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Commercial wearable sensors, such as Fitbit and Garmin watches, employ an optical technique known as

photoplethysmography (PPG). As haemoglobin and other blood proteins absorb light, light absorption can be used

to detect the amount of blood in skin tissues. PPG measures light reflected off the skin and generates a real-time

waveform. This waveform reflects blood volume changes and therefore aligns with the individual’s heart and

respiratory patterns. As such, the signal is used to measure important vital signs.

Introduction

Wearables-free vital signs monitoring

In recent years, a contactless version of PPG technology has emerged, termed “remote PPG” (or “rPPG” in short).

rPPG signals are generated from ambient light, rather than green/red light emitted against the skin via a contact

sensor. rPPG enables cameras of consumer electronic devices such as smartphones to perform the same function

as wearable sensors, thus negating the need for any skin contact for physiological monitoring. 

Remote patient monitoring (RPM) has been heralded as a game changer for the healthcare
industry in the past decade, but there has been minimal uptick in its adoption. Contactless
monitoring proves promising in improving RPM adoption.  

The future of remote patient monitoring
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The contactless nature of rPPG technology translates to improved user experience and cost savings for remote

patient monitoring. rPPG holds immense potential in overcoming adoption barriers faced by wearable sensors &

driving healthcare data transformation. 



Nervotec has 2 core technologies, namely 1) medical-grade rPPG and 2) predictive artificial intelligence (AI). 

Our core technologies

Our rPPG technology employs proprietary computer vision and signal processing algorithms for physiological

measurements. 

Medical-grade rPPG

Heart Rate

Heart Rate Variability

Oxygen Saturation

Respiratory rate

SDNN, pNN50, RMSSD
Blood pressure*
Systolic, Diastolic

Nervotec physiological parameters

Through our algorithms, the device's camera is configured to scan the individual’s face for a minimum of 30

seconds, generating frames from which colour information is extracted. Regions of interest are selected from the

individual’s face and 8-bit RGB values are derived from these regions. 

The values are averaged to generate 3-dimensional RGB signals. These signals are passed down to our signal

processing algorithms, which combine the 3-dimensional RGB signals into a one-dimensional waveform (i.e. the

rPPG signal). 
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Computer vision 
Identify facial regions

Signal processing
Generation of rPPG signal from RGB values

Analysis
Calculation of vital signs

Our capabilities

rPPG overview



rPPG analysis

Frequency-based analysis
Frequency peaks to derive vital signs values

Heart rate

Pulse wave analysis
Peak-to-peak calculations for vital signs
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To calculate vital signs, two types of analyses are performed on the rPPG signals- frequency-based analysis and

pulse wave analysis. 

With frequency-based analysis, the rPPG signal is converted to the frequency domain, where each vital sign has an

optimum frequency band. For example, human heart rate values range from 40 to 240 beats per minutes- Any

values outside of the frequency range are disregarded. Peaks within the optimum frequency bands are determined

to be the final vital signs values. 

With pulse wave analysis, the rPPG signal is analysed as it is. Specific features of the waveform are identified and

various mathematical functions are applied to these features for the calculation of vital signs values. 

Our capabilities

Our rPPG technology is currently undergoing clinical validation by National Cancer Centre Singapore, which is

expected to complete by Q2 2022. Our preliminary accuracies meet clinical standards and qualify us for medical

device registration in our target markets. 

Root Mean Square Error Medical Standards

Heart Rate

Respiratory Rate

Oxygen Saturation

5.05%

0%

1.63%

ANS/AAMI EC13 
(5.05%<10%)

-

ISO 80601-2-61
(1.63%<4%)

Vital Signs



Accuracy (%) Precision (%)

Model 1

Model 2

Model 3

89.8%

89.5%

89.0%

-

AI model

0.94

ROC-AUC

98.8%

94.5%

92.6%

0.95

0.95

Our flu prediction models estimate an individual’s likelihood of having an influenza-like illness (ILI) before onset of

symptoms. The models “learn” the disease trajectory based on a vast data lake of 20,000 clinical data sets- 10,000

labelled pneumonia patients’ vital signs data sets provided by Singapore’s National University Health System (NUHS)

and 10,000 global open-source healthy patients’ data sets. 

