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This paper explores the state-of-the-art research and development 
of UWB applications in many sectors, including the construction 
industry. This paper will provide insights into the technology for the un-
initiated reader without involving detailed technological and arithmetic 
aspects of UWB. To do so, this paper first introduces the key concepts 
behind UWB and provides a brief historical perspective. It then summa-
rizes the UWB’s technical features which enable it so popular in industry. 
Finally, a number of UWB application examples in many sectors, includ-
ing construction, are presented to analyze and highlight the impact on 
the industry performance. UWB technology is expected to become a very 
important component and have profound impact in ubiquitous computing 
in the near future.
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IntRoDUCtIon

This paper provides an introduction 
to UWB technology. It presents UWB 
system’s principles which characterize 
the function and composition of UWB 
system and brief history of UWB tech-
nology. Moreover, the UWB’s technical 
features are summarized to facilitate 
profound understanding UWB’s popu-
larity. Specific emphasis is given to the 
UWB technology’s applications in vario-
us industries including the construction 
industry.

Definition	of	use	of	UWB	systems
UWB wireless communications offers a 
radically distinct approach to wireless 
communication compared to traditional 
narrow band systems. According to the 
FCC, UWB is any signal that has a fracti-
onal bandwidth equal to or greater than 
0.20 or has a bandwidth equal to or gre-
ater than 500 MHz (Breed 2005). 
UWB technologies can transmit extreme-
ly short and low power electro-magne-
tic pulses. The radio spectrum spreads 
over a very wide bandwidth (Shen et al. 
2008). Due to its short pulse radio frequ-
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ency (RF) waveforms and large bandwid-
th, UWB provides fine time resolution 
and provides good potential for applica-
tion in ranging and positioning and well 
immunity to multipath effects.
The tags in UWB tracking system decide 
the localization dimensionality, recep-
tion by three or more receivers permits 
accurate 2D localization, while reception 
by four or more receivers allows for pre-
cise 3D localization. If only one or two 
receivers can receive a tag transmission, 
proximity detection can also be readily 
accomplished (Khoury et al. 2009).
Commercially existing ultra-wideband 
systems (see principle layout illustrated 
in Fig. 1) include the following (Teizer et 
al. 2008; Giretti et al. 2009):
▶ Processing computer and hub in-

cluding a graphical user interface;

▶ Minimum of four UWB receivers 
at different height levels to record 
real-time three-dimensional signal 
data in a field of view of 90° (mid-

back to the central processing hub. Cali-
bration (i.e. signal speed measuring) is 
performed at system start up by monito-
ring data from a reference tag, which has 
been placed at the known location. Every 
receiver obtains its power from the cen-
tral processing hub via standard CAT-5 
cables, which are also used to carry data 
back to the hub for subsequent proce-
ssing (Giretti et al. 2009)

A	brief	history	of	UWB
Although recently concerned extensi-
ve research interest, UWB technology’s 
origin can date back to work in the early 
1960s on time-domain electromagnetic 
wave propagation. Bennett and Ross 
summarized UWB’s early application in 
a seminal paper (Bennett et al. 1978). 
Ross was the first researcher to demon-
strate an UWB communication system in 
1986. The first (1973) fundamental lan-
dmark patent on UWB communications 
systems simply referred to the techno-
logy as “base-band pulse” (Ross 1973; 
Barrett 2000). The term “UWB” origina-
ted with the Defense Advanced Research 
Projects Agency (DARPA) in a radar study 
undertaken in 1990, serving as a conve-
nient means for discriminating between 
conventional radar and those utilizing 
short-pulse waveforms having a large 
fractional bandwidth (Fontana 2004).

The early UWB systems were designed 
for military, low probability of detection 
radar, and communications applications 
(Fontana 2004). Until 1994, the majori-
ty of the work was performed under US 
government programs. With the rulings 
of the FEDERAL Communications Commi-
ssion (FCC) under the U.S. government, 
after 1994, there has been an increase in 
nongovernmental-related research and 
an increase in the number of UWB gover-
nment agencies and companies that are 
greatly accelerating the development of 
UWB technology (Breed 2005) (Teizer et 
al. 2007). In 2002, the FCC approved the 
unrestricted use of low-powered UWB 
systems and tags [5 milliwatts (mW)]. By 
far, as one of the earliest civilian appli-

Figure	1.			UWB	receiver	and	hub	configuration	and	sensor	field	setup
	 	(teizer	et	al.	2008)

gain), 60° (high gain), and omni-di-
rectional;

▶ CAT-5e shielded wires (wires poten-
tially to be replaced with a wireless 
signal transmission); and

▶ Low- and high-powered UWB tags 
(approved for safe use by FCC: 5 
mW, 1 W) with different emitting 
signal refresh rates of 1, 15, 30, or 
60 Hz, including one reference tag.

