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DEVELOPMENT, FABRICATION AND TESTING OF
AN ADVANCED AUTOMATED TIDE GAUGE

FIHAL REPORT
., O, Ling and H. FP. Pro
ABSTRACT

Majority of tide atations are in remote localions with severe
environmental conditions. The coastal waters arcund Taiwan are
saubject to typheon invesions and hence atorm surges. The tide
gauges of bubbler type are uniquely suitable for inatallation in
such harsh oceanic and atmospheric environments. Earlier, we have
performed in-depth theoretical and experimental gtudies en Lhe
bubbler gauge. HNow, through advanced technologles we are bringing
out the full capability of such gaugea, MHost of the original
ohjectivea of this project have essentially been achieved. It was
to (a) incorporate our earlier in-depth study into the degign and
fabrication of a highly accurate, reliable, automated tide gauge
suitable for uase in the cosmstal waters of Taiwan, (b} develop &
joint cooperative effort se that this new technelogy can be
trangferred for future use in Taiwan, (c) meet the needs of Central
Weather Bureau for accurate water level measurements of storm
surges during typhoon invasions, (d} thoeroughly test and calibrate
the gauge in the laboratory before field imstallation, and (e
provide technical and training services to insure proper
ingtallation and optimum operation of the new tide gauge.
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1. INTRODUCTION

The pneumatic bubbler gauges are widely used in the U.5.A. for

water level measurements by the Natlonal Oceanic and Atmospheric
Adminilstration (MODOA] im bthe coastal waters and by U.5. Ceclagionl

Survey (USCG) in the inland waters and estuaries. Basfcally, it
consists of & long tube, a gas {typically nitrogen) asupply, and nn
analog or a digital presasure recorder. While in operation, a small

amount of gas is fed into the tube to keep [t dey at sll time.
Excess gas is bubbled away very slowly at the submerged end of the
tube. The presaure in the tube then represents the hydroatatic
preasure of the wabter level, which can be detected at & remole
location on land, safe from adverse semn or river environment.

Since all the electronic components are located on shore, there nre
minimal environmental and fouling problema. The bubbler tide gAuge
is suitable for water level measurement along open coast, in remole
locations; and inm harsh environments where other instruments cannat
be easily deployed, However, existing bubbler gauge auffera [rom
several operational preblems such as (a) clogging of dasmpening
valve, (b} gas leakage, (c)} gas line flooding, (d} errors due ko
improper orifice design, (e) recorder’'s chart speed varimtion and
() inaccuracy arigsing from severe noise due to background wind-
wavea and ocean awella (asa FIG[(a)l). Furthermore, the analog
oukput is not compatible with present and future data processing
requirementzs. Recently, in-depth theoretical and experimental
analyaea of the bubbler gage were performed by Lim and Fao[Ref
fl]. Further improvement and upgrading of the tide gauge were
cerried out in the past several years. Tt should be noted that the
upgrade of the Lide gauges was carried out in three phases: I}
study of the fundamentsl mechanice, (2] improvement of exliating
hardware, and [(3) capability enhancement. Each improvement and
enhancement were degigned in modular form such that Lt could
provide maximum Flexibility in implementation and adeguate
opportunity for system debugging. MNow, through advanced
technologies we are bringing out the full capability of bthe Epude.

The key innovation ia the development of an effective low-pnss
traveling-wave filter for the presaure waves in the tube. With
proper design, the filter dampens out the noises above a selected
cut-off fregquency. The remackable inprovement ls shown in Fig.
libh) where Eha hnqurﬂuhd noiae of wind-waves has been affectively
filtered out. Other deficiencies of the existing bubbler gauge
were also corrected through proper design, improved fittings and
proper fabrication procedures.

The upgraded bubbler gauge has been further improved very
recently by interfacing with a amall digital data acquisition
device so Chat the unit can read and store the data digitally evers
four minutes [or any specified interval). It is portable nand
convenient to Ltranaport for Tield wae. The digital data
Acquisition unit can esasily be bransferred to any PO compuber Tar
further processing and analysis, The data can also be Lransmitiel
by a near real-time telemetry technigue,
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The objectives of thia development project are to: {m)
incorporate our earlier in-depth theoretical and eiperimental
analyses inte the design and fabrication of s highly accurate,
relisble, automated tide gauge for use in the ccastal waters of
Taiwan island, {b) develop & joint cooperative effort so Lhabt Lhis
new technology can be transferred for use in Taiwan, {(c) meet the
neads of Central Weather Bureau for accurate water lavel
measurements of storm surges during typhoon invasions, and {d]
pravide technical and training services to insure proper and
optimum use of the new tide gage.

2. MOISE ATTENUATION

2.1 Conmcerna

High freguency noises, mostly due te wind waves and
disturbances such as ship traffics, often degrade the data qualily

and render the data processing task rather difficult.

Existing bubbler gauges use a needle valve as noise dampening
device. However, in order to be effective, the valve has toc be
adjuated te a very fine closure. This often causes valve clogging
and subsequently reguires maintenance operations.