Our models have been clinically validation by NUHS and achieved robust accuracies:

Flu prediction

Our capabilities
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To harness vital signs data from rPPG technology, Nervotec delivers customised predictive analytics models for

diverse healthcare needs, ranging from telemedicine triaging to automated insurance underwriting to disease

prediction/management. 

Predictive artificial intelligence



Accuracies

Parameters

Wavelength

Competitor A Competitor B Competitor C

96% 94% 95.75% 95.5%

HR HRV SpO2

RR BP

HR RR HR HRV SpO2

RR BP

HR HRV SpO2

RR BP

Predictive analytics

Insurance
Health & Wellness
Telemedicine
Clinical
Sports

NIR, RGB RGB RGB RGB

Clinical Health & Wellness

Telemedicine

Clinical

-

Our capabilities
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Competitive differentiation

Our rPPG technology has achieved the highest heart rate accuracies in the industry due to 

an in-built luminosity measure. With the measure, our rPPG technology calculates the amount of light in the

environment and subsequently filters out poor signals from low/unsuitable lighting conditions. 

Compared to our competitors, our rPPG technology performs pulse-wave analysis, in Pulse wave analysis

addition to frequency-based analysis. Pulse wave analysis uses the raw rPPG signal, which is a direct representation

of blood volume changes and therefore cardiovascular function. Additional information besides vital signs can be

extracted (e.g. pulse transit time, pulse wave velocity). Research studies have shown this information can be used to

determine arterial stiffness, which is important for cardiovascular disease prediction/management. 

Luminosity measure

Unique rPPG features

Our rPPG technology is the only solution in the market to support near-infraredNear-infrared wavelength

compatibility. By going beyond the visible light spectrum, our rPPG technology can be used in no/low-light

conditions while maintaining its accuracies. 

Our rPPG technology has industry-highest accuracies and supports near-infrared compatibility, while our predictive

analytics capabilities cover the widest range of applications. 



Preventive care Telemedicine Health insurance

Facial data

Heart rate
Heart rate variability
Respiratory rate
Oxygen saturation
Blood pressure*

Vital signs:

Stress levels
Chronic disease risk
Flu prediction

Predictive analytics

User inputs

Voice data

Anger
Dislike
Sad
Happy
Surprise
Fear

Emotions analytics:

Nervotec delivers a host of software solutions to suit various organisational needs across the digital health value chain:

Our solutions
Software solutions
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Plug-and-play rPPG into existing software infrastructureSoftware development kit:

Cloud analytics:

Full-stack development:

Scalable predictive analytics for organisations of all sizes

End-to-end applications- customisable or off-the shelf

Digital health value chain & our solutions

Population health management apps

Employee health monitoring systems

Wellness AI

Telemedicine platforms

rPPG integration into existing apps

Triaging AI

Insurance underwriting AI

Insurance wellness apps

Chronic disease risk AI

Preventive care/Telemedicine: NervoHealth platform

NervoHealth is an all-in-one virtual care solution, incorporating video-based health monitoring, predictive analytics,

telemedicine, and electronic health records management. It consists of a mobile app for patients and a web-based

dashboard for appointed administrators e.g. clinicians/healthcare staff. 

NervoHealth app
In-app scan

NervoHealth dashboard
Risk classification & EHR management

NervoHealth app
Telemedicine triage & services



Vital signs calculation: The NervoHealth app applies Nervotec’s rPPG algorithms to

calculate vital signs.

Voice emotion analytics: Acoustic and linguistic features from the voice clip are

compared against a voice analytics database to measure the user’s 6 basic emotions

(anger, dislike, fear, happy, sad and surprise). The individual is assigned an emotional

state out of 21 pre-determined states. This is a service provided by voice emotion

analytics partner WonderTech.  

Predictive analytics: The NervoHealth app applies Nervotec’s predictive analytics to data

collected, providing predictive insights for wellness as well as common (e.g. ILIs) and

chronic diseases (e.g. cardiovascular disease). A general risk score is generated for each

patient- low, medium, high- based on vital signs thresholds. 

2) Biomarker analytics

Telemedicine triage & services: Patients are automatically recommended to telemedicine

services based on their risk scores. Patients can schedule and engage in

teleconsultations with their clinicians of choice in-app.