The UWB system operates as follows: 
a set of 3 or more receivers are positi-
oned at known coordinates about the 
periphery of the area to be monitored. 
Short-pulse RF emissions from tags are 
subsequently received by either all, or 
a subset, of these sensors and proce-
ssed by the central hub’s CPU. A typical 
tag emission consists of a short burst, 
included a set of data for ID purposes, 

repeated at a given frequency (limited 
between 1 and 60 Hz). Time differences 
of arrival (TDOA) of the tag burst at the 
various receivers are measured and sent 
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cations of UWB, Fontana et al. [(Fontana 
et al. 2003)] utilized UWB for accurate 
assets localization. First time of arrival 
(TOA) measurement was adopted to 
achieve the position accuracy of better 
than one foot. Other early research inclu-
ded Fontana (Fontana 2004) and Park et 
al (Park et al. 2004). Fontana discussed 
recent techniques for the generation and 
reception of short-pulse electromagnetic 
waveforms and examined a number of 
recently developed UWB systems in the 
communications, radar, and precision-
positioning fields. Park et al developed 
a UWB GPR system for detecting small 
objects buried under ground. 
Owing to the consideration about poten-
tial interference to existing and future 
planned services, the process of esta-
blishing rules of UWB frequency range is 
usually time-consuming. At present few 
countries and areas, such as USA, Euro-
pe, have established the rules, however 
in many other countries, UWB devices 
have yet to be approved (Allen et al. 
2005; Teizer et al. 2008). 
In the U.S.A., the Federal Communica-
tions Commission (FCC) has mandated 
that UWB radio transmission can legally 
operate in the range from 3.1 GHz to 10.6 
GHz (Fontana 2004) (FCC NEWS)(Ingram 
et al. 2004).
European rules for license of UWB permit 
operation between 3.4 GHz to 4.8 GHz 
and between 6 GHz to 8.5 GHz bands, 
respectively (Rueppel et al. 2008). 

UWB’s	technical	features
There are some distinctive advantages of 
short-range high-bandwidth UWB which 
are summarized below (Bensky 2004) 
(Fontana et al. 2003; Teizer et al. 2008; 
Giretti et al. 2009) (Khoury et al. 2009):
▶ high immunity to interference from 

other radio systems;
▶ high multipath immunity, due to the 

use of very short UWB pulses, capable 
of discriminating between direct and 
time-orthogonal reflected waves; 

▶ high data rate;
▶ high localization accuracy (for both 

2D and 3D), due to the reliability of 

the TDOA (time difference of arrival) 
algorithm implemented;

▶ extremely low duty cycles, which 
translates into low average prime 
power requirements allowing tags 
to work autonomously for year, ideal 
for battery-operated equipment and 
without frequent recharging needs;

▶ can track multiple resource at the 
same time, real time and three-dei-
mensionally;

▶ can work in indoor and outdoor envi-
ronments at the same time, reducing 
the installation cost of multiple sen-
sing units to a minimum;

▶ longer indoor range than other high 
rate communications systems, due to 
the high peak-to-average power ratio;

▶ lighter weight, the weight for each tag 
is less than 12 g;

▶ update rate of RF signal of each tag 
can be up to 60 Hz;

▶ needn’t calibration.

