
Design and Implementation of ECG T-shirt 
Mr. Prakash Narayan Tiwari, Dept. of Electrical & Electronics Engineering 

Rabindranath Tagore University, Bhopal 
Abstract: ECG T-shirt was developed with a versatile recorder for subtle and long haul 
multichannel ECG observing with dynamic anodes. A noteworthy downside of regular 12-
lead ECGs is the utilization of cement gel anodes, which are awkward during long haul 
application and may even reason skin aggravations and unfavourably susceptible 
responses. In this way, we incorporated agreeable patches of conductive material into the 
ECG T-shirt so as to supplant the glue gel anodes. So as to anticipate signal weakening, as 
revealed for other material ECG frameworks, we appended dynamic circuits outwardly of 
the T-shirt to further improve the sign nature of the dry anodes. At long last, we approved 
the ECG T-shirt against a business Holter ECG with sound volunteers during periods of 
resting, sitting, and strolling. The 12-lead ECG was effectively recorded with a subsequent 
mean relative blunder of the RR interims of 0.96% and mean inclusion of 96.6%. Besides, 
the ECG floods of the 12 leads were investigated independently and indicated high 
agreement. The P-wave had a relationship of 0.703 for strolling subjects, while the T-wave 
exhibited lower connections for each of the three situations (lying: 0.817, sitting: 0.710, 
strolling: 0.403). Different relationships for the P, Q, R, and S-waves were all higher than 
0.9. This work shows that our ECG T-shirt is appropriate for 12-lead ECG accounts while 
giving a more elevated amount of solace contrasted and a business Holter ECG. 

Index Terms: T-Shirt, ECG Monitoring and Portable Electrocardiography. 

1. INTRODUCTION 

Subtle detecting of essential signs, for example, heart action and breath, has been 
progressively connected in the previous decade. The maturing of our general public has 
brought about an expanding request on therapeutic staff, which can't generally be met. 
Therefore, an expanding number of specialized arrangements, the supposed individual social 
insurance frameworks, are being created[1]. They target empowering wiped out and old 
patients to remain at home for a more drawn out period, as opposed to confronting delayed 
medical clinic remains. When remaining at home, patients for the most part profit by 
expanded solace, which may quicken their recuperation. Thus, costs for the human services 
framework will be diminished by shortening the stay in medical clinic. This is the 
fundamental basis for growing long haul checking answers for the home condition. One of 
the set up long haul heart checking gadgets is the Holter[2]–[4].  

This is a compact electrocardiography (ECG) gadget with up to 12 leads for long-term 
application. These ECG recorders are regularly used to analyze cardiovascular conditions 
over the length of a few days. For this, patients wear the gadget while proceeding with their 
day by day schedule. Business Holter gadgets comprise of a convenient ECG recorder with 
cement cathodes. In any case, these terminals have one noteworthy issue: the gel that 
guarantees great conductivity can prompt skin hypersensitivities. Additionally, the more 
drawn out the gel is connected, the more noteworthy the likelihood that more issues 
emerge[5].  
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Signal quality is weakened if the gel evaporates, which is profoundly plausible during long 
haul checking. What's more, now and again (e.g., if patients are perspiring), the terminals 
separate themselves, requiring reapplication. In the event that this happens, the patient may 
not reattach them in the right place. So as to deliver these issues and to improve patient 
solace, we built up a 12-lead ECG T-shirt with dynamic anodes and a convenient ECG 
recorder. Different material ECG T-shirts have been examined in the most recent decade. 
Though a few frameworks were grown principally for research purposes just, a few shirts are 
financially accessible: Cardio Leaf (Clear connect Vital Signs, Singapore) and hWear (Health 
Watch Technologies, Kfar Saba, Israel)[6]. The last kind is a shirt that is good with a 12-lead 
ECG recorder. 

