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TWO- W RE LEVEL TRANSM TTER © - - " BACKGROUND OF THE | NVENTI ON
The present invention relates to IeveI nmeasurenment in industrial
processes. More specifically, 5 the present invention relates to

measur enment of wooeunss level height in a storage tank of plifisheifias!sed
I I ndustrial applications using a mcrowave | evel gauge.

I nstrunentation for the neasurenent of product | evel (either |iquids
or solids) in storage vessels is 10 evol ving from contact mneasurenent

t echni ques, such as tape ‘and float,-1t0 non-contact techniques.

One t echnol ogy that hol ds_ consi derabl e prom se i s based on t he
use of mcrowaves. The bampmeeLWEHm METTHERi tting

m crowaves towards the product ngskders X ng refl ected

m crowave energy fromthe surface 3 _n crowaves _are

anal yzed to deternine the The (ﬁ%ecsa‘&?e tjrﬁ‘[enctﬁey h&'ﬁéaF?%veF@d leggdw edge
of t he di st ameastirenment dnaimdustarizle pyesessedci Bbte abeaifically,

det er nf nat i ongof Bhe gly S
Cravel o thesspeeg d#f%séxﬁé’ v§§{-_58£ i—élééeé%%"‘ﬂeLQ&{erZe%t oF pda%e
level he:.gh’t in a storage tank of the type used in
industrial applications using a microwave level gauge.

Instrumentation for the measurement of product
level (either liguids or solids) in storage vessels is .
10 evolving from contact measurement techniques, such as
tape and float, to non-contact techniques. One
technology that holds considerable promise is based on
the use of microwaves. The basic: premise involves
transmitting microwaves towards the product surface and
15 receiving reflected microwave energy from the surface.
The reflected microwaves are analyzed to determine the
distance that they have traveled. Knowledge of the
distance traveled and storage vessel height allows
determination of product level. Since it is known that
20 microwaves travel at the speed of light, the distance
that a microwave travels can be determined if the time
of travel is known. The time of travel can be.
determined by measuring the phase of the return wave and
knowing the frequency of the microwave that was
25 transmitted. Further, the time of travel can be
measured using well-known digital sampling techniques.
One standard in the process control industry
is the use of 4-20 mA process control loops. Under this
standard, a 4 mA signal represents a zero reading and a
30 20 mA signal represents a full scale reading. Further,
. if a transmitter in the field has sufficiently low power
requirements, it is possible to power the transmitter
o usirig current from the two-wire 1loop. However,



that a m crowave travels can be determned if the tine
known. The tinme of travel can be
of the return wave and

of travel S

determ ned by nmeasuring_the pNase
knowi ng the frequency of the m crowave that was

25 transmitted. Further, the tinme of travel can be measur ed using
wel | - known di i ng techni ques. One standard in the
process contr%*’%ﬂaﬂg'{m '

is the use of 4-20 mA process EERUSHOBops.
Under this standard a 4 mA signal represents a zero reading and a 30
20 mA signal represents a full scale reading. Further, if a
transmitter in the field has sufficiently-s2ow power requi renments, it
IS possible to power the transmtter using current from -the -

two-wire |oop. midwware level trammwslﬁﬁa the process control
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industry have always re d a t AL
transmtters in tﬂ g‘_rcfgﬁssv%on roY qu:.rei @/ Pave al re |red a ,
separate power trposmibLere, WRES; [2 %"’!/Ré’ré:t}% é’ tt‘fﬂé}r ‘
operation

_ r eqeequeicredo merpopewetrh ahanoebul debeladeMvrearkdivigigg ttheéd  4- 20
MA industry sgandgifh mdhYfaubtPyCataRBLiPE. & Thus, typical prior art

microwave level transmitters required additional wiring
into the field to provide power to the unit. This

additional wiring was not only expensive but also was a
. source of potential failure.

10 >4 INVENTION

A level transmitter measures height of product

in a tank such ‘as those used in industrial process

applications. The level transmitter is coupled to a

two-wire process control loop which is used for both
15 transmitting level information provided by the level
transmitter and for providing power to the level

transmitter. The level transmitter includes a microwave

antenna directed into the tank. A low power microwave

source sends a microwave signal through the antenna into

20 the tank. A low power microwave receiver receives a

reflected microwave signal. Measurement circuitry

coupled to the low power microwave source and to the low
power microwave receiver initiates transmitting of the
microwave signal and determines product height based
upon the reflected signal received by the receiver.
' Output circuitry coupled to the two-wire process control
"loop transmits information related to product height
over the loop. Power supply circuitry coupled to the
_ two-wire process control loop receives power from the
.30 loop to power the level transmitter. '

25

In one embodiment, the measurement circuitry
includes a first clock coupled to the source for
periodically initiating the microwave signal at a first
clock rate. A second clock coupled to the receiver



m crowave |evel transmtters required additional wring into the field
to provide power to the unit. Thi s additional wiring was not only
expensive but also was- a source of potential failure. 10

SUMVARY OF THE | NVENTI ON ' - Alevel transnmitter measures height
of product . 'Idh ?ﬂgank such as those used in industrial pr 608135 -
appl i cations. e level transmtter is coupled to a two-W re process
control |oop which is used for both 15 transmitting |evel information
provi ded by the | evel transmtter and for providing power to the

| evel transmtter. The level transmt3er includes a m crowave

antenna directed into the_tank. A | ow power n crowave S nds a
m crowave signal HeH’rlGé@ﬁaHlé mﬁgel Fﬁ‘iﬁ’?‘ﬁad sigRat a2 s%’?’&fivcgﬁﬁg‘r

m Crowave recei vafatieacei ves a refl ected m crowave signal.

