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Abstract— Base on the industrial problem surrounding the B. The Industrial Problem

maintenance of the negative pressurein isolation wards, the

project aimsto take up the challenge of solving the industrial A fault is considered valid and genuine when the
problem and at the same time investigate the change profileof ~ atmospheric pressure inside the ward rises abeverttical
the atmospheric pressurein response to the changing position  level when the ward is in an enclosed conditiorhvaill the
of the pressure sensor. With the help of Agilent Technologies,  windows and door being closed. However, most of the

a control programme has been written using Agilent VEE Pro
8.0 to monitor the pressurereadings and trigger off the
various alarm systems when needed, implementing the online

alarms raised are false and the vast majority ef fHise
alarms are due to doors of the wards being left fga

trend-based detection method. Agilent DAQ card U2353A various reasons such as after a visit by medicalesits,
allowsthe readings to be taken from a thermal chamber which ~ when the ward is not in use.

isused to simulate as the isolation ward. Although the change

profile of the atmospheric pressure is established in thecaseof ~ C. The academic aspect of the project

simulating the opening of the door some time into the start of The project will also investigate the profile oktbhange
experiment, detailed study of the change profilein extracting  j, the atmospheric pressure due to the change én th

the properties such astherising time and settling timeis not
possible due to the turbulence created both by the fan as well

position of the pressure sensor and through tray sifithe

as the action of opening the door and leaving the door open. change in the profile, derive a solution to the va&bo
mentioned problem.

|l. INTRODUCTION

D. Agilent Technologies

L L ) _ The project is well supported by Agilent Technotsgby
The project is based on an existing industrial [@mbin providing a model U2353A DAQ card module and the

an isolation ward to investigate the behaviour @spure
change with respect to the positioning of the pressensor
through the use of a thermal chamber and a DAQ aadl
at the same time, to formulate a solution to thesteg
industrial problem through the investigation.

accompanying software VEE Pro 8.0. In addition he t
equipment, a one-day lesson has been conductattpiioe
start of the project and a list of help has alsenbmade
known. The helpdesk also provides adequate suppbs.
project will also demonstrate the use of the Agilen

A. Background Technologies products in real application in théustrial

Isolation wards are special wards used to houserpat S Well as in the field of academic studies.
suffering from communicable diseases. The wards areWith the above motivations behind the commenceroént

equipped with special facilities and one of themais the project, the main objectives of the project are

pressure sensor that monitors the atmosphericypeess a
ward. The atmospheric pressure inside the wards are
maintained at a level which is lower than the afphesic
pressure outside the wards such that when the toor
opened, air from outside the ward will rush in @sflaws

from a region of higher atmospheric pressure tegion of
lower atmospheric pressure, thereby preventing aive
inside the ward carrying the infectious germs fregnaping

To investigate how the change in the air pressure
varies with the position of the pressure sensor

To improve the existing pressure change detection
system that detects the genuine alarm, thereby
reducing the number of false alarms

To demonstrate the use of Agilent Technologies
products in real application in the industrial and
academic field.

to infect other patients in other parts of the litaspSuch ~ The objectives of the project can be met by further

lower atmospheric pressure inside the ward is tdrme defining the sub-objectives which will aid in fueth
“negative pressure”. defining the tasks that need to be done.

However, the pressure sensor does not providedbdek
to the ventilating system when the atmospheric qures
inside the ward starts to rise beyond a critice¢llelnstead,
an alarm is sent to alert the facility managemaenit of the
hospital, which will then be deployed to investgahe
fault.

To design an experiment setup that models after an
isolation ward.

