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A B S T R A C T

Quality is one of the most vital aspects of a construction project, and inspection is the most important task in
construction quality management. Despite the application of advanced information technologies, the omission of
check items and in-efficiency of entering inspection results from paper-based inspection records into computers
and collaboration among the construction stakeholders remain to be major problems. This paper proposes an
approach to make the process of construction quality management more effective and collaborative by devel-
oping a system based on the integrated application of building information modeling (BIM) and indoor posi-
tioning technology. First, the system requirements of the collaboration platform are analyzed based on the
standards for construction quality inspection in China, the technologies to be used for its implementation are
justified, and a process model for the collaboration of multiple stakeholders is established. Next, the system
architecture is developed, and the algorithm for generating inspection tasks and the technique for integrating
with indoor positioning technology are formulated. Finally, the implementation of a prototype system is pre-
sented, and the effectiveness and efficiency of the approach for construction quality management are verified by
using the system in an on-site test.

1. Introduction

Construction quality pertains to the lives and safety of the public,
and its importance cannot be overemphasized. Hence, various stan-
dards exist to regulate the construction quality management in practice.
Although these standards vary from country to country [1], their core is
invariable in that inspections must be conducted after each major
construction procedure through collaboration among the stakeholders
of the project, i.e., the contractors are responsible for the check, and the
supervisors and the owner/developer are responsible for the re-check
and the double re-check, respectively. Since many check items must be
inspected for numerous target objects at construction sites according to
the standards, some of them may easily be missed by the inspectors,
which endangers construction quality. Besides, as in many other
countries, the use of paper-based files is still the main mode of in-
formation recording, preservation and transmission for construction
quality management in China [2]. The inspectors thus need to record
inspection data on paper at the construction site and then enter the data
into some specific document management software at the office to get
the data printed out in specified forms and signed by the relevant in-
spectors. In addition, the construction stakeholders' communication,

such as requests for re-checks and rework, occurs through paper-based
letters or E-mails, in which the information is fragmented and confined
to only a few people so that the working efficiency of the inspectors and
the collaboration efficiency among the stakeholders are low.

Researchers have endeavored to develop various approaches for
construction quality management by using state-of-the-art technologies
such as Building Information Modeling (BIM), mobile computing, and
Augmented Reality (AR), to reduce the workload of the inspectors and
lower the risks of construction quality management. Chen and Luo [3]
utilized 4D BIM technology to establish a BIM-based construction
quality model for construction quality management. Dong et al. [4]
presented a telematic workbench that facilitates the on-site crew to use
handheld mobile devices to collect defects and send them to the server
with wireless communication, and the latter can facilitate the designer
to compare the visual information with the design model to judge if it is
acceptable. Chen et al. [5] introduced a framework for implementation
on construction sites, which identifies the feature of mobile computing,
construction personnel, information and construction sites and their
interactions and gives system designers a clear structure for designing
mobile computing systems from a technical perspective. Tsai et al. [6]
proposed an approach for construction quality inspection based on BIM
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and mobile computing in which inspectors determine the inspection
tasks and locations before a site inspection trip and enter inspection
data at construction sites based on the pre-generated BIM images by
using corresponding construction information forms on a mobile de-
vice. Lee et al. [7] proposed a construction defect management method
using AR technology, which augments virtual objects to real-time input
images from the camera, to enable the workers to discover defects ef-
ficiently. Based on the study of Lee et al., Park et al. [8] integrated
ontology and AR with BIM to propose a conceptual framework for
proactive construction defect management to avoid the reoccurrence of
construction defects and support field defect management. The frame-
work includes a defect data collection template, a defect domain on-
tology to search for and retrieve defect information, and an AR-based
defect inspection system to capture defect information based on the
defect data collection template. Using this framework, Kwon et al. [9]
further developed a defect management system with two sub-systems:
an image-matching system to detect defects by comparing the 2D vir-
tual images of BIM models with the photos of actual works and a mobile
AR app to help discover dimension errors and omissions at construction
sites.

In order to support the collaboration among the stakeholders in
construction, many studies have proposed collaborative models, fra-
meworks and systems based on BIM and mobile devices. Singh et al.
[10] established a theoretical framework that specifies the technical
requirements for using a BIM-server as a multi-disciplinary collabora-
tive platform, which enables better multi-disciplinary collaboration in
design and construction. Pena-Mora et al. [11] developed a project
management system to support the collaboration of distributed project
management teams in complex projects by providing a platform for
effective information sharing with few limitations on computing de-
vices. Oh et al. [12] developed an integrated system for collaborative
design based on BIM, which supports the collaboration of architecture
and mechanical, electrical and plumbing (MEP) design with enhanced
data quality and working efficiency.