Measurenment circuitry Bﬁ%ﬁDbﬁégﬁQp&E@'@Wq%ﬁ&ﬁé@“ﬁVe source and
to the | ow power micr ecelver fnitrates transmtting_of the

m crowave signal and det erﬁ%ﬁl‘é%e ptodfc H’éa@?ﬁ“'oé’?fe& P CTOWEYE HEVRK | ect ed
si gnal recei ved b;tddmnteeel ifraccordared mitthcitheuitiventcicorpl ed to the

two-wi re process control . r roduct
hei ght over the Ioop J:g%gﬁ%p Fg%ﬁ%%ﬂ“gghbﬁﬂgé%ﬁ&f&]p
two-w re process HgGauEsEY 86pthe ckevel Eﬁ&ﬁ‘“%ﬁl? e‘glwe Yoop to power
the | _e:/el transm ttlEgAILED DESCRIPTION DR UHE mmlamwg_r_monmmsur enment
circuitry I ncludes ajkLr I kc t %I.'RM f
periodically initiating thgg'h}éé ogfagé Si SEBPEQ Qh)%a? qum_ rat e.

A second cl ddk cogedd tmarxsmtteteiloepperably coupled to StOrage tank
12. Storage tank 12 is the type typ:.cally used in
process application and contains fluid (product) 14. As
used herein, proauct can be a liquid, a solid or a
combination of both. Level transmitter 10 includes

15  housing 16 and feedhorn 18. Transmitter 10 is coupled
to two-wire loop 20. Two-wire loop 20 is a 4-20 mA
process control loop. In accordance with the invention,
transmitter 10 transmits information related to product
14 height over loop 20. Further, transmitter 10 is

20 completely powered by power received over loop 20. 1In
some installations, transmitter 10 meets intrinsic
safety requirements and is capable of operating, in a
potentially explosive environment without danger of
causing an ignition. For example, housing 16 is tightly

25 sealed to contain any ignition, and circuitry in housing
16 is designed to reduce stored energy, thereby reducing
potential ignition.

Pigure 2 is a block diagram of level
transmitter 10 coupled to a process control room 30 over

30 two-wire process control loop 20. Control xoom 30 is

. modeled as resistor 32 and voltage source 34.
Transmitter 10 controls the current I flowing through
R loop 20 in response to height of product 14 in tank 12.
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- 3- periodically gates the received signal at a second cl

BRI EF DESCRI PTI C]\l OF THE DRAW NGS Figure 1 is a di agram of a
-m crowave | evel transmitter i-n accordance with the invention.

Figure 2 is avpé §§ agram showi ng el ectri cal circuitry of the |evel
transmtter | gu DETAI LED DESCRI PTI ON OF THE

EMBCDI MENTS Figure 1 is a diagram which shows m crowave 10
level transmitter 10 operably coupled to storage tank

12. Storage tank
12 is the type typically used in pr oe#ss application and contains
fluid (product) 14. As used herein, product can be a liquid, a solid
or a conbi nati on of bBLRCtTiq «Rircuityy manied)dn honsdng 16 ofhousi ng

16 and feedhorn l}franshianesi ttEr 1@nciuvaesp! e@bltage tOrégmausle | aap, 20.

Two-wire | oop 20 j pr o ont n .accor ce wwth .,
the i nvention, fcjtao ;&rfgc%stgtégr 1462 t ra(r&i‘g?ﬁgfg | n% dr rra??‘%htar]el E 0 d"bc%r oduct -
14 hei ght over | cBRPVRFrter 46 heeurledint®i @nalogo qukpnd cizomptavel48 power ed

by power recesvedspsedm lcleek260 and) reset &288uitsy &2 AlMdASoptscdisdbtter 10+
meets intrinsic 42 is connected to UART 54 which controls digital I1/0
circuit 56 and is coupled to current loop 20 through DC
blocking capacitors 58. UART 54 can also be a part of
microprocessor 42. Microprocessor 42 is also coupled to

display module 60 for providing a d:.splay output and to
transceiver circuitry 70.

10

Transmitter housing 16 includes microwave
transceiver circuitry 70 which includes clock-1 72 and
‘clock-2 74. The output of clock-1 72 is coupled to step
.generator 76 which provides an input signal to microwave
circulator 78. Microwave circulator 78 is coupled to
antenna 18 and provides an input to impulse receiver 80.
Impulse receiver 80 also receives an input £rom clock-2

74 and provides an output to analog-to-digital convexrtexr
20 82.

