WO 2011/ 022778PCT/ AU2010/ 001105 1 Transport of Fluids Technical Field 5
This invention concerns the transport of fluids. In particular in a first
aspect itwoaeoonegsa truck. In a second aspect the i nveprCirNU260N0€H0HBS a
control systemfor the truck. In a third aspect the invention concerns a .
control systemfor a fleet of trucks. 10 Background Art The infrastructure
of urban areas generally includes a retjcul ated main water supply network,
that reaches every street and building to supply fresh water. Access to
mains water is also required by fire services, and fire hydrants are

provi ded at regular 15 intervals throughout the mains network for fire
servi ce access. Typically the hydmransportafiFlwdsaccessed by a standpi pe or a
specially designed water hose that is deployed froma fire truck. There are
al so a nunber of other reasons why water m ght be transported by water 20
trucks. AsTecKifieallHieldhe water authority wll generally have a nunber of
filling stations where"-water trucks are able to fill with fresh water from
the mai 5. A drawback of this arrangement is that the water trucks nay find

it necessamy:.t: : ' 0 : ihlal mand dgli ter.
25 Water t ?ﬁlgtﬁfs?veglﬁlgx gﬁ%ﬁ%&rghﬁ%@p ftﬁ% ﬂfugh 3 rnf r é&ﬁ?}j bgnt% S, I (%11&/02%%%
obvi ousl y anmmbkk.olihad secbhie ashiest thedevenkiah cosetiss 4 corlim] tsysterel foe theviruck. &n & ul |

| oad of water. However, there is a need to regulate this activity in order
to prevent tigkaspeqt thsinyention coRGEERs A AntoLEySiEm et ?gﬁ'i‘,“:ké'nd to ensure
pressure changes caused within the water mains by the extraction of water
at hydrants does not result in damage to the mai ns pipes.

10 Background Art

The infrastructure of urban areas generally includes a reticulated main water supply
network, that reaches every street and building to supply fresh water. Access to mains
water is also required by fire services, and fire hydrants are provided at regular
15 intervals throughout the mains network for fire service access. Typically the hydrants
can be accessed by a standpipe or a specially designed water hose that is deployed from

a fire truck.

There are also a number of other reasons why water might be transported by water
20 trucks. As a result the water authority will generally have a number of filling stations
whggefwatér trucks are able to fill with fresh water from the mains. A drawback of this
arrangement is that the water trucks may find it necessary to travel long distances in

order to fill and deliver water.

25 Water trucks are also able to fill from fire hydrants, which can obviously ameliorate the
distance that needs to be travelled with a full load of water. However, there is a need to
regulate this activity in order to prevent water from being taken without authorisation,
and to ensure pressure changes caused within the water mains by the extraction of

water at hydrants does not result in damage to the mains pipes.
30



2 Many other fluids are transported by trucks, and nmany of these could
benefit fromsimlar regulation. D sclosure of the Invention 5 In a first
aspect thgoi2omentizen is a truck fitted with a tank and acfridd2oloiooeioso t he
tank, conprising: An inlet inthe fill line configured for connection
to a hose that is, in use, connected to a fluid source to change the anount
of fluid in the tank. 10A sensor to nmakg neasurenents from which the anount

of fluid in the tank can be determ ned. A valve to allow fluid flow
through t hetdnp! &her BAHY abOtrhipbRES By Rtk et anRy iTahaRDibld 8éndit Utdini N the
t ank. And, a data acquisition device to periodically record sensor

measur emensignikingegubition. associate a tinme and place with each record. The
sensor may be a pressure sensor that nmeasures the instantaneous pressure in
the tank. The pressure sensor nmay be installed inside the tank. The
pressure spisysuf@wr thedavémionhe liquid level in the tank in which case it
may be | ocated at the bottomof the 20 tank. Alternatively, or in addition,
t he pres%ure sensor may measure the gas pressure in the tank. Froma series

of Pressur g, 3ang0Lept &3 MMlchfiof & PURSE P ol S0 £ HRYERRNcS @i, Ui

into and out tan thi's case, the system can operate as a
noni t or i ngcamprisiegiorti ng systemwi th the val ve being controll ed nanual |l y.

25 Alternatively, .or i.n additjon, the sensor may, be a flow preter.in the
fill line whi chxﬂéa%ae%éﬁq ?J%kﬂl,mf‘ep?qlﬁ&ur T SHIGHAR tha Hoge dbl Fhit! Pow
neter may Benmabedhd & ARRIMNoArdeXH Shdrlgl e Bh&Unt bf AhRdn oA t he outside

di aneter of the inlet where there may be two probes. This type of neter

measur ek0 f | ow t A sansohtomabs meesnrerognts &noth whichsheaiwheunt of Muekimrthe fankwanat e

(in I|tresbgggterr}1nigg .e) as well as total vol une.

A valve to allow fluid flow through the inlet, both to increase and decrease the
amount of fluid in the tank.
And, a data acquisition device to periodically record sensor measurements and

15 to associate a time and place with each record.

The sensor may be a pressure sensor that measures the instantaneous pressure in the
tank. The pressure sensor may be installed inside the tank. The pressure sensor may
measure the liquid level in the tank in which case it may be located at the bottom of the
20 tank. Alternatively, or in addition, the pressure sensor may measure the gas pressure in
the tank. From a series of pressure sensor reading it is possible to identify movements
of fluid into and out of the tank. In this case, the system can operate as a monitoring

and reporting system with the valve being controlled manually.

25 Alternatively, or in addition, the sensor may be a flow meter in the fill line which
measures flow, either way, through the inlet. The flow meter may be an ultrasonic type
flow meter fitted around the outside diameter of the inlet where there may be two
probes. This type of meter measures flow to within 1% accuracy, and it is able to
measure flow rate (in litres per minute) as well as total volume.

