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ABSTRACT 
 

In projects with tight schedule, one common approach to accelerate the 
construction progress is to work two shifts (i.e., daytime and nighttime). However, 
due to (1) physical, mental and visual fatigue at night and changes in the working 
conditions, (2) lack of sufficient number of supervisors at site, lower productivity 
rates are observed between day and night shifts. To achieve the planned productivity 
level at both shifts, an effective monitoring and controlling approach is needed. Field 
data capture technologies, such as RFID, video cameras are promising technologies in 
improving current control and monitoring approaches. However, some of these 
technologies are disadvantageous in monitoring construction activities under 
nighttime conditions. In this paper, performance of the field data capture technologies 
for monitoring and managing double shift projects were evaluated by reviewing 
previous studies and an envisioned approach for monitoring double shift projects by 
using the selected technologies were provided.  

  
INTRODUCTION 
 

In projects with tight schedule, one common approach to accelerate the 
construction progress is to work two shifts (i.e. daytime and nighttime). However, 
there are some negative effects of working at night on labor, such as physical, mental 
and visual fatigue (Mostafavi et al. 2012), and thus on safety (e.g. higher accident 
rates) (Jun and El-Rayes 2010). This might result in productivity losses due to 
ineffective work of labor and raise safety concerns. Another factor that can decrease 
the productivity in night shifts is the change in the working conditions. For example, 
the work zone conditions and lighting conditions of night shifts are different than that 
of the daytime. This can cause disruptions in operations performed in the nighttime 
work (Mostafavi et al. 2012). Also, less number of engineers supervise the field work 
at site during night shift, and the data collected for documenting productivity is 
inaccurate and less reliable than that of the day shift. Therefore, decrease in the 
productivity levels cannot be clearly determined for night shifts. An effective 
monitoring and control of double shift projects is needed to better allocate resources 
and not to have lower productivity rates. 
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Field data capture technologies can provide accurate data that can be used for 
progress and productivity monitoring in construction projects (Taneja et al. 2011). 
The previous studies utilized field data capture technologies for tracking (1) labor to 
measure productivity (Sacks et al. 2003; Costin et al. 2012) and to evaluate working 
conditions in terms of safety (Cheng et al. 2012); (2) building components and/or 
materials to measure the physical progress (i.e., completed activities) (Golparvar-Fard 
et al. 2012; Turkan et al. 2012a; 2012b), and (3) equipment to provide safe working 
environments for operators (e.g. crane operators) (Teizer et al. 2010), and to monitor 
the productivity and progress of earthmoving operations by tracking hauling units (e.g. 
excavators, dump trucks) (Montaser and Moselhi 2012; Akhavian and Behzadan 
2012; Pradhananga and Teizer 2013). Previous studies mostly focused on material or 
worker tracking, and equipment tracking studies were limited to the tracking of heavy 
construction equipment used in excavation and earthwork operations and in concrete 
delivery. However, it is not always economically and technically feasible to track 
labor and material. For example, the numbers of labor and material to be tracked at 
site are relatively higher than that of the equipment. Therefore, it is much more costly 
to tag each labor/material when a sensor-based approach is selected. Also, when 
tracking materials that are transferred in bulks and the materials that are frequently 
relocated throughout a construction site, obstructions will occur. This condition 
decreases the performance of image processing techniques for tracking materials. 
Furthermore, the workers can feel threatened and uncomfortable when they are 
tagged with tags or being monitored with cameras.  

Previous research showed that the construction activities could be monitored 
based on the identified locations of the equipment used in performing the activities 
(Sacks et al. 2005). However, there are only a few number of studies that tracked the 
equipment used in construction of buildings, and in these studies the focus was on 
tracking the movements of cranes and buck hoists that were used to transport material 
and workers to determine the productivity of the performed activities (Gong and 
Caldas 2009; Costin et al. 2012; Yang et al. 2012). On the other hand, previous 
studies have focused mainly on monitoring the daytime work progress and there have 
not been any studies that focused on tracking resources under nighttime conditions. 
However, it is important to monitor the nighttime work in addition to daytime work, 
so that productivity rates can be closely monitored when there are not many 
supervisors at the site. Therefore, there is a need for an approach that can be used to 
track and monitor both the daytime and nighttime work effectively. In this paper, the 
performance of the field data capture technologies for monitoring double shift 
projects were evaluated by reviewing previous studies. An envisioned approach is 
presented for monitoring double shift projects by using data from the selected field 
data capture technologies that are installed on equipment used at construction site.  
 
