
The Science and Technology 
of Spren Vision™

By Kamiar Kordari 

Ph.D. and Chief Innovation Officer at Spren

How Spren is transforming the smartphone camera into a 

universally accessible biomarker scanner accessible


to 6 billion end-users worldwide.



Learn more about these lessons here: https://www.spren.com/post/spren-history

How  is shaping the future of digital fitness and 
wellness experiences

Spren Vision™

In our experience serving nearly a million wellness and fitness seekers with our direct-to-consumer HRV platform 

(Elite HRV), we learned three important lessons that led to the creation of Spren Vision™.

The Science and Technology of Spren Vision™

Universal accessibility:
Wearables are useful, but—for the vast majority of users—purchasing and using dedicated sensors is a major 

barrier. Enter the common smartphone camera, already readily accessible to over six billion users today. Spren 

Vision™ transforms these smartphone cameras into real-time biomarker scanners—no additional hardware 

or wearables are required. 
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Actionable guidance:
Biomarkers are the foundation for providing what fitness and wellness brands truly desire: actionable guidance 

and insights that remove the guesswork for users to accomplish their goals. 

—like readiness, recovery, body 

fat, cognitive fatigue, stress load, fitness progress, illness risk, and more. These insights become the foundation 

for personalized experiences, guidance, and “magic moments” that help end-users build new fitness or wellness 

habits.

With advanced analytics, 

experience, and data, we translate biomarkers into easily-digestible insights

Meeting users where they already are:
Users have favorite apps, products, and programs, all of which can be powered with biomarker insights. The 

Spren Platform makes it easy for any app developer to leverage Spren Vision™ and/or embed biomarker 

technology into their existing hardware and wearables.  (SDK) and a simple API 

connection, Spren upgrades third-party experiences with biomarker-based personalization—improving user 

engagement, retention, and paid conversions.

With a few snippets of code
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The science behind Spren’s camera capture technology

The broad applicability of Spren mandates that it be accurate, accessible, and grounded in science. The Spren 

Vision™ camera tech unlocks the unique proprietary methods we’ve developed to capture raw physiological signals 

from the body, pre-process them, remove artifacts (noise), and transform them into biomarkers. 



The understanding of heart rate (HR) and heart rate variability (HRV) from camera lens data is known as camera-

based photoplethysmography (PPG). The PPG technique has been studied and researched extensively.  



PPG is an optical method used to measure cardiac-synchronous blood volume change in body tissues, such as the 

face and finger. As the heart pumps blood, the volume of blood in the arteries and capillaries changes by a small 

amount in sync with the cardiac cycle. This change leads to small changes in skin color. 



The goal of a camera-based HR or HRV measurement is to first capture the PPG signal proportional to the small 

changes in skin color. This measurement is achieved by placing a camera on a participant's finger or at a short 

distance from their face. After extracting PPG, vital physiological signs such as HR, HRV, and breathing rate, can be 

derived.



Below, we’ve curated some examples of research publications using PPG captured by smartphone cameras to 

measure vitals such as HR and HRV on a small scale with a handful of subjects:

The above, combined with further research, demonstrates the clear feasibility of PPG extraction via appropriate 

camera video capture techniques.

https://www.hindawi.com/journals/cmmm/2015/516826/


https://mhealth.jmir.org/2019/2/e11606/


https://biosignal.uconn.edu/wp-content/uploads/sites/2503/2018/09/04_Bolkhovsky_2012_EMBC.pdf


https://www.hindawi.com/journals/jhe/2018/4038034/
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Setting  in biomarker camera 
capture techniques

the standard for accuracy

Our team has a long history of working with HR and HRV data through the Elite HRV app and sales of our PPG 

sensor to tens of thousands of users across 80 countries. The dataset built from our app experience contains over 

four billion HRV data points, 700,000 users, and 20 million user sessions.



This extensive dataset was critical in achieving the necessary camera accuracy—helping us build the robust 

population and subpopulation groups to compare camera measurements against (HRV patterns vary by age, 

gender, and activity level, as well as the net of other physiological stressors).