30



3 In any event the sensor may be | ocated and designed to ensure it is
tanper proof, or tanper evident. Furthernore, the sensor may periodically
report itwoneadizogs to the data acquisition 5 device. TireTsansooormy
periodically provide its readings even when the tank is enpty; which
provides an integrity check. However, disconnection of the sensor may :
result in there being no further readings; providing an indication that the
sensor has been tanpered with. 10 The inlet will typically be configured

with a standandefddt thd'8enk& RhY dehoddleParltiPe&ignatqh eAsurk Bt fsh@mﬁ@tsﬁ'oeﬂ opater,
a fire hose. backfl ow val ve" may be | ocated downstreamof the inlet to

prevent anyampsvevidentf | ow fromthe tank during filling, an RPZ backfl ow
valve is preferred. When the truck is 15 being used to transport water the
backfl ow valve will prevent pollution of the water main by. backfl ow of

dirty wat eFuithérthode, i€l lsai¥or ﬂ&}ep&%@@lltyh%boﬁli{s%e@dthy ksl thd awvatdRp@isiEidnt he
inlet may be a control valve. In this case a control unit may selectively
control ? héevipre rldeisepsosmayreripdicelly proviierits 1gadingheves| whsn the sankds emniy; ol

unit, this \/ : n d | .

pr edet er m %&Jhﬁﬁ ggﬁvﬁg%%gﬁfl?esﬁg% ??%3&3 ° Q{e%&hgg%lﬁ%%t%g{oé\ftat%g F&[}h}ehra gtreesugfmf | ow

t o mai nt ai therd baingangrfeftierr eddivgs; uprovidig afi i inticagorn elaat sthe aeEoetiaorbdehe rat e
may be slowed at a.controlled rate to ensure a snooth closure. This

oper at i onaf"RFEIEVoi ds pressure hammer and other |arge pressure changes
that coul d damage the supply pipes (such as water mains) or 25 exacerbate
exi sting | eaks. A conputer nenory within the control unit may keep a

per maneh® e oret witlaypicaldinbé Eordigutddewith a standard fitiinghtot dtacle tnéa hode, suvhtasi s

fitted. in the case of water, a fire hose.

A backflow valve may be located downstream of the inlet to prevent any reverse flow
from the tank during filling, an RPZ backflow valve is preferred. When the truck is
15 being used to transport water the backflow valve will prevent pollution of the water

main by backflow of dirty water into a hydrant.

The valve that allows fluid flow through the inlet may be a control valve. In this case a
control unit may selectively control the operation of the valve. Under the control of the
20 control unit, this valve may open at a controlled and slow rate until a predetermined
flow rate is achieved. It may then control the rate of flow to maintain it at a preferred
value. When filling nears completion the rate may be slowed at a controlled rate to
ensure a smooth closure. This operational cycle avoids pressure hammer and other
large pressure changes that could damage the supbly pipes (such as water mains) or

25 exacerbate existing leaks.

A computer memory within the control unit may keep a permanent record that

identifies the truck to which the control unit is fitted.

30 The control unit may be programmed for each fill by entering the volume of fluid to be

taken, using a keypad. Then the control unit may determine the optimum flow rate for



4 the fill depending on a range of factors such as the supply pressure and
the size of the supply conduit, also the size of the fill hose. When 95% of
the fill Wweob@aemr7gaken the control valve may start to leramesadol ©s
gradual ly reduce flow. 5 The data acquisition device stores a record of
readings fromthe sensor(s). Further, it may keep a record of eacl,1 fill,
and drop, event, regardl ess of whether yhe tank starts enpty or part
filled, or whether the tank is conpletely filled after the fill event. It

may recor d gafiR defer@ipbiea ke WP A s QhicEACHhe fsiipply ioPesbifre QR SHdEiNEHF thEhe
sensor may be calibrated to enabl e such determ nations. 10 The data

acqui si ti osupny icerduiayplspithesige afrthedElt hosei Whem/25% ofi thenfjll as beenotakeh theock,

and it may i St a ch.fill event. usi.n ata received froma
satellite 5%@?@?8&%%”5% gﬂfe cé?lsc?ﬂ ', 8" ly r&f“{‘%ﬁfﬂ?ﬁ this will generally be

an automatic operation of the unit, it my be manually initiated. The data
acqui si t%on devi ce npy, be housed within_ 15 the control unit. A receiving
ant enna { orl he Klatasagauisitionedeyiss; storen p fecosy of aeadinas) frany ghe sansgr(9e Fudheset
within the I i ' ' S d | 5ol St roof .
Al ternative ?/' q%erﬁg iy %Q%I?vwg 81grt\‘l\t{\II é #\%Qﬁ'ﬁ’y %géerﬁh{fg%dgé&§ é)rt: Sveﬁre%hgk %l%eoéggg{agg nt rol
unit. 20 Temptoort pavt filled, or sdhgthat the thduiseoampietelyifikdiaftes thedill preantlt imagl udi ng

a transmtter transmt the record of ch fill event to a base station.
This trans Fﬁcgé‘i 8?1tant8f“gb18 eiVH{WnéeaPQF?%gﬁﬁér'?eo@?t?;‘g}lpiﬂ- drheyssaser Ba &8t by

the base staivreRd tlehabltSsueR QtteRhinktdds, My conprise a distinct sub-unit
conprising the data acquisition device, GPS receiver and the comuni cations

equi pneb®. This sub-unit nmay be wired into the vehicle ignition system

optionally-via a vol.t.age ,reqgul at or o that it is pawered u en th

Coni ¢ on 1 4% B aliiiiRoR ek mak Bie Faimh i b ey hr BRERGOURER RISk @ ont r o
unit to ensumey dvatiew Blagip cacBIfilV eledk nkRgMRIDFteivee fodt aisaRitdfpbsitiohing
ignition has been 30 switched off. This also allows the control unit to

transnit aS¥tepusichiasaPS paithenghcthis yill generally be an automatic operation of the
unit, it may be manually initiated. The data acquisition device may be housed within

15 the control unit.

A receiving antenna for the satellite positioning system will typically be housed within
the control unit which will be sealed to ensure it is tamper proof. Alternatively the
receiving antenna may be mounted external to the control unit.