Applications	of	UWB	in	industry
Since UWB technology has shown to po-
ssess unique advantages for precision 
localization applications, a number of 
scientific and technical domains have 
benefited from UWB’s successful appli-
cation, such as military affairs, medical 
treatment and engineering. 
UWB technology is very useful for mili-
tary application. Because a very short 
duration pulse implies a large band, the 
power is spread over numerous frequen-
cies instead of being concentrated. The 
resultant power spectral density is very 
low and the probability of detection and 
interception is very low.
In the field of high power UWB technolo-
gy (electromagnetic detection) for mili-
tary application, an impulse UWB radar 
have the following features:

▶ Ability to detect through obstacles 
and in dense media;

▶ Improvement of the radar range reso-
lution;

▶ Improved clutter rejection;
▶ Improved detection of low flying tar-

gets;

▶ Improved detection of (stealth or not) 
target;

▶ Improved recognition (or even identi-
fication) of targets;

▶ Target imagery made possible, using 
a Synthetic Aperture Radar mode 
(SAR), which gives a high cross-range 
resolution added to the high range 
resolution;

▶ Access to low pulse repetition frequ-
ency mode without range-velocity 
ambiguity.

An experimental UWB radar was de-
veloped, called PULSAR, to assess the 
benefit of UWB concerning the detecti-
on of targets masked by vegetation, or 
anti-tank mines.

In the field of low power UWB techno-
logy for military application, wireless 
communications and localization-iden-
tification are two major application 
fields. Two technical approaches can 
be investigated in wireless communi-
cations. The first approach is utilizing 
UWB as radio link between body and 
weapon/head devices to transmit data 
or video between the camera on the 
weapon system and the video display 
of the soldier, the second approach is 
the use of impulse radio UWB in the 
intra-squad communication system. In 
the field of localization-identification, 
UWB can also provide localization and 
identification functionalities for the sol-
dier (Colson et al. 2005). 

In medical applications, non-invasive 
imaging with UWB makes it possible to 
get very accurate in-body information 
from patient. UWB radar is much safer 
than X-ray due to the great difference in 
the emission power levels. UWB is one 
transmission technology to be adopted 
in wearable sensors to support real-
time or frequent vital parameter me-
asurement for elderly or after surgery 
patients to remain independently living 
in their own homes as long as possible 
(Hamalainen et al. 2008). 
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UWB technology is also appropriate for 
detection of unknown or known small 
and shallow objects buried undergro-
und. A new application of UWB ground 
penetrating radar (GPR) is reported in 
this project for the detection of buried 
gas pipelines. The UWB GPR is used to 
draw a map of buried gas pipelines by 
connecting a global positioning system 
(GPS) to the GPR. Usually the gas pipe-
lines are buried within 3m and made of 
metal, thus the system’s maximum tar-
get depth of 3m is decided upon. The 
whole system is set up and tested in a 
real environment. Compared to conventi-
onal radar systems, the complexity of the 
system is reduced, but its performance 
is better. The developed system has a 
good ability to detect underground me-
tal objects, even small targets of several 
centimeters (Park et al. 2004). 

Maintaining an efficient train-to-waysi-
de communication for communication-
based-train-control (CBTC) poses major 
problems, due to the increasing amo-
unt of exchanged data for the supervisi-
on, the automatic train control, opera-
tion and protection, the increasing de-
mand on video transmission and multi-
media services. The difficult conditions 
related to the operation in tunnels, the 
main operation environment urban gu-
ided transport, generate constraints 
resulting on performance limitations of 
existing communication systems. The 
propagation phenomena characterize 
this environment, such as frequency 
selectivity and distance and frequency 
dependent pathloss. UWB-impulse ra-
dio technology is an efficient alternati-
ve solution to these problems because 
it allows simultaneously high data rate 
communication and high resolution 
train location and obstacle detection 
as well as robustness to multipath en-
vironments (Saghir et al. 2009).

Applications	of	UWB	in	
construction	industry
In recent years, UWB technology has 
been applied in construction industry 

successfully. Application examples 
from both research and industry are as 
follows.

Automated	Real-time	three-
Dimensional	Location	sensing	for	
construction	resource	Positioning	
and	tracking
Successful construction projects are of-
ten dependent on the ability to assess 
resource status or work task performan-
ce efficiently and effectively, readily 
available information on these factors 
has inherent value for real-time or near 
real-time decision making. Technology 
can become more attractive for imple-
mentation if it have the potential to 
automate real-time workforce, equi-
pment, and material positioning and 
tracking at the same time remotely, 
three-dimensionally because of faci-
litated site productivity analysis and 
control of work task schedules, incre-
ased return on investment and overall 
construction performance(Teizer et al. 
2008). 

