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Abstract-Augmented reality is the process of rendering virtual objects in a scene such that the scene appears as mixed reality. Augmented 

Reality based health applications are gaining popularity due to improvement of processing and rendering techniques and open source 

software. Several camera based health vital extraction techniques are being developed over last several years. However, these techniques are 

limited time applications, and are limited by the lighting, environment and posture. In this work we propose a unique cloud based augmented 

reality health vital framework that extracts continuous pulse rate and pulse signal from user face image using cloud based face detection, 

intensity normalization, facial contour tracking, atrial vascular network correlation on face and temporal peak detection. The proposed 

method is validated in real time under controlled clinical environment and provides an overall accuracy of 91%. The system also augments 

continuous health information on the real camera feed. 
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I. Introduction 

 

Augmented reality is the process of rendering extra 

information on a live video stream. Augmented reality is either 

marker based or markerless. A marker assisted augmented 

reality is one where a visual marker in the scene is detected by 

the AR module and the module renders either visual or text 

information stitched to the marker part of the scene. Further the 

visual information can be changed based on the input like touch, 

change in viewing angle, voice etc. With the information and 

data becoming one of the most essential parts of day to day life 

and application experiences, AR is growing in popularity. 

Whether it is rendering live information about a street or place, 

or it being extra information rendered with product labels as 

marker, AR is finding its way through to various Applications. 

 
AR experience further can be divided in two different ways: 

Headset rendered AR,and non-headset rendered AR. With the 

advancement of headset technologies like Microsoft Holo Lens, 

wearable AR is becoming popular where the user wears a glass 

headset and AR components are augmented in the live visual 

field. 

 
Following is the general block diagram of generic augmented 

reality framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Conventional AR Framework 

 
As it can be seen that any AR framework has following major 

components: 

 
1) Rendering engine 

2) Detection and tracking Engine 

3) Asset Management 

4) Animation Engine 

 

5) Input management 

6) Artificial Intelligence 

 
Rendering engines are generally local in nature and the basic 

model is always the live video feed from the camera. The 

detection engine is one which detects the marker on the scene, 

the tracking engine tracks the positional changes of the marker 

in the scene. 
 
Asset management is the actual augmented asset that needs to 

be rendered on the scene. Assets are generally virtual visual 

content like text or graphics that are rendered on the scene as 

augmented object. 

 
Input management takes hardware, voice, and gesture as input 

and determines the action in terms of change in the asset or 

rendered components or the animation objects. Animation 

engine is part of the visual or rendering engine, but having their 

own lifecycle of handling the assets, their animation and the 

path. 
 
The artificial intelligence and machine learning is associated 

with a decision making system that learns from the data 
associated with rendering, asset, and animation in AR and 
makes it possible to make the system more dynamic, by being 

adapted to user actions and preferences.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Cloud Based AR Framework 
 
With the advancement of technology in the cloud, cloud based 

augmented reality are gaining in popularity. Cloud based 



Augmented reality is one where Assets/animations or AI 
components of the system are run and processed in the cloud 

and the resultant visual is rendered locally. 
 
Cloud based AR are becoming more and more popular as the 

complete processing can be taken to the cloud and can be 
managed as a service which can be then used from various 

applications, making the system more usable. Cloud based AR 
also uses streaming services to pass the live data to the cloud. 
 

where complete processing and rendering can be modelled and 
streamed back to the local visual engine for display. 
 
Integrating health and medical data in AR context is becoming 
very popular. There are several real-time AR driven 

applications that are being developed which render human 

endocrine system or other relevant system live on human body. 
AR in operation and medical procedures are becoming 

increasingly popular. AR is also becoming popular in fitness 
and wellness perspective and gamification of the wellness 

programs. 
 

I. Related Work 
 
Augmented reality, though an old concept, has attracted much 
attention of the researchers in recent times. Specifically, in 

medical domain it can be integrated with other technologies to 
bring rejuvenation for making fast and efficient medical 

treatment.  So, the recent research works that are being carried 

out in the medical field with the aid of augmented reality should 
get a prime focus. 

 

One of the most important areas of expertise which makes a 
doctor a very good doctor is how perfectly he can operate a 

patient. As operating a patient needs to locate very small and 
sophisticated internal organs of human body, a bit of error can 

put the patient in the face of death. This becomes worse when 

brain or hearts or nervous systems of patients are operated. 
Augmented reality assisted surgery can help doctors in a great 

extent to avoid such errors and save the life of patients.  
 

