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Abstract. This paper presents a new prototype framework of automated tracking and monitoring system for construction
materials.  Previous technologies such as RFID and GPS deployed in construction material tracking have been reviewed
and signal strength-based localization has been examined. As an emerging network standard for industrial applications,
brief specifications of ZigBee™ protocol have been described. We introduce a ZigBee-based tracking system architecture
using hybrid techniques of RF and ultrasound to improve positioning accuracy and cost benefit. Finally, feasibi§tprashalgplication

scenario have been examined to present the possible deployment framework in construction area.
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ducti years, applications of radio frequency identification
1. Introduction (RFID) technology had already taken place as a prototype
Typical construction processes require large budgeis construction industry for identifying and tracking
and resources to be committed within a constrained prproducts. Jaselskis and ElMisalami (2003) demonstrated
ject time. However, inefficiencies associated with currertivo pilot tests using RFID conducted in power plant project in
practices of manually tracking materials, equipment anillississippi and the construction of a catalytic
workers in construction field often cause problems witltracking unit in a Texas refinery. The research showed
successful completion of a construction project. Due tthat RFID tags reduced the time required to download
the size and complexity of many construction projects, dlata into a company’s material tracking system, and
has become more difficult to manage supply chain®FID can be a beneficial technology to the receiving
procurement, just in time (JIT) deliveries and asset informatiqerocess of construction material. In response to the need
tracking. Furthermore, current practices of data acquisition io track identified materials through the supply chain,
the construction field are also struggling withSong et al. conducted field tests of current RFID technology to
the development of improved information managemerdxamine its technical feasibility for automatically
systems. Previous observations on construction sitestednat the identifying and tracking individual pipe spools in lay-
field supervisory personnel spends 30-50 %own yards and under shipping portals (Song et al. 2006).
of work time on recording and analysing field data, and Goodrum et al. conducted the experimental test for tool
2 % of construction work is categorized as manual tracking amchicking system using active RFID tags with 32 Kb memory,
controling of material handling (Cheok et al.3.6 V battery, and antennae operating at 915 MHz
2000; McCullouch 1997). Even though many constructiofGoodrum et al. 2006). Utilizing a PDA, a prototype sys-
firms well notice the importance of effective materialtem was developed to track tools in a mobile environment
tracking, today's practice in materials managemerdnd to inventory hand tools located in either mobile gang
decisions stil tend to be ad hoc and intuitive not based dsoxes or truck boxes.
the data. Thus, manual handling and controling of mate- While RFIDs provide an advanced materials tracking
rials causes errors due to personal judgments and writimgethod when compared with older technologies, eg bar
skills, and lack of systemic understanding of communicatiooode, several limitations have been observed when applied
protocols often results in process delays. As a resuth construction practices. The basic functionality of RFID
it becomes more critical to provide real-time method ok to present remote identification and tracking of distributed
identifying, registering, collecting and communicatingRFID tags. Because of the fact that RFID wasmalgidesigned
information about the status of construction materials. to replace the bar code technology, broader
Advanced computing and sensor network technologiegpplications to wireless monitoring and localisation are
provide potential for advanced data acquisition anduite limited. A recent survey conducted by RFID Journal
communication for automation and improvement in procshowed that the cost of RFID tags vary from 20 cents to 6
ess performance - such as RFID and GPS (Jaselskis, 8bllars based on the tag's specification. However, most
Misalami 2003; Peyret et al. 2000). During last several of the RFID readers cost from $2,500 to $3,000 depending
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Table 1. Characteristics of different RSSI-based localisation techniques (Lymberopoulos et al. 2009)

