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▪ Order tracking: a key tool in vibration 
analysis

▪ Two main objectives

• Evaluate the tracked order

• Remove the tracked order and analyze the 
residual

▪ Both strategies contribute to

• Diagnostics: fault identification and 
characterization

• Prognostics: predicting degradation and 
remaining useful life

• Challenges

• Highly varying operating conditions (speed, load, 
etc.)

Context
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▪ Vibration signals in rotating machinery

𝑥 𝑛 = 𝑑 𝑛 + 𝑟 𝑛

▪ Deterministic components modeled as AM/FM signals

𝑑 𝑛 = ෍

𝛼𝑘 ∈𝒜

𝑐𝛼𝑘 𝑛 𝑒𝑗𝛼𝑘𝜃 𝑛

▪ Traditional envelope estimation methods

• Filter-based methods (i.e. Vold-Kalman filter VKF, Wiener filter WF, …)

• Polynomial-based methods (i.e. Local synchronous fitting LSF based on the Savitzky Golay
filter)

• Moving average methods (i.e. Sliding window tracking SWT)

Decomposing vibration signals and existing order tracking methods
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▪ Different methods share a common principle

▪ All methods craft an impulse response function ℎ 𝑛 to 
smooth the demodulated signal

▪ Current scheme for order tracking

መ𝑑 𝑛 = ෍

𝛼𝑘 ∈𝒜

ℎ 𝑥 𝑛 . 𝑒−𝑗𝛼𝑘𝜃 𝑛 . 𝑒𝑗𝛼𝑘𝜃 𝑛

▪ Key difference across methods

• Fixed smoothing ℎ 𝑛 → Sliding Window Tracking (SWT), 
Local Synchronous Fitting (LSF)

• Adaptive smoothing ℎ 𝑛 → Vold-Kalman Filter (VKF) 
depends on prior knowledge per order

Theoretical framework
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▪ Smooth Fourier Coefficients (SFC) approach

መ𝑑 𝑛 = ෍

𝛼𝑘 ∈𝒜

𝒫𝛼𝑘 𝑥 𝑛 . 𝑒−𝑗𝛼𝑘𝜃 𝑛 . 𝑒𝑗𝛼𝑘𝜃 𝑛

▪ Selecting the smoothing operator 𝒫
• This work focuses on an adaptive moving average

• Adapting the window lengths to varying conditions

• Window indexing instead of fixed time sampling

Ƹ𝑐𝛼𝑘 𝑖 =
1

Θ𝑖
෍

𝑛=𝑛𝑖

𝑛𝑖+Θ𝑖

𝑥 𝑛 . 𝑒−𝑗𝛼𝑘𝜃 𝑛

▪ Overlap mechanism ensures smooth tracking
𝑛𝑖 = 𝑛𝑖−1 + Θ𝑖−1 1 − 𝛾𝑜𝑣𝑒𝑟𝑙𝑎𝑝

Proposed methodology
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▪ Inspired by Vold-Kalman Filter (VKF) 
principles

• The complex envelope is assumed to change 
slowly over time

• Minimizing the change rate of the envelope

Θ𝑖 = argmin
Θ

Ƹ𝑐𝛼𝑘 𝑖 − Ƹ𝑐𝛼𝑘 𝑖 − 1

▪ Initial window length selection

• Minimizing variance in preliminary envelope 
estimates

Θ1 = argmin
Θ

1

𝑄
෍

𝑞=1

𝑄

መ𝑆𝑘,𝑞 Θ −
1

𝑄
෍

𝑞=1

𝑄

መ𝑆𝑘,𝑞 Θ

2

መ𝑆𝑘,𝑞 Θ =
1

𝑞Θ
෍

𝑛=1

𝑞Θ

𝑥 𝑛 . 𝑒−𝑗𝛼𝑘𝜃 𝑛

Proposed methodology
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▪ Objective: Methodology proof of 
concept

▪ 3 Harmonics were generated

• AR(1) speed profile for high speed fluctuations

▪ Comparison with existing methods

• SWT, LSF, SD-VKF, and the proposed method

• Adaptive window tuning with a 90% overlap

Simulation Case
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▪ Dynamic adjustment of window length

• Stronger smoothing applied in noisy regions 
and under harmonic interference

• Shorter windows allocated to fast-changing 
envelope sections

▪ Comparison of actual vs. estimated 
envelopes

• Accurate tracking of envelope modulations

• Ensures adaptation to quasi-stationary and 
transient regions

Simulation Case
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▪ Comparison of extracted signals

▪ Proposed method achieves lowest 
error

▪ Key advantage

• Fully adaptive smoothing eliminates 
need for manual tuning

• Better isolation of deterministic 
components under nonstationary 
conditions

Simulation Case
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LSF SWT

SD-VKF

Proposed
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▪ Dataset from a ground test campaign on the 
CFM56 engine

• Two damaged bearings in the accessory gearbox

• Accelerometer near shafts L4 and L5

• Steady-state idle → gradual acceleration → full power

Experimental Case
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▪ Squared Envelope Spectrum (SES) for 
bearing fault detection

▪ Presence of unwanted deterministic 
components

• Shafts L4 and L5 introduce strong peaks 
(dashed blue lines)

• Outer race fault harmonics (dashed red lines) 
become harder to identify

• Cage orders (green markers) are also masked 
by interference

• Can trigger false alarms by overshadowing 
actual fault harmonics

• Solution: Extract deterministic components

Experimental Case
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▪ Parameter settings for the first L5 
order

▪ Proposed method iterates over all 
possible integer window lengths

• 90% overlap ratio

Experimental Case
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▪ Impact on the residual SES

• Comparison of extracted orders

• More flexible in handling complex modulations

Experimental Case
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▪ Key contributions of the proposed method

• Generalized deterministic components separation through a general framework

• Overcomes limitations of fixed-bandwidth order tracking methods

• Dynamically adapts smoothing to signal variations

• Effectively attenuates interference caused by other deterministic sources

▪ Future work & perspectives

• Investigating other windows shapes (e.g., non-rectangular windows)

• Exploring alternative smoothing operators

• Addressing other criterions for optimization

Conclusion
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