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REAL-TIME TRACKING OF PRODUCTION CONTROL.:
REQUIREMENTS AND SOLUTIONS
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Abstract: Production control in construction has been mainly discussed within the
scope of Lean Construction, through tools and methods such as Last Planner System
(LPS), Location-Based Management System (LBMS), and Takt Time Planning (TTP).
However, despite the increasing use of these systems, information about the use of
equipment, labour, and materials is still gathered through manual data collection, if
at all. Real-time process information about these production factors is missing.

This paper proposes an intelligent system for real-time production control
(iCONS), which has been developed based on the requirements set by construction
professionals from four countries, the existing technical solutions that have been used
in real-time tracking, and on the proposed new solutions that can fulfill the
requirements. Four types of requirements were identified based on interviews: 1)
safety management, 2) monitoring process information, productivity and waste, 3)
material logistics, and 4) location-based information on pull basis. The proposed
system fills the key requirements by sharing and integrating real-time information
between materials tracked with RFID tags, labour and equipment tracked by
Bluetooth beacons, communicating with location-based gateways and iCONS app
through a cloud-based solution. Project teams can use this system to improve
production efficiency, management of suppliers, and safety conditions.

Keywords: Lean construction, production control, tracking, resources,
communication systems.

1 INTRODUCTION

Production control in construction has been mainly discussed within the scope of Lean
Construction. Among others, its tools and methods include: 1) the Last Planner System
(LPS, Ballard 2000) which focuses on the social process of planning and reliable
commitments; 2) the Location-Based Management System (LBMS, Kenley and Seppéanen
2010), which includes a technical system and a process for better planning and control
using locations and; 3) Takt Time Planning (TTP, e.g., Frandson et al. 2013) which is a
related planning and controlling approach using fixed durations for each location. Various
combined approaches have also been proposed. For example, the combination of LPS and
LBMS was proposed by Seppénen et al. (2010). Although good results of LBMS have been
reported in literature (e.g., Seppanen et al. 2014), contractors are complaining about the
difficulty of manual data collection (e.g., Cruz Rios et al. 2015). Furthermore, all of the
production control approaches rely heavily on social processes and manual data collection
(Pradhananga and Teizer 2013). For example, the LPS is typically implemented with
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manual techniques, such as using post-it notes to plan collaboratively in a phase
scheduling meeting (e.g., Tsao and Hammons 2014). Recent approaches include mobile
applications, which distribute the plan to the workers and allow them to use mobile devices
to report progress (Dave et al. 2014). LBMS has been implemented in software (currently
Vico Schedule Planner) but progress tracking remains manual using control charts (Kenley
and Seppanen 2010). TTP is a different scheduling methodology but in software terms has
been typically implemented with Vico Schedule Planner as well (Frandson et al. 2013).
Each approach relies on manual collection of information through discussions or
spreadsheets, requiring substantial amounts of human labour to collect and analyse data,
which eventually was prone to human error (Costin et al. 2012), besides it is an expensive,
inaccurate and inefficient process (Jiang et al. 2012).

Construction sites are usually characterized by a complex set of interactions between
space, equipment, labour, materials, and final product (Golovina et al. 2016). Moving
resources efficiently on site, and between projects, requires good coordination of activities
and specialized information systems (Vasenev et al. 2014), resulting in an accurate process
information. With the current manual approaches, it can be said that the full potential of
production control have not been achieved.

Technology has been developed to the point where it is possible to configure a system
for a truly intelligent construction site, where all resources can be tagged and located in
real-time (e.g., Cheng and Teizer 2013; Jiang et al. 2015). Mobile technology enables real
-time communication with workers (e.g., Dave et al. 2014) and building information
modelling (BIM) provides context for decision-making. However, although improving
construction productivity through integration and automation, it is essential to identify
the processes where technologies may be implemented in a cost effective manner (Grau et
al. 2009). Despite the increasing use of BIM and production planning technologies, real-
time information about the production factors, equipment, labour, and materials, is still
gathered through manual practices, if at all.

