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Abstract: Measuring productivity on a construction job site is not an easy task becallecting its reliable data consistently from the
job site requires a lot of personnel efforts causing extra time and castdér to measure the job site productivity, for instance, basically
two types of data such as man-hours and installed work quantities aiieexege an input and an output factor to calculate the values
of the productivity. This paper suggests an efficient automatic marshmaasurement system for analyzing and collecting the data
relating to the input factor by the analysis of video images instead of the disservation of construction job sites by a work manager.
The proposed method utilizes the image processing technologies fozimgatite video images of the construction related works
operated on the job sites. An image processing based algorithm is devdtwpeacking the three different groups of construction
work crews under the considerations of complex construction workamment. It includes the following main algorithms: BGS
(background subtraction), worker detection, and worker trackingrigihgn. The proposed method has been applied and verified under
various indoor and outdoor experimental test environments. Arodfal & recognition rate for counting man-hours of construction
work crews is achieved by the proposed algorithm. The data acquirdeiproposed method can be used as an essential and valuable
input data to analyze and control the productivity of construction job shisexyuently.

Keywords: Construction Job-site Productivity, Automatic Data Acquisition, Image égsiog Technology, Worker Detection
Algorithm, Worker Tracking Algorithm, Man-hours Measurement

1 Introduction However, it has often been indicated that measuring
productivity on a construction site is not an easy task
L because collecting valid data from construction sites
1.1 Research background and objective requires a large investment of manpower causing extra
time and costZ]. In addition, it has been addressed that
collecting relevant information manually is slow and
Productivity data collected from construction job site inaccurate §]. Therefore, the studies on data acquisition
activites can be used to check up whether theMmethods by applying IT have been performed to solve
construction operations on the site are well performedh®Se problems in the construction industry. For instance,
without any problems or not. Also, the productivity data data acquisition methods using Bar-code, PDA (Personal
acquired for each activity may be recorded, analyzed, andidital ~ Assistant),  RFID ~ (Radio  Frequency
generalized to be used for planning any work scheduleddentification), GPS (Global Positioning System), image
for future construction projects. Therefore, the Processing technology, etc. have been tried on
productivity should be accurately measured based upoigonstruction sites and are making some progress.
the information occurring from the operations of ESPecially, image processing technology has been

construction work crews, such as installed work quantities®cently expanding its applicability on automatic data
and input man-hoursl]. acquisition with the advantage of relatively less
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investment compared to other IT methodologies.relating to the input factor for measuring the job-site
However, it requires the efforts for developing advancedproductivity ultimately as shown in Fig. 1.
and optimized algorithm which is suitable for the specific =~ The effective applications with image processing
work environments of a construction site in order to technologies are required to analyze these video images
obtain more accurate datd][ automatically. Therefore, this paper suggests an image
As an consideration of these conditions, this researctprocessing technology based algorithm to track the
is focusing on the development of advanced anddifferent group of construction work crews under the
optimized image processing algorithm, by considering theconsiderations  of  complex  construction  work
characteristics of construction work environment, environments.
particularly focusing on the analyzing and collecting of  The proposed algorithm in this paper automatically
construction man-hours that can be used as the inputinds out moving objects with the different values of a
factor for estimating productivity values accurately. $ke current frame from a previous frame using BGS
man-hours can be used for producing essential data talgorithm, and then recognizes the different groups of
analyze and control construction job site productivity work crews using the distinctive color of construction
subsequently. workers safety vests and safety hats. Finally, it measures
how much of the man-hours of each crew are performed
as they complete their designed work within the
esear designated area.
12R ch scope and methodol ogy In order to develop and test the algorithm, video
images are taken on the supposition that workers are
working at indoor and outdoor with different colored
safety vests and hats in wear. Different colors are used to
classify each distinctive group of work crews. Then, the
video images are analyzed to figure out the man-hours for
i m """""""""""""" , each different group of work crews using the proposed
image processing algorithm based on OpenCV.
The research will be expanded to the development of

I
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: —, ' — — m: the accurate job site productivity measurement system, in
il | it W _ the future, with the combination of the additional
i - . :%"‘thm ; _ productivity related data such as installed work quargtjtie
.‘ l | 3 b" | the output factor as mentioned earlier.
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o \/ ___________ \-/ ______ s 2.1 Productivity data acquisition methods in the

construction industry

Fig.2 shows the general trends of data collection methods
which have been associated with construction job-site
productivity. Traditional methods such as direct
observing, video editing, work sampling, surveying, etc.
are still very valuable things to gather relatively relabl