REVIEW OF AVAILABLE FIELD DATA CAPTURE TECHNOLOGIES 

 
 A summarized review of the available field data capture technologies is 

provided in two categories focusing on their capabilities for use at night.  
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Vision-based technologies. Vision-based technologies, such as video cameras or 
digital cameras, can be used to locate and track equipment, personnel and other 
resources. However, changes in the illumination conditions (e.g. too dark, too bright) 
due the existence of shadows or bad weather conditions, have negative effect on the 
performance of some technologies, such as photo-grammetry and video-grammetry 
(Park et al. 2011; Golparvar-Fard et al. 2012). Therefore, these technologies are not 
suitable for use during nighttime shifts. Also, occlusion of objects is another issue 
that vision-based tracking methods need to overcome, since the occluded/obstructed 
objects cannot be tracked properly (Brilakis et al. 2011; Golparvar-Fard et al. 2011; 
Park et al. 2011). One of the common problems that vision-based tracking techniques 
have is that the cluttered scenes which are observed in construction sites (Golparvar-
Fard et al. 2009; Zhang et al. 2009). The images can only show what is within the 
range and view field, and the objects that are not obstructed by other objects, such as 
construction machinery (Golparvar-Fard et al. 2009). Moreover, it is challenging to 
define various mobile objects of different shapes and colors by the image processing 
algorithm (Park et al. 2011). Tests also reported that, as the object moved away in 
depth from the video cameras, the associated tracking errors increased (Brilakis et al. 
2011). 

Laser scanning is one of the vision-based technologies and it is used to collect 
the spatial data of existing buildings. However, the creation of parametric building 
models out of the point clouds collected with laser scanners is a manual and time 
consuming process. Although there are studies that focus on automating this process 
(Brilakis et al. 2010; Tang et al. 2010), laser scanning is still not fully automated. 
Since laser scanners use pulses of laser light to measure the distance to the target (i.e. 
time-of-flight (TOF)), they can operate at night. However, both purchase price and 
rental price are costly for most of the projects (Dai et al. 2012).  

3D camera ranging utilizes TOF and infrared lights (Zhu and Brilakis 2009). 
The 3D video range cameras are reliable, robust, and easy to maintain, affordable and 
portable than a laser scanner (Zhu and Brilakis 2009). However, they are limited in 
terms of measurement ranges (i.e., below 10 m) (Zhu and Brilakis 2009); thus, is not 
useful for progress monitoring at large construction sites. 

Image-based techniques (i.e., photogrammetry and videogrammetry) measures 
geometric properties of objects by using images and videos. Their performance varies 
with a some factors such as camera model, resolution, and data capturing range (Dai 
et al. 2012). Although photo/videogrammetry techniques are less costly and faster 
than laser scanners, they are negatively affected by occlusion of objects and poor 
lighting conditions. Thus, they cannot be effectively used in night shifts.  
 
Sensor-based technologies. Sensor-based technologies (e.g., UWB, RFID and GPS) 
were successfully utilized in localization and tracking of construction resources (e.g., 
workers, materials, components) (Teizer and Castro-Lacouture 2007; Song et al. 
2006; Ergen et al. 2007a; 2007b; Grau and Caldas 2009; Cheng et al. 2011) and of 
activities such as welding of pipes (Shahi et al. 2013). Another sensor-based approach 
is on-board instruments (OBI) that are built in construction equipment, for example 
OBI installed on trucks for tracking excavation work (Pradhan and Akinci 2012). 
Moreover, wireless sensors that measure a variety of parameters (e.g. movement, 
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acceleration, pressure) can be used to track the necessary information related to the 
equipment to monitor the progress of the activity that the equipment is used for. 
Different sensor-based technologies can be fused to determine the type of activities 
being performed, such as combining Physiological Status Monitoring (PSM) 
technology and UWB for tracking the body posture and position of workers to track 
the repeated material handling activities (Cheng et al. 2013). The major limitation of 
the sensor-based tracking technologies is the need for tagging every item that needs to 
be tracked. This is especially costly in large construction areas (Brilakis et al. 2011; 
Golparvar-Fard et al. 2009). Table 1 lists the available field data capture technologies, 
and presents the disadvantages of these technologies. The technologies which are 
marked with “*” indicates the ones that can effectively operate both day and night. 

 
Table 1. Comparison of technologies (adapted from Zhu and Brilakis 2009). 