Technique Design Approach Technology Test bed Dimensions Locatigpr
Echolocation Ordered sequence of raw RSSI data MICA2 26 X 49(ft) (Indoor) 10 ft
G ] o 410 X 410(ft)
Probability grid RSSl-based probabilistic MICA2 (Outdoor) 66 ft
Radar RSSI fingerprint map 802.11b 42.9%X21.8(m) 151t
Mote track RSSI fingerprint map MICA2 187511t 131t
Online fingerprinting and signal propagation
LEASE modeling 802.11b 225 X 144(ft) 15 ft
E}?{:ﬂaﬂ indoor  positioning Learning Based 802.11b 225 X 144(ft) 20 ft
Stochastic indoor Tocation Optlmal_ positioning with respect to N/A N/A N/A
system the location-detection performance
Monte Carlo localisation Learning based with signal strength map 802.11b N/A 721t
Nibble Bayesian networks 802.11b 224 X 9o(1t) (Indoor) 20t

on various features in the device (ABI Research... 2005)ask for a higher level of sensor network functions such as
Thus it is prohibitively expensive for practical applicationtracking, monitoring, controlling, and geometric-based
to the large scale of construction site because the covesuting (Elnahrawy, Martin 2004). Many of the localsa

age range of communication for even active RFID tags techniques found in previous researches are based on
within 15 m, that is not enough reading range for practical uske received radio strength indicator (RSSI) due to its
(Goodrum et al. 2006). Even though the globalvide availability to wireless radio signal communication
positioning system (GPS) can provide somewhat improvetlymberopoulos et al. 2006). Especially RSSI-based
accuracy for locating the tags’ position by combining therfocalisation has an advantage that utilization of the same
with  RFID, GPS receivers are still expensiveradio hardware for both communication and localisation
to track and monitor a large amount of materials in aould make it possible to provide efficiency in simple
typical construction project. In addition to high costdesign framework over a specific localisation infrasirac-
localisation systems based on GPS alone also suffer framch as ones using directional antennas or the same
the multipath and signal masking in highly dense areasansmission signal, and separate design of ultrasound or
Due to these limitations, significantly large positioninginfrared (Elnahrawy, Martin 2004). Table 1 summarizes
error, greater than 20 m over 40 % of points and greatttre characteristics of different RSSI-based localisation
than 100 m over 9 % of points, have been found with thechniques.

use of stand-alone global positioning system applied in  However, RSSI-based localisation has a criticatdiion that
construction-vehicle tracking systems (Lu et al. 2004has been observed in the physical charaiterisf radio signal

Thus it is unreliable to achieve the accurate localisatigoropagation. Since raw RSSI does not
for material tracking and monitoring in a highly denseprovide enough accuracy for localizing the mobile objects
environment such as construction sites. to be used in practical application, the distance prediction

We present a new prototype framework of autorequires additional investigation into the probability
mated tracking and monitoring system that will addressmethod or learning-based localisation algorithm (Lym-
the needed shift from the time-and-labor-intensive legseropoulos et al. 2006). The main factors associated with
acy systems into sensor-and-network-based tracking atite inaccuracy are identified as the multipath propagation
monitoring systems for construction materials.  The papand signal fading. Multipath is the propagation phemomehat
is describing the design of tracking and monitoring sysesults in two or more propagation paths between
tem architecture based on ZigBee™ networks, named asnsor and receiving antenna. Fading induces rapid fluctuations
Automated Material Tracking (AMTRACK). As an of amplitudes, phases, or multipath delays of a
emerging technology, introduced for industrial monitoring andadio signal over a short period of time or travel distance.
controlling, brief specifications of ZigBee™ fwecol have been The level of inaccuracy, inherited from the physical properties
described for possible tracking and ntoring tools in construction of radio signal, increases as the chance of reflections or
processes. To implement the scatterings  of signal from unwanted obstacles
ZigBee™-based tracking and monitoring system, wbecomes higher, such as indoor environments, where
proposed the hybrid techniques of radio frequency signsignals travel with much obstruction. The localisation
and ultrasound to improve positioning accuracy and costror observed in the RSSI-based techniques shown in
benefits. In addition, feasibility analysis and applicatiorTable 1 illustrates that most errors range from 10 ft to
scenario have been examined to present the possible deployn®dt ft for indoor system (Lymberopoulos et al. 2006).
strategy for construction applications. While construction site is considered an outdoor system,