20
The control unit may also house communications equipment including a transmitter to
transmit the record of each fill event to a base station. This transmission may occur in

real time, periodically or upon request by the base station.

25 The control unit may comprise a distinct sub-unit comprising the data acquisition
device, GPS receiver and the communications equipment. This sub-unit may be wired
into the vehicle ignition system; optionally via a voltage regulator, so that it is powered
up when the ignition is turned on. A back-up battery may be included within the control
unit to ensure the contents of volatile memory are retained after the ignition has been

30 switched off. This also allows the control unit to transmit a status signal periodically



5 while the truck's ignition is off; providing a check that the control
systemis still operational. At the base station there may be a real-tine
map di splaiQ 28h1d02277§ t he current | ocation 5 of all the tPGEKE20t009E0Ber with
i nformation about their current |load condition and recent changes. In a
second aspect the invention is a control systemfor a truck fitted with a
tank and a fill line to the tank, conprfsing: 10A sensor to neke

measur ement s from whi ch.the amount of fluid in the tank can be deternined.
A control whileah¢ eruek’s dgnitibniisl dff; gwovidimpug fehedle tiat Ithe Ichnteol HRtem tio siilicr ease
and decrease the anount of fluid in the tank. A control unit to control the
operation gperatpnabont rol val ve. 15And, a data acquisition device to
periodically record sensor neasurenents and to associate a tinme and pl ace
with each record. In a third aspect the invention is a control systemfor a
fleet of tAtthesbasestappn shangmak wonyrat-6mesygi éilsplay showging the curearsilowation

transm ssi o rom each truck. i.n.the.20 fl show ei current
| oont Hors LAE ik ARk okl Wi iBrosiaghang S Heirdifent Had SSadinGiindRient e
conput er sysdn@3.i s al so arranged to display the |ocation of each truck on

an interactive map, and wherein upon selection of a particular truck the
map di splays that trucks current | oad condition, and optionally recent

changes: 25 £uBohh SeilneFEAERT o HORGHHAR oIRUSEERLG TS BB oo
par ti cul ar fitliliie @@ tskdd, eompesilg:spl ayed in the interactive map.
10 A sensor to make measurements from which the amount of fluid in the tank can =~ '
be determined.
A control valve to allow fluid flow through the fill line, both to increase and
decrease the amount of fluid in the tank.
A control unit to control the operation of the control valve.
15 And, a data acquisition device to periodically record sensor measurements and

to associate a time and place with each record.

In a third aspect the invention is a control system for a fleet of trucks, comprising:
A computer system arranged to receive transmissions from each truck in the
20 fleet showing their current location and load condition, and optionally recent changes.
Wherein, the computer system is also arranged to display the location of each truck on
an interactive map, and wherein upon selection of a particular truck the map displays

that trucks current load condition, and optionally recent changes.

25 A historical record of the trucks’ movements may also be stored so that the position and
state of the entire fleet can be retrieved for any particular time and date and displayed

in the interactive map.



WO 2011/ 022778PCT/ AU2010/ 001105 6 Brief Description of the Draw ngs An
exanpl e of the invention will now be described with reference to a water

t ruck andwoheiiaremspanyi ng drawi ngs, in which: 5Fig. 1 ipeTAIRCIv0RLSC

di agram of a water truck including a control unit. Fig. 2 is a schematic

di agram of the control unit. Fig. 3(a) is an exanple of the map display for
t he base station conputer system showgg a 'fill' and a 'drop' event. Fig.
3(b) is an exanple of the map display for the base station conputer system

show ng t hgriepPREdrPtfondsf thy Orafimes 10 Fig. 4 is a schematic diagramof an
alternative arrangenent of the control unit, sensor and a data acquisition

and communi cations device; for use where a control valve is not used. Best

Modes of the lnventi 15 Referrnin I St . Fi. g. e as a
wetor ¢ ank AbSAERIAR: HERTCG Fly bt bfleribBa ik rpibrohtB IEh vhidt ik duie® |
16. On- boaft@ acbempdanying driveings,iif whi¢kontrol unit 30. Referring nowto Fig. 2,
the fill line 14 is _attached to an inlet 20 co,nfig_ured for. the 20

attachmeht of aFigj} i axshematg dagram ofe Watprruckgnelading apopiralagit ¢ type f1 ow
neter 22 to rreaﬁg_r?isf é?:ﬂ’erﬂ%tié’\@%gaﬂ&ttﬂ?{:é}ﬁroil #1. Next there is a control
nt rol t

valve 24 to co e rate or-water ow through the inlet to fill the
tank 12 (i n theFidi 3@}yisi amrexampichef the map)displeyl foottiertmse bteticocompitensybtem,i s a

backfl ow val ve § tQ prevent any reverse f .of , possibly dirt water into
the hydrant 16.S Wé“g:%rﬁcﬁr ghd ?féf;%e?‘iptc ﬂt$@\§v§% "‘F’é’? O%%CMPéﬁé% ow
into the tank. ipald YarnCOfpu@ stilirh, BBwHRIHE Weatiblioraparaais on of the
control valve 24, reco% dg eg%ﬁ fi*gli%n’g event and associ ates a tinme and
pl ace W@ h eachFige4 ds a schematic diagram of an alternative arrangement of the control unit ,

sensor and a data acquisition and communications device; for use where a

control valve is not used.

Best Modes of the Invention

15
Referring first to Fig. 1, water truck 10 has a water tank 12 and a fill line 14 for filling
the tank from a fire hydrant 16. On-board the truck there is a control unit 30.

Referring now to Fig. 2, the fill line 14 is attached to an inlet 20 configured for the
20 attachment of a fire hose. Around the inlet 20 is an ultrasonic type flow meter 22 to
measure flow of water into the inlet. Next there is a control valve 24 to control the rate
of water flow through the inlet to fill the tank 12 (in the direction of the arrow).
Following the control valve is a backflow valve 26 to prevent any reverse flow of,
possibly dirty, water into the hydrant 16. The control valve 24 controls the rate of water
25 flow into the tank. Finally a control unit 30 controls the opefation of the control valve

24, records each filling event and associates a time and place with each record.

