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Abstract— A wrist pulse system has been developed that can 
detect both normal and abnormal conditions in patients based 
on wrist pulse diagnosis. Pulse diagnosis are mainly done in 
three steps they are pulse preprocessing, feature extraction 
and classification. The acquired wrist pulse signal is passed 
through consecutive stages of denoising, baseline wander 
removal and period segmentation. The feature extraction is 
then done to extract time domain, frequency domain and 
wavelet features. Classification is then done for finding 
normal and abnormal conditions using SVM (Support Vector 
Machine) classifier. It is found that by using the SVM 
classifier, distributed features cannot be efficiently identified, 
classification accuracy is low and sub-classification cannot be 
done for abnormal condition as SVM supports only binary 
data. So SVM classifier is replaced by sparse classifier which 
has higher accuracy since it supports highly nonlinear data. T 
test is used in feature selection so that it needs low memory 
and less time consumption. Sub-classification has been done 
for the abnormal cases of Anemia, Arrhythmia, Tuberculosis 
and Wolff Parkinson White Syndrome. 

Keywords— Preprocessing, Feature   Extraction, Sparse 

classifier, T test. 

 

I. INTRODUCTION 

Wrist pulse is mainly caused by the cardiac contraction and 

relaxation. For thousands of years, pulse diagnosis has played 

an important role in traditional ayurvedic medicine for disease 

analysis[8]. A practitioner put it three fingers on the wrist of 

the patient mainly based on the three positions that is cun 

,guan and chi positions.Despite its success in history, pulse 

diagnosis actually is a subjective skill that needs years of 

training and practice to master.The pulse signals  are passed 

through three steps  they arepulse preprocessing, feature 

extraction and classification. 

 
Fig.1: Traditional pulse diagnosis 

 

The acquired wrist pulse signal is passed through consecutive 

stages of denoising, baseline wander removal and period 

segmentation. To remove noise from the signal denoising is 

done. While taking reading sometimes the patients may move 

or some noise occur,there should be variation in the  pulse 

signals. Inorder to remove those noise, baseline wander 

removal is done  to minimize the distortion in the pulse signal. 

Baseline wandering is the process of removing signal below 

the threshold value.Pulse samples are segmented into a set of 

single-period signals in pulse segmentation.Then from the 

segmented pulse , the feature extraction is done on the 

preprocessed signal to extract time domain, frequency domain 

and wavelet features. Time-domain features mainly compute 

the mean absolute deviation information whereas the 

frequency features provide cycle stability information existed 

in the multiperiod signals. Wavelet features are extracted from 

the high-level decomposition coefficients of the pulse wavelet 

transformation .Then classification is done for finding normal 

and abnormal conditions using SVM classifier. But it is found 

that by usingSVM  Classifier the features cannot be efficiently 

identified and accuracy is low since it supports for linear data. 

Also SVM is fundamentally a binary classifier, it has no 

standardized way for dealing with multiclass problems [4].To 

overcome these limitations SVM classifier is replaced by 

sparse classifier. It has the standardized way for dealing with 

multiclass problems.Sub classification can be done for 

abnormal cases such as  Anemia, Arrhythmia[5],Tuberculosis 

and Wolff Parkinson White Syndrome. T Test is used in 

feature selection to select the first high features so that 

memorysize  can be reduced and less time consumption. 
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II. BIOMEDICAL PROCESSING OF WRIST 

PULSE 

In traditional pulse diagnosis , to analyzethe health condition 

of a patient, a practitioner should put three fingers on the wrist 

of the patient mainly based on the three positions (i.e., Cun, 

Guan, and Chi) to adaptively feel the fluctuations in the radial 

artery. The main sites for pulse assessment is the left and right 

wrists. For computerized pulse diagnosis, informations from 

the guan position only can captures since it uses only single 

channel[3]. By far, a number of sensors and systems have been 

developed for acquiring pressure pulse signal. The non 

disturbing measurement of blood pressure signal to design a 

mechanical electrocardiography system based on  the pressure 

in the electromechanical film and magneto elastic skin   

curvaturesensor[20].

 
Fig.2: Principle of Pulse Diagnosis. 

 
Conventional acquisition system has several limitations ie the 

user will manually place theprobe to the appropriate position 

based on the user’s experience.Thus, the wrist pulse signals 

actually are the combinationof acquisition device and manual 

probe positioning,and the objectiveness of the acquired pulse 

signal would be difficult to guarantee. The pulse signal 

acquisition systems only use a singlepressure sensor to capture 

pulse signal, and thus cannot simultaneouslyacquire 

multichannel signals for comprehensivepulse signal analysis. 