. . where the chaotic properties of signal propagation can be
2. Localisation techniques much lessened than indoor due to little obstruction, there

For the achieving tracking, monitoring, controlling, still exists physical limitation of multipath and fading in

and geometric-based routing, localisation is a primary signal propagation because of the complicated layouts of
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construction sites. Consequently, the motivation towardliable a multi-hop network by simultaneously configuring the

localisation and communication calls for a diffemesh network between the coordinator and routers. On
ent framework of technique to provide the acceptatdaracy the other hand, the end devices take part in the network
to be deployed in construction processes. communication by linking to the coordinator and routers

through star-link networks. The end devices conduct
multi-hop communications via connected routers to
. . o communicate with other devices connected to the net-
__As an emerging ergless communication s.tan.d rks. Using the advantages associated with the flexible
ZigBee provides a capability of realizing the ubiquItoUs noe networking, the promise of ZigBee application can
environment to safisfy such requirements. ZigBee SYA fong in robust and reliable, seff-configuring and self-

ports the industrial network standards as a Supersethe%ﬁing networks that provide a simple, cost-effective and
IEEE 802.15.4 standard, and many industrial apjuita ??

3. ZigBee™

includi ) ; al h Iattery—efﬁcient approach to sensing and network-based
including ~ construction ~ automation,  structur ealffka communication in construction industry.

monitoring, automated control and operation can benefit
from the advantages of the technology. ZigBee spéiifictakes
advantage of the |IEEE 802154  wireless proto- 4. MethOdOIOgy

cols as communications method, and expands on this with Far a reliable localisation, elimination of undesirable
a flexible mesh network, wide range of applications, amdltipath components and fading is an important issue in
interoperability. The ZigBee specification has been tee RF-based wireless network such as ZigBee. Even
leased publicly in June 2005, and products supporting ttheugh a construction site is considered as an outdoor

ZigBee standard are widely available on the markenvironment
layeropagation is somewhat reduced compared to an indoor

Specified frequency allocations and physical
reommended by IEEE 802.15.4 is listed in Table 2.

Table 2. Frequency allocations and physical layer in IEEE
802.15.4 (ZigBee Alliance...2005)

Frequency band 24 GHz 915 MHz 868 MHz
Number of channels 16 10 1
Bandwidth (kHz) 5,000 2,000 600
Data rate (kbps) 250 40 20
Symbol rate (ksps) 62.5 40 20
Modulation method | O-QPSK BPSK® BPSK
Diffusion method DSSS DSSS DSSS
Available regions Worldwide USA Europe O-

QPSK (Offset Quadrature Phase Shift Keying)
BPSK" (Binary Phase Shift Keying)
DSSS” (Direct Sequence Spread Spectrum)
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Fig. 1. ZigBee network (Skibniewski, Jang 2010)

where severe multipath of radio signal

environments, there are still major concerns abouplizated
properties of signal propagation due to the réfiecfrom ground,
buildings, equipment, and materials.
Our research focuses on the new methodology to mitigate
the unwanted components of signal propagation foraieewand
reliable measurement of the location of distributed sensor
devices. Additionally, it also proposes a new
approach to a potential deployment of ZigBee network to
the automated tracking and monitoring system omstration

site.

4.1. Coordinating scheme

Coordinating is an initial task for wireless communication
networks. To select the paths and to advertise the
identity of a smart tag (or sensor), different coordinating
algorithms impose over communication overheads. The
sensor nodes with ZigBee protocol transmit the radio
signal with 2.4 GHz frequency and 250 kbps data rate
within the coverage range of 10-100 m. And this specification
of transmission determines the level of power and
network topology to be communicated between sensor
nodes and ZigBee router. Particularly, our investigation
approach includes the localisation of construction components
in a large scale outdoor environment, so the allowable
coverage range and power consumption rate
would be the main issue for the reliable localisatiomigab.

