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ABSTRACT: 
 

Recently there has been drastic change in how people take care of their health. So the modern health care system 
must be capable of identifying any diseases symptoms that might appear in the individual. For detecting these 
symptoms modern system makes use of different signals that were collected from the individual under test. Further 
processing of these signals are done and finally machine learning algorithm are applied for predicting the final 
result. 
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[1] INTRODUCTION  

Very recently there has been a drastic difference in people’s demands and expectations of health care systems. Lots of 

information is available through the internet, which leads to increased patient knowledge. Taking the advantage 

of  advanced technology, our demands are changing towards health care so as to improve quality of life. People are 

turning towards the Indian culture and are trying to adapt it into their day today life. Health care monitoring can now 

be done ubiquitously and there are several different research projects for health monitoring based on Ayurveda. 

 

[1.1] WHAT IS AYURVEDA? 

Ayurveda is an ancient Indian medical science, whose origin can be traced back to the Vedas,which are the oldest 

available classics of the world. Vedas are ancient books of knowledge and science from India. They contain practical 

and scientific information on various subjects beneficial to the humanity and mankind like health, philosophy, 

engineering, astrology etc. Ayurveda is a healing science which comprises of two words, Ayu(life) and 

Veda(knowledge). Indian medical science, medicinal herbs / plants and nadi vigyan are the 3 most important factors 

of Ayurveda. 

 

[1.2] WHAT IS NADI PARIKSHAN? 

Ayurveda identifies three basic types of functional principles or energy that are present in every human being: vata, 

pitta and kapha. Vata signifies the energy of movement, pitta is the energy of digestion or metabolism in humans and 

kapha is the energy of structure and lubrication. All people have the qualities of vata, pitta and kapha, but one is 

usually primary, one secondary and the third is generally least prominent. The cause of disease in Ayurveda is viewed 

as a lack of proper cellular function due to an excess or deficiency of vata, pitta or kapha.[7] Nadi Pariksha is an 
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ayurvedic technique of diagnosis through the pulse.It diagnoses physical, mental and emotional imbalances as well as 

diseases .It is also called as wrist pulse analysis technique for disease diagnosis. 

 

 
Fig 1. Position of fingers for Tridosha detection[12] 

[2] DIFFERENT DEVICES FOR WRIST PULSE DETECTION 

Various diseases can be controlled by Swayam Nadi Parikshan where by different devices based on machine learning 

are used for nadi anlaysis .Following are non-invasive wellness monitoring devices,capable of recording and 

analyzing continuous pulse rate, heart beat, etc and potentially reporting important medical symptoms. 

 

[2.1] NADI ARIDHAL 

Selvan and Begum have developed a system for pulse signal acquisition and processing, which feeds data into their 

Nadi Aridhal application for plotting the signal into (vata, pitta,kapha) pulse waveform graphs and determining the 

probable disease diagnosis associated to the pulse waveform and the pressure applied at the sensing element over 

time.These sensors are piezo film based sensors which is used to receive pressure signal from pulse.The proportionate 

electrical signal is then obtained from the signal received from the sensor. The digitization of signal is done using the 

16-bit multifunction data acquisition card NIUSB-6210.[10] 

 

 
 

Fig 2. Block diagram of system[10] 

 

The transmitter amplifies this signal to 2-10 V and the stored in the server database. The signal stored in the database 

can then be used to extract features. These features are classified by noticing the signal at various peaks and points 

and correspondingly different waves are classified namely Percussion Wave, Tidal Wave, Valley and Dicrotic 

Wave[10]. Various machine learning algorithms are applied on data for classification. These data classifications are 

used in diagnosis of various chronic diseases such as Obesity, Asthma, Diabetes, Cancer and Hepatitis[13]. 

