A’ CORDLESS TELEPHONE ARRANGED FOR OPERATING WTH  MULTI PLE PORTABLE UNITS.

1N A FREQUENCY HOPPI NG SYSTEM Background of the Invention

~1; Technical Field This invention relates to cordl ess

- tel ephones and, nore particularly, to a cordl ess tel ephone having a
plurality of portable units arranged for communicating with 'a base unit in

~a frequency hoppi ng system 2. Description of the Prior Art

- Recent rulings pronulgated by the FCCin the utilization of spread spectrum
systens, including a frequency hoppi ng system now allow suppliers to
produce i nproved cordl ess tel ephones which grovide users nuch greater
freedomand nobility than is_available with conventional cordless

~ tel ephones. Frequency hoppin enﬂm%' changi ng, or
hoppi ng the center frequency ofg, S S j.hes a second in
accordance with a pseudo-random- I cation channel s.
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_inproved cordl ess ehrigrersiye bed in U S. Patent 5,323,447 which

issued to M E. G ||isFkowmeters sdense’thel¥léwandt WUigquidniatid dasds &l

whi ch issued to I| t Oct pbe th

i nproved cordl esgé?ﬁ? E#uonesna ?’rlj’sdeq'{rl:se rm%h ﬁoigef r%@’&“’%‘@ﬂ@%. Iﬁ?/wt han

conventional cor dresnoneiéphmal: hendernmentaisn | 9ipgnmtaacmmm| ons
~ between nul tiple ﬁ?ééé‘i%e 88 ah YMbtadld B b&é&def' Fi.na'&d %&}

ephone

- multiple portable units esult,, each of nulti cord ess
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respectively assoshedaﬁzgammés fromwa Hluff bodynvenThenfrequency of | n
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' velocity in the meter. The shedding vortices produce an
alternating differential pressure across the bluff body
at the shedding frequency. This differential pressure
is converted to an electrical signal by piezoelectric
crystals or other differential pressure devices. The
magnitude of the differential pressure or electric
signal is proportional to p, where p is the fluid
density and V is the fluid velocity. When the ratio of
pipe diameter to the size of the shedding bar is held
constant, the signal is proportional to D*F?, where D is
cl_h inside diameter of the meter and F is the shedding
frequency. The flowmeter produces pulses having a
- frequency proportional to the flow rate. The swirlmeter
produces a similar flow responsive signal by measuring
the vortex precession frequency produced by swirling the
flow, then passing the flow through a .downstream
contraction and expansion.
The vortex flowmeter signal comprises a fundamental
signal which has a fundamental frequency representative
of the flow and an associated noise signal at various




operation in a frequency hopping systemincludes an arrangenent which
. achieves optimumutilization of nultiple cordless tel ephone portable units
by permitting these units to access a commobn base unit and al so access each

- ot her. -2- I n

accordance with a first aspect of the invention, for establishing

~ communi cations with the base unit, each one of the plurality of portable
units is configured with a different starting channel froma plurality of
comuni cati on channels available in the frequency hoppi ng system For
providing initial conmunications with the portable units, the base unit
transmts a broadcast-signal sequentially over a set of communication

channel s whi |l e nSXPAYPRREe8acRaBRedof PYhefividl | Rurbulences andeaether
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encompassing wide ranges of flow rates, pipe diameters
and fluid densities. Consequently, such meters operate
over a relatively large dynamic range. When fluid
density is constant, the flow velocity range is
typically 25 to 1. Even with the flow range at 25 to 1,
signal amplitude will change by a ratio of 625 to 1,
because the signal is proportional to the square of the
velocity. When variable fluid densities are taken into
account, which ranée between 1 and 800 in fluids such as
atmospheric air to liquids, a frequency change of 100 to
1 is possible for a specific meter size and will result
in a maximum signal amplitude range from 10,000 to 1.
Unfortunately, the signal-to-noise ratio  changes
- markedly over the ranges. '~ Furthermore amplitude and
frequency modulation of the flow signal introduces low
and high frequency noise that causes problems for some
signal conditioning systems. Consequently, a single
filtering system is needed which improves variations in
signal to noise ratio over a ~large dynamic range

any



i nvention; FIG 3 shows the protocol of the cordl ess tel ephone
depicting the specific processes executed by both the base unit and the
nultiple portable unifs i'n performing a registration process of the
portable units, in accordance with the principles of the present invention;
- FIG 4 shows the protocol of the cordless tel ephone depicting the specific
processes executed by both a first portable unit and a second portable unit
~in establishing comruni cations with each other, in accordance with the

. principles of the present invention; :

-3 - FIG 5 shows a first and second portable unit arranged to

" communicate with each other, in accordance with the principles of the
i nvention; -encompapging wihdesrangesi of filaw; adefsity! andt dbamageirhe
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and R hﬂ._v]@ OV yehiar ta ol t ati t he
cordl ess tel ephon%ﬁ\’\n’tghs]i e dggl e\c/i‘é unc:al‘;odr#aaﬁé:{/a#h%?ﬁdir%ﬂﬁ't er ?%?1 or
the base unit in 3WPhbFude; FENE¥RinAAT Hhade nledk peppasystems: have a

accordance W th thesponsei Pimé sét iUt thec1oWestNfedgueficy or data rate,
Throughout the dra%ng, tLle éang e%eﬁent vvhgn shown m&og that one figure
i s designated by t 2FESYPLE o BHIR FERIERCY FeSponse *®1t on
Referring now to FIG A singke setaofnelectrorics hawving ancimgresedtisighhhone
oees Tover . ErASRALES TR CuBLE PRGRECRRATy hibATel o
20 through 40. A freduencies tif cdesiredet uFhezesris sadtep amdneedcrford
herein, it is electronics which have a sufficiently fast response time
to prevent loss of pulses during flow transients.
SUMMARY OF THE "INVENTION
The present invention is a transmitter sensing a
physical parameter such as flow. Filter means in the
transmitter receive a noise contaminated input signal
representative of the physical parameter which has a
fundamental £frequency varying responsively to the
physical parameter. Filter means filter the input
signal with a current high pass (HP) filter
characteristic to produce a filtered signal having a
frequency representative of the physical parameter. The
£fequency characteristic of the HP filter means is
selected from a family of preselectable HP filters
having varying corner frequencies. Each HP filter in
the family has a unique switchup and a unique switchdown
value assigned to it. The electronics include timer
means which provide a period timer value representative
of the time between period boundaries of the filtered
signal and also provide a present timer value
representative of the elapsed time since a last period
boundary of the filtered signal. The electronics also

»



to be understood that a greater or fewer nunber of handset units may be
enpl oyed in practicing the principles of this invention. I n
accordance with the disclosed enbodi nent, each of the handset units 20

: through 40 may securely access the base unlt J0 and share a conmon

- tel ephone line through this base unit. Although an RF link is shown as

exi sting only between base unit 10 and handset unit 20,- such RF |ink may be
- established between the base unit and any of the handset units 20, 30 or
40. Thus, incom ng tel ephone calls received at the base unit 10 fromthe
central offlce may be answered by a person 4 elther of the handsets 20

t hrough 40. Sim| of the ha ts 20 through 40
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9, 1990. or which must respond to a large dynamic input range of
freé;u_encies. Finally, output means convert the signal
from the filter means into a transmitter output,
typically a 4-20 mA current or a frequency ocutput, which
is representative of such physical parameter.

The filter means may also include low pass (LP)
filter means having a variable low frequency corner
which is set as a function of the diameter of a pipe
through which the fluid flows and the density of the
£luid. Furthermore, there is Schmitt trigger means
receiving the filtered signal and 'coupled between the
timer means and the adaptive response means for
providing a stable filtered signal to the adaptive
response means. In an automated LP corner setting mode,
the adaptive response means decreases the frequency of
the LP filter corner frequency until a first corner
frequency is encountered where the cutput of the Schmitt
trigger is no longer a square wave, and then increases
such first corner frequency to a second corner frequency
greater than the first corner frequency.



" RF transcei ver

Included in the base unit 10 are a control unit 110, a clock 115 for
provi di ng synchroni zation to: 1) the control unit 110, 2) a tinme donmain
dupl exer (TDD) 120 and 3) a conbined digital-to-anal og and
~anal og-to-digital (D)A+A/D) converter 125. Also included in the base unit
10 is a radio frequency (RF) transceiver 130, a signal strength nonitor
~circuit 135, an antenna 140 and a frequency synthesizer. 150. A tel ephone
circuit 160 in the base unit 10 connects this unit to a central office or
~other appropriate switch through tip and ring lines 101 and 102. An
interface unit and display 165 contains theSswitches and a visual display
for configuring the base unit -in its varlous nodes for communi cating with
one of nore of the handset &#Fa&E RE2CRLBLLQNQF THE PRAWINGEer 130
conprise both an RF trREGMY gy aabulcan Rfa 28R dﬁra GB&é:E an%m&é’tf‘ér%]
denodul at es voi ce$% | s tra.r]im ed b t he ha et unit 20 and couple
these signals vi&%H 4395 1Bt he t el ephone C|rcwt
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of the filter and the Schmitt trigger, with a single
flowmeter curve superimposed thereon.

FIG. 5 is a block diagram of an alternate
embodiment of vortex flowmeter in accordance with the
present invention.

FIG. 1 shows a vortex flowmeter 10 includ:.ng
electronics generally :.nd:.cated at 20 for conditioning
a vortex sensor signal 33. Electronics 20 increases the
signal-to-noise ratio of signal 33 and produces both a
4-20mA current representative of flow and a square wave
output F,, having a frequency proportional to the
frequency of signal 33.

