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Your Health Speaks



Sonde is unlocking voice as a 
vital sign and predictor of 
health

National Museum of American History & The Medical and Chirurgical Faculty of the State of Maryland

The market lacks objective tools to cue appropriate actions 
as our health status changes
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LINGUISTIC FEATURES

Automatic Speech Recognition 
(Focus since ~1952)

Voice assistants 
that automate 
routine tasks

Ability to Understand and Respond to Just A Few Seconds of Speech Is 
Rapidly Changing Our World

VOCAL BIOMARKERS

OBJECTIVE ACOUSTIC
CHANGES

CLINICAL GRADE 
HEALTH DATA

+

Voice assistants detect 
health changes to 
mediate early and 

efficient care access Automatic Health Recognition 



Technology Foundation: Objective Characterization of 
Involuntary Acoustic Changes That Accompany Changes In Health
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Lungs, 
Heart

Muscles

Brain

Changing Disease Physiology Alters Acoustic 
Features & Their Temporal Coordination

▪ Pitch Slope
▪ Phone Duration Dynamics
▪ Intensity/Energy
▪ Spectral features

▪ Formant Frequencies/Tracking
▪ Mel Frequency Cepstral 

Coefficients (MFCCs)
▪ Vocal Tract Coordination

▪ Harmonic to Noise Ratio (HNR)
▪ Cepstral Peak Prominence (CPP)

Individual Feature Examples 
(from ~thousands)

Prosody
(Melody)

System
(Vocal Tract 
Movements)

Source
(Vocal Fold 
Dynamics)

Major Acoustic 
Feature Categories

Signal 
Processing



Sonde Has Real-World Proof of Feasibility For Measuring a Range of Health 
Conditions Using Short Smartphone Voice Samples

Depression Screening Example

Performance on par with PHQ-9 – standard clinical screening instrument
(smartphones, 6 seconds of speech, no baseline, >4K US individuals)

Foundation for path to first FDA clearance & ongoing B2B pilot projects
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Sonde Sleepiness Screening Example
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 All Features

With a few training sessions, feasible to accurately predict when KSS ≥ 7, 
(Best-performing cued sample based on typical voice assistant command)

Foundation for path to first FDA clearance & ongoing B2B pilot projects

Sonde Preliminary Results With Baseline

False Positive Rate
Tr

ue
 P

os
iti

ve
 R

at
e



Assuming a population with 10% prevalence for PHQ‐9 ≥ 10

Sonde Vocal Biomarker Performance Enables Powerful
Augmentation of Depression Screening Capabilities

Sensitivity Specificity Accuracy Depression ID 
Confusion Matrix

PHQ-9
(Kroenke, et 

al., 2001)
88% 88% ≤ 9      90 79 11

≥10     10   1   9 . 
Sonde Vocal 
Biomarkers

(Huang, et al., 
2019, in press)

68.5% 71.9% 71.4% ≤ 9      90  65 25
≥10     10    3  7 . 
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Identify 9 of 10 depressed individuals 
if employed and answered honestly

Identify 7 of 10 depressed individuals correctly
with lower friction and greater objectivity

Vocal biomarker performance improving and 
can be combined with other assessments

CONFIDENTIAL



Sonde’s Depression Risk Level Estimation Based on 
PHQ-9 Scores Has High Accuracy

Low, Med, High strength corresponding to PHQ-9 ranges

Predicted
High (17-27)

Predicted
Moderate (10-16)

Predicted
Low (0-9)

Actual
High (17-27) 9% 3% 1%

Actual
Moderate (10-16) 12% 18% 12%

Actual
Low (0-9) 7% 8% 29%

Deployed initially on-phone testing with 791 individuals. Already generating good initial confusion matrix performance. 
Next steps: 0-100 calibration, time-based consensus scoring vs. single file scoring
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Potential of Vocal Biomarker Platform Reaches 
Far Beyond Depression and Sleepiness
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Target Selection & 
Use-Case Development

Lead Generation
Sonde

Development 
Pipeline Stages

Nasal 
Congestion

Early 
Cold/Flu

Allergy

Asthma

COPD

RESPIRATORY 
HEALTH

Early 
Cold/Flu

Congestive 
Heart Failure

HEART HEALTH

Exertion Level

VO2 Max

Hypertension

CAD
More 

Clinical

Health & Wellness Stress

Self-Harm Cognitive 
(Dys)Function

mTBI/ Concussion

Depression/ 
Bipolar Alzheimer’s Parkinson’s*

BRAIN & 
NEUROLOGICAL HEALTH

Cognitive 
Reserve Pain

Sensory 
(Dys)Function

Addiction / SUD ALS

Anxiety Multiple 
Sclerosis Migraine

Sonde Pipeline 
Targets By 

Domain

Voice Change 
Detection

Voice 
Incoordination

Speech 
Intelligibility

Sleepiness

Healthy Aging 
In Place

Alcohol 
Intoxication

Maternal 
Health

LIFESTYLE/ 
WELLNESS

Fatigue

Child 
Development

Cannabinoid 
Intoxication

Maternal 
Health

RW Pilot 
Projects

Vocal Biomarker Discovery & 
Development 

Human Subject Data

Allergy

Asthma

COPD Congestive 
Heart Failure

Stress

Self-Harm

Voice Change 
Detection

Speech 
Intelligibility

Healthy Aging 
In Place

Maternal 
Health

Cognitive 
(Dys)Function

mTBI/ Concussion

Depression/ 
Bipolar Alzheimer’s Parkinson’s*

Voice 
Incoordination

Sleepiness

Alcohol 
Intoxication

Congestive 
Heart Failure

Hypertension

Early 
Cold/Flu

Migraine

Preliminary Health Condition Detection 
Models (> 70% accuracy)

Model Development & Testing 

Nasal 
Congestion

Cognitive 
(Dys)Function

mTBI/ Concussion

Alzheimer’s

Voice 
Incoordination

Sleepiness

Alcohol 
Intoxication

Depression/ 
Bipolar Parkinson’s

Asthma

Congestive Heart 
Failure

Model Validation & Refinement

Quantitative Calibration, 
Individual  (incl. longitudinal) 

Depression/ 
Bipolar



Example: Potential for Sonde Vocal Biomarkers to Augment Measurement Capabilites
For Monitoring Parkinson’s Disease Symptoms & Progression
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Proofs‐of‐Concept: show strong correlation 
factors for UPDRS score prediction with further 
potential to distinguish impact of non‐motor PD 
symptoms on speech

Opportunity for rapid scaling, validation, and 
commercialization using Sonde’s platform



Example – Potential for Sonde Vocal Biomarkers to Augment Screening for 
Mild Cognitive Impairment & Early AD Dementia
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Voice-Only ML Prediction Of Cognitive 
Impairment vs. Clinical Screening 

(No Healthy Baseline Needed)

13.5 ± 0.2%



Careful Technology Progression to Manage Security, Privacy, and ELSI
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• Direct Sonde access to device audio
• Familiar voice assistant skill UX
• Tailored elicitations for enhanced performance

• Opt-in
• All voice commands available for analysis
• Special controls, e.g. pause/mute timer, etc.

• Opt-in or dedicated/premium device
• Embedded-mode-only option (e.g. all results local)
• New “wake-to-health” UX opportunities

When a user repeats words 
requested by the appwords for six 
seconds, for example, “Pataka, 
pataka, pataka…”

Screening, personal exploration,
novelty & social, etc

When the user mentions common 
commands like, “Hi Bixby, What’s 
the weather like today?”

Tracking, monitoring, health cues 
& alerts, patient management

The app is listening for situations 
that require real-time tracking 

Passive, persistent, and proactive 
health experiences (and health 
data volume/velocity)

Cued Mode

Command Mode

Always Sensing Mode



As Voice Assistants Begin Moving Beyond Speech Recognition, Sonde Health is 
Building a Unique Platform For Addressing Broad Home Health Needs

Amazon’s initial foray beyond speech recognition and into acoustic event detection is driving synergistic 
voice product integration opportunities for home security systems (~$34 billion global market) 

Sonde’s opportunity: Create voice enabled automatic alerting systems for important health 
conditions (global health spend $7.7 trillion+)



Sonde Acoustic Health Event Detection Can Transform the Way 
Mental and Physical Health is Monitored and Managed
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Depression/anxiety/suicide 
risk detection and management Vocal 

Biomarker 
Integration

Real-world evidence

Health Guard – Alerts to check in on family members/patients 
based on out-of-range voice health measures 



Thank You
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sondehealth.com



Appendix: Sonde’s Technology Enables Objective Characterization of 
Involuntary Acoustic Changes That Accompany Changes in Health
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Speech

Concept

Sentences and words 

Syllables and phonemes
Prosodics

Phonetic representation:
Position/state of articulators/folds

Timing and coordination of
articulators and vocal folds

Neural signaling 
Muscle activation

Approximate flow of complex 
speech production process
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Broad Distribution of Core Speech Network

Sentence/words 
from concept

Prosodics

Syllables 
Phonemes

Articulator 
positions

Vocal cord 
source state

Articular and cords 
timing/coordination

Neural motor 
signals

Auditory 
feedback

Tactile 
feedback

Disease mechanisms produce distinctive patterns of 
physiologic and neurologic disruption, produce speech 
modulations that may be similarly distinctive

Depression