To design the necessary electronic circuit and to
integrate it with the DAQ U2353A provided by
Agilent Technologies

To design all the software using the provided



Agilent Technologies VEE Pro 8.0 fan to move, it is considered as a failure andatlaem will

To design a software that will assist in theurn red. The “Pressure” alarm light reflects theasured
experimental control and data processing anatmospheric pressure in relationship to the refeen
analysis atmospheric pressure, which is usually the normal
To design a software that will bridge an existingatmospheric pressure. If the former is higher ttanlatter,
email and SMS system to form the alarm system it will turn red. The “Pressure” alarm light workéen the

II. CONTROL PROGRAMME

A. Overview
With all the hardware been built and modified, thes a
need to design a programme that will
following:
1.
control of the current flow to the fan

via the DAQ card and analysis the readings
integrate with the alarm system.
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Fig. 1: Overview of the control programme
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The control panel contains three plots for monitgri

purposes, alarm message screen for the alarm system |

control buttons for controlling the experiment getu
purposes. The plot labelled “Measurement” will shie
actual signal readings taken from the DAQ card,lavttie

“Temporary Current Trend” plot will show the curten -

trend as suggested by the latest readings taken fhe
DAQ card. The “Pressure Plot” shows the overalhdref
the readings, excluding the most current trend. The
alarm lights sandwiched the alert message box hichwan
alarm message text will shown when the alarm systam
been triggered. The “Cooler” alarm light refledt® tstatus
of the fan. If the power supply to the fan is towlfor the

perform th: S
control the rate of rotation of the fan via the

record the measurement taken from the sens At

alarm switch is on. When turn off, the alert textssage
will not be shown as none of the alert system iggéred.
Multiple mobile numbers can be input into the mehilo.
field box and the alert messages WI|| be sent.

P
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Fig. 2: Control Panel of the Control Programme

B. Working Principle of Fan Control Method

The method to vary the speed of the fan is through
varying the duty cycle of PWM. The amount of powleat
can be sent to the fan can be controlled by vargfwegduty
cycle. The method will produce a square wave whesre
duty cycle is modulated, resulting in the variatiohthe
average value of the resulting waveform.

C. Readingsand Data Analysis

The reading of the measurement is done continuously
with the help of an external “Break Until” loop. iBhloop
will also reflect any changes to the settings sastihe fan
control or the threshold values by the user durthg
running of the control programme. The reading o th
measurement from the DAQ card is done using theeti
I/0O” object with the SCPI commands written into it.
=]

[ |Eet measufen pressure | =

newlnatrument (agi2353a @UskDevise1)

|WR’ITE TEXT "acy:srat 500" EOL

|WRITE TEXT "measvaltde? (@102)" EOL
READ TEXT x REALG4

= Douhle-Click to Add Transaction =

| | Karne
| % [t Data |
S ' Imeasured_pressi

o

S

Fig. 3: SCPI commands written in Direct IO objeztabtain measurements
from DAQ card

The readings taken are analysed and graphs aredlot
using online trend detection. The algorithm to gaut the
online trend analysis is based on the article ‘#t-based
alarm system to improve patient monitoring in irsier



care units” by S. Charbonnier, S. Gentil. second point is the beginning ordinate of the aurteend.

The main steps involved in the detection and thEor cases of from an increasing trend to a deargasend

algorithm are as follows: or vice versa, or from an increasing or decreatiead to a

1. grouping of readings into linear segment online steady trend, the first point will be what was poes

2. classification of the latest segments into ‘plotted as the second point, hence plotting theespaint

temporary categories: steady or flat, increasingwice but at different times.

decreasing, increasing/decreasing or

decreasing/increasing transient and positive stepa}St

or negative step. The | £ th | is th
3. transformation of the of shapes based on the 7 e last component of the control programme Is the

temporary categories  into semi-quantitativémegration of the control programme with the alarm

episodes systems. This is part one of the aims of the ptpjelich is
4. assembling of the current and previous episodég tackle the industrial problem. When the critéadrigger
of the same shape to form the longest possib‘ge alarm systems are met, the “alarm” variablé neflect
episodes the event and through the “Iff Then/Else” selectbmx, all
Every calculated value of the atmospheric presbased the components of the alarm sys.tems- will be acttiaThe
on the current trend will be plotted onto the “T y Control Panel Sound Alarm, which will produce a épé