In use the control valve 24, under the control of the control unit 30, will operate to fill
the tank 12 . The control unit 30 may be programmed for each fill by entering the
30 volume of water to be taken using a keypad (not shown). Then the control valve 24 will

open at a controlled and slow rate until a predetermined flow rate is achieved. It will



In use the control valve 24, under the control of the control unit 30, wll
operate to fill the tank 12 . The control unit 30 nmay be programred for
each fillwbyoamkersng the 30 volune of water to be takemrcusivzgiomokeypad
(not shown). Then the control valve 24 will open at a controlled and sl ow
rate until a predetermned flowrate is achieved. It will WO

2011/ 022778PCT/ AU2010/ 001105 7 then conprol the rate of flowto maintain it
at the preferred value. Wien filling reaches 95% of conpletion the rate is
slowed at @hek QBAKA the€Fhts 8f Alowo %Eh’iﬁ'tﬁi% 8 ab iR PrdTeftPF4I0E WhE SillRigaeadheonal
cycl e avoids water hamer and other |arge pressure changes that could
damage t he%ﬂéquscomn!ﬂ@ndhe eatae%slbwé abgicontrolled| retekts. ensura aserpegthctospieessur e

sensor 40 (see Fi i t.t.ed e truc vel at
The level SRSHEBispEbmly ot Pl Al A R JRAFbD R olef

cont i NUOUSEYuIdBAhAEY the hﬁldsqﬂ@so@texmttﬁte é)di‘stidgﬂezik@ﬂk and periodically report
its readings to the control unit 30. 10 A conputer nenory 32 within the

control dunit 30 keeps a pernmanent record of the identity of the truck to
whi ch the yn S: di ngs
fromthe p}r&egsgﬁljra ge g%\sgl?esfé #ee% g)tlgﬂ@dgurﬁ%%gk ?(i #ﬁﬁﬁéﬁ"g‘ﬁ’%ﬁ?r ecord
?f I Fag h fileveleatah¢ Jevebgithdl tstomodf thhetrtket2.tTies sansér 40 & dtde mrpmr;tlrmouqiﬁrt
ille or vvhethr the 15 tapk is | et el | t cord data
from the fMmomieR %rlevfbo Vatgr é’s‘é‘ﬁﬁ%ﬁ‘sagﬁ Qf’éaﬁbFepBBtlﬁ re?‘ﬁf’%sntaﬁ LR vol ume
of each fi|l;@ be determ ned. The control unit 30 will tine stanp each

fill event using an onboard clock, and it will |ocation stanp each fi LT
event udlng a data received froma satellite p05| tioning system -

A computer memory 32 within the control unit 30 keeps a permanent record of the
identity of the truck to which the unit is fitted. It will also store a record of pressure
readings from the pressure sensor 40 within the tank. Further, it will keep a record of
each fill event, regardless of whether the tank starts empty or part filled, or whether the
15 tank is completely filled. It will record data from the flow meter 22 or pressure sensor

40, or both, to enable the volume of each fill to be determined.

The control unit 30 will time stamp each fill event using an onboard clock, and it will
location stamp each fill event using a data received from a satellite positioning system
20 50, such as GPS. A modem 52 and for the satellite positioning system will typically be
housed with the control unit which will be sealed to ensure it is tamper proof. The

receiving antenna 54 is externally mounted.

The control unit may also monitor discharge events, for instance using the pressure
25 sensor 40.

The control unit 30 and valve 24 may be powered from the truck’s electrical system 60,
and a back-up battery 62 may be included within the control system to ensure the
contents of volatile memory are retained after the ignition has been switched off. The
30 modem may be arranged to turn off two to three hours after the trucks ignition has been

turned off so that it doesn't drain the battery unnecessarily.



20 50, such as GPS. A nodem 52 and for the satellite positioning system
will typically be housed with the control unit which will be sealed to
ensur e i twootrpes proof. The receiving antenna 54 is extrawaloopimweunt ed.
The control unit may al so nonitor discharge events, for instance using the
pressure 25 sensor 40. The control unit 30 and valve 24 nmay be powered from
the truck's electrical system 60, and agback-up battery 62 nmay be included
within the control systemto ensure the contents of volatile nenory are
retained after the ignition has been switched off The 30 nodem may be
arranged to turn off two to three hours after the trucks itgnition has been
turned of f The confenl ynit 3@anay elseringlude pdlatsaacquisjtiom deniess $4rthatyhandige the

2011/ 02277 U20; [ T ol L. i.ncl ude a data
acquisiti ogﬁ%}@c%%?f! gg%é[lgﬁgnc} I ‘%‘?a t%ﬁgtdé%ﬁ?ﬁg‘{lu&llbéég%%gi?{%%éﬁﬁ tg? WITEr data
and the coDsube 84hlsorsclades d@ahemiter BHeo eiblcdfa todRyiraemide BloObase €latiche s

transmtier 36 to enable data to be transmtted to a base station 5 70,

ei ther per{b&IBE] P&yl rcaﬁh of anrea] tims. Thigimaynaspiuyl Jex sphedyingardaqutingef and
routi ng of f tre L1 ik L stem
to charge 1f’lgert otf ﬁgﬂe\,{g{uglﬁ@tlgﬁvg% Htg? lé?’ﬁptolﬁtea %*Args@s%ﬁé&g%%? %%f"?ﬁ% ‘%’Ltgg&}(g%ul ates
t he power Hompphé mdinso t he sensor 40 and data acquisition 10 device 34 to
ensure the accuracy of the system by providing a constant regul ated”

The control unit 30 regulates the power supplied to the sensor 40 and data acquisition
10 device 34 to ensure the accuracy of the system by providing a constant regulated ="'

voltage thus filtering fluctuations from the vehicles electrical system.

The control unit 30 controls when power is supplied to the data acquisition device 34
and sensor 40 by delaying the power output supply of power from the control unit for

15 10 seconds after a vehicles ignition has been switched on. The control unit continues to
supply power to the sensor and the data acquisition device 34 for a time period of three
hours after the positive voltage signal from the ignition wire connected to the vehicles
ignition system is removed. After the three hour time period the control unit ceases to
output power to the sensor and data acquisition device 34.