 

[2.2] MICROPHONE AS A SENSOR: 

In this technique, the pulse is sensed with the help of microphone. The block diagram of this technique is shown 

below[11]: 
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Fig 4. Working of Microphone[11] 

 

The microphone is placed near pulse and the signals are sensed. The signals received through microphone are very 

weak of the order of few mV. Hence, these signals are need to be passed to amplifier. Pulse signal received ranges 

from 0.7Hz to 12Hz[]. The amplifier made have a cut off frequency of 12Hz. The signals which are received also 

contain lots of noise. So for accurate result it becomes necessary to filter. This low pass filter is designed in 

MATLAB[13]. The filtered amplified signals received contain multiple cycles. Analysis of signals with multiple 

cycles becomes very complex. Hence, these signals are passed through single cycles separator which cuts the signal in 

to a single cycle and makes it ready for further analysis. Due to the random nature of signal obtained it is preferable to 

take autocorrelation of a signal. 

 

[3] NADI TARANGINI: 

Nadi Tarangini is the convenient, new-age way to perform Nadi Pariksha.It is widely used device developed by 

Atreya Technologies and recommended by doctors. 

[3.1] FEATURES OF NADI TARANGINI: 

1.Data Acquisition Methodology Using Air-Gap. 

2.Accurate, Complete Waveforms: Physiological Properties. 

3.Diagnosis based on Ayurveda and Machine Learning Concepts. 
 

 

 
 

Fig 6 Line diagram of device[12] 

 

As shown in above figure, a set of three microvolt pressure transducers was mounted on the wrist to sense three 

location pulses, namely vata, pitta and kapha . The electrical signal proportional to the pressure experienced, in 

differential mode, by the pressure sensing element is then digitized using the 16-bit multifunction data acquisition 

card NI USB-6210[12] having an interface with the personal computer. The data is captured at a sampling rate of 500 

Hz for a predetermined length of time. We use the data acquisition software LabVIEW, which controls the 

digitization as well. The minimum change in the signal, which can be measured, depends solely on the resolution of 

the digitizer. 
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[4] APPLICATIONS OF WRIST PULSE ANALYSIS: 

[4.1] DETECTION OF STRESS USING WRIST PULSE ANALYSIS 

Prior method of stress detection requires subject to go to some stress detection centre where the main stressor was told 

to solve a mental arithmetic task under time and evaluation pressure [1] or was told to wear the chest belt which is 

used to collect subject’s data sample such as cardiovascular activity, etc. [2]. But the method discuss in this paper uses 

a wrist band for  data collection and this data is send to smart phone for processing and stress detection. 

 

[4.1.1] METHODOLOGY 

Stress detection using wrist band in real time involves three steps which include 

a. Data acquisition and pre-processing 

b. Feature extraction 

c. Detection using MI algorithm 

 

 

 
Fig 7. Working Model 

 

a) Data acquisition: 

In this method wrist band is used to acquire two types of data. 

1) Accelerometer sensor data: This data involves accelerometer sensor data and  gyroscopic sensor data. 

2)  Pulse signal data: This data include heart rate (HR), blood volume pulse (BVP), galvanic skin response (GSR), 

skin temperature (ST), time between heartbeats (RR intervals). This data is taken with help of different sensor present 

inside Empatica device such as EDA, PPG ,Skin temperature sensor ,etc. 

From each physiological signal (BVP, HR ST and GSR), statistical and regression features are computed: mean, 

standard deviation, quartiles, quartile deviation, slope and intercept. 

b) Feature Extraction 

Data collected from device is send to  smartphone via Bluetooth for feature extraction. From each physiological signal 

(BVP,    HR ST and GSR), statistical and regression features are computed: that include mean, standard deviation, 

quartiles, quartile deviation, slope and intercept. GSR response are computed with an algorithm for peak detection [3]. 

RR interval is determine by processing heart rate variability signal in frequency and time domain. These features are 

fed into a classifier trained with the Random Forest [4] ML algorithm. 

c) Random Forest algorithm            .             

Random forest is machine learning  algorithm that learn from the training data for performing classification, 

regression and other tasks It do so by constructing decision tree using training data. This constructed decision tree is 

use for further prediction. 