Current Trend” plot. When a new linear approximatioS(_)und to sound out that the alarm systems haye been
needs to be established, the plot will refreshifised the trl-ggelred off, and the Control Panel Alert Messaglg;ch
beginning ordinate of the new segment will be thatted will display that alert messages had been senhatitne

after the ending ordinate of the previous segmeptatted. according to the system- time. Email, SMS and ndtwor
Strictly speaking, what is being plotted is the reat computers pop.-out wqrnmg messages are the retfteof
segment, and the assembling of segments of the sgme alarm systems in sending out alert messages.

forms the trend. However, the plot is termed “Terapp  E. Discussion on the trend base algorithm

Current Trend” as it gives an indication of whefet The jdeal pressure plot is desired as it makesdhding
atmospheric pressure is possibly heading currentlys ipe reading easy. However, the actual plottifighe
suggesting the current trend. It also shows thatiogiship pressure plot is far from ideal, showing more wiorathan
between the current segment and the previous segifte® i s desired. An investigation was carried througa study

“Pressure” plot is only plotted when there is ath@e of the readings obtained so far and the conclusiian the
establish new linear approximation when the cunidat ;jegq) plot cannot be done was arrived.

sum error exceeds T1. When that happens, 2 poilitbav

Integration of Control Programme with Alarm
ems

plotted. The first point is the calculated atmosphe 9.513m
pressure of the last point of the previous trendlenthe o .
second point is the newly calculated value. Thishoe of -20m |- f
plotting makes use of the fact that the “XY plotf the : \ 7
Agilent VEE Pro 8.0 will join the 2 points with draight calm 7
line and the previous trends are then plotted asplaled D il
on the plot. Hence the latest plot on the graphthis T ) p—t?] -
previous trend. E v--uF—/q 7
The need to plot 2 points is to better reflect dethat are il E i
considered to be steady. This is because when uirent e I i
and previous segments are classified as steadyreahé is f
not plotted until there is a change in the trendt the i AT T TN NI N A

ending ordinate of the steady trend is updatednly a 0 100 200 300 400 450
point is plotted, which is the beginning of the n&end,
the XY plot will then join the ordinate of the newend
with the beginning ordinate of the previous steddyd.

Such plot will display the steady trend as either a ossible to identify when there is a change inttbad, it is

Increasing or decreasing trend instead of a steaqyic, it 1o identify that at the instance of redieig the data.
Therefore, there is a need to plot 2 points anth& case A reading that is lower than the current trend rmeoy

where th_e previous trend is a_steady tre_nd, thet fioint suggest that the trend has changed and is decgeasin
plotted will reflect that the previous trend istaegly one as Extending this idea when considering the relatignsh
it is the ending ordinate of the previous trend,levlthe

Time

Fig. 4: Ideal and actual pressure plot
Bearing in mind that the plotting is done live, {ehit is

between the segments, when the current segmetedstzf



at a lower value than the previous segment, T3sphkay
important role in deciding if the segments can drestdered
to be of the same trend or is a totally differerentl, as a
result of such fluctuation. The trend during theasly state,
when the fan is off, fluctuates around 3 mPSI frume
range between 40 to 50 mPSI, while the fluctuatibthe
trend during the steady state when the fan is araater,
about 10 mPSI from the higher end of the 40s ta&€r
mPSI. For the trend graph to accommodate the steady
flat segments, especially during the steady statestablish
a flat or steady trend, T3, which is the threshuiet
determines if the current segment is of the sampe &g the
previous segments and is crucial in establishingraed
steady trend, needs to be set at a high value.higisvalue
should be around 10 mPSI, the fluctuation of thendr
during the steady state when the fan is on. Anyesdéss
than that will result in fluctuations to be obsetva the
trend during steady state when the fan is off. Hanethe
difference between the steady state trends is dlfbutPSlI,
implying that high T3 will be able to accommodates t

steady or flat segments that differ from each qther

calculating the difference between the ending @tinof
the previous segment or trend and the beginninimpatel of
the current segment, by a large value, includiregdiop or
rise from one steady state trend to another. lerotvords,
high T3, in this case, will cause the trend to bapmive,
meaning that the trend is able to tolerate the gham the
atmospheric pressure and produce a straight lioietipht is
relatively flat. However, due to the design of gdgorithm
of plotting the previous trends and not plotting turrent
trend until it has concluded, the pressure plot pribduce
no plot. The ideal
fluctuations of the trends during the steady stades
smaller than the changes between the trends duheg
steady states, illustrated below.

