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Context: 
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▪ Gearboxes are :
▪ widely used in rotating machines, 
▪ posing a high risk of harm or damage under varying working conditions (load, speed, temperature).

▪ Vibration signal: mixture of gearboxes elements contributions.

▪ Focus:  Decomposing the contributions of the individual components of a planetary gearbox vibration signal:  Defects detection, localization.
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• Components contribution seperation 
• Health state indicators

▪ Condition health monitoring.
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▪ Planetary gearbox[1] :
• Visual inspection of the frequency domain to manually identify the 

modulations. 
• In many cases, even by the expert, there are still harmonics that are not 

interpreted.

𝑦𝑃𝐺𝐵
Healtℎ𝑦

𝑛 = 𝑠𝑚 𝑛 1 + 𝑠𝑐 𝑛 1 + 𝑠𝑝 𝑛 + 𝑠𝑠 𝑛

𝑦𝑃𝐺𝐵 𝑛 : 𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑔𝑛𝑎𝑙

𝑠𝑚 𝑛 : 𝑚𝑒𝑠ℎ𝑖𝑛𝑔 𝑠𝑖𝑔𝑛𝑎𝑙

𝑠1 𝑛 : 𝑠𝑖𝑔𝑛𝑎𝑙 𝑜𝑓 𝑐𝑎𝑟𝑟𝑖𝑒𝑟 𝑝𝑙𝑎𝑡𝑒

𝑠2 𝑛 : 𝑠𝑖𝑔𝑛𝑎𝑙 𝑜𝑓 𝑝𝑙𝑎𝑛𝑒𝑡 𝑔𝑒𝑎𝑟

𝑠2 𝑛 : 𝑠𝑖𝑔𝑛𝑎𝑙 𝑜𝑓 𝑠𝑢𝑛 𝑔𝑒𝑎𝑟

✓ Decomposing the contributions of the individual components: Defects detection & localization.

▪ Vibration data : Periodic structure 

𝑦𝑃𝐺𝐵 𝑛 = 𝐅(𝐬𝐦𝐞𝐬𝐡𝐢𝐧𝐠, 𝐬𝐜𝐚𝐫𝐫𝐢𝐞𝐫 𝐩𝐥𝐚𝐭𝐞, 𝐬𝐩𝐥𝐚𝐧𝐞𝐭,… ), F: polynomial mixture, multimodulation) 

✓ Identify the mixture function of vibration signal.

✓ Get clear understanding how the system manifest.

[1] Amplitude and phase demodulation of multi-carrier signals

https://theses.hal.science/tel-02493898/file/Manuscrit_Elisa_Hubert_TEL.pdf


Problem statement:

1. System Discovering:  modeling

2. Elementary sources estimation 

y(n) = ℎ ∗ 𝐹(𝑠1, 𝑠2, . . )  

• 𝑠𝑖 ∶ Idealy periodic signal with given fundamental frequency 𝑠𝑖(𝑡) = σ𝑘 𝑎𝑖,𝑘 sin(2𝜋𝑓𝑖𝑡 + 𝜓𝑖,𝑘 )
𝑎𝑖,𝑘 , 𝜓𝑖,𝑘 : Unkown Harmonics coefficients and phases

• 𝐹 . ∶ Unkown mixture function ( multi-modulations ) 

• ℎ : Unkown Transfer function impulsive response

Nacer Yousfi, @SAFRAN&PRISME
3/20/2025

Vibration signal    y(n)

𝑓1 … . . 𝑓𝑛

F−1(. )
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Input speed
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𝑓𝑖 𝑖𝑠 𝑡ℎ𝑒 fundamental frequencies of sources 𝑠𝑖. 



NEURAL NETWORK-BASED SYMBOLIC 
REGRESSION FOR EMPIRICAL MODELING OF
THE BEHAVIOR OF A PLANETARY GEARBOX



Multi-variate regression :
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❑ Symbolic regression (SR):
▪ Discover analytic equations that describes a given data based on set of entries.
▪ Genetic algorithm : identify expression with tree branches( set of mathematical operators).

❑ Neural network (NN) :
▪ Qualitative patterns extraction
▪ Black box architecture, difficult to interpret.

❑ NN-based SR :  Replace NN activations function with mathematical operators : ×, +, 𝑖𝑑 . , … . .



Multi-variate regression :
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Our use case: Planetary gearbox:

Given 𝑠1≤ i≤4 Fundamental frequencies 𝑓1≤i≤4 ∶ 𝐷𝑛 = 𝐷1 : 𝑛 , 𝐷2 : , 𝑛 , 𝐷3 : , 𝑛 , 𝐷4(: , 𝑛) 𝑇 ,
Where:   
                 𝐷𝑖 : , 𝑘 = [sin 2𝜋𝑓𝑖𝑘 , cos 2𝜋𝑓𝑖 𝑘 , … , sin 2𝜋𝐻𝑚𝑎𝑥𝑓𝑖𝑘 , cos 2𝜋𝐻𝑚𝑎𝑥𝑓𝑖 𝑘 ], ; k: 0, … . , 𝑇 − 1 𝐻max: 𝑜𝑣𝑒𝑟𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐𝑠 number
 
                𝑠𝑖 𝑛 = 𝐷𝑖 : 𝑛 𝑤𝑖 , 𝑤𝑖: unknown weight vector

Estimator

෡𝑭 . ≔ 𝝍(. )

Ƹ𝑠𝑖 𝑛 = 𝐷n,𝑖 ෝ𝑤𝑖 , 𝑤𝑖: weight vector

𝐷
𝑛 𝝍 ො𝒔𝟏, … , ො𝒔𝒌

Multi-variate regression : min ||𝑠 − 𝜓(𝐷𝑖) || 

Ƹ𝑠i

(𝑓1, 𝑓2, 𝑓𝑖 , . . )

𝐬 𝐧 = 𝐡 ∗ 𝑭 𝑫𝟏, … , 𝑫𝟒 + 𝝐 , h: Transfer function
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Network architecture:

▪ For infinite impulsive response with  z transform 𝐻 𝑧 =
𝐵 𝑧

𝐴(𝑧)
=

𝑏𝑖𝑧−𝑖

1+𝑎𝑖𝑧−𝑖 , we modify the convolution layer with two convolution Layers for a and b to 

achieve the reconstruction term:  𝐸 Ƹ𝑠 ⋆ ෠𝑏 − 𝑦 ⋆ ො𝑎

▪ Objecive Function: 𝐽 𝜃 = 𝐸 ෝ𝒚 − y + 𝜆 𝐿 0.5
∗ 𝜃 , where 𝜃 = 𝑤1, . . 𝑊1, …

▪  Tradeoff between reconstruction and sparsity regularization, 𝜆: penalty parameter 
▪ Sparsity Regularization : 

▪ minimize the number of non-zero or redundant weight parameters,
▪ L0.5

∗ 𝑤 :  smoothed version of L0.5 that enforces the sparsity without penalizing the magnitude.

▪ We propose the use of Neural network with 
symbolic layers(EQuation Learner EQL): replace 
typically activations functions with mathematical 
binary/unary operator.



Training scheme: 
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Training scheme: 𝜃 = 𝑊, 𝑏 is the neural  network weights 

𝜃 Phase 1 
no regularization

Phase 2 
𝐿0.5

∗ regularization

Phase 3 
: fix 𝐿0

𝑇𝑖𝑚𝑒

𝑡1 𝑡2



Simulation results: 

• Investigated model : s 𝒏 = 𝒉 ∗ 𝒔𝟏 𝒏 𝟏 + 𝒔𝟐 𝒏 𝟏 + 𝒔𝟑 𝒏 + 𝒔𝟒 𝒏 + 𝝐𝒏 (1) ,

Where:
• 𝑠𝑖 𝑛 ideally periodic signal with 10 harmonics of Freqs : {𝑓1 = 99, 𝑓2 =1, 𝑓3 =2.83, 𝑓4 = 4.66} Hz , 𝑓s=11583 Hz (HUMS 23) 
• Overestimated 𝑠𝑖 harmonic number 𝐻𝑚𝑎𝑥= 20 
• T = 35*𝑓s samples , batch size N=128
• Source 𝒔𝟒 coefficients are set to 0. 
• Optimizer : Adam

▪ Modeling performance :

where α, a, b, c, d are constants. After normalization , we obtain the 
true model
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ො𝒔 𝒏 = 𝜶 ො𝒔𝟏 𝒏 𝒂 + 𝒃 ො𝒔 𝟐 𝒏 𝒄 + 𝒅 ො𝒔𝟑 𝒏



▪ An end-to end framework is introduced for explaining the physical interaction phenomena in planetary gearbox and 
representing it in a concise mathematical form.

▪  Modeling/separation of the elementary sources from an observed nonlinear mixture.

▪ N. Yousfi, K. Abed-Meraim, Y. Marnissi, M. Leiber and M. El-Badaoui, "Neural Network-Based Symbolic Regression for 
Empirical Modeling of the Behavior of a Planetary Gearbox," ICASSP 2024

▪ Perspectives: 

▪ We are still a long way from achieving a model  close to the reality for planetary gearbox vibration data.

▪ A stacked neural network-based symbolic approach could be employed, with each neural network corresponding to a 
specific excitation point.

▪ There is a need to extend  this approach to handle variable speed conditions.

Takeaway messages:

https://ieeexplore.ieee.org/abstract/document/10447625
https://ieeexplore.ieee.org/abstract/document/10447625
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