2.2 The Principle of Low-Pasa Filter - Theoretical Background

The principle of the low-pasa filter was based on the
theoretical and experimental study by Linfand Pac[Ref #1] of a
long pneumatic pipe line. The present problem involves the
propagation of very low frequency pressure waves in a Jong tube
with small bore. Pressure fluctuation due to waves, swells,
surges, and tides covers a range of wave perieds T from 28 to
46,0008. The resultant svscillatery breathing flow developed in the
tube is generally within the laminar flow range, hence Lhe
oscillatory [loew profile in the tube is governed by the a
pAarametar

a = pra(vTr/za)lf2 (1}

where [ is the diameter of the tube, and V the kinematic
viscomity of gas, For the present problem, it capn be shown that a
iz smmller than 1. MHence, the flow profilea are always fully
developed and parabolic in form. Conseguently, the fricticnal
stress in the tube ia essentially in phase with the flow [Ref 22]).
Due to the relatively large amplitudes of waves under high sen-
states, the kinematic viscosity of gas in the tube csn no longer be
considered as constant. It should vary with the maas density of
gas p , and thus alsoc with the preasure P. Since the flow
resiatance in the tube is an odd function of P, any oscillatory
preasures in the tube can contribute Lo a mass positive pressure
error. The conservatten of momentum within a aAx elemsnt of the
tiuhe with uniform cross-sectional arem A can be expressed as
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where t is the time, g=APU the mass flow rate, U Lhe mean
sectional velacity of gas flow, and p the viscosity of the gas.
‘*he first term of Eq. 2 is the local rate of change of momentum in
the Ax element. The second term is the convected momentim imtn
the element. Due to uniform tube diameter and very long pressure
waves, this term is very small with respect to the other terms.
Hance, for this problem it may be deleted from the equation. The
third term i3 the frictienal force on the element due Lo laminar
flow, and the last term reprasents the externsl pressure forces,
The conssrvation of mass in the tube element can be expressed as

A - - 2}
iAﬂuﬁ-l- Calt), = alf), 1= 0 (

That is, the rate of change of the masa inaide the tube slement =8

equal to the net masa flow inte the element. Due Lo both the long
period of pressure wave and small tube msize, the equation of atate
for the gas can be taken Lo be iscthermal and expresged as

bp/BP = g, /Pq (4)

where the subscript a represents the value at standard
atmospheric conditiona. Substituting &F of FEg.4 inte Eg.3, we

hava
P
~Te A i)~ alt)lat = Pt} - Pir-41). iy

We further define the following nondimensional varlables ond porometers as:
nex dx, N=4/8x, Ar=A1/T, P=P/|P,],

P (PgtP 3 L
- o0

{P,*F,JDE E = Pi{wui-rﬂﬂz]z

5wl , and
ﬂﬂpii e A2pt
where P is the mean hydrostatic pressure of the i
; £ » gauge, |P i =
the mnduiua of the input wave pressure, and £ {s the Lotal TLngth

of the tube. Finally Ega. 2 and § can be expressed in the
normalized Fforms as

E Qplr) 1= o
rEas [Qn(r) - Qulr-ad]+ ! =33 -Pdl - (6)
|FH|FFET? 2l =
and th+ a*Fy l :
NS Ay
-7 () -Qn)] =Fr)-Tr -47) . (7)

Bﬁl-!ﬂdﬂl':!" conditions for the prulrlem are Lhe input pressure P gingnt
at the inlet and closed tube at Ehe subpubt and, "
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The numerical sclutions for Egqs.6 and 7 are given in Flgs.
2,3, and 4. In Fig.2 the normalized attenvation of the cutbtpub
pressure P,=|P, /Py 1= plotted as functions of the pormalized wave
period % and system characterisatie parameter E. HNote that for
533, the slgnal attenuation im minimal, while rignal cutoff §a very
sharp at $<0.1. The E parameter only affects small period
waves. To aobtain good high frequency cuteff charscteristic, it P&
necessary to make E<0.002. The general wave and awell perlods
cover a period band of 28 to 15s. Hence, it is desalrable Lo place
the 63 period wave at 2=0,058 in order to obtain A good mignnl
attenuation for these waves, Since the tide has a mean period of
45,0008, the correspending S wvalue is 450. From Fig.2, one notes
that there will be no attenuation for the tide signal, and the
corresponding phase lag # is only ~0.4?. Hence, the system will
provide accurate tide data. Fig.3d gives the normalized breathing
mass flux @Q; at the inlet and its phase angle 8 with respect to
the input pressure P_,. This information ia needed for bhe design
of o larger diameter Ertathing cylinder te be attached to the inlet
end of the tube. Note that @Q; decreases as 1/5 for 5r3.
Since the net breathing mass or volume per period is proporticnal
te 5Q;, the breathing volume per pericd is & constant and maximum
for S>3. Hence, to prevent flooding of the pneumatic tubing, the
volume of the breathing cylinder should be made larger than the
maximum breathing volume of the tube plus the breathing valume of
thae breathing cylinder itsell. For Ei?ﬁ the net breathing volume
per period will decrease and vary as 5 ., It can be shown that
the breathing effect can contribute Lo a mean negative pressure
error. Figure 4 shows the normalized mean pressure arror A
due to tube friction. It is plotted as functions of S5 and E
parameters, For 5%¢1 the erreor is a maximum and eguentially a
constant. Since the tube breathing effect generally contributes to
a negative mean pressure error, while frictienal effect contribules
to a mean poaitive error, these erreora camn be made to cancel each
obther with a proper diameter for the breathing cylinder. The above
analytical reaults have been verified experimentally.

