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Requirements: 
● FDA Compliant (Heart rate monitor)
● Costs of good under $10
● Dimensions of ECG compatible with Digital 

Stethoscope 
● 4 hour continuous battery use
● Transmit ECG data via Bluetooth

Implementation: Software
Used a ResNet-10 based model to classify the heart-sounds into 23 
classes.
Applied class activation maps to localize the features leading to the 
classification. Dataset comprised of a total of ~2500 heart sounds.

Discussion of Future Work:
Future work includes segmenting S1s and S2s in the normal sounds. 
Trying data augmentation to improve the accuracy of the model. 
Achieved an accuracy of 87% in the classification. Following are the 
Loss and Accuracy plots:

Conclusion:
● Designed and built a system to read and log 

ECG/EKG data
● Data is transmitted by a microcontroller to 

PC via Bluetooth
● Used ResNet-10 and class activation 

mapping to classify heart sounds into 
normal and abnormal. Ran for 90 iterations 
for the network to converge.

Acknowledgements:
Thanks to Suman Mulumudi, Vikram Chalana, 
and Mahesh Mulumudi for help and support 
through project. Big thanks for Prof. Bruce 
Darling for help with the PCB Design.

References:
● Darling, Robert. “Printed Circuit Boards.” EE 438 

Instrumentation Design Project, University of Washington. 
Microsoft Powerpoint Presentation.

● Bolei Zhou, Aditya Khosla, Agata Lapedriza, Aude Oliva, 
Antonio Torralba Computer Science and Artificial Intelligence 
Laboratory, MIT. Learning Deep Features for Discriminative 
Localization. Retrieved from: 
http://cnnlocalization.csail.mit.edu/Zhou_Learning_Deep_Featu
res_CVPR_2016_paper.pdf

● D. Balasubramaniam and D. Nedumaran, "Implementation of 
ECG signal processing and analysis techniques in digital signal 
processor based system," 2009 IEEE International Workshop on 
Medical Measurements and Applications, Cetraro, 2009, pp. 
60-63. doi:10.1109/MEMEA.2009.5167955

Problem Statement:
Blood pressure cuffs are inaccurate and 
uncomfortable.  By measuring ECG and heart 
sound wave simultaneously, blood pressure 
readings may be synthesized. 

We implemented an ECG monitor to work with 
StethIO’s Digital Stethoscope and applied 
machine learning to classify normal and abnormal 
heart sounds using Class Activation Maps

Implementation: Hardware
● Analog front end collects ECG data
● Hardware filters clean up signal
● Microcontroller transmits data via Bluetooth

Figure 1: StethIO Digital stethoscope iPhone case

Figure 2: Breadboard prototype of ECG Front End

Figure 3: Output of CAMs and the network architecture

Figure 4: Schematic of ECG Analog Front End
Figure 5: Oscilloscope Output of ECG Front End

Figure 7: PCB Schematic for ECG Front End

Figure 6: Loss and Accuracy plots