Input: Input given to this algorithm include BVP, HR ST and GSR 

Output given by this algorithm classify the subject as stressed or non-stressed 

Analysis:The stress detection module was trained on 21 subjects in a laboratory setting and tested on five subjects in a 

real-life setting achieving accuracy of 92% for detection of stressful events. 
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[4.1.2] LIMITATIONS  

1 The major limitation in this method of stress detection is the cost of the wrist device that is used to collect data 

sample. 

2 The processing of the data is done over a smartphone application it causes battery of the smart to drain quickly 

 

[4.2] DETECTION OF DIABETES USING WRIST PULSE ANALYSIS 

The present methods that are adopted for diabetes detection are invasive. These methods involve collecting blood 

sample from patient followed by some chemical analysis. The non-invasive  process of detection of diabetes involves 

three major functions: 

a. Data acquisition and pre-processing 

b. Feature extraction 

c. Design of Artificial Neural Network (ANN) 

 

[4.2.1] METHODOLOGY 

a) Data acquisition and pre-processing: 

MP 100 pulse transducer is used to capture the pulses [5]. It consists of piezoelectric elements which converts the 

pressure sensed through radial artery into proportional electrical signal. Thus a raw signal is obtained. This signal is 

given as input to Data Acquisition Card. PowerLab system is one such DAC [6]. It performs signal conditioning 

(Filtering, Amplification, Denoising using wavelet decomposition[7]).The data is captured at a sampling rate of 500 

Hz for a predetermined length of time. 

b) Feature extraction: 

In this process useful information from the clean signal is extracted. This information is used to categorize the patient 

in various diseases. Shape, rhythm, amplitude, frequency and the pulse rate are focused for extraction of Nadi 

features. For a diabetic patient the kapha pulse signal level are found to be aggravated [5]. Features such as amplitude 

of R peak  and QRS section are extracted. For a diabetic person peak amplitude R peak value is found to be lowered 

[5]. 

c) Artificial Neural Network: 

Along with Tridosha analysis, Artificial Neural network is used for pattern classification purpose[5].The features 

extracted from the signals are used to train the neural network. The ANN performs self-organized classification. Back 

propagation algorithm is used for training to get minimum error in classification. Neural Network Toolbox available 

in MATLAB is used for pattern classification purpose [5]. 

 
 

 
 

Fig 9 System Architecture[5] 
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[4.2.2] BACK PROPAGATION ALGORITHM 

It is a supervised algorithm for multilayer feed-forward network. It mainly consists of three basic layers namely input 

layer, hidden layer and output layer. Error between the system’s output and a known expected output is presented to 

the system and used to modify its internal state. As the output value is presented back to the input to minimize the 

error, the algorithm is called back propagation algorithm. 

As proposed [5], the training data set is created which includes time domain features extracted from 

waveform(signal). This data set is used to train the ANN. The hidden layer neurons and the weights between the 

layers are adjusted so as to get minimum error. This is a trial and error method. 

 
Limitations:  The complexity of algorithm increases as the number of iterations increase. Too many hidden layers 

can increase the time complexity. 

[4.2.3] CLASSIFICATION TECHNIQUES 

The normal and diabetic patients can be classified using two different approaches: 

i)Approximate Entropy based Approach [8]: 

Approximate Entropy, being a statistical measure is used as a quantity for the purpose of characterizing standard 

signals and abnormal signals. 

ApEn(Sn,m,r) = ln[Cm(r)/Cm+1(r)] 

Here the quantity Cm(r) signifies prevalence of repetitive patterns of length m in signal Sn. The natural logarithm of 

relative prevalence of repetitive patterns of length m compared with those of length m+1 is known as approximate 

entropy. Vaat, pitta, kapha pulses for 100 normal patients and 25 diabetic patients were captured [8]. The ApEn is 

calculated for this dataset as shown in Table 1. 