2. METHODOLOGY 

The versatile 12-lead ECG estimation framework comprises of a T-shirt, dynamic cathodes 
and an ECG recorder. The dynamic terminals of the capacitive estimation framework record 
the possibilities on the body's surface. The simple sign from the dynamic anodes are 
digitalized in the ECG recorder, which additionally figures the 12 ECG leads. The sign of the 
leads are then handled by a microcontroller and put away on a SD card in the ECG recorder. 
Regarding practicability, it would have been a choice to send the information remotely. The 
two principle reasons why no remote module was utilized are medicinal information 
insurance and power utilization. A remote module would radically decrease battery life, 
particularly when sending information of 12 channels at a high example rate[7]–[9]. 

3. 12-LEAD ECG 

A 12-lead ECG requires 10 terminals on the patient's appendages and chest: 10 physical 
channels are recorded (3 appendage drives, 6 thoracic leads, 1 RL lead), as appeared in 
Figure 1. In Holter ECGs, the anodes are set distinctly on the chest. Figure 1 demonstrates 
that, extra to the 3-lead arrangement for Einthoven and Gold berger, 6 Wilson leads are 
incorporated. Einthoven and Goldberger leads are determined from three cathodes shaping a 
triangle, to be specific the left leg (LL), left arm (LA) and right arm (RA), likewise called 
appendage terminals[10]–[12].  

The customary state of the Einthoven II lead is appeared in Figure 2. The ECG can be 
separated into various waves that are alluded to as P to T. They mirror the phases of the 
electrical excitation engendering of the heart. The P-wave is the depolarization of the atria. 
The QRS complex (QRS waves) mirrors the depolarization of the ventricles and the T-wave 
is their repolarization.  
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The unipolar Goldberger leads are likewise recorded for the 12-lead ECG. The Goldberger 
leads, meant aVR, aVL and aVF, are expanded leads. These leads are framed utilizing an 
increased reference anode, which is a mix of the two other appendage terminals[13]–[20]. 

 

4. CONCLUSIONS 

This paper presents a novel ECG T-shirt for 12-lead estimations with completely dynamic 
and dry terminals. A compact 12-lead ECG recorder was created, which is perfect with the T-
shirt. The framework is convenient and has a battery life of two days. As far as anyone is 
concerned, a 12-lead ECG T-shirt explicitly with dynamic terminals has not been created 
previously. In an investigation with three volunteers, the usefulness of the gadget was 
effectively contrasted and a business gadget in regular situations. The general mistake of the 
RR interims was 0.96% with a mean inclusion of 96.6%. The P-wave had a connection of 
0.703 for strolling subjects, while the T-wave exhibited lower relationships for each of the 
three situations (lying: 0.817, sitting: 0.710, strolling: 0.403). Different relationships for the 
P, Q, R, and S-waves were all higher than 0.9. This work demonstrates that an agreeable 
ECG T-shirt with dynamic terminals is reasonable for 12-lead ECG accounts. 

REFERENCES 

[1] Z. B. Zhang, Y. H. Shen, W. D. Wang, B. Q. Wang, and J. W. Zheng, ‘Design and 
implementation of sensing shirt for ambulatory cardiopulmonary monitoring’, J. Med. 
Biol. Eng., 2011. 

[2] D. Craven, B. McGinley, L. Kilmartin, M. Glavin, and E. Jones, ‘Energy-efficient 
Compressed Sensing for ambulatory ECG monitoring’, Comput. Biol. Med., vol. 71, 
pp. 1–13, 2016. 

[3] L. Guo, F. Wang, Y. Zhang, Z. Pei, J. Chang, and H. Tang, ‘Design and 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 12, December 2018

ISSN NO: 0975-6876

http://cikitusi.com/111



implementation of business management system for crop remote sensing monitoring’, 
Nongye Gongcheng Xuebao/Transactions Chinese Soc. Agric. Eng., vol. 29, no. 3, pp. 
132–138, 2013. 

[4] E. M. El Hassan and K. Mohammed, ‘Design and implementation of an embedded 
system for ambulatory cardiac monitoring’, J. Telecommun. Inf. Technol., vol. 2012, 
no. 1, pp. 23–32, 2012. 