Technology Disadvantages Technology Disadvantages 

Laser 
Scanner * 

- High cost 
- Nonportable 
- Non-real-time data retrieval 
- Not as accurate as 
photo/videogrammetry  
- Affected by occlusion 
- Cannot track fast moving 
objects 
- Need for training to operate 

RFID, 
UWB* 

- Affected by dynamic site 
conditions 
- Need to tag each element 
- Need network 
connection if data stored 
on network 

3D Camera 
Ranging* 

- Short-range distance 
- Low spatial resolution 
- Not as accurate as 
photo/videogrammetry  
- Cannot track fast moving 
objects 

GPS* - Cannot operate indoors 
- Need to tag each element 
- Costly when tagging 
large number of elements 

Photo- 
Grammetry 

- Manual 3D data retrieval 
- Non-real-time data retrieval 
- Low spatial resolution 
- Limited range distance  
- Affected by occlusion 
- Affected by poor lighting 
conditions 

OBI* - Not available in all 
equipment 
- Need to be fused with 
other data  

Video-
gramettry 

- Limited automated 3D data 
retrieval 
- Limited range distance 
- Affected by occlusion 
- Affected by poor lighting 
conditions 

Wireless 
Sensors* 

- Need to tag each element 
- Difficult to set up and 
maintain necessary 
infrastructure 

* Technologies that can effectively operate both day and night 
 
VISION 

 
To automatically or semi-automatically track the performance of the critical 

activities during day and night shifts, it was envisioned to track the equipment (e.g. 
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concrete pumps, cranes, vibrators) and the temporary work instruments (e.g. 
formwork) that are used in the execution of these activities. Wireless sensors and 
RFID are the proposed technologies in this approach (Fig. 1). 

  

 
Figure 1. Envisioned approach for tracking equipment in double shift projects. 

 
Existing performance monitoring instruments in equipments are envisioned to 

be used together with the sensors attached on the equipment. For example, monitoring 
panels inside crane cabins can provide some information, such as the beginning and 
final location of the crane boom during a lifting cycle (e.g. carrying the material from 
the assembly area to the 6th floor of the building), the weight of the material/building 
component being lifted (e.g. 2 tons of reinforcement planned for installation on the 
6th floor). This information can be combined with the ID of the lifted material 
obtained from an RFID tag to identify the type of material (e.g. reinforcement 
prepared for 6th floor columns) (Fig. 1a). If the information from a crane panel is not 
sufficient, data from load sensors will be fused to determine when a material is picked 
(i.e., stockyard) and consequently where it was dropped (e.g. 6th floor slab). Other 
means of material handling (e.g. material lift systems and suspended material 
platforms) can also be tracked to identify the ongoing activities at related locations. 
Another example is the tracking of concrete pouring activity. Mobile or stationary 
concrete pumps can be equipped with sensors that can measure parameters such as 
pressure, vibration, etc. to obtain the duration (e.g. 6 hours) and location (e.g. 
columns and shear walls on the 6th floor) information of the concrete pour activity, 
and the amount of the poured concrete (e.g. 200 m3) (Fig. 1b). Also, other tools can 
be equipped with vibration sensing devices to obtain the related progress and 
productivity information of concrete pouring activities by recording where the 
equipment was used and for how long. For example, concrete vibrators used for 
settling the concrete in the formwork (Fig. 1c) and power trowels used for providing a 
smooth finish to concrete surfaces (Fig. 1d). Temporary work instruments, such as 
table formwork systems used on every floor of the building construction, can also be 
tracked with temperature and humidity sensors to detect the maturity of concrete and 
to obtain the time for formwork removal (Fig. 1e). Information obtained via different 
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types and number of sensor devices attached on several equipments will be retrieved 
by a site office computer (Fig. 1f). As the sensors can directly communicate with the 
site computer, repeater devices (Fig. 1i and 1ii) that are strategically deployed 
throughout the site can also transfer the collected information to the site computer in 
case of obstructions (e.g. walls) between the site computer and the sensors. The 
collected raw data need to be fused and evaluated to provide the related performance 
data of the monitored activities. Then this information will be used to determine low 
productivity rates and to take precautions to prevent delays by the decision makers 
(Fig. 1g). 

 
CONCLUSIONS 

 
The focus of the previous studies on tracking the performance and monitoring 

of work at construction sites is daytime activities. However, an approach for 
monitoring performance and progress for double shift projects are needed. The review 
of existing field data capture technologies show that technologies pose different 
challenges for monitoring the work during daytime and nighttime. The vision-based 
technologies are not suitable monitoring of nighttime work, since they are either (1) 
sensitive to lighting conditions as in the case of imaging techniques (e.g. 
photo/videogrammetry) or (2) costly as in the case of laser scanning. Therefore, in 
this paper an approach that uses sensor-based technologies combined with on board 
instruments installed at equipment is proposed for performing both daytime and 
nighttime work tracking. The future work includes identifying the parameters that 
should be tracked during monitoring construction equipment to obtain progress and 
productivity information of construction activities.  