 

Mean Values Approximate Entropy 

Vata Pitha Kapha 

Normal patients 0.2651 0.2517 0.2849 

Diabetic patients 0.1771 0.1731 0.1751 

 
Table 1. Approximate Entropy Result[8] 

 

ii)Sample Entropy based Approach [9]: 

 SampEn examines a time series and gives a non negative number to the sequence. Larger values denote more 

irregularity in the data. SampEn has been suggested to be independent of data length and demonstrates relative 

consistency. SampEn is applied for 100 normal patients and 25 diabetic patients [9]. The dataset is shown in Table 2 

 

Mean values Sample Entropy 

Vata Pitha Kapha 

Normal patient 5.6367 5.5456 5.6121 

Diabetic patient 4.8234 4.8145 4.834 

 
Table 2. Sample Entropy Result[9] 

 

The comparative study of two approaches shows that the difference margin for ApEn between normal and diabetic 

cases for vata, pitha and kapha pulses are 0.088, 0.0786 and 0.1098 respectively. Rather with SampEn the difference 
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margin between normal and diabetic cases are 1.0294, 1.0286 and 1.0159 respectively. Thus, sample entropy 

approach distinguishes diabetic patient more clearly. 

Limitations: 

ApEn has significant weaknesses, notably its strong dependence on sequence length.  

It shows poor difference margin. 

 

[4.3] WRIST PULSE ANALYSIS FOR DETECTION OF INFLAMMATION 

[4.3.1] METHODOLOGY 

A. Data Pre-processing 

Wrist pulse signals were captured from patients who were suffering from respective inflammation and healthy person 

with different age group. Table I summarizes the sample size of the testing database. The sample size of the dataset is 

biased as the sample sizes of each group are not equivalent. The biased condition of the dataset may lead to 

misinterpretation of the classifier. Therefore, the dataset of the symptoms are modified into sample size of 100 

respectively, which is equal to the sample size of healthy group, as shown in modified sample size in Table I. 

 

Class Original Sample Size Modified Sample Size 

Healthy 100 100 

Appendicitis 35 100 

Acute Appendicitis 54 100 

Pancreatitis 54 100 

Duodenal Bulb Cancer 77 100 

                                     Table 3. Sample Distribution of The Testing Database[15] 
B. Feature Extraction 

To extract the Doppler parameters from a wrist pulse signal and the steps followed are: 

1.The noise present in the wrist pulse signal is reduced by using a low pass filter. A 6th order Butterworth low pass 

filter is used for filtering the noise in the signal. 

2.To avoid false-positive classification due to varying operational and environmental conditions , the measured data 

needs to be normalized. 

x = (x −μ) /σ normalized  

where x is the data sequence, μ is the mean of x and σ is the standard deviation of x. 

3.After reducing the noise and normalization, all the local maxima and minima points in the wrist pulse signal are 

extracted. Also, the relative time of the local maxima and minima points are recorded as well in order to obtain the 

duration of systole and diastole. Fig. 10 shows the wrist pulse signal after noise filtering and the extracted maxima 

and minima points. 
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        Fig. 10. (a)Wrist pulse signal after noise filtering[15]                                    Fig 10. (b) The extracted local extreme points.[15] 

  

 
C. SVM Classifier 

Support vector machine is a supervised learning model with associated learning algorithms that analyze the data and 

then is used for classification. 

After the pulse signal features have been extracted, an SVM is employed to classify this signal as being from either 

healthy persons or patients.Consider we are given a training dataset of n points where D=(xi ,yi) for i = 1,…,N with xi 

Rd   and yi{-1,1} where yi is is either 1 or −1, indicating the class to which the point xi belongs.Here the two classes 

that are considered are healthy or a patient. 

 

 
Fig. 11. SVM in graphical illustration[15] 

 

[5] CONCLUSION    

 Using Pulse analysis provides  great help for detection of disease .Using concept of digital signal processing 

and machine learning allows accurate detection of many disease. Even though the basic concept for detecting disease 

using pulse has been developed  long  time ago but still not much advancement has been made in this field. But in 

future more development is expected in this field as now many companies are developing new product that makes use 

of this concept so this leads to overall development of this detection method. 
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