Electronics 20 are applicable to field mounted
process control instruments which must respond to a wide
dynamic range of input frequencies. Electronics 20 are
particularly appropriate for meters sensing a physical
parameter responsive to a pc;wer of the variable which
the output represents. For example,' both vortex



gener ates pseudo-random seeds from whi ch pseudo-randomdata |ists are
generated. Assenbly | anguage code for generating such a list in the 6805C4
m.croconputer is provided in Appendix 1. It is to be understood that random
data lists also nay be generated in a pseudo-random manner in accordance
~with the teaching of S. W Golonb in Digital Conmmunications Wth Space
Applications (New Jersey: Prentice-Hall 1964) pp. 7-15. . I n
accordance with the illustrative disclosed enbodi ment descri bed herein,

four pseudo-randomdata lists are generated. The first generated list is
for the base unit 10 and has a group of 173 8ara val ues which correspond to
a first set of 173 .random channel s he, second %(laner ted List is for

handset unit 20 haxATHPE-EER grinpmeEexs nea d\fLeW Ry seansiag to
a second set -of 52an camid thide mddulated igresbym aigrl Widsd Erifudiyd set

unit 30 having a t| 2 data.yalu cores ond to .a

set of 52 random {Ban%ﬁgy*&ngjnai out%thty‘gne?;?gg %‘F@t chgtq ¥ i fdER al}rt
40 havi ng a fourt (repregenfatgive| of; the wragte .cor r espond to a fourth set
of 52 random channel s. pﬁl]_:v'fa_@agl gagrﬂ@f&egt edehted & /S1 WS bic els

available in the 902-928 frequency ban The first set of 173 random

channel's i s used B BiPE B4seP uYf?’E e% nefen %?ﬁg@’é%ﬁrﬂ@&t"r%?%ﬁh
one of the three tnmdSQreim tis loosted Hanpdipe @222 Setheti €ludd 230 flows

frequency hoppi ng calt ed r Lt hat Federa

Communi cation Co SSi w énera#‘g‘ajdg‘f': tgﬁggfggggﬂ. ﬁﬁéﬁgeeo&P%‘%ca’ and
fourth sets of 52 represantiahive ofather thow ane produced. dtﬁlmgfabddxeqlﬁency
hoppi ng cycl e exeqy gdpdkctionsSehasE, sV din 2edfohBeEs XHlR the

Federal Comruni catj,on Comm ssion's 89-354. T of the 52
random channel s, é%ﬁ#ﬁa@%agﬁeﬂech%f§3ﬁéte £Qchhe rRKtax shedding:
during an initial lmwtpri)seamrbjb.edfbﬂ d-atamﬁld,ater ﬂi@z@dlectrzc

dgt a values from a or# er széed S%f%%!g?ge j%f ﬁ%&‘;’l\;g‘%y]%r vss?‘a‘ltt

10, corresponds tacmm Byf and aaaqnireahamctton’tﬁ.se cﬂhmalaqniltsdealcef
part of the 173 chapn %\@Iii?{) 'ﬁ'&n{‘%h%o% cifigauency band. If
t

interference is detect ase unit or handset unit with which it
i s comuni cating ®ETARF oh® BFOPREtieBaAJtY H-'rl?‘%l differential pressure,

which is proportional to pV?, where p is the fluid
density and V is the velocity of .fluid 23, and also
proportional to pD?F?® (when the ratio of the size of the
shedding bar to the pipe diameter is held constant),
where D is the inside diameter of meter housing 25 and
F is the shedding frequency.

The output of the piezoelectric sensor ia coupled
to a charge amp 32 which includes capacitor ¢, and
resistor R, and outputs vortex sensor signal 33.
_Atdjuatable two-pole low pass (hereinafter LP) filter 34
conditions signal 33 to remove undesirable = high
frequency noise. The corner of LP filter 34 is set at
or slightly below the lowest flow frequency expected in
a specific application and therefore needs only to be
set once per application. FIG. 2A shows the frequency
responses for each of the preselectable LP filter 34
characteristics, specifically set in this embodiment of
the invention for corner frequencies between 0.75 and
1536 Hz. |



fourth set of channels in a frequency hopping cycle, the affected unit
initiates a channel change process whereby one or nore channels are

sel ect'ed fromthis group of random channels for substitution for the
channel or channels in the second, third or fourth set of channels upon
which the interference was detected. As described |ater herein, when a
handset unit serves as a base unit in establishing comunications with
anot her handset unit, then the control unit of the handset unit serving as
the base unit takes on the role of generating this extra set of data val ues
and communi cating a data value to the hands@ -unit with which it is
communi cati ng when a ehannel substitution becones necessary, because of,
for exanpl e, detected At &hieer Bagaisude cofinkartex signal 337hechangeo!

unit 110 contr ol sg\@hgk a4 I3 e eg&]pa- at ed
data list fromthe conirol wﬁﬁﬁ%%%%eﬁmﬁoﬂﬁrzﬁJgD@%?e%#f%
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frequency synthe teargsd as athe fxequens ahoyee s t lemigictdd: low

~ frequency hoppi nGefeléhcy cornmer. 'Thi® d%lgﬂeg%ﬁgéﬁ°#%§%§ tqg

achi eve effective, cover alge ghr ou houil its operatin nal
strength nonitor 999%%ARLe 3hecauBe, 1F | AthAnvakes { Reise, Leewrpinghat

{ﬁceih veg sit gnal tfnmmgfmwm. | esnahd24t diargey am&ungteeniggﬁémﬂ f!.&:f W th
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~circuit produces mer®ronaisrentagdgnedt tosnpisporatinaoven a fgivsn &igwh of
the received si gigindd Od 3¢ ragugest Ll’nfiﬁ@r 34 prevents dﬁ@%ﬁ-'t he

strength of the recelved si gnal fromthe ndset “unit as by
the signal strend¥HonPesalessly rfﬂml‘ﬁé‘%onl:?ol naise 113t chhighers the
amount of power tfrefuendial bandhat! rbasger t amplitubdesRtHamngigha®r 3830 to
t he handset unit ,20.  Thus %fencﬁlh andset .unit 20 is in close proximty

to the base unit w,a"ﬁfe qfe %(ﬁ%&"&fﬁ‘he RF transcei ver 130
is reduced to a ni ni mAiGc@Btalidws [thee|frefuengy: responssn dfetfonxi-pdld@ i s

e e | Qyor HYR Pads" (h@2eihhPEEr " Hp)® 'FIIRMON36 OBBEY! leltn
’ preselectable HP corner fregquency. The family of LP
and HP filter characteristics is chosen as appropriate
for the maximum and minimum flows,the fluid density,
and the meter size anticipated for use with electronics
20. Filter 36 attenuates the low frequency noise which
LP filter 34 does not attenuate and produces signal 41.
The frequency response of filter 36 has four poles
because of the effective loss of two poles from filter
34 in the frequency range from the LP corner to the HP
corner. The HP corner frequency is typically larger
than the LP corner frequency in order to provide more
noise immunity for low frequency noise. Without filter
36, this low frequency noise present at the cutput of HP
filter 34 would be particularly troublesome at high flow
rates when the low frequency noise has an amplitude
greater than the amplitude of the vortex signal.
' Schmitt trigger 42 squares the output of HP filter
36 to produce squaré wave signal 44, which has a



of power radiated by RF transceiver 130 is increased to its maxi num
permtted | evel. . Referring next to the handset unit 20,
conponents in this unit include a control unit 210, a wake-up tinmer 212 and
a clock 215 for providing synchronization to: 1) the control unit 210, 2) a
time domai n dupl exer (TDD) 220 and 3) a conbined digital-to-anal og and

anal og-to-digital (DA+tA/D) converter 225. Also i'ncluded in the handset
unit 20 are an RF transceiver 230, a signal strength nonitor circuit 235,

an antenna 240 and a frequency synthesizer 250. A tel ephone circuits and
keypad section 260 pernits dialing tel ephonéddtgits and sel ecting such

functions as talk, intercom des f t he, hapdset unit 20 to
comunicate with tfﬁémyuﬁ\?ﬂaﬁgng ﬁﬁt%&é"uﬁ?@ g‘?ﬁﬂ‘l‘ﬁ yeztex
contai ns switches sengor \diguall B3pl Mhef volcagéi gu[)lwtﬁ.dlhetmndﬂepuunbt 20
in an appropriate ng t ery
270 provides oper&gq'%g %ower Wﬁé% hesg%#gw !tg'(rgy %}eﬁ%}#%seég
This battery is chppgyoximatedy pthcifM@l perzenti ofatbhmavgdtaget &evel
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cradle of either the base unlt 1 auxi liary base unit cradle

has no conmuni cat PEXELXRER: 19VeF W%hgigétﬁﬁﬂ?aefci’:ﬁf’érf‘%ﬁ:et%aSFEPSEFﬁ/een
base unit 10 and Iﬁauﬁaehtuaréqﬁencsedesmmbsetnm mvsfraqmmySca&ae&%f

whi ch issued to n Ll n ted
her ei n, handset uﬁrlgé?ego]-‘énﬁn Rggﬂgdéa%m%e?tﬁé‘te f‘g %%
handset unit 20 awaver euSputat i onal I y identical. : The
transceiver 230 conpri ?@hBat Eiﬁ.erREetreﬂsekaaebyaeioaﬂ BE segwass aRi s

transcei ver 230 denodul at es, vol CinSI ghals transm eée e unit 10
and coupl es t hese®dppAets time ; ginee \asdast peri ‘2’25" aSHEBMEd

ﬁ83 andt an arrpltltsugr;aZSMantnpafimmtm 1logi WoansThievelapsedal so
‘has as its inpu al o

transmts to F he ggg‘@ &?Pﬁ'cfgﬂ H%Q’?eaﬂ%‘% Ekpénet@&e %ﬁl éﬁi?gh{é@g P’éatto
the transcei ver virisingaeggefofrsignal t4k, sl |&1M&Mwmbsemadsn of
converter 225. Thh% EOHXEEB%JQ%I%%?% e t8N2eQbce | CHdlefitact & ng?éker

signal which is t transcel ver 230 The si

oVl
strength nonitor 285 PER)nfi-bFsrt selestdopeg Ththar refers: ton&hf Fasdom,; ¢
10 and accordi ngl yaydakgen' i tREchadh tf&q@ﬁwtcda@weutawfamd bprtég RF

Ay commun cat | on81BERGeaA - REePagLng FYSE FeNRFAN FerATRR AOSREROSE FOS Do

acconpani ed by a vesponse tdte tbeflowatrdnsientsna t hem During the

baea untt 16 (it 1t eq FAGCT s AN 00Re PBRECRE iadiiyinninld 15201 10d . e

able to make a  attenuation characteristica (in solid lines) between
0.75 Hz and 1536 Hz. The family of HP filter attenuation
characteristics (in dotted/dashed line) is provided only
for the 3 Hz LP characteristic. For this example, the 3
Hs LP characteristic corresponds to LP filter 34 and one
of the characteristics of the HP family corresponds to
HP filter 36. The envelope formed by the 3°"Hz LP
characteristic and whichever HP characteristic is
selected defines the area where signal 41 has an
amplitude large enough to exceed the voltage threshold
necessary to make the output of trigger 42 change state.
Superimposed on these filter characteristics are the
flow curves for two families of pipes. Curves L1-L8
are for pipes carrying liquids of density 62.4 lb/ﬁt’ at
atmospheric pressure and ranging in diameter between one

»



