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1 Background 
Today's video analytics technologies for analyzing human behavior rely only on the visual 
information which we can analyze and estimate, such as, analysis of the patterns of human 
movement mechanics, facial expressions, temperature variability by using thermal cameras, 
etc. These methods are limited only by the information we can get from the visual analysis 
and there is a high gap between the existing and needed solution. Over the last decade, new 
novel methods for estimating human physiological signals (PPG) by using video cameras have 
been entering the market in the form of a different kind of applications, mainly medically 
targeted. The existing methods for estimating PPG are difficult to integrate into other market 
verticals like HLS, security and other advanced use cases. On the other hand, the combination 
of remotely analyzed PPG and other visually visible data can provide a wide range picture of 
what is happening inside the human mind from the viewpoint of human’s neurobehavioral 
variability over time. 

2 About Visual Stress Analysis 
Visual Stress Analysis (VSA) is a robust system for remote neurobehavior analysis of humans 
by using the video cameras and prediction of human stress variability over time. The method 
relies on multi-modal analysis research and paradigm for remote predictive analytics of 
human stress, based on psychophysiological and neurophysiological data we are extracting 
by analyzing video stream. 

Human stress is a result of different internal and external stimulations and can be visible as 
peripheral and non-peripheral changes of neurological and physiological parameters of 
humans. When stimulation occurs, the hypothalamus is sending signals to the human 
nervous system and then nervous systems controlling the physiological and neurological 
behavior. Our method is based on observation of this behavior over time for predicting the 
initial stimulation and understanding of what is happening inside the human brain from the 
viewpoint of stress variability, stress overloading and stress types. The VSA System case is 
shown in Figure 1. 

Figure 1: VSA System Case 
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3 Technology Highlights 
The VSA system is an ultimate and robust solution for predicting stress data, based on 
machine learning of both, psychophysiological and neurophysiological features. The 
underlying technologies are described in Table 1. 

Table 1: Underlying Technologies 

Feature Description 

Photo-plethysmography signal 
processing 

Photo-Plethysmography (PPG) also known as Blood 
Volume Pulse (BVP) signal processing 

Multi-predictor that includes 
wider range of features 
 

 Multi-Predictor System for prediction of the human 
neuropsychological state and 

 4-Class Stress Prediction Model based on more than 
HRV features. 

Heart Rate Variability features 
extraction 
 

 Based on the PPG signal, we calculate parameters 
of the Heart Rate Variability 

 (HRV). The HRV is the physiological phenomenon of 
variation in the time interval between heartbeats 
that is used as a means of measuring the activity of 
the 

 Autonomic Nervous System (ANS). The ANS is 
responsible, among others, for regulating 
physiological activity in situations of any kind of 
stress. 

3.1 Adaptive Baseline 

Each subject can react differently to stress stimulations, someone can be emotionally stable, 
and somebody can be less stable. The same can be told about cognitive reactions. So, when 
we are using video analysis, we are normalizing each stress channel individually. This way we 
can explore each predicted stress channel in a normalized way. This normalization allows us 
to see the reactions of each stimulation. No matter how the cognitive and emotional systems 
of the subject work and behave. 

3.2 Functional Processes 

The functional processes are described in Table 2 

Table 2: Functional Processes 

Feature Description 

image Media Input module – 
video qualification 

The Video signals are received from a locally connected 
or a remote video camera device and are processed by 
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Feature Description 

the Media Input module that acquires the video and 
qualifies the input video stream based on a set of 
parameters such as lighting condition, quality stream, 
distance and more. 

image Live Skin Detection 
 

Each frame transferred to the Live Skin Detector and 
Tracker Module where detection and tracking of human 
skin within the camera view information are 
implemented and the visible skin regions are extracted 
after artifacts removal. 

image PPG Estimation 
 

Based on visible skin regions the Video PPG Estimation 
Module extracts the PPG signal. 

image Artificial Intelligence 
(AI) 
 

All the extracted physiological signals are analyzed by 
the Artificial Intelligence engine to predict the stress 
levels of the subject. 

image User- friendly GUI 
 

The analysis and prediction results are then forwarded 
to the VSA Platform that converts the information into 
user friendly GUI to be displayed to the system 
operator. Alternatively, the information can be 
forwarded to the Web API that converts it to GUI that is 
displayed to the web user. 

