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1 Introduction

Asthma is a disease of the bronchial tubes in the lungs (the “airways”) [1]. The
commonly known symptoms of asthma attack are coughing, wheezing, chest tightness,
and shortness of breath [2]. There are three major features of asthma: (1) Airway
obstruction, (2) Inflammation, (3) Airway Irritability. Asthma is a serious threat to
mankind. According to WHO (World Health Organization), 9 people die every day
across the globe because of asthma and an estimated 300 million people worldwide
suffer from asthma. It is estimated that the number of people with asthma will grow by
100 million by the year 2025 [1]. Thus, the diagnosis and control of asthma are of
utmost importance.

Paredi et al. (2002) have proposed a temperature sensor to measure rate of the
exhaled breath temperature. They have shown that the faster rise of exhaled breath
temperature is an indicative of inflammation in conducting airways [3].

Popov et al. (2010) have developed an exhaled temperature measuring device for
assessment of inflammatory processes in the conducting airways [4].

Dieffenderfer et al. (2016) have proposed a multimodal sensing platform using an
array of sensors for an asthma predictor to monitor environmental pollutants, heart rate,
breath rate, wheezing sound, expiratory airflow, three-axis acceleration, and many more
[5].

However, the above devices are bulky, operationally complex, and have incorpo-
rated multiple sensors, and therefore, the common people are reluctant to use them.

Siemens have manufactured a device that detects the early signs of airway
inflammation by measuring the concentration of nitric oxide (NO) in the patient’s
exhaled breath [6]. Star et al. (2007) have developed a NO sensor using carbon nan-
otube that can detect an asthma attack before its onset [7]. However, the presence of
NO in exhaled breath for NO detection is not at all full proof as its concentration may
change due to other factors also. High expense is an additional disadvantageous factor.

Hence, the objective of the present work is the development and performance
characterization of an asthma predictor that would be simple, relatively inexpensive,
and easy to use to meet the needs of mankind. It will serve asthmatic patients all around
the globe, enabling them to take early precautionary measure.
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The proposed single sensor-based device measures primarily the respiration tem-
perature of the subject. Simple programs were embedded in an Arduino controller to
derive clinically significant asthmatic indices to foresee possible asthma attack.

2 Theoretical Background

Olson (1958) reported the electrical analog of the ventilatory system [8]. Schmidt et al.
(1998) have described the respiratory system using the electrical RC-model. The res-
piratory tract is analogous to electrical resistor (R) and alveolus represents the electrical
capacitor (C) [9].

An oxygen deficiency in the blood stream of an asthmatic patient occurs due to the
formation of mucus in the respiratory tract. The presence of the mucus reduces the
cross-sectional area of the tract causing a restricted ventilatory flow leading to higher
breath rates to meet the required oxygen demand. Moreover, during expiration air
leaving the lungs is cooled as it passes through the respiratory tract through
direct transfer of heat to the airway mucosa [10]. The excessive mucous layer in the
respiratory tract of the asthmatic patients reduces this heat transfer efficiency resulting
in higher exhaled breath temperature. The slope of time–temperature response curve is
higher for asthmatic patients.

During exhalation, breath temperature rises and during inhalation, breath temper-
ature falls. For mathematical reasons, it was determined that the temperature slope from
the beginning of exhalation to 63% of the plateau temperature best characterized the
rate of increase, i.e., was the maximum [11] (Fig. 1).

The exhaled breath temperature changes exponentially with time. The shape of the
curve depends upon the time constant (τ). In one time constant, the response reaches
63% of its final change. The rate of temperature increase (ΔT(t)/Δt) calculated between
the beginning of exhalation and 63% of the total temperature increase proved to be the
more reproducible parameter to characterize the curves. The response is of the form

Fig. 1. Exhaled temperature versus time curve
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To = temperature at steady state
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t = time after exhalation starts, τ (time constant) = R × C
As the value of t in Eq. (2) will increase, the slope will decrease hence we can say

that with increase in time slope is decreasing.
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maxð Þ ¼ To=s; at t ¼ 0 ð3Þ

dT tð Þ
dt

minð Þ ¼ 0; at t ¼ 1 ð4Þ

3 Materials

The components used in the proposed hardware system are: (a) LM35 (Temperature
Sensor), (b) OP-AMP (IC-741), (c) Arduino (UNO), (d) 16 × 2 LCD, (e) breathing
mask, (f) resistors, and capacitors (passive components).

4 Methodology

4.1 Overview of the Method

The proposed system uses LM35 as the temperature sensor that provides electrical
signal (mV) replicating the respiration temperature. A conditioning circuit using an
amplifier and a low-pass filter processes the signal and feeds to the Arduino Uno
controller. The Arduino (using embedded algorithms) evaluates the desired parameters
and displays them on the LCD. The block diagram and prototype of the system are
shown in Fig. 2 and Fig. 3, respectively.
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4.2 Principle

The device works on the basic knowledge that the exhaled air has a higher temperature
than that of the inhaled air. The temperature sensor follows the breath temperature.
Arduino executes programs to evaluate (a) respiratory rate of the concerned subject.
The rate of respiration of a normal adult person is 12 to 25 breaths per minute; the same
for asthmatic patients is greater than 25 breaths per minute. (b) temperature and (c) rate
of rise of the exhaled breath. The differences in parameters have been exploited in
predicting asthma [3, 12].