From the results presented in Flgs. 2 to 4, it is seen Lhat
the complex operating characteristics of a pneumatic transmissich

line im fully parameterized. From the present data, one can
readily obtain the optimum design fer a specific tide gauge; and
many undesirable manual adjustments and correction factors for Lhe

gauge are thus eliminated. This has, in [lact, paved the way for
the mutomation of the tide gauge in this project.

2.3 Hardware Implementation

The results of mathematical model simulation led Lo the
development of an effective low-pass filter, which is analogous
the traveling wave filter in modern radic and television seta.
With proper design, the fllter will dampen out the nolises above a
selected cut-off frequency. In the gauge hardware this was
implemented by m coil of micro-bere plastic tubing.

to
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J. NEW TIDE GAUGE

Based on the results of theoretical and experimental
inveatigations, a completely new bubbler tide gaude has beean
deasigned and fabricated in thils project. The new gauge i e i pped
with o high-precialon pressure transducer, a properly designed
filter coil, a leakage-free tubing system, and an automated deta
acquisition and centrol unit. Thuz, the gauge ig completely
sutomated and compatible with many atandard digital datam-

acquisition syatemsa.

The general layout of the new Lide gauge is shown graphicalls
in Appendix A - Drawing No. GT-001. A schematic diagram showing
the detnil of the layout of the tide gauge is alseo given in Fig.5.
A pleture of the front control panel of the tide gauge is shewn in
Fig.f. The operating precedures for the control knobs are given in
Appendix B - I. Tide Gauge Operating Proceduresa. These procedures
are alao posted on the inside of the cabinet door. The pneumabic
control syatem is shewn in Drawing Ne. GT-002 of Appendix A.

The data recording system as shown in Fig.7 can read and storve
data digitally. It is pertmble and convenient Lo tranaport for
fiold use. The technical details are shown in Drawing No. GT-001
in Appendix A. A picture of the prototype of the new avtomated
tide gauge is shown in Flg.8 in boath open and closed positions. I
is seen that the size of the new tide gauge in cloged position is
about the aize of an attache briefcase.

The digital data in SQLOG module can enaily be tranaferred to
any PC computer for further preocessing and analyaia. The detailed
procedures of data tranafer are given in Appendix B - III. Dala

Tranafer.

4. LABORATORY TESTING

Laboratory tests of the new prototype tide gauge were carricd
out during the perlod from May 17 to June 10, 1991, uming our
unique tide simulator. The simulater, as shown in Fig.9, can give
a water level fluctuation with a peried of 12 hours. The tide
gauge has been checked with reapect to accuracy, stability, and
reliability. It has perforeed almost flawlessly during the period
of tesating.. This new tide gauge has passed our rigorous laboratery

test.

L FIELD INSTALLATION OF GAS OUTLET ORIFICE

A copper cup which will be used as n gas outlel orifice ha=
been designed and fabricated. It was so designed that the posilive
preasure error conbtributed by the frictional effect is ecasentinlly
cancelled by the negative presgure error contributed by the Lube
breathing effect. A drawing showing the details of Fi=ld

inatallation for the gas outlet orifice is ahown in Fig.l10D. The
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installation of the new tide gauge and traiming of local technical

peraonnel ia acheduled to take place

in the Iast two weeka of June.
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I. Tide Cauge Qperating Procedures

STARTING PROCEDURES

2,

Check that the oguick conmecioes of the input ond output hoses o ihe fide goge oie
sabed propsly,

Chack that oll vabres with green knobe are closed clockwisa, [Fan open oll one Tun
ok Inted Choeckwisa,
Ar1mm2wm-lﬂ.mhmhwmmwmmm
rrassure reguiating vatve unfi the output plessure goge reods 18 pei.

Al the tide goge. adiust ihe Row-rate contral vatve for o gos flow-iole of 3010 40
oofmin as indlcoted by the fow goge.
Nuhmhﬂumummmmﬂﬂ:ﬂmInkﬂcdauﬁah-pgpummhihﬂ
sysherm ond sattie siowly in 5 minstes 1o a reading of opprodmiatedy 3 ps,
represonting a water heod of 2 meters, This iIndicates propsr opeection, ¥ ihe
prassure continued 10 ree quickly beyond 10 pel, closa the input vohe cuickly. This
wed i roeon either tha output Bne s plugged o the oufput voive B closed. | e
outpd Frw b8 phugoed, the condition should be comected befor esurme cpendation.
i tha obove operation & Rommc. proceed to educe the flow rofe to o vohue of 5
oofmin as ndcated by the red omow-mork on e fow gooe.

