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ABSTRACT

A number of construction companies in Korea invest considerable human and financial resources to construct a system for managing
apartment defect data and for categorizing repair tasks. Thus, this study proposes machine learning models to automatically classify defect
complaint text-data into one of the sub categories of ‘finishing work (i.e., one of the defect repair tasks). In the proposed models, we employed
two word representation methods (Bag-of-words, Term Frequency-Inverse Document Frequency (TF-IDF)) and two machine learning classifiers
(Support Vector Machine, Random Forest). In particular, we conducted both binary- and multi- classification tasks to classify 9 sub categories
of finishing work: home appliance installation work, paperwork, painting work, plastering work, interior masonry work, plaster finishing work,
indoor furniture installation work, kitchen facility installation work, and tiling work. The machine learning classifiers using the TF-IDF
representation method and Random Forest classification achieved more than 90% accuracy, precision, recall, and F1 score. We shed light
on the possibility of constructing automated defect classification systems based on the proposed machine learning models.
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Table 1. Residential Type in South Korea, 2019

Residential Type Ratio[%]
Apartment 50.1
Detached housing 32.1
Multiplex housing 9.4
Small apartment 2.2
House within commercial building 1.6
Living quarter other than housing unit 4.6
Total 100
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Fig. 1. The Number of Apartment Defect Conflicts in South Korea
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Table 2. Overview of Data Collection
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Site Year of Number of Number of
completion households defects
1 2018 1,730 112,326
2 2017 995 57,109
3 2018 1,164 53,744
4 2017 921 47,456
5 2017 1,077 42,717
6 2018 964 40,805
7 2018 913 36,986
8 2017 1,259 34,281
9 2018 1,160 27,895
10 2018 620 26,928
11 2018 975 26,520
12 2018 1,135 25,578
13 2017 832 23,496
14 2017 1,510 22,336
15 2018 629 21,859
16 2017 996 18,740
17 2018 677 14,332
18 2017 907 13,296
19 2017 759 9,862
Total 19,223 656,266

Table 3. Defect Frequencies for Each Repair Task

. Number of Ratio
Repair task defects [%]
Finishing work 373,118 56.85
Plumbing installation 73,612 11.22
Window work 73,226 11.16
Electricity and power facility
installation 39.628 6.04
Heating, ventilating, cooling, air
conditioning equipment installation 28,199 4.30
Wood work 25,716 3.92
Intelligent home network facility
installation 18,349 2.80
Miscellaneous work 6,249 0.95
Firefighting system installation 5,578 0.85
Waterproof work 4,160 0.63
Insulation work 2,464 0.38
Reinforced concrete work 1,839 0.28
Landscaping work 1,728 0.26
Network facility installation 1,101 0.17
Others 1,299 0.20
Total 656,266 100
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Fig. 3. Research Methodology and Procedures