-8 - favorable conparison of the received security code data with its
stored security code data. Simlarly, a favorable conparison of the data
fromthe two security codes al so nust be nade by control unit 110 in order
for the base unit 10 to respond to a call set;up request froma handset
unit. Like the control unit 110, the control unit 210 may be inpl enmented

t hrough the use of a microconputer containing ROM RAMand t hrough use of

t he proper coding. Such a mcroconputer is known in the art and is readily
avai l abl e from sem conduct or nanufacturers:icﬁlas Mot orol a, Signetics,
Intel and AMD. For exanple, a mcroconputer "avail able from Mtorola as part

ouitabie ror use SBARFAES SRMAE . Hlok EhPues A TRe 424 B ol SRPTLVL0F vy
nunber | 000DD. pipes Carmngea!-neahaadmesphqricZﬂressm and ngangtngf or
communi cations angni i Améed £ bdtWEdrE ohe gﬁ&ﬁ%’%ﬁzh Iﬁgreﬁgfnﬁaf‘fﬁf&

unit 20 enters a |.ow power nonitoring no LL.ncl ude

then powering up SERBAFK RPYes the quxnves yqrﬁlﬂﬁé-liyaﬁﬂyéfduﬁpl’-' Qbeagame
necessary for sativeleeieyyrapge dnd indiedsiing diameter! nBVes! €he Shrvdss

circuitry aids in rv. bat ower whe cormunlcatlon are in |
progress between Fﬁ Qﬁ% djsﬁgt %?a%ﬁgt ﬁgmﬁa r}lﬁﬁ%tty AFRBI® ot her r'E]Eﬁtry
in the handset urthagaitudetafnstecoupputeisigual wf I\mztdu gt 33iisi s

o v | PR IO AL 0 4P hpeerl 0

al'so to turn of f hRveead Aifferant. Elo ‘ﬂoﬁﬁr?!?ate BBFSFe'ﬁ-BgnlfﬁQ‘tﬁfarQ he

TDD 220 activat esrepresentédn®s Rﬁaceﬂbiwlp Gﬁsopéﬁt: 'Pofns on

one-shot - nonost ab mul ti viorat and tu ot he'r clo driven
circuitry in the %ﬁﬁd?gf“e rﬁl[mg guﬂf?ér apé?ﬁﬁl MRV SOTHRRE i he
handset unit 20 iinptant capphication mmmmlmmg tsmatprdper40
m | liseconds. ThigpCchg{\g&yO t e provided to the
TDD 220 from vvakeéu fl?l nmer élﬁiat t g’%%l ¢ %b%%%e&%'?l seconds. The TDD
220 is enabl ed ther eby'l"éﬂhﬂe By énenenpushs%m pEpddfude margin between
clock 215 and theth@CElowrcirtid ianid ¢het e Ehﬁﬁ&é&éi‘@étﬁ&%é%ré‘ﬁ&é nde‘i- ng

Lo P S onal g Bl g%abasRElbA! 5F SEATLEECE Rghat i, 0, % sirdie e oS,
of these has occus rBdbetheenonheohmpmri.tu&éOoigalignhﬂ.r|49. et qim/varoltmge sel f
e Cont s - byailied o Vldpds SOREAE L iy | & FOEMRIE L0
10 or a key has mllggeﬁopug@dlommpileitude modulationa and for filter
switching transients.
FIG. 4 shows a single LP filter characteristic (a
3 Hz filter characteristic) and a family of HP filter
characteristics (0.75 Hz, 1.5 Hz, 3.0 Hz, etc.).
Superimposed on these filter characteristics is an
- operating curve for a pipe of eight inch diameter
carrying liquid of density 62.4 lbs/ft?, indicated at
reference designator 19. Points A, B, C, D and E
represent different operating points on curve 19.
Point A has the lowest flow of the five points and
points B, C, D and E have successively faster flow
rates. As discussed above, the envelope formed by the
3 Hz LP characteristic and whichever HP characteristic
is selected defines the area where signal 41 has an
amplitude large enough to exceed the voltage threshold
necessary to make the output of Schmitt trigger 42

and



keypad. When an RF signal is received froma base unit, this
signal is coupled to the control unit 210 which | ooks for an initialization
synchroni zation (sync) pattern in the signal within the 40 mlliseconds
that the handset unit is powered up to its

- 9- mninum power operating state. If the received initialization sync
pattern does not contain the security code that is recognized by the
handset unit, the control unit 210 turns off power to itself and to the TDD
220. If the initialization sync pattern does contains the security code
that is recognized by the handset unit, howeMers the control unit 210
causes the | ow power nonitoring node to be overridden. In so doing, the
control unit 210 cehanggestateenabFert lexampde220cdngider i apphdcatliofiN df nme
in order to establg §N@%h'i:ﬁntﬁété&ﬁbﬂéé‘léﬁ%ﬁ%ﬂ?gg""hbfég&xc? uné{;%o

fromthe base unit. ower nonitorin

al so is overridderffdyWaen k9y7§u§Pﬁes°BﬂrﬁﬁE°Ré95§E ighceedertadn flawys
?rﬁ pushed, the hafilsedr uaut. 20t | signali 030 cdeirie tbezgtgidb aAvpLpeEnaée a'ﬁdite
the transmtter nscei yer oth turn o nd
attenpts to estab% synééﬁ%elé rﬁtﬁ%‘iﬁgzﬁ%egﬁég n?'l’ PEYS 1309084 ﬁ;‘
RF signal to thiswaukd be a constantt ivolsageenohersas cappyicatiaonoms
process, this is tdyey10C8esSs geRitdddU4€S Uiﬁxthaé'd gl diive 3? el
40 for comunicating wth the base unit 1 o? set units
- communi cating wit FRBIE cithé squane Jave,signadsat gignalbd4. hrough 40 nust

© be provi ded with a secmptﬁ%frmgdﬂdmsq g J‘Q; dlggdwms two
o take pl ace. bt Y Syt ike, < rrRURRRARY 6 Madh e EhE Hreqeliiad e O7°
I f only one handsdiilheén @amm%aaw c(@lnj Uentiitehup t paint hasndinia

10, no manual regi S§r h t TR Y-
The handset unit a’ﬁégﬁ,{"’éﬁelﬁbb%v?g %%lg?ua?e pe?e?r Oﬁ]ﬂgﬁg f%%t o@(r?"? In a

default node wher SHAZA idéfi@lqumkmﬂ dm P £idder 36 cifhe
are enpl oyed by botdurferithegeltdirt schatfctaviswicm 1 hi szme,awﬂt@h oint
transmtted power |evel fromb h t he ise uni t an set un|t ar e
reduced to and pr(ﬁﬁ RF&S&R v

power |evel. Wen ame-wleietphohegi.e réonv_eahd\tldn iselect a, new filter
characteristic. Logic 40 continually monitors the value
of period timer 46, (the "present timer value"). The
switchup and switchdown point for each préselectable
filter characteristic introduce hysteresis, which
minimizes excessive filter switching caused by frequency
jitter in vortex signal 33.

When the flow increases from a no-flow condition in
pipe 22, signal 44 becomes a square wave at point B. HP
filter characteristic 0.75 Hz is set by default. Period
timer 46 is reset by a period boundary of signal 44 and
consequently represents the elapsed time since the last
period boundary of signal 44. When the present timer
value at the end of a signal 44 period, (the ‘'"period
timer wvalue"), is 1less than a switchup point
corresponding to the HP filter characteristic having the
next highest frequency corner, logic 40 immediately
selects the filter with such next higher £frequency
corner for use in filter 36. For example, when the flow
has increased to point C, the period timer value at the



shipping carton, typically the user installs a battery in the handset and
cradl es the handset unit in the base unit for charging this battery. After
the battery has been.charged for a suitable time, the user renoves the
handset unit and goes of f-hook either in the phone or the intercom node.

- When, the user goes off-hook at the handset unit, the cordl ess tel ephone

" recognizes that it is in the default node and automatically transfers both
the security code data and the starting channel data fromthe base unit to
t he handset unit, while operating at the | ow power |evel. The security code
data is generated in the base unit in accordance mnth t he teachi ngs of

United States Patent, 4, 736,404 which issued to R, E. Angli kowski et al. on
April 5, 1988. Th&ns &t i ngsignpded4gpariod oip 488 than the switchup
- -10- random nunbgbineed. cdiiespartdingsedof orcigenenats ngHi he gt ar ﬂmger

Gnit in the base GAAFSEREHIBERL ThaWtl Y U ang A HE A a1 spReqTgEe LY
provi ded i n Appendelett The RafRdHat cbnracaerbﬁaiceal Whencfhowl trgreasest he
base unit when it gaﬁx;ie&glyedthge Hitﬁ&f’evﬂﬁh@ g éggeghabtd Ja

channel data. Once t ta has en rece| ved and acknow t he
base unit and theShgRadet 44niReHRM n 18 cdR8fcERAR pithe | SWikShyR nRPint

ggtsclr3 I befl1 I 29;148 cBereBpondihg, T4l the CB.0SHZCHE ormbc& éhhi'aattéi'zﬁ{:ic?{l |
: ober G ans e
- power IeveI S re?ﬂf‘”ﬂ&da{: ?h@ﬁoﬁ?ﬁfgﬁ]ﬁﬁmgﬁa‘%&% %ﬁ&\?&‘ ng‘ﬁ‘u g ﬁ]ﬁ
power level. |f schargoteristicgi st Am ithe dflawelnsraases (tarpoint Bacdset
uni t becomnes neceRaziy. 186CEHa S 06 i Hp ﬁ@?chﬁ%@%ﬁrﬁ%i@agﬁ Hﬁgﬁeﬁr

t he handset unit becom ng |noper ative an avin replace user

may execute the rBiBgrEReFARS Aalac PF’BSG’%ext The Zespanse time efce
to FIG 3, and st gpetBeohteissi0 ammsﬁeeeessvumymmﬁwm dyaadgneruni t

h b h h
the protocol of tHE Ehepreave seiscted ddcREihgbiyn e f1p Thirededns "
executed by both Thesbhmmaryni Logdcasd Bh&euaad:hesftmtenrohghacﬁerhst:.c :
performng the reglLghphgt Eﬁ& Ré:QE f%h{P%Jﬁﬂé ez@hig%gxe O §%i§r@r :SUEhﬁp' e

handset units requrr&s vate a s uttons in t
user interface ango¥nepl £9remsncyhm~. the F‘F‘E}’r@t afilteer shamacterisEigiter

when the period timer value, as sampled when signal 44
changes state, is less than the switchup point for such
next higher corner frequency filter.

This selection process selects a filter having a
corner one step away in frequency from the corner of the
current filter characteristic. An alternative selection
process can be configured to select a filter
characteristic more than one step away in corner
frequency than the current filter characteristic. In
such a selection process, logic 40 compares the period
timer value at the end of a period of signal 44 to the
set of switchup points and selects the filter
characteristic having a corner corresponding to the
higher of the switchup points which bound .the period
timer value.