The academic aspect of this project is to studyctienge
profile of the atmospheric pressure inside the rttadr
chamber with respect to the position of the pressensor.
Since the pressure plot is not able to producaedéal plot
which will make the analysis of the changes in th
atmospheric pressure inside the thermal chamber arasd
the actual pressure plot is not really helpful iralgsing the
changes due to the fluctuations which makes itcdilf to
identify when the transient has started, separadelings
have to be taken from the Agilent Measurement Manag
v1.3 and analysed to come to any conclusive restle
readings at taken 500 sampling rate and the aveoége
every 2500 points, or 5 second worth of readings,tien
plotted as a graph to represent the trend.

During the experiment, a plastic cover with a regtdar
hole on one end is put over the opening of thentlaér

CHANGE PROFILE RESULTS ANDDISCUSSIONS

plot can be achieved when the

chamber such that
closing lid and the thermal chamber. The rectarrgatie
is placed on the opposite side of the fan and siteslas the
door opening in a room. A total of 3 run of the esiment
is done. For every run of the experiment, the farleit
running at 30 V, which is the maximum voltage tban be
supplied for the fan, for sometime with the lidsg#cso as to
create a negative atmospheric pressure environmigmin
the thermal chamber. After which the readings aken for
20 seconds before the lid is open to simulate peming of
the door. The position of the pressure sensor wariith
every run and the positioning is shown in fig. Johe
Readings are then taken with the pressure seniorgfélce
fan and away from the fan or upwards facing theehol
which is only done is P4 in fig. 5. Initially, theze of the
hole is 2.5 cm by 3.5 cm and in the second run,hible
increases in size to 7 cm by 8.5 cm. The last sudone
with the plastic cover removed, simulating a hugerdr a
very small run. The diameter of the hole where féareis
seated is about 6.2 cm.

Hole / Doo

Fig. 5: Positioning of the pressure senor, not dremscale
The results are organised in the following manrar f
discussion with the aid of selected graphs plotiase on
the readings from the Agilent Measurement ManadeB.v
Please refer to appendix for the rest of the graphs

A. Howthe direction of the pressure sensor affects the

readings taken

Referring to selected graphs in fig. 6, which shakst
the readings suggested the same downward trendhbut
girection the sensor is facing is different.

P4, facing fan
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it will be sandwiched between the



P4, facing away from fan First Run, P3, facing the fan
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Fig. 6: Graphs showing same downward trend whitesmsor faces different
direction. First Run, P4, facing the fan
With that in mind, the second run is done with skeasor
. . . . . -0.024 T T
facing the fan. The aim of this run is to achieveren o026 —FF—0 304050070
readings to establish the relationship betweersiteof the ~ -0.028
door opening and the trend. Also the trends digaldy the § -0.03
graphs at P2 and P3 are the same, hence in tlaertimirof 2 ggzi
the experiment, the pressure sensor is placed anlgne £ o0
side of the thermal chamber. -0.038 |
-0.04
B. Observing the trends at different position with hole Time(s)
size2.5cmby 3.5¢cm

First Run, P1, facing the fan
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Fig. 7: Trends at various positions in the first where hole size is 2.5 cm by
3.5cm

