
Paper—Development of Virtual Pulse Simulation for Pulse Diagnosis Studies 

Development of Virtual Pulse Simulation for Pulse 
Diagnosis Studies 

https://doi.org/10.3991/ijim.v12i7.9640 

Moragot Kandee (*), Poonpong Boonbrahm 
Walailak University, Nakhon Si Thammarat, Thailand 

morakhot2546@hotmail.com 

Valla Tantayotai 
Thai Association of Diabetes Educators, Bangkok, Thailand 

Abstract—Pulse signals can be used to observe the early sign of patients' 
health problems. From medical researches, monitoring the characteristic of arte-
rial pulse waveform shows some risk indicator of specific diseases, e.g., hyper-
tension, cardiovascular and heart failure diseases. A simple way to get arterial 
pulse wave is by using fingers to touch the radial artery position on the wrist. In 
the traditional Chinese medicine, a physician can use the information of arterial 
pulse wave-form to identify diseases based on the physician’s ability and experi-
ence. The improvement of the skill in pulse measurement can be improved by 
training using various kinds of pulses that represent each disease. This paper pro-
poses a development of the virtual pulse simulation using Augmented Reality 
(AR) and haptic device for pulse diagnosis studies under various situations. The 
pulse simulation generates arterial pulse waveforms based on Sine and Gaussian 
functions. In this study, the mathematical model can generate the pulse wave like 
human pulse by setting up specific parameters. We can generate pulse waveform 
which representing different kinds and states of diseases by varying the mathe-
matical model and parameters such as pulse rate or pulse pressure. The features 
of this work include how to generate force feedback from the mathematical mod-
els using the haptic device and how the virtual 3D can display visual feedback. 
The pulse simulation is useful for the health sciences students, especially the 
nursing students in training to identify some diseases. The evaluation of the sys-
tem was carried out by first-year nursing students regarding usability, satisfac-
tion, and performance.  

Keywords—haptic device, virtual pulse simulation, pulse diagnosis study, 
pulse waveform modeling 

1 Introduction 

A study of pulse measurement is a basic learning for medical and nursing students 
because the pulse is a vital sign that can use to identify the condition of the vascular 
system and patients’ symptoms. When the students have experience and skills in the 
pulse measurement, they can use diagnose some diseases faster and use pulse data for 
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making a treatment decision properly. For above reasons the training of pulse measure-
ment is needed to improve the skill of nursing students. In general, the nursing students 
practice radial pulse measurement with their friends by using their fingers in examina-
tions. By that way, they can only experience the regular pulse (such as heart rate, 
rhythm, and amplitude). The students hardly have experience in examining the irregular 
pulse. The pulse simulation can provide the various situations of pulses and unlimited 
repetitions for the training. 

A new kind of the training development in education and learning is a haptic appli-
cation. In the research survey, the haptic technology has been used as a medical training 
tool for the interaction between users [1]. During the training, the haptic device re-
sponds force feedback to the users which is the process of human-computer interaction 
for improving their touch sensation. By using Augmented Reality (AR) technology in 
the training, it will increases a more realistic learning experience and fully controllable 
environments in the pulse simulation which can make the students feel the pulse and 
practice with the various cases of the pulse. 

The objective of this study is to develop the virtual pulse simulation using Aug-
mented Reality and haptic device for pulse diagnosis studies under various situations. 
This work is aimed to find the way to use the pulse diagnosis training of radial artery 
pulse waveforms to train the nursing students on touch and cognitive skills. 

2 Literature Review 

A review of virtual simulations in medical education, the haptic device can be ap-
plied as a learning tool on the different task of taking pulse and palpation training in 
medicine [2]. For examples of the related works, Ullrich et al [3] used the haptic to 
simulate the brachial pulse of human and created blood flow in virtual palpation simu-
lation. They developed the force feedback of rectangular pulse wave in normal pulse 
case and modified palpation interaction method of two haptic devices representing in 
[4]. Coles et al [5] simulated square and triangular waveforms of the femoral pulse in a 
virtual environment of interventional radiology using the haptic palpation simulation. 
LeClair et al [6] also presented rectangle, triangular, and physiologically-based wave-
forms of cardiovascular disease using haptic interface. All of above researches pro-
posed the virtual reality simulations in different pulse generating and used the different 
haptic devices (such as Phantom Omni [3-4] and Novint Falcon [5-6]) for response 
force feedback. Some parts of the haptic device had been modified to support the pulse 
palpation of normal cases [4-5].  