Clrsa ha carmping volve clockwise. Be sue that undee opernation. the voive B
ahways closad for Rtedrg oul all unwanled sSgnals from fha woves and pass only the
ke sigrcils.

¥ there cre woves In the oooon, Ibe pressure-gag needle wil oscilkoe with the
wanns inchoating o proper operdfion for fre de goge. Siar daota recosding. ¥ i
naadie doas nal oscikiie with the waves, # could meon o pofidly phagged
horsnisson ke, The probdern shoukd be rescived before resume oparation.

CLOSE DOWHN PROCEDURES

1.

For bath o long or shon closa down, i i best fo keoo a minemuam fiow of Mo gos
frvough e sysharm ol the time fo prevent rcrine groswth inside fhe konsmig=on
fubing. Foiure fo do this wil requine tha replocement of e whoo TonsTrission
balore a new ford up. A paiolly plugoed ine con Couss sedous enon N e fide
reec CnCirgs.

FEGULAR SERVECES

L

Both the 7 volts ololine battedes Ton the prassure goge ond fhe Salogeen shoukd be
reploced with rew onas every fvo moniths of confinued operction. of i Dottery
chocks sthow batteny In low condifions, A s best 1o keep o wiitten recond on fha fick
goge for the date of battery change. Wotch corefully for comect pokrity when
nstaling new boliedas,  Use ondy high quolty okoine baffedas.

Cheack the 18 pd input Hzgmﬂ.nfﬂ'ﬁfnmmecr‘dﬂ'ﬂﬁm}nmﬂnﬂrmﬂufﬂﬂ
tickes goge, Achus! T Necessany.

Check fha high prassra goge on the Ko gos tork for sufficient gos supoly. A fully
charped 3 cuble foot lonk shoud provide one year of confinued senice.

The copoer cup office ploced inthe seo should be inspected ond cleaned by o
dver ot leced once g yeor for marine growith,. Cleon mone offen, § monmea oclivities
e high of the ste.
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[1 SQLOG TEMPEOATURE & PULSE COUNTS RECORDING UNIT

1.

Control/Display Panal
Sat up of Base Value and Calibration Value (HLF)

Exampla of BQLOG set up for Tide Gauge
Control buttons

Diaplay

Uping the SQLOG- Meter/Loggaer
On/OFF awitch

Gwlitching-on

Selecting function requlred
Function 1 - Record

To stop racording

Funcition 1.3 - Delayed start
Sat Tlme and Data

Funetion 4 - Time

Funotion B - Data
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functions seilast modan salact satfrovet
i.1 rocord [normal].....record - onfoff * rasat ¥ * hold for € secs
to wiart reacord’g
1.3 delayed wiart [L]...LS/record-onfoff # Fragat ® recerding stmrks=
as Aat to 4.%3.4.4
BE.3, 5.4
Z. BOtBF . . o0 cvasarann--Channel solwok oh,l=z tomperaturs
[displax] ch.2= 10 - second
pulses counts
%3, reviaw. .. L phannel relact latast dota displarped [irst-
[displer] than contloua 1o roll bach
4. {ime - reml...... 4.1. hourse 4.2. mins gat real= time clock
- gtAart.....%.3. hours d4.4. mins want = dalayad start
5, date - raml.____.. E.lL. months §5.2. days =l monkh and date
- gtart.....5.3. months 6.4, days sat - dalayod whart
&. intarval-record,..6.1. mins 6.2, macw ol racord imtarval
-gcAan. ...6.3,. mins B.4. Soos sat [ eean interval |
7. battery life.,,......... R recording lifa in dars
B aulput. . oL . SoaBel. RBEIR .. Cvagdada [refar te SQLOTUS datm transler
te pe @ 4000 bawd far detail |
#.3, haud rate aat must be 4800 for
compatibillty
%, |ehannel select]...[channel number]| HSA Thia i mow uwsed
for functions:
W, L and F
H. bames valum. ..... . H.1. 10«5 sat meg  diglt
H.2, 104 H.3. 10ald st md & Ard digits
L. base value...,.,,L,1, 1082 L.2. 10al mal dth & Bth digite
L.3. 10as0 Hal s digit
P. celibration..... P.1. 10sd P.2. l0a2 saf ma 2 digits
[4 digits] P.3. 10al o4, 10a0 ol s 7 digils
[digplay chan. -2
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Base values iz sattable up Lo 99595999
{m=d) HY ___tHERVI___ L3
(Funetion W) H2 __ 1141 ___ L2 {Funuotion L}
H3 I L1 {msd)

Following fumnction 8 is function H. So after fumnctiaon B, ifr
hutton A is pressed once, function H is selected, This function
togathar with function L allow setting of hasa wvalus wup o
959999, Select the digit to be adjusted using button B. The digil
will then flash. Change the digit using buttom C.

Prezssing Button A after Function H »ill saelect function L. Select
the digit to be adjusted using button B. The digit will then

flacsh., Change the digit using button C.

Pregsing Button A after function L will select fumction P, Sel
ihe digits ms For Function H and L.