Table 4. Defect Frequencies for Each Sub Categories for Finishing Work

R;E:Er Sub Category OIf\hf)r:fb;rts R;/Zio Defect Details (Example)
Painting work 91,979 24.65 | The red stain of the entrance ceiling painting
Tiling work 64,087 17.18 | The vertical crack of the mock marble wall tile in the living room
Paperwork 61,885 16.59 | The tear in the wallpaper near the window (Worker's fault)
Kitchen facility installation work 37,380 10.02 | The gap in the joint of the sink
Finishing Plaster finishing work 34,989 9.38 | Bad condition of gypsum board behind the front door
work Indoor furniture installation work 31,517 8.45 | Door imbalance of built-in cabinet (The door is not completely closed)
Plastering work 30,060 8.06 | Wall crack of internal plaster in the bathroom
Interior masonry work 12,959 3.47 | The requirement of sanding on the wall of the front-door stepping stone
Home appliance installation work 8.262 221 Functional Al.anormality of. the wall-pad in the living room
(screen freezing, malfunction)
Total 373,118 100
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Table 5. Performance Metrics of Binary Classification Models
Label Word Classifier Accuracy Precision | Precision Recall Recall F1-Score | F1-Score
Embedding (positive) | (negative) | (positive) | (negative) | (positive) | (negative)
- Bag of Words Support Vector Machine 0.9771 0.9630 0.9934 0.9936 0.9618 0.978 0.9773
app(ﬂzfce Random Forest 0.9748 0.9579 0.9958 0.9960 0.9562 0.9766 0.9756
installation TF-IDF Support Vector Machine 0.9754 0.9616 0.9922 0.9925 0.9602 0.9768 0.9759
Random Forest 0.9820 0.9688 0.9987 0.9988 0.9677 0.9836 0.9830
Bag of Words Support Vector Machine 0.9544 0.9365 0.9766 0.9777 0.9337 0.9567 0.9547
Paperwork Random Forest 0.9535 0.9295 0.9863 0.9872 0.9251 0.9575 0.9547
"TF-IDF Support Vector Machine 0.9566 0.9430 0.9731 0.9741 0.9409 0.9583 0.9567
Random Forest 0.9666 0.9572 0.9833 0.9838 0.9559 0.9703 0.9694
Bag of Words Support Vector Machine 0.9448 0.9266 0.9668 0.9682 0.9235 0.9470 0.9446
Painting Random Forest 0.9426 0.9167 0.9792 0.9806 0.9111 0.9476 0.9439
work TF-IDF Support Vector Machine 0.9401 0.9316 0.9516 0.9527 0.9302 0.942 0.9408
Random Forest 0.9671 0.9724 0.9661 0.9658 0.9727 0.9691 0.9694
Bag of Words Support Vector Machine 0.9416 0.9158 0.9706 0.9724 0.9105 0.9433 0.9396
Plastering Random Forest 0.9459 0.9171 0.9853 0.9865 0.9107 0.9505 0.9466
work TF-IDF Support Vector Machine 0.9307 0.9112 0.9580 0.9603 0.9064 0.9351 0.9315
Random Forest 0.9652 0.9494 0.9895 0.9900 0.9473 0.9693 0.9679
Support Vector Machine 0.9653 0.9476 0.9865 0.9871 0.9453 0.9670 0.9655
Interior | Bag of Words Random Forest 09682 | 09459 | 09955 | 09958 | 09430 | 09702 | 0.9686
e - Support Vector Machine 09628 | 09458 | 009824 | 09832 | 09434 | 09641 | 09625
Random Forest 0.9824 0.9693 0.9974 0.9975 0.9683 0.9832 0.9826
Plaste Bag of Words Support Vector Machine 0.9247 0.9010 0.9530 0.9562 0.8943 0.9278 0.9227
finishirig Random Forest 0.9302 0.9002 0.9761 0.9783 0.8909 0.9376 0.9316
work TF-IDF Support Vector Machine 0.9130 0.8944 0.9382 0.9410 0.8897 0.9171 0.9133
Random Forest 0.9572 0.9531 0.9703 0.9706 0.9526 0.9618 0.9613
d Bag of Words Support Vector Machine 0.9611 0.9427 0.9820 0.9828 0.9403 0.9623 0.9607
fu‘rlm‘;‘iie Random Forest 0.9592 0.9367 0.9901 0.9906 0.9331 0.9629 0.9607
work TF-IDF Support Vector Machine 0.9597 0.9417 0.9819 0.9827 0.9390 0.9618 0.9599
Random Forest 0.9727 0.9578 0.9937 0.9940 0.9561 0.9756 0.9745
Kitchen | pag of Words | SupPOrt Vector Machine [ 09559 | 09355 [ 09808 | 09819 | 09319 | 09581 | 09557
facility Random Forest 0.9548 0.9304 0.9887 0.9895 0.9255 0.9590 0.9561
installation Support Vector Machine 0.9557 0.9388 0.9787 0.9799 0.9355 0.9589 0.9566
work TE-IDE Random Forest 09694 | 09578 | 09898 | 09903 | 09559 | 09737 | 0.9726
Bag of Words Support Vector Machine 0.9539 0.9393 0.9729 0.9740 0.9368 0.9563 0.9545
Tiling Random Forest 0.9535 0.9320 0.9848 0.9857 0.9278 0.9581 0.9555
work TF-IDF Support Vector Machine 0.9548 0.9459 0.9660 0.9668 0.9446 0.9563 0.9551
Random Forest 0.9718 0.9727 0.9737 0.9738 0.9726 0.9733 0.9731
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Table 6. Performance Metrics of Multi-class Classification Models
Word Embedding Classifier Accuracy Precision Recall F1-Score
Support Vector Machine 0.8283 0.8430 0.8394 0.8292
Bag of Words
Random Forest 0.8259 0.8467 0.8387 0.8280
TR-IDF Support Vector Machine 0.8837 0.8905 0.8894 0.8892
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Appendix
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Table 7. Examples of Defect Descriptions Written in Korean and English

Repair Work

Defect Desctription [KOR]

Defect Desctription [ENG-translated]

Finishing work -
Plaster finishing work

F AdeolS0] FoIAYL(AN LA
ofujet siet 7I%ich Sh RS AL/ G
2o xany Fhed 239

The kitchen sinks are bent (not originally fixed, supposed to be
removable and movable)/There are partial defects in the bottom of the
drip tray profile.

Finishing work -
Tiling work

39 9 8% Az 57| dIslo] 55 Lt
Johug/ns g 54 Ade 24 o 55
a2t drhug

8 pieces of public bathing tiles are not properly attached and it makes
a plump sound / 5 pieces of bathing tiles are making a plump sound
because they are not properly attached.