Some researches used the pulse waveform generating without virtual and haptic in-
terface. The arterial pulse waveforms was created by the optimum modeling of carotid 
and radial pulse using Gaussian function in [7]. In addition, the information of artery 
wave changes in healthy and cardiovascular disease volunteers was used to normalize 
by the Gaussian fitting method [8]. Zhu et al [9] also used Gaussian function to deduce 
the equation for radial waveform of patients’ signals. The previous studies of the pulse 
waveforms were generated by Gaussian functions and can used to indicate some dis-
eases such as hypertension, cardiovascular disease, and heart failure diseases [10]. 
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In this research, we develop the pulse simulation by using AR and Phantom Omni 
for the training of radial artery pulse under various situations. AR technology can dis-
play the virtual 3D model overlap real situation during the training. Phantom Omni is 
the most frequently used for touch and palpation examinations [11]. It can generate the 
output force response of the radial artery pulse waveform in different cases. The pulse 
simulation generates pulse waveforms by the mathematical model of Gaussian func-
tions. The simulation is useful and effective diagnostic training for the nursing students. 

3 Methods 

3.1 Implementation of the haptic force feedback 

The haptic can respond the force feedback by the implementation method of radial 
artery pulse force that includes a mathematical modeling of the pulse waveform. Our 
previous study [12] reported the mathematical modeling of the pulse waveform using 
three Sine functions in the virtual pulse simulation. But the Sine function is less flexible 
than the Gaussian function in parameter configuration of the amplitude of each wave 
peaks. de Sá Ferreira et al, [13] modified the pulse waveform of hypertensive subjects 
and analyzed into a pulse waveform pattern using Gaussian functions. We used four 
graphs of the Gaussian function to generate the radial artery pulse waveform for in-
creasing realistic pulses and close to the real pattern. 

The pulse waveform pattern p(t) was separated into two phases of waves traveling 
as progressive f(t) and regressive g(t) waves from the heart to the organs in Equation 
(1). In each phase, the wave was conducted by the time domain superimposed of two 
Gaussian functions as an overlap of two sine waves at different frequencies (See in 
Figure 1). The progressive waveform f(t) could be described as the summation of two 
pressure waves in Equation (2). And the regressive waveform g(t) was modeled by the 
time domain pressure of phase superposition in Equation (3). 

 𝑝𝑝(𝑡𝑡) = 𝑓𝑓(𝑡𝑡) + 𝑔𝑔(𝑡𝑡) (1) 

 𝑓𝑓(𝑡𝑡) = 𝑃𝑃*. 𝑒𝑒-(./.01)
2/401

2 5 + 𝑃𝑃6. 𝑒𝑒-(./.02)
2/402

2 5 (2) 

 𝑔𝑔(𝑡𝑡) = 𝑅𝑅*. 𝑒𝑒-(./.81)
2/481

2 5 + 𝑅𝑅6. 𝑒𝑒-(./.82)
2/482

2 5 (3) 

Where Pi is an amplitude of each progressive waves, Ri is an amplitude of each re-
gressive waves, tPi means the area of systolic wave peaks, tRi is the area of diastolic 
wave peaks, 𝜎𝜎:;6  and 𝜎𝜎<;6   represent the duration of the forward and backward waves and 
, i is a number of waves (1 and 2). 
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                       (a)                                         (b)                                         (c) 

Fig. 1. The pulse waveform pattern: (a) the progressive waveform, (b) the regressive waveform 
and (c) The pulse waveform [13] 

3.2 Characteristics of the radial artery pulse waveform 

In the virtual pulse simulation, the pulse waveform types consist of normal pulse and 
abnormalities of the radial artery pulse (i.e., small and weak pulses, large and bounding 
pulses, bisferiens pulses and pulsus alternans) as shown in Figure 2. 