The input ig sampled over 10 saconde and the total nuember  of
pulses counted. The SQLOG then compules the absolute diffarance
betwaon the Basze value and the total count. This Ffigurae iz then
multiplind by the calibration value (set in  function P} amd
divided by L10000. The result i= displayed in function 2. IF Lthe
rasult iz greater than 10000. a deacimal point is insected after

the thousonds digit,

Recorded Value = ABS{Total Count - BAase Value)

Dizplayed Value = ABS(Total Count-Bease Value) x Calibration Vel

- R — e —— S e————— N R =

1 O

Eecorded value=s are dizplaved in funcetion 2 wusing the displaved
valua Formuala,



Example: Procadures in setting wp SQLOG to record tamperalure
from thermistor prebs (Ch.l]) and pulss counts fp (Ch.2) Trom
2150GT pressure btransducar.

To Satup SQLOG to record temp and fp at 4 minutas intarval and 1o
uega the delayved start fmcility,procead as follows:-

Agsuming real time iz 8:35 and real dote is Jun_20_1991 and
rocording fusing delayed gtart) to start at 5:00 on Jun_20_185491

1. Stop recording {if record appears under functien L, press
button B 1o cancel it.)

5 Downlesd gtored data if necessary before resst SQLOG.

3. Te set ceel time

Progs button A and select function 4

Mote 4.1 and 4.2 refar to real time

Press button B for 4.1. Hours digit will fla=zh, Use button © Lo

Rt to A
Pregs hutton B for 4.2, Mins digit will flash. Use button C  io

get Lo Ah

4. Hote 4.9 and 4.4 rafer to dalayad start time

Press bution B for 4.3. Hours digit will flnash. e button © 1o
sat to 9

Pregs button B for 4.4, Mins digit will flagh. Use buttom © oo

cetl to 00

§.To set rosl date and dolayed date

Hote 5.1 and 5.2 refer to real date

Press button A and select function & :

Progss button B for 5.1. Months digit will flash. Use button I -

gat to 6

Press butten B for 6.2. Days digit will flash. Use button C tn
gat to 20

Press buttan B for 5.3, Months digit will flash., Usa button it L
aof to 6

Presgs butten B for 6.4, Days digit will flash. Use button C 1irn
saet to 20

6.7To set record interval
Preszs butten A ond selact function ;]
Prags button B for 6.1. Mins digit will flash. e bultonm 0 b

sel Lo 4
Press button B for 6.2, Secs digit will flazh. Use button C teo

set to 00

7.Te epnble delayed start
Press and releaze button A [several times) wuntil 1.3 appearn
Fress buttan B then
f et
L.3 rocord L nppears
At the starting time L {for late) and set will go aff and record

comeas O .
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1. CONTROL & DISPLAY PANEL - S5QLOG

1.1 Control buttons

it Lo A gealacts the recorder funcltion=s in colusn | on the

front of the instrument.

Button B & © have differant «affects according to the
function selected by the button A, and these are shown in
vcalumns 2 and 3 on the Fromt of the instrumaent,

1.2 Pigploay

The leaft hand digit indicates Function selected. Above it is
the lettar [ {for function). The next (second) digit has two
separate uses. In functions 2 and 3 it shows which channel
has been selected and in this case Lthe letters ch come on
above it (for channel). In functions 4 to 8 it is w=zed fo
indicatna an sub-function. Up lo four diglits coan be shown in
the right hand blockh., These are used to display incoming and
recorded reoadings and for other purposes as described in the

next gecktion, 'Usin; the HttfrfLﬁEEﬂF'

Unite of messurement appenr at the right of the display. The
approprlate one appeanrs with every reading displayved.

Also on the display are the words record, reset and rendy.
These are used as Follows:

racord shows that a rocording run i=% in  progress with

reading being taken at the preset interval.

rasiet shows that the memory has been cleared and you Gan

slart a new recording rum.
If mneither record nor resei are on while the display is
aperaling and Function 1 selected then the memory alrandy
contning m complatad rqnnrding rurn. If this run i= Faaqul red

it musgt be plaved bach o a computer or reviewepd on the LCD
diegplay before the recorder fg reget. Then ancther recording

oan be started.

ready comes on to show Lthat a computer is connected and
Lthe MolerflLogger is ready to send its readings oot ot
request of the computer.

8y
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7. Using the SQLOG - Meter/Logger
2.1 On/OEF switch

When switoched of f the recerder retains recorded data in its
mamory with the lowest possible power consumption. To switch
of f. selact funation 1 using button A, wait for the displayw
te wo off and then move the slida switeh to the off
pogition. (Nete that the clock iz switched of [ so time and
date will need rosetting).

2.2 Switching—on

Switoch on using the =lide switeh on the banck plate of the
unnit.