[5] B. Jeon, J. Lee, and J. Choi, ‘Design and implementation of a wearable ECG system’, 
Int. J. Smart Home, 2013. 

[6] V. T. Farewell and D. M. Farewell, ‘Study design’, Diagnostic Histopathology. 2016. 

[7] C. Baumgartner et al., ‘Discussion of “Computational electrocardiography: Revisiting 
Holter ECG monitoring”’, Methods Inf. Med., vol. 55, no. 4, pp. 312–321, 2016. 

[8] Y. H. Wang, C. G. Chung, C. C. Lin, and C. M. Lin, ‘The study of the 
electrocardiography monitoring for the elderly based on smart clothes’, in 8th 
International Conference on Information Science and Technology, ICIST 2018, 2018, 
pp. 478–482. 

[9] S. Ma, X. Ni, and M. Qin, ‘Design of Portable ECG Monitoring System Based on 
LM4F120H5QR’, Int. J. Autom. Power Eng., vol. 4, no. 0, p. 8, 2015. 

[10] S. Keskar, R. Banerjee, and R. Reddy, ‘A Dual-PSoC based reconfigurable wearable 
computing framework for ECG monitoring’, in Computing in Cardiology, 2012, vol. 
39, pp. 85–88. 

[11] D. N. Mathias, S. Il Kim, J. S. Park, and Y. H. Joung, ‘Real time ECG monitoring 
through a wearable smart T-shirt’, Trans. Electr. Electron. Mater., vol. 16, no. 1, pp. 
16–19, 2015. 

[12] M. Driller, D. Plews, and N. Borges, ‘Wearable near Infrared Sensor for Determining 
an Athlete’s Lactate Threshold during Exercise’, NIR news, vol. 27, no. 4, pp. 8–10, 
2016. 

[13] R. N. Simpson, S. P. A. Bordas, H. Lian, and J. Trevelyan, ‘An isogeometric boundary 
element method for elastostatic analysis: 2D implementation aspects’, Comput. Struct., 
vol. 118, pp. 2–12, 2013. 

[14] A. Quarteroni, ‘Isogeometric analysis’, in Modeling, Simulation and Applications, vol. 
16, 2017, pp. 267–292. 

[15] D. Fußeder, B. Simeon, and A. V. Vuong, ‘Fundamental aspects of shape optimization 
in the context of isogeometric analysis’, Comput. Methods Appl. Mech. Eng., vol. 286, 
pp. 313–331, 2015. 

[16] V. P. Nguyen, R. N. Simpson, S. P. A. Bordas, and T. Rabczuk, ‘Isogeometric 
Analysis: A review and computer implementation aspects’, Submitt. to Elsevier, pp. 1–
92, 2013. 

[17] F. Chang, W. Q. Wang, and Y. Liu, ‘A Fortran Implementation of Isogeometric 
Analysis with Superiority in Convergence and Accuracy’, in Procedia Engineering, 
2015, vol. 130, pp. 342–354. 

[18] J. Kopačka, D. Gabriel, R. Kolman, and J. Plešek, ‘Performance and implementation 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 12, December 2018

ISSN NO: 0975-6876

http://cikitusi.com/112



aspects of an isogeometric mortar-based contact algorithm’, in Výpočty konstrukcí 
metodou konečných prvků 2015, 2015, p. 1. 

[19] T. J. R. Hughes, G. Sangalli, and M. Tani, ‘Isogeometric analysis: Mathematical and 
implementational aspects, with applications’, in Lecture Notes in Mathematics, vol. 
2219, 2018, pp. 237–315. 

[20] B. Dortdivanlioglu, A. Javili, and C. Linder, ‘Computational aspects of morphological 
instabilities using isogeometric analysis’, Comput. Methods Appl. Mech. Eng., vol. 
316, pp. 261–279, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 12, December 2018

ISSN NO: 0975-6876

http://cikitusi.com/113