20
Another function of the control unit 30 is to perform an overall system health check.
During the sleep state, that is, when the control unif is not outputting power to the
sensor 40 or data acquisition device 34 the control unit 30 wakes up, that is supplies’
power to the sensor 40 and data acquisition device 34, for a period of five minutes

25 every six or twelve hours depending on configuration. This function results in the data
acquisition device 34 sending data to the base station 70 over a cellular network,

provided by a mobile telecommunications provider.

The data is transmitted at pre programmed time intervals, by the triggering of alarm
30 events programmed into the device, initiated by the operator or from commands sent to

the device requesting the data. Commands sent to the device can be in the form of a



voltage thus filtering fluctuations fromthe vehicles electrical system
The control unit 30 controls when power is supplied to the data acquisition
devi ce 34vendigernser 40 by del ayi ng the power output supphawbiopoy®s from
the control unit for 15 10 seconds after a vehicles ignition has been
switched on. The control unit continues to supply power to the sensor and
the data acquisition device 34 for a tige period of three hours after the
positive voltage signal fromthe ignition wire connected to the vehicles

| ani tion SYpisieled oMUt Mb!@mihd SMi6R B8 Wordkt Y BRI 4L thikinicqa 1 0!
unit ceases to out%ut power  to the sensor an ata acquisition device 34.
20 Anot her powidet.i on of the control unit 30 is to performan overall system
heal th check. During the sleep state, that is, when the control unit is not
out putting power to the sensor 40 or data acquisition device 34 the control

uni t 30 Wakgs intBral Ror? 33URALE fe AANRICqEiSitibh eIRBSIH affvaftf dhed & be
acquisition device 34, for a period of five mnutes 25 every six or twelve

hours depeeapiturgd end degged dor ansonssiophbaskftaile bape stationl 10sati anlatendingifghe

acqui sitiop device.34 .send data 1,0 the, base station,70 over-a | | ul ar
etvor k. it ERuiSigt ST E B Qearah palRRS o Madd AihflefiBns o
transm tt ecbvatagpri€ npr &@ilableE Rettiel bNlcpipvddata doy tlahemitted dgek tortheakrat ar m 30
events programmed into the device, initiated by the operator or from
commands s@4f toraoblackesnebis ingtigated fease thelataeceying sottypreaiaRing OAthe srvefe

devi ce canopﬁmggmﬁ&§7ﬂorn1of a 9 SM5 nessage containing the command or
fromthe server via the data transm ssion provider. The internal nenory 32
i nside tthe data acquisition device 34 allows for data to be 5 captured and
| ogged for_transm ssion k.to the hase station 70 _.at later tinme if the
S acau VRTOUPRIBOFES odhe AR Acdnias dedost S nfizirable s devibe Ftuper o

conmuni cat i¢igarE O TRIs2@fware RAhstAYR drPIdeal PEIWitiEMatricRid 4ceage ééﬁh? RRY
transmtted back to the server due to a black spot is instigated fromthe

dat a r ecei vamrgugnthe daviees: unni ng on the servers or base station 70.

15 At the base station 70 there may be a real-time map display 72 showing the current
location of all the water trucks 10, together with information about their current load
condition and recent changes. It may also show available fire hydrants 16. See Figs. 3,
where Fig. 3(a) is a map display pinpointing the location of a 'fill' event at a hydrant.
The hydrant is colour coded and marked with the letter 'F' to show that it is being used

20 to fill a tanker and a balloon provides details of the event, truck identity, time and date,
and the address of the location. The other marker is also colour coded and marked with
'D' to show a drop event. Selecting this marker would open an information balloon

displaying similar information but regarding the drop.

25 Fig. 3(b) shows the map at higher resolution and this map has all the hydrants marked.
Selecting a hydrant opens an information balloon that provides details of the type and

location of the hydrant.

A software application at the server installation uses the received information to
30 determine the state of the system in each vehicle 10. Through exception reporting, it

can then be determined if the system or sensors are functioning correctly, whether the



10 Various paraneters of the data acquisition device 34 are configurable
via device setup software. This software is installed on a local PCwth
restrict egtoaotiarsizst 0 set-up and configure the devi ces. ptysRoioe1fase
station 70 there may be a real-tinme map display 72 showi ng the current

| ocation of all the water trucks 10, together with information about their
current |oad condition and recent changgs. It nay al so show available fire
hydrants 16. See Figs. 3, where Fig. 3(a) is a map display pinpointing the

| ocati on ofystem had been @MBPEre@ivith ob Ythérlis a TAut Wil bttt theSsehdratdror¢Reigda and
marked with the letter 'F to showthat it is being used 20 to fill a

t anker andacguisationodayiqeridvi des details of the event, truck identity, tinme
and date, and the address of the location. The other marker is al so col our
coded and marked with 'D to show a drop event. Selecting this marker would
open an i nThérdRikd thiledfirve? Bpethtiipl @gether i thisl examplf @lcoBimumicafiohs sezgar i ng
the drop. 25 Fig. 3(b) shows the map_at higher_resolution and this map has
al |t he hy##aser¥erandideped sseyescthesg vall Rowbslesaibed an gisatenefarat i on bal | oon
that provides details of the type and | ocation of the hydrant. A software
application at the server installation uses the received information to 30
det er m ne Thecematuaicafion bervarywhanisi andeecdivesataiacfremitbe dataraogujkition depice on

reporting, ,it_can then he determned.if t system or sensors are

funct | ont ndtc BRRRisPFvedtog tensied vibthe, B oY RahesdomeanaRes PRew or | 1
there is afraupnt a‘@héé?ﬁ@'lf’ halres @nd POROVia 4he MtefnBEIHRER ME Heilalal nBWAIRVI Ce
34. There are three servers operating together in this exanple, a

comuni bt icdftemgbe data acquidtietedeyiceeidver and a web server. These will now be
described in greater detail. The comunication server controls and receives
data fromthe data acquisition device 34. Data is received and transmtted

via the TCPhedatanretveess wimathei rgbliguf the bickgMundl bperdgbnscanded driabysisHs
address and port via the intenet to/fromthe cellular network
performed using a SQL database solely written and maintained by the Data Collect IT
engineers. An SQL database residing on the data server pulls information from the

15 communications server.