The aim of this paper is to propose an intelligent construction site system for real-time
production control, named iCONS. The system will be part of an international research
project managed by Aalto University and supported by construction companies, software
companies, operators, and international universities from four countries: Finland, USA,
Brazil and China. iCONS will be developed based on the main requirements of the
companies, the existing technical solutions that have been used in real-time tracking, and
new developed solutions that can address any gaps. In this paper, a literature review was
carried out to identify existing tracking solutions and the use of real-time data in
construction management. After that, an interview study among building practitioners
was conducted to evaluate the main requirements of real-time production control. Finally,
a lean real-time production control system is proposed.

2 BACKGROUND

A lean production control system must consider resource flows, continuity of work for
resources, reducing cycle time, forecasting based on actual progress and eliminating waste.
In relation to resources, Koskela (1999) defined seven types of flows (or preconditions) for
a construction task: 1) design information, 2) components and materials, 3) labour, 4)
equipment, 5) space, 6) connecting works, and 7) external conditions. If there is a problem
with any of these flows, making-do waste will result (Koskela 2004). iCONS and real-time
production control could help particularly with materials, labour, equipment and space
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flows. Real-time information about the status of these flows could enable better production
management and less waste in the process.

Tracking material resources and their respective locations, implies two sets of
requirements: 1) determining the location when materials are delivered to a construction
site and; 2) once delivered, tracking the location of materials with enough accuracy (Song
et al. 2006). Different manufacturing environments may define product delivery strategies,
such as Make-to-stock (MTS), Assemble-to-order (ATO), Make-to-order (MTO) and
Engineer-to-order (ETO) (Olhager 2003). Each one of these requires a different real-time
tracking mechanism. For example, ETO products have elaborate supply chains and a long
process from design to installation. It is a challenging task to efficiently identify, track and
locate these components through a construction supply chain as the process is usually
monitored manually by using paper-based methods. Manual material tracking methods
result in problems such as late deliveries, missing components and inefficient assembly,
reflecting in additional labour and material costs (Demiralp et al. 2012). In this paper, we
are focusing on materials and components including both off-site and on-site logistics.
Although the main use case will be tracking ETO products, the system should be able to
handle also other types of important materials.

Tracking of labour is an important issue to keep production flowing. In addition, the
quantity of labour hours spent completing tasks represent a large portion of costs in a
project (Costin et al. 2012). Thus, maximizing labour productivity is an important factor
affecting both costs and production. However, labour consumption tracking has been a
challenging problem, involving multiple human behavioural and qualitative factors (Jiang
et al. 2015). Trying to solve this problem, real-time tracking may be used on identifying
critical personnel and activities instantly, increasing the flow of project information and
control actions (Cordova and Brilakis 2008). This information could be used to drive LBMS
technical calculations (Kenley and Seppanen 2010), highlighting problems in real-time
rather than based on weekly manual input. In addition, real-time tracking could help on
identifying typical construction wastes, such as unnecessary movements, poor logistics
conditions, and making-do (Koskela 2004).

It is widely known that construction jobsites are hazardous environments due to the
continuous and dynamic interactions between various entities, such as heavy equipment
and workers on foot (Wang and Razavi 2015; Golovina et al. 2016). On a worksite, it is
important that construction workers and equipment operators can recognize each other in
real-time (Golovina et al. 2016). Considering the high number of contact accidents and the
severity of the consequences, potential collisions should be prevented in a timely manner
(Wang and Razavi 2015). Despite the development of recent solutions, such as sending
alarms based on the proximity of workers and equipment (Wang and Razavi 2015; Park
et al. 2016), or the integrated use of BIM to pro-actively improve construction safety, there
is a lack of studies on remote monitoring for improving safety and health of the
construction workforce (Cheng et al. 2013).