A different selection process is used for
decreasing flows. Logic 40 compares the present timer
value and the switchdown point assigned to the HP filter
characteristic having the next _lower frequency corner



initiating the registration state at the base unit 10. During this
registration process, the base unit 10 transfers conmon security code data,
and al so a pseudo-random seed assi gned to each handset unit that is
registered, to all of the nmultiple handset units that are registered in the
system The protocol begins at step 301 where registration is initiated at
the base unit 10 by actuating a dedicated registration switch which is a
part of the interface unit and display 165, shown in FIG 2. This switch is
typically located on the rear of the base unit 10 and is protected from

I nadvertent activation by either recessing,1previding a protective collar
around the switch, or other simlar neasures. Instructions on the

regi stration proctbanctheccuzireng fidtetedharanteriaticpul Whent theafdowon

the bottom of thegpaseadBit ahd gheoBognEtgﬁkanvgaﬁgl,Bg{,égxgg?&‘g%épgﬂoﬁse
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Fegi strati on’ comGRAEAFEBR-ERER, T REFESE, 2¥n il bhlel et chiner
configured for spesitecexpeeds the ewikchdowbavalueiassigried tegpetinatban
commni cation chaggelnser Wind! 14gse! 8! Yerdedd ot Minbalaey Ude! fn SO

t hat subsequently _ngnu gurc ase andset units use within a
systemwi || be eaftt§e¥o¥§ gthepi® By HR seharacteristic. T This jeamet he

[) etgit st ra% i ?R p[) ocpsece_asueonwggssea;a amébtqutoif dbbeehﬁﬁ'dbsihdt t't:;adls ﬁi‘_‘éééﬂtt: Orf
utton a e basg,as_in 0 econds) until.a burst o
t one sounds i ndi cgﬂnﬁﬁ t'ﬁii@?%e ‘é&é’e’%n?ﬂ‘%&’?ﬁ&éﬂ offﬁéﬁ't e?"#\%?ﬁé%‘f“
units. Both PHONEvahuesN\T&s@ighedghtoecndvitchdowndepointidds)D2n and D1,
interface unit an j 5 b j | ashal y Se LN
step 302 as | ong gﬁ%ﬁgt agghnﬁit?‘gﬁfn t e%%%g?%t?a?fﬁ%ta@g %l’l et?he
base unit 10 is i#dikdategsalechion. sl SUMMATYeoforcasdecreasing £1ew; on

(i.e., both the bpegitgnad sededtsdttie Fillter chNGidtidribtiic hawind ovRéE
Ieve! bel ow t he po& I o erratéggngqurel evel and TO 3'9' can, be °aced or

received fromthi® g?atjﬁgﬁ ‘ﬂﬁﬂﬁystﬁﬁ 953 tfl"'eo pEB‘@es@ Ances
to step 303. At tfireguengy oficchs @unrentsfdilterucharabterbatic vhendtlé pad

on the base unit whiglnt Sedmél HIve eXcedds a switchpoint corresponding

to the filter characteristic having such next lower

corner frequency. In other words, the corner frequency

of HP filter 36 is adjusted in response to the frequency

of signal 44 and selection logic 40 sets the filter

corner frequency adequately below the frequency of

signal 44. This method of selecting filter

characteristics continues without resetting timer 46

until seighal 44 'changes state or until the filter

éinracteristic having the lowest possible corner is

activated, in which case timer 46 is stopped to avoid

- overflow. The next period boundary restarts timer 46.

A small timing error results from the delay to set the

HP filter 36 before timer 46 is reset, .which is

compensated by resetting timer 46 to the delay time

instead of setting it to zero or by providing a latch to

hold the value of counter 46 and restarting the timer.

' The hysteresis effected by this method of filter

v characteristic selection ensures that a currently



nunber "N' of handset units that the user then wi shes to register. Wth the
I nfformation provided at this step, the base unit is then infornmed of how
many different pseudo-ranhdom nunber seeds it needs to generate. A different
seed is used by the base unit and by each one of the plurality of handset
units in generating a starting channel for each one of these units. The
base unit is then able to transmt not only its nunber seed to each handset
unit so that these handset units knows which channel to nonitor, but also
is able to transmt to each handset unit the nunber seed of each of the

ot her handset units to facilitate these hangget units comunicating with
each other, as explained in detail |ater herein. From step 303,

t he process ﬁdvanseseemdeﬁnimc%&ac&&rﬁ.e‘i:h.eet te selddtied dv@rsadvroad user
must press the # u t S to rE|ster
with the base um?&,&é&”}ﬁ'} q&%ﬁ%ﬁ%& spégk%ga"{glf'hglig%&t% %ﬁ%‘@uﬂhﬁ ?r at
the handset unit wrmaponéxngxmplmmem ubmasb_atmant R band D4 caxet he
registration stat lEQfe&e%grﬁtiﬁ’% 28 %fcfatﬁpwéﬂaxfa'c%ﬂ'&act heg fiREEat Y !

returns to the idle state et units currently in use wth'the

base will remain ®HRakcAsd. merp%&?s oFOFRESPPRALsg (kO gEimerevalues
deci si on 305 and Béewéer06D2and afim? U3 t Ager e@diditeziadon thﬁngl s 3pragsed

during the registration cts base unit to
exit the registr a?ﬁ g’fggg‘ﬁ% ret t%gf'ﬂ'g!% d?gsgfé ttha% £re SQUENCY t er
initiating the re];:.steat oﬁnvmmsmhoiﬁugmungaun s madi tELEen t he
~ registration stat éi‘; hie &' ORELEPoL € f@&%%&éﬁ id pmgi%@ndset

t

units. Although on andset units are own_an escri
i ndi cated earlier Althcugh the above discussed filter corners jaxe

herﬁi nh a greate{s@le?ec%etonbsb@epmwéczi.zbﬁffmsxmjeﬂyl a Mdiarme
W t teprlnC|peso 1S | 1.0 SUu varl LS

At the first hande%?’ #@r& 3’5’ %ﬁ‘@ %ggsbbggégésﬁt $€on
on the dial pad t HPr eﬁ:ﬂe:rtserme Haarid:gat comrt ofuqncncégastnmmtedt Hoy he

base unit. As ref %}&E dset
unit flash at theég‘gérre rate as t ase unit LEBé‘Tto d| cate t a‘tge?g
handset unit is dPrevidesdiens sengitivisytenoine G%i’nlirél cenvenient fox

registration. As é"di?ﬁ&iﬂ iﬂ%ﬁﬁéﬁtwﬁoﬁ@fm%ﬂﬁﬂ 1id efurbddion he user
presses the PHONE but

link with the base unlﬂ]ﬁggdtﬁpgéggnm&%n% t%O estagi gogeaom%ca{g one

considered open loop since changing the filter corner
frequency has no affect on the period measurement which
controls the filter. Adaptive response time allows one
set of electronics 20 to be used for all meter sizes and
flow ranges, even though the dynamic range of a vortex
flowmeter varies from 1 Hz for 8" diameter meters
carrying liquid to 6000 Hz for 1/2" diameter meters
carrying gases.

Alternate vortex signal conditioning methods have
disadvantages. Automatic gain control methods modify
filter characteristics based on the amplitude of a
vortex sensor output and consequently can track noise
instead of the flow signal. Those methods utilizing a
HP tracking filter experience a loss of pulses during
fast reductions in flow rate. In such electronics, a
decreasing flow transient causes the HP filter to
attenuate the flow signal because the time required for
the tracking filter to change to a new filter selection

»



| button (represented by handset nunber 20, for exanple) on the dialpad to
reglster the handset unit address. The handset unit then gives a "happy
tone" and the PHONE and 1 NTERCOM LEDs go off to confirmthat this handset
unit has been successfully registered. The user may continue to register

t he remai nder of the handset units by pre55|ng #, PHONE, 2, for handset 30;
by pressing #, PHONE, N, for the |ast handset N, for exanple as depicted

i n decisions 312 through 315. Each handset unit gives a happy tone as it is
successfully registered. If a handset unit is not successfully registered,
however, a sad tone is provided at the handsget- unit, as depicted in

deci sion 305 and step.317 and al so deci sion 318 and step 319.

If the user presseas dongen|thakghetflow titansient.he Thenddinie Woristaitng

regi stered, that j FYTeIs ' e t
regi stration st atl{eha However il}g é%;%]t}%l{e{ q'r é';.rf%%nsfﬁl%g’ %2%‘#‘&(5“& ARG 4f
state waiting forchergfioxe ké?ﬁr ckArgm aty highisSlowni freqtnemieee i §'h1@
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any new handset ke sHPt [filnemi caknezndead fart Sfromt chee vortex Kk flicwh t he

base unit. Wen g S n e han

previously associ e{{ e?‘fc;%td % g?égi? ét%#ntwﬁtt asgd‘fml c%lnt%lil %@lségt"é‘q/\ork
with the base unifil %FFP“&?-GP&&SF enchmeffectiveness ofcthe Filter was
regi stered duri n&'édiﬁ:e@W '@ Priedent) ivantidn avoids theseR%an

igidnt
regi stration st at exi ted t | ashi ng base unit LEDs
are turned of f, “chi“FoEé éﬁghd %t“‘ﬁ'@%eﬁs’a% ng Fegponse
returns to the idl:limestaa:tde th‘ametéxgdsn:yammmt esiasecxicmd-ame&i@mcﬁ t he
foll ow ng occurs; S5Ed S |
handset units; t%e user pregges egriégr?% CBD&@E on (E)Wﬁé%asogoumt
(toggles off); 3)sime 44, miémstlmerwmtbmnothchnaeammlitcs and

4) there is no V@ectelideaOn di ethdlUr EFdiqidbyt rat OGai'Qéx byi¥R¥10f 33
exanpl e, 15 seconds. The handﬁ'ﬁ'tiéunlts hav non- vol

- 13 - nenory s&GFERA%%Hhdse gl'ﬁ%lﬁ at s the ?&?tm%\ geepend i s
depl eted or duri fasteratdter highaflow rates thanOtulrey edostatatiow Elowhe

handset units wit‘JltterLe. base unit is conpleted, |

The user initiated LP filter selection logic 38
selects a corner frequency for LP filter 34 as a
function of the diameter of pipe 22 and the density of
fluid 23. This selection is typically performed once
during an application and needs to be changed, for
example, when a meter size is changed or when fluid
density is substantially changed. The corner can be
selected via a hand-held communicator over a current
loop, opetatdr set manual dip switches, or an
automated process which allows flowmeter 10 to select
its proper setting and provide maximum noise immunity.
For an automated setting, a flow rate is set in pipe 22
is which is approximately half the maximum flow rate for
flowmeter 10. The operator then initiates the
flowmeter’'s automatic LP filter selection process.
Flowmeter 10 lowers the corner of LP filter 34 until the
signal 44 is no longer a square wave. The corner
frequency of LP filter 34 is then increased by a factor



each handset unit begins to nonitor the broadcast channel of the base unit
for a signal fromeither the base unit or any other handset unit attenpting
to establish comunications with another handset unit over this channel.
The base unit, in turn, begins to sequentially nonitor each one of the
channel s respectivel y assi gned to the handset units for detecting a signal
froma handset unit attenpting to establish communications wth the base
unit. I n accordance with the disclosed enbodi nent, when
mul ti pl e handset units are registered with a base unit, any one of the
system handset units will have the ability @8 selectively page and use the
i ntercomw th anot her .system handset unit or the base unit. Such a

communi cati ons ra@foapPprRximatelystwe ity provide asfadtan ohdourhbatweenuni t

30 communi cati ng %&Bg@%”d%ebuﬁﬁhk 4fid Ehﬁevbﬁle Bésgegﬁii'eaofo?r‘!c {ngf

t he handset units |s abl e g genera or roa
will be received B¥* ggEﬁ' Gﬁeth ABg tﬂEPtﬂandéegaGﬁPFs°fnaPH§°§ Bacely
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the initiating hasdtablished. The protocol is entered at step
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sSses t

to handset 2. To begin_the process,” the user at han set NTCM

button and then 29$ﬁnﬂ|e i En5 Foah Hﬁﬁﬁ@e*s Kepresansat “FF eécﬁépvnraee

This sends a pagecarsaabohaih ndaeh %dﬂv%nihﬁlt ANl ok fndddere tdioch NEEM
LEDs at both handseiﬂ% and

booonds. 11t e Ritepe Per oatlon sy SUG BreRarkRIi HiSRRL, g
that the LED i s fobudekngo tduarantee cacouracys i providepanasidectwange hafidset

1 and handset 2 (hﬂﬁa%ieﬁk&% TEUGn Uit 2Bgatd® HPCRBIESputgld) oS

shown in step 405 button 1 s not esse the~sign
handset unit (i.eeVeRh¥.pLpePWa rirauithis2 dGE@VEEFSaHQVcEFf waye siguad |EDs

at both handset ugitgnge af i4-goema Rurtet Wépresentative of the flow.
Circuit 52 is coupled to a current loop éommonly used in
the process control industry. Some flowmeters have an
alternate embodiment of output circuit 52 which outputs
digital information, representative of flowmeter status
parameters and flow, superimposed on the 4-20 mA current
line o6r power line.

