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ABSTRACT

The purpose of the work presented here is to automate productivity measurement so that productivity information will be
available on a daily basis, its quality and integrity will be improved and the cost of generating it will be reduced. To do
this, the Technion APPC research group started exploring the use of automated data collection (ADC) to measure indirect
indicators. This extended abstract focuses on the indicators used for automated labor and earthmoving equipment control.
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INTRODUCTION

Automated Project Performance Control (APPC)

relies on automated measurement, in real-time, of

project performance indicators (PPI) — such as
cost, schedule, productivity, inputs consumption
etc. — using Automated Data Collection (ADC)
technologies. This research direction has two ma-
jor drivers: the increasing need for feedback and
monitoring information, and the rapid technologi-
cal developments in ADC technologies and their
declining costs. The Technion — Israel Institute of

Technology is engaged in an APPC initiative

(Navon 2005; Navon 2007) which deals with

automated measurement of various PPI, such as:

— Productivity measurement of labor (Navon and
Goldschmidt 2003a; Navon and Goldschmidt
2003b; Navon and Goldschmidt 2008) and
earthmoving equipment (Navon et al. 2004;
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Navon et al. 2008; Navon and Shpatnitsky 2005;
Navon and Shpatnitsky 2006).

Materials management and control (Navon and
Berkovich 2005; Navon and Berkovich 2006).
Automated safety control (Navon and Kolton
2006a; Navon and Kolton 2006b).

Using existing tools to automate data collection
(Abdelsayed and Navon 1999; Isaac and Navon
2008; Navon and Haskaya 2007).As stated above,
this extended abstract focuses on measuring the in-
direct parameters for labor and earthmoving con-
trol. The main technologies that were considered or
tested for this purpose are:

Global Positioning System (GPS) — a position and
navigation system that can provide three-
dimensional positions. For dynamic positioning,



the principle of differential GPS can be applied
in two ways: (1) the differential mode using
range measurements, called DGPS, and (2) the
differential mode using phase measurements,
called ‘“kinematic GPS”. Differential GPS
(DGPS) can be used to measure locations at a
metric or sub-metric accuracy. In kinematic
GPS the positions are then computed with a
centimetric accuracy. As with DGPS, the ki-
nematic computation can be performed either
in post-processing or in real-time, which is
called Real Time Kinematic (RTK) GPS.

Being a satellite-based technology, standard GPS
needs a line-of-sight between the receiver and the
satellite. As such it cannot normally operate in-
doors. Recent developments enable GPS to oper-
ate indoors by adding cellular, laser or other tech-
nology.

— Video technology. The use of video cameras
has been proposed for construction manage-
ment, or control purposes e.g. Deng et al.
(2001), Abeid et al. (2003), and Wu and Kim
(2004). Video cameras can photograph the site
in real-time and the manual analysis, or ad-
vanced pattern recognition algorithms, can pro-
vide valuable data, which can be converted
into information regarding progress, or the lo-
cation of key resources on site. The automated
option needs more research in various areas,
such as pattern recognition, interpretation of
the raw data into meaningful construction
management information, integration with
other automated data collection methods, and
filtering (of the pictures to neutralize varying
lighting conditions, or dirt and dust), etc.

— Radio Frequency Identification (RFID). RFID
refers to a branch of automatic identification
technologies in which radio frequencies are
used to capture and transmit data from a tag, or
memory chips, embedded or attached to ob-
jects. Compared to barcode, RFID is more ad-
vantageous, especially for materials tracking,
because it has larger data storage capabilities,
it is more rugged, it does not require line-of-
sight, and it is faster to collect data about
batches of components.
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LABOR PRODUCTIVITY MEASUREMENT

Labor productivity is an important PPI. As there is no
direct method to automatically measure it, our research
proposes to measure an indirect parameter —worker
location — and convert it into productivity. The basic
concept behind the selection of this indirect parameter
is the fact that in order to construct a building element
the worker has to be close by. Therefore, knowing the
worker’s location at a given time, together with addi-
tional information, the activity s/he is performing can
be determined. The time and the worker’s location are
measured automatically using automated data collec-
tion (ADC) technology.