2.1 Pulse Pre-processing 

The pulse signals collected by  sensors are  done in three steps 

pulse preprocessing which includes denoising baseline wander 

removal and period segmentation,then feature extractionie 

extracting time domain , frequency domain and wavelet 

features and classifying it in to normal and abnormal 

categories. The acquired wrist pulse signal is passed through 

consecutive stages of denoising, baseline wander removal and 

period segmentation. To remove the noise denoising is 

done.By using the low pass filter the high frequency noise 

pulse are removed. Baseline wandering is the process of 

removing signal below the threshold value. Pulse samples are 

segmented into a set of single-period signals in pulse 

segmentation.Then from the segmented pulse wave ,feature 

extraction is done on the preprocessed signal to extract time 

domain, frequency domain and wavelet features. Time-domain 

features mainly compute mean absolute deviation of the pulse 

signal,  whereas the frequency features provide cycle stability 

information existed in the multiperiod signals. Wavelet 

features are extracted from the high-level decomposition 

coefficients of the pulse wavelet transformation.Then 

classification is done for finding normal and abnormal 

conditions using Sparse Classifier.  

Signal denoising is done in order to remove the noise existed 

in the pulse signal.By using low pass filter the high frequency 

noise signal are removed. The frequency above 100 hertz are 

removed by using the low pass filter. 

Baseline wander removal is required in order to ST segment 

are analysed for the diagnosis of anemia, arrhythmia, 

tuberculosis and wolffparkinson white syndrome. The 

frequency content of baseline wander is usually in the range 

below 0.5 Hz. 

 
Fig.3: Block Diagram of Proposed Method 

 

Period segmentation is done after baseline wander removal. 

Here the pulse samples are segmented in to a set of  single 

period pulse.To find the peak of each wave , segment out the 

left and right region. 

2.2 Feature extraction 

The aim of feature extraction is to find a low dimensional 

subspace that preserves most of the pulse information in the 

original time series and removes the redundancy. Extracting 

the pulse features from three aspects they are time-domain 

features, frequency features and wavelet features. 



International Journal of Advanced Enginee

Infogain Publication (Infogainpublication.

www.ijaems.com                                         

 

Time-domain features mainly compute 

deviation. First find the mean of  recorde

the difference between each recorded data 

the absolute value.A time-domain graph

absolute deviation of each pulse wave. 

Frequency domain features shows ho

distributed in the different bands of fr

spectrogram different bands of frequency

shown.Here each colour represents each ba

Wavelet features are used to find the energ

and waveform length of wrist pulse.F

reconstruction is done on the pulse signal 

variance,  entropy and waveform lengt

reconstruction is done.Energy is nothing b

,it is found by taking the product of amplit

Variance is the square root of change 

original value.Entropy is the speed of the w

After extracting the features from time 

domain and wavelet, T test is done in fe

select the first high features so that it requir

time consumption. Paired-sample T-test is

the if two sets of data are significantly 

other. First there are reference data and 

calculate the mean of both reference and 

mean of recorded data is similar to refer

value can be taken so that redundant datas 

2.3 Classification 

At first classification can be done by using

categorizing it in to normal and abnorm

taking wavelet transform the features hav

on one side and low values on other side .

is drawn between these higher and lowe

defined as the width of the boundary 

before hitting the data point. Support vecto

on the vectors that hit the boundary. B

classifier the features cannot be efficiently

sub-classification cannot be done since S

binary data. Hence for classification Sparse

classify normal and abnormal condition

classification can be done for abnorm

Anemia[1], Arrhythm,Tuberculosis and

White Syndrome. Sparse classifier[7] is 

with zeros. They are stored using spec

which allow to store only nonzero elemen

lot of memory and CPU time. The main 

this sparse classifier is that distribute

efficiently identified. Accuracy is high s

highly nonlinear data.Sparse classifier will

time by eliminating zero elements. 

ineering, Management and Science (IJAEMS)                

tion.com)                                                                                     

                                                                                                       

 

te the mean absolute 

rdedsamples.Then take 

ta and mean.Then take 

aph shows the mean 

how the signal are 

frequency. By using 

cy are distributed are 

 bands of frequency. 

ergy, variance, entropy 

e.First , the wavelet 

al and find the energy,  

ngth and the wavelet 

g but the pulse power 

plitude and time value. 

ge in deviation from 

e wave in unit time. 

e domain ,frequency 

 feature extraction  to 

uires less memory and 

t is used here because 

y different from each 

d recorded data, then 

d recorded data.If the 

ference data then that 

as can be removed. 

