
Computer Methods and Programs in Biomedicine 155 (2018) 61–73 

Contents lists available at ScienceDirect 

Computer Methods and Programs in Biomedicine 

journal homepage: www.elsevier.com/locate/cmpb 

Detection of multipoint pulse waves and dynamic 3D pulse shape of 

the radial artery based on binocular vision theory 

Dongmei Lin 

a , b , c , Aihua Zhang 

a , b , c , ∗, Jason Gu 

a , d , Xiaolei Chen 

a , b , c , Qi Wang 

a , b , c , 
Liming Yang 

a , e , Yongxin Chou 

a , f , Gongcai Liu 

a , b , c , Jingyang Wang 

g 

a College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou, China 
b Key Laboratory of Gansu Advanced Control for Industrial Processes, Lanzhou University of Technology, Lanzhou, China 
c National Experimental Teaching Center of Electrical and Control Engineering, Lanzhou University of Technology, Lanzhou, China 
d Department of Electrical and Computer Engineering, Dalhousie University, Halifax, Canada 
e School of Electrical and Photoelectronic Engineering, Changzhou Institute of Technology, Changzhou, China 
f School of Electrical and Automatic Engineering, Changshu Institute of Technology, Changshu, China 
g College of Computer and Communication, Lanzhou University of Technology, Lanzhou, China 

a r t i c l e i n f o 

Article history: 

Received 12 April 2017 

Revised 7 November 2017 

Accepted 24 November 2017 

Keywords: 

Binocular pulse detection system 

Multipoint pulse waves 

Dynamic three-dimensional pulse shape 

Feature point extraction 

Stereo matching 

a b s t r a c t 

Background and objective: Pulse signals contain a wealth of human physiological and pathological in- 

formation. How to get full pulse information is especially challenging, and most of the traditional pulse 

sensors can only get the pulse wave of a single point. This study is aimed at developing a binocular 

pulse detection system and method to obtain multipoint pulse waves and dynamic three-dimensional 

pulse shape of the radial artery. 

Methods: The proposed pulse detection approach is image-based and implemented by two steps. First, a 

new binocular pulse detection system is developed based on the principle of pulse feeling used in tra- 

ditional Chinese medicine. Second, pulse detection is achieved based on theories and methods of binoc- 

ular vision and digital image processing. In detail, the sequences of pulse images collected by the de- 

signed system as experimental data are sequentially processed by median filtering, block binarization 

and inversion, area filtering, centroids extraction of connected regions, to extract the pattern centroids 

as feature points. Then stereo matching is realized by a proposed algorithm based on Gong -shape scan 

detection. After multipoint spatial coordinate calculation, dynamic three-dimensional reconstruction of 

the thin film shape is completed by linear interpolation. And then the three-dimensional pulse shape is 

achieved by finding an appropriate reference time. Meanwhile, extraction of multipoint pulse waves of 

the radial artery is accomplished by using a suitable reference origin. The proposed method is analyzed 

from three aspects, which are pulse amplitude, pulse rate and pulse shape, and compared with other 

detection methods. 

Results: Analysis of the results shows that the values of pulse amplitude and pulse rate are consistent 

with the characteristics of pulse wave of the radial artery, and pulse shape can correctly present the shape 

of pulse in space and its change trend in time. The comparison results with the other two previously 

proposed methods further verify the correctness of the presented method. 

Conclusions: The designed binocular pulse detection system and proposed algorithm can effectively de- 

tect pulse information. This tactile visualization-based pulse detection method has important scientific 

significance and broad application prospects and will promote further development of objective pulse 

diagnosis. 

© 2017 Elsevier B.V. All rights reserved. 
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1. Introduction 

Pulse is one of the most important and reliable source of in- 

formation to evaluate the physiological state of the human body. 

In traditional Chinese medicine (TCM), pulse diagnosis is an effec- 

tive method of disease diagnosis. To achieve objective pulse diag- 

nosis, many researchers are dedicated to the exploration and study 
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Fig. 1. Schematic diagram of pulse feeling in TCM. 