This information is then used within the system where various algorithms and other
processes are applied to the raw data to supply all the detailed information available to
the user via the web based GUI.

20
For users, the system provides a web based application accessible through any of the
popular web browsers. A secure login and permissions based access control allow for

different levels of users to access different types of information in the system.

25 The following information is produced and available from the system by being viewed
by the user on screen or compiled into reports or automated reports generated by the
system.

o Filling of a tank
. Emptying of a tank
30 o Time and date stamping

. Vehicle location. Current, Live track or History



10 to/fromthe data acquisition device 34. The data server is where the
maj ority of the background operations and data analysis is perfornmed using

a SQ. datwbase/eei?gly witten and nai ntai ned by the Dat acEau2emboolibs

engi neers. An SQL dat abase residing on the data server pulls information
fromthe 15 comuni cations server. This information is then used within the
system where various algorithns and othgr processes are applied to the raw
data to supply all the detailed information available to the user via the

web based U . 2O.J58h o¥S&ES sulhS ﬁl}/g{)iﬁapea%a%yhgﬁé a web based application

accessi bl e through any ot the popu owsers. A secure login and
perm ssi one basEccastion ef filliprandempayihgvf therarkisf f erent | evel s of users to
access different types of information in the 'system 25 The foll ow ng

i nformati oh i s pysdndedthelgcks ai | abl e from the system by being viewed by

t he user op scr A I Nt Q_Lepor [ au ted reports generated
by the sys?em ﬁﬁﬁ?f?ﬁggggfgdéﬁ&gﬁ&gqﬁb&%)wdﬁ c"%’fon Ofﬁﬂi‘ 30 Tine and date
stanpi ng sehi cMaph@sabf fBets 6hd Véliles Li ve track or History 11

o Authority boundaries displayed ion map view
Installation

10 The control unit 30, data acquisition device 34 and pressure sensor 40 are all fitted to
the vehicle and interconnected with electrical wires during installation. This installed
system then provides data to the secure servers at the base station. The data is then
processed and made available to users via an online web based application. Only
registered users of the system have access to the online application, via a secure login.

15 |
The control unit 30 is wired directly to the vehicles main power source which is usually
the main battery, other power sources may be used to supply the control box and
operate the system. The control box is connected to the vehicles ignition system by
means of a single wire. This wire receives a signal in the form of a positive (+) voltage

20 from the vehicles ignition which acts as the trigger to activate the output of regulated
power from the control box to provide power to the sensor(s) 40 énd the data

acquisition device 34.

The pressure sensor 40 is fitted to the tanker by means of a thread and mating thread
25 located in the tank of the vehicle. Between the sensor and the tank a tamper proof
housing base is secured between the two threads. This base accommodates the fitment
of the plastic tamper proof cover which is not removable without damage once the

connection of the wires is complete.

30 The sensor 40 is electrically connected with wires to the data acquisition device 34 and

the control unit 30. A signal is sent from the sensor 40 to the data acquisition device 34



Location of assets such as fill points and hydrants Location of filling
and enptying of the tanks System health checks Billing data based on
pricing twbl2es/edsl ocations of fills 5 Map vi ew of assets/aandiowshios! es
Aut hority boundaries displayed ion map view Installation 10 The control
unit 30, data acquisition device 34 and pressure sensor 40 are all fitted
to the vehicle and interconnected with glectrical wires during
installation. This installed systemthen provides data to the secure
servers at whith RR&R] tétt@etlsre&meT&mﬁamme%aﬁl&?%% @%m@oﬁmdr{ﬁ% i@igr| abl e
to users via an online web based application. regi stered users of the
syst em havéczgagess thetsignahehanges. Tbisagial isasentdn tha/seavq is thelfoen bbgnnmerdéal The
control un|t 30 i.s. wired djrec 0.t vehj cl.e sour ¢ whi ch
is usual Iy "PHE 38 lﬁlsbla?tfléer({/to %{ah]ér ?)389£ ﬁhgé%&ﬂ@ @R@ggl TRIOOBEY ¢ he
control boxysedifl operate the system The control box is connected to the
vehicl es_i gni tion system by neans of a single wire. This wire receives a
signal iHh the formof a positive (+) voltage 20 fromthe vehicles igniti on
whi ch acts (o] [ rom
the. cont r o ARy LIRSt oSk it P Bul Biles e AL P REBRARLSH me

acqui si ti omnitewiThe ;aéposihff qahb&aun és &eefqife 4t itle frué tatt tuhbBeantd asker by
means of a thread and mating thread 25 located in the tank of the vehicle.

Bet ween t hEFASEIGBE ASFHIAE b 2y RRVeR lﬂ%%éf‘r"ebﬂbﬁ’le ARk ot sglibrated flow seederrisd
bet ween t hgsdd\® ftefafs vollieSoPdafer A gﬁt fdnhgﬁﬂﬁnpegf lﬁgﬁf fkastic

t anper proof cover which I's not renovable vmt amag )
connect 1®ntapker, hEhiswolumei is reoondeidetnd .addddtohe (chnhbretluat @bletwhithés speedsuoe of

fluid the,t th fluid t.h Kk th
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nuneri cal gederfted &och tHe lhétefrﬁir(iﬁ'@ﬂ' 160 BtrébITRis FubRtResed Yhiogh Mardware

installation and calibration of the system
interface to a computer which generates a line of data in the calibration table produced

by the software running on the calibration computer. The line of data comprises of the
15 current date and time and the sensor reading at the time of the pulse. The resulting
table is a series of lines of data, each line signifies 100 litres. The number of lines of
data are added up to give the total volume of water into the tanker. An example of this

is, 10 lines of data in the calibration table equates to 1000 litres.