4.3 Procedural Steps

The procedure for evaluating asthma-specific parameters is as follows:

1. The electrical output from LM35 is amplified with a gain of 11, Vo = {1 + (Rf/Ri)}
* Vi, where Vo is output voltage, Vi is input voltage, Rf is feedback resistor, Ri is
input resistor. Rf is 100 kΩ and Ri is 10 kΩ.

Fig. 2. Block diagram

Fig. 3. Prototype of the system
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2. The amplified signal is fed to an active first-order low-pass RC filter of unity gain in
order to remove the noise from the final output. The cutoff frequency of the filter is
around 5 Hz (frequency = 1/(2ΠRC)). Value of R is 3.3 KΩ and value of C is
10 μF.

3. The final output obtained from the low-pass filter goes to the A4 pin of Arduino
Uno. This input received is converted by an ADC in the range of 0–1023 which is
further mapped on to a scale of 0–5 V using a conversion factor of 0.0048828
(= 5/1024).

4. The Arduino executes the program to evaluate (a) respiration rate, (b) temperature,
and (c) slope (rate of rise of exhaled breath temperature) and the results are dis-
played on a 16 × 2 LCD screen.

4.4 Program Algorithm

The output of the low-pass filter is fed to the Arduino Uno which executes a preloaded
code to determine the asthma-specific parameters. The pseudo-code of the algorithm
processed by the microcontroller is given.

7: Convert b into temperature and store in variable d using regression equation
8: IF d is greater than c then
9:  count=1; sp=(d-c)/300; slope=maximum of (slope, sp)
10: END IF
11: IF c is greater than or equal to d then
12:  count1=count+1
13: END IF
14: IF count1=2 then
15:  rate=rate+1; count=0; count1=0
16: END IF
17: END WHILE
14: PRINT rate, slope and temperature

1: INITIALIZE slope, rate and count1 to zero.
2: WHILE time is less than 60 seconds do
3: Read data from pin A4 of Arduino into variable a
4: Convert a into temperature and store in variable c using regression equation
5: Delay for 300 milliseconds
6: Read data from A4 pin of Arduino into variable b

5 Results and Discussion

5.1 Calibration of Temperature Sensor Along with Signal Conditioning
Unit

The electrical signal from the overall temperature sensing system is calibrated against a
set of predetermined temperatures using an infrared thermometer. The data pairs are
plotted to get a calibration curve (Fig. 4) and a regression equation is established as
Y = (0.1048 * X) + 0.4441 using Microsoft Excel, 2016, where Y is voltage in Volts
and X is temperature in °C.
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5.2 Performance Study of the Device

136 healthy male subjects and 53 male asthmatic subjects were studied who belonged
to the age group of 20 to 25 years. The device measures breath rate, breath temperature,
and rate of rise of exhaled breath temperature of all the subjects. The exhalation and
inhalation breath pattern of the subjects were also observed using the Arduino serial
plotter. The different temperature values in the serial plotter are actually digital values
of the input voltage (converted into temperature) converted by the 10-bit ADC of the
Arduino Uno. The breath pattern is a temperature v/s time graph. One complete breath
cycle consists of exhalation and inhalation. Temperature rises during exhalation and
temperature falls during inhalation. A sample breath pattern is shown in Fig. 5. The
Table 1 shows the data obtained from only ten subjects due to space constraint.

The subjects under consideration in Table 1 labelled as ASTH were asthmatic. The
breath rates obtained were all in the range of (29–33) breaths per minute. This satisfies
the theoretical criteria that breath rate of asthmatic patients should be greater than 25
breaths per minute [12]. The subjects under consideration in Table 1 labelled as
HLTHY have no medical history of respiratory diseases. The breath rates obtained are
found to be in the range (16–23) breaths per minute. This also satisfies the theoretical
criteria that the breath rate should lie between 12 and 25 breaths per minute [12].
However, the breath rate might change with different geographical locations and dif-
ferent age groups.

Fig. 4. Calibration curve
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The results obtained by performance study of the device as shown in Table 1
indicate that the device is clinically fit for asthma prediction. The device is found to
consume 410 mW of power which is close to the power consumed, 500 mW and 800
mW, by some available asthma predicting devices [4, 13].

6 Conclusion

A single sensor-based, inexpensive, and easy-to-adopt asthma attack predictor has been
presented. The sensor, fitted inside a breathing mask, tracks the respiration temperature.
The temperature pattern is processed by a set of simple algorithms, embedded in an
Arduino-UNO controller, to calculate the breath rate, exhaled breath temperature, and
its rate of rise of a subject to warn the patient. The device consumes only 410 mW of
power. However, the use of Arduino Pro Mini will reduce the power consumption
drastically to 0.115 mW. Its predictive performance is clinically satisfactory.