A digital embodiment of the present invention
utilizing digital filters is indicated generally at 200
in FIG. 5. A digital implementation of the function
described for flowmeter 200 is preferred because it is
more powerful and flexible than analog filtering and can
be under direct software control of a microprocessor in

a smart transmitter. An analog anti-aliasing filter
202 receives the analog signal from a vortex flow sensor
and amplifier 201. Filter 202 filters the sensor

signal to remove unwanted high-frequency noise and



-14- tinmes out and the handset units return.to the standby state. The
Initiating handset unit can al so abort the intercomrequest as in step 406

" by pressing the OFF button. If a user at another (third) handset unit
presses the | NTCM button while a handset unit |is being paged, or after an

i ntercom connection is already established, that handset unit will get a
four-beep busy tone and will be | ocked out fromthe intercom A
handset unit can al so open the intercomto the base unit 10 by addressing
the base unit in the sane way that a handset unit is addressed. This
protocol is shown in steps 410, 412 and 4%t4l6and decisions 411 and 413. The

base unit always has_an address of Ol(zerpl. To intefcomdirectly with the
base unit, a userPBrEQ¥mE aRkiraktneing: EAle@BiRGen 0 on the dialpad. If a

uzgr at a hﬁnds)e(t unit3ﬁ)gmaSdélti&dﬁmdéwFPQnsitﬂﬁlﬁQ%zxébelr%S& sigRa
address within cQ ere [ y.pi ,_the default, is t0O open
the intercom bet \/\égn a&?zioﬁgﬁ&:&lyunfq'}‘aé:dﬁ?ﬁe%ﬁég@wq;s THe 3 L at
the initiating hadatastuean and30fe2bkiéz whithwis| répredenstatistanse gige on.
After the interco [ [ tQet b??@g [ b t
press of the | Wd%g??gﬁ,éa?ﬂ?hgrﬁgﬁ%gﬁ ﬁfm%ﬁsvl ﬁd‘gg ‘g‘g%%é’giéﬁl%lgfo
the base unit. ToABRABPLIEIF 2lbm Ihere axennpewWoEdnbewndasiescin ghe s,
~the user at eithedabastpeamini t TheselativeOrunbér GWE ones and zerddf

b it t he handset | L i di br padcast t I

regi stered nandscPornrresqehiied SlolbiY denfi Gy, 8 AP tadditan e of ¢

tTEe. Eage Si gPaI ij::;;naﬁlpﬂrgta:b m;gtge u%irmxaraigﬂ@kahes cnhaet:ittl‘é@l\/lulﬁf,s zﬂ_’

- the base unit an anfsg ﬁggi. 1{ory W erg 10% XBkealdy 15.
al and open the intercom

Any handset - unit can, apswer”the page S|a r
connection to t henbaiBize RoOWer, FoethandNaiRe ol PATRACLdATdyY suitRdIBD on

the handset unit digitfsingdnc Wifhdle ie0theCbneNtbSteRcRRE fandd WRESK -
~unit 10, the INT EDs _on tshe _handset unit and_the gase tnl Eﬁ%on st eady.
| f anot her handset® (fhi YP&%&%@%‘&%&W@& ?85 ¥Preex, fitow QF¥n Aas
al ready been est ablignacdeltaatcdmverstter unsimplifies f miedtgnivsy $imee and
~is locked out fro | ot u ' pr any
of the signal ed hﬁar'l{ﬁg#ﬂnﬁggﬂ _s@sﬁ%%n%%%_ggﬂg? En?@‘ﬁé‘,’afg?’? tthZSaSg%%a,‘ “the
| NTCM LEDs at t hewerde oni einguitacwhishseounti thegpumbrresn bits iin & val
tinmes out and theydpddaeé HEt! Aedled' Chreferablie thed kiltput! Mdtastream

A tel ephone call receivyed on one handsg;h?unit na §5e transferred to another
handset unit regiR8®ATHAIRNCKAPRERXIMRES Be‘&ﬁ; S greAker s tE0fhi t
can be on a call typicalandetmumwortéx ofdequendyc winkblo i bheuwemi 1016 | i nk

bef or o another  hadte: rryeteAiisd ndaify 185ad MadPi¥acyod Hethq o
cal | . Whenever tHuigher £xequendies. on Subsequenscdightabafilteringand
handset unit is redeamtdiond 83mpai¢ies the anti-aliasing requirements and
maintains the quantization noise inherent in sigma-delta
converters at higher frequencies than the maximum vortex
frequency. The sampling rate is chosen to be as low as
possible to reduce power yet still have low noise
amplitude in the vortex frequency band. This serial
high-frequency format is ideal for transmission across
an electrical isolation barrier 206 required for sensors
which are grounded or have resistive leakage to ground
due to high temperature loss of insulation resistance.
Such sensors are typically used in vortex flowmeters to
reduce cost and simplify connections. Furthermore, the
single bit datastream enables an inexpensive, compact
transformer or capacitor to be used in isclator 206.



-15- unit returns to nonitoring those channels used for respectively
initiating comruni cations. fromthe handset units to the base unit. A button
on the handset unit allows the user to place the call in a suspended state
and rel ease the |link so that another handset unit can connect to the cal

by pressing the PHONE button. The original handset unit is also able to
reestablish the link and reconnect to the suspended call. by pressing the
PHONE button in the event that another handset unit does not pick up the
call. To facilitate call handling with nul}ify(; handset units, whenever a
tel ephone call is in progress at any handset™unit, the phone LEDs on ot her

handset units are Qg ggi% | 4 oL..L ngdi ' h he tel ephone
~line is in use. ) ¥ ok Pn?r‘ﬁn#‘%é%%oégébg%%é{ﬁgg%é §§§§ %ﬁl € t he
handset unit 20 oRkfZeeleqtkiq/aquuat it sandamagnesostabonivei dsdlammiem | n
a franme, the base mgddg.and the handset unit both transmt to each other. A

typical transm ssion frame na e, for exanple, 5 mlliseconds in |ength
and contain tine slots ﬁfﬂ 'a‘;%ﬁ%ﬂ rﬁﬁ%l?ﬁ%‘jﬁit@éﬂ Serass Aealagion 206.
operation, the base power gaipply (207 rsuppliiies ipowere tio aSiclotk 209 adze
frame or for 2.5 m@,|dd a [ e | t.Q r | ve I gnal
fromthe handset lrjgr#é[‘ﬂ‘%l C rlanq%m' ssqll?qt%’:a&s go%y‘ﬁ'%ﬁi%& aégcﬁnfffrﬁ?%br
for 2.5 mllisecoexsh tRe PAWAY f BUBDLYC\R0SThewhichs @quaries cbhe ardockn

conpl enent ary f ashyifdlo anldepbavedesi dsid dlolc tb £EFCLYES 361 1d6e [ e
hal f of each franme _.anqd i s reconfi in the second hal f of

red to ngm t
each frame. This &9 P'Paaiﬁf’sg?ﬁﬁiégﬁ raRd yolFage, regulated to
approxi mat el y 400 opedadtec@mnds pawey tsonrices €omicirand taadas204ni t il

Channors. 0 ¢ 1 aF¥Egeihe A 4 SO 0L S (n Mo R HYBRR T
a call to each ot Rexrigran?dé .51 Sesonddyohathe sexdalor bitistireamgfrom .

- communi cat i ons f r Q@rvetedndsed yaibabseah%h%ﬁgwrliéam%weio@ (AClhhe I'S
the channel used for initjatin com‘runécag‘lgg romthe base upnit to the
t

ns
handset unit. EacPHMeFdsRITeFFiona L9 tal; decimaring. £rhter ,208ed t o
it by the base unillscliatiorgi2ge aisslutes tive cgrdendedt eorbexcsensdbuEronen

sends the initial (S rbh 20008, dhdiand 4 BRN YRR Albimeter (65 AR
m | liseconds. noise and currents in ground loops. Decimating filter
208 increases the width of the data word from one bit
wide to ten bits wide and reduces the sampling frequency
by a factor of ten to 30.72 kHz. Filter 208 reduces the
amplitude of quantization noise and prevent aliasing of
higher frequency signals caused by the decimation. The
decimation factor is chosen so the decimation sampling\
rate is five to eight times greater than the highest
frequency of the vortex signal in order to use simple
digital filters in subsequent stages. Output  of
decimating filter 208 is received by a LP infinite
impulse response filter (IIR) 210 that was designed by
a bilinear transformation from the analog to digital
domain, using coefficients of 1/2 and 1/4 to allow
register shifting to replace multiplying circuita. IIR
filter 210 has a zero at one half the 30.72 kHz sampling
frequency and a 3,259 Hz corner frequency chosen to be
at the upper end of a typical frequency output for a one
inch flowmeter. Thus, filter 210 does not attenuate the




When-the handset unit is initiating a call to the base unit, the handset:
unit also sends this sane initialization synchronization pattern but on
channel 51 in tinme periods equal to the second part of each franme for 120
m | liseconds. This synchronization pattern conmprises a dotting sequence
signal, followed by a security code, a barker code and a period in which no
information is transmtted as di scussed |ater herein

