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An evaluation of cough-generated
sound and body surface vibration
by the MEPIM Vibroacoustic System
of Cough Registration (MEPIM VSCR)

Abstract
Background. Cough is one of the most common symptoms in chronic pulmonary disease and cancer but
we are still lacking a practical and accurate method for its objective evaluation. The aim of our experiment
was to determine a new method of objective cough measurement using the time domain and a spectral
analysis of body surface vibration and cough-generated sound.
Methods and Results. Our MEPIM Vibroacoustic System of Cough Registration is based on the simulta-
neous measuring of body surface vibration and generated sound. An acceleration sensor is fixed to the chest
wall of the patient, while a microphone is positioned at a distance of 1 m. The analysis of sound and body
surface vibration is carried out by a multianalyzer B&K Pulse. We introduced the FFT analysis of the
frequency content of both signals and the measurement of the cross-correlation of sound and vibration
signals.
Conclusions. The implementation of spectral analysis techniques may improve our abilities to define cough.
Further clinical study should be conducted to answer the question of whether analysis of the frequency
band might be useful for defining cough among other events.
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Introduction

Cough is the main symptom in COPD, asthma
and lung cancer. As its subjective reporting is unre-
liable, several systems for objectively monitoring
cough have been developed. However, those based
on video or tape-recorder signal registration were
only able to operate for a short time [1–11] or ap-

peared to be time-consuming even with the appli-
cation of sound-activated device recording or meth-
ods for removing silence [12–14]. Newer systems
register sound either alone, by the use of a portable
MP3 player/recorder [15–17], or in combination with
a second signal such as movements of the diaphragm
or other respiratory muscles  detected by an acceler-
ometer, respiratory inductance plethysmography
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[18], or electromyography (EMG) [19–23]. Accord-
ing to the guidelines of the American College of
Chest Physicians (ACCP) and the European Respira-
tory Society (ERS), treatment efficacy for chronic
respiratory diseases should be assessed by an objec-
tive method of cough monitoring [24, 25]. What is
more, the use of ambulatory cough analyzers should
not be limited to research but be introduced in clin-
ical practice, especially if symptomatic treatment is
the main or only goal. Therefore, the equipment
should be portable, lightweight, simple to use and
apply, acceptable to the patient and highly reliable.
This last requirement considers the differentiation
between cough and non-cough sounds and the elim-
ination of extraneous noise [26–30].

Here we are describing the MEPIM Vibroacoustic
System of Cough Registration (MEPIM VSCR) based
on the simultaneous use of microphone and accel-
erometer with the implementation of a spectral anal-
ysis of the frequency characteristics of both signals.

Description of the measuring system

Device and scheme of the MEPIM VSCR
The analysis of sound and body surface vibration

is performed by a multianalyser Brüel&Kjaer type
3560 Pulse with B&K LabShop software, microphone
Brüel & Kjaer type 4145, wide range measuring am-
plifier Brüel&Kjaer type 2610, and an accelerometer
Brüel&Kjaer type 4507.

The acceleration sensor is applied to the chest
wall on the lower-third part of the sternum and
attached by a sticking plaster. The microphone is
located at a distance of 1 m from the patient (Fi-
gure 1).

Methods of cough evaluation

We based the evaluation of cough on an analysis
of:
— the amplitude of sound and body surface vibra-

tion over time;
— the Fast Fourier Transform (FFT) of vibration and

sound frequency;
— the cross-correlation of sound and vibration sig-

nals.
Time data recording is implemented for specify-

ing amplitude and time dependencies both for sound
and body surface vibration. However, the signal fre-
quency bandwidth is determined by the FFT [31].

In 1882 Jean Baptiste Joseph Fourier discovered
that any periodic function could be represented as
an infinite sum of periodic complex exponential func-
tions [31]. As the rule was extended to any discrete
time function, the so-called Fourier Transform con-
verts a signal expressed in the time domain to one
expressed in the frequency domain. The FFT is an
efficient algorithm to compute the Fourier Trans-
form, which is widely used in digital signal process-
ing.

Thus FFT provides an understanding of the fre-
quency contents of the signal related to body sur-
face vibration and sound. Figure 2 presents the dif-
ferences between laugh and cough, the latter ex-
hibiting a wider frequency band both for sound and
vibration.

Lastly, we implemented the measuring of the
cross-correlation of sound and vibration signals to
exclude the signals from other sources (Figure 3).
As the distance between microphone and acceler-
ometer is 1 m and the sound velocity in the air is

Figure 1. The MEPIM Vibroacoustic System of Cough Registration (MEPIM VSCR). CH1 — the body surface
vibration signal channel; CH2 — sound signal channel
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Signals registration from accelerometer

Signals registration from microphone

FFT analysis of signals from accelerometer

FFT analysis of signals from microphone

Figure 2. The registration and analysis of cough- and laugh-related sound and body surface vibration as the
amplitude in real time and Fast Fourier Transform

Cough Laugh
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340 m/s, we assumed the time difference between
signals from microphone and accelerometer to be
equal to 3 ms. This demonstrated unequivocally that
the incident under consideration came from the pa-
tient examined. Allowing for differences in the sen-
sors' performance and their characteristics, the cross-
correlation coefficient of examined incidents attained
0.4 ÷ 0.5 maximum.

Discussion

According to the ERS definition, cough should
be described as a forced expulsive manoeuvre or
manoeuvres against a closed glottis that are associ-
ated with a characteristic sound or sounds (25). The
sound results from rapid changes in airflow gener-
ated by the contraction of muscles in the chest wall,
abdomen, diaphragm and larynx. To improve cough
identification we created the MEPIM Vibroacoustic
System of Cough Registration (MEPIM VSCR) based
on the sound acoustic and body surface accelera-
tion vibratory properties of cough. We tried to solve
two common problems in the field of objective cough
detection: firstly, how to exclude signals originating
from other sources and eliminate extraneous noise;
secondly, how to distinguish a cough from other
signals originating from the same patient. We over-
came the first barrier by the implementation of mea-
suring the cross-correlation of sound and vibration
signals, and the second by introducing the FFT anal-
ysis of the frequency content of both signals. The
FFT is used extensively in a wide range of digital
signal processing applications, including spectrum
analysis, high-speed convulsion, filter banks, signal
detection and estimation, system identification, au-
dio compression, and spectral modelling sound syn-
thesis.  FFT analyzers are, therefore, incorporated in

the assessment of the acoustics of musical instru-
ments [32], solid drug dispersion in pharmacy [33],
or nucleotide sequence searches in molecular biolo-
gy [34]. Recently, the FFT has begun to be widely
applied to clinical medicine, especially in cardiology
for the QRS complex of surface ECGs [35], or cardiac
sound analysis [36, 37], and to radiology, especially
in magnetic resonance imaging [38, 39].  Vrabec et
al. [40], Olia et al. [41] and Korpas et al. [42] also
utilized FFT to estimate the cough-related sounds
spectrum. As far as we can ascertain, we are the
first team to have introduced the FFT analysis of
concomitant sound and body surface vibration to
determine the frequency component of both sig-
nals generated by cough.  In future clinical studies,
we will challenge the idea that analysis of the fre-
quency band will improve the specificity of cough
determination. We believe our MEPIM Vibroacous-
tic System of Cough Registration (MEPIM VSCR) is
an important step towards the introduction of an
appropriate device into everyday clinical practice.

References
1. Cass LJ, Frederik WS. Evaluation of a new antitussive

agent. N Engl J Med 1953; 249: 132–136.
2. Cass LJ, Frederik WS, Andosca JB. Quantitative compari-

son of dextromethorphan hydrobromide and codeine.
Am J Med Sci 1954; 227: 291–296.

3. Konar NR, Dasgupta S. A chemical method for exciting
cough reflex in human beings and its use in assessing the
effectiveness of cough sedatives. J Indian Med Assoc
1959; 32: 189–193.

