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Stability Analysis of Normalized Frequency Adaptive Comb Filter
CHU Zhao-Bi' DING Ming! DU Shao-Wu'! FENG Xiao-Ying'
Abstract A normalized frequency adaptive comb filter composed of a number of normalized frequency estimators in

parallel is proposed to track unknown frequency and unknown amplitude of each component of an almost periodic signal.
The filter consists of two coupled nonlinear differential equations respectively for updating frequencies and estimating
state variables. A nonlinear autonomous equation for frequency estimation is deduced after average method is applied
to the almost periodic dynamic system resulting from system decoupling by slow integral manifold. Three kinds of local
stability of the autonomous system: the exponential stability of isolated equilibrium point, the semistability on center
manifold, and the robustness under unknown periodic disturbance are proved. The convergence and the boundedness of
amplitude estimation and signal tracking as well as the effect of parameters on the transient and steady-state performance
of frequency and amplitude are investigated. Each sinusoidal component and its amplitude are accurately tracked on the
condition of given intervals instead of the values of frequencies. The response speed is independent of the component

amplitude. Simulation results reveal the validity of the proposed algorithm.
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Fig.1 Structure of the proposed normalized frequency

adaptive comb filter
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Table 1 Robustness with exponential stability

MEAE ax as as ay as % 61 (Hz) 6, (Hz) 0s (Hz) 64 (Hz) 65 (Hz)
HAE 1.00 0.10 0.50 0.10 0.30 B 50 100 152 200 252
;7;1207; 1.04£0.02 0.1£0.02 05£0.04 0.1£0.04 0.3£0.10 Jjﬁ)’; 504£0.02 100+£0.30 152+£0.1 LERE 252404
;7:21207; 1.0£0.11 014012 05£020 06=£0.15 1.3+0.18 J;ﬁ{; 504£0.11 109 +£4.55 152404 LRE  FRE
;7::1202 1.04£0.02 0.1£0.02 05+£0.04 0.1£0.04 0.3=£0.06 Jjﬁ)’; 50+£0.11 100+£1.50 152+£0.4 LER{E 252+£2.2
;7::120@ 1.0£0.11 01£012 05£019 06=£0.15 1.3+0.18 Jjﬁ)’; 50 +£0.60 109 £4.50 152+£2.0 _LfR{E NBRAE
x£2 FRESEN
Table 2 Robustness with semistabilty
Mg fE ay az as ay as Wiz 6, (Hz) 6, (Hz) 65 (Hz) 64 (Hz) 65 (Hz)
HAH 1.00 0.00 0.50 0.00 0.30 HAE 50 7x 152 7x 252
:;1207; 1.0£0.02 0.0£0.007 0.54+0.04 0.140.005 0.3=£0.10 ;7;1207; 504£0.02 LWRME 152401 LHRME 252404
:;1201 1.0£0.11 0.1£0.005 0.54+0.20 0.6+0.006 1.3+0.18 ;7;1207; 50+0.11 kR 152404 R FHRME
:;1207; 1.0£0.02 02£0.012 054004 0.140.006 0.3=+0.06 ;7;1207; 50£0.11 kWM 152404 LHRME 252422
:;1207; 1.0£0.11 0.1£0.007 0.54+0.19 0.6+0.006 1.3+0.18 ;7;1207; 50+0.60 LRRME 152420 LHRE  FHRYE
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