One approach to address this issue is to use tbeptarf radio
frequency indicator (RFI) that advertises the
identity of smart tag by transmitting the device ID and
null data packet to the fixed ZigBee router. The schematic
of the system is shown in Fig. 2. When a router receives a
radio signal from a smart tag, it switches to a ready mode
(power save mode includes both ready mode and inactive

A ZigBee network consists of ZigBee coordinatorsjode) to trigger a query pulse for measuring the distance
ZigBee routers and ZigBee end-devices, as is shownofinthe smart tag. In order to discard the unwanted low-
Fig. 1 (Skibniewski, Jang 2009). The coordinator asttength signals that exit around the router, a level of
routers are able to form a star network configuration using Pieshold, trigger index§l needs to be determined with

coordinator functions, and it is possible to form
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the ratio of Sgand S§, so it is assured that a level of signal

strength for reliable communication can betapied with

increased duration of power save mode.

a

R,: trigger range
R.,: coverage range

Fig. 2. Coordinating scheme to trigger the query pulsedasuring the
distance between ZigBee router and sengsice: a - sensor is out of
trigger range and b - sensor is within trigger range

where, Sgand S§ are the received signal strengiithin

Itr =S8r/ SSo, 1)

trigger range and coverage range, respectively.

4.2. Time-of-flight method
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Two alternative approaches have been examined for
estimating the distance of an object from the ZigBee
router based on time-of-flight: one includes the use of
generic RF signal as a response pulse; and the other
scheme uses the ultrasound signal as a response pulse
(Fig. 4). The packet structure of radio signal is designed
to identify the unique characteristics of the original pulse,
and an indicator located in front part of the radio pulse
accounts for the measuring point in time-of-flight
method. Once the RF transceiver in the remote sensor
receives the original RF query pulse transmitted directly
from the router, it transmits as the RF response pulse to
the ZigBee router. Based on the first-arrival signal datgstheme
using time-stamp approach, the remotes@&ndistance can be
measured by time-of-flight ensuring
the elimination of multipath property of the radio signal
without interference. Once the router recognizes the re-
mote sensor’s ID (by RF) and distance (by response
pulse), the geographic coordination of the remote sensor
can be obtained by trilateration technique that uses two or
more ZigBee routers to determine the coordination of the
tags.

This paper introduces a hybrid of RF signal qnd RE o Sliosound i
ultrasound based on time-of-flight method. While localization %} (. :
method based on a received signal strength inde:ex Sencop L Datg _ Tme-otFight Gl Fiiities :
(RSSI) simplifies the device design in most cases, the RFI Response Router I

fluctuation of RSSI due to multipath and fading of the

(RF ar Ultrasound)

____________________________________________________

radio signal propagation often results in a poor accuracyBeacon Amp. .
By using a hybrid technique, it is possible to eliminate the | Data Packet | P N "SR

multipath property of signal propagation with an in-

Discretized

creased localisation accuracy. When a ZigBee router Fig. 4. Description of combination BF"&ifffflfa pulse: two
confirms the RFI by coordinating scheme, it emits a alternative approaches (RF and ultrasound)

query pulse to measure the distance between a remote

sensor and a router. After a transceiver in the rematersiriects the
it  sends

RF  query pulse,

the  response

pulse

5. Feasibility analysis
In this section we study feasibility of location estimation

back to the ZigBee router again, and the travelling time g
the round trip pulse enables to measure the distance of t

, ; L ; . . Wi nsider nari
sensor device with eliminating the undesirable multipat at - tag y conside two scenarios

f the objects by using a router and a ZigBexbled sensor or a

in

property of the signal. At the same time, sensor starts

transmit the sensory data to ZigBee router through rad
signal packet recommended by

IEEE 802.15.4 wit

250 kbs at 2.4 GHz frequency band illustrated in Fig.