4. Bickerman HA, Barach AL. The experimental production
of cough in human subjects induced by citric acid aero-
sols. Preliminary studies on the evaluation of antitussive
agents. Am J Med Sci 1954; 228: 156–163.

5. Archibald DW, Slipp LB, Shane SJ. Short communication.
The evaluation of a cough suppressant: an exercise in
clinical pharmacology. Can Med Assoc J1959; 80: 734–
–746.

Figure 3. The measurement of the cross-correlation of sound and vibration signals



www.advpm.eu 7

Małgorzata Krajnik et al., An evaluation of cough-generated sound and body surface vibration

6. Morris DJ, Shane SJ. Human bioassay of a new antitus-
sive agent. Can Med Assoc J 1960; 83: 1093–1095.

7. Prime FJ. The assessment of antitussive drugs in man. Br
Med J 1961; 1: 1149–1151.

8. Calesnik B, Christensen JA, Munch JC. Antitussive action
of L-propoxyphene in citric acid-induced cough response.
Am J Med Sci 1961; 242: 560–564.

9. Chernish SM, Lewis G, Kraft B, Howe J. Clinical evalua-
tion of a new antitussive preparation. Ann Allergy 1963;
21: 677–682.

10. Woolf CR, Rosenberg CR. Objective assessment of cough
suppressants under clinical conditions using a tape re-
corder system. Thorax 1964; 129: 125–130.

11. Salmi T, Sovijarvi ARA, Brander P, Piirila P. Longterm re-
cording and automatic analysis of cough using filtered
acoustic signals and movements on static charge sensi-
tive bed. Chest 1988; 94: 970–975.

12. Korpas J, Sadlonova J, Vrabec M: Analysis of the cough
sound: an overview. Pulm Pharmacol 1996, 9: 261–268.

13. Piirila P, Sovijarvi ARA: Objective assessment of cough.
Eur Respir J 1995, 8:1949–1956.

14. Subburaj S, Parvez L, Rajagopalan TG: Methods of re-
cording and analysing cough sounds. Pulm Pharmacol
1996, 9: 269–279.

15. Smith J, Owen E, Earis J, Woodcock A. Effect of codeine
on objective measurement of cough in chronic obstruc-
tive pulmonary disease. J Allergy Clin Immunol 2006;
117: 831–835.

16. Birring SS, Fleming T, Matos S et al. The Leicester Cough
Monitor: preliminary validation of an automated cough
detection system in chronic cough. Eur Respir J 2008; 31:
1013–1018

17. Kelsall A, Declamer S, Webster D at al. How to quantify
coughing: correlations with quality of life in chronic
cough.  Eur Respir J 2008; 32: 175–179

18. Coyle MA, Keenan BD, Mayleben DW et al. Objective
assessment of cough over a 24-hr period in patients with
COPD. Am J Respir Crit Care Med 2004; 169: A606.

19. Hsu JY, Stone RA, Logan-Sinclair RB, Worsdell M, Busst
CM, Chung KF. Coughing frequency in patients with per-
sistent cough: assessment using a 24 hour ambulatory
recorder. Eur Respir J 1994; 7: 1246–1253.

20. Munyard P, Bust C, Longansinclair R, Bush A: A new
device for ambulatory cough recording. Pediatric Pul-
monology 1994; 18: 178–186.

21. Chang AB, Newman RG, Phelan PD, Robertson CF: A new
use for an old Holter monitor: An ambulatory cough
meter. Eur Respir J 1997; 10: 1637–1639.

22. Chang AB, Newman RG, Carlin JB, Phelan PD, Robertson
CF: Subjective scoring of cough in children: parent-com-
pleted vs child-completed diary cards vs an objective
method. Eur Respir J 1998; 11: 462–466.

23. Li AM, Tsang TWT, Chan DFY, Lam HS, So HK, Sung RYT,
Fok TF. Cough frequency in children with mild asthma
correlated with sputum neutrophil count. Thorax 2006;
61: 747–750.