Despite improvements in remote data sensing and intelligent data processing systems,
few data on visualization tools are used in a virtual reality environment in real-time
(Cheng and Teizer 2013). For example, Dave et al. (2014) proposed a solution integrating
video-cameras and magnetic boards on monitoring tasks progress. However, this solution
requires manual insertion of data on the boards. Thus, there is a clear disconnection among
real-time information, resource flows and locations, representing an opportunity for
developing a lean real-time production control system.
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3 METHOD

First, a literature review was conducted, aiming to investigate the existing solutions of
real-time production control. After that, face-to-face interviews with building
professionals were done, aiming to investigate: 1) the main challenges of real-time
production control; 2) the expected benefits on implementing an intelligent system, using
real-data; 3) the most demanding and interesting use cases and; 4) the possible integration
of Building Information Modelling (BIM) and an intelligent production control system. A
standard list of ten questions was prepared and seven interviews (one with each end-user
partner) were done in three countries (Brazil, China and USA). Additionally, a focus group
interview with all Finnish partners was conducted in Finland. Based on the findings of the
interviews and focus group, four most relevant requirement themes were found. Then, an
intelligent system was proposed, considering requirements, existing solutions, and
solutions to be developed and tested in future research.

4 FINDINGS

4.1 Interviews

The interviewed companies highlighted the following themes as the most relevant
requirements of real-time production control:

o Safety management: highlighting work in hazardous areas and risks related to
interactions between equipment and labour; safety aspect is also critical to provide
value for workers so that they can accept to be tracked.

e Process information, productivity and waste: tracking movements of the workers
on construction site, and controlling how much time workers spend in one location,
analysing productivity rates and waste of time, analysing what has been completed
in each location, linking images automatically to locations.

e Material logistics: controlling the logistics of off-site and on-site materials.

e Location-based information on pull basis: giving information to superintendents
and foremen in real-time based on the location they are in.

4.2 Proposed real-time production control system

To address the requirements, an intelligent construction site (iICONS) scheme is proposed,
as shown in Figure 1. The central idea of this system is real-time tracking of production
factors, where an app will integrate several technological tracking solutions and provides
real-time information for decision-makers. The app, installed on smartphones devices of
the project team, will receive real-time information of materials, through reading RFID
tags or via wireless (Link 1). The position of mobile resources, such as workers and
equipment, will be determined through the interaction between beacons and gateways,
which are installed in distinct locations (Link 2). The app determines the location of the
foreman / superintendent by accessing the same gateways (Link 3). A data storage cloud
system will receive online information from the gateways (Link 4), automatically updating
data on the app (Link 5). The app is used to update production status based on location-
based suggestions and to link pictures and notes to the location (Links 3 and 5). When the
plan is known and workers who have spent time in the location are known, it is possible
to ask targeted questions about what scope was completed and to document the completed
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work in a picture linked to the location. Table 1 shows a sample of existing solutions found
and proposed links and solutions, aiming to cover the requirements.

Locations

Beacon f’
oo

v T
Foreman /
Superintendent

Equpment

Figure 1: iCONS system

Key: Link 1) Interaction between RFID tag materials and iCONS app; Link 2)
Interaction between beacons sensors and gateways; Link 3) Interaction between
iCONS app and gateways; Link 4) Interaction between gateways and data storage
cloud; Link 5) Interaction between iCONS app and data storage cloud.

5 DISCUSSION

The great novelty of the iCONS system is not related to the proposed individual links
because each has been previously explored individually, but the interactions among them
in a common platform, connected through a data storage cloud and an app, providing real-
time information to the project team (summarized in Table 1).

Existing solutions in safety control have been providing enough information of
behaviour of workers (Cheng et al. 2013), hazardous areas, and the interaction between
workers and equipment (Golovina et al. 2016). However, locations, equipment and workers
have not been integrated. The integrated use of beacons and gateways, which are installed
in strategic locations, combined with previous BIM simulations and analysis, may facilitate
the identification of hazardous areas, sending alarms where and when necessary.
Furthermore, risks can be mitigated through the combination of BIM simulations and real-
time resources tracking.