15

In operation, transmitter 10 is in
communication with control room 30 over loop 20 and
receives power over loop 20. Voltage regulator 40
provides regulated wvoltage outputs to electronic

25 circuitry in transmitter 10. Transmitter 10 operates in
accordance with instructions stored in memory 44 under
the controcl of microprocessor 42 at a clock rate
determined by system clock 50. A reset and watchdog
circuit Sé .monitors the supply voltage to the

30 microprocessor and memory. During power on, circuit 52

" provides z reset signal to microprocessor 42 once the
supply voltage has reached a sufficient level to allow
operation of wicroprocessor 42. Additionally,
microprocessor 42 periodically provides a "kick" signal



safety requirenents and is capable of operating in a potentially

expl osi ve environnent w thout danger of causing an ignition. For
exanpl e, housing 16 is tightly 25 sealed to contain any ignition, and
circuitry in housing 16 is designed to reduce stored energy, thereby
reduci ng WO ssial 1 gnition. Figure 2 is ?CBP@%SIBS

di agram of | evel transmtter 10 coupled to a process control room 30
over 30 two-wire process control loop 20. Control room30 is

nodel ed as resistor 32 and vol tage source 34. Transmitter 10 controls
the current | flow ng through | oop 203 n response to height of product

14 in tank 12. 3 .
PCT/ US98/ 08135 to watchdééoc%g[c%ji% %2. If th_eﬁt_a kick pulses are E}O&:tri c

circuitry carri edFeGeiysssipy ehrewit 524 gizapites2 myrovidelsudesresst t age
regulator 40, input Credr Oafe¥eprodessor MEAR! Y A4, thébdtiy al rdst-aAal 09
converter 46 couqllu%}otpq_o%@s%g_ Qgt.put circuitry 48,

" 5 Microprocessor 42 receives data from circuitry

70 through analog-to-digital converter 82 to determine

product level height. Clock-1 72 operates at a first

clock frequency £, and clock-2 74 operates at a second

frequency £;,. Clock-1l 72 acts as a "start transmit"

10 clock and clock-2 74 operates as a "gate receiver"

clock, and the clocks are slightly offset in frequency.

That is, £,=f,+Af. This provides a digital sampling

technique described in the ISA paper entitled *Smart

Transmitter Using Microwave Pulses to Measure The Level

15 - Of Liquids And Solids In Process Applications," by Hugo

Lang and Wolfgang Lubcke of Endress and Hauser GmbH and

Company, Maulburg, Germany. Product height is
calculated by determining which cycle of clock-2 74
coincides with a received microwave pulse. In one

20 embodiment, clock-1 72 is set for a frequency of between
1 MHz and 4 MHz, depending upon such condition at the
installation as the maximum distance to be measured and
current consumption requirements of the circuitry. |
) Clock-2 74 is synchronized to clock-1 72, but varies in
25 frequency by between about 10 Hz and 40 Hz. The
difference in frequency (Af which provides a difference
in clock rates) between clocks 72 and 74 determines the
update rate of transmitter 10. It is possible to obtain
a higher received signal level by integrating received
30 pulses over several cycles at the expense of reduced
' update rates.
The signal of clock-2 74 provides a gating
. window which sweeps through the incoming signal at a
rate determined by Af. Impulse receiver 80 gates the



5 system cl ock 50 and reset circuitry 52. M croprocessor 42 is

connected to UART 54 which controls digital 1/0 circuit 56 andis
coupled to current |oop 20 through DC bl ocki ng capacitors 58. UART 54
can al so be a part of m croprocessor 42. M croprocessor 42 is al so

coupled to 10“&%@?‘1{5@ nodul e 60 for providing a display output and to
[

transcei ver ci
m cr owave

_ 70. . Transnitter housi ngtGBUPH¥RYes
transceiver circuitry 70 which includes clock-1 72 and

clock-2 74. The output of clock-1 72 is coupled to step 15 generator 76

whi ch provi des

an input signal to mcrowege circulator 78. M crowave

circulator 78 is coupled to antenna 18 and provides an input to’
i npul se recei verirg®@ming mignowane r etenalkr ud@ngl sher efpi sdgnah ifmpm from

82.

over | oop 20.

cl ock-2 74 @ugkiprovigdes 'ﬂ'iboélﬁe%‘ﬁtt 8f2RApensd Ordbgivéd §ONYErer 20
rans

| on

ti , tt .- 10 .
communi cat i on V\A?%Jc%ntc’%gs‘r“iﬁ%ﬁ‘ 30T BRRT ?‘%ﬁ%%"ﬁ%d"aﬂ' ’s"i‘ e"’B‘Iél?r}v’gé“dﬁovver

dependentr eypbut othd( noise pravi dpsricegul meElkctidisge

outputs to sel egbhififed?In thil cHbbived sidISM wagg the JEQOEME tdeer 10

operates in
t he control of

accoydance wth_instructions stor I n rrermrgﬁeM_ under

nFRE opPHRRMaYE 42k o TXOB:- Kk thet eProduct g PuriasRd ¥R system

cl ock 50. A resetoimclidextcirdibl the gate polseé fxdmnchodlk+2 tdeaslymdigr vol t age

provi des a reset_s
has reached a suP¥i

to the. 30 ' ; | A =Gl |
o the m C&&F%ﬁe Si8k AOSTEIP g 1%&:‘13%52%&’%9% 1a‘i-bé%‘b%+:§/§g

al” to m croprqcessor : vol t age '
BRPI TR IGIFaY |Gppverter §Ror JMLBROPEPCERBRY ob? ocessor

