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 This work aims to design a thermal pain stimulator to apply thermal pain on human 

skin for checking the objectivity of pain measurement. It is designed to develop both 

cold and hot pain. The Peltier device and associated electronics are used for this 

purpose. The range of temperature developed by the inducer is between 7 and 55 °C. 

The performance of the inducer is verified by correlating response of the physiological 

parameter such as temperature, heart rate and systolic blood pressure of human subjects 
with applied thermal pain induced by the designed pain stimulator. It is observed that 

the physiological parameters respond well for the different thermal pain. Hence, it is 

concluded that the temperature developed by the inducer creates pain to the required 
level. The MATLAB environment is used to analyze and categorize the level of pain as 

low, medium and high using the obtained values of physiological parameters.  
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INTRODUCTION 

  

 Pain should be considered as the fifth vital sign 

in human physiology (Lynch, M., 2001). Pain is an 

unpleasant sensory and emotional experience 

associated with actual or potential tissue damage or 

described in terms of such damage. Pain is a 

subjective, multifaceted experience that varies 

considerably between individuals. The same 

operation can produce different behavioral and 

physiological effects in different people. Pain 

experience is influenced by age, character, gender, 

social class, past experience, individual coping 

strategies, culture and appraisal of current 

circumstances. The quality of pain, such as gnawing 

or stabbing, may mean different things to different 

patients making the assessment and measurement of 

pain even more complex. So pain measurement is 

needed to manage the pain effectively. Pain 

management involves the prescription of pain killers 

also. The administration of pain killers causes many 

side effects in addition to the alleviation of pain. As 

it is not possible to conduct experiments in clinical 

environment with actual pain on the patients, to 

develop the pain measure, it is necessary to develop a 

pain inducer. This pain inducer would help us to 

stimulate the pain on subjects without harming them. 

So, that the researchers can analyze the changes 

occurred with certain physiological parameters of the 

subjects due to stimulated pain and reach the 

conclusion of selecting the opt physiological 

parameters; to develop the pain measure. 

 In his work in the year 1995, Ikeda developed 

and used a mechanical pain stimulator and conducted 

experiments to correlate the experimental pain and 

physiological parameters of human subjects (Ikeda. 

K., 1995). In a recent research done with thermal 

pain stimulator and Electro Encephalo Gram (EEG) 

setup, by Yelena Granovsky et al., it is reported that 

outcome has strong correlation with stimulated pain 

(Yelena Granovsky, 2008). In pain management area, 

K.Shankar et al. used mechanical pain inducer to 

confirm the relationship between hypnosis and one of 

the physiological parameters GSR and to establish a 

relationship between pain and (Shankar.K., 2008) 

Dermal, Cardiac parameters by conducting 

experiments on human subjects. Fong Wong, et al., 

(2010) proposed system for testing the changes in 

pain sensitivity of human subjects over the course of 

thermal stimulation is introduced. It uses one 

thermode as a stimulus which is based on Peltier-

device (Fong Wong, 2010). In this work, we 

developed a thermal pain stimulator of hot and cold 

type for conducting experiments on human subjects 

to establish the relationship between thermal pain 

and physiological parameters. 

 

1. Methodology: 
 The thermal pain stimulator is designed using 
two Peltier devices; one for hot pain and another one 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lynch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11836838
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for cold pain inducement [Fong Wong et al]. The 
subject responds to the pain being induced. The 
Peltier device works on Peltier- Effect. The response 
of changes for applied input voltage is reflected in 
terms of temperature. The developed temperature 
towards the pain inducement is measured by the 
surface RTD (Resistance Temperature Detector). 
Pain responses are measured by the different medical 
parameters such as blood pressure, heart rate and 
skin temperature. The figure 1 indicates our 
experimental set up, where in the heat sink is fixed to 
the cold pain inducer. The maximum input voltage 
fed to the Peltier device is 16 volt. The maximum 
current to the device is 6 ampere. The resistance of 
the device is 2.30Ω. Even though the nominal 
temperature range of the Peltier device varies 
between -10 °C and + 60°C, in this work we 
designed to develop the temperature in the range 
between 7°C (cold) and 55 °C (hot). Two Peltier 
devices are used,  
a) Peltier 1-Hot pain inducer  
b) Peltier 2-Cold pain inducer  
 

 
 
Fig. 1: Experimental setup. 
 
 A range selector switch is used to set the 
temperature of desired level. A toggle switch is used 
to select the Peltier device for hot or cold pain. The 
temperature of the Peltier device is varied based on 
the different voltage applied to the setup. 
Experiments are conducted with different 
temperature levels on healthy human subjects in 
laboratory environment. The output temperature, 
which is applied on subject‟s skin, of the device is 
measured by the surface RTD. The output 
temperature is recorded for both hot and cold pain 
inducer.  
 
1.1 Peltier 1-Hot pain inducer:  
 In the two sides of Peltier device, one side is 
cold surface and another side is hot surface. In Peltier 
device, the electrodes are typically made of a metal 
with excellent electrical conductivity. If a voltage is 
applied to terminals an electrical current will flow in 
the device. As a result of the current flow, a slight 
cooling effect will occur on one side where heat is 
absorbed and a heating effect will occur on other side 
where heat is expelled. If the heat sink is not 
provided to exhaust the heat, the heat could be felt on 
that side.  
  