24. Irwin RS. Assessing cough severity and efficacy of thera-
py in clinical research. Chest 2006; 129: 232S–237S.

25. Morice AH, Fontana GA, Belvisi MG et al. ERS Task Force.
ERS guidelines on the assessment of cough. Eur Respir J
2007; 29: 1256–1276.

26. Matos S, Birring SS, Pavord ID, Evans DH. Detection of
cough signals in continuous audio recordings using hid-
den Markov models. IEEE Trans Biomed Eng 2006; 53:
1078–1083.

27. Coyle MA, Keenan DB, Henderson LS et al. Evaluation of
an ambulatory system for the quantification of cough
frequency in patients with chronic obstructive pulmonary
disease. Cough 2005; 1: 3 doi:10.1186/1745-9974--1-3

28. Murata A, Ohota N, Shibuya A, Ono H, Kudoh S. New
non-invasive automatic cough counting program based
on 6 types of classified cough sounds. Intern Med 2006;
45: 391–397.

29. Barry SJ, Dane AD, Morice AH, Walmsley AD. The auto-
matic recognition and counting of cough. Cough 2006,
2: 8 doi:10.1186/1745-9974-2-8.

30. Smith J. Ambulatory methods for recording cough. Pulm
Pharmacol Ther 2007; 20: 313–318.

31. Harris A, Sutton G, Towers M. Physiological and Clinical
Aspects of Cardiac Auscultation, Medicine Ltd., London,
Uk, 1976.

32. Cohen D, Rossing TD. The acoustics of mandolins. Acoust
Sci & Tech 2003; 24: 1–6.

33. Newa M, Bhandari KH, Li DX et al. Preparation and Eval-
uation of Immediate Release Ibuprofen Solid Dispersions
Using Polyethylene Glycol 4000. Biol Pharm Bull 2008;
31: 939–945.

34. Veksler-Lublinksy I, Barash D, Avisar C, Troim E, Chew P,
Kedem K. FASH: A web application for nucleotides se-
quence search. Source Code for Biology and Medicine
2008, 3:9 doi:10.1186/1751-0473-3-9.

35. Slavkovsky P., Hulin I. Gliding-window fst Fourier trans-
form analysis of the entire QRS complex and the distribu-
tion of area ration peaks in healthy subjects and patients
with myocardial infarction. Coronary Artery Disease 1994;
5: 249–256.

36. Debbal SM, Bereksi-Reguig F. Analysis of the second car-
diac sound using the Fast Fourier and the Continuous
Wavelet Transforms. The Internet Journal of Medical Tech-
nology 2006; 3.

37. Debbal SM, Bereksi-Reguig F. Computerized heart sounds
analysis. Computers in Biology and Medicine 2008; 38:
263–280.

38. Wink AM, Hoogduin H., Roerdink JBTM. Data-driven hae-
modynamic response function extraction using Fourier-
wavelet regularised deconvolution.  BMC Medical Imag-
ing 2008, 8:7 doi:10.1186/1471-2342-8-7

39. Gulani V, Adusumilli S, Hussain HK, Vazquez AL, Francis
IR, Noll DC. Apparent Wall Thickening of cystic renal
lesions on MRI. J Magn Resonance Imag 2008; 28: 103–
–110.

40. Vrabec M, Korpas J, Debreczeni LA. Use of recording
methods and sound analysis of cough in the study of
sound phenomena associated with respiration. Bratisl
Lek Listy 1997; 98: 141–145.

41. Olia PM, Sestini P, Vagliasindi M. Acoustic parameters of
voluntary cough in healthy non-smoking subjects.
Respirology 2000; 5: 271–275.

42. Korpas J, Vrabec M, Sadlonova J, Salat D, Debreczeni LA.
Analysis of the cough sound frequency in adults and
children with bronchial asthma. Acta Physiol Hung 2003;
90: 27–34.