20 This calibration table is stored in an SQL database and is used by the system to match a
specific tank level/volume to a specific sensor 40 reading whenever queried for display

or for billing purposes.

Although the invention has been described with reference to a particular example, it
25 will be readily appreciated that the invention may be performed with a variety of
different devices and configurations. For instance, in an alternative arrangement the
there need be no control valve 24 to enable the volume of each fill to be determined;
see Fig. 4. In this case the sensor 40 and flow meter 22 report directly to the data

acquisition and communications device 34.
30



5 Calibration of the systemcan be carried out during either the filling or
enptying of the tanker. The purpose of calibration is to ensure that the
true tankwoabume2agd sensor reading are accurate at anypgiraanoiooguios | eve
in the tank. A calibrated flow nmeter is used to neter the volune of water
punped into the tanker and punped out of the 10 tanker. This volune is
recorded and added to the calibration tgble which is specific to and
created for each vehicle. As the water passes through the flow neter a
pulse is g t LS sses
i ough o o e e A B Ko O ek L e e e o
in the cal figedtlt will aladbtorqa rdocled pugsstregemliigsfeame thelpraism_:p sensdrid® within

calibratiop co The 1in ri ses 15 current te and
e and ¢ e @Undb}shhnrged dficadf oot Bopes puesi Wi s S40P EMiy b1 o
is a seriegvédt usingesm BAbddad @locRasdY itl WRI Rcatibrd s@mpledn! fill eQént ukify Aaaber of
| ines of data are added up to give the total volunme of water into the

t anker . Anresgiyadifiompthetspiedite positioning gestern S0dsuch as GRS aisingla wedam §3 andbl e
equates to 0, Thi I t e 1s.stored

dat abase an %QQ’QH hﬁt yS% haé{!d-sy?fi(gna11 be(% h%hsa;qgtﬁe%(’sfm@l?gaﬁ?isuf%vé)lu ds% ume to
a speci fi chewns wlthékOtHeQEdicB @thstewavsds saledrtb edsidrofit id ke prévt. Idtiatidhlofi ng
purposes. Al though the invention has been described with reference to a
particul ar 1@)(5‘1‘958‘@8 of gvents will ysuglly b awtpmetie, hyt may be arpnuplly initiaded. nvent i on
may be perfornmed with a variety of different devices and configurations.

For instance,' in an alternative arrangenent the there need be no control
val ve 210 t IndastiihleApplicatiohune of each fill to be determined; see Fig. 4. In
this case the sensor 40 and flow neter 22 report directly to the data

acqui sition and comuni cations device 34. 13 Device 34 may keep a

per manent TREQAGNEbn hﬁlﬁwldéeh'ﬁbhéa‘ﬁoﬁfbeil&% WAHC Kof fhst&ﬂé& Pudl ) Sviéttet ligSidiort t ed.

It will also store a record of pressure readings fromthé pressure sensor
40 within g#sewastakefflpentwi || keep a record of each fill, and drop, events;
it will tinme stanp each fill event using an onboard clock, and it wll

| ocation stanp each fill event using data 5 received fromthe satellite

positioning system 50, such as GPS, using a nodem 52 and receiving antenna
54 and nodem 52 for the satellite positioning systemcould be housed wthin
t he device which will be sealed to ensure it is tanper proof. Initiation of
the recording of events will usually be automatic, but may be manual ly
initiated. 10 Industrial Application This invention has w de application
besi des water. For instance, fuels, whether liquid or gas, waste, effluent.
14



CLAIMS: 1. Atruck fitted with a tank and a fill line to the tank,

conpri si ng: an inlet inthe fill line configured for connection to
a hose t hwb 28/02k178Use, 5 connected to a fluid source tecehangs/dlesanount
of fluid in the tank; a sensor to nake neasurenents from which the

anount of fluid in the tank can be determ ned; a valve to allow fluid

flow through the inlet, both to increasg and decrease the anount of fluid
in the tank; and, 10a data acquisition device to periodically record sensor
measur emenicL,AIMsi o associate a tine and place with each record. 2. A
truck according to claim1, wherein the sensor is a pressure sensor that
measures the instantaneous pressure of liquid or gas, or both in the tank.

15 3. A truck cording to claim 2, erei.n the.sensor is a flow
meter in the fi8%‘10!(%%&\/\/?1“(1@%&1%@é%ﬁ%@g‘hfl’ln&xp%itf“H(eFOWBS}?mE'hr ough the inlet.
4. A truck accoaflinlet frothe 8ilnting, conTRiuSdd fdrn@onhb@&WnTRE 8rhds§ thdt 9] td asqni ¢

type flow 20 neter fitted around the outside diameter of the inlet where
there ard €omnepied ke a fluidssoupcertp ghangs dharraouny of Huid inithg tankinher ei n t he sensor

is located and ggeﬂsgpﬁ)qn%lge rr%ngislﬁfeﬁ%éntts hgmtm Ehepz{n%ﬂn’t o?'ﬁafcﬁmﬁé ta?ﬂéic%gnt .25

6. A truck according to clai ereln the sensor periodically reports its
readi ngs t bedetemminedyl unit. 7. A truck according to claiml1l, wherein a
backf | ow val ve aixgallvg (t:(? %ﬁgwqﬁl\i\gl%%{vet%:ngugh the inlet, both to increase and decrease the
amount of fluid in the tank; and,
10 a data acquisition device to periodically record sensor measurements and to

associate a time and place with each record.

2. A truck according to claim 1, wherein the sensor is a pressure sensor that
measures the instantaneous pressure of liquid or gas, or both in the tank.

15
3. A truck according to claim 1 or 2, wherein the sensor is a flow meter in the fill

line which measures flow, either way, through the inlet.

4, A truck according to claim 3, wherein the flow meter is an ultrasonic type flow

20 meter fitted around the outside diameter of the inlet where there are two probes.

5. A truck according to claim 1, wherein the sensor is located and designed to

ensure it is tamper proof, or tamper evident.

