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" [54] METHOD AND APPARATUS FOR ADAPTIVE [57} ABSTRACT
LINE ENHANCEMENT IN CORIOLIS MASS ..
FLOW METER MEASUREMENT An apparatus and method for determining frequency and
phase relationships of vibrating flow tubes in a Coriolis mass
[75] Inventors: Howard V. Derby, Boulder; Tamal flow meter. Adaptive line enhancement (ALE) techniques
Bose, Denver, both of Colo.; Seeraman and apparatus are used in a digital signal processing (DSP)
Rajan, Bombay, Ind. device to accurately determine frequency and phase rela-
tionships of the vibrating flow tube and to thereby more
{73] Assignee: Micro Motion, Inc., Boulder, Colo. accurately determine mass flow rate of a material flowing
through the mass flow meter. In a first embodiment, an
[21] Appl. No.: 501,411 adaptive notch filter is used to enhance the signal from each
_ corresponding sensor signal on the vibrating flow tubes. In
(22] Filed: Jul. 12, 1995 a second embodiment, a plurality of adaptive notch filters
{51] Inmt. CL° GO1F 1/84 are cascaded to enhance the signal from each corresponding
[52] US.CL 364/510; 73/861.356 sensor signal. In both embodiments an anti-aliasing deci-
[58] Field of Search 364/509, 510, mation filter associated with each sensor signal reduces the
364/572; 73/861.38, 861.37, 861.03, 861, computational complexity by reducing the number of
324/76, 77-85, 601 samples from a fixed frequency A/D sampling device asso-
ciated with each sensor signal. Computational adjustments
(56] References Cited are performed to compensate for spectral leakage between
1U.S. PATENT DOCUMENTS the fixed sampling frequency and the variable fundamental
frequency of the vibrating flow tubes. Despite this added
Re. 31,450  1/1983 Sm?th ................................... 73/861.38 computational complexity, the present invention is simpler
4,109,524  8/1978 Sm¥th ................... 73/861.37 than prior designs and provides better noise immunity due to
4,491,025 1/1985 Smith et al. ...cvrcreeniinnnnne 73/861.38 . . .. .
A879911 11/1989 ZOIOCK wooooooooooosoosoe 73/861.38 the adaptive notch filtration. Heuristics are applied to the
4934196 6/1990 Romano . 73/861.38 weight adaptation algorithms of the notch filters to improve
5,009,109  4/1991 KalOfay ..ocovereesresnmsrnesnssssacsns 73/861.38 convergence of the digital filters and to reduce the possibility
5,052,231 10/1991 Christ €t al. wovreerrnseenenrennens 73/861.38 of instability of the filters interfering with mass flow mea-
5,331,859 7/1994 Z0lOCK ..ocemvvrrcrerirncesresinnanen 73/861.38 surements.
5,429,002  7/1995 Colman ... . 73/861.38
5,469,748 1171995 Kalotay ......cceccemmmeremscrnennnes 73/861.38

Primary Examiner—James P. Trammell
Attorney, Agent, or Firm—Duft, Graziano & Forest, P.C.
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