From the first three plots of the fig. 7, the trasdabout
flat while the last graph shows a drop in the press
reading near the end, with the end value of Pdvigl than
the end values of P1 to P3. All the lids are opemieid= 20
seconds, while P1 to P3 are at positions closeheofan
while P4 is at the opening. The opening size isiaB0 %
of the hole where the fan is seated. The concludiamwn
here is that atmospheric pressure in a room nearfah
remains relative constant and experience littlengeavhen
the door is opened. However, the atmospheric pressar
the door will experience a drop when the door isngul.
The reason behind could be that the fan is powerfolgh
to maintain the overall atmospheric pressure indiue
room when the size of the door opening is relagigahall.
Hence the atmospheric pressure at positions neafathis
relatively constant. When the door is opened, thisre
airflow from the opening towards the fan, and theréase
in airflow creates turbulence in the area neardpening,
resulting in a drop in the atmospheric pressurB4tThe
second run of the experiment at P4 with a biggemop
size also display a drop in the atmospheric presetrile
the trend from P1 to P3 is steady.



Second Run, P4, facing the fan Third Run, P5, facing fan

-0.024 : | -0.024 : : : y .
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Fig. 8: Second run at P4 with opening size 7 cr8.Bycm Fig. 9: Trends at various positions when the pastiver is removed in the
third run

C. Observing the trend when the opening size is much
greater than the fan hole From fig. 9 above, the second and third plot shtived

the atmospheric pressure near the fan at P1 amitdp3
Third Run, P4, facing fan while the atmospheric pressure further away atriedease
0.024 ‘ ‘ ‘ ‘ when the door is opened. The opening of the dodarger
-0.026 50 100 150 200 250 opening size is suspected to have created greatmriénce
7 "ffég: N especially in the region near the fan, resultinghie lower
T oo atmospheric pressure. The conclusion which canraerd
§ 0.034 is that for a large opening, the further the sensaaway
* -0.036 from the fan, the readings from the sensor refbetter the
-0.038 . . .
004 changes in the room pressure induced by the atredsph
Time(s) pressure of the outside environment.
Third Run, P1, facing fan IV.  CONCLUSION
0,024 ‘ ‘ ‘ ‘ It seems like a possible solution of improving &xésting
0.026 50 100 150 200 250 room pressure monitoring and alarm triggering $otation
= 0.0281 ward has been produced and that is to place trsoiselose
& .50622: to the fan and away from the door to prevent thesee
g 0034 | from being subjected to much changes to the atnewgph
& .0.036 1 pressure of the external environment when the dbdne
0-038 1 isolation ward is opened. However, the pressursamers
oo Time®) used more of detecting the turbulence that is ecehy the
fan. Without the turbulence created by the fanwhich it
Third Run, P3, facing fan can pe faul.ty or in non-eX|s_tence, the atmpsphemass_ure
readings will be more consistent and the increaseoom
-0.024 ‘ ‘ ‘ ‘ ‘ ‘ pressure will be detected, generating a genuine oas
-0.026 4 20 40 60 80 100 120 140 faU't.
2 00022 The results are inconclusive in terms defining the
2 oo | properties of the change profile of the atmosphperessure
é 2222 of an isolation ward or any room. The main causéhés
0,036 turbulence created by the fan and the opening eflithin
0.04 the experiment. Turbulence, which is the unprebleta
Time(s) airflow, may affect the atmospheric pressure regslitaken

for this experimental setup. In order to study piheperties
of the change profile, reliable readings need tadken,
under the condition that the turbulence createdtnbes
minimised or studied and determined. For this expent
setup, the fan might be too powerful that createschm
turbulence within the thermal chamber. At this stagcan
only be said that turbulence will affect the awfland may
affect the change profile within the thermal chambat



any study, formulae and theories associated withutance
is beyond the scope of the project.

The objectives of the application aspect of thggatchave
been met and the application has been successfully
implemented into a working system through the ue o
provided Agilent DAQ card and VEE Pro 8.0, which
incorporates the control of the setup, the momuprof the
room atmospheric pressure analysed using onlinedire
based detection method, the various alarm systamely
SMS, email and network computer pop-out warning
message, and the alarm triggering mechanism..
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