-16- The dotting sequence signal is a series of ones and
zeros that are provided for enabling the handset unit 20, and al so the base
unit 10, to align the phase of its receive X8oek with the phase of the

cl ock providing the ifAcom é nal . When the phase of these clocks is
al i gned, the handEbewurgignal t hBatabninimizesamnwanted phighr frequencylary

the security codeqaasl I | nal .
When atterrp%/i ng t_g%éogig%%ﬁts?\gﬁ&ﬁé ﬁhs&?\lktwéwsggeﬁuﬁ?%éggér\%% its

u
of the dotting se cimghing; @I"N%OMWQ‘M %%E%F?t preodot mrequieedrity

code is a 16-bit swhemdorher dethodecofit etalag tte digitali dorfveks isn Siré | er
indicated, is tr rred to the control unit 210 in the handset unit 20

over a | ow power Tadlo- link during the registration process which
registers the nultipl eInfinite dmpudseschilltex hdIIRit 212 Theceiasecthe

security code guag @‘gagzstzgﬁotﬁqrtgpsglym t o naq;\iq_rtteqry I hgygg@ro&.gl ng
with the handset uniis,that are recﬂl stered

e senur by cotBTEIaLIY RRRPSGEadiAn Fha SPLIGHADE SUABR! orfLHEBR 1A t or
by the barker codpiltéw 230y fdlteed21as filterd2ay cddleer ntd, candichud

patern Wit ch T BLECS: S5 Ballh FIIRRENER, Mol R AL G é O™
“transmitter in the singlepole Tawspassfiltenomhanaivglenpeolechigh pass’
reestablish franeeSdér O XA aitea éﬁbﬂ 155 ot e J&ﬁdﬁf

handset unit has been turned off r| n

W powe nitori ng
operation. When AIEMiYRL Fh LhE &H&' e?nanf-?uiouyaé#f%ﬁ? gk th%
‘recei ver of the hesdingld palerrusnpsazmlxﬁf Ifd lveral 2y2ed2Di abe cofderdd dck

e tetne iéﬁ‘tﬂ#&fﬁéﬂ% ¥ edbe transinnta cpnped el FG AR ¢ 1O

- pattern, no addi t¢haxdcteristixs oares switclhedt by bmicroproceasexnci232,ame

for a t| me periodg el #f 3¢iiced ALGifderdcs prﬂﬂr&’edhiahth'ﬁ-éddﬁdi?” od

for components which are not attenuated by succeeding HP
filters. Otherwise, the digital equivalent of Schmitt
trigger 224 may produce extra output pulses. By
interleaving the HP and LP filters as indicated, this
transient effect is attenuated sufficiently to
substantially eliminate the effect. Schmitt trigger
224 receives the output of filter 218 which generates a
square wave vortex . signal 244 having substantially the
same frequency as the frequency of the output of vortex
sensor and amplifier 201. Timer and period counter 226
outputs the elapsed time since a last period boundary of
signal 244 to filter control 230, and the time between
period boundaries of signal 244. The function of
counter 226 with respect to the elapsed time is
equivalent to the function of timer 46 in FIG. 1.

Logic 230 operates similarly to HP selection logic

40. Logic 230 receives switchup and switchdown values
corresponding to each of the preselectable HP filter

»



certain internal processing to occur, including, for exanple, the
reconfiguring of the freguency synthesizer 150 for receiving the
initialization sync pattern fromthe handset unit 20. Once the
alignment of the frame position of the handset unit receiver with the base
unit transmtter has been achieved, synchronlzatlon for the handset unit is
established. Sinmilarly, the allgnnent of the frame position of the base
unit receiver with the handset unit transmtter also establishes

synchroni zation for the base unit. Referring nowto FIG 6,
there is shown the timng diagram for |IIUsﬂPar|ng t he operation of the

base unit 10 in the cerdl ess tel ephone syste r.ovi di ng,an |n|t|aI|Z|ng
signal for establ@%ﬂqif ﬁﬁﬁﬁl & gb?hégdoﬁec izes which H

-17- the handset filitlex E&axﬁ&t@ti&&icAiseauhrent&yduB&EEdnhehehnofathe
handset unit may sigm |anly, er t al so
generate an initia m%gltsﬁx%galﬁini#rf%fsaﬂ% | oﬁégél %‘é??ﬁ# f F&ﬁ]hgf
base unit 10 is tp@nsncmpsdsmﬁCPﬁane‘pesdﬁscnaeed ahﬂvglimt:ahﬁnnngiepnc

pattern is a broa t ngl royi <§§§p n
activate the handgig'?augﬁtcg tgo @HQ:Q by gg%ﬁ con& Ialﬁg Q?’a?)#t ’vEth

M ni mum power opeR&EPH @ith each HP ex gHGFGcFSr&HtFﬁcon1ﬁﬁgé&H
or a press of thezaagamteanemnﬁhmlyasmnﬂtdzstbneb&aeuunlfrmgiahod

poci t1on 600 for SO M Ceatet 1326 0CC R I hART K ma fal bW,

channel 0 is pr ovFocdanozaqcaaeinghGIMndesimra:th sendm an: hotesyupt: &0 on

procedure. Each ha&é%gﬂ&bkswﬁ Qﬁﬂer{feﬂletf’iftéf' 14 JIRhGihg?
attenpts by the base ufit to est nmuni cat i ons. eﬂ ase s
the initializatiof HEanpgihﬂroﬁ°Eﬂﬂﬁ eQIEnCY | S°rB&5h

hanflset t unlt L W t hlf?e?h@ni:weﬁt the curpen®fifiltiexr hﬂmmdrw%m:pthe

CycCl es (0] e on state n e |1 C

T on 610, o nPremAnt EARRE Vadle. 4 BOHSLed AL'S Berd ol RifiniR-l BF°

thus abl e to novesignalt 244hasdairiesa than MSmimhupthtsfot‘osuch

exanpl e, channel spl, :%ﬁﬁﬂ g ohbﬂefibgquﬁegymearng gye! & ug{: sing
n a an ﬁ é

comuni cati on betmee se unit 1s esta

base unit and thefﬂéﬂdsépgiﬂt%@QﬂinEQ§rﬂhéﬂsEﬁEr8IGQQtHhHQCJEﬁngﬂlFErthe

list of characteristic having the next lower corner frequency
relative to the corner frequency of the current filter
characteristic when the present timer value exceeds a
aswitchdown value corresponding to the filter
characteristic having such next lower corner frequency.
The adaptive filter response of filters 212-218 is open
loop since changing the filter corner frequency has no
affect on the period measurement which controls the
filter. ' :
It is preferable for each filter to have a single
variable pole, so that the corner frequency of the
combined filter output has finer frequency resolution
than if a single x-pole filter corner frequency were
chosen. For example, four single HP filters each having
independently variable corners have a combined corner
frequency characteristic which changes as the fourth
root of two, whereas a single four pole filter would
have a corner characteristic variable in factors of two.
Use of shift registers to perform multiplication.is




communi cation channel s used in each of the frequency hopping cycles.

Once the base unit 10 noves to channel 1 in frane position 610, a nunber of
ptocessing steps in the base unit are perforned. First, the receiver in
~transceiver 130 in base unit 10 is configured to listen on the starting or
" set-up channel for each handset unit in position 611 for approximtely 35
mlliseconds each. Thus, as illustrated in positions 612 through 614, the
receiver shifts fromlistening for dotting on the starting channel 51
assigned to handset 20, to listening for dotting on the starting channel 51
assigned to handset 30 to finally listening@®o+f dotting on the starting
channel 51 assigned te handset 40. Next the transmtter in transceiver 130
i s configured foraReEheri sivpyifyingodesignochoice ahich ireduses pawerr n

in the frame posiébwumg®ion asd (K@ ffibddi Sf AiHal AU BedBdd! #0585

mlliseconds. Finally,.J frarrgsp0ﬁ| t#g%ééf, t.he” opcode nessage, Tor

exanpl e ring or p%@%l,;/ fid Ehe fihter awtputodschha aum of | f

no response i-s refirsedotdem tetmadeathusohsibtlingt bE khee produdts of a
channel 1, the b ' e 0 2. pracessi no. st eps

" executed on chanﬁ%&ﬁé%%ai%r@xécu?gggg%isrlan;r'\rg?nz.aﬁ og §s

recei ved from a HapsER1Wing helhecvapiabhes hare ghPsenptos ben factoimnmf 3,

and subsequent cheHeA$LE S ' foEe a3 o
-18- noved anon |, 173 ?Eﬂ%tnglag&'?ﬁe«iég theﬁf??egghgggrb&bggglgnaaf#&l
BRYL, ot hety

continues until er, Glirquid, ibgy needed. o Fordilie

signal is discontteassh, Eagdrner t freguencdesnt actanosly aidjustabliealir o

channel | in that it fipst.l] - up annel g .for

each handset uni tf,%ésgbnﬁtsq(:fe%'t [ g?‘i Ezi'gt +§%8§ﬁ§95é§£$$%m%’§eﬁfd‘% he

- opcode nessage orfilfexmaand| associated cirguibuiti plesed stizhiel slashed

necessary (o be ARy HAO dh RIRS AY Worldeilel RARS And Bz cade T Vo0
o s are al'so selected f

by the base unit, the addi t.i onal anne romthe seed
of channel O vvitt?%’&!‘ﬁ’ oceedi ng channel being the basis for selecting the
subsequent channel . TiMicHpProcdssor t23hncgleulateauappkopriatea doriid g of

are e S M RN ok PRI T A | M FerlE dtar ) o°
from a handset urdelection scompandshorepresentativet ofo the- Ipxdpen HP
responding to the vy ObnR2derariBeic AdCEMter! bod@sl Uahb dass Y
receive a signal froma handset unit, Once
filter selection 1latch 238. Latch circuit 238
distributes filter selection values to filters 212-222.
Microprocessor 232 also performs supervisory functions,
optional output conditioning and required communications
between the flowmeter and a process control system which
receives the flowmeter output. An example of a
supervisory function is disabling filter tracking,
whereas examples of output conditioning are setting
damping and alarm limits, and low flow cutoff, depending
on user preference data contained in application data
block 234. '

Signal 244 operates timer and a period counter 226
which interrupts micro 232 with data representative of
the frequency of signal 244. The interruption occurs
approximately every tenth of a second or once each

~ period of signal 244, which_ever represents the longer
amount of time. After interruption, micro 232
calculates an updated vortex frequency and provides such



the base unit receives a dotting-signal fromeither one of the handset
units, it attenpts to establish conmunications just with that handset unit
on its set-up channel- and stops sending the dotting signal on its broadcast
channel . Once a handset unit has Iesponded to the base unit and
t he base unit has detected this response and establ i shed synchronismw th

" the handset unit, communications between the base unit and the handset
units are provided in the manner of United States Patent 5, 353,341 which
issued to M E. Gllis on Cctober 4, 1994. Referring next to
FIG 7, there is shown in flow chart form-tRa operation of the cordl ess
telephone with the des+red functionality including criterion for the base

unit -in initiati nQUWePes Qigdtald¥\iamh aHPYaki&t unFenyersesand,medem ¢
The functions prog3de¢chyestat tole uﬁgﬁtalo1aterﬁdtaahaeﬁeuaba oat eugpaed by

d
onberog at st on RO o s 20 Ciifadud S ARR¥epRRE AE DA e, (e PEBeRC® '
recei ver i s nonitOthey outputeforpataansuech aﬂuﬁﬁaﬂdhﬁh orootherhprocees t he
handset units. megn@ﬁnggﬁggg%egémd% %as@ﬁm 3 tgg

base unit, the process ad ere t e unit sen
dotting si gnal foMsedoas PPPTOPEAase. InM§F€B 282 Pﬁé°b&§9V§ﬁPP QOB#EVEQ to

