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Introduction	  
Heart rate (HR) is defined as the frequency of the 
contractions of the ventricles per unit of time, 
usually measured per minute.  

 

Validation	  
The LifeQ solution was assessed over a range of 
activities with a total sample size of 77 
participants (of varying age, ethnicity, gender and 
physical fitness).  
 

 
Figure A: Age distribution of the population sample (n=77).  
 
 
The four key factors impacting the accuracy and 
consistency of all photoplethysmography (PPG) 
based solutions are:  
 

• Motion 
• Environmental conditions (specifically 

bright light and darkness) 
• High melanin concentration (dark skin) 
• Low perfusion 

 
Consequently, the validation included stress 
testing of the LifeQ solution against all of these 
challenges. The approach was to compare the 
LifeQ solution to a chest strap ECG, which is 
considered the gold standard for the 
measurement of HR outside of a laboratory. 
 
 

Standard	  Protocol	  

Forty-one participants completed a standardized 
protocol, in a randomized order.  

This protocol consisted of a range of activities; 
rest (sitting), typing, walking, indoor cycling, 
indoor running and outdoor running (full 
sunlight).  

Figures B – F represent examples of the various 
motions assessed within the Standard Protocol.  
 

 
Figure B: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Standard Protocol.  

 

 
Figure C: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Standard Protocol.  
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Figure D: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Standard Protocol.  

 

 
Figure E: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Standard Protocol.  

 

 
Figure F: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Standard Protocol.  

 

The above figures (B – F) show that the LifeQ 
solution is able to accurately monitor/ track HR 
under varying conditions of motion, when 
compared to a chest strap ECG, with a reported 
mean absolute percentage error of 3.1 ± 7.8%. 

It is important to note that under real time 
conditions there is a time lag between the 
outputs of the chest strap ECG device and the 
LifeQ solution. The graphs presented above (B – 
F) have been aligned (time-shifted) in order to 
enable the direct comparison of the outputs.  
 
Figure G represents a sub-sample of indoor and 
outdoor running activity and shows 110,355 
individual comparative points. From figure G, it 
can be clearly seen that there is a strong 
relationship between the output of the LifeQ 
solution and that from the chest strap ECG, with 
an R value of 0.967.  
 

 
 
Figure G: Density Plot of the distribution of the relationship 
between HR as measured by the LifeQ solution and the 
chest strap ECG, at 1Hz.  
 
Figure H below, shows the distribution of mean 
absolute percentage error with regard to the 
different protocol phases that constituted the 
Standard Protocol. During athletic activity, the 
LifeQ solution shows very high degrees of 
accuracy, with the vast majority of the results 
within a 5% error of the chest strap ECG. