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Abstract 

 

Behavioral Modeling of MechanomyogramSignals Detection and      
Decomposition System 

By: HishamGamal Mohamed Daoud 

 

The analysis of the Mechanomyogram(MMG)signals of the muscles is a promising 

technique in order toevaluate the muscles effort and diagnose the 

differentneuromuscular disorders. In this dissertation, we use virtual muscle model 

and MEMS based accelerometer model to construct model based detection system. 

We propose to use theEmpirical Mode Decomposition (EMD) method in order to 

analyze the MMG signal of the biceps brachii muscle. The EMD decomposes the 

MMG signal into a finite set of band-limitedsignals termed intrinsic mode functions 

(IMFs). The meanpower frequency (MPF) for each IMF has been computed. The 

MPF measure of the IMFs has been used as a feature in order to discriminate between 

normal, myopathic and neuropathiccases. It has been shown that the MPF feature of 

the IMFs hasprovided statistically significant difference between the different cases. 

The obtained classification accuracy usinglinear discriminant analysis (LDA) between 

thesethree casesillustrated the effectiveness of the proposed method. 

     The proposed MMG analysis system is hardware realized via two stages. The first 

stage is the detection stage which is formed of muscle stimulation, MMG 

measurement and MMG signal conditioning. The experiment is done on the biceps 

brachii muscle, as a case study. The second stage is FPGA implementation of Hilbert 

Huang Transform (HHT) core which relies on EMD. Before FPGA implementation, 

the HHT core was simulated and statistically tested to prove the discrimination 

capability of the decomposition technique after hardware implementation. The results 
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showed that the imaginary component of the HHT is statistically significant. The 

classification resultsshowed that the imaginary component of the HHT could be 

considered an effective discriminator among different neuromuscular disorders for the 

biceps brachii muscle. 

Key Words:mechanomyogram, accelerometer, empirical mode decomposition, 

Hilbert Huang transform, myopathy, neuropathy. 
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Summary 

 

Behavioral Modeling of MechanomyogramSignals Detection and 
Decomposition System   

By: HishamGamal Mohamed Daoud 

 

This dissertation consists of the following chapters: 

 

Chapter Oneintroduces the MMG signals, its origin, history and characteristics. 

Different detection techniques and comparison between them are illustrated. The 

motivation for investigating MMG as a control signal, previous work and contribution 

that demonstrate the potential of MMG as a control signal are mentioned. 

Chapter Twogives an overview about the nerves and muscles. The organization of 

the nervous system and its main components are illustrated. The resting and action 

potentials are well discussed. The muscle structure, physiology and contraction 

mechanism are demonstrated. Muscle behaviors in neuromuscular diseases are 

presented andmyogram techniques such as EMG and MMG are discussed. 

Chapter Threepresents the used muscle model with brief explanation regarding its 

operation and equations. The MEMS based accelerometer is explained with its theory 

and significance. The specifications and behavioral model of the used MMG sensor 

are also illustrated.  

Chapter Fourintroduces the proposed MMG signals analysis algorithm. Firstly, 

the experimental protocol is clarified. Then, the concept of Empirical Mode 

Decomposition (EMD) and Hilbert Spectrum (HS) is presented. After that, the MMG 
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feature to be tested is selected and the decomposition results and spectrums are 

illustrated and discussed. The decomposition results are statistically analyzed to test 

the discrimination capability of the proposed algorithm between normal and different 

pathological cases. Finally, Linear Discriminant Analysis (LDA) classification 

technique is demonstrated as the classification technique for the system. The 

classification accuracy is also determined statistically. 

Chapter Fiveimplementsthe proposed MMG detection and decomposition system 

in hardware. The experiment is done on biceps brachii muscle. The detection stage is 

constructed by using muscle electrical stimulator, MEMS based accelerometer sensor 

and signal conditioning circuits. The decomposition stage introduces HHT core which 

is simulated and statistically tested to prove the discrimination capability of the 

decomposition technique after hardware implementation. The presented HHT core is 

implemented on FPGA. 

Chapter Six concludes this dissertation and proposes future work. 
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