42. . Addiot i opallbylates dimicanepr dogs Aytedminknd odittiadt y cprdei deg a

"ki ck" signal

15

20

25

30

clock-2 74 provided the largest output pulse from
receiver 80. Microprocessor 42 determines distance by
knowing which gate pulse caused the largest output
pulses from impulse receiver 80 as determined by analog-
to-digital converter 82. Product height is determined
by the equation: '

Level - Tank Height - Distance of Pulse Travel Eq. 1

Level=Tank Height - RAf,_C_ Eg. 2
£, 21,
One Way Distance of Pulse Travel = R'fAf -2—%- Bg. 3
- 1 1

where: .

f, = clock 1 frequency

f, = clock 2 frequency

Af = £, - £,

R = Receive sample pulse which detected »=hm

- to echo (R=0 to £,/Af)

Analog-to-digital converter 82 should have a ’
fairly fast conversion rate, for example 0.5us, when the
transmit rate (clock 1) is 2 MHz since a sample must be
taken after every transmit pulse to see if an echo is
present, converter 82 should have a sampling rate which
must at least equal the frequency of clock-1 72. One

*
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. wat chdog circuit
; B2, circuit 52 pr
restart m cr

. data from circupdoburias

| determ ne pr
" clock frequency
flerr]. dock-1

Transmitter Using dilgidepitaleaPutesdettebaesteibéhe dfVeb-

Solids *In Process

PCT/ US96/ 08135 to
52. If these kick pul ses are not received by circuit
ovi des a reset i nput to m croprocessor 42 to thereby

oprocessor 42. 5° M croprocessor 42 recei

oduct level height. Cock-1 72 operates at a

ves

70 through anal og-to-digital converte‘F‘?_é;éstgtﬁ}a8135

flerr] and cl ock-2 74 operates at a second f requency
72 acts as a "start transmt" 10 clock and clock-2 74
operates as a "gate receiver” clock, amd the clocks are slightly
. offset in frequency. That is, flerr]=f[err]+[err]f. This provides a
digital sanpling e€xampl&inf frchaic @nsdagrkordeglsnl peprvertan tisedhesmart

nd{hg Lilg ds And

Endr ess and I—lauser%‘%—tlcgkgﬁgzagig%%%} N%u%&m%@evgggggfgd edlcj)]::t

hei ght is c

HEL NP COYVERTHR (ROR VAR K LOWMETER . ¢ Hie segokubiqny of

coi ncides withsa ragaiopddridigasare detvidter | 820N8s 2Qote Nt I@ANlaxris) ock- 1

72 is set for a f

10

15

20

25

30

rcer:ci. eir}:CQﬁ. %fecggtsg\ec?nq.y the presence or absence of a pulse
ig significant.

To further improve performance of transmitter
10, the receive and transmit circuits in circuitry 70
.are electrically isolated from each other. This is
important so that transmit pulses are not incorrectly
detected by the receiver as the echo pulse. The use of
microwave circulator 78 permits accurate control of the
source impedance and the receive impedance. The
microwave circulator provides isolation between transmit

and receive circuitry. Further, circulator 78 prevents .

the transmit pulse from causing the received circuit to
ring. One example circulator is a three-port device
which only allows signals from the transmit circuit
(step generator 76é) to reach antenna 18 and incoming
signals from antenna 18 to reach receive circuitry 80.
Electrical isolation between transmit and receive
circuits may be obtained by other technigues known to
those skilled in the art. For example, circulator 78
may be removed and a separate transmit and receive
antenna implemented. Furthér, circuit isoclation
techniques may be employed which provide isoclation
between transmit and receive circuits along with a delay
circuit such that a received pulse was not received
until after any "ringing" from the transmit pulse had
faded. In another embodiment, microwave antenna 18 is
replaced by a prbe which extends into tank 12 shown in
Figure 1. This embodiment may also include a
circulator.



1 MHz and 4 MHz, dependi ng upon such condition at the

install ati on as
t he nmaxi num di stance to be nmeasured and

current consunptiLon

requi renents of the circuitry. Clock-2 74 is synchronized to clock-1
‘72, but varies in 25 frequency by between about 10 Hz and 40 Hz The

di fference in gy ([err]f which provides a difference I n clock
rat es) betmeedaéﬁgéﬁg 72 and 74 determnes the updat e r RCATGSP60813S
transmtter 10. It is possible to obtain a higher received signal

| evel by integrating received 30 pulses over several cycles at the expense
of reduced update rates. -8- The signal of clock-2 74

provi des a gating w ndow whi ch sweeps through the incom ng-signal at a
rate determ ned by [err]f. Brepdl upon dile GateRGigat of ameecho pulse W9

