O O loc_jibun O loc_dong O loc_sigungu

A9 Suyeong—gu, Busan Metropolitan City 0O loc_sido

A—12 4-b. Specifications : Compensation acquisition (land and 000000000 00 0 0 0 0 loc_dong loc_jibun O
fixtures, etc.), Minrak—dong 106—1 and 15 other plots 000
(Originally) 39 Sejong—daero, Jung—gu, Seoul, 6th Floor ‘ .

A-16 (Namdaemun—-ro—4—ga, Korea Seoul Chamber of 0 0 Olocnum loc. O loc_sigungu O loc.sido 0.0 0 0

Commerce)

loccdongO 000000

2) ©=2, 14,06371¢] AZES *g"qﬁ}oﬂﬂr A=
29] ‘A-2 |, 'A-3 , ‘A-8 & &F Y W

A the 719 EE gl A =
TESRT, A-22 = =AAEAE 537
g 79EE 2 gom, o= /Y
5 9] (Classification Exception)’ & &
sHitt =St ‘BES3 (Plural Type) & AlA
=9 AFont ke el 7 FF/ ol
EA ]741@’\]*2% 23 Ulgox A|A3ith
FAaE I3 s 14s] 9
Els E}%’%‘% et ‘Fa 912 shE HolEAl
(3 3)’ o], 14,063719 AES AASITH
% 29] A-9, A-12, ‘A-16" ¥ o
=& el T2 ?&% R Z&oﬂ algs

Foralx

L AoF 9AE}T, 34 9k A4 =
FAhE QN dnE #hEldy % RIS =
2 Ay 1,020709] in’ AEY 13,043709)
‘not_in’” MEZ ﬁ“é% ks dolgAlS 5

st

£ 4elME Fa FA sy dolEAl S
golsr 2= oty ok FEE F4 <A &k
HOlEI A o] 7+ AZelA o] B2 welw
gato] s = tigh epAy v 4910

il

2 r-{m

FL

7o ] Lo wordS AlEksl- ghME s 7le)s)
gt A& loc sido’ , ‘Al & ‘loc_

o

2 ‘loc_dong’ , ‘&

rlr

sigungu’ , ‘FHUE
loc_ri’ , AH &
locrn’ , AEHIE ‘locnum’ 02 -
SHitt. 4 A sk dlolHAl 544 &
Fot epll P2 Qlste] 7|9 sy dlofEfAl
oA Fgsto] 19,821719 MES A Th

loc_jibun' , ‘E==Z%W’

n:>4 r{m r[o

[=1=TIR-T - TRt

=

H ATelA = 104709) dofel] sl Ak &
4% Hugging Face Transformers 2}o]H. 2 g]
bert—base—multilingual—cased 2as Holgt
Foto] AT EAAENA /E B
9 F4 Al AFe A2 BERT RdS
Mekeloict. &5 HIo|lE|AlEE  bert—base—
multilingual —cased EE2] EJUo|HE AL
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A Ugel disl] 28" ¥ column HolHEE
=9 dloEZ WSt o]%, ¥ dlojE gt
%2 "o|ElS Tensor FEIZ Fo] HolEAS
A7d3kal, DataLoaders A3/dste] glol& vlo]
E¢] batch size®E AAsh= 59 #s S5l
BERT FHe] 2o oAl dolH = #ghst3l
o} B Ao = okt optimizer % SGD,
Adam, AdamW, BertAdam < AEsSFITH
AdamWE F2 838, ol
Adam®] 3 etug]Ze)| 1.2 regularizations
E3lsl v o|tt. Adame gradient®] A4 7}
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TABLE 5. Comparison of learning performance by optimizer(Document classification)

Optimizer Test_loss Test_accuracy Learning time
SGD 0.365 0.909 2747
Adam 0177 0.959 13:44

AdamW 0.181 0.966 13:43

BertAdam 0.226 0.962 15:42

TABLE 6. Document classification training’ s Accuracy and loss results(AdamW)

Epoch Train_loss Train_acc Val_loss Val_acc
1 0.390 0.900 0.214 0.940
2 0.190 0.954 0.156 0.957
3 0.115 0.973 0.126 0.973
4 0.075 0.982 0.123 0.977
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FIGURE 3. Result of document classification training

TABLE 7. Comparison of learning performance by optimizer(Address recognition)

Optimizer Test_loss Test_accuracy Learning time
SGD 0.580 0.940 7:21
Adam 0.059 0.982 3:54

AdamW 0.065 0.985 4:52

BertAdam 0.083 0.982 4:58

TABLE 8. Address recognition training’ s Accuracy and loss results(AdamWw)

Epoch Train_loss Train_acc Val_loss Val_acc
1 0.09% 0.973 0.070 0.987
2 0.056 0.987 0.060 0.990
3 0.052 0.987 0.048 0.990
4 0.036 0.990 0.042 0.992
Training and Validation Loss Training and Validation Accuracy
—— train_loss 0.9925 1 — train_accuracy =
i —— val_loss — —— val_accuracy /
0.08 A 0.9875 /
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FIGURE 4. Result of address recognition training
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TABLE 9. Comparison of learning performance by optimizer(Address cleaning)

Optimizer Test_loss Test_accuracy Learning time
SGD 0.640 0.931 2:28:45
Adam 0.071 0.981 3:12:08

AdamW 0.062 0.985 2:42:33

BertAdam 0.083 0.992 4:20:05

TABLE 10. Address cleaning training’ s Accuracy and loss results(SGD)

Epoch Train_loss Train_acc Val_loss Val_acc
1 1.905 0.335 1.515 0.531
2 1.477 0.507 1.190 0.700
3 1.254 0.637 1.000 0.79
4 1.108 0.723 0.869 0.852
5 1.006 0.781 0.778 0.888
6 0.933 0.818 0.709 0.911
7 0.879 0.845 0.662 0.926
8 0.854 0.856 0.653 0.929
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FIGURE 6. Document classification

and address extraction results
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