2 % Salacting function reguired

Te bring the display on, hold down butten A until fi.
appears at the left hand end of the display. If you pre
bk Lo A agein within 2 seconds thim function wi
immediately switch to the next omne aAs shown mt the start

each row printed en the case and repentad pressing within 2
coconds will cause it to cyele through all its functlions. If
you allow mora than 2 seconds hetween one press and the next
there will be =a delay of up to 1 second before  Lhe
instrument responds. If the Meter/Logger is left in function
1 for 10 seconds the display is muiomatically switched off.

o= LR G

5
1
o

2.4 Function 1L = Record

Function 1 reecord is provided with 1.1 Fecord  and 1.3
delaved start.

To mahe an inztantanecus start recording

Uso button A to select record fl.1.

Hold button C until reget sppears on the diagploy. {1 resat
is nlready on, omitl this aperation). (Note that butions B
and © only have mny affect while the display is wa b,

Hold butten B down until record sppears ond the display
shows the current value of channel 1. If the switches are
now  left, tha display goes off after Lwo gsaconds and the
Mpter/Logeger racoerds at the selected interval, Ewvery 2Z0
saconds the display comesz on showing the last roacorded vealus
of channel 1 and record.
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Yhile recording., the Meter/Logger can be used ms n meler to
show the current reading (gee Function ? sbovel}), and the
recordings already made con be dizplayed in sequence (See
Function 9 balow)! nnd batitary 1ifa chack. None aof these will
affact the recording process,. During & recording run it is
not possible Lo Bend data to tha computer, nor alter the
rocording interveal, nor reset the clooch.

To f(ind out how many recordings hove mlready been stored,

use button A to select function 1. The display shows the
rumbar of stored readings followed after | second by the
Imst recorded valus of choannel 17 fn reaching 1, Doy

readings, the number is rounded down and displayed as 10.0
egto, If the memory is already full, the display will show
the nmumbar of readings stored, bul not the valwa of channeal

1 and :ggggﬂ. will mal some on.

2.5 Ta stop racording
llze button A to melect fR._L.

Hlold button B down wntil record gees of . The display shows

Lhe numbar of resdines s=toared in the mamory.

2.6 Function 1.3 = Delayed start

The time and date for the deleyed start should be =zel as  in
Munctions f*.lal 4.4 ﬂnd Geds .5.l.'!

To put the SQLOG into the delaved start recording mode, use
buiton A to select 1.3 nnd butlton B to obtain L (for lote)
an tha di=play . At the starting time L will go off and
record aomes on. The SGQLOG now behaves ag if set to record

using f1.1.

The figure for the month in the start time is restricted to
nat  morse than 3 moenths ahesad of the real time, Thiz limits
Lhe maximim pariod thmt the starlt time can be sel ahead to
batwean 3 and 4 months dapending on the day inm the month of
Lthe raml and start times. This s done to  prevent o setbting
sarror in the dates or time resulting in almest & year's delnay
when only m short dolay was intended. 1f an unaccepiable
=tart Lima iF 58t the display shows E whon buttoenm B 1=
pressed Iin funtiom 1.3.

Hole

Delnyed =start rationalizes tha numbar aof recordings with
Fegpact L i prelerred =tarcl Lime . Thiass , if recardlng
gstartond at say 00:00 Howr with interval sel to & minutas,
the npumber of recordings for one day will ke 288,

Tlsee . Dota Tronsfer - SQLOTUS )
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3. Sat Tims and Data

4.1 Funcotion 4 - Timea

Feal time Use button A to pelect 4. The display now ghows
Lhhe real time in hours and minutes. To altar, usse bulton 1]
to select 4.1 hours (up to 24 heurgl or 4.2 mins. {Note ihat

if SQLOG is recording., or set in £1.3 for delayed start

racording, recerd will come on and the time cannot be
altarad). The valua of whichavaer is chosen f[lashes and oCan
be inorensed by repeatad operation af bButten . Hold down

button © to increasa the valus repidly if the reguired
sotting is a long way offF.

Start tima On SQLOG with the delaved start time Ffacility.
gtort tima is shown and ad justed in 4.3 and 4.4, It i= =at

in the =ama way ms roal tima.
Ones o recording run is resel the stmpt time automatically

rovarts to real time and follows It., It has to be adjusted
before n new dealayed start run i3 meda .

3.7 Function B - Dmte

flaal dole Use button A to select fi. The display shows real
month and day, It i= set in a similnr way io seotling the
clook {(see Function 4).{(Note that if SQLDG iz recording. or
seal in [1.3 for delayed start recording, rtecord will come on

and the date cannot be altered].

Start date.The start date is shown and adjusted in 5.3 @and
£E. 4. 1t ls also =zet in A similar way 1o satting the clochk.

Once 8 recording run is raset, the stert date autematically
cavartis to roml date and follows it. Lt gshould be adjusted
{if necegsary) before & new delayed start run is made.

3.3 Funoetion & - To sat the intearval balwaan recordings

Use button A to =elect 6. The di=splay shows the intervel in
minutes and seconds. It reads up te 33 minutes, 5% soconds
and s raset in n similar way to selting the olock I(ses

Function 4.

{Mate that if zere interval is salected, recording are
actunlly taken at 100 wminute iptervals}.
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4, Dlsplay

4.1 Fumction 2 - Use ag n matar

Thae display can he uszed to show the current valus of the
input from any channel. This ean be done during a recocding

pun without affecting the recordings.