Risk classification & EHR management: All patients' biomarker data and risk scores are

visualised on NervoHealth dashboard. Administrators can adjust risk scoring thresholds

and access electronic health records with patient-specific insights for risk management. 

3) Healthcare outcomes

Biomarkers are seamlessly collected (facial and voice data) through their smartphone via

a 60 seconds scan. During the scan, the user simultaneously records a voice clip for a

minimum duration of 8 seconds and inputs their mood and physical symptoms via mini

questionnaires. 

1) In-app scan 

Our solutions
NervoHealth user journey

The NervoHealth app is supported on Android Version 8.0.1 and above or iOS version 10 and above. The minimum

camera requirement is 1.3 megapixels, while the minimum frame rate is 30 FPS. 
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NervoHealth is currently undergoing a patent application process: “AN INTELLIGENT NETWORKED SYSTEM FOR PROACTIVELY MONITORING AND PREDICTING VARIOUS

PARAMETERS IN A DEFINED ENVIRONMENT” PCT/SG2021/050356 dt. 21/06/2021.



Insurance triage

Automatic recommendation of

insurance products based on

insuree's risk category

Nervotec's cloud analytics

Low risk

Medium risk

High risk

Prediction of insuree's risk category:

rPPG scan
HR, HRV, SpO2, RR, BP

Insuree's inputs
Age, BMI, Medical history, Lifestyle

habits

Insurer website/app

Our solutions
Health insurance: Software development kit & cloud analytics

Nervotec provides insurance underwriting solutions, tailored to each insurer's insuree demographics. Nervotec's

software development kit is integrated into the insurer's existing website or application(s) for preliminary collection

of the insuree's health data. Nervotec's insurance underwriting analytics pair vital signs data with other data sources

to predict the insuree's risk classification. The insuree is triaged to different insurance products based on their risk

classification. 

Insurance solutions
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Your benefits
From descriptive to predictive
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With the shift of global healthcare to value-based delivery, healthcare players are
increasingly seeking for predictive analytics to stay ahead of unforeseen risks and deliver
improved healthcare outcomes. 

Customer benefits

 Our rPPG technology serves as a contactless substitute to wearable sensors. 

 Our predictive analytics serves as a risk management tool and harnesses individuals' biomarker

data for improved healthcare outcomes. 

1.

2.

Our solutions' benefits are two-pronged:

Contactless substitute to wearables

Our solutions tackle the 4 main adoption barriers to wearable sensors:

Data privacy

Software development kit: All user data is solely held by the client. Nervotec only receives license pings for

bookkeeping purposes. 

Cloud analytics: Our cloud analytics solutions are hosted on HIPAA-compliant Amazon Web Services servers. We

work closely with our clients to establish data management protocols and ensure GDPR compliance.

NervoHealth platform: Our solution applies edge computing. All video processing is performed within the user's

device, which means no videos of the user are recorded and transmitted to a cloud server for predictive

analytics. 

User engagement

Our solutions have 7 times the engagement rate of commercial wearable sensors. In a 4-weeks proof-of-concept

study with construction firm Woh Hup, the daily engagement rate of NervoHealth platform was 80%, as

compared to 12.4% for commercial wearable sensors. 

Sensor usability

Our solutions enable users to conveniently use their existing mobile devices as sensors and only require a single

tap/click on their devices to perform a scan, thus streamlining the user experience for vital signs monitoring. The

user's data can be automatically shared with third parties, thus reducing human error associated with manual

recording such as erroneous logging and loss of information. 

Cost-benefit ratios 

Our solutions are economically viable in the long-term as no additional hardware purchase is required per

individual. Our software development kit provides 99% and 81% cost savings for hospital screening and remote

patient monitoring respectively. 

Adoption barriers
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Healthcare risk management

Our solutions provide risk management insights and drive healthcare outcomes:

Your benefits

Risk management applications

Early warning systems

With our solutions, healthcare/telemedicine providers can harness not just vital signs data, but also features from

raw rPPG waveforms, which have predictive value towards chronic disease management or patient deterioration.

Various literature have demonstrated the use of PPG-based vital signs data for development of early warning

score systems as well as PPG waveform data for prediction of cardiovascular events risk.

