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Figure 2. Plot of estimated force versus measured force for 10 cycles.

The result show that the chest has very strong nonlinear
elastic properties, these properties starts after 1cm of the
chest compression. The results also indicate that the elastic
properties remains fairly constant for the first 20 minutes
of the CPR.

References

[1] Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD,
Borden WB, Bravata DM, Dai S, Ford ES, Fox CS, Franco
S, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard
VJ, Huffman MD, Kissela BM, Kittner SJ, Lackland DT,
Lichtman JH, Lisabeth LD, Magid D, Marcus GM, Marelli
A, Matchar DB, McGuire DK, Mohler ER, Moy CS, Mus-
solino ME, Nichol G, Paynter NP, Schreiner PJ, Sorlie PD,
Stein J, Turan TN, Virani SS, Wong ND, Woo D, Turner
MB, A. Executive summary: heart disease and stroke
statistics–2013 update: a report from the American Heart
Association. Circulation Jan 2013;127(1):143–152.

[2] Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden car-
diac death in the United States, 1989 to 1998. Circulation
Oct 2001;104(18):2158–2163.

[3] Babbs CF. Effects of an impedance threshold valve upon
hemodynamics in standard CPR: studies in a refined com-
putational model. Resuscitation Sep 2005;66(3):335–345.

[4] Jalali A, Berg RA, Nadkarni V, Nataraj C. Model based op-
timization of the cardiopulmonary resuscitation (CPR) pro-
cedure. Conference Proceedings of IEEE Engineering in
Medicine and Biology 2012;2012:715–718.

[5] Jalali A, Berg R, Nadkarni V, Nataraj C. Improving car-
diopulmonary resuscitation (CPR) by dynamic variation of
CPR parameters. In ASME Dynamic Systems and Control
Conference (DSCC). 2013; .

[6] Gruben KG, Halperin HR, Popel AS, Tsitlik JE. Canine
sternal force-displacement relationship during cardiopul-
monary resuscitation. IEEE Transactions on Biomedical
Engineering Jul 1999;46(7):788–796.

[7] Sutton RM, Friess SH, Bhalala U, Maltese MR, Naim MY,
Bratinov G, Niles D, Nadkarni VM, Becker LB, Berg RA.
Hemodynamic directed CPR improves short-term survival
from asphyxia-associated cardiac arrest. Resuscitation May
2013;84(5):696–701.

[8] Bankman IN, Gruben KG, Halperin HR, Popel AS, Guerci
AD, Tsitlik JE. Identification of dynamic mechanical pa-
rameters of the human chest during manual cardiopul-
monary resuscitation. IEEE Transactions on Biomedical
Engineering Feb 1990;37(2):211–217.

[9] Neurauter A, Nysaether J, Kramer-Johansen J, Eilevstjnn J,
Paal P, Myklebust H, Wenzel V, Lindner KH, Schmlz W,
Pytte M, Steen PA, Strohmenger HU. Comparison of me-
chanical characteristics of the human and porcine chest dur-
ing cardiopulmonary resuscitation. Resuscitation Apr 2009;
80(4):463–469.

[10] Nataraj C. Vibration of Mechanical Systems. Cengage
Learning, 2012.

[11] Samadani M, Kitio Kwuimy C, Nataraj C. Model-based
fault diagnostics of nonlinear systems using the features of
the phase space response. Communications in Nonlinear
Science and Numerical Simulation 2014;.

Address for correspondence:

Ali Jalali
800 E Lancaster Ave, Villanova, PA 19085
ali.jalali@villanova.edu

016