96/ 41135 microprocessor 42 through analggl-(:y%i%i?’%onverter
- 6- I ncom n cr.owave 5| ;&1&: g from cl ock-2 74.
The out put of i n&#nsé“ﬁ(?ar\?gfe §6r|%2 er'%’é"relse§ pieie oFf 'ﬁ"l‘é’:,dé‘%l ses
will vary in anpli4uie tank 12. This information can be transmitted

5 digitally over two-wire loop 20 using digital circuit 56

under the control of UART 54. Alternatively,

microprocessor 42 can contrxol the current level

(between, for example, 4 and 20 mA) using digital-to-

analog converter 46 to control output circuit 48 and
10 thereby transmit information over two-wire loop 20. In
one embodiment, microprocessor 42 can be set to provide
a high output (for example 16 mA) on loop 20 if the
product level is either above or below a threshold level
stored in memory 44.

15 In one preferred embodiment, microprocessor 42

comprises a Motorola 68HCll. This is a low power

microprocessor which also provides high speed operation.

Another suitable microprocessor is the Intel 80C51. Low

power memory devices are preferred. In one embodiment,

20 a 24 Kbyte EPROM is used for program memory, 1 Kbyte RAM

is used for working memory and a 256 byte EEPROM non-

volatile memory is provided. A typical system clock for

a microprocessor is between about 2 MHz and 4 MHz.

‘However, a slower clock requires less power but also

25 yields a slower update rate. Typically, power supply 40

provides efficient conversion of power from the control

loop into a supply voltage. For example, if the input

power supply is 12 volts and the level gauge electronics

require 4 mA, the power supply must efficiently convert

30 this 48 mwatts into a usable supply voltage, such as 5
volts.

The invention provides a number of significant

advancements over the art. For example, transmitter 10

is completely powered by power received over two-wire



dependent upon the noise or spurious reflections 5 contained in the
received signal. Wen the receipt of the m crowave echo fromthe
product surface is coincident with the gate pulse fromclock-2 74, a
"l arger out put pulse results, and is converted to a |arger val ue by
anal og-t o- di gibakuf@gverter 82. Mcroprocessor 42 10 calc c/o4135 ance
by determning which cycle of clock-2 74 provided the | argest

out put pul se from recei ver 80. M croprocessor 42 deternines distance
by knowi ng whi ch gate pul se caused the | argest out put pul ses from
i mpul se receiver 80 as determ ned by anaF8g- 15 to-digital converter 82.
Product height is deter ned the uation: Level - Tank
Hei ght - Di st anced B fR¥e %R/e‘?o Ea%lﬁ re ces the amouat Ofr HXiRg ght -
[err] requirey] td place transmﬁtseﬂ/\ﬂw Bitsmaremobé Rutatcionavel =
[err]:  EQ. 3 widlrop2¥t@eor 42 is also cap?biLQSf]receﬁbﬁ § donl dkﬁﬁf?ncy

flerr] = clock 2 fre

enc
R = Receive samﬂ‘@rp%l "’gvﬁﬁcﬂu’aﬁ’gctlﬁﬁpr%qw szom doit! ol robm 3 to0 echo
(RO to f[ers]/[Hrig f:)s accord:l.ng to a dlgnaébgechmmdng:altabnsqsmdml 82

should have a g5y a%heCO Eg_caft(%nexggmg?% ﬁl[j.;#r

when t he transmt te cl oc Sl Nce a” sa
taken after everBrafarpli, ﬁuldé-sl'ﬁéls%%“‘?‘#mé??"e‘m P§°l'-99°1 hawingta

converter 82 shad drdlbeyed av@raging zéwe, Whi ch
Although the present invention has been

10 described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.



must at | east equal the frequency of clock-1 72. One
PCT/ US96/ 08135 exanpl e of such an anal og-to-digi t}amlmmﬂgm mlr#,m —
t he si gma-delta converter described in co-pending U S

Application Serial No. 08/060, 448 entitled "\ DELTA CONVERTER FOR

VORTEX FLOWETER  The resol ution of a@@EDWERL- di giftal  converter 82 s

not particul arYQMII35; ¢ | cal becat sy Ht_\tiéHSrﬂ éjce or aPCSHPIEORES o

pul se is significant. ' 8 | mprove performance of
transmtter 10, the receive and transmt circuits in circuitry 70 10

are electrically isolated fromeach otherig- This is [ nportant so t hat

transmt pul ses are not incorrectly detected by the receiver as the
echo pul se. The WEAINIS CLAIMBEDq¥#Sye circulator 78 permts accurate control

of the sourcq ., i npedange wahshit h@rar{s«%ﬁ%\é% ééﬂiﬂ%ﬁ‘céfo a tmew&%e
m crowave circul at or row dgthsgl ati bet ween tr recei ve

circuitry. Furt R 8°Br megt_surlnghgeg.g%hsﬁ t2 ﬁﬁ°§é‘°ltr om ’
causi ng the recelrme@. (tlanhu icomprising:

a microwave antenna directed into the tank; B

a low power microwave source for sending a
microwave signal through the microwave
antenna into the tank;

a low power microwave receiver for receiving
a reflected microwave signal from the
tank,-

measurement circuitry coupled to the source
and receiver for initiating transmission
of the microwave signal and determining
product height based upon the received
signal; .

output circuitry coupled to the two-wire
process control loop for transmitting
information related to product height
over the loop; and '

power supply circuitry coupled to the two-
wire process control loop for receiving
power from the loop to power the level
transmitter.