3.3 Post Prediction Analysis 

Uses Hight definition Video inputs to Measure Psycho-physiological indicators and stress 
levels in a Subject, by analyzing facial expressions, eye movement/dilation, and a range of 
other indicators. The software can build a stress profile for the subject that is recorded and 
tethered to the video input. Different individuals will respond to questions and the 
circumstances of interrogation or interview in a variety of ways. 

Feelings of guilt, inner contradiction, embarrassment, anger, or simply receiving unwanted 
or unaccustomed levels of attention, can trigger stress reactions.  

Stress reactions are physical inner responses to logical, emotional, or social circumstances 
that are revealed by unconscious and involuntary responses in the body and especially the 
face. Changes in posture, eye movement, skin tone/color, facial expression, and the tone of 
voice result.  

These are the indicators that the analytics engine monitors and analyzes. 

 Cognitive Stress – indicates increased mental activity. 

 Emotional Stress – showing emotional activity. 

 Global Stress – is a general combination of Cognitive values 
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4 The Interrogation Pack 
In today’s world, quickly establishing the reliability of witnesses, clients, or suspects can be 
of paramount importance. With relatively little training, professionals can use the VSA 
product to assess responses quickly and accurately during an interview or interrogation. 

The process is like polygraph but requires no invasive cables or attachments to the subject, 
using only a high-definition video camera and our unique capture and analytical software 
packages – Pangea VSA RT and VSA Explorer – which form the backbone of the VSA Platform. 

The Interrogation Pack contains all essential equipment in one rugged carry case, consisting 
of: 

 Dell Precision 7730 Laptop (or equivalent) image Sonny 4X High definition video 
camera 

 Magewell USB/HDMI 4K Capture Device image Pelican® Carry Case 

 Pre-installed Sensority VSA Platform Software (Including VSA Explorer and VSA RT) 

 Slik Sprint Mini II Tripod 

 All necessary Cables and Connectors 

With the aid of Pangea's VSA (Visual Stress Analysis) Platform, investigators can make in- 
depth and highly accurate psychophysiological, as well as neuro level, assessments of 
subjects, using only a high-definition video camera and laptop.  

Although our products are designed with special attention to the needs of the security 
industry, our technology can be effectively used in a very wide range of investigative 
environments. Our products allow for real-time or post-production assessment and analytics 
of video interviews.  

A wide range of psycho-physiological and neuro level data-points are merged into an 
informative visual interface allowing easy real-time evaluation or a retrospective, in-depth, 
phase-by-phase analysis, giving highly reliable feedback and evaluations resulting in: 

 Reduce time and resources required to obtain critical information and data 

 Effective interrogations conducted by a wider range of personnel (Agnostic to 
Race,Gender, color, age, contact lenses etc. 

 Highly accurate assessments (94.6%). 

 Quickly established behavioral patterns and profiles image Realtime suspect 
assessment and analysis. 

 Shorter investigative time and processing. 

 A quick evaluation of the investigation paths (Red light method – Go/Nogo). 

The core elements of the VSA Platform, primarily consisting of VSA Explorer and VSA RT can 
be thought of as a more versatile and adaptable alternative to a polygraph analysis. The 
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software can be deployed in a similar manner and, offers similar, or in some cases, more 
capabilities. 

The cores elements of the VSA system, primarily consisting of VSA Explorer and VSA RT can 
be thought of as a more versatile and adaptable alternative to a polygraph analysis. The 
software can be deployed in a similar manner and offers similar, or in some cases, more 
capabilities. 