Finishing work - Indoor
furniture installation work

U2 o &9 vaw BAEED
[SE 4R TR SYgRkaAd 48 B
SHee

Misjang lower side rear panel gap (re-reception) / Hood upper cabinet
door closed poorly / Gas stove upper cabinet door left uneven

Finishing work - Indoor
furniture installation work

o] Hro g AjAf KU Anto] Fo] Qiriargh( el
J-AA & S¥= T Al 2Y

R A

Qlekeh/8 2082 %

When the rice leaked outside, it said that there was no rice tray (I
thought it was like that, but there is another generation) / 8/29 Fax
transmission

Finishing work - Indoor
furniture installation work

FY AU dUSY FHE AN/ gL
B4 Lol 1RA] FH AJHE slo] 124
E#F-20] 600 3HE7H-AA

Cracked upper side when the seasoning rail is opened/White high-gloss
side of refrigerator side High-gloss upper side-door 600 Lower
khaki-Material

Finishing work -
Plaster finishing work

8/23 0 10K]0| FLoloN 1 AFHA B2 Sl
RERIE R SE L E e P

Schedule reservation after 8/23 9am) 1. Missing caulking between
bathtub and wall in shower booth / 2. Missing caulking around kicthen
table

Finishing work -
Plaster finishing work

®/2 SFF9T A% ASTH d2e 59
Shg-57) 02 Helgolglehn B B
o th EEAa%)

i

(8/2 pm) Excessive gaps in the part that is in contact with the mirror
on the top of the makeup table-There are many complaints that it is
treated with caulking [request to re-seat the top plate inside]

Finishing work - Paperwork

RSN EEE R UL P e

4

After curing the upper right corner bit step of the front door frame,
sanding is scheduled to be painted

Finishing work - Paperwork

/1135 A-Z2ER] TH)
EFEAGS//A10001 3
EA//28US 2/27(3D9~10TE

1/11 reception case-Poor wallpapering around the home auto, there
are gaps// There are gaps for wallpapering around the needle 1 air
conditioner//There is a lot of contamination 2/27 (Tue) 9~10 Visit

Finishing work - Indoor
furniture installation work

SHH AR 5 2R AT
(E828) 3/1055-d31% e

-3/17533/192A 2 9(295%1245)

Mirror door on the upper right side of the vanity uninstalled (dressing
room) 3/10 dunning-visit after phone call-3/17 dunning 3/19 text sent
(295*1245)

Finishing work -
Tiling work

TER025 A3 FULE v 2l
&40z vBHgont 1) gt
AL ATHEL R HRA 219%)

Common part] 2nd floor tiles on the 2nd basement floor of Building
102 were damaged due to damage, but they were asked to replace
them as they were unsightly (request to confirm whether they are tiles
or marble).

Finishing work -
Tiling work

SAAATTA AR LA A RAT
79%
—-4/69 51 ER ORI HO.

After tile work, corner shelf in shower booth, shower booth corner
caulking request--4/6 1 visited 1pm, but on the next schedule..

Finishing work -
Plastering work

A5 R SR THY th-4/98

SEUYE A5 Be W7Ny)

A large number of cracks in the upper left of the fire door outside the
household are urged on April 9th (repair schedule available on
even-numbered days in April)

Finishing work -
Tiling work

T8 F19 W THE/4.09
gEzos dRaAEs/ Aol
Stz dfelolzt Heay

Public bathing-Floor tile next to the toilet is poorly oriented /
Re-received as a 4.9 day visit case / Request for interior joint
processing by personal interior joint generation

Plumbing installation

(12/3 2A9)) F4(38 58) HAH0Z &5
AgH] £4Zon HEHE Hol
)

(12/3 9:00 am) Kitchen (shared bath, fan bath)-Overall, when hot water
is used, it is not very hot even if it is turned to the hot water side
(poor temperature of hot water)

Plumbing installation

(552 4 AIA-Ae7] iiA]
Bepow A ARo] SnY(h, wiaT
SREE)

[Mobile_reception] Laundry room-When the washing machine is
drained, water drains into the entire laundry room due to poor
drainage < (Check the floor gradient and drain piping)

Window work

- I 5t el
(D00 FE e -89 850524
P35 Fairy

Fix window (large window)-Upper and lower glass caulking inside the
outer window (white) About 30cm omission-Direct reception-May 24 No
calls during certain calls

Window work

PLY ol 8t 24 - & oA Adsjoret
F27F A2l 719E,
5/19%8%401A PLESE ol

Foreign matter and contamination of PL rain window-The window must
be removed. Comb is stuck in silicon, transferred from 5/19 completion
cleaning to the PL window.

Electricity and power
facility construction

HE gEEA 9% dH/ASA BaE A

Outlet is depressed and cannot be contacted./ When using, the
switchboard breaker is lowered/

Electricity and power
facility construction

g/

A7IZAE B Had e I FHE
20% 10E) Fsioh wi2dyga39/12
HIEo] YR 0 534

Malfunctioning electrical outlet (1 out of 2 on the left side of the
pentree space on the sink) Request for a quick schedule 9/12
Scheduled visit 9/12 Appointment 3 o'clock

Heating, ventilation,
cooling, air conditioning
equipment construction

gL R E (oo A YA A e do]
ASFEERATHATT ALARIA A2 &
A )

*“Refrigerant pipe gas leakage (the air conditioner installation company
said that the piping connection was incorrectly constructed from the
beginning, and this is a problem to be dealt with by the construction
company)

Heating, ventilation,
cooling, air conditioning
equipment construction

7R2T|E Fhago] F37
BPeE

[Mobile application]-When the wind blows, the sound of the kitchen
hood is severe. When the gas is turned on, the gas fire is staggering.
11/6 10:19 Fax reception completed
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