Fig. 5. Exhalation and inhalation breath pattern

Table 1. Values of the asthma-specific parameters of Asthmatic and healthy subjects

Age Breath rate Breath temperature
(°C)

Rate of rise of
exhaled
temperature (°C/s)

ASTH HLTHY ASTH HLTHY ASTH HLTHY ASTH HLTHY
22 21 34 20 35.71 33.94 1.0310 0.4361
22 20 31 18 35.32 34.56 0.9136 0.4355
23 24 29 16 35.55 34.45 0.9197 0.5052
22 22 30 21 36.11 34.21 0.9256 0.5120
22 20 35 17 35.96 33.96 1.0520 0.4361

420 S. Das et al.



References

1. The Global Asthma Report (2014) In: Globalasthmareport.org. http://www.
globalasthmareport.org/burden/burden.php. Accessed 12 Jun 2017

2. The Symptoms of Asthma. In: WebMD. http://www.webmd.com/asthma/guide/asthma-
symptoms1. Accessed 12 Jun 2017

3. Paredi P, Kharitonov S, Barnes P (2002) Faster rise of exhaled breath temperature in
Asthma. Am J Respir Crit Care Med 165:181–184. https://doi.org/10.1164/ajrccm.165.2.
2103053

4. Popov T, Kralimarkova T, Tzachev C et al (2010) Development of an individual device for
exhaled breath temperature measurement. IEEE Sens J 10:110–113. https://doi.org/10.1109/
jsen.2009.2035732

5. Dieffenderfer J, Goodell H, Mills S et al (2016) Low-power wearable systems for continuous
monitoring of environment and health for chronic respiratory disease. IEEE J Biomed Health
Informat 20:1251–1264. https://doi.org/10.1109/jbhi.2016.2573286

6. Westly E (2011) Early warning for asthma sufferers. In: MIT technology review. https://
www.technologyreview.com/s/422832/early-warning-for-asthma-sufferers/. Accessed 12
Jun 2017

7. (2007) New nano-sensor can detect Asthma symptoms. In: Phys.org. https://phys.org/news/
2007–08-nano-sensor-asthma-symptoms.html. Accessed 12 Jun 2017

8. Olson H (1958) Dynamical analogies, 2nd edn. Van Nostrand, New York
9. Schmidt M, Foitzik B, Hochmuth O, Schmalisch G (2017) Computer simulation of the

measured respiratory impedance in newborn infants and the effect of the measurement
equipment. Med Eng Phys 20:220–228

10. Taylor M, Shores S (1981) Heat exchange in the nose. Laryngoscope 91:1606–1613. https://
doi.org/10.1288/00005537-198110000-00004

11. Johnston R (2017) Exhaled air temperature and Asthma. In: PFTBlog. https://www.
pftforum.com/blog/exhaled-air-temperature-and-asthma/. Accessed 7 Aug 2017

12. Vital signs | Cleveland clinic. In: Cleveland clinic. https://my.clevelandclinic.org/health/
articles/vital-signs. Accessed 7 Aug 2017

13. Malik S, Singh O, Nurifhan A, Malarvili M (2017) Portable respiratory CO2 monitoring
device for early screening of Asthma. In: International conference on advances in
computing, electronics and communication pp 90–94. https://doi.org/10.15224/978-1-
63248-113-9-61

Development and Feasibility Studies of a Device 421

http://www.globalasthmareport.org/burden/burden.php
http://www.globalasthmareport.org/burden/burden.php
http://www.webmd.com/asthma/guide/asthma-symptoms1
http://www.webmd.com/asthma/guide/asthma-symptoms1
http://dx.doi.org/10.1164/ajrccm.165.2.2103053
http://dx.doi.org/10.1164/ajrccm.165.2.2103053
http://dx.doi.org/10.1109/jsen.2009.2035732
http://dx.doi.org/10.1109/jsen.2009.2035732
http://dx.doi.org/10.1109/jbhi.2016.2573286
https://www.technologyreview.com/s/422832/early-warning-for-asthma-sufferers/
https://www.technologyreview.com/s/422832/early-warning-for-asthma-sufferers/
https://phys.org/news/2007%e2%80%9308-nano-sensor-asthma-symptoms.html
https://phys.org/news/2007%e2%80%9308-nano-sensor-asthma-symptoms.html
http://dx.doi.org/10.1288/00005537-198110000-00004
http://dx.doi.org/10.1288/00005537-198110000-00004
https://www.pftforum.com/blog/exhaled-air-temperature-and-asthma/
https://www.pftforum.com/blog/exhaled-air-temperature-and-asthma/
https://my.clevelandclinic.org/health/articles/vital-signs
https://my.clevelandclinic.org/health/articles/vital-signs
http://dx.doi.org/10.15224/978-1-63248-113-9-61
http://dx.doi.org/10.15224/978-1-63248-113-9-61

	Development and Feasibility Studies of a Device for Early Prediction of Asthma Attack
	1 Introduction
	2 Theoretical Background
	3 Materials
	4 Methodology
	4.1 Overview of the Method
	4.2 Principle
	4.3 Procedural Steps
	4.4 Program Algorithm

	5 Results and Discussion
	5.1 Calibration of Temperature Sensor Along with Signal Conditioning Unit
	5.2 Performance Study of the Device

	6 Conclusion
	References