 
Fig. 2. The pulse waveform types 

During the training, the simulation can set pulse parameters e.g. pulse rate 40-160 
beats per minute (BMP), pulse pressure (volume or force) 0-1 Newton (N.) and selected 
pulse type. The amplitude of wave peaks depends on estimating the parameters of 
Gaussian functions.  

3.3 Measuring tool 

To check the accuracy of the haptic force feedback (pulse rate generation), the output 
from wearable smart band device (Xiaomi MiBand 2) with optical sensors that read the 
mannequin’s wrist (instead of the fingers) tracked the generating of pulse rate and was 
used to compare with the output from the pulse simulation setup. The pulse rate tracking 
of wearable smart band was accurate that compared with the setting up parameters of 
the simulation. The setups are shown in Figure 3.  

34 http://www.i-jim.org



Paper—Development of Virtual Pulse Simulation for Pulse Diagnosis Studies 

 
Fig. 3. The evaluation method of pulse rate generation 

To evaluate this learning tool, 19 first-year students from School of Nursing were 
participated on voluntary basis. The population is 17 % of all the first-year nursing 
students. All of the participants were assigned to use the pulse simulation to measure 
the pulse and learn about the types of pulse waveform. The characteristics of the par-
ticipating nursing student are shown in Table 1. 

Table 1.  The characteristics of the participating nursing student 

 n % 
Gender 
 Male 
 Female 

 
1 
18 

 
5.26 

94.74 
Age (average) 19  
Experience of pulse measurement 
 <10 times/week 

 
19 

 
100 

Experience of augmented reality in medical training 
 Yes 
 No 

 
1 
18 

 
5.26 

94.74 
Experience of using the haptic device in medical training 
 Yes 
 No 

 
1 
18 

 
5.26 

94.74 

Note. n = a number of student, % = a percentage of population. 

4 Experimental Setup 

4.1 Hardware and Software 

The pulse simulation consisted of both hardware and software. The hardware parts 
comprise a workstation, Phantom Omni haptic device, camera, silicone mannequin 
hand and wearable smart band. The workstation is a computer which is connected to 
the camera and Phantom Omni to process input images and output forces. In order to 
get pulse forces, the AR marker is stuck on silicone mannequin hand that connected to 
Phantom Omni. The wearable smart band is used for validating the output forces (See 
in Figure 4). 
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While the software is used for the connection between the haptic device (Phantom 
Omni) and the computer (workstation) such as SensAble PDD, OpenHaptics Toolkit 
and HD API Wrapper which run on Windows 7 64-bit. Another software that were used 
for the implementation of virtual pulse simulation are C# language and Unity 3d pro-
gram for the programming of pulse forces and waveforms, Autodesk Maya for the 
building of 3D simulation and Vuforia SDK for the AR marker tracking. 

 
Fig. 4. The experimental setup of the training 

4.2 Experiments 

Five experiments of the pulse simulation consist of 1) the traditional method for 
pulse measurement, 2) the measurement of pulse volume with the simulation, 3) the 
measurement of the virtual pulse simulation, 4) the identification of virtual pulse be-
tween normal and abnormal cases and 5) the diagnosis of pulses in various situations. 
Details are shown in Figure 5 (a) - (d). 

a) Experiment 1: In traditional pulse measurement method, the nursing students will 
measure the volunteer’s pulse by using the student’s fingers for 60 seconds to meas-
ure the pulse rate of the volunteer's wrist. While the pulse of the other hand of the 
volunteer was measured by the wearable smart band in Figure 5 (a). The aim of the 
experiment is to compare the accuracy of the pulse measurement between traditional 
method and the wearable device.  

b) Experiment 2: The students selected the pulse volume (between 0 to 1 N.) of the 
simulation which is suitable and close to the real pulse. After that, the selected vol-
ume was used as a pulse force in the pulse simulation during the training. 