5 Common Protocols and Use Cases 
The common protocols are described in Table 3. 

Table 3: Common Protocols 

Feature Description 

Open protocol analysis  
 

 A conventional interview or interrogation format 
with free flow questioning and interaction with the 
subject. The operator can, either in real- time or 
later while reviewing the recorded session, note 
those moments in the session that aroused a higher 
rate of psycho-physiological response (or stress) 
and identify those topics or subjects that might 
warrant further investigation. 

Questionnaire Protocol 
Analysis 

 A scripted format, like the ‘Global Analysis Tests’ 
used by polygraph operators, in which a series of 
scripted questions are given in a formal session and 
repeated a set number of times. It is then possible 
to aggregate the results, questions, and answers, 
into a report, which can then be published as a PDF. 

The audio from these sections is isolated and converted to text using a speech-to-text engine, 
and then published as a report. This report can be used to automatically compile the contents 
of a new Questionnaire which may be used for a new session. 

The platform offers a variety of protocols and workflows, and as such is more versatile and 
adaptable than more conventional tools, such as polygraph equipment. 
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6 VSA Modules 
The laptop comes pre-installed with the VSA Platform developed by Pangea Ltd. 

The VSA Platform is the central licensing and umbrella application for all other VSA products 
and software packages. All elements licensed by any User can be accessed via the VSA 
Platform interface. The VSA products that can be included on an individual license. The 
modules are listed in Table 4. 

Table 4: VSA Modules 

VSA Module Description 

Explorer 
In-depth Analysis and 
Exploration. 
 

 Processes video files and analyses the psycho-
physiological reactions of the Subject during the 
interview. Algorithmic-analytics, graphical outputs 
and other information – such as notes, and 
questions made by the Operator – may be viewed 
and examined in depth using the Timeline 
Navigator. 

Realtime (Live) 
Realtime Analysis 

 Records, saves and analyzes sessions in real-time. 
While the Session is in progress, the video input is 
checked constantly for quality and usability, alerting 
the user when adjustments to the camera and 
lighting are required.  

 At the same time, users may view an array of 
analytical metrics and alerts regarding the state of 
the Subject. These alerts and vectors allow users to 
make quick on-the-spot judgments regarding the 
progress and direction of the interview or 
interrogation.  

Before closing the Session, VSA RT outputs all video and 
synchronized metrics to a VSA file, which can either be 
analyzed later in greater detail or used to assemble a 
Questionnaire Session for a subsequent interview or 
interrogation. 

Converter 
Converts offline recorded 
video in MP4 format into VSA 
file. 

Converts offline recorded video in MP4 format into a 
VSA file. 

Scripts 
Questionnaire Manager 

Enables users to create, edit, arrange or amend 
Questionnaires that are used in VSA RT Questionnaire 
Sessions. 
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VSA Module Description 

Files 
Recorded and Analyzed 
Materials Database 

Manages all recorded and analyzed material created via 
VSA RT or VSA Converter. 

7 Reports and Raw Data 
In Offline Mode the system provides full decoding and behavior breakdown of both standard 
and nonstandard psycho-physiological and stress related changes. An example Open 
Protocol Report is shown in Figure 2. 

Figure 2: Open Protocol Report 
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The Open Protocol Report is based on Automatic Stress Reaction Analysis and displays all 
interview points where reaction was detected. All high points are presented in a set of graphs 
and tables together with contextual information associated with these reactions. This type 
of reports use advanced voice to speech conversion technology, to translate the voice track 
in videos to text. Report that presents all interviewing points which caused reactions. All 
automatic analyses are presented in a set of tables along with textual information relating to 
the probable causes of these reactions. 

The Questionnaire Protocol Report provides a clear and summarized table of 
neurophysiological responses of the examinee during the questionnaire session. All asked 
questions are sorted by response intensity that indicates the probability of lying. An example 
of a Questionnaire Protocol Report is shown in Figure 3. 

Figure 3: Questionnaire Protocol Report 
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