A preliminary model that converts workers' locations
into labor productivity and progress was developed
(Goldschmidt and Navon 1996; Navon and Gold-
schmidt 2003a). The model uses two sources of data:
(i) the Project Model (PM), which provides data refer-
ring to the planned inputs, the schedule and the physi-
cal design of the building itself; and (ii) data relating
to the actual performance, as measured by the ADC
module, which uses ADC technology to measure the
location of each worker at regular time intervals. The
model converts these locations into actual productiv-
ity, to be compared to the planned ones.

In order to determine the feasibility of the above prin-
ciples, field experiments were carried in three building
construction sites (Navon and Goldschmidt 2003a).
The main purpose of these experiments was to check
the research assumption that the location represents
the activity that the worker performs. A positive an-
swer would mean that automated location measure-
ment permits automated evaluation of labor perform-
ance. Hence, at that stage the research used "manual
location measurement". Encouraged by the results, at
the next stage, it was decided to conduct pilot tests
whereby the locations would be properly measured.
These tests were conducted on two construction sites
using GPS as the location measurement technology —
the results were disappointing.

For the above reasons it was decided to try a video
technology — which has been widely used for produc-
tivity improvements — at least at the research and de-
velopment stage. The advantage of this technology is
that one recording serves to determine the locations of
workers as function of time as well as determining the



actual work performed at the given time in a sepa-
rate run. Hence this technology is objective and it
permits repetition of the analysis when in doubt.
This technology is not limited by the number of
workers, or by the number of tasks performed by
each worker during the experiment and it is avail-
able off-the-shelf.

We are currently considering the usage of RFID
technology to replace the location measurement
technology. The idea here, though, is not to meas-
ure the location of the workers and to associate it
to building elements, but to determine which
building element the worker works on at each
given time. We are planning to conduct experi-
ments — the presentation at the conference will
give more details.

EARTHMOVING PRODUCTIVITY
MEASUREMENT

The principles used for labor productivity meas-
urement served as the basis for the earthmoving
operations model, which was implemented in a
prototype system for controlling road construction
operations (Navon and Shpatnitsky 2005; Navon
and Shpatnitsky 2006). The model compares the
planned to the actual values of productivity. This
model, too, has two main sources of data: (i) The
Project Model (PM), containing the planned
schedule, the planned productivity, and all the data
regarding the physical design of the road; and (ii)
the Location Measurement Module (LMM), using
GPS. This module measures the location of each
member of the fleet at regular time intervals. The
module records the time of measurement, the iden-
tification of the equipment and its location.

This model was realized in a prototype system and
tested in the field for three weeks on a road con-
struction site, using GPS mounted on each of the
pieces of equipment performing the controlled
activities. The productivity of four activities was
measured with the prototype system and, at the
same time, it was recorded manually so that the
accuracy of the model could be assessed. The
comparison showed that the deviation between the
actual productivity and the one calculated by the
prototype was relatively low. These results were
encouraging, indicating that automated productiv-
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ity measurement of earthmoving equipment in road
construction is possible. Moreover, the measurement
technology (GPS) is available off-the-shelf and afford-
able.

The above model applied the principles of the model
used for labor measurement, namely that the road was
divided into predefined work sections (WS). While
this assumption is logical in building construction, it is
often not the case in road construction. We discovered
during the field tests that at the end of each working
day we had to manually define the WS. This led to the
next stage, whereby a new concept for WE and WS
was formed (Navon et al. 2008). Instead of associating
locations to activities in a two stage association proce-
dure — as explained in Navon and Shpatnitsky (2005) —
by predetermining WSs and correspondingly WEs, the
algorithm determines the WEs dynamically during its
operation, according to the measured locations. Field
tests were conducted, where a GPS receiver was in-
stalled on the equipment and recorded the measured
locations of the equipment. Back in the lab, these loca-
tions were fed into the two algorithms, which calcu-
lated the productivity — the results of these tests will be
presented in the conference.

CONCLUDING REMARKS

Modern construction management requires up-to-date,
relevant, and accurate feedback information from the
site regarding the actual productivity — this informa-
tion is often unavailable, or requires massive manual
work. Even when available, this information normally
reflects completed events. This unfulfilled need, to-
gether with the prospects offered by the rapid im-
provements in ADC technology, is the major driving
force behind the developments in automated PPI
measurement.

This extended abstract described developments in
automated productivity control of labor and earthmov-
ing equipment. While the GPS was found as a suitable
of-the-shelf technology for the purpose of earthmoving
equipment control, no of-the-shelf technology was
identified for labor control. We are currently testing
RFID technology for this purpose — initial results will
be presented in the conference.
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