» ‘ L construction field data, but they require the consumption
H_ of so much time and cost with extra efforts throughout the
- - data collection process. Actually, this fact is one of the

main obstacles to the invigoration of various researches
on construction job site productivity. Also, it is no
exaggeration that this problem has caused the sharp
decline of construction companies interests on
Fig. 1: Research scope accumulating and utilizing their field productivity data.
IT-based data acquisition methods have been developed
and applied for making these shortcomings better. Various
The main scope of this research is to develop anresearches have been actively performed on the practical
automatical and efficient method to analyze and obtainuse of IT-based utilities such as RFID, PDA, Bar code,
the man-hours of distinctive construction workers from GPS, and so on. Seokyon et al5] [insisted that
the video images, instead of the direct observation ofinformation technology tools can and will become an
construction job sites, for producing the data which isindispensable part of construction field data collection.
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2.2 Review of relevant image processing

technology
‘ [ ey e | 1 e Ak Dy
iy e
Oherites Vool fommuddianm RD O Recently the data acquisition methods using image
processing technology have been developed to obtain
I reliable field data from construction job sites with speed
| | | and less effort. Jie Gong and Carlos H. Cald@sHad
| | | i applied an image processing technology to measure the
"y ,‘ " | " . productivity of concrete pouring buckets by tracing the
= : v buckets through the learning its image. They suggested a
Wotkaphg video interpretation model which was differencing
Tl i e Frovig between working and non-working times of construction

equipments. This model was operated with the recorded
video images beforehand and focused on the concrete
pouring buckets.

Throughout the following research study, they
Fig. 22 The trends of job-site productivity data acquisiton suggested a bag-of-video feature words model. This
methods in construction field model provided a method for classifying the motions of a
back-hoe and the carpenters installing forng. [It
involves basically three steps as follows: feature degacti
and representation for recognizing objects, vector
quantization for generating a codebook by assorting the
features of the recognized object, and differentiation of
motions by learning action models. Throughout the data
However, these methods have some problems as weadnalysis on real-time image frames, this model focused on
points. For example, the PDA has been accepted by manglassifying between working and non-working motions.
construction job-sites to aid the management of workin the case of this model, the recognition rate showed
processes, but it requires the additional exertions ofabout 79% for the Back-hoe and 62% for the carpenter.
workers to achieve data. It may cause some mistakes b¥his result implies that human detection is more difficult
workers or the distortion of the productivity data when to recognize.
out of range of wireless network or coverage. In addition, . .
it provideg the small screen size and is gnot suitable tOAMTharmdu Weerasmghe et 'aI.9][ suggested an
: ; . OTS(Automated Multiple Objects Tracking System)
quickly enter necessary data. The RFID is a wireless odel using the latest technologies such as audio and
communication system based on RF signals. The typica‘n g g

RFID system consists of tags, readers, and antennas. xldeo _sl_JrvenIance. This model tracks hard hat for
: A 2 . . recognizing workers, uses different colors of hard hats for
microchip in a tag stores detailed information for

construction materials. Although recent RFID readers canClassncylng workers, and Judges V\{hat Kinds of tools are
sed and where the working area is based upon the audio

read up to a few hundred tags in a second, RFIDs have' ; . . ,

. I, . Sound data. This model required an audio equipment. If
problems in tag recognition due to unpredictable any work has no sound or many sounds, then this model
shortcomings such as tag-overlap and &Y Y '

obstacle-interferenced]. In the case of GPS, there are may have a problem in recognition.

limitations that it can only be applied outdoor and may  Peddy 0] suggested a method for recognizing the
not permit desired accuracies in a given environméht [ motions of workers by extracting the silhouette of
The poor accuracy may be caused by signal corruptionworkers with background modeling and then
poor satellite geometry, or erratic ionospheric activity. transforming the silhouette to the shape of born using
skeletonizing and neural network approach. This model
indicated approximately 80% of accuracy in recognition.

