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7 Introduction

This paper sims to show how Cirrus Research has approached the problems of remote
monitoring by ¢censidering the design of its” instrumentation. Thase problems have bean tackled
In saveral ways:

1. By congidering what the instrumaent is measuring.
2. By considering how the instrumentation is physically designed.
3. By implementing features that have little to do with noise monitoring and more to do

with moenitoring the nolse monitorl

2 The problems associated with remote monitoring

The warld of remote noise monitoring is fraught with danger and insecurity. Who would take
expengive squipmant, sit it down next to the road side, and leave it unattended for days upon
and, and then come back and not only expect it to have dona exacty what thay asked but to
even be still thera! it is similar to taking @ small ¢hilg, putting them in the middle of a fiald, and
saying walt there and tell me what happens, I'll be back tamorrow.

. The days of an acoustician sitting by the road side with a hand hald sound lave! mater, a note
book and a pen are long gone, fortunately for acousticians, The problems though ara numerous
and still ramain,

Setting up the Instrumentation. Most instrumantation has a raputation for being ditficult 1o
setup. Difficulty inevitably results in mistakes which are not discoverad until the end of 3
measuremant period and then raquire the measurameant to ba taken again.

instrumentation consumables. These are the questions you ask yourself when you set the
Instrument-up. !s thera anough battery powar to last the measurement pericd? ls there enough
paper tape to last the measurement sassion? The operator can make educated guesses to these
questions, but the thing that actually knows the answer, the instrument, invariably keeps quiat
about it.

Inatrument fsilure. Using the example above, you rmight have enough paper tape for the
Mmeasurament session, but it may jam in the system such that when you return you find you
have summarised all your readings onto one line of the paper and consequently it's unreadable,
Else the whola instrument mey just stop working far no apparent reason.

Portability. Acousticiang are not musele man ar octapil In the past units have been heavy and
bulky, ususlly consisting ot many ditferent parts.
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Stranga results. Most nolge monitors produce a summarised report of measurements taken overf -
a Jong period. If strange results ara obtained then you have no knowledge of what caused it.

instrument failure? Or just an interested bystander whistling into the microphone? Whan the

gperators ware present on site they could listen to what was going on and make note of

anything strange.

Security. Will the instrumentation still be there when yoy return to pick it up or will someone
have vandalised it. Noise monitoring usually 1akes place where paopla live or wark and people
take a lot of interest in strange locking boxes tied to lamp posts. Noise monitaring outside
factories sulfers a similar fate. Factory managers think that no measurements means no noise
problem. instant noise contral, damage the noige monitort

These problams are annoying enough, but what i even mora annoying is to comg back to
Ingtrumentation, find a problem, and have no indication of what caused the problem. For
example, assume wa return 10 a remote monitoring site to download information. A quick
examination of the rasults show thet everything was ok excapt for ona hour in the middle of
the night when the noise level appeared to ba constant. This could be microphone failure so
the oparator replaces the microphone: In actual fact the problem was due to 3 cloud burst
which soaked the microphone connector and shorted the mic signal. The operator replaced the
expensive microphone when all he should ‘ve done was put the instrument in a plastic bag!

3 Measurement considerations

3.7 The CRL 236 serles and Short Leg

The CRL 236 series of hand hald integrating sound lavel meters has led the warld In the
technigue of short Leg measurement. Leq readings are taken gver 8 short period 8.9. 1 second,
and stored every second, building up.a time history in the instruments memory which ¢an be
downloaded to a computer for display. Further processing of the short Leq values enables the
user to calculate any acoustical parameter except the peak value of tha noisa from the original J
short Laq raw data. This is a powarful technique as measuremants taken at one session can
ba processed so they may be comparad to existing measurements that may in a diffarent for
auch as Ln or Ldn values.

Although hand-held, the instrumant may be put in a waterproof box and connected 1o an
outdoor microphone for remote monitoring purposes. Setting up problems have been sliminated
a3 onca the instrument is calibrated the user presses a button 10 start storing data. There ara
no measurement periods or types to set up and 8o less to go wrong.

Once the raw data has been downloaded ta a computer It can then ba summarisad into a
report format keeping the raw data intact which ¢an be analysed further to identify any strange
values that cccur within a table.