Étienne Léger et.al in [1] experimented on a 3D printed human 

head for developing an augmented reality assisted neurosurgery 
system. They have actually proposed a gesture controlled 

system which can be used to correct manual registration when 
guiding doctors through the confines of the skull during 

surgery.To somewhat similar fashion, André Mewes et.al in [2], 

have taken the advantages of AR into account for guiding the 
needle visualization in interventional MRI scanning. S.Kausar 

et.al in [3] have implemented an Acupressure healing 

technique, an ancient method of treating diseases, by 
integrating the concept of AR which enables self-treatment of a 

patient.  Long Chen et.al [4]have designed a real-time AR 
system for endoscopic surgery from stereo input attaining 

geometric awareness with minimal invasion. A technique for 

detecting bone structures from the combined input of 
ultrasound (US) and computed tomography (CT) by obtaining 

3D image of the surgical scene has been presented by Houssam 
El-Hariri [5]. 

Now, one important issue that can be raised that doctors and 

medical students need enough training so that they can fully 
exploit the advantages provided by AR for perfect and efficient 

surgery operations which sometimes are controlled remotely. 

Daniel Andersen et.al in [6] have employed a patient simulator 
program which is used for practicing remote surgery operations 

and providing surgery training to students with respect to two 
different AR techniques, namely Head Mounted Display and 

Video See Through Display. Tradeoffs between the above 

mentioned AR techniques also have been discussed. 
 

In addition to surgery, Augmented Reality is also being tried to 
be implemented in other medical related areas at a great extent. 

AR reality assisted treatments are being implemented for the 
patients with injuries to different body parts or patients with 

physical disabilities. Different AR based virtual games can be 

designed which helps in quick physical rehabilitation of these 
type of patients by making them engaged in physical activity. 

One such application has been presented by João Monge et.al 

[7]. A mobile device based AR aided system that takes post-
surgery cares for orthopedic and neurosurgical patients in a 

remote environment has been developed and tested by Ponce 
BA et.al [8] in his research work. K.-F. Hsiaoet.al [9] has 

developed an AR assisted fitness program that tries to prevent 

fitness issues of students. There are also research works that 
focus on design and implementation of AR based devices for 

the use by physicians that can add effectivity in AR aided 
healthcare.  One such study about AR aided smart glasses has 

been carried out by Nuri BASOGLU [10].  

 
How an infant accepts percepts from their environment and how 

they behave and take actions to bring the environment in their 
favor, is an important area of study for the medical 

professionals. Researchers have focused in this area aided with 

AR that helps in satisfactory observing of infants development 
environment for the purpose of providing perfect growing 

environment to the infants.Miho Nishizaki [11] has 

demonstrated such an effort. 
Augment reality based healthcare performance can be greatly 

improved by the aid of cloud computing if we consider taking 
care of patient’s health from a remote location. The added 

advantages that can be incorporated can greatly reduce 

difficulties in sole internet based remote healthcare.  Various 
research works have experimented on integrating cloud 

computing in AR aided healthcare that actually prevents 
disadvantages like large sizes of medical photographs, 

restricted processing capability of mobile devices in mobile 

device based healthcare, augmented image processing 
complexity, and high computing and storage requirements.  

Rupam Das et.al [12] has demonstrated that gesture recognition 

can be appropriately used with augmented reality to create a 
new visual and computer interaction model. Integrating gesture 

in an augmented environment makes the reality for of a natural 
experience. Monica Gajbhe et.al [13] in their research of mobile 

based augmented reality  have proposed an algorithm that will 

decide whether the computations should be offloaded to the 
cloud or they can be carried out in mobile platform with 

restricted resource. In somewhat similar fashion, Steven Bohez 
et.al [14] has discussed about the difficulties encountered when 

offloading mobile AR applications. Udaykumar N Tippa et.al 

[15] has designed an augment reality based face identification 
application where augmented processing occurs in cloud 

platform.  Yumen Chen et.al [16] has made a research effort for 

designing android augment reality based architecture for cloud 
platform. Bai-Ruei Huang et.al [17] have designed a client-

server model that integrates augment reality and cloud 
computing for avoiding computation and storage limitations of 

the clients.  Also there are research works on integrating IoT 

and cloud computing in healthcare by Charalampos Doukas et. 
al [18] and research on designing of cloud framework for 

mobile health services that focuses on security by M.T Nkosi 
et.al [19].  