Uge buttonm A to select f2.

Use butten B to select channel numbar to ba displayed.

The channel numbar sand ch will appear in the second position
on the LCD, e.g. ch?. Reading of the selected channel will
appear on the right hand szide of the display.

Tha diaplayad valua is updated eavery second. When Ethn
display iz no longer wantod, use buttom A it =witech ko
function 1. If this ia not dono, batioary 1ifa will ba

reducad .

4.7 Funotion 3 = To ravisw recorded readings on the display
All stored readings can ba reviewsd at the rote of Ll/sec,
aven while recording is taking place.

Tog review readings starting with the oldest, select [3
uging butlon A. Select channel number to be viawad u=ing

Bution HB.

followed by the

The woldest reading is displayed First,
rew

others. Finally the last reading is displayed until =
function is selected. -

Te raviaw readings starting with the newest. =select [a
using butten A, Select channel mumbar to be viewed using
hutton B. Then press hutton O, Roeadings will he displayed as
described above, bot starting with the newost,

Interrupting the review. IF you deo not need to see all  the
readings ¥ou ocsn  press button B at any time to dizplay

readings Ffrom o different channel. Aeadings from the new
channel will start with the osldast unlese button ©  is

prezs=oed aftar button B,

Y+ |y -



4 % Function 7 - To display battary lifa

Uge button A to melect 7. Tha display wives a guide to how
many days recording time {when used in Functiom 1) are laft
i the battery with enough chacrge at the end of the run to

play bnck the contents of the memory te a ocomputer. The
dizplay works by measuring the balttery output voltage. This
fluctuale o little with tempernture and leoad =o Lha

indication can go up as well as down,

As the powar required to drive the di=play and the output to
the compulter is wvary much higher than neadad Just for
recording., the number of days recording timo nvanilable can
go down guite gquickly in functions other than Function 1.

For thin reason the SQLOG ahould nlwave be retlurned to Fumct ion |
when the othar functions are not being u=med

- - [— - = - -
= - —

- - = = = om o= ¢ = = m =m =

. SQLOTUS Data Transfer

5.1 Function 8 - To send racorded data to a computer

flge buticon A to select f8H.

fs23? gerial IS0 Use bButton B to select 8.3 and check
that the baud rate displayed is (A0 .

If neeceseary, using button C te alter the baud rate.

Connect the somputar and load the data Trancier program.

When ready to run use button B to gelect 8.1 for RSEZIZ
sarial.
When ready iz displayved, run tha compuber, During

transmission, 232 ig displayed. and ready goes ofl.

Tranzmission must ot ba interrupted for more than Z geconds
ns . after this tima, tha racardor i % poweread down

muteomatical ly.

See 6.2 SQLOG DATA TRANSFER for further detail .

8 e



5. SQLOTUS DATA THRANSFER

—1

5.2 Funotlon B output te PC:

i. Stap Mecording
Prazs button
disappears.

7. Connect RS232C Interface cable to the FPOC. Aefar Lo
Drawing Mo. GT-03 For converting D25 to DO if negessary.

3. 5@QLOG may be removed from the cnbinet for remots procossing.

A for f1.1. Preass button B until record

oot up IBM PC as normal.
¥hen A} appsars. remove M5-DOS dishetle (5.258 in).

Insert Transfer progrom dishette in Drive AL

Far LOTUS 123
F-miputs pecordings |

Type GSQLOTUS -P2AB (enter> [ For 1 day afl
(see Delayed start [1.3 and £4.3 f4.4 £5.3 sod £5.41

ar

Type SQLOTUS {enter? { For all recorded readings }

The program will be LOADED and RHUN.
Fnter Hame for Dote File : -..... DL S

Chech that fupction 8.3 is set to 4800 b

Chech resdy in £ 8.1 | repdy will appear if ES?232C oable is
connected belween SQLOG & the FC )

Press SPACE-BAR to transfer dala. Pross ESC to exit al any Lime

Gel Hunm From File { massage will appear on screen }

Fnlar vyoor - [ type 19891 or as appropriale 1

Writing Lotus Fila { mepsage will appear on screen |

Plemse type the charncter to use as decimal point

You entered '." - Please confirm ( ¥ or M )

¥riting Dmta to xx.LO1 | mesgage will appear on scr=en 1

Lotus File complaeted. Fress SPACE-HBAH

Nota all the files are written to default drive.

To write them te snother disk, put the dish to be ugod in
ane drive and the program diskette in the other. i.e drive B
for the dalm and A for the program then type:

AarH Bi-»fA: SQLOTUS



G, Batlery

The Matar/Logger is supplied with a battery alrendy fitted

aind connacted, When replocement iz necassary it is
accassibla under the bleackh cover on  the beck of ihe
instrument. Use & PP? =ize Alkaline battery. such as=

Duracall MHIGD4, [If the wrong type of baltery is s e the

indicated battery life (=zee under Funetien7}
will be incorrect.

