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Abstrad: In high-density cities with tunnel networks and adjacent construction works, these
sites require Red Time Monitoring and Alert systems when their movements exceed their
allowable limits. Experiences have shown that in the Nicoll Highway Coll apse in Singapore,
where lives were lost with huge financia consequences, the traditional automated systems
used were nat effedivein preventing site fail ures due to their inherent real time system design
limitations. By introducing the other techndogies into the existing sensor and logger system,
Automated Red Time Monitoring and Alert system using Macdine-to Machine (M2M) can
provide a reliable and consistent data with a higher system uptime with less manual
maintenance dfort in an Ubiquitous environment. New innovative M2M techndogies of
Wire-lesscommunications, Internet and Smart Supervisory systems are used to fully automate
the entire information flow chain from sensor up to the end wser. This will enable the system
to send the right data to the right person to make the right dedsion for corredive adionsto be
undertaken. The paper will discuss the M2M system approach and the diallenges in
implementing an oudoa fully automated Red Time Monitoring and Alert system.

Keywords: Red Time Monitoring, Ubiquitous, M2M, GPRS, SMS



1. Introduction

Data loggers are used for colleding rea time data from construction sites. The Geotedhnical
and Structural designers require the data for analyzing the behavior of the @nstruction
sequence and system. Normally the data is processd in days as these data ae used for the
verificaion d the design. By sharing this predous data with the construction works, and by
making the data available in Red Time, the movements of these sensors can nov be made
into an Automated Red time Monitoring and Alert system. The site staff now can make real
time judgment during the excavation processwhere reaction time is very short for remedia
adion.

In situations where data loggers are used for red time data wlledion, bu not for real time
monitoring and aert [1], the data loggers measure the sensor data and store them the data
logger’s memory at predefined intervals. This data is then retrieved every 12 a 24 hous
automaticdly through the wire-less data cmmunicaion Global System for Mobile
communicaion (GSM) means. After the data is processed and anayzed, then SMS alert
messages are sent out to warn users that the sensors have excealed their alarm limits. This
system design canna acdieve the dert resporse time of minutes from the change in sensor
readings to the mobil e phores Short Message Service (SMS) adert as the time delay is limited
by the time when the data is processed after being uploaded from the data loggers.
Experienced reported in the Nicoll Highway incident [2] shows that the dial up GSM dataline
system can cause data transfer delays due to uravailable point to pdnt data wnnedions
avail abili ty due to its inherent switch circuit design constraint of GSM techndogy.
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Fig 1 Time history plot of acritica monitoring event

Figure 1 shows an example of sensor reading for a criticd monitoring event. The sensor is
measured every hour and the stored data is uploaded to a computer for processng and
anaysis at 2400 hous everyday. The cmputer will send ou Short Message Service (SMS)
derts if the recorded data was found to exceeal the preset trigger level. This system is a
continuows data logging system but not a red time monitoring and alert system. As an
ill ustration, when the sensor level exceeds the trigger limit at 0700 houws, noaert would send
out. The sensor level increases progressve theredter and reaches the dlowable level at 1100
hous. The data is uploaded at 2400 hows and subsequently only then aert is snt out via
SMS or email. Based onthe dove example, if an SMS alert is end ou in real time within
minutes after the reading exceeaded the trigger level, 17 hous of precious time could have



been used to mitigate the problem and passbly prevent deterioration d the situation.
However if an emall is used for aert, then the delay could be longer as this important alert
information degpends on fixed communication accessof PC and Internet as compared to the
mobhil e phore, which gives the user an Ubiquitous environment.

If the system is required to aert users at the shortest lead time possble when the sensors
excedl their limits, so that adion could be taken in time, then red time monitoring and alert
within minutes is important [2,4]. This paper explains the callenges in the design and
operation d the Real Time Monitoring and Alert system

2. Red Time Monitoring and Alert system

Figure 2 shows the Rea Time Monitoring and Alert system described by Ng and Tan [6]
using Madine to Madine (M2M) tedhndogies. In this system, a wire-less General Padket
Radio Service (GPRS) modem is used to transmit the data from the data logger to the central
server. GPRS is used as an always-conrected data communication system. In this design, the
monitoring and aert resporse time isin minutes.