For example, Table | shows 8 summary of statistical values calculated every 2 minutes, from

a short Leq session using a CRL 236. A close look at the data shows up a possible problem
at 17:28 e the L1 is the same as the L10 which is uncharacteristically high at 84.0 dB.
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l’ this Summary had bean pl’oduced ]

by the Instrument as its only output,

then we would not be able to :nrnil;;.l.‘ tz. "'3, olem,.: 0.125 s dBA
. . ron 4mng
identify what _had causad this wnell 17h £ian20s Tue 21-06-1688
problem. By looking at the short Leq period Leq L1 L10 L50 m’
i i madin | ™Mo | 919 | 817 ]| e ]| eo.
time history in Figure 1 we can \hozean | exz | 7iis | se7 | soia | 5o
cloarly sea @ problem between 1meson | w0 0| wio| 83z | ede
17:29 and 17:30. In this case wa :’n.: gm gg.a zg; 2.: :;Il .g gg-':
can identify this as probably wmum | 675 7| me| s1T1 ] 57
someone placing a calibrator at iTh36on ] T35 | B5.4 | T4 | sb.t ]| SN
i h 38 | 633 ) 0.1 | es.i | &1.6] 585
84.0 dB on the microphona. it | 61.7] 651 | 33| s1s | 50.8
thizm | 675 | 6.5 | N8| &3.7| s8.%
Further, we can now code this ovarall 81,4 dB

bleck of bogus data and remove it
from calculations, effectively

removing the problem from the Table | Statistical values calculated from short Leq

moasuremants.

Obviousty this technigue is very powerful for
sorting out erronecus data that would
otherwise be missed by other noise monitaring
SYStems.

3.2 The CRL 700 saries

Ore of the drawbacks of the above system is
that there is little data available immediately on

" sita to tell the user whether he has recorded

what he wants. This is where an on site report
or summary is useful. The CRL 700 series of
instruments will produce 8 summary report for
immediate on site analysis. In addition the
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Figure 1 Short Leq time history
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short Leq data is recorded in paraflel so that it may cross referenced as above in the event of
problems. This instrument would seem 10 be the best of both worlds. An example output is

shown in Table |l.

3.3 The CRL 243 noise monitoring terminals

Whilst the instruments mentioned above were designed as hand held scund level meters, they
lend themselves particularty well to remote manitoring when suitably protected in a waterproof
enclosure. The CRL 2423 series of noise monitors were designed from the outset 1o be used os
somi-permangnt noise monnoring terminals to be operated entirely remotely if required, with
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€irrus Research L1d
tRL 702 DI2941

Baud 9600 callbration Due B/8/%1
Time Constent  Fost Ln Fast
Resot Time 13:57:22 B/12/90 EBattery O
Tira Integrator 2.00 sec ¥ Events &
Run Stop  120.0 Thresh. Overlosd
Time 1126:37 50:39 1125243 00:00 hrimin:sec

Pesk Max Min Cal 1 Offsat 1Cal 2
Lovel 125,9 752 453 %.0- 2.5 0 @B
Time 13:57 15:11 15:18  13:57 00:00 hr:min

Totel Start  Run Tioe l.ag LEPd SEL L 10 L 50 Mex Min
‘ 13:57  1:26:37 9.6 42.2 B88.6 50.& A48 TI.2 45.3

Stert Run Time Leq LEPd SEL L 10 L 90 Max NMin
13:57 01:06 58.3 54.6 5 613 &T.1 7.2 &S50
13:58 32:54 47.5 3T.9 . B 7.2 4&5.4
16137 20:30 445 555 . B 67.0 45.%
, 15304 32:06 50.0 38.3 8 T5.2 45.3

Teble Ut CAL 700 series axample summary

the use of communication link such as radio or telephone. As these units can easily be
hundreds of miles away from the operator, the problems of remote monitoring are exaggerated.
During the design of these units much attantion was paid to the problems outlined in section
2 above and facifities provided to ease the operators task,

The terminals measura short Leq and store weeks worth of cne second Leq tima history. This
means that the raw Leq time history for the previous 7 days is always available for analysis
described in section 3.1 if required.

In mddition the terminals ara capable of processing the short Leq data to calculate the sctual
exponential Slow sound level response which has more commonly been used in the past. This
means that the environmental messurements producad by the terminal can be compared with
other environmental measurements taken in the past using sound level as the basis rathes than
Leq.

The terminals also store environmental summary reports as in the CRL 700 series. In addition °
they also have built in intelligent algorithms designad to recognise particular noise sources such
ag aircraft noise or blast noise. When such 8 source is recognised the monitor compiles a
summary report for each event and stores it. This may then'be cross referenced by the
operator with the raw data store and the environmental report.

The messuraments stored by tha terminal are designed so that the oparaior has az much
informatien availabla for 2s long as possible that would enable him 1o perform a full analysis
and disgnosis of the noise climate. As mentioned previcusly the monitors also have a number
of functions implemented that enables them 1o monitor the performance of the noise monitor
iself. These are described balow.
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- 4 Instrumentation considerations

The CRL 243 series of noise monitors have bean mechanically designed to withstand sutdoor
monitoring for a number of years at a time. Thig involves complete weatherproof enclosures.
The outside enclosure is weatherproof 1o IPES and cpening the door reveals a number of
smaller boxes sealed to IP66 which contain the noise menitoring electronics.

