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A B S T R A C T

Improving the effectiveness of production control has attracted the interest of researchers and lean construction
practitioners over recent years, through techniques such as Last Planner System (LPS) and Location-based
Management System (LBMS). However, in these techniques, data collection and analysis still remain manual.
Remotely locating workers on site has been suggested as a potential technology to collect crucial data required
for production control. The purpose of this study is to test the applicability of a real-time tracking system for
collecting data for production control in different types of construction projects. We applied Bluetooth Low
Energy (BLE) technology in real-time tracking of workers in three case projects, including residential, office
building, and plumbing renovation. We compared various tracking device placement strategies and analyzed the
share of uninterrupted presence of workers in work locations based on the collected data. The findings show that
both location-based and time-based information of workers can be obtained in real time from the proposed
system, but issues of accuracy and coverage need to be considered when defining the data collection plan for
each project. Accuracy and coverage issues can be resolved to a significant degree by applying heuristics in data
analysis rather than investing in a more sophisticated tracking technology. The conclusion is that real-time
tracking technologies are ready for implementation when certain heuristics and guidelines for installation are
followed. It is possible to calculate a real-time presence index on a construction site. These data could be used to
evaluate the impact of construction management interventions on waste on-site.

1. Introduction

Complexity is a term often used when discussing construction pro-
jects and their on-site management. Projects comprise many inter-
connecting parts during the process [1] and have poor reputation for
managing risks with failure to meet deadlines and cost targets [2],
which is compounded by demanding time constraints and low work
efficiency [3]. The on-site complexity has led to the development of
production control techniques that can reduce variability in workflows
[4]. Among these techniques, Last Planner System (LPS) [5], Location-
based Management System (LBMS), and their combinations [6] stand
out, aiming to improve the utilization of resources, reduce project
durations, and define more accurate production forecasts [7].

The existing techniques tackle the problem of complexity in pro-
duction control through systematic data collection and use in evalua-
tion and estimation—for example, Critical-path Method (CPM) is used
for monthly schedule updates, including estimates of remaining work
resulting in understanding of critical tasks of the project [8]; LBMS is

used for weekly routines to collect actual start and finish dates, per-
centage completed and actual resources; and LPS is used for recording
the percentage of work completed or tracking percent plan completed
(PPC) verbally in meetings [6]. However, data for all these activities
has still traditionally been manually collected and entered into the
system, and most analyses of labor productivity are still done manually
[9]; this is time-consuming, subjective to judgements, and prone to
error [10]. There are recent attempts to automate data collection on
production resources and status using sensor technologies, such as
Radio-frequency Identification (RFID) [9], Magnetic Field [11], ZigBee
[12], and BLE (Bluetooth Low Energy) [13]. Vasenev et al. [14] suggest
a framework that connects the sensor data collection from various
sources to decision-making at the operational, tactical, and strategic
levels.

Despite the suggested technologies and their applicability tests in
recording important project data for production control (e.g. [9]), there
is scarce research that shows how a real-time tracking system can be
used for identifying value-adding time of construction resources. As
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