ur feasibility analysis: measurement of the distance by
signal, and measuring of the distance by combination
} RF and ultrasound. It should be noted that multipath
ffect can be removed by time stamping method in which
sensor turns off ADC after the first-arrived signal itected

immediately it checks in the query pulse that comes frma ang 2007)

the router. '

Beacon Beacon 5.1. Localisation by RF signg] _ _ _
T Let's suppose that it is desired to estimate the distance
I Ly Inactive I from the router with accuracy of 1 meter, and also
: A i > assume that the maximum distance of objects from the

! 'Superffame Duration (Active)

B

eacon Interval

Fig. 3. Superframe structure of the RF signal packet (Zheng,

Lee 2004)
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router is about 200 m. As shown in Fig. 5(@), we assume
that the timer is implemented by a counter that counts up
with a fixed clock frequency.fThe required resolution of 1 m
means that the timer needs to have the resolution of
200 divisions, which means that it needs to have at8daitst

On the other hand, each increment happens in time
1/f. and accuracy of 1 m is possible if 18 smaller than
the round trip time of the RF signal for an object in distance of
1 m. This will lead us to the following equation:
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Fe3X10°m/s /2 X 1m =150MHZ 03] 5.2. Localisation by combination of RF and Ultra Sound

The calculation in (2) shows that an increment of In this scheme, we introduce a second signaling
1/f, = 6.6 ns causes a 1 meter error in estimation of tHBode based on ultrasound for a more accurate mesSUref
distance from the router. One possible shortcoming is theistance, shown in Fig. 5(b). In this case, esimaof the
if the undesirable errors and processing delays happen dgtance is similar to the previous case. The
scheduling of the sensors, it will cause an increased error Ruter sends a query with the tag of an object of interest
distance measurement. All operations of a sensor are p8Rd at the same tme a timer starts. Among all the sensors
formed according to an on-board oscilator that generatdgat receive the query of the router, only the one that
timing of the internal processor of the sensor. The frequengj@iches the tag on the query responds by sending an
of such an oscillator is typically 10-100 MHz for Ultrasound response back. There are two major differences in
curent  sensor  technologig®/ICA2DOT...2006).  For this case with the previous one: the flrst ddfte:e is that the
example, if the clock frequency of the microprocessosPeed ~of —ulrasound  signals is in  the  about
module of a sensor is £ 50 MHz, this means that the 340 m/s which is significantly smaller than the speed of
sensor can have the worst case delay pF120 ns in reponding  light. Therefore small delays introduced by scheduling a
the query of the router after receiving it. This isS€nsor node do not cause an error in esumauontqﬁcbsThe
because the fact that if the microprocessors operations cAgcond is that here the ultrasound  signal  does
only be triggered on the rising and falling edges of th80t carry in digital information, and it does not have any
digital clock generated based on the oscilator frequencipm of modulation. Note that in this case a sensor needs

A delay of 20 ns can generate up to 3 meters error tanglis {0 Send an ultrasound signal within a short time after ob-
measuring. serving a query of the router containing its tag, and no

digital information is needed to be exchanged in the
backward direction from the sensor to the router.
Router d Sensor Under similar assumption of measurement of distance
) . up to 200 m with the accuracy of 1 meter, we need
the timer to be an 8 bit timer with the following clock
Query(RF) r T frequency:

340 m/s

Response RF Device fc> —m - 340 Hz (3)
(RF)

Note that in this case the signal travels with the
1. a speed of light in the forward direction and with the speed
of ultrasound in the backward direction. Since the speed
of light is about one million times faster that the speed of
ultrasound, we ignore the component of the delay introduced
by the propagation delay of RF signal in the forward
direction, or the small processing or scheduling
Bacisr J Bisaks delay at thg sensor. Therefor.e the_ domingnt component of
< > the round trip delay of the signal is the time of travelling
the ultrasound signal form the sensor to the source.
It is useful to note that in this case, an 1 meter in-