c) Experiment 3: This experiment is similar to the experiment 1 but the students prac-
ticed in the pulse measurement with the simulation which was set up the pulse rate 
and pulse volume of a normal pulse to compare the accuracy of virtual pulse simu-
lation measurement. 

d) Experiment 4: The students selected pulses between normal and abnormal pulses 
and identify the characteristics of abnormal pulse type e.g. 1) choosing either large 
pulse and normal pulse and 2) choosing either normal pulse or weak pulse. 

e) Experiment 5: After the students have been trained with the virtual pulse simulation 
and understand about pulse waveform types in the experiments 2, 3 and 4, they will 
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be asked to identify radial artery pulse waveforms in a different pattern of the pulse 
types which consist of normal, small and weak, large and bounding, bisferiens and 
pulsus alternans pulses. The aim of experiment 4 and 5 is to measure students’ abil-
ity on different pulse type identification. 

 
                      (a)                                 (b)                          (c)                         (d) 

Fig. 5. The experiments: (a) traditional pulse measurement and (b) - (d) the training of pulse 
simulation 

4.3 Satisfaction evaluation 

The following step is a satisfaction survey of the pulse simulation. The students, who 
gone through the series of experiments, were asked to answer the questionnaires which 
consist of the general information, user satisfaction, and suggestion. Details of the sat-
isfaction survey covered 18 items which were divided into 7 groups of questions: real-
istic feeling, animation rendering, usage, utilization, pulse waveform rendering, under-
standing before and after training. Each question has 5 points scale (1= strongly disa-
gree, to 5 = strongly agree). 

5 Results and Discussions 

Display of the virtual 3D model as shown in Figure 6. Summary of the five experi-
ments in the virtual pulse simulation training as shown in Table 2-4. 

From the results of experiment 1, an average pulse rate that was measured by the 
wearable smart band is 71 BPM, while an average of the traditional pulse measurement 
method is 70 BPM which is 1.41% of an average value error in the pulse measurement 
and 4.37 of an average standard deviation score. 
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Fig. 6. The virtual display of the pulse simulation 

Table 2.  The results of experiment 1 and 3 

Student No. 

Experiment 1:  
Traditional pulse measurement 

Experiment 3:  
Virtual simulation pulse measurement 

Volunteer’s 
pulse rate Measuring % Simulated pulse rate Measuring % 

1 70 72 2.9 71 74 4.2 
2 69 76 10.1 71 72 1.4 
3 70 72 2.9 71 68 4.2 
4 71 72 1.4 71 57 19.7 
5 72 74 2.8 71 79 11.2 
6 71 69 2.8 71 79 11.2 
7 74 66 10.8 71 72 1.4 
8 73 73 0.0 71 78 9.9 
9 70 65 7.1 71 77 8.5 
10 71 71 0.0 71 70 1.4 
11 68 67 1.5 71 72 1.4 
12 68 70 2.9 71 70 1.4 
13 71 72 1.4 71 75 5.6 
14 76 80 5.3 71 70 1.4 
15 71 70 1.4 71 68 4.2 
16 72 72 0.0 71 73 2.8 
17 73 71 2.7 71 67 5.6 
18 70 63 10.0 71 71 0.0 
19 70 62 11.4 71 70 1.4 

Note. Measuring = nursing student’s measuring the pulse, % = a percentage of absolute error. 

In the experiment 3, the pulse rate parameter of the virtual pulse simulation was set 
at 71 BPM and an average of pulses measured by the students is 71 BPM which is 100% 
accuracy and the average standard deviation score is 5.11 as shown the detail of exper-
iment 1 and 3 in Table 2. Table 3 shows the details of pulse force selecting. The students 
selected the force value 0.45, 0.50, and 0.55 N. that is 0.5 N. of the average pulse vol-
ume in the experiment 2 and used this value to set the pulse pressure parameter. During 
the simulation of experiment 2 and 3, the students also learn about the normal pulse 
waveform. 
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Table 3.  The results of experiment 2 

Experiment n % 
Experiment 2: Selecting of pulse volume in different pulse force 
 1. 0.45 N. 
 2. 0.50 N. 
 3. 0.55 N. 

