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A B S T R A C T

Many factors, including improper maintenance and material aging, may lead to the occurrence of defects during
the operation of the various functions of buildings. Building defect information is normally stored in a discrete
and unstructured way, and for this reason, building a case-based reasoning framework regarding building defects
to enhance the level of building maintenance management has become an important field in the related research.
At present, there is limited research available on the integration of geometric data models that are built by means
of scanning and multi-attribute selection strategies. This study proposes an integrated information management
framework for superficial defects in buildings, which is compatible with a point clouds model as a central data
source. It features the attributes of defects used in multi-criteria decision analysis. A CBR (case-based reasoning)
approach that considers case-based distance is used to enhance the performance of similarity calculations and
case retrieval. A case-based distance model is utilized for the data processing stage and concentrates on a smaller
case set that contains best alternatives. The potential benefit offered by this approach is that more efficient
results can be obtained from classified cases during the retrieval phase process. A comparison of a CBR query
with ungrouped sample data is performed to establish patterns to verify the effectiveness of the calculation
method of determining case similarity, which is supported by the pre-processing of classified information about
the building defects. The analytical results show that the proposed method performs well in solving the multi-
attribute classification of building defects and avoiding ambiguous answers retrieved from unrelated subsets.
This approach might be capable of investigating the practical problems involved in building maintenance in the
AEC domains.

1. Introduction

A construction defect can arise due to many factors, such as poor
workmanship or the use of inferior materials, and it does not seem that
even recent advancements in building technology has reduced the in-
cidence of defects; thus, building defect maintenance remains a difficult
task. The primary objective of defect maintenance is to ensure, as far as
practicable, the continued optimal performance of the building
throughout its design life. Maintenance is a process that converts inputs
(materials and labor) into outputs [1]. Generally, when a building de-
fect occurs and has been confirmed, engineers or maintainers will
evaluate its specification, find a suitable solution and then generate a
maintenance plan. Building defects are viewed as in terms of their
concurrence. If they are frequently occurring, then the evaluation
period expected by building occupants and users is short, which may
cause those who are responsible for defect maintenance to rush to

accept a repair plan if the building defect specification is within or close
to their subjective recognition, rather than to comprehensively review
possible defect problems. The evaluation process for a new defect
sample is often unstable and may generate a number of new defects
during the scheduled maintenance, which may in turn reduce work
efficiency and increase maintenance costs. Further, poor or improper
maintenance solutions may lead to worse results.

In reality, building elements like walls, slabs, floors, etc. may gen-
erate similar defect items because similar production materials and
construction plan are applied. Based on the critical specifications of the
defect, experienced maintainers can design a critical solution. However,
the quality of the analysis is questionable if the engineers are not ‘ex-
perienced’ enough. Therefore, choosing a solution for each new defect
in an accurate and efficient way becomes a challenge for engineers and
maintainers. To conquer this problem, the present research proposes a
case-based reasoning (CBR) system to choose a maintenance solution
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for a new defect. Case-based reasoning (CBR) solves new problems by
adapting previously successful solutions to similar problems [2]. CBR
does not require an explicit domain model; therefore, elicitation be-
comes a task involving gathering case histories [3]. This process im-
plementation identifies the significant features that describe a defect
case and is an easier task than creating an explicit model. CBR systems
learn by acquiring new knowledge from cases, and in this way, they
make maintenance easier. In addition, considering the very large
amount of multi-attribute data about the defects generated during the
entire building operation period, the task of case-based reasoning is
developed into a lengthy strategy that ‘begin[s] by eliminating those
alternatives that do not appear to warrant further attention’ [4]. In this
study, a case-based distance model is proposed as a data pre-processing
step that concentrates on a smaller case set that (likely) contains the
best alternative.

Date acquisition of building defects is another aspect discussed in
this paper. Defect measurement is not only about recording defects that
occur; it is also about supporting a database for further calculation of
similar cases. The manual acquisition process is time consuming and
laborious. Meanwhile, due to the subjectivity of the detection and
classification processes, the defects may be interpreted differently by
different raters, and the results are not repeatable [5–7]. In the majority
of the defect survey tools, image-processing approaches are used for
superficial defect detection. One of the alternative tools for improving
the detection of defects with 3D geometry is the application of laser
scanners [8].