 
ACKNOWLEDGEMENTS 

 
The study presented in this paper is part of an ongoing research that is funded 

by a grant from the Scientific and Technological Research Council of Turkey 
(TUBITAK), Grant No. 113M434. TUBITAK’s support is gratefully acknowledged. 

 
REFERENCES 

 
Akhavian, R. and Behzadan, A.H. (2012). “An integrated data collection and analysis 

framework for remote monitoring and planning of construction operations”, 
Adv Eng Inform, 26, 749-761. 

Brilakis, I., Lourakis, M., Sacks, R., Savarese, S., Christodoulou, S., Teizer, J., 
Makhmalbaf, A. (2010). “Toward automated generation of parametric BIMs 
based on hybrid video and laser scanning data”, Adv Eng Inform, 24:456-465. 

Brilakis I., Park M., Jog G. (2011). “Automated vision tracking of project related 
entities”, Adv Eng Inform, 25, pp.713-724. 

Cheng, T., Venugopal, M., Teizer, J., Vela, P. A. (2011). “Performance evaluation of 
ultra wideband technology for construction resource location tracking in 
harsh environments”, Automat Constr, 20, 1173-1184. 

1107COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014 



Cheng, T., Migliaccio, G.C., Teizer, J., Gatti, U.C. (2012). “Data Fusion of Real-time 
Location Sensing (RTLS) and Physiological Status Monitoring (PSM) for 
Ergonomics Analysis of Construction Workers”, J Comput Civil Eng, ASCE, 
doi: 10.1061/(ASCE)CP.1943-5487.0000222 

Cheng, T., Teizer, J., Migliaccio, G.C., Gatti, U.C. (2013). “Automated task-level 
activity analysis through fusion of real time location sensors and worker's 
thoracic posture data”, Automat Constr, 29, 24-39. 

Costin, A., Pradhananga, N., Teizer, J. (2012). “Leveraging passive RFID technology 
for construction resource field mobility and status monitoring in a high-rise 
renovation project”, Automat Constr, 24, 1-15. 

Dai, F., Rashidi, A., Brilakis, I., Vela, P. (2012). “Comparison of Image- and Time-
of-Flight-Based Technologies for 3D Reconstruction of Infrastructure”, J 
Constr Eng M, ASCE, doi: 10.1061/(ASCE)CO.1943-7862.0000565. 

Ergen, E., Akinci, B., East, B., and Kirby, J. (2007a). “Tracking components and 
maintenance  history within a facility utilizing radio frequency identification 
technology.” J Comput Civil Eng, ASCE, 21(1), 11–20. 

Ergen, E., Akinci, B., and Sacks, R. (2007b). “Tracking and locating components in 
precast storage yard utilizing RIFD technology and GPS” Automat Constr, 
16(3), 354-367. 

Golparvar-Fard M., Peña-Mora F., Arboleda C. A., and Lee S. H. (2009). 
“Visualization of construction progress monitoring with 4D simulation model 
overlaid on time-lapsed photographs”, J Comput Civil Eng ASCE, 23(6). 

Golparvar-Fard, M., Bohn, J., Teizer, J., Savarese, S., Peña-Mora, F. (2011). 
“Evaluation of image-based modeling and laser scanning accuracy for 
emerging automated  performance monitoring techniques”, Automat Constr, 
20, 1143-1155. 

Golparvar-Fard, M., Savarese, S., Peña-Mora, F. (2012). “Automated Progress 
Monitoring Using Unordered Daily Construction Photographs and IFC-based 
Building Information Models”, J Comput Civil Eng, ASCE, doi: 
10.1061/(ASCE)CP.1943-5487.0000205 

Gong, J., Caldas, C. (2009). “An Intelligent Video Computing Method for Automated 
Productivity Analysis of Cyclic Construction Operations”, 2009 ASCE Intl 
Workshop on Comput in Civil Eng, TX, USA. 

Grau, D.T., and Caldas, C.H., (2009). “Methodology for automating the identification 
and  localization of construction components on industrial projects”, J 
Comput Civil Eng, ASCE, 23(1), 3–13. 