The review work discussion will remain incomplete if we don’t 

focus on one of the most basic foundations of augmented 
reality, which is image analysis. An image is the most basic 

component that makes up an augmented reality based systems.  
Analyzing a photograph of any specific human body part allows 

us identifying and diagnosing diseases for early care and 
prevention. This research domain has been explored 
extensively by the researchers. One research work for 

identifying patients with type II diabetes by examining 



photographs of lower limbs has been performed by Cinthya 
Lourdes Toledo Peral et.al [20]. In another work, Prateechi 

Singh et.al [21]have examined scar images for finding out 
analytical information of the scar for the purpose of healing 

burn or allergy.  Two innovative research works in this domain 
are worth mentioning which actually measures. 
pulse rates from video frames of human face. Vladislav 

Ostankovich et.al [22] have presented a technique which 
determines cardiovascular pulse signal from noise induced 

respiration and vestibular activity from a face video input. In 

other case, a method of heart rate monitoring from webcam 
input has been designed by Magdalena Lewandowska et. al 

[23]. 
 
From the above discussions it can be observed that 

 

• By analyzing photographs of human body part, it is 

possible to identify and diagnose symptoms of 

diseases as well as health vitals of a human being 

• Complete processing of AR assisted medical 

applications can be carried out in the cloud reducing 

load on the clients 

• Hence, a real-time and robust AR assisted system for 

determining health vitals can be designed which is 

controllable from a remote place and very much 

relevant in recent times. 
 
 

II. Problem Definition 
 
Even though health augmented reality is becoming more and 
more popular, acquiring live health data from camera feed and 
using this with an AR perspective still remains a challenge 

without the use of specialized and expensive hardware. Some 
works extract health data like heartbeat, respiratory rate from 

wearable devices and use them on the AR context. A significant 
study is also being carried out towards effectively detecting 

pulse rate from by analyzing images from normal camera. 
 
Several Mobile based AR techniques are being developed over 

last few years for extracting pulse rate and other live health 
information from the camera. However, most of these 

techniques are not robust and are affected by the distance, 
lighting, camera quality and several other factors. A robust live 
health AR framework is not present that can acquire meaningful 

live health vitals like heartbeat, breathing rate from inexpensive 
hardware and then render them with AR. There is an emerging 

need of a low cost health vital extraction mechanism for 
augmented reality that can be used in several applications like 

wellness, health linked gaming etc. 
 
Contribution 
 
The contribution of this work is a real time efficient framework 

for live health vitals extraction for augmented reality system. 

The proposed method is much more robust, continuous and 

enables live signal and vital display on the scene by extracting 
pulse rate from the face. Further the system uses liveness 

detection for differentiating live human from the photographic 

static resources. The proposed system incorporates background 

modelling based dynamic intensity adjustment and atrial 

pattern based facial region extraction for finding out points 
which can be used for vital extraction. Atrial interpolated 

continuous pulse rate extraction with breathing rate extraction 

aided by automatic color scheme correction through 

background elimination is the main contribution of the work. 

 
III. Proposed Work 

 

Most common system for extracting health vitals like pulse rate 

can be presented through figure 3. 

 

 

 

Figure 3: Existing Face based health vital extraction system. 

 

 
The present state of art in the face based health vital detection 

techniques depends on extracting facial area followed by 

marking key points in the facial ROI. The systems then uses 

image processing techniques to locate variation in the intensity 

on the pixels at particular face locations. As face has a good 

distribution of capillaries and vascular network, the change in 

blood volume in the vascular network is reflected in the pixel 

intensity around key points. Most of the systems uses either 

temporal or frequency domain filtering to filter out local noise. 

Few systems also calculates the intensity variations around 

these key points and then use a principle component to select 

the best correlated features from the uncorrelated key pixel 

points. Also many works adopts local or global motion and 

temporal filtering in these sets of points to eliminate the noise. 

 
However, the drawback of such system is that: 
 

a) They don’t take into account of the posture of the face.  
b) The existing systems don’t take into account of the 

shadow and other spatial intensity variations.  
c) The actual atrial distribution across face is not 

consistent and doesn’t map these points linearly and 
the existing systems don’t take into account of the 

atrial patterns. 

 
Proposed technique first extracts the facial region and then 

subtracts the region from the rest of the frame in order to obtain 
the average intensity of the environment. The average intensity 

is first subtracted from the facial region to minimize the effect 

of the intensity. Support vector machine based facial contour 
fitting is adapted to fit a facial mask on the face with key points. 

A reference atrial pattern is then super imposed on the facial 
model. 
 
Now the locations of the nostrils are determined and the 
intensity variation with two branches of arteries is calculated. 

The movement of the head and the change in the posture leads 
to change of the axes of the atrial mask and therefore 

irrespective of the facialposture the pulse is extracted 
efficiently. The system also adjusts for distance from the 

camera as when the user changes the proximity from the camera 
and the system adjusts the atrial mask accordingly. 
The atrial mask acts as the model weight for the pixels and the 
background acts as the base light model. Hence the system 



maintains a high degree of accuracy with very high tracking 
speed and health vital accuracy. 
 