 
3 
13 
3 

 
15.79 
68.42 
15.79 

Note. n = a number of student, % = a percentage of population. 

Table 4.  The results of experiment 4 and 5 

Experiment n % 
Experiment 4: Choosing between normal and abnormal pulses 
 1. Normal and bisferiens pulses 
 2. Normal and large pulses 
 3. Normal and pulsus alternans pulses 
 4. Normal and weak pulses 

 
12 
17 
12 
17 

 
70.59 
89.47 
70.59 
89.47 

Experiment 5: Identification of various pulse types 
 1. Bisferiens pulse 
 2. Large and bounding pulse 
 3. Pulsus alternans pulse 
 4. Small and weak pulse 

 
1 
16 
7 
4 

 
5.26 

84.21 
36.84 
21.05 

Note. n = a number of correct answer's student, % = a percentage of accuracy. 

The results of choosing between the normal and abnormal pulse waveforms in the 
experiment 4 are 89.47% accuracy for the large and weak pulses and 70.59% accuracy 
for the bisferiens and pulsus alternans pulses diagnosis. In the experiment 5, the accu-
racy of pulse type identifications (i.e., large and bounding, pulsus alternans, small and 
weak and bisferiens pulses) were 84.21%, 36.84%, 21.05% and 5.26%, respectively 
(See in Table 4). The accuracy of some results in experiment 5 is low such as bisferiens 
pulses, because the simulation generates the different pulse types during the examina-
tion of pulse measurement. The students cannot compare the pulse that they feel with 
the normal pulse, so they must be trained on the characteristic of the pulse waveform 
types with the pulse simulation in order to get increase the accuracy of the pulse type 
identification. 

The students can measure the pulse with high accuracy in the simulation as same as 
the traditional measurement. Also pulse characteristics identification between the nor-
mal and abnormal are high accuracy but the identification accuracy of mixed pulse 
types are less accuracy. Some nursing students can describe the characteristic of various 
pulses, so the virtual pulse simulation can be used as tool to train the students to have 
better understanding on the pulse waveform pattern and improving touch skill which is 
beneficial to an accuracy in early diagnosis. 

The results of the user satisfaction survey are summarized in Figure 7. The average 
score of 7 question groups is 3.79, 3.84, 4.00, 4.28, 4.11, 3.84 and 4.21 point respec-
tively.  
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Fig. 7. The user satisfaction evaluation results 

The experimental results of the virtual pulse simulation shown that the pulse meas-
urement from 19 of first-year nursing students using the simulation are closed to the 
real pulse. The virtual pulse simulation can be used to check whether the students' an-
swer of the pulse measuring correct or not. In the simulation, the pulse rate, pulse pres-
sure, and pulse types were controlled by assigning different values to parameters and 
was generated the comparative pulse force for some diseases such as hypertension or 
heart failure which not be found in a normal case. In addition, the simulation can be 
effectively used for pulse diagnosis training studied in different situations. 

From the satisfaction survey result, the lowest score is the realistic feeling by the 
reason of discontinuous pulses that were dependent on light and shadow effects when 
the camera detects the AR marker. However, the understanding after training and utili-
zation are a high average score of the user satisfaction survey. The students noticed that 
the mannequin hand was shaken when the haptic device generated the pulse and made 
the result different from the real pulses.  

6 Conclusion 

In conclusion, we have proposed the development of the virtual pulse simulation 
using AR and haptic device for pulse diagnosis studies under various situations. The 
generating of radial artery pulse force and waves were modeled by Gaussian functions 
which created the pulse waveform types in the different cases of the disease. The accu-
racy of the pulse rate of this simulation was compared with the wearable smart band. 
This simulation supported the students’ sense of touch in measuring the virtual pulse 
using their finger, just like in the traditional method. Results from the experiment of 
pulse measurement in the training system were evaluated by the nursing students in 
terms of the accuracy and usability satisfaction. The method of simulation-based train-
ing helps the students to gain skills and knowledge of the pulse measurement. This 
techniques, functions, and tools will provide a better improvement of mechanisms, 
challenges and future possibilities in medical education. 
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