 
1.2 Peltier 2-Cold pain inducer:  

 This Peltier device is fixed with the heat sink, 
which is placed in the heat exhaustion medium like 
water. Heat sink is a passive heat exchanger that 
cools a device by dissipating heat into the 
surrounding medium. The setup is shown in figure 2.  
 

 
 
Fig. 2: Peltier with Heat sink setup. 
 
1.3 Power Supply circuit description:  
 A power transistor (2N 3055) is an important 
component in the circuit. 2N 3055 is a NPN 
transistor. High collector to emitter voltage handling 
capability makes it highly versatile for most power 
amplification applications. Low base to emitter 
voltage makes it easily switchable even with nominal 
output potentials available from linear ICs without 
incorporating buffer stages. Robust output current 
delivering capability makes it ideally suited for 
applications in power amplifiers and power inverters. 
The circuit diagram is shown in f 
igure 3. It consists of various resistors and capacitors, 
by changing the resistance value we can vary the 
output voltage.  
 

 
 
Fig. 3: Power Supply Circuits. 
 
2. Experimental Procedure: 
 The experiment was conducted using NI 
Biomedical Startup Kit which uses physiological 
sensors to measure the temperature, heart rate and 
blood pressure. By using (Peltier device) electro 
thermal pain inducer the pain was induced on 
subjects of age group 19 to 21 years old. Three sets 
of reading have been noted for pre-pain, pain, post-
pain stages of experiment. Each stages of experiment 
were conducted for 5 minutes with 2 minutes gap 
between the stages. Pre-pain is nothing but the idle 
stage of the subject‟s body. In pain condition the 
external pain is applied on the subject wrist. Post-
pain is the relaxation of without any pain 
inducement. The applied temperature level for both 
hot and cold was controlled based on subject‟s 
tolerance level. During the experiment, the subjects 
were asked few questions about feeling of pain and 
the response are noted for the subjective pain 
validation. The values of pain stages of experiment 

Peltier device 

Heat sink 
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are compared with the pre-pain and post-pain values 
as well as subjective validation answers. The values 
of measured physiological values are analyzed in 
MATLAB environment and the level of pain like 
low, medium and high is known as shown in figure 
4.  

 
 
Fig. 4: MATLAB output.  
 

RESULTS AND DISCUSSIONS 
 
 The values of Blood Pressure, Body temperature 
and Heart Rate are noted and tabulated in table 4.1. 
The ECG output at three different stages of 
experiment is shown in the figure 5.  The values 
shown in table 4.1 are the mean values of set of 
readings.  The results on ECG show the changes in 
amplitude of PQRST complex in Pain stage of 
experiment that it is increased to 1.5 volt from 1.2 
volt (the amplitude is indicated in Volts instead of 
mV here) of pre pain stage and is decreased to 
approximately to 1.1 volt in post pain stage of 
experiment. Hence, it is known that the designed 
pain stimulator induces the thermal pain on the 
subject and due to which there is change in ECG 
value. The heart rate is calculated, from the R-R 
interval of ECG wave, by the NI biomedical toolkit 
itself. 

Table 1: Readings obtained from various subjects. 

S.No. Stage of Experiment 
Body 

Temperature (℃) 

Systolic Blood 
pressure 
(mm Hg) 

Heart Rate 
(bpm) 

Subj1 Prepain 32 120 75 

Subj1 Pain 36 132 82 

Subj1 Postpain 35 128 79 

Subj2 Prepain 35 112 72 

Subj2 Pain 39 121 79 

Subj2 Postpain 36 124 82 

Subj3 Prepain 35 100 61 

Subj3 Pain 37 104 68 

Subj3 Postpain 36 109 74 

Subj4 Prepain 34 98 60 

Subj4 Pain 37 119 65 

Subj4 Postpain 35 122 72 

Subj5 Prepain 38 123 72 

Subj5 Pain 40 136 85 

Subj5 Postpain 42 143 89 

 
 The Pain stage experiment values of all the 
subjects in the table 1 confirm that there are clear 
correlation between induced pain and physiological 
parameters. Because, for all the subjects, the Pain 
stage values of Body temperature, Heart rate and 
Systolic blood pressure are higher than the values of 
Pre pain and Post pain stages. So, it is confirmed that 
these changes occurred due to the induced thermal 
pain using the designed thermal pain stimulator.  
 
4.  Conclusion:  
 The results were obtained from the experiments 
conducted with the designed thermal pain stimulator 
and with the limited number of subjects. Even though 
these results give the confidence in proceeding with 
developing a pain measure with these types of pain 
stimulators, it is better to design a new calibrated 
pain stimulator of thermal or mechanical type. Also, 
it is needed to conduct experiments with actual 
clinical setup than conducting in laboratory setup and 
actual pain of any particular type.  
 

 

 
Fig. 5: ECG output at (a) Pre-Pain (b) Pain   
            (c) Post-   Pain stages. 
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