of pulse sensor. The traditional pulse sensors are mainly piezoresis- 

tive, photoelectric and piezoelectric [1–4] , which convert the spa- 

tial variation of pulse to a simple output of electrical signal that 

cannot reflect the detailed changes in the pulse of each point in 

the skin surface. Niu et al. used an ultrasonic probe to observe the 

movement of a vessel cross section [5,6] . Single-probe pulse sen- 

sor can only get limited information, which is quite different from 

pulse feeling used in TCM. As shown in Fig. 1 , there are three im- 

portant positions, Cun ( �), Guan ( � ) and Chi ( � ), for pulse feel- 

ing in TCM, which are located at the wrist radial artery. Jin and 

coworkers studied the multipoint pulse sensor that can simulta- 

neously measure pulses of Cun, Guan and Chi [7,8] . However, due 

to the sensor structure, size, performance, manufacturing processes 

and other factors, this method only measures a few points and 

cannot achieve simultaneous measurements in different parts of 

different vessel cross sections. In 2007, Jiang et al. applying laser 

triangulation measuring method detected skin surface vibration at 

the radial artery and achieved the pulse wave at a single point 

[9] . In 2013, Malinauskas et al. using laser triangulation method 

combined with projection moiré method measured the skin sur- 

face deformations of vascular graft under different input pressures 

[10] . The above optical measuring methods are constrained to be 

used only in laboratory and cannot be applied in practical situa- 

tions, because of low signal-noise ratio, vulnerability to interfer- 

ence, and extreme harsh requirements for measurement environ- 

ment. Zhang et al. designed and developed a bi-sensing pulse di- 

agnosis instrument that could carry out simultaneous detection at 

Cun, Guan and Chi. This new method achieved good results [11–

13] . Although the pulse sensor has been developed from the orig- 

inal single-position acquisition to three-position acquisition, from 

single-point acquisition to array-based multipoint acquisition, and 

greatly promoted the development of objective pulse diagnosis, 

there are some shortcomings, such as acquisition signal is limited, 

and the exact coincidence with actual pulse still needs to be fur- 

ther improved. Recently, Zhang et al. successfully developed a silk- 

molded flexible, ultrasensitive, and highly stable electronic skin for 

real-time monitoring of human physiological signals, such as pulse, 

heart rate and throat muscle group vibration, by attaching it to the 

human skin [14] . However, the pulse signal currently being mea- 

sured using this electronic skin is single-channel. 

To sum up, the existing usual rhythm detection methods and 

systems can only detect one dimensional electrical signals varying 

with time. Even the array pulse sensor can only detect a limited 

number of points on the same section. Moreover, the detected am- 

plitude is not the longitudinal displacement caused by the pulse 

pulsation. Therefore, the three-dimensional (3D) shape of pulse 

cannot be reconstructed, and the concept of multi-dimensional 

pulse condition in TCM cannot be reflected. Furthermore, we can- 

not obtain accurate two-dimensional pulse information such as 

pulse width and pulse length, which are of great significance to 

reflect the physiological state of the human body. 

If we can avoid or overcome the shortcomings in previous stud- 

ies to a certain extent, and find a new method to fully detect the 

pulse information, to access dynamic 3D pulse shape, we could ex- 

tract more pulse information and achieve a breakthrough in the 

field of objective pulse diagnosis. We have been devoted to the 

study of pulse tactile visualization method. A single-position dy- 

namic pulse image acquisition system [15] was successfully devel- 

oped, which could collect pulse images from one position of Cun, 

Guan and Chi. A three-position dynamic pulse image detection de- 

vice [16] was also developed to synchronously collect pulse im- 

ages of Cun, Guan and Chi. Consequently we achieved the image- 

based detection of pulse information. However, the 3D coordinates 

of spatial points are still defective based on monocular vision mea- 

surement principle, resulting in the accuracies of reconstructed 3D 

pulse shape and pulse wave not meeting the requirements of prac- 

tical applications [17,18] . Binocular stereo vision imitates the way 

human and many animals catch spatial depth information using 

two eyes [19,20] . The use of binocular vision measurement tech- 

nology for 3D detection is very suitable for our research. Therefore 

in this paper we describe a new binocular pulse detection system 

which was developed in order to access 3D pulse information, and 

which allows to analyze multipoint pulse waves over a rather big 

surface. 

The remainder of this paper is organized as follows. In 

Section 2 , binocular pulse detection system is introduced, and fol- 

lowed by the methods of pulse wave extraction and 3D reconstruc- 

tion of pulse shape. Section 3 shows the experimental results and 

analysis, while Section 4 presents discussions of the method. The 

final conclusions are summarized in Section 5 . 

2. Methods 

First, according to the principle of pulse feeling adopted in TCM 

and the pulse characteristics of human wrist radial artery, a binoc- 

ular pulse detection system is developed. Second, multipoint pulse 

waves and dynamic 3D pulse shape are achieved by the proposed 

algorithm based on theories and methods of binocular vision and 

digital image processing. 

2.1. Binocular pulse detection system 

The system is introduced from four aspects, which are working 

principle, system hardware, system software and working process. 

2.1.1. System working principle 

The general working principle of the system is to visualize the 

pulsation of radial artery first, and then extract pulse information 

from visual information. The main part of the designed pulse de- 

tection system is shown in Fig. 2 (a). A flexible thin film with mark 

patterns combined with an aluminum alloy cavity is used in the 

system to make an airbag probe which simulates the action of the 

finger pressing on radial artery. Pulse beating of the radial artery 

is reflected by the motion of the thin film. Two cameras above the 

probe synchronously collect dynamic images of thin film, i.e., the 

pulse images. Using the theories of imaging model and digital im- 

age processing, as well as binocular vision measurement principle, 

to process and analyze the pulse images, then the multipoint pulse 

amplitudes can be obtained. And multipoint pulse waves are ac- 

quired based on the collected pulse image sequences. 3D recon- 

struction of the thin film surface can be realized by the method 

of interpolation, then the 3D pulse shape is subsequently obtained 

by analyzing the motion and deformation of the thin film. Finally, 

dynamic 3D pulse shape is achieved. Fig. 2 (b) shows a diagram of 

pulse detection. 
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