Timer |<

gy (55 _T crease in the distance of the object from the router results
< about 3 ms increment in the value of round trip time. This
Responge e pavice increment is significantly larger than the typical processing and
(Ultrasound) . .
scheduling delays at the microprocessor of sensor node.
Timer |< f Therefore, we predict that the estimation of
e b error based on combination of RF and ultrasound waves

to give a high performance and a very small error in estimation
of the distance of sensors from the router. This
Fig. 5. The schema of the distance estimation from theneans that relatively slow speed of ultrasound travel time
router based on (a) the round trip time of the RF signdk not sensitive to the selection of microprocessor’s instruction
and (b) combination of RF signal and ultrasound signals cycle; thus the accuracy is solely dependent on
the travel time of ultrasound signal.

In estimating the of distance of an object fr0|_"n t_h%_3_ Simulation result
router based on the measurements of RF round trip time,
the delay is attributed to very fast travelling speed of RF  For accuracy simulation, three fixed beacons are
signals in the space. In order to resolve this issue, we stuglaced at each vertex point of a triangle, and remote node
a second scenario, in which an alternative ultrasoundisigjis used is set to move along with the square-shape path of 70-by-70 meters.
to measure distance of sensors to the router. Three clock frequencies of microprocessor, eg
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8, 25 and 50 MHz, are selected, and travel speed is setsammer, allowing a field manager with the next step of
3x10° m/s for radio signal propagation and 340 m/s fopreparedness to mitigate the observed phenomengioybeent
ultrasound signal propagation. A mobile sensor movesenefit of this possible scenario is expected to provide not only
along the square path at the speed of 1 m/s, and théiregroycle  the method of tracking the constructicomponents, but also a

of estimating each positon is set at 500 mspractical way of wireless monitoring on the construction site.

The hybrid scheme using radio and ultrasound signal
presented in this paper results in relatively high accuracy
ranges in the order of few tens centimeters. However, if a Ya
RF-only scheme is considered, 75 percentile errors measured at 8 |
MHz clock frequency increase about 20 meters. I
It is interesting to mention that the root-mean-square .
(RMS) values often provide a good reference in thetisituavhere I
the variants are marked positve and negative I
from the exact values. Thus randomly varying gquantities
in position estimation can be expressed in terms of positive
magnitude, providing more inclusive representation_ ...
of variance than arithmetic means. In Fig. 6, RMS valueé; g

Sensor

measured from the combination of RF and US indicates i - A
58.6 cm in all range of clock frequencies. HoweveRFa Path i B0
only scheme results in 2.8, 5.8, and 17.4 meters @&%0and 8 ! 130m

MHz clock frequencies, respectively. If the clock frequency
decreases to several hundreds of KHz, one cannot justify the
rationale of deploying the RF-orégheme in distance and position

estimation.
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Fig. 7. Possible application scenario for the material track-
ing and monitoring system on construction site

Further application can be identified with the

framework of real-time information collection in which

50 _ construction activities associated with the information
45 T ! about material, workers, and equipment could be updated
'522' e and collaborated with project management systems -
5 30 * RF(25MHz) such as web-based project management system (PMS),
5 25 : RF(S0MHz) 4D visualization software, project scheduling package, or

© | ok = US+RF(8MHz) : H H :

8 20 ; il enterprise resource planning (ERP). The information flow
;Eﬁs ——— 5 |+ US+RF(50MHz) diagram, illustrated in Fig. 8 envisions the potential of
alf — —" information system for the future collaboration with the
g = S e project management tools based on the identification of
0% 20% 40% 60% 80% 100 % the functional dependencies of each event associated with
Percentile [%] the construction activities. The future research will investigate

the detailled design and suggestion on the sensor,
server and application layer to provide a motivation of
automated construction environment utilizing theaackd
technologies of sensor and network.

