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years, funded by numerous 

national and international 

organizations!
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What’s in the (Speech) Envelope? 

• Slowly varying speech envelopes convey useful 
information for intelligibility (1939, Dudley)

• Late 70’s: Houtgast & Steeneken (room acoustics)
– Coined the term “modulation spectrum” (MTF) 

– Below 16Hz → important for speech intelligibility 

• Mid 90’s: Drullman (low/highpass filtering)
– 2-16Hz → essential for spoken language understanding

• Mid 90’s: Hermansky & Morgan
– RASTA filtering (1-16Hz, emphasis on 4Hz)

– RASTA-PLP
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What’s in the Envelope (Cont’d)

• Late 90’s: Auditory-inspired models, Dau&Kollmeier 

– Modulation “filterbanks”

• Mid 2000s: Spectro-temporal modulation studies on 
ferrets by Mesgarani & Shamma

• ANIQUE (Kim) and PEMO-Q (Huber & Kollmeier) 
objective speech quality measurement algorithms 

• 2010’s-2020’s: auditory-inspired models, Falk et al

– Applications across different fields
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Modulation Spectrum: Analysis-Synthesis

- Spectral analysis of the temporal trajectories of short-time 
spectral envelopes
- Analysis and analysis-synthesis models
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Clean speech: ~ 1-16Hz

e.g., RASTA filter



Artificial Bandwidth Expansion
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Experiment Results: Noisy/Reverb Speech

Subjective 

Test

Noise Type (SNR = 5 dB & 10 dB)

Babble (%) Plane (%) White (%)

Bandpass 85.00 86.25 87.50

EVRC 68.75 70.00 73.25

• Preference percentage of proposed scheme over simple 

bandpass filtering and EVRC

Noisy (Plane 5dB) Proposed

Reverb, RT60 = 1s Proposed
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Practical Problem

• Digital Stethoscope

• Measures both heart and lung sounds
• Sounds overlap in both time and frequency domains

lung heart
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Heart and Lung Sounds 
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Blind Heart/Lung Sound Separation

10/3
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AMA Toolbox

• https://github.com/MuSAELab/amplitude-
modulation-analysis-module
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Modulation Spectrum - Analysis only

- Spectral analysis of the temporal envelope of the speech signal
- Commonly involves analysis models only
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Auditory-Inspired Model (by Tau)
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Clean Speech
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Noisy Speech
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clean

T60 = 400 ms

T60 = 1000 ms



Emotional Speech
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Pathological / Deepfake Speech
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Genuine speech Deep fake

~5Hz: natural 

speaking rate

>30Hz: Room 

acoustics



Beehive Recordings
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Application #1: Room/Environment acoustics

- Room acoustics characterization
- Involves analysis of room impulse response (RIR)
- Recorded or estimated

- Environment: Noise type
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Proposed RT60 and DRR Estimators



Single-Channel Results (Speech)

21



Modulation Spectrum as DNN Input
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Non-Speech Sounds
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Environment Awareness
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Application #2: Quality Measurement

Adaptive speech-to-reverberation 

modulation energy ratio (SRMR)
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Experimental Results
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Quality

Intelligibility



SRMR and LSTMs
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Hearing Impaired Listeners
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Cochlear Implants

- Nucleus device (22-channel)

- Modulation channels
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Performance: SRMR-CI
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Hearing Aid Users
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Performance
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Github

• https://github.com/MuSAELab/SRMRToolbox

33



Spectrogram vs Tensorgram
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256ms-frame



Application #3: Robust Feature Extraction
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Speech Noise Decoding
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FALK AND CHAN: MODULATION SPECTRAL FEATURES FOR ROBUST FAR-FIELD SPEAKER IDENTIFICATION 93

Fig. 4. Plots of versus acoustic frequency for modulation frequency band (subplots (a)–(h) respectively), for clean speech (solid) and reverberant
speech with s (dash-dotted) and s (dashed).

expected to contain significant modulation frequency compo-

nents beyond the 2–16 Hz range of clean speech.

The plots in Fig. 4(a)–4(h) assist in illustrating the effects of

on , for , respectively. In the plots, modu-

lation energy values are normalized by the maximum modula-
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Speaker Information
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New Speaker ID Features
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Identification Accuracy

39



Whispered vs Non-Whispered Speaker ID
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From Modulation Spectrogram to 
Modulation Featuregram
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Pathological (group averaged)

Healthy (group averaged)





Deepfakes
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Foundation Models for Edge Bioacoustics
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Representative Misclassifications
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Inductive Bias to Improve 
Knowledge Distillation
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Thank you!
Questions?
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