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A B S T R A C T

Accurate combustion characterization is very important for the reliability, efficiency, and emis
sions of internal combustion engines (ICEs). Standard in-cylinder pressure sensors are costly, 
obtrusive, and have a short lifespan under harsh environments. This research examines vibration- 
based analysis as a non-intrusive method for identifying and reconstructing combustion events in 
compression ignition (CI) and homogeneous charge compression ignition (HCCI) engines. We 
examine the correlation between engine block vibrations and combustion parameters, including 
start of combustion (SOC), peak pressure (PP), pressure rise rate (PPRR), maximum heat release 
rate (HRRmax), and mass fraction burned (MFB), while assessing signal decomposition tech
niques such as Empirical Mode Decomposition (EMD) and Variational Mode Decomposition 
(VMD). Advanced signal processing is also combined with machine learning (ML) models to 
improve real-time estimation and nonlinear mapping.

Our study shows that vibration signals can be used as reliable indicators of combustion, with 
timing precision of less than 1 CAD and pressure reconstruction error of less than 5%. 

Abbreviations: ADMM, alternating direction multiplier method; AGST, adaptive generalized s-transform; ANN, artificial neural networks; ATW, 
asymmetric Tukey windows; AVMD, adaptive variational mode decomposition; BPF, band-pass filters; BSLM, binaural sound localization method; 
CAD, crank angle degrees; CHR, cumulated heat release; CI, compression ignition; CS, cepstral smoothing; CWF, cyclic Wiener filter; CWT, 
continuous wavelet transform; EEMD, ensemble empirical mode decomposition; EMD, empirical mode decomposition technologies; EN, engine 
noise; ESF, enhanced separation filters; FDM, Fourier Decomposition Method; FEM, finite Element Method; FT, filtering technologies; FuzzDisEn, 
fuzzy distribution entropy; GRNN, generalized Regression Neural Network; GST, generalized S transform; HCCI, homogeneous charge compression 
ignition; HHT, hilbert-Huang transform; HPF, high-pass filters; HRR, heat released rate; HRRmax, maximum heat released rate; ICA, independent 
component analysis; ICEs, internal combustion engines; ICP, in-cylinder pressure; IMEP, indicated mean effective pressure; IMF, intrinsic mode 
functions; LMA, Levenberg-Marquardt algorithm; LMPV, location of peak velocity; LOPP, location of peak pressure; LPF, low-pass filters; LPP, 
pressure peak location; MAPE, mean absolute percentage error; MEEMD, modified ensemble empirical mode decomposition; MFB, mass fraction 
burned; MFB50, half value of the mass fraction burned profile; MFB95, 95% of the fuel mass has burned; ML, machine learning; MoC, middle of 
combustion; MVDA, multivariate data analysis; NNA, neural Network Analysis; OPME, olive pomace oil methyl ester; PCA, principal Component 
Analysis; PLS, partial Least Squares; PME, palm oil methyl ester; PP, peak pressure; PPRR, peak pressure rises rate; RBF, radial basis functions; RCCI, 
reactivity-controlled compression ignition; RMSE, root mean square error; RobustICA, robust independent component analysis; SD, standard de
viation; SDOP, second derivative of pressure; SF, separation filter; SOC, start of combustion; ST, s-transform; SPL, sound pressure level; SVM, support 
vector machines; TDC, top dead center; TF, transform function; TVF-EMD, time varying filter based empirical mode decomposition; VMD, varia
tional mode decomposition technologies; VS, vibration signal; VTDD, variational time-domain decomposition; VTFAD, variational time–frequency 
adaptive decomposition; WT, wavelet transform.
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