Fig. 6. Percentile of position error

6. Scenario application on construction site

This paper envisions the possible scenario utilizing 1. Deployment Challenges
the ZigBee protocol on construction site illustrated in . .
Fig. 7. ZigBee routers are placed at the location that can _Challenges fof the prototype appllcatlons. of mate”a'
cover the entire lay down yard within their trigger range acking ar_1d monitoring system on_construction S_'te can
(Ry) to detect the events associated with the movement (_:ategorl_zed.mto the follqwmg fOl_” practlc_:al ISSUes. .
distributed smart tags. In this network topology, sensin line Qf 5|ght, 2) battery life cycle; 3) device size anst;
data collected to each of the routers is transmitted to tASd 4) Signalinterference.
base station, ie field office, along with the ad hoc patkg _ .
Different smart tags are categorized, identified, and attach - Line of sight

to the construction materials according to the  Typically, the radio frequency signal does not require
characteristics of material property and measurement ty@e fine of sight (LOS) issue to be communicated with the
within the geometry of construction site. For examplegisributed sensor nodes. Hence it is widely accepted that
humidity sensor can be attached to the bulk of a cemefie radio signal is a good candidate for wireless monitoring
bag or a steel beam to sense the level of humidity in ordgystems. However, our localization technique utiizing the
to avoid hardening or corroding caused by water in girasound response pulse may incur the limitation due to
humid  environment. Other examples can be demonstratgds issue because the time of flight requires an open
in the PVC pipe, where a temperature sensor is placed dpace for measuring the distance in order to assure the

detect the temperature variance to avoid melting or anjsence of obstacles. Hence itis necessary to configure the
defect caused by a high temperature especially in a hot
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Fig. 8. Information flow diagram for possible collaboration with project management systems

different setup of sensor placement for the practical use okeds and requirements. In addition to the size of the
this technique a higher location, such as ones installed eensor device, the economics associated with the device
top of construction light pole, might overcome the LOSost plays a critical role to the decision-maker in the
problem for the tracking system of the structural materialmanagement point of view. It is believed that the size and
that are laid in the complicated arrays of laydown. Furtherost of the sensor device will gradually fall down with the
research will be focused on the topological analysis technology development, thus MEMS-based sensor plat-
improve the practical deployment strategy and possibferm will provide a good applicability to large scale of
application framework. construction project as a cost- and performance-effective
tool for the framework of advanced information systems.

7.2. Battery life cycle

] ] 7.4. Signal interference
Battery life cycle is also a fundamental challenge to

the application of wireless sensor network for long-term  The specification of radio signal recommended by
deployment framework. While power efficient techniqueZigBee Alliance utilizes 2.4 GHz frequency with low
such as sleep mode, can provide possible solution ter bettransmission power of up to 1 W, which is allowed by
performance of battery's life cycle, more fundamentdFCC regulations. Low power transmission scheme with
scheme of battery management needs to be examined a@d duty cycles (under 1 %) provides the reduced interference
developed to overcome the limitations related to the lifey other devices and systems practically in-
cycle of the battery. Our next research objectives wiltetwork systems (IEEE Standards...2003). Also, other
include the investigation of the different platform thatype of radio signals that use similar frequency range,
provides an advanced architecture for a reliable and longuch as 2.4 GHz cordless phone and 2.4 GHz Wi-Fi
term power source applicable to wireless sensor framewog@mmunication, etc, would not interfere with the signal of
Photovoltaic battery or radiation empowered sensor netwolkEE 802.15.4 because different scheme of band structure
will be a possible subject for our future re-is used to prevent the possible interference between them.
search activities. In a highly dense network, however, signal collision
problem could arise especially when several nodes try to
transmit data simultaneously. Future research will identify the
factors that might cause the possible signal interference or
With the development of micro electromagnetic syseollision in  the practical applications.  This
tem (MEMS), it is possible to design a very tiny sensoissue is widely studied in the area of communication theory, and
device to be used in industrial applications. Howevethe recommended Media Access Control (MAC)
practical design of sensor device varies according to tkehemes for IEEE 802.15.4 is equipped with state-of-the-
deployment strategy and protocol specification, and dexrt collision avoidance techniques, which enable it to
taled categories and attributes related to the measurem@perate efficiently in a high interference environment
characteristics that define the sensor types and netwatkh dense deployment of sensor nodes.
specifications must be identified in order to satisfy the

7.3. Device size and cost
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8. Conclusions works Conference 2009 (SECON'09), Santa Clara, OSA,
October.