2. The level transmitter of claim 1 wherein the
measurement circuitry measures a time delay between

transmission of a microwave signal and reception of a
reflected microwave signal.

3. The level transmitter of claim 1 wherein the
measurement circuitry includes:

a first clock coupled to the source for

periodically initiating the microwave
signal at a first clock rate.

S ——
eet Has Been Re‘lat.e(-

"



ring.. One exanple circulator is a three-port device which only all ows

signals fromthe transmt circuit 20 (step generator 76)

18 and inconi ng signals fromantenna 18 to reach recei Jmmmnﬂ"m"wml
Elbec_t ri glalb i sol ati on between transmt and receive circuits®my

obt ai ned by ot ni ques Knowgmi-e- jdled in thg

exanpl e, ci rcu:w‘? % 25 nmay be ﬂ'ﬂﬁibsg ~a sep rate transm cfgg
receive antenna inplenented.j . FR : -~elit isolation

techni ques may be enpl oyed which ovi de i sol at i on between transmt and
receive circui tz along with a del ay ct¥euit such that a received pul se
was not receive 30 until after any "rin fr hetra sm it | se had
faded. 1n anot her4enbodi mentle rﬁ%’@&vﬁ?@nﬁ‘ﬂ%ggﬁﬁ%q Wgﬁ'%’c’éﬁﬂﬁ/ a
probe whi ch ext engleasurtemdrath lcibuditayn funther imgudes:1. Thi s

enbodi rent may also includ 5 Clak G _
PCT/ US96/ 08135 496ecdna 18K b 1¥a to the el 4dch35

periodically gating the received signal
i at a second clock rate; and
wherein the measurement circuitry determines
product height based upon receipt of the
received signal and a difference between
the first and second clock rates.
5. The level transmitter of claim 4 wherein the '
gsecond clock rate is generated based upon the first
clock rate plus a rate difference.
6. The level transmitter of claim 4 wherein the
first clock rate is between about 1.0 MHz and about 4.0
MHz and the difference between the first and second
clock rates is between about 10 Hz and about 40 Hz.

7. The level transmitter of claim 1 wherein the
process control loop is a 4-20 mA process control loop.
8. The level transmitter of claim 1 including a

second microwave antenna coupled to the microwave
receiver. '

9. The level transmitter of claim 4 including an
impulse receiver receiving the received microwave signal
and providing a gated output in response to the second
clock rate.

10. The level transmitter of claim 1 J,nclud:.ng an
intrinsically safe housing which contains circuitry of
the level transmitter.

11. The level transmitter of claim 1 wherein the
microwave antenna comprises an elongai:ed microwave probe-
‘extending into the tank for carrying .the wmicrowave
signal therethrough. '

heet. Has Been Re laced
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Based upon the detection of an echo pul se by m croprocessor 42 through
anal og-to-digital converter 82, m croprocessor 42 determ nes the height
of product 14 in tank 12. This information can be transmtted 5
digitally over two-wire loop 20 using digital circuit 56 under the
control of UMSbeupds Al ternatively, M Ccroprocessor 4g-rhmiamsedat ol
the current |evel (between, for exanpl e 24 and 20 mA) using digital-to-
anal og converter 46 to control output circuit 48 and 10 t her eby transmit
information aqver two-wire loop 20. In one enbodi nent, m croprocessor
42 can be set to provide a high output (for exanple 16 mA) on | oop 20
if the product level is either above or below a threshold | evel

stored .in nenory 44. 15 In one preferred enbodi nent,

m croprocessor 42 conprises a Motorola 68HCL1. This is a | ow power

m cr opt ocessor which al so prov4 hi'gh speed operation. - Anot her

sui tabl e m croprocessor is the 0C51. Low power nenory devices
are preferred. In one enbodi nent, “20 a 24 Kbyte EPROM is used for program
menory,; 1 Kbyte RAM is used for working nenory and a 256 byte EEPROM
non- volatile nmenory is provided. A typical systemclock for a

m croprocessor is between about 2. Miz and 4 M. However, a sl ower
clock requires | ess power but al so 25 yields a slower update rate.
Typically, power supply 40° provi des efficient conversion of power from
the control | oop into a supply voltage. For exanple, if the input

power supply is 12 volts and the | evel gauge elect S require 4 m,
t he power supply nust efficiently convert 30 . 48 mvatts into a
usabl e supply voltage, gguch as 5 The invention
provi des a numnber of sﬂg O
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advancenents over the art. For exanple, transmtter 10 Is conpletely