The GPRS spedl is 32,000 b as compared to the GSM data speed of 9,600 bgs, hence
making it suitable for wire-lessred time monitoring and aert systems. The @st for using
GPRS network depends on the anourt of data transfer and nd on the @nredion time, hence
the datalogger can dways be cnreded to the central server. Data can be transmitted between
the logger and server immediately when the last channel of sensor is measured. Hence, there
is no conredion time delay as experienced in the GSM system. The GSM line is conrected
on demand whilst the GPRS is aways conneded on-line to the ceitra server. The
information can then be accessby multi ple users through the Internet. Throughthe use of IT
and Internet techndogies in instrumentation and monitoring, engineas and decision makers
could operate in the Ubiquitous environment and access to the rea time data from their
desktops, naebooks or pocket PC anytime and anywhere in the world [5,9,9.
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Fig 2 Data Logger with wire-less GPRS

3. The Chall enges of Real Time Monitoring and Alert system

With Red Time Monitoring, the sensor data streams into the central server system at a high
data rate. Traditional manual monitoring and alert system will experience user information
overload as any manual EXCEL spreadsheet system used. The momputer system will slow



down and manualy the user canna cope up with the high data rate [2]. Hence afully
automated information flow system is a solution to overcome such a chall enge.

In a Red Time Monitoring site for temporary works, the Real Time Monitoring and Alert
system monitors 92 Vibrating Wire Strain Gage (VW SG) and 4 Load Cell s readings every 10
minutes. Two VW SGs monitor a strut with its individual temperature sensor and the Load
Cell has4 VW SGs and 1 Temperature sensor. Hencethere is atotal of 92 VW+ 92T + 4 x 4
VWSG +4 T = 1,840sensor readings per 10 minute measurement cycle. The datarate is then
184 6 x 24 = 264,960 dta paints per day.

At this type of dynamic data rate, any sensor noise or intermittent failure will cause
unrecessary aerts. There is a nead for a Monitoring System Design strategy to overcome
false dert and prevent user overload.

As the sensors and eledronics are used in oudoa environment, nase is a perpetual problem
causing false SMS alerts onthe lower limits.

Field results of Fig 3 from a site show that the VWSG readings for strut at Level 1 strut 1
have very clean readings whil e for those strut at Level 1 Strut 4 shows noisy VWSG readings.
By compressng the time, these strut force readings have now been interpreted as a waveform
for signa analysis where the rules of digital waveform signal processng comes into pay.
Traditionally when the user takes only a few reading per day, such time series information is
not analyzed.
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Fig 3 Strut forces time series readings over days



At every 10 minutes, the sensor

readings dream in continuows. If

there is atrigger event as hown in

Fig 4. The system will send SMS

aerts, bu that point which exceal

the trigger value might be atrue

reading or afalse trigger caused by

noise. After the trigger and if the

next measurement cycle exceeds

the trigger limit, then the site

engineas take it with more

attention. However if the next

cycle, the sensor readings drop, Fig 4 Triggering of Alert
then it is clasdfied as a false trigger.

Various snart alert algorithms can be used bu however the choiceis aways by the end users.

3. Sources of eledrical naisein readings

Noise plays a mgjor part in the Red Time system, as any noise is pick up by the system can
cause false derts. In oudoas, these dedronics comporents will experience voltage surges
from main cables, eledrical le&kage and lightning voltage surges [7,8]. These can cause
readings errors, computer freezes or even damage. On site when the sensor measure the data,
the sensor wire travels along the

site and urwanted eledrical signas

will i nterfere with the sensor wires.
Unfortunately by a smple
averaging technique @mmonly

used in data loggers, the readings

can have a high signa to ndse

ratio and dtill gives a realings

withou warning the user about the

signa to nase ratio. Fig 5 shows a

sensor reading of 1.1 taken from a

Data logger, withou knowing the

signa to nase ratio, this 1.1 value

can cause fase dert when the

adyal Sensor'out.put reading is low but the Fig 5 Noise sources causing reading errors
noise @ntent is high.