Real-time 3-D location sensing requires 
at least four receivers that preferably 
are located at different height levels. 
In this research, the receivers and ante-
nnas are connected via shielded CAT-5e 
cables to the hub either in-line or pa-
rallel. Each cable powers the connected 
receiver(s) as well as transmits the tag 
identification and time readings back to 
the hub. A reference tag in line of sight 
of the receivers or of receiver subgroups 
is placed preferably in the center of the 
space observed. All hardware compo-
nents (receivers, cables, hub, and pro-
cessing unit) are preferably located at 
the boundary of the observation area. 
Before measuring the tag locations, the 
three-dimensional position of receivers 
and reference tag is determined by 
using a total station. The performance 
of the UWB system was tested in seve-
ral field experiments using the outside 
and inside space of a steel erection 
site. The first field experiment was to 
position a worker who carried a UWB on 

his helmet and walked a “figure eight” 
inside the steel structure. The second 
field experiment was to track the steel 
beams during the steel erection proce-
ss for a three-story research building. 
The conducted experiments were well 
in line with observed results of other 
research efforts in different application 
disciplines (Teizer et al. 2008).
Experiments for obstacle avoidance and 
field personnel tracking are shown in 
Fig. 2.

on-site	real-time	safety	
management
Construction industry remains one of 
the industries with the poorest safety 
records and the issue of constructi-
on worker safety has become a major 
concern of construction industry worl-
dwide. Intelligent approach is always 
called for to check for risky events be-
fore they occur and to timely relay war-
ning signals to workers, in order to pre-
vent possible consequences and a con-
text aware system should be deployed 
over all construction site (Oloufa et al. 
2002). Due to its positioning accuracy 
and real-time tracking capability, UWB 
technology can be very suitable for sa-
fety management. To facilitate on-site 
real-time health and safety manage-
ment, it’s critical to continuously check 
the workers’ behavior and prevent po-
ssible dangerous situations by equi-
pping workers with wearing a special 
tag, which is small enough so not to 
interfere with ongoing activities (Giretti 
et al. 2009). 

A proactive advanced system deve-
loped by Giretti, Carbonari et al. is 
composed mainly of 2 parts: the first 
performs real-time position tracking, 
while the second provides real-time 
prediction of risky events by virtual fen-
cing of dangerous areas based on the 
position information provided by UWB 
system. Position tracking is performed 
through the use of UWB technology, 
shown to be capable of providing the 
required accuracy for path monitoring 
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2008). Plan view of circular travel path 
is shown in Fig. 4.

Application	in	emergencies
The requirements for emergencies will be 
very variable, but will generally include: 
good radio penetration through struc-
tures, the rapid set-up of a stand-alone 
system, tolerance of high levels of reflec-
tion, and high accuracy. The accuracy 
should be better than 1 m, and locations 
should be in three dimensions. UWB is 
the preferred solution in emergencies 
(Ingram et al. 2004).

When in an emergency, it’s very im-
portant to improve the orientation and 
safety for rescuers within complex bu-
ildings. In this project, reliable indoor 
real-time positioning system consists 
of multi-method-approach (including 
UWB, WLAN and RFID) and a building 
information model (BIM)-data-export are 
developed to provide spatial context bu-
ilding information, e.g., gas pipes or high 
voltage panels. Each rescuer, such as fi-
re-fighters, will use a mobile device (PDA 
or other mobile computer) equipped 
with indoor positioning, routing, and 
important building information will be 
displayed in the rescuer’s spatial context 
to enable indoor navigation (positioning 
and route calculation). Because UWB is 
less influenced by metals and high hu-
midity than other radio communication 
technologies, UWB is used for position 
sensing in passenger and baggage halls 
(Rueppel et al. 2008).

UWB-based	sensor	networks	
for	localization	in	mining	
environments
Underground mining operations are 
considered as hazardous industrial ac-
tivity because of the poorer ventilation/
visibility, the dangers of rock falls, and 
the presence of toxic gas. In emergenci-
es, wireless communication may become 
vital for survival, for example, during a 
disaster, the conventional wired commu-
nication system may become unreliable, 
necessitating a wireless radio system. In 

