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Motivating Statement

Determine the environmental and physiological 
factors under which the PPG error will be greater 

than control error with α=0.05.



Informed Decision Making Process



Experimental Model
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Experimental Design: Independent Variables
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Assumptions
● Discrete HR
● Light Extremes
● Factors Tested

Limitations
● Sample Population
● Pressure 
● Movement 
● Sweat



Experimental Analysis

Means
μ0: control
μ1: non-control

Hypotheses
Null:
μ0 = μ1

Alternative: 
μ0 < μ1

Condition R2 
(ECG vs. PPG)

Mean Absolute 
Error (bpm) P-value 

Control 0.95 2.85 N/A

External Stressor 0.91 1.08 1.00

Circular Arm Motion 0.84 3.82 0.035

Vertical Arm Motion 0.87 2.39 0.846

Vertical Finger Motion 0.82 2.79 0.550

Light 0.46 2.25 0.907

No Light 0.84 1.56 0.997



Power Analysis

Variable Power (%) Invalid 
Data (%)

External Stressor 99.86 22

Circle Arm Motion 57.46 30

Vertical Arm Motion 26.87 17

Vertical Finger 
Motion 6.45 32

Light 37.87 7

No Light 88.72 20



Mean of Error SD of Error R2 Correlation

Phase 3 0.6758 0.9341 0.9831

Phase 4 5.622 4.0685 0.9059

Phase 3 Data

PPG and ECG Control Data

Phase 4 Data



Reliability of Control Data

μ0 < μ1 (Alternative) 
 P-Value = 2.55•10-8

Mean Error bpm

Phase 3 μ0 0.94

Phase 4 μ1 5.62



Conclusions
● Extraneous variables
● Data not reliable
● Hardware malfunction?
● P-values invalid 

Future Work:
● Hardware 
● Larger population 
● Other factors

HR Sensor

I/O Shield

Microcontroller



References
DFRobot (2017). Gravity: heart rate monitor sensor for Arduino.

Retrieved October 25, 2017, from 
https://www.dfrobot.com/product-1540.html

DFRobot (2017, May). Heart rate sensor SKU: SEN0203. Retrieved 
November 01, 2017, from 
https://www.dfrobot.com/wiki/index.php/Heart_Rate_Sensor_SK
U:_SEN0203

Giovanni, E. D., et.al. (2016, Aug. 31 2016-Sept. 2 2016). Ultra-low power 
estimation of heart rate under physical activity using a wearable 
photoplethysmographic system. Paper presented at the 2016 
Euromicro Conference on Digital System Design (DSD).

HowEquipmentWorks (2012). How pulse oximeters work . Retrieved 
November, 2017, from 
https://www.howequipmentworks.com/pulse_oximeter/

Janković, D., & Stojanović, R. (2017). Flexible system for HRV analysis 
using PPG signal. In CMBEBIH 2017 (pp. 705-712): Springer.

Jones, D. (2016). The blood volume pulse - biofeedback basics. Retrieved 
November, 2017, from 
https://www.biofeedback-tech.com/articles/2016/3/24/the-blood-v
olume-pulse-biofeedback-basics

Lin, W.-H., et.al. (2014). Comparison of heart rate variability from PPG 
with that from ECG. Paper presented at the The International 
Conference on Health Informatics.

MathWorks. (2015, October 05). Calculating BPM - from PPG Signal. 
Retrieved October 29, 2017, from 
https://www.mathworks.com/matlabcentral/answers/121695-cal
culating-bpm-from-ppg-signal

Schäfer, A., & Vagedes, J. (2013). How accurate is pulse rate variability 
as an estimate of heart rate variability?: A review on studies 
comparing photoplethysmographic technology with an 
electrocardiogram. International Journal of Cardiology, 166(1), 
15-29.

World Famous Electronics (2017). Getting started. Retrieved October 28, 
2017, from https://pulsesensor.com/pages/code-and-guide

World Famous Electronics (2017). HRV Poincare plot. Retrieved 
November 02, 2017, from 
https://pulsesensor.com/pages/hrv-poincare-plot



Questions? 