To help the user to trace the caise of
this noise, the VW SG realings
sometimes jump to high o a low SG
readings even withou any change in
load. The caise of these reading _ _ _ o
fluctuations can be eplained as high Fig 6 VW SG Period Counting Measurement circuit
frequency noise or low frequency noise.

A typica circuit of the VW SG readou circuit is sown in Fig 6. The VW SG output goes
into an amplifier filter and the time taken to measure the number of cycles are recorded with a
period counter circuit.



For a simulation test, Geokon VW 4200VW SGs were conrected to a Geokon 403Readou
Box and a CR10X data logger. The noise source used for the experiment was a negative
ionization generator for high frequency noise and a 50Hz demagnetizer. Fig 7 (a) waveform is
injeded into the drcuit to get say 900Hz. By having a VW SG signa plus a high frequency
burst caused by high vdtage dedric surge voltages due to by capaative cross couding, the
period courter will court the

same number of cycles in a short

period, giving the readou box or

datalogger as a higher frequency

reading. Fig 7 (b) shows the

combination d the VW SG

900Hz plus the higher frequency

noise burst. Fig 7 (c) shows the

next waveform with magnetic

50Hz field owerload, dwe to mains

currents, the waveform gets

overload at the pess and dps of

the 50Hz such that the cournter

gets sturated and canna count

the particular cycles in the 900Hz Fig 7 VW SG signals

signal. The @urter then will take alonger

period to court the same number of cycles. This in turn is interpreted as a lower frequency
VW SG realing.

As the gplicaion d eledronics, signa processng and communication increases in the
traditional civil engineering sector, the improvements of the automated instrumentation will
require a multi-disciplines approach such as Structural, Geotechnicd, Eledronics,
Communication and Computer Engineering expertise to coll aborate e ateam to overcome the
new more complex Red Time Monitoring requirements to make the anstruction site asafer
placeto work.

4. Benefits of Red Time Monitoring system

The main advantage of the Real
Time Monitoring and Alert system

is obviously the Rea Time dert
where the site staff gets urgent data
instantly when sensors exceal their
limits. The other benefit is to
provide the users and designers the
adual on-gite forces ading on the
struts when construction work
progresses as siown in Fig 8. This
increases the productivity of the
designer by having ther
verificaion d their design via the
Internet instead of visiting the site
which could be hous drive avay. This Fig 8 Red Time Strut Force
brings the important data to the



desktop d the designer via ommunicationtechndogies.

In another Rea Time
monitoring  system,  the
results help the bridge
designers to verify their post
—tension forces. The rea
time monitoring is dore
every 10 minutes 9 that the
sower thermal effed does
not take into acourt yet.
The results $how of the strain
movements and dscriminate
temperature dfed as the
thermal effed takes hous to
change the strain while the
post tensioning process is dore
within minutes.

Inthisfield test, 18 VW SGs and 1 Temperature sensors are mournted orto the bridge and
recorded duing the post tension rocess The datais logged every 10 minutes and send back
to awebsite for computation for sensor cdibrationinto me. Real timeis used so that the dfed
of strain changes during the paost tensioning can be tracked continuously. The results show
that the strain values do change with resped of the post tension timings. The temperature
strain readings show a slower change over time.

Fig 9 Red Time Forceduring post tensioning process

5. Conclusions

Data Loggers have been used in monitoring systems for many years, espedally for projects
which required continuows monitoring. They are mainly used for design verification,
monitoring, investigation works and research. Using M2M tedcndogies of wireless
communicaions, Infocomm Techndogies and Internet, these monitoring systems have
evolved into misson criticd civil engineering appli cations where the information are needed
in a matter of minutes rather than hous. When the sensor readings exceal their predefined
limits, the system automatically sends SMS aerts to multiple users within minutes. This
compresson d the total delivery time, from the remote site sensor to the user mobile phanes,
isuseful to inform site problems immediately for critical projeds. It gives users more reaction
time to organize, to investigate and to prevent coll apses or fail ures rather than having data to
confirm that the site had problems. With the wider acceptance of M2M tedhndogies by the
consumer sedor, the relevant techndogies have become easily aacessble for wider
deployment in the dvil engineering sector. This forms a new cluster of misson criticd
monitoring and red time dert systems based uponthe M2M techndogies.
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