In_addition, these IT-based methods are mOStIyThis model was not developed with the intention of
applied on the management of construction materials or P

construction workers safety rather than productivity measuring the productivity of each worker.
measurements. Under these conditions, data collection The proposed method is based on image process
methods by image processing technology have beempproach with specific worker characteristics and requires
expanding its applicability gradually on the various relatively cheap computation cost to achieve productivity
construction areas including productivity management. factors.
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3 Detecting and tracking construction region should be three times longer than its hat region

workers with same color. Also the length of estimated hat region
should be two times longer than the length of estimated
face and neck region and the estimated face and neck

In this paper, we suppose that there are three differentegion should be located between estimated hat and vest
work groups that we want to measure the man-hours frontegion. When these conditions are satisfied, the proposed
input video images, and these construction work crewsalgorithm accepts this region as a construction worker and
wear differently colored safety vests and safety hats andictivates the tracking algorithm for this recognized
classified as red team, green team, and blue team. worker.

Initially, since we are interested on moving
construction work crews, the proposed method is required
to separate the input image into foreground and
background region. Thus the BGS algorithrhl] is '
performed to input video data captured from a camera at i : :
work place to create foreground binary image outputs.
Then the proposed method keeps tracking the
construction work crews from these foreground regions
which can be defined as moving fields using specific color
information.

Although the moving objects can be not only
construction work crews but also various construction
related materials, specific color information (red, green,
and blue) of vests and hats can provide the critical
information to extract construction work crews from
foreground regions.

Even though the RGB and HSV color models have
been used diversely in the image processing field, we
applied YCbCr color model to achieve robust color
detection under various lighting effects and surrounding
environments. Table 1 shows the range of parameter
values to determine the red, green, and blue colors with
YCbCr color model.

OOV WN =

Table 1: Parameter values to determine the color of work clews

a

Red 32~ 209 159~ 241

Green 86~ 116 94~ 135

Blue 140~ 193 69~ 125 . _ _ .
Fig. 3. Detection of construction work crews using

characteristics of human body structure

In addition, the distinct features of human body The general circumstances of construction site are
structure are deeply considered to detect constructiomxtremely complex with workers, construction materials,
work crews from foreground areas of images. Usuallyand equipment. It is not a trivial task to distinguish the
human body can be divided 8 parts as shown in Fig. 3collision between construction work crews because there
Since the height of torso part for human body is 3 timesare so many factors can cause the occultation of existing
longer than its head part, the proposed algorithm isworkers. Therefore, the position and moving direction
utilized the height of both parts. To be detected asinformation of estimated as worker regions are stored in
construction work crews, the estimated height of vestthe system when the collision between estimated workers
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or with construction materials for correct worker motion estimation to accurately track the estimated

counting. construction workers by extracting directional motion
information from the movement sequend]f
The proposed algorithm only searches the
. ROI(Region of Interest) which is predicted as moving
region of construction workers by BGS algorithm from
the whole input image for fast computing. Therefore, the
il proposed construction worker detection algorithm is
performed with both color information and features of
human body structure. Since calculation of man-hours for
each group is our major goal, we checked the collision
between construction workers or equipments by robust
projection approach to compensate the counting for
overlapped workers.
e = .
Pa e
\ Resizing to 600x450
-l\ L} !
Motion Histogram
¥
Background
Subtraction
- . ¥
Worker Detection
Fig. 4: Collision detection between construction work crews Algorithm
using projection information T
Worker Collision
The projection information of construction work crew Detection Algorithm
on x-axis is applied to robustly detect the collision &
between  construction workers or  construction Estimation of number
equipments. Fig.4 depicts the example of collision of Construction Labors

checking between construction workers. The colored lines
on the light side are the position information of
construction workers projected on the x-axis to decide the
collision and the color of these lines stand for the group
of construction workers. When the collision occurs by
two different construction workers, the collision regi@n i
merged by one yellow rectangular. The algorithm keeps
checking not only the collision and separation between_. , .
construction work crews but also with other construction Ec')%sticﬁgo&?:;CIg\rNscalcmat'ng man-hours for group of
environments.

The proposed algorithm for detecting and tracking the
construction work crews in construction site using the
image process approach can be summarized as shown in
Fig. 5. It is the way of estimating the man-hours for 4 Case study and results
specific group of construction work crews based on the
color of vest and hard hat. Although it requires some
computational cost, the proposed method computes the This chapter shows the results of the case study that
optical flow at each pixel from the input frame image for measured the man-hours for group of construction workers
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in various examples. For this purpose, sample test videos =
were took from inside and outside of our school and actual
construction sites under various conditions such as lights
shadows, and obstacles. Some sample images are showe
in Fig.6. We defined three different groups with red, green,
and blue color to estimate the man-hours for each group.