In the context of superficial building defects, this paper provides an
integrated CBR system framework of defect information. Section 2
provides a literature review of defect detection in the construction
sector and case-based reasoning in multi-criteria decision analysis, with
the aim of identifying those areas of knowledge. Section 3 introduces
the methodology used in this paper. Section 4 proposes the approach of
using Kinect's depth sensors for superficial defect detection and mea-
surement. The noise in the point cloud model has to be removed using
filters. The design of the proposed model includes pre-processing, a
transformation matrix, and 3D reconstruction. Section 5 discusses the
integration of a case-based distance model and case-based reasoning
analysis. In our approach, criterion weights of feature attributes and
sorting thresholds of attribute groups are generated mathematically
based on the decision maker's evaluation of a defect case set; therefore,
difficulties associated with the direct acquisition of preference in-
formation are avoided. A reasoning algorithm that considers the key
feature attributes is applied to infer critical defect items for a new de-
fect sample. This study aims to improve the defect maintenance pro-
blems associated with multiple solutions. In addition, the proposed
model can handle multiple-group problems and has the potential to be
deployed as a supplement to building operation management.

2. Previous work

A range of research studies have utilized a combination of defect
detection approaches and numerical modeling techniques to inspect
building defects. Taylor et al. [9] considered how thermography and
heat transfer modeling can be used together to assess the thermal
performance of building facades and, moreover if a defect is identified
by a thermographic survey, heat transfer modeling may be used to as-
sess its severity in terms of additional heat loss. Fox et al. [10] devel-
oped and investigated the use of a time-lapse thermography metho-
dology for the inspection of buildings. It seeks to better understand
transient thermal changes of the fabric and how these interrelate with
the identification of building defects through thermography.

It is indicated that the identification of defects in the building fa-
cades is often a complex activity, which requires elaborate logistics and
difficult to implement procedures [11]. Thus, the aim is to implement
and refine data-acquisition techniques, preferably nondestructive, so

that the routine inspection can be improved and the evaluation is
quicker and more precise. One of these techniques is the infrared
scanning, which can be used to identify cracks on walls, the most im-
portant defects found in inspections [12]. It should be emphasized that
the infrared inspection allows a nondestructive evaluation, which may
be performed at a distance, without requiring complex logistics to ac-
cess the facade. Using infrared scanners to digitize real-world scenes
into 3D point cloud models has been an active research topic for dec-
ades, with wide applications in gaming, video conferencing, also defect
detection etc. [13]. Morana [14] suggested a method to reconstruct 3D
scenes perceived by means of a cheap device Kinect sensor, so as to
obtain a compact description of environment. Zakrzewski & Patela [15]
presented the results of a numerical analysis of a two-dimensional
photonic crystal with line defect for a laser gas sensor working in a slow
light regime. A mutual relationship existing between 3D reconstruction
and object recognition process has been proved in these studies. An-
other problem arising when dealing with digitized scenes is the often
measurement of point cloud models. Therefore the efficiency of algo-
rithms inferring abstractions of the data is of utmost importance [16].
Furthermore, Richards et al. [17] explored the potential of using Kinect
to create a low-cost and portable system to virtually navigate, in a GIS
environment. Boulos et al. [18] mentioned the use of depth sensors such
as Kinect to provide a natural user interface for controlling 3D GIS
models.

Beside data acquisition of defects, another aspect is noticed in defect
management process is multiple-criteria decision made by a decision-
maker on defect maintenance solution. Before planning the main-
tenance and repair works, building inspection and solution assessment
should be conducted for building defects. Due to the general con-
ceptualization expressed by defect information collected from digital
models, engineers cannot make a proper decision on maintenance so-
lutions by using statistical information alone without access to many
professional experiences contained in previous similar defect cases
[19]. To conquer this problem, some studies have been devoted to data
feedback and multiple-criteria decision analysis for the maintenance of
defects. Palaneeswaran [20] discussed the influence factors of defect
causes and structured an integrated framework for maintenance work
to enhance building performance levels. Chong and Low [21] devel-
oped in-house database using existing standards and codes, and lesson-
learned from defects gathered by property manager to eliminate latent
defects from future design. Case-based reasoning (CBR) is considered as
a suitable method to develop a defect prediction and management
system [22]. CBR solves new problems by adapting previously suc-
cessful solutions to similar problems. CBR does not require an explicit
domain model and so elicitation becomes a task involving gathering
case histories [23]. Attribute classification and similarity calculation
are two importance factors considered in CBR. The case-based distance
method is introduced for classification to employ the distance between
an alternative and a reference point as an index to classify alternatives
into distinct categories [24]. Instead of directly requiring criteria
weights from decision makers, the method uses previous cases to obtain
criteria weights and create case set by grouping. Then the similarity
between alternative cases is measured numerically to get the degree on
which the reference one is fingered.

The literature reviewed above identifies that digital inspection and
mathematical methods are both necessary techniques that are used to
facilitate the analysis and interpretation of building defects. However,
scanning and multi-attribute selection strategies offer limited integra-
tion of geometric data models. Related works lack a centralized defect
database containing original data and solutions that can be used to
determine problematic areas before finalizing maintenance [21]. Thus,
developing an integrated management system framework for building
defects using existing experiences in information acquisition, retrieval
and reuse is key to effectively improving the maintenance of building
defects.
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