The proposed system overcome drawbacks and is explained 
through figure 4. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Proposed Face Based Health Vital Extraction over 
Cloud 
 
Extraction of Continues Pulse Signal and Breathing Rate 
 

 

The pulse extraction algorithm is presented below 
 
Bgref=0 
 
For i=1:N 
 
Extract Video Frame Ib(i) 
 

 

Track Face using voila Jones as If(i) 
 
do 
 
Bg(i)=Avg(Ib(i)-If(i)) 
 
while (Bgref-Bg(i))~=0 
 
Iadjust(i)=Ib(i)-Bgavg 
 
Fc=Face_contour(Iadjust(i)) 
 
I(i)=Iadjust(i)(x,y), where (x,y) in Fc 
 
I(i)=I+AM// where AM is the atrial mask 
 
If(i>1) 
 
Id=I(i)-I(i-1) 
 
R=avg(Id(:,:,1))// where 1 is the red channel of the difference 
image 
 
//R is the pulse waveform 
 
Ps(i)=butterworth(R,0.6-5Hz)// low pass filter the red channel 
signal 
 
Pulse_rate=Number_Of_Peaks_Par_Sec(ps)*60; 
 
Augment(Ps,Pulse_rate) 
 
end 
 

End 

 

 

I. Results 
 
The system is has been developed using Node.js with OpenCV 

and is deployed in IBM Bluemix. The web page is opened in a 

Windows 10 PC with 4GB RAM. Pulse rate extracted from 

the proposed system is compared with that of the pulse rate 

measured from the standard pulse oximeter. Further results are 

tabulated as shown below. Three readings each from each user 

is obtained and tabulated and is given by table 1. 

 

 

Table 1: Comparison of Health Vitals with Real Medical 
Device 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 6 shows the performance of the present state of art                                                                                               

where we have compared MIT labs motion amplification based 

pulse detection with the proposed technique. We can see from 

the chart that the proposed system follows the real values and 

has an accuracy of 91% in real scenario vs the same with the 

existing technique which was found to be 84% when distance 

and pose is randomly varied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Performance comparison of Present and proposed 
system. 
The average accuracy of Male was found to be 91% and the 
same for the female was also found to be 91% with an average 
accuracy of 91%. The user group’s data is between age 6 to  
42. Therefore it can be seen that the system is independent of 
the age or gender. 
 
We further implemented a liveness detection technique by 

means of which we calculate the probability of the signal to be 
real human signal by measuring the pulse volume from one 

peak to another peak as shown by figure 5. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Figure 6: Proposed Vs the present state of art in the context of 
the photographic analysis instead of real face. 
 

The proposed CHAR system also has been compared with other 
state-of-the-arts like FastICA, PCA, JADE and SHIBBS with 
respect to accuracy. Corresponding comparison result has been 
illustrated below. 

 

 

 
 

 
Figure 7: Accuracy comparison result of the proposed method 

with other state-of-the-arts. 

 

 
From the above chart, we can observe that the proposed CHAR 

method outperforms other state-of-the-arts with 91% accuracy.  

 

VIII. Discussion 

 
In [22] comparison to the FastICA which gives 66.79% of 

accuracy, PCA gives 83.7% ,JADE gives 89.9% and SHIBBS 

gives 83.9% our proposed framework is coming up with better 

accuracy. 

We performed analysis on 25 subjects and 10 intentives of each 

subject including normal and subject with clinical condition; 

whereas other few reviewed work in this direction did not have 

such in depth analysis. We also considered subject with male 
which have a accuracy of 92% and female subject having 88% 

.And also tested on kids which have 89.12 % of accuracy. 

The performance of the proposed system was homogeneous in 

the entire subject group. 

 

 

IX. Conclusion 
  
Health vital extraction, particularly continuous pulse rate has 
several applications in wellness perspective due to its 

application in pulse rate variability, significance in analysing 

stress, overall health of a person and so on. With the 

advancement of augmented reality, various health applications 

are finding it’s way through augmented reality. Cloud service 

based augmented reality models is an emerging and attractive 
domain for augmented reality. Existing camera based health 

vital extraction techniques for augmented reality are not robust 

enough to be used in the real time context. In this work we have 

proposed a marker less real time augmented reality application 

over cloud that tracks facial features in the real time with a 91% 
overall accuracy and an improvement of 7% over existing 

techniques. Further the proposed technique also augments the 

real time signal and data on the scene. The proposed technique 

is also light and poses invariant and can distinguish between 

real v/s photographic faces. The method can be further 
improved by adapting parallel processing to perform the vital 

extraction on multiple faces simultaneously.
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