Toe change the hattary without losing stored readings, select
function 1. wait for the display te go off and then move the

slide to thea off position. Disconnect Lthe battery and
replace mns guichly nas possible. If 1he batteries are
exchanged within eaight seconds., the stored readings will be
prosarved. The readings will be lost. however, if thea
battary iz connectad with the wrong polecity {(the circuils

are protected, but the memory conlents will be lortl.

7. Conditions aof use

The Meter/lLoggor can be used in ambient temperatures betwean
30 and #65 degl with humidity up te 95% (pon-condensinel.

A. Cleaning the casa

the case with & non-

Graman Aard dirt can be removed (rom
“ag

laxie ocoarbon tetrachloride baszed cloaning (luid such

‘Arklone”



I[IT. D[acta Tranafer

How to tranafer data from SQLOG to PC and convert the raw
data to tide heights:

1. Inatallation:

There are five files in the floppy disk:

TIDE.BAT (a batch file)

SRLOTUS. EXE {tranefer data from 5QLOG te PC)

TIDEH.EXE (convert raw data to tide height)

DENSITY .DAT {data file containing value of
aeawater density)

TIDE.DOC {this file written in Macrosoft's
Word )

Copy all the five files into Lhe hard disk. You may
want tea create a directory for thess filez. To create a
directory called TIDE, for example, Lype

md tide <Enter:

at DOS command line, where <Enter» means pressing the Enter
key. Then you can change to that directory by L¥ping

cd tide ¢Enter>.

2. Data converting:

After copying the five files into directory TIDE, you
aan transfer data from the SQLOG te the PC. The data
tranaferred, however, are dates, timea, temperatures and
pressure related raw data, which should be converted to the
tide heights. We offer all necessary means to get the job
dona. For the end user, it's quite simple —-= just type

tide <Entep?

at the DOS command line. The batch file TIDE.BAT executes
two programa SQLOTUS and TIDEH seguentially. SQLOTUS
tranafers data from SQLOG te the PC storing in several files
{2000 records maximum in each file) with the extension of
LO1, LOZ, LO3... mnd so on, and TIDEH converts the raw dalta

to tide heights and writea them into a gingle file with
truly LOTUS [-2Z-3 compatible format and file extension of
PHM .

Whan SQLOTUS is executed, you are expected to specify a
filename to the program for the file containing the datm
tranaferred, When TIDEH is executed, you have to specifly
the same filename again at the program prompt. TIDEH reads
date from that file, converts them, and writes them into na
newly created file having the same filename with the
extension of "PRN' 06
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For example, if you specify a filename TIDEJUL far
program SQLOTUS, then you type LlC again for program TIDEH.
TINEH opena files TIPEJUL.LOL, TIDEJUL.LODZ..., processes ke
data, and writsa the regults into a File called TIDEJUL.FEM.
When you process the data in LOTUS 1-2-3 later on, to I omd
the file you can omit the extension by typing TIDEJUL only,
because the extension PRAN is LOTUS 1-2-3's default. So when
bateh file TIDE ia finished, there are several data files
created, the filea contaln the raw data having whatever
filename you specified, and the other contains useful tide
data having the same fillename except the extension being

changed te PRN. It'e your responsibility to delele or
remove the raw data fileas to save the valuable disk space.

It's recommended that you do the housekeeping once s month.

If you tranafer the data from SQLOG to PC once a mamth,
the data file could be a bit large. In order to make the
job done smoothly fer a laptop PC or even for a notebook PC
with small amount of memory, program TIDEH processes data in
batchesa: each time it reads 1000 records of datumfthat isa
one batch) from the raw data file inte the PC'a memory, then
ealeulates and writes the results into the PRN file. Then
it readsa another batch of datum from the raw data file
atarting from the point it just stopped inta the same memory
location(the old data being wiped out) and procecsses them
and mo on, until it reachea the end of the raw data file,

Because the density of seawater varies, program TIDEH
offeras a way to let the user modify the value when it's
neceassary. The Flle DENSITY.DAT on the distributed disk
coptaina the default denalty value of 1022 Eg/Cubic Meter.
Before the conversion starts, TIDEH display the current
denaity values an the acresn and ask the user if the value
needs to be changed. The display may look like this:

Density of the seawater = 1022 [Kg/Cubic Meter)
Want to change it [(Y/HN}7

You can decide to change the value or not. If the value is
all right Just press the 'N" or 'n' key, then the process
starts using the default valun. If for some reason you wank
to change the value, hit "Y' or "y" key, then the next

pPrompt appears:

New value of seawater density (Kd/Cubic Meter)

type the correct value of the seawater density and press the
<Enter> key, then the program uses the new value to convert
the data. The new value is nlao atored in the file
DENSITY.DAT automstically and the next time you running Lhe
program, this value will be the default value appearing on
the screen. In this way, you don't have to type in Lhe

— ] -



seawater dengity walue sach time vou run the program, it
becomes necessary only if you wanbt toe change L.

When all the conversion is fTinished, TIDEH tells you
how many records of datum being written into & PRMN file and
waits for you to press a key to exit from it.
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