1 ail BLocks
% _
7
G,

COVVERTER

powered by power received over two-wire WO 96/ 41135
PCT/ US96/ 08135 - 9- current |oop 20.
Thi s reduces the anmount of wiring’ required to place transmtter 10 at a
r.enot edl ocat i orwgg?mﬂg _croprocess?rl 42 | zcgllizot c?pabl e OI rfcmmgg(,)omsg
commands over two-wire current |oop n rom control room 30.
This is according to a digital comrunications protocol, for exanple the
HART[err]tponnunic?tioP Eropocol or, ; p[fferably, a digital
communi cati ons_ protocol having a c voltage averaging zero. .
Al t hough the present invention has been 10 described with reference to
preferred enbodi nents, workers skilled in the art will recognize that
changes may be made in formand detail w thout departing from t he
spirit:and scope of meimaF?ﬁ‘——""‘"“-”"”—’”—"m"j
: S
v | f\u oM 11 !
- X ESY \341 I f
\D || S N |
I3 Eﬁ&' ! |
Q LSS ES =
X RIEXY =~ i a
™\ 1 | A
l 3
| iRahe [ i S
| - B
il S8pP N §§ : }
. : < I :
| l
Ribe | < H
30 s ! |
AT D Y-
B_ ] |- 183
o ——— | = !
_______ -3 gg ~S o
S83 '
<q<T }
¥ ] !
QI I
i - . ™
IR Rx § |
\ PPN § Qg AN !
A 9 Em$& » |
R i
|
I l
t;§§§§ §§ I
“Eer* s |
SIS |
!
1
i
i
|
I
|
|
|
{
-




conpri si ng: ant ennd d| rectabl e _
a-low power m crowave source for sending a m crowave . . si gnal
through the mcrowave antenna into the tank; a | ow power m crowave
recei ver f01. recei vi g levelf tesisfifitter using microWave8\eRGTdLNA th' arewdie

K;
N e e R A
d

e m Crowave si
det er mi ni ng 189 :based upon the recei ved signal ; _
output circuitry coud eficrowave anbetthiediresagsiecdatbokhe tank; | oop

for transmtting i rgoig@ : surﬁ' al-8@avh O Froi/lrg?)uff:ed atendtg.%%d%tm éwéve

over the | oop; - y CIrcui tWo-
process . cont’riapaﬂ-oggr?‘éﬁ h themicrgvpvacintennm dnsd bbe tank;
provide the sol e soursow ppeéermicrowdi® reweRO¥R for receiving a FoEILWERE

source, the | ow power micr c measur enent
circuitry, and output -ci rc‘"&.va‘?‘?g‘"a.;'ﬁ ?}%‘%1 from the tanks o'’ oot er

2. ‘The level t r%ﬁqﬁwﬁofn@lﬂﬂm Wlednti’h'éhmmﬂ TeceiNer y
measures a tine-del ay betvianihiefaving tramdmissibnr ofaie ﬁii@&-&ha&adslgnal

reception of a reflected gy O4BYE G - product height based upon the
received signal;

output circuitry coupled to the two-wire process control
loop for transmitting information related to
product height over the loop; __ ) '
power supply circuitry coupled to the two-wire process
control loop for receiving power from the loop to
provide the sole source of pbwer for the low power
microwave source, the low power microwave receiver,
measurement circuitry, and output circuitry in the

_level trapsmitter.

2. The level transmitter of claim 1 wherein the measurement
circuitxy measures a time delay between transmission of a microwave
signal and reception of a reflected microwave signal.

3. The level transmitter of claim 1 wherein the measurement
cireuitry includes:
. T a first clock coupled to the source for periedically

- initiating the microwave signal at a first clock
- rate. '
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3.—4- ; :I'he | evel transmtter of clajm 1 ‘wher ei*fA't he u/% Bl ' %
i'ncl uded: a first,.clock coup 1ed to the sourcg‘g%i @f%’ﬁ?@am EET
|n|t|at|ngthe m crowave S|gnal at a first clock rate.

11 4. * The— | evd@het Leweki txansmitterapfh cladm Bewherhin ntzs measurenent
circuitry fedrxdwitriyndurther includes: a second cl ock coupled to the

receiver for periOd'%@Ebﬁond clock %Puplégﬂt51 hg?re_glve Iégﬁigﬂgﬁfﬁl

second cl ock rate;
circuitry deternines pr odgating the receivemgigﬁglbage@ sprand aleick reteghe
recei ved signal and and_a difference between the first and second

cl ock v of_claim

wherein the second cl oc%§ at eél‘es m%?lse?a%m(fhﬁagké %‘gﬁr} 3 Fﬂnﬁ"eil gﬁé}ﬁfe
plus a rate difference. - 8”9 ht based uppw| recsiph pfethsr recsived wigreiln
the first clock rate i s bahndesniffmrtentedbitiean kb @irad. SndHiactill d18ck
difference between the figgtagnd second clock rates is between about 10 Hz.

and

5. The level transmitter of cléim 4 wherein the second clock

rate is generated based upon the first clock rate plus .a rate
difference.

6. The level transmitter of claim & wherein the first clock
rate is between about 1.0 MHz and about 4.0 MHz and the difference

between the first and second clock rates is between about 10 ¥z and
about 40 Hz.

7. The level transmitter of elaim 1 where:l.n the procass
control loop is a 4-20 mA process control loop.

8. 'rhe level transmitter of c¢laim 1 - including a second
microwave antenna coupled to the microwave receiver.

9. - The level transmitter of claim 4 including an impulse
receiver receiving the received microwave signal and providing a
gated output in response to the second clock rate.

10. " The level transmitter of c¢laim 1 including an
J.ntrinsically safe housing which contains circuitry of the leval

stransmitter.
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£

about 40 e, 7. The level trand@itter of claim: r R ' :
control loop is a 4-20 mA process control loop. 8. RE’%@CE&LENT%EET

t tt f |
i orovave (i ver | T 1evEE! RafeREERED d8 Cofufy b ARSI "é’“ﬁ"ggn
i npul se r ecARUNG SOTPFLAGS: AR ?Wﬂféﬂ’ MiCToNATE EF%IE’H{-EF g‘ |

- gated out putank foaspareying the sierowhve @dignadt eheretilrough. The Ievel
transmitter of claim 1 including an intrinsically safe housi ng which
cont ai ns cCi rcwtry of thﬁﬂevel tranim tte

12 11.  &2ghe | evdR® A8Ved CFEPSBECEET; THPUPIERRYS (£ e SRS, PTORESNa
conpri ses acomtnlalasp nfaxr omeasuring) chesbglenihca | produdie {mna tenkcasr \mng

the mcr OV"ac‘ffa:‘?xtha'wHe'}%&ﬁt mwgﬂm-wﬁﬁ ?roces@eci,ﬁyfél L1agam E‘E@Ed?s an
coupl eable to g}ﬁ(b -W re process con g u%e h-'lﬁﬂ
product in SVREHSLR TAFYY FOWCF FfotEenPPNEE! SEERFY CEiF JeHe |
provi des anabeout | 4hImW.i nput . povver to the power supply circuitry of |ess
t han
A3. ' The level transmitter coupleable to a two-wire process
control loop for measuring height of a product in a tank as in
claim 12 wherein the power supply circuitry converts the available
input power to the power suppl? circuitrxy to less than 5 VDC to
operate the low power microwave source, the low power microwave

receivexr, measurement circuitry, and cutput circuitry in the level
transmitter.

14. The level transmitter coupleable to a two-wire process
‘control loop for measuring height of a product in a tank as in
claim 1 wherein the measurement circuitry is coupled to -

microprocessor with a clock speed of less than about 4 MHz to
conserve power.

15. The level transmitter coupleable to a two-wire process
contrxol loop for measuring height of a product in a tank as in
claim 1 further comprising a microwave circulator- free from
energization by the loop coupled to the antenna, the low power
microwave source, and the low power microwave receiver to

electrically isolate the microwave signal form the reflected
microwave signal.

) _ _ * ¢ L M s *
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about - 4‘8 M 13, The level transmitter ﬁ) Ietoatwo W re
process control Ioop for measuring height Gt?f'\)é duact in a. tank as in
claim 12 wherein the power supply circuitry cowrts t he avail abl e i nput
power to the power supply circuitry to less th 5 VDC t o oper at gy Iow
“power Jvi crowave source, the | ow power m crowave receiver,
ckrcuitry, and outp@’]]bl rcuit rwmmﬂnasmemom'wmn ~
| evel transmitter coupleable to a two- BE8%s control Ioop for -

measur i ng_hdNFTERNATIONAL ARPLIGATION BUBLISHER INDERCTHE PATENTIGOORERATION TREATY (PCT)

Measur ey g1 KievnStébdl Pyfent Clas@fthtioh € t 0 i ‘rOpr(QPﬁﬁﬁR&aﬂ\b&M Nafiek SPECYYOI96/41135

| ess than abgyip sarddz t0 conserve powef o1 The level transmtter
coupl eablje to a two-wi re process contr gl |wphﬁemmmmgmeugmwu%umm

product ifl a tank as Tn claim XL tartn corrﬂi—_‘—'——'ﬁ'_—“_—r't__’_rlsmg a m crowave crrcu a?

free fgor(riewexyatiops Application Number:| 00 pPEBESHINBES | Gl)t GR]EIT
mcro 9 B e nStiond L | ow e re
i sol at th% m. crovvaslgngsﬂlagnal fg:?%{he ré‘?%lii ¢ted m crowave si gnal
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& | (S7) Abstract

A level transmitter (10) for use in a process application measures height of a product (14) in a tank (12). The level transmitter (10)
includes a microwave antenna (18) directed into the tank (10). A low power microwave source (70) sends a microwave signal through the
microwave antenna (18). A low power microwave receiver (70) receives a reflected microwave signal, Measurement circuitry (42) coupled
w&amﬂmammmmmsdmmnﬂmmmmmmwbaudmﬂ:emved,wﬂemd

signal, Output circuitry (48, 56) coupled to a two-wire process control loop (20) transmits information related to product height over the
!009(20) Power supply circuitry (40) in the level transmitter (10) coupled to the two-wire process control loop (20) receives power from
the loop (20) which powers the level transmitter (10) including the microwave source and the microwave receiver (70).