Currently, the actuals work in place (scope), production rates and quantities are not
automatically gathered. However, technologies such as photogrammetry and laser
scanning can be considered to fulfil this gap, generating real-time information for Last
Planners to make comparisons with the plan.

Traditionally, labour on construction sites has been tracked with good accuracy
(Montaser and Moselhi 2014). However, it has been very difficult to know what the
workers have been working on and in which locations they have spent time (Jiang et al.
2015). Process information has not been commonly connected with real-time status; in
addition, productivity is still measured through manual practices (Pradhananga and Teizer
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2013). With the implementation of iCONS, real-time control may be provided through the
integration of location, workers and the app, via data storage cloud, where the project team
would receive online information about labour productivity and to compare the status of
each location to the project schedule or weekly commitments. iCONS will also provide
opportunities for analysing wasted time in real-time, alarming the management of
problems and making waste visible to the team. The goal is to make information cycle
more agile, improving the efficiency of the crews and fixing errors faster than when using
manual controls. Furthermore, this process will help to automate production control, once
it is possible to get real-time status information with a high level of accuracy.

Table 1: Requirements, existing and proposed solutions

Requirements Samples of existing solutions Proposed links and solutions
Safety Monitoring safe and unsafe Link 2. Beacons positioned in
management behaviour (Cheng et al. 2013); equipment and workers will interact

Proximity detection and alert with gateways, detecting and
system using beacons (Park et al.  alarming potential risks in hazardous
2016); GPS on identifying and areas, which will be previously
analysing hazardous areas identified through BIM model;
(Golovina et al. 2016);
Process Tracking labour through video Links 3, 4 and 5. Real-time
information, cameras (Cordova and Brilakis information will be provided through
productivity and 2008) or websites, computers, the interaction between data storage
waste tablets and smartphones (Jiang et cloud and app. The project team will
al. 2015); Triangulation and be able to analyse productivity of

proximity to identify the location  subcontractors, comparing the status
of the workers (Montaser and with the schedule and identifying the

Moselhi 2014); wasting time;
Material RFID systems (Demiralp et al. Link 1. RFID tags will provide
logistics 2012); RFID integrated with accurate information of materials
mobile devices and web portals manufacturing status, quantities
(Wang 2008); needed and delivered, and location;
Location-based Real-time positioning sensors Links 2, 3 and 4. Locations identified
information on (Cheng and Teizer 2013); UWB through gateways. Location
pull basis system (Cheng et al. 2011); information such as time spent, the

planned schedule, required quantities,
quality checks etc., will be provided in
real-time

RFIDs tags have been applied for tracking materials (Demiralp et al. 2012). Through the
integration of materials status with locations, internal and external logistics process may
be facilitated, and delivery locations can be prioritized in accordance with the project
schedule. The supply chain process can be automatically updated. Thus, manufacturing,
delivery and internal storage will be integrated with the needs of every location.

Real-time position sensors (Cheng and Teizer 2013) and recent systems (Cheng et al.
2011) have been applied for indicating the location of resources relatively accurately.
However, this real-time information is not integrated with labour productivity in locations.
Thus, real-time and accurate information could improve production control, helping on
rescheduling process, defining control actions and prioritising activities.
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Real-time information would support production control, and help reducing waste,
particularly that related to flows of material, labor, equipment and space. For example, the
real-time tracking of locations and production rates will improve the analysis of
overproduction. The tracking of labor and movement will improve the analysis of waiting
time.

6 CONCLUSIONS

The iCONS system proposes the integration of several technological solutions to form a
lean production control system supporting LPS, LBMS or takt-time planning, providing
real-time information to the project teams and potentially improving the production
control process. The proposed system fills the key requirements gathered in interviews of
building professionals in four countries. Project teams can use this system to improve
production efficiency, management of suppliers, and safety conditions. The iCONS system
is under development and its benefits will be validated in future research.
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