We’ve also conducted extensive analysis on the accuracy and quality of our camera HR and HRV detection by 

running internal validation studies with participants who helped us benchmark the camera technology against 

industry-standard hardware sensors.

Our ground-truth data set includes more than 270,000 such simultaneous 

videos from tens of thousands of users across demographics, locations, and 

environments.

For example, users of our Elite HRV app have contributed to the collection of vital, ground-truth data. The dataset 

we have collected from each participant includes gold-standard measurements of HR and HRV from ECG-grade 

wearable sensors—simultaneously compared to videos from the users’ fingers or faces. 



Our ground-truth data set includes more than 270,000 such simultaneous videos from tens of thousands of users 

across demographics, locations, and environments. Our training approach separated this ground-truth data into 

various tiers of video quality, as well—which helped us determine the boundaries for lighting, movement, 

pressure, and other data noise inputs.
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The remaining 4% is confined primarily to end-users who have low HRVs (two to three sigmas from the 

population mean). We’re actively addressing these low HRV outliers in upcoming API updates.



Lastly, without this level of accuracy, meaningful, relevant insights are not derivable from the data. Having 

delivered over 160 million such insights through Elite HRV, we understand this emergent phenomenon.

We have also extensively tested our camera algorithms 
with unseen data and achieved a real-world accuracy 
of  to gold-standard (ECG-comparable) 
sensors in the appropriate conditions. 

96% comparable
Accuracy

%96

Without such a large ground-truth dataset, it is practically impossible to train a finger or face-based camera 

algorithm to reach the required real-world accuracy. We encourage you to investigate this when encountering 

other claims for camera-based biomarker detection.
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The science and importance of HRV

HRV is a well-established and well-researched biomarker, increasingly used as an indicator of various dimensions 

of human physiology, performance, and pathology.



HRV is a close approximation of general inflammation. "Stress" and its underlying sources of inflammation are 

ontological processes central to all organisms. In modern environments, stressors are central to human 

performance and pathology across all organ systems.
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At the center of all these processes sits the autonomic nervous system (ANS), a central controller of organ systems. 

Because HRV is fundamentally a real-time measure of the ANS, it captures the "area under the curve" of virtually 

any physiological response to stress (hormetic or pathological).



Over 1,000 new peer-reviewed papers establishing the connection between HRV and aging, fitness, sleep, stress, 

and illness risks are published each year. 



We’ve curated a list of these papers below:

Autonomic Nervous System (ANS)

Health and fitness

Stress

Biological age

Illness risk

Mental health

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3278937/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5900369/


https://pubmed.ncbi.nlm.nih.gov/26909534/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7527628/


https://pubmed.ncbi.nlm.nih.gov/20381674/

https://www.frontiersin.org/articles/10.3389/fnins.2019.00710/full


https://pubmed.ncbi.nlm.nih.gov/29455900/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5900369/


https://occup-med.biomedcentral.com/articles/10.1186/1745-6673-9-1

https://europepmc.org/article/PMC/4848735


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937357/


https://pubmed.ncbi.nlm.nih.gov/33206183/
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About the Spren Team

The technical team that developed Spren brings a combined 37 years of machine learning, deep learning, 

computer vision, and signal processing experience, 17 patents, 165 publications, abstracts and book chapters, and 

experience from Pixar, Facebook, Twitter, HP, NASA, Unity, ACV, Fresenius, Edwards Lifescience, and more. Our team 

includes PhDs and Postdocs from universities such as Stanford, Cornell, and Carnegie Mellon.

Incorporating HRV-based insights does not require 
FDA clearance

The FDA has  in the category of low-risk general wellness biomarkers “intended to 

maintain or encourage a healthy lifestyle.” As such, Spren and other software applications incorporating HRV-

based insights are not required to obtain FDA clearance—as long as they do not intend to diagnose, cure, 

mitigate, prevent, or treat a specific disease or condition, with a reimbursable business model.

designated HRV tracking
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HIPAA
compliant

Note also that our system is compliant with HIPAA. So, applications 

can incorporate Spren into broader software and still undergo the 

FDA application process for medical use-cases.

https://www.fda.gov/media/90652/download


spren.com

https://www.spren.com/