Jun, D.H., and El-Rayes, K., (2010). “Optimizing the utilization of multiple labor 
shifts in construction projects”, Automat Constr, 19, 109-119. 

Montaser, A. and Moselhi, O. (2012). “RFID+ for Tracking Earthmoving 
Operations”, Proceedings of the ASCE CRC, IN, USA, pp. 1011-1020. 

Mostafavi, A., Valentin, V., Abraham, D.M., Louis, J. (2012). “Assessment of the 
Productivity  of Nighttime Asphalt Paving Operations”, J Constr Eng M, 
ASCE, 138(12), 1421-1432. 

Park, M.W, Makhmalbaf, A., Brilakis, I. (2011). “Comparative study of vision 
tracking methods for tracking of construction site resources”, Automat Constr, 
20, 905-915. 

1108COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014 



Pradhan, A. and Akinci, B. (2012). “A taxonomy of reasoning mechanisms and data 
synchronization framework for road excavation productivity monitoring”, 
Adv Eng Inform, 26, 563-573. 

Pradhananga and Teizer, J. (2013). “Automatic spatio-temporal analysis of 
construction site equipment operations using GPS data”, Automat Constr, 29, 
107-122. 

Sacks, R., Navon, R., Goldschmidt, E. (2003). “Building Project Model Support for 
Automated Labor Monitoring“, J Comput Civil Eng, ASCE, 17(1), 19-27. 

Sacks, R., Navon, R., Brodetskaia, I., Shapira, A. (2005). “Feasibility of Automated 
Monitoring of Lifting Equipment in Support of Project Control”, J Constr Eng 
M, ASCE, 131(5), 604-614. 

Shahi, A., West, J.S., Haas, C.T. (2013). “Onsite 3D marking for construction activity 
tracking”, Automat Constr, 30, 136-143. 

Song J., Haas C. T., Caldas C. H. (2006). “Tracking the location of materials on 
construction job sites.” J Constr Eng M, ASCE, 132 (9), 911-918.  

Taneja S., Akinci B., Garrett J.H., Soibelman L., Ergen E., Pradhan A., Tang P., 
Berges M., Atasoy G., Liu X., Shahandashti S.M., Anil E.B. (2011). "Sensing 
and Field Data Capture for Construction and Facility Operations", J Constr 
Eng M, ASCE, 10(137), 870-881. 

Tang, P., Huber, D., Akinci, B., Lipman, R., Lytle, A. (2010). “Automatic 
reconstruction of as-built building information models from laser-scanned 
point clouds: A review of related techniques”, Automat Constr, 19, 829-843. 

Teizer, J., Allread, B.S., Fullerton, C.E., Hinze, J. (2010). “Autonomous pro-active 
real-time construction worker and equipment operator proximity safety alert 
system”, Automat Constr, Vol. 19, pp. 630-640. 

Teizer, J. and Castro-Lacouture, D. (2007). “Combined Ultra-Wideband Positioning 
and Range Imaging Sensing for Productivity and Safety Monitoring in 
Building Construction”, ASCE Intl Workshop Comput Civil Eng, PA, USA. 

Turkan, Y., Bosche, F., Haas, C.T., Haas, R. (2012a). “Automated progress tracking 
using 4D schedule and 3D sensing technologies”, Automat Constr, 22, 414-
421. 

Turkan, Y., Bosche, F., Haas, C.T., Haas, R. (2012b). “Toward Automated Earned 
Value  Tracking Using 3D Imaging Tools”, J Comput Civil Eng, ASCE, doi: 
10.1061/(ASCE)CO.1943-7862.0000629. 

Yang, J., Vela, P.A., Teizer, J., Shi, Z.K. (2012). “Vision-Based Tower Crane 
Tracking for Understanding Construction Activity”, J Comput Civil Eng, 
ASCE, doi: 10.1061/(ASCE)CP.1943-5487.0000242. 

Zhang, X., Bakis N., Lukins, T.C., Ibrahim, Y.M., Wu, S., Kagioglou, M., Aouad, G., 
Kaka, A.P., Trucco, E. (2009). “Automating progress measurement of 
construction projects”, Automat Constr, 18, 294-301. 

Zhu, Z. and Brilakis, I. (2009). “Comparison of Optical Sensor-Based Spatial Data 
Collection Techniques for Civil Infrastructure Modeling”, J Comput Civil 
Eng, ASCE, 23(3), 170-177. 

1109COMPUTING IN CIVIL AND BUILDING ENGINEERING ©ASCE 2014 