Fig. 7. Implemented system for counting man-hours of each
construction worker group

man-hours per each construction workers, but it has some
critical limitations such as insufficient recognition rate
due to the direction or interference between RFID tags
and antennas and cost burden for purchasing sufficient
number of RFID tags and antennas. On the other hand,
although we lost some detailed personal worker
information, image process based approach requires only
some cameras and provides reasonable group man-hours
Iread|ly.

Fig. 6: Sample image frames of videos for experimental tests

Fig.7 shows the snapshot of implemented system fo
counting man-hours of construction worker groups. The
left top part provides the original frame image from the .
input video and the right top part shows the binary imageS Conclusions
which is generated by the BGS algorithm. The white
regions are foreground which can be the candidate regions
as construction workers. The left bottom part depicts the An optimized and robust image processing based
extracted construction worker with colored group algorithm was developed to analyze and collect the
information and the man-hours for group of constructionman-hours of distinctive  construction  workers
work crews are calculated by this information. The right automatically from the video images taken on
bottom part provides GUI(Graphic User Interface) to construction job sites. This algorithm extracts the moving
start, pause, and stop the video frames. It shows thend working workers which are on the foreground of
calculated number of workers at a given frame and thecurrent frames using BGS algorithm and using the
percentage and man-hours of each group as well. characteristics of human body structure, recognizes
In this case study, we achieved around 84% ofdifferent work crews with the distinctive color of their
accuracy in recognition rate for counting of working safety vests and safety hats, and measures the man-hours
groups man-hours. This result is estimated by aof each crew as they complete their designed work are
comparison with manually calculated man-hours by andone within the designated area.
expert construction manager and automatically calculated Achieved recognition rate is around 84% for counting
man-hours by the proposed system. of working groups man-hours under various experimental
The RFID based approach can provide relativelytest environments. In addition, the proposed method only
detailed information for construction process including requires video information without any other extra
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Table 2: Recognition rate for experimental tests 1. Construction research Congress 2010: Innovation for

Reshaping Construction Practice, 339 (2010).
Region of Video No.  Recognition [7]J. Gong and C. H. Caldas, Computer Vision-Based video
Input Image Rate (%) interpretation model for automated productivity analysis
of construction operations, Journal of Computing in Civil
Engineering24, 252 (2010).
1 88.4 [8] J.Gong, and C.H. Caldas, Learning and classifying motions
Inside of of construction workers and equipment using bag of
School video feature words and bayesian learning methods, Novel
2 82.7 Engineering, Construction, and Management Technologies,
274 (2011).
[9]1. P. T. Weerasinghe and J. Y. Ruwanpura, Automated
3 83.5 multiple objects tracking system(AMOTS), Automated/Real
Outside of Time Systems, 11 (2010).
School [10] A.Peddy, Development of human pose analyzing algorithms
4 87.3 for the determination of construction productivity in real-
time, Proceedings of the 2009 Construction Research
Congress, 11 (2009).

5 77.3 [11] K. Kim, T. H. Chalidabhongse, D. Harwood and L.
Actual Davis, Real-time Foreground-Background Segmentation
Construction Sites using Codebook Model, Real-time Imagirid, 167 (2005).
6 81.2 [12]J. W. Davis, Recognizing Movement using Motion

Histograms, MIT Media Lab Perceptual Computing Group
Technical Report487, (1999).

expensive apparatuses. These measured man-hours can b Seunghyun Lee
used as an essential input data to analyze and control the _recel\_/e_d the Masters degree
construction job site productivity. In C'V'I. engneering from
As a further research, more advanced and fast _the University of Colorado
construction worker detection and tracking algorithm for in 1999, and the Ph.D.
the real-time monitoring system and various experimental degree in .C'V'I _éngineering
tests for actual construction sites will be performed to from the University of Florida

verify the strong effect of proposed algorithm. in 20(.)3' He is curr.ently an
fy 9 prop g associate professor in Hongik

University. His research interests are in the areas of
construction productivity and IT applications in the
construction industry.
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