This idea of double sealing often seems overkill to a lot of people but there have been many
casos of slectronics simply rotting away cause it wasn't suitably protectad. Oftan the door
of the outer enclosure is left open by mistake, and the instrumantation is quickly rendered
useless. The CRL 243 can oparate, fully sealed, even with its outer door open and the
enclosure full of water. Further If the door is- laft open for any reason, tha maonitor
automatically slerts the operator of this fact 50 that ha may take action.

Tha unit is capable of remote calibration at pre-defined times. Whan each calibration has been
performed, futura measurements are corrected by & calibration constant. This calibration
constant along with the time of caflibration is stered within the ingtrument as a racord. Thus
if the calibration constant begins to drift the operator may identify this as a possible problem.

The monitor is very choosy sbout when a calibration can take place. To avoid missing
important event information, if the monitor is currently acquiring an identified event it delays
calibration such that potantial important acoustic information is not corrupted. The unit will
also not allow calibration if the background nicise lavel is within 10 dB of the expacted
calibration value. Exactly as would an acoustician calibrating the instrumant by hand. Similarly
calibration is aborted if during the calibration procedure tha calibration signal varies by more
than a preset amount. This could be an indication of eithar a malfunctioning calibrator or a
sudden high noise level affecting the calibration. -

Many gensors exist on the monitor to let the opearator gain access to information other than
the acoustic climate. These include maing voltage, battery voltaga, microphong temperature,
microphona humidity and power supply tempearature. The instrument will automatically alarm
the oparator if any of thesa sensors approach a eritical level, invalidating current
measuremants. Thus if the operator finds that the current Tavel is 130 dB when clearly it
cannot be. he can took at the alarm status of the monitor which may tell him that the
microphone humidity is 100% and is therafara causing capsule problems.

Other alarms inctude, door open, and systam reset. The unit also has a movemant detection
alarm whi¢h will alert the oparator if the unit has blown over or even if somaona picks up the
unit and carries it away.

When the instrument suffers a mains failure it automatically reverts 1o battery cparation. After
a pre-defined time running off batteries the units will ask the operator if it can shutdown some
of its more power hungry modules such as modems and microphone heaters. If this is dona
then the ynit will use less power and therefore continue operating on batteries longer. As soan
a5 mains power is rastorad the unit functions normally,
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One of the mora frustrating things about controlling & remota noise monitor is trying to relate
a stream of changing naise lavel 1o a particular event. The noisa monitoring terminal allows the
operator to switch it into a8 mode where rather than modulated digital data being sent down
the communication link, the actual audio signal received by the microphong is sent. Thus the
operator ¢an call up a noise monitor, potentially at the other side of the world, and listen to the
acoustic signal to see what is going on,

A good example of this function in use was when an operator noticed a marked Increase in
noisa at a site 10 Km away. Rather than having to get in a car to visit the site he called up the
terminal and set it into audio mode. He could ¢learly hear that the council had set up some
roadworks next to the noise monitor.

Finally, ane of the main fears of microprocessor basad instrumentation nowadays is a system
crash. This is whare the unit just stops working and locks up for an unknown raason. Many
pecple will be familiar with this happening on computers, the screen goes blank and you realise
that you've just lost your entire documant. In all current microprocessor instrumentation there
is a nagging doubt that if you laave it unattended, when you return to it the instrument will
have crashed.

The solution here may well be to produce instruments that have no bugs in them. A nice
thought but a pipe dream. The next best thing is to have 3 system such that if a crash does
oceur, it racovers slegantly and continugs doing its job.

The CRL 243 has what is called a watchdog system. This is a hardware device that monitars
tha instrument. If it stops doing a particular task, in this case, taking a 1 second Leq reading,
the device resets the system. The unit then automatically resumes what it was doing and
informs the operator that the System had crashed.

Thus in the event of a system crash the unit will aytomatically recover and continue doing its
designated task.

5 Conclusion
The CRL 243 noise monitoring terminal has been designed to help reduce the problams
pssociatad with remote monitaring on three counts.

1. By measuring a combination of summarised data, raw data, and identified data, the operator
has 8t hand all the information required to produce other measurements and diagnose possible
problems.

2. By reporting and self-diagnosing problems the unit allevistes many of the mysterious
happenings that can apparently occur during a remote monitoring session.

3. By making sure the instrumentation is suitably pratected environmentally and warning if this
protection is violated.

4, By recovering from system crashes elegantly, no data is fost and the unit continues as if
nothing had happened.
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