ing SVM  classifier to 

ormal conditions. By 

aving high values are 

e .If an imaginary line 

wer values. Marginis 

y could be increased  

ctors are chosen based 

 By using this SVM 

tly identified and also 

e SVM supports only 

rse classifier is used to 

ions in patients. Sub 

ormal cases such as 

nd Wolff Parkinson 

is populated primarily 

pecial data structures, 

ents so that  itsaves  a 

in advantage of using 

ted features can be 

 since it supports for 

ill reduce calaculation 

Sub classification[11] can be

for abnormal cases such as A

and Wolff Parkinson White S

in the amount of RBCs or

irregular heartbeat is an arrh

irregular. Tuberculosis is the i

air.Wolff Parkinson White 

disorders of the electrical 

commonly referred to as pre-e

 

III. RESULTS

Biomedical processing of w

normal and abnormal condi

Tuberculosis and Wolff  Park

by using Sparse Classifier.

distributed features can be ef

is high compared with SVM

feature selection to select 

preprocessing, feature extrac

simulated using MATLABR2

   Simulation results for wri

abnormal conditions like An

and Wolff Parkinson White Sy

 

              [Vol-2, Issue-7, July- 2016] 

                                  ISSN : 2454-1311 

                                         Page | 1150  

be done by using sparse classifier 

 Anemia, Arrhythmia, tuberculosis  

e Syndrome.Anemia is the decrease 

or hemoglobin in the blood. An 

rrhythmia. Heart rates can also be 

e infectious disease spread through 

te Syndrome is one of several 

al system of the heart that are 

excitation syndromes. 

TS AND DISCUSSION 

 wrist pulse that can detect both 

ditions like Anemia, Arrhythmia, 

arkinson White Syndrome has done 

er. By using Sparse classifier , 

 efficiently identified and accuracy 

VM Classifier. T test in used in 

ct the first high features.Pulse 

raction and classification has been 

R2013a 8.1.0.604 

wrist pulse to detect normal and 

Anemia, Arrhythmia, Tuberculosis  

 Syndrome. 

 

 



International Journal of Advanced Enginee

Infogain Publication (Infogainpublication.

www.ijaems.com                                         

 

Fig.3.1: Classification for normal and ab
like Anemia, Arrhythmia ,Tuberculosisan

White Syndrome 
 

IV. PERFORMANCE AN

By comparing with SVM classifier for dia

abnormal categories, the proposed metho

classifier has several advantages. The 

sparse classifier is higher accuracy.By

classifier  the accuracy is 90%,but by us

ineering, Management and Science (IJAEMS)                

tion.com)                                                                                     

                                                                                                       

 

 

 

 
 abnormal conditions 
and Wolff Parkinson 

ANALYSIS 

diagnosing normal and 

hodie by using sparse 

e main advantage of 

By using the SVM 

using sparse classifier 

the accuracy is 96.7%.T test i

it needs less time consumptio

the time consumption also 

existing method time consum

method. 

Fig.4.1: Performance an
 

V. CO

Wrist pulse that can detec

conditionscan be done by us

signal is passed through th

preprocessing, feature extrac

used in featureselection to se

uses less memory and less tim

is used in classification to

conditions in patients. The ma

is distributed features can b

high classification accuracy

sample. Sub classification ca

such as Arrhythmia, Tube

Parkinson White Syndrome. 

 

REFE

[1] Colin Bellinger , Sch. 

Univ. ofOttawa,  Canad

Herna Victor, " Multi

Patients ",  The Lanc

452,Jun.2014. 

[2] A.Majumdar and R.K.

group sparse classifer," 

11701177, Oct. 2013 

[3] P. Wang, W. Zuo, and D

signal acquisition syste

signal analysis,"IEEETra

pp. 15561565,Jun. 2012.

              [Vol-2, Issue-7, July- 2016] 

                                  ISSN : 2454-1311 

                                         Page | 1151  

t is used in feature selection so that 

tion. When the data size increases 

o increases, but compared to the 

umption decreases in the proposed 

 
 analysis for time consumption 

CONCLUSION 

tect both normal and abnormal 

 using sparse classifier. The pulse 

 the consecutive stages of pulse 

raction and classification.T test is 

 select the high features so that it 

time consumption. Sparse classifier 

to detect normal and abnormal 

main advantages of sparse classifier 

 be efficiently identified, achieve 

cy. Also it needs low training 

 can be done for abnormal cases 

uberculosis, Anemia and Wolff 

 

FERENCES 

h. of Comput. Eng. Electr. Eng., 

ada , Ali Amid,NathalieJapkowicz, 

lti-label Classifcation of Anemia 

ancet,vol. 1, no. 7801, pp. 449-

.K.Ward "Non-linear sparse and 

," IEEE Sensors J., vol. 6, no.5,pp. 

d D. Zhang,"A compound pressure 

stem for multichannel wrist pulse 

Trans.Instrum. Meas., vol. 63, no.6, 

12. 



International Journal of Advanced Engineering, Management and Science (IJAEMS)                       [Vol-2, Issue-7, July- 2016] 

Infogain Publication (Infogainpublication.com)                                                                                                              ISSN : 2454-1311 

www.ijaems.com                                                                                                                                                                          Page | 1152  

  

[4] R.K Ward,TAboulnasr., "Generalized Non-linear Sparse 

Classifer," IEEE Trans. Biomed. Eng., vol. 58, no. 2, pp. 

243252, Feb. 2013 

[5] Z. Elghazzawi ; Siemens Med. Syst., Danvers, MA, USA 

; F. Geheb,”An algorithm for ECG analysis of arrhythmia 

detection, Computers in Cardiology”, 

vol.2,no.2312,pp7803-3710,Jan 2013 

[6] M.Saito, M. Matsukawa, T. Asada, and 

Y.Watanabe,"Noninvasiveassessment of arterial stiffness 

by pulse wave analysis," IEEE Trans. Ultrason., 

Ferroelectr., Freq. Control, vol. 59, no. 11, 

pp.24112419,Jun 2012. 

[7] Zeijian Yuan, YanyunQu, and D. Zhang, "An Approach 

for Constructing sparse Kernel Classifer," 

IEEETransInstrum.Meas.,vol. 63, no.6, pp.15561565, 

Jun. 2012. 

[8] M. R. Neuman, "Measurement of blood pressure 

[tutorial],"IEEE Pulse,vol. 2, no. 2, pp. 3944, Mar./Apr. 

2011. 

[9] T.T.Selvan and M. S. Begum, "Nadiaridhal: A pulse 

based automated diagnostic system,"in Proc. 3rd Int. 

Conf. Electron. Comput.Technol. (ICECT), Apr. 2011, 

pp. 305308 

[10] Y. Yang, J. Wright, Y. Ma and S. S. Sastry, “Feature 

Selection in Face Recognition: A Sparse Representation 

Perspective”, IEEE Trans. PAMI, Vol. 31 (2), pp. 210-

227, 2009.  

[11] Majumdar, A. and Ward R. K., "Fast Group Sparse 

Classifier", IEEE Canadian Journal for Electrical and 

Computer Engineering (Invited Paper). 

[12] Q. L. Guo, K. Q. Wang, D. Y. Zhang, and N. M. Li, “A 

wavelet packet based pulse waveform analysis for 

cholecystitis and nephrotic syndrome diagnosis,” in Proc. 

IEEE Int. Conf. Wavelet Anal. Pattern Recognit.,vol. 2. 

Aug. 2007, pp. 513–517. 

[13] S. Charbonnier, S. Galichet, G. Mauris, and J. P. Siche, 

“Statistical and fuzzy models of ambulatory systolic 

blood pressure for hypertension diagnosis,” IEEE Trans. 

Instrum. Meas., vol. 49, no. 5, pp. 998–1003,Oct. 2006. 

[14] H.-T. Wu, C.-H. Lee, C.-K. Sun, J.-T. Hsu, R.-M. Huang, 

and C.-J. Tang, “Arterial waveforms measured at the 

wrist as indicators of diabetic endothelial dysfunction in 

the elderly,” IEEE Trans. Instrum. Meas., vol. 61, no. 1, 

pp. 162–169, Jan. 2006 

[15] P. Dupuis and C. Eugene, “Combined detection of 

respiratory and cardiac rhythm disorders by high-

resolution differential cuff pressure measurement,” IEEE 

Trans. Instrum. Meas., vol. 49, no. 3, pp. 498–502, Mar. 

2004 

[16] Colin Bellinger , Sch. of Comput. Eng. Electr. Eng.,Univ. 

of Ottawa, Ottawa, ON, Canada , Ali Amid ;Nathalie 

Japkowicz, Herna Victor, " Multi-labelClassi_cation of 

Anemia Patients ", The Lancet, vol.1, no. 7801, pp. 449-

452,Jun. 2002 

[17] M. Broffman and M. McCulloch, “Instrument-assisted 

pulse evaluation in the acupuncture practice,” Amer. 

J.Acupuncture, vol. 14, no. 3,pp. 255–259, 2002 

 