25 6. A truck according to claim 1, wherein the sensor periodically reports its readings

to a control unit.

7. A truck according to claim i, wherein a backflow valve is located downstream
of the inlet to prevent any reverse flow from the tank during filling.
30



of the inlet to prevent any reverse flow fromthe tank during filling. 30
15 8. A truck according to claim1, wherein the valve that allows fluid

fl ow t hr omghotine2i7al et is a control valve that is sel ececyaltpomeoins! | ed by
a control unit. 9. Atruck according to claim1l, wherein under the control
of the control unit, the 5 control valve is opened at a controlled and sl ow
rate until a predetermned flow rate isjschieved; then the rate of flowis
controlled to naintain it at a preferred value, and finally the rate is

sloved at & confr@hdkesbchb@iiy fo0clShs ¥ Whéte MO LAIVE R WIBws fluid Bow thidugak
according to claim9, wherein the control unit is programed for each 10

fill by enthsinkgisaeoniol vatee tiat fsisgleetively amntrodiké hy agentnel witkeypad; then the
control unit determnes the optimumflow rate for the fill. 11. A truck
according to claim8, wherein the control unit keeps a permanent record

that identigfi esAttagekt doderdirigorovdtaianl t wigeréi@ninder the RohtrolSoffthé testrol Imit, the. A
truck accordi nq to claim1l, wherein the data acquisition device stores a
record of reRtERlngl/eris ORsncHeat 8<cqabplled and slaw ratp uppl ¢ predetesmnined dlomoragg isi m 12,

wherein th . UjSi1i.0 i:CE . 8.2 e iql I,
and dr op,  acoydd; Mg plerE AR i€ S IRa BT RAY SF Bllerile FR6S
acqui si t i ofindidy theeateiisrsostdapscatolied rdtd tocansmie asmoath eloswwaboar d cl ock, and
it location stanps each fill event using data received froma satellite

positioning system 25 15. A truck according to claim14, wherein a
recei ving apt enAarikr accRliolAiht 8 wherein the control unit is programmed for each

10 fill by entering the volume of fluid to be taken, using a keypad; then the control unit

determines the optimum flow rate for the fill.

11. A truck according to claim 8, wherein the control unit keeps a permanent record
that identifies the truck to which the control unit is fitted.

15
12. A truck according to claim 11, wherein the data acquisition device stores a

record of readings from the sensor.

13. A truck according to claim 12, wherein the data acquisition device also keeps a

20 record of each fill, and drop, event.

14. A truck according to claim 13, wherein the data acquisition device time stamps
each fill event using an onboard clock, and it location stamps each fill event using data N
received from a satellite positioning system.
25 _
15. A truck according to claim 14, wherein a receiving antenna for the satellite
positioning system is housed within the control unit which is sealed to ensure it is

tamper proof.



positioning systemis housed within the control unit which is sealed to
ensure it is tanper proof. 16 16.A truck according to claim15, wherein

t he cont rwb 20ni/d22A8S0O conpri se communi cati ons equi pment pcmAU20H0Y1 DS
transmitter to transmt the record of each fill event to a base station. 5
17. A truck according to claim16, wherein the control unit conprises a

di stinct sub- unit conprising the data ggquisition, GPS receiver and the
comuni cati ons equi pment, and this sub-unit is wired into the vehicle

gni 1ion Syl ey gk Ofbidin 13 Bait! IAIRNERRH!RE YonurSO hiltahish { cdripriuier ed

up when the ignition . is turned on. A truck according to c

wherein a ba%unpcabams er[lypmsntlmdudnigch mnsmmext toctransmitr the regosd efhetch BHsur e
the contents (% vgla e menmory are retained after the ignition has been
swi t ched of¥ent10a D3y Staliopy i r o] systemfor a truck fitted with a tank and a
fill line to the tank, 15 conpri sing: a sensor to nake rreasurerrents
fromwhich the amount of fluid in the tank can be detern ned,

control ¥Yall¥e tétamk@ﬁpqrnmgdopla@wlﬁhwb@rgm thp gontral anit chmprises: dlstmcéalslk and

decrease ¢ i ABNALDnd hh fedfhiblle A Keci oGRS ERhrRchidR SRR LPe

oper ation ta acquisi

peri odi cal layd mequ&m&nsomrm&s@ tedreehicle aptition systemEioptienAlyt viae abithgel ace

with each reccl) . A control systemfor a fleet of trucks,
conpri si ngregula tor, so that 1t 1s powered up when the ignition is turned on.

10 18. A truck according to claim 17, wherein a back-up battery is included within the
control system to ensure the contents of volatile memory are retained after the ignition

has been switched off.

19. A control system for a truck fitted with a tank and a fill line to the tank,
15 comprising:
a sensor to make measurements from which the amount of fluid in the tank can
be determined;
a control valve to allow fluid flow through the inlet, both to increase and
decrease the amount of fluid in the tank;
20 a control unit to control the operation of the control valve; and,
a data acquisition device to periodically record sensor measurements and to

associate a time and place with each record.

20. A control system for a fleet of trucks, comprising:

25 a computer system arranged to receive transmissions from each truck in the fleet
showing their current location and load condition; wherein the computer system is also
arranged to display the location of each truck on an interactive map, and wherein upon
selection of a particular truck the interactive maf) displays that trucks current load
condition.

30



25a conputer systemarranged to receive transm ssions fromeach truck in
the fleet show ng their current |ocation and |oad condition; wherein the
conput er woEM2ewsal so arranged to di splay the | ocati orcoiAtRamwoirosack on
an interactive map, and wherein upon selection of a particular truck the
interactive map displays that trucks current |load condition. 17 21. A
control system according to claim?20, wherein a historical record of the
trucks' novenents is also stored so that the position and state of the
entire fleey cap bsntiodtsybemesccoflin@ Ry chamt D6 UlvRAtrelnd HehifBHcdlateoranst the

di spl ayed on the interactive map. - ]
trucks’ movements is also stored so that the position and state of the entire fleet can be

retrieved for any particular time and date and displayed on the interactive map.



