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(57) Abstract: Mass flow of a material in a conduit is esti-
mated by mode selective filtering a plurality of motion sig-
nals (109) representing motion of the conduit (100) to gener-
ate a plurality of mode selective filtered motion signals (315)
such that the mode selective filtered motion signals prefer-
entially represent motion associated with a vibrational mode
of'the conduit. A plurality of phase estimates (325) is gener-
ated from the plurality of mode selective filtered motion sig-
nals. A mass flow estimate (335) is generated from the plu-
rality of phase estimates. The plurality of phase estimates
may be estimated using a phase reference (620) derived trom
one of the plurality of mode selective filtered motion sig-
nals. In some embodiments, a frequency (710) of a mode
selective filtered motion signal of the plurality of mode se-
lective filtered motion signals is estimated. Quadrature first
and second reference signals (720) are generated based on
the estimated frequency. The plurality of phase estimates
(740) is generated from the plurality of mode selective fil-
tered motion signals and the first and second reference sig-
nals. A plurality of time difference estimates b may be gen-
erated from the plurality of phase estimales, and the mass
flow estimate (630) may be generated from the plurality of
time ditference estimates. The plurality of time difference
estimates may be generated from the plurality of phase es-
timates by (530) dividing the plurality of phase estimates
using a mode frequency estimated from the mode selective
filtered motion signals. The invention may be embodied as

methods or apparatus.

*162162*

qH®2*pl ural ity of

A



plurality of node selective filtered notion sig- nals. In sone enbodi nents
a frequency (710) of a node selective filtered notion signal of the

plurality of node se- | ecﬁé @ gz idg g g 4on || | gnals is estimated.” (|
Quadr at n

the estinmated frequency. The plurality of phase estimates (740) is

gener at ed fefo@Mieth@aph ur el i Yimofor Bdegse| eotnvoienef dobes ants @hice bbb me/s logpa & usi-
and the fidsts and (seoorided efrerremncé cgirgmal @ Niesph Codaa biditybraybriony” preeadigiof e efrc e
esti mat es @remaysbe gen- erated fromthe pige/aid teglatsuptids BCesrd rat es, and

. the masgsf bavgrEslidafRbLEnd B ioR¥aBEre@iner ated fromthe plurality of time
difference estimates. The pl urakstybe@borti me difference estimtes may be
generated fromthe plurality of phase es- timates by (530) dividing the
plurality of phase estimates using a node frequency estimated fromthe node
selective filtered notion signals. The invention may be enbodi ed as

nmet hods or appar at us.

may be estimated using a phase reference (620) derived fromone of the i!