Primary care/Telemedicine/Insurance triage

Risk classification assigned by our solutions can be used to streamline clinical workflows or product/service

recommendations to end users. This enables efficient allocation of resources, particularly for large populations

and/or complex healthcare demands. 



Brunner, Martin F., Bogdan, Boris, Dietschy-Kuenzle, Sandra, Diass, Randevs (2021)  "A firmer finger on the pulse"

Yanamala, N., Krishna, N.H., Hathaway, Q.A. et al. A vital sign-based prediction algorithm for differentiating COVID-19 versus

seasonal influenza in hospitalized patients. npj Digit. Med. 4, 95 (2021). https://doi.org/10.1038/s41746-021-00467-8

Luo, H., Yang, D., Barszczyk, A., Vempala, N., Wei, J., Wu, S. J., Zheng, P. P., Fu, G., Lee, K., & Feng, Z. P. (2019). Smartphone-Based

Blood Pressure Measurement Using Transdermal Optical Imaging Technology. Circulation. Cardiovascular imaging, 12(8),

e008857. https://doi.org/10.1161/CIRCIMAGING.119.008857

Wang, W. (2017). Robust and automatic remote photoplethysmography. Technische Universiteit Eindhoven.

Avram, R., Olgin, J.E., Kuhar, P. et al. A digital biomarker of diabetes from smartphone-based vascular signals. Nat Med 26, 1576–

1582 (2020). https://doi.org/10.1038/s41591-020-1010-5

Pereira, T., Tran, N., Gadhoumi, K. et al. Photoplethysmography based atrial fibrillation detection: a review. npj Digit. Med. 3, 3

(2020). https://doi.org/10.1038/s41746-019-0207-9 

A. Ave, H. Fauzan, S. R. Adhitya and H. Zakaria, "Early detection of cardiovascular disease with photoplethysmogram(PPG)

sensor," 2015 International Conference on Electrical Engineering and Informatics (ICEEI), 2015, pp. 676-681, doi:

10.1109/ICEEI.2015.7352584. 

Dall’Olio, L., Curti, N., Remondini, D. et al. Prediction of vascular aging based on smartphone acquired PPG signals. Sci Rep 10,

19756 (2020). https://doi.org/10.1038/s41598-020-76816-6 

Youssef Ali Amer A, Wouters F, Vranken J, et al. Vital Signs Prediction and Early Warning Score Calculation Based on Continuous

Monitoring of Hospitalised Patients Using Wearable Technology. Sensors (Basel). 2020;20(22):6593. Published 2020 Nov 18.

doi:10.3390/s20226593

Bonnici, Timothy. (2019). Early Detection of Inpatient Deterioration Using Wearable Monitors. 10.13140/RG.2.2.26843.92967. 

Boodhun, N., Jayabalan, M. Risk prediction in life insurance industry using supervised learning algorithms. Complex Intell. Syst. 4,

145–154 (2018). https://doi.org/10.1007/s40747-018-0072-1

Weizhong Yan, & Bonissone, P. P. (2006). Designing a Neural Network Decision System for Automated Insurance Underwriting.

The 2006 IEEE International Joint Conference on Neural Network Proceedings. doi:10.1109/ijcnn.2006.246981 

Overall references:

Early warning systems:

Insurance triage:

References

Although Nervotec has used diligent care to ensure that the information provided herein is accurate and up to date, Nervotec makes no representation
or warranty of the accuracy, reliability, or completeness of the information. This paper only contains scientific and technical information for business-
to-business use and is not intended for advertising to final consumers. This paper does not constitute or provide scientific or medical advice,
diagnosis, or treatment and is distributed without warranty of any kind, either expressly or implied. In no event shall Nervotec be liable for any damages
arising from the readers’ reliance upon, or use of, these materials. The reader shall be solely responsible for any interpretation or use of the material
contained herein. The content of this document is subject to change without further notice.

DISCLAIMER

Nervotec is a Singapore-based healthtech startup established in 2020, providing software
solutions for digital biomarkers monitoring and analytics to corporations and healthcare
institutions. Combining our proprietary technologies remote photoplethysmography (rPPG)
and artificial intelligence (AI), our software solutions monitor vital signs through video and
provide predictive insights. 
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