ZigBee is an emerging network technology capable Q5oogrum, P. M.: McLaren, M. A. and Durfee, A. 2009. The
realizing the ubiquitous computing environment in mManyppiication of active radio frequency identification tesbgy for tool
industrial areas. It is expected that ZigBee can suppa¥cking on construction job sites, Autdina in Construction, 15(3):
many industrial applications including construction euatmn, 292-302.
structural ~ health  monitoring, and  automated  controlEEE Standards. 2009. IEEE standards 802.15.4 - part 15.4:
and operation. Using flexible and scalable networkingireless medium access control (MAC) and physical layer
features, ZigBee has a potential to explore a flexible me$RHY) specifications for low-rate wireless personal area networks
network, wide range of applications, and interoperability. (LR-WPANS). LAN/MAN Standards Commit-

By deploying the ZigBee networks, this paper iiced a tee of IEEE Computer Society, IEEE Press, New York, NY, USA,

system architecture of automated materialsitigdor construction October. ) ]
process in which bulk materials SuchJang, W.-S. 2009. Embedded system for construction material

: ] cking using combination of radio frequency and ultra sound signal.
as precast concrete, steel girders, PVC pipes etc could %%Se ration, Dept of Civil and Environ.

a possible target for the proposed tracking application,oniq Engineering, University of Maryland.

To overcome the limitations of previous RFID- and GI:)Siaselskis, E. J. and El-Misalami, T. 2009. Implementing radio

base?’ te(_:hnologles obs_erved n Curr_ent Constructlo_tha!i_a,ca NEW frequency identification in the construction process, Journal of
localisation technique with combination of Construction Engineering and Management, 129(6): 680-688.
radio frequency and ultrasound was presented for a MOemberopolos, D.; Lindsey, Q. and Sawides, A. 2009. Apigoal
accurate positioning performance. A feasibility analysignalysis of radio signal strength variability in IEEE 802.15.4
showed that combination of radio frequency and ultrasetwork using monopole antennas.
sound will provide a better performance in measurememgchnical Report 050501, Embedded Networks and Applica-
accuracy than the one that uses only RF. Further investigati@hs Lab (ENALAB), Yale University, New Haven, CT,
indicated that automated field data acquisition ORSA.
construction site can benefit from the development of thisu, M.; Chen, W. and Chan, W. H. 2009. Discussion of "build-
system in respect of the future collaboration mechanisimg project model support for automated labor monitoring”, Journal
with several project management platforms. of Computing in Civil Engineering, 18(4): 381-383. McCullouch, B.
Based on the associated components of netwoA@07- ~Automating field data  collecton on  con-
specifications and tracking method described in the papdiFuction organizations, in Proc of Construction Congress V, ASCE,
further investigation will continue to develop the advance inneapolis, Minnesota, USA, Oct 57, 957-

algorithm for localisaton and ad hoc scheduling -

. . - . “MICA2DOT, Wireless microsensor mote. Document Part Num-
strategy. In additon, we wil implement the device desighl., " 6,50.0043.03 [cited Sept 19, 2009]. Available fiatemet:

for practical application to construction sites for cost- an http:/Avww.xbow.com/Products/Product_pdf files/
performance-effectiveness. As the continuous researgleless pdf/6020-0043-01_A_MICA2DOT pdf>.
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communication protocols, middleware platform, and nesitioning, Automation in Construction, 9(3): 299-314.
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