Although these approaches and techniques support construction
quality management either by enabling the automation of inspection or
by providing pure data input and workflow functions on the web based
on some technologies, they cannot solve the above-mentioned problems
as a whole. However, the integration of latest and existing technologies
are expected to solve the above-mentioned problems. Especially, indoor
positioning technology can be used and integrated with BIM because of
the necessity of positioning when BIM is used to identify the target
objects for inspection at construction sites.

This study aims to establish an approach to support the quality
management of construction projects by developing a collaboration
platform in which the technologies of BIM and indoor positioning are
integrated in order to solve the above-mentioned problems. To this end,
this study focuses on three questions, i.e., how to establish a colla-
boration platform that facilitates the collaboration among the relevant
stakeholders for construction quality management, how to identify the
check items and corresponding target objects automatically based on
BIM technology according to the standards to avoid omission of ne-
cessary inspection, and how to identify the correspondence between the
elements in the BIM model and the objects on site to raise on-site
working efficiency by using indoor positioning technology.

In the following, first of all, the system requirements of the colla-
boration platform are analyzed based on the standards for construction
quality inspection in China, the technologies to be used for its im-
plementation are justified, and a process model for the collaboration of
multiple stakeholders is established. Next, the system architecture is
developed, and the algorithm for generating inspection tasks and the
technique for integrating with indoor positioning technology are for-
mulated. Finally, the implementation of a prototype system is pre-
sented, and the effectiveness and efficiency of the approach for con-
struction quality management are verified by using the system in an on-
site test.

2. Current practices and relevant information technologies

2.1. Current practices of construction quality management

As stated in the previous section, although the details of the stan-
dards vary from country to country, the core of the standards remains
invariable. Thus, in this study, the Chinese standards are taken as ex-
amples. In China, construction quality-related standards can be classi-
fied into four types: national standards, local standards, industrial
standards and enterprise standards. Among them, the national stan-
dards are the most authoritative and form the basis for the other three
types. The national standards on building construction quality include a
unified standard and a series of 13 other standards covering various
project work categories, including the main structure in concrete, steel,
wood and masonry, the foundation, roofing, electricity, water supply
and drainage, ventilation and air-conditioning, etc. Among the cate-
gories, “main structure” is the most crucial for construction quality, and
thus, the check items and criteria for this category (particularly for
concrete structures) constitute the majority among all work categories.
In addition, although differences exist among the standards, the general
process and methods for construction quality management are similar
and are consistent with the conceptual framework specified in the
unified standard. Therefore, this research focuses on the construction
quality management of concrete structures based on two national
standards: the unified standard for construction quality acceptance of
building engineering (GB50300-2013) and the code for acceptance of
construction quality of concrete structures (GB50204-2015). The con-
struction quality management of other categories can be dealt with
similarly.

In GB50300-2013, an inspection lot is defined as a group of objects
for inspection that are produced under the same conditions or orga-
nized in a specified manner [13]. Each inspection lot corresponds to a
number of check items, and the target objects for inspection corre-
sponding to a check item are determined to be the whole objects con-
tained in the inspection lot or only the sampled objects, depending on
the check items [14]. For example, in the construction of a building,
since concrete slabs and beams of the same floor are cast in the same
batch, their concrete appearance is thus defined as an inspection lot.
The deviation of the sectional dimension of the slabs and beams is a
check item, and the to-be-checked samples of the slabs and beams in the
inspection lot are the target objects according to the standards. It is
worth noting that among the inspection lots, except for the raw mate-
rials and processed materials that need to be inspected in batch, most
inspection lots are associated with the objects in buildings and thus
need to be inspected with regard to the objects.

Quality inspection needs to be conducted along with the construc-
tion process. As shown in Fig. 1, the quality engineers of the contractor
usually make a plan in which the inspection tasks, including inspection
lots, check items and corresponding target objects, are identified before
construction. With regard to an inspection lot, the contractor needs to
conduct a check first on the target objects with regard to the check
items immediately after the associated construction procedure is com-
pleted. During the check, the inspector records the inspection result of
each target object on paper-based on-site forms. After the check on the
inspection lot, the inspector needs to complete an inspection lot
checklist form based on the on-site forms and then submit it to the
supervisor. The inspection lot checklist forms contain brief inspection
results, such as “90% pass”, without the details on each target object.
Then, the inspector from the supervisor re-checks the inspection results
before the contractor can continue the next construction procedure. For
important inspection lots, the owner/developer may conduct double re-
checks. The on-site forms and the inspection lot checklist forms are the
most important inspection documents because they act as the certifi-
cation of the construction quality and indicate the people in charge. To
preserve the inspection data in a clear form, the inspection lot checklist
forms are required to be printed and signed by the relevant inspectors
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