Figure	2.		experiments	for	obstacle	avoidance	and	field	personnel	
tracking(teizer	et	al.	2008)

of humans and equipment within the 
site. Workers present on the site are 
requested to wear a special tag, capa-
ble of sending acoustical, vibrational or 
light-flashing warnings to their bearers, 
when dangerous situations are invol-
ved. The UWB localization system te-
sted in this paper consists of a set of ac-
tive tags (0.3 W and 1 W powered tags), 
four UWB “mid-gain” type receivers 
and one central processing hub, manu-
factured by MultispectralTM Inc. In the 
used configuration, the tags work at 1 
Hz, in order to exploit their lifespan as 
long as possible. To infer how the UWB 
localization system works during seve-
ral construction stages, representative 
of the vast part of the entire process, 
three tests were carried out, i.e. perfor-
mance tests of excavation works, after 
the completion of the building’s con-
crete frame and after the walls’ erection 
on a 5 storey block of flats respectively. 
Experimental results indicate that UWB 
behavior is rather constant during most 
part of the construction progress. The 
same system setup may be used from 

the start of the construction up until 
the erection of walls. At the last stage, 
it’s necessary to have a higher number 
of receivers per unit area. Comparison 
between measured and actual positi-
ons of a worker’s movements througho-
ut the construction site in the test stage 
after the completion of the building’s 
concrete frame is shown in Fig. 3. La-
boratory tests showed the performance 
of virtual fencing system is very reliable 
(Giretti et al. 2009).

The accurate, real-time information 
about the location, speed and trajec-
tory of construction resources can lead 
to important information regarding tra-
vel patterns and safe construction ope-
rations. Teizer, J., U. Mantripragada, 
et al. developed algorithms to locate 
and identify obstacles and determine 
their dimensional values on the basis 
of analyzing spatial data of the trajec-
tory of construction workers provided 
by Ultra Wideband technology, then 
the new information can be used for 
safe path planning efforts (Teizer et al. 
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this case, UWB was selected owing to its 
asset in ranging accuracy, pre-eminently 
in cluttered environments and its ability 
to penetrate obstacles, UWB based-wire-
less sensor network (WSN) as solution for 
localization the equipments and miners 
in underground mines is described and 
analyzed (Chehri et al. 2009).

nondestructive	evaluation	of	
Pavements	and	railroad	track	
substructure	combined	UWB	with	
gPR
Pavement structures need to be evalua-
ted nondestructively, a novel, compact, 
low-cost, impulse ground-penetrating 
radar (GPR) system with UWB sampling 
receiver is developed with good range 
resolution and penetration depth. Perfor-
mance of this system has been verified 
through the measurements of relative 
permittivity and thicknesses of various 
samples, and a good agreement between 
the experimental and theoretical results 
has been achieved (Lee et al. 2004).

Ballast fouling may jeopardize the ballast 
layer in railroad track system, so an UWB 
GPR non-destructive system is designed 
to detect the trapped water and scatte-
ring pattern, measure the thickness of 
clean ballast, predict air void volume in 
railroad ballast. Because electromagne-
tic energy attenuation is highly frequen-
cy dependent, the frequency sub-bands 
of the reflected UWB GPR signal can be 
analyzed separately to quantify the fou-
ling material and moisture content (Al-
Qadi et al. 2010).

sUMMARy
With the rapid development of wireless 
monitor and tracking technology, ubiqui-
tous computing has changed the scenario 
of industry greatly. UWB is a new kind of 
radio signal and can provide precise po-
sitioning over longer ranges or throughout 
buildings in a number of fields due to its 
unique technical features. Research on 
the UWB technology continues very vigo-
rously today and many countries are en-
gaging to establish their own UWB frequ-

Figure	3.		Comparison	between	measured	and	actual	positions	of	a	worker’s	
movements	throughout	the	construction	site	(giretti,	Carbonari	et	al.	2009)

Figure	4.		Plan	view	of	Circular	travel	Path	(teizer	et	al.	2008)



213s. jiang · m. j. skibniewski · y. yuan · c. sun · ultra-wide band technology applications in ... · pp 207-213

ency range. UWB is used successfully in 
a variety of industries, such as military 
affairs, medicine and engineering. As for 
construction industry, UWB is used for 
automated real-time three-dimensional 
location sensing for construction resour-
ce, on-site real-time safety management, 
emergency application, localization in mi-
ning environments, nondestructive eva-
luation of pavements and railroad track 
substructure. With more countries specify 
their frequency range of UWB system and 
reduce system cost by mass production, 
it’s expected that UWB technology will 
produce more profound impact in most 
industrial sectors.
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