: cEanne: 1f VhlIehear9Pﬁaaﬁbutpufhecb?aﬂgeti?eu&clnads¥ghehhgagg$aa: ghle- UP
channel s for each o e _handset .units in ste n

| ooki ng for dotti RgEHRSBZYh 8 g‘M sé%rﬁ.ﬁﬁ@%é.o g‘glgfl grﬁﬁ QWFsbé

det ect ed on one oPullse hzarnsformert242pravides lan electsicallynieclated
synchroni zation PLaghad fh (QUEpUE ELEURLES 2ABP CLICAN 0P ProFfabs a

detail later herern mnth re

-19- fFPQHen§Nd§@FPPﬁ|?LalFQHFFSQ“S?ﬁévﬁa?Ftheoﬁl?Vs set-up
channel is not detected, then the base unit sends dotting to the handset.:
units in step 710 and a ring or page nmessage in step 711. Next the base
unit nmoves to channel 2 in step 712 and the processing steps in steps
713,714, 715,718, 719 and decision 716 are executed, these steps and the
. decision being essentially a repeat of the steps and deci sion executed for
channel 1. If nosresponse froma handset unit is received while the base
unit is on channel 2, .the process repeats the steps and decisions in
channels 3 to 173. Handset units may advant ageously be
configured to communi cate with :



TN

other’ handset units, in accordance with the discl osed enbodinent. A first
handset unit, for exanple, handset unit 20 can have its circuitry, i.e.,

its TDD 220 reconfigured such that this circuit will cause the handset unit
20 to transmt and receive in the sane manner as the base unit 10. Thus, if -
handset unit 20 attenpts to communicate with, for exanple, handset unit 30,

handset unit 20 will send on channel 0 a dotting signal for 400
mlliseconds during which all handset its wake- up_and go-t.o-channet—1.
Once the handset unit 20 noves to chan 71, like the base unit

illustrated in frame position 610, a nunber of proces llum u m‘uﬁﬂlﬁ‘“‘s
handset unit a&gaggkforned Since the han

attenpting to cate with handset unit 30, the handsét unit 20 sends a
sel ective page opcode nessage to handset unit 30 and only listens to the

set-up channel desi gnat eﬁ EQEanﬂhEtQimQéﬁélHQ' h ph?siéhi p&epahdtel 1S
di fferent fronltge base whi sends br cadcast aage ogcode nmessage

and |istens to2B ﬁréﬁéméFtﬁﬁg §Bt°BEPBFaFﬁEF§SFBFaEé¥ﬁ En8eER unit.
- Orherwi se the phgsggalnpazhmpser) tbephasdagt unit for this frame position

is identi | to that, the b . t tt
and the opeode. meseEdetaFoRaREs SRt EHhCBRIEIaRC RAPE rEsRsaR YAt s bquent
~channel s. Oneéghhd hawihgndséundamentaidt fibéqeéneyr adi o
frequency link, the hoppbggxkhétrégggnggggl S€ol £ egﬁggigg L fromthe
z

channel that was used to s oni on b hese t units. Thus, in
this exanpl e, handset unPFrémeéﬁH hﬁhﬁsﬁ% tert mepngsEilkering-thechannel
and comruni cati on channehglggswgeﬁdat@ubggggeﬁpughltgg These conmuni cati on
channel s are | oaded into ts in Pgﬂdset units and

accessed at the 5MS hoppFBBr?ﬁF%rlﬁﬁéﬁ BHePBPdPﬁﬁ 80ELHEeTRE s81923¢d i nt o
the TDD is found to be uhavahgeadﬁEeqnenGYerépreaentaeive oftthe repl aced

with the next channel ?ﬁ?g%ggl é%gaaseu udehéaﬁgoglfggg as earlier

descri bed herein or genera b- random generat or as descri bed
in United States Patent shazacnqmamchseéggbadt 6rmn & fanilysoft al. on

June 21, 1994. ~ preselectable HP filters, each filter h#¥i n
Whil e a base unit and handset unit are connunlcafln wi th each ot

occasionally, it is desi V&BYangocpEngp| EreguenFies ?ﬂ@ %a?Vl%%h?Rg through
the base unit to another ahdangdsgiitithlowhnvalder cboreéspohdingt i on with

anot her handset unit, thghereto;

timer means for providing'a period timer value
representative of the time between period
boundaries of the filtered signal and for
providing a present timer value
representative of the elapsed time since a
last period boundary of the filtered signal;

adaptive response means for selecting a current
HP filter for use in the filter means, such
that a HP filter corner higher in frequency
than the current filter corner is selected
when the period timer value is less than a
switchup value corresponding to the filter
having such next higher corner frequency and
a HP filter corner lower in frequency than
the current filter corner is selected when
the present timer value exceeds a switchdown
value corresponding to such lower filter
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nitial handset unit nust discontinue the communications link it has with
the base unit. In order to acconplish such transfer, the user presses a
transfer key on the handset unit which activates a nmessage transm ssion
‘fromthe handset unit to the base telling the base to di sengage the
comuni cation |ink, but keep the off-hook relay open. A press of the phone
button on any of the handset units mnuld cause any of t he handset unitsto
go of f-hook and be connected to the cal The user,

t o page another handset unit to tell - ﬁ@ person at that "ummm mum
there is a call on the tel ephone line. The paged person % s ¢ hen able (0
press his or her phone b or r handset unit establishes
synchronismw th the baséhéﬁgfeggégggﬁhec § this handset unit to the

~ tel ephone |ine. outpputt meapfefosegonderpingsebet fdlternedfer key,
the user may need to page a pgigRAlaine8etRé tPEn&hi€EePangdeghruUnits. To do
this, the user next presses the intercombutton and the handset unit is
conflgured in the manner of the base unit as described earlier herein for
contacting a sel ectgd onghef tihAsmibeerhafdstiimnl twhere the Once a

handset unit ni i N N not her han se h unit may
then al so connéﬂigggg—héﬁg—ﬂgéw f t af € handset
uni ts comuni caamegvalud.each other nove away fromthe broadcast channel s
once a telecomunication |ink has been established between them the base
unit and the remai ni ng handset unit may advantageously then use the
broadcast channels 2o esTh8| F¥angmdther ebneimimal i where khe-oukRuti t sel f

and the renai nh8gnér e6ntapdsehelliltered s:Lgnal ifebear freqientyto FIG 8,

there is show & 11 T T T EUSTTat Ty _t e ™D on_of _the, cordl ess
t el ephone mnth—Eﬁa—hggﬁléﬂgiﬁnﬁﬁﬁgﬂﬁﬂg u gtaﬁkLéﬁAYLEEEESEEiEE—ihe base

unit in establ tehthg ﬁyndhmentaatfnequenhya handset unit. The functions
provided by control unit 110 are advantageously deternined by a process or
program stored in read only menory (not shomn) The pr ocess is entered at
- step 801 where the fase Thet tranamitte ;

tn h
initializati onmeyns Eéﬁ%éiﬁ tﬁetEﬁmééké&eglgﬂafhﬁﬁﬂs|a5éu££én€00 ,
mlliseconds. lUllbte 801 g CCSS gu}{ MCES LU Sl UZ erein the
base transce|v3ﬁvﬁfgaﬁ<WF9P&Fucﬁd EEFE?QE%@ fg_gfﬁﬁﬁfjhgﬁﬁﬁgaggithg_ The
transmtter agﬁundamenﬁaitSréhﬁenaytlaI|zat|on sync pattern on this channel

and the receiver begins to nonitor this channel for receipt of the

initialization sync pattern expected to be provided by the handset unit on
t hi s channel . 5. The transmitter of claim 1 where the output

means convert the filtered signal into an optical

signal having a magnitude substantially proportional

to the physical parameter.

6. The transmitter of claim 1 wherein the

filter means includes a selected LP filter means from
a family of LP filters.

7. The transmitter of claim 6 where the

physical parameter is flow and the LP frequency corner

is set as a function of the diameter of a pipe through
which a fluid flows, and the density of the fluid.

8. The transmitter of claim 6 where the LP

filter means is digital.
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+21 - From step 802, the process advances to step 803 where a
- 400 nmillisecond timer is stdarted. The process then advances to decisi on 804
where a determination is made as to whet her the handset unit is sending the
initialization sync pattern as expected on channel 52— If _this sync pattern
is not being received, the process advances to the decision 805 where a
déterm nation is made as to whether the 400 milli secoi ﬂmi'"ﬁﬂu
If this timer has expired, the attenpt 0 establish c r“HNL t he
handset unit is term nated and the pro &< returns to the st p"70f in FIG
7 where it again nonitors channel 51. If the timer has not expired in °
deci si on 805, the pigoces e c 4.a I nue to | ook for
the initialization sync §2%t§?%ﬂ§ﬁ3§ﬁ§§n§? §;a§ﬂ Y EQ5g§?£|0n 804, it is
found t hat thecﬁmﬁﬁséﬁnﬁnﬁFhm§t§eﬁ§FEgeFt@eﬁﬁﬁtF&Fﬁéaﬁpﬁnt§9nc pattern on

channel 52, tthRE@Q@%Ssﬁgﬁaﬁcaﬁdt@odﬁiéalBEt%@@n the timer medhsdeci sion
806, a detern1nat|o st abl i she giln t he

bace ane o1 RBH Yhe. 3gApE1vE° rhonhnse Feane. FotoRTetIaing e ShE

mllisecond tifdlteredxadignad tocehagadaptliet kesponsermeéansexpired, the
process returns to step 701 in FIG 7 and the call set-up attenpt is

di scontinued. If the tinmer has not expired, the process returns to decision
806 and determ nes d8ge Thei sranemister cfSylgimag wheneethabfilhes. \en

BI G SYNC is es{naahbsfiﬁéluha@ @boegiéeédmaaﬁssfae §é§ac§§2§gm@em the base
unit st ops sendi gg&l ts_initial |zat|on sync patf send g%ilgrressage to the
p

handset unit t&idkg%echprpgterigticofre nélﬁngig efnkP RS The base
unit al so sendghhkacherigtizageeheht havhlagdaeuownEteqﬂehbyScsmarand begi ns

Start. nce thESEBLEAoRAS BRUBHEETBHAS, LPNEOFarT SBFEb g olorRe F2oexi t ed
and t he proces&Pelftidtert meabasdekvpasest the. frequency of the LP
. -22 - filter corner frequency uhERENR £1E8E corner frequency
| is encountered where the output of the Schmitt trigger
is no longer a square wave, and then increases such
first corner frequency to a second corner frequency
greater than the first corner frequency.

11. The transmitter of claim 10, where the

second corner frequency differs from the first corner

frequency by a factor of substantially two or more.

12. The transmitter of claim 9 where the stable

filtered signal changes state when the filtered signal

is approximately twenty-five percent of a maximum

voltage level of the filtered signal.

13. The transmitter of claim 1 where the period

timer value and the present timer value are averaged

over more than one period of the filtered signal.

14. The transmitter of claim 1 where the filter

means is digital.

15. The transmitter of claim 1 where the filter
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having a single pole.

16. The transmitter of claim 15 where the corner

frequency of the cascaded filters are separated in

frequency by a factor of substantially two.

17. The transmitter of claim 15 where the filter

means includes four cascaded one pole filters and two

single pole LP filters arranged in the order: HP, LP,

HP, LP, HP and HP.

18. The transmitter of claim 1 where the family

of HP filters have frequency corners separated by

factors of fourth root of two in frequency.

19. The transmitter of claim 1 where the HP
filter characteristic is provided by cascaded HP
filters each having a single pole, and where the
adéptive response means switch no more than one single
pole filter at a time so as to minimize the difference
in frequency between two successively selected

corners.

20. The transmitter of claim 1 further
comprising sigma delta analog-to-digital converter
means for converting the noise contaminated input
signal to a digital signal represented by a serial

" one-bit signal provided to the filter means.

21. The transmitter of claim 20 further
comprising isolation means coupled between the sigma-
delta converter means and the filter means for
providing electrical isolation therebetween, where the
isolation means receives the serial bitstream and
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= 23> dains: 1. In.a cordless tel ephone, a base unit

connectable to a tel ephone line and a plurality of handset units for

comuni cating with the base unit over any one of a plurality of

_comuni cation channels, the base unit conprising: _neans—for—
transmtting a broadcast signal sequentially over a first set of ch

wi'thin the plurality of communication channels for recei M\\m“ gk“

of handset units; means fot, nonitoring each 3“&

of channels within the plurality of co ni cati on channels* €ach one of #he

second set of channels being assigned to one of the plurallty of handset

units; and  ¢rap mlts”ﬁméofEﬁeefift?é*sﬁéé!ﬂsCQHH“? Babeensudbiy a first

handset unit prOV|§ a response Si over one ald secC set of

channel s. signal Irom the %h%%ﬁ%ﬁﬁ?aﬁﬁ tparranspitted theapghsi ng neans

for pseudo-ranggral Ysé@h@ﬂbhnﬂeéﬁsdtélﬁﬁé SGhvett&éhaneshs feemthe plurality
of conmuni cati on chan The base unit of claim2 wherein

3.
sai d selectlngpﬁggﬁglgglBevgrfFBﬁ¥?ﬂ%rpluraI|ty of communi cation channels a

starting channel within the first set of channels for transmtting the

broadcast signal. o5 —ape %raﬁsmigﬁquéf EféimoilgﬁﬁéPél H@féﬁh&rsa'd

sel ecti ng neans ge aid
first set of cﬁuhnéYsSigbﬁisGFGSSQQrQ|%hochaﬁﬂélth%rfykﬁebvmsamﬂ ande unit

in transnlttlngo§atgeb§9§ggaag1§ég@@ﬁverter means. D- The base unit of
cl ai m 4 wher ei msart—setecty—Trears—ciudes—eans for generating a

pseudo-random nunber seed, said nunber seed being used by the base unit for
generating the stargsng Rheboeheter tec€iving anhdise contaminated. The

base unit of cl S_wh aid . S.used as a
basis for gener%?? Ségﬁai ﬁagb%%e%uéﬁggé%gﬁg%f1gﬁ%&ﬁ%ﬂ%ﬁb ?rygg d first
subseqyent.psendaponamMehynuoberfbewngnﬁspnovndQQQeantequﬁtrst subsequent
communi cation £83pagbnt 3 i¥/8€oPYthe flow, comprising:

filter means receiving the input signal for

providing a filtered signal, the filter
means having a variable LP and HP frequency
corner, the HP filter corner set so that |
when the fundamental frequency decreases the
HP corner is lowered, and when the
fundamental frequency increases the HP
corner is raised;

timer means for measuring a time between period
boundaries of the filtered signal and
measuring an elapsed time since a last
period boundary of the filtered signal; and

adaptive control means for controlling the HP
corner frequency such that a HP filter
corner higher in frequency than the current
filter corner is selected when the period of
the filtered signal is less than the period
corresponding to a higher frequency filter
characteristic and a HP filter corner lower
in frequency than the current filter corner
is selected when the elapsed time since a
last filtered signal boundary exceeds the

Thbislh"bphﬁﬂﬂummsh“t
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the Base unit for transmitting the broadcast signal. 7. The
base unit of claim6 wherein each subsequent pseudo-random nunber generated
by a precedi ng pseudo-random nunber is in turn used as a basis for
generating its subsequent pseudo-random nunber, each pseudo- Landonlnunber'
bei ng used to generate a

- " correspondi ng communi cati on channel for use by the bﬂw"l’ﬂml"mmu“u,
transmtting the broadcast signal 8. The m 1
wherein, responsive to the nnnitorind'ﬁ% ans receiving said response *si gnal
froma respondi ng handset unit over one of said second set of channels, the
est abl i shi ng nmeans recon S ' uni L for W th the
respondi ng handset wunit ég?&ﬁ %§kg ggﬁalyac%ﬁngn}ggggggE%ﬁgﬁ%%Pe assi gned
to said responding handsé%lﬁﬁrtCharaCterlStlc 9. The base unit of claim8
further conprising neans for pseudo-randomly selecting said third set of
channels fromthe pIurall connunlcatlo sai d sel egting neans
i ncl udi ng neans f or28 viet ) E -

base unit in geaknelwhich swAtthes ehennel £ t8irnceghdrt bor 4 hdghelr
S0 "The bace ubeedupAdy HorRIT ThCBLbgRaat AT} 6; ERSpRRT B CRTS] (0T
gener at ed by aepapsedi himpswhiohr awdbcheanbbe HR falterncogwératoaabasi s
for generating)bi,8rSEPSGUUAB, B3eHEP, 88098 Y TPEAucEAEBnREYHI L AREOM
nunber being u for use
by the base unfiltarcewitfhing kg #medli variatiendi 8 Fundamentals

frequency.

25. A method for reducing noise to signal ratio
of a noise contaminated input signal which has a
fundamental frequency varying responsively to a
physical parameter and providing a signal with a
frequency proportionally representative of the input
signal fundamental frequency, the method comprising:
measuring the output frequency to obtain a
measured output frequency value by measuring
time between period boundaries of the
signal;
measuring an elapsed time since an occurrence of
a last period boundary in the signal; and
controlling a HP filter characteristic as a
function of the measured output frequency
value such that the HP filter characteristic
is raised when the period of the signal is
less than the period corresponding to a
higher frequency characteristic and the HP
filter characteristic is lowered when the
elapsed time since a last period boundary of
the signal exceeds the period corresponding
to a lower frequency filter characteristic.

26. The method as disclosed in claim 25 further
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. 11. A nmethod of communicating in.a cordless tel ephone including a base unit
- connectable to a tel ephone Iine and a plurality of handset units, the base
unit conmunicating with the plurality of handset units over any one of a
plurality of comuni-cation channels, the nethod conprising the steps of:
transmtting in the base unit a broadcast signal sequenti-aHy-over_a first
set of channels within the plurality of comunication | s for receipt
by the plurality of handset units; noni tolrlim”@ﬁ”l HMﬁﬁ uni t
each one of a second set of channels Ww&hiT the pl ur al+4 L iIfft i on
channel s, each one of the second set of channels bei ng assigne td dh%.of
the plurality ofnR0dsel UBhL3o130y o 1o £11ter®ELERLERDYNY COMUNI cati ons
bet ween said b a response signa
over one of safbarzactenigbicoéschafinprtion of an applig¢atighe net hod of
S claim 1l furtgpeCoRpE! phidnkber SkeRapbaPEEUHRe! BRYBILY1 SEhPahbagral d
ctarmets—H .
-25 - 13. The method of claim 12 wherein said selecting step
sel ects fromthe plgral i AycphnsriBuskCaehsiinghanphysisatt paramgrepannel
within the first .set_of cggaﬁels for trgnsnittin ttpe br oadcasi signal
14. The nethodaB? Fapairt dr 3PnouEPY SEFBEFFﬁg g8 éBeg8 ePAr8s subsequent

comuni cat i on phyaheal parameten; dcomprising:of channels fromsaid starting
channel for use by e} LL LN apsakk LN ' cast signal

15. The met hod of c?g#n$?§§8 gﬁ%%%% Fégpgﬁg%%gbtgh?ﬁ%ﬂxg%?ggring.step

recei ving said response BREABeteroand cfespexting khadsensed physécadne of

said second set of channghgamébereshe8l hSBhaIbstcAat 860PEAAURRGiAG 8 base

unit for communicating m%&@ Qgs£€§pgggkggentative of the physical

parameter; and

output means for conditioning the datastream to
provide the transmitter output, the output
means including isolation means for
electrically isolating the one-bit signal
from the output means. |

28. The transmitter of claim 27 where the
conversion means is a sigma-delta converter.

32. A two-wire process control transmitter,
comprising:

sensing means for sensing a physical parameter
and providing a noisy analog output having a
fundamental frequency varying responsively
to the physical parameter;

digitizing means for generating a digital signal
representative of the analog output;

digital processing means for real-time filtering
the digital signal to identify a fundamental
frequency, where the filter characteristics
change as a .function of the frequency of the
fundamental frequency, the digital

. processing means providing an output
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handset unit over a third set of, conmunication channels assigned to said
respondi ng handset unit. ’ 16. The nmethod of claim 15 further
conprising the step of pseudo-randonmly selecting said third set of channels
fromthe plurality of communication channels, said selecting step selecting
fromthe plurality of communication channels a starting channel Wthimthe

third set of channels for comunicating with the respoyg bt
17. The method of claim 16 wherein said_selecting ste ﬂ" ﬂ Hﬂ“uent
communi cati on channel's within said thir&#®set of channel $ f%orh s&idsstarting
channel- for use by said base unit in communicating with the responding
handset unit. indicating the fundamental frequency; and
output means receiving the digitally processed
output for providing a transmitter output

representative of the physical parameter.

30. The transmitter of claim 29 wherein the
digital processing means includes HP filter means for
filtering the digital signal with a HP filter
characteristic to produce a filter signal having a

frequency representative of the physical parameter,

the HP filter characteristic selected from a family of

preselectable HP filters each filter having varying

corner frequencies and a switchup and a switchdown

value corresponding thereto.

31. The transmitter of claim 30 further

comprising timer means for providing a period timer

value representative of the time between period

boundaries of the filtered signal and for providing a

present timer value representative of the elapsed time

since a last period boundary of the filtered signal.

32. The transmitter of claim 31 further

comprising adaptive response means for selecting a

current HP filter for use in the digital processing

means, such that a HP filter corner higher in

frequency than a current filter corner is selected

when the period timer value is less than a switchup

value corresponding to the filter having such next

higher corner frequency and a HP filter corner lower

in frequency than the current filter corner is

selected when the present timer value exceeds a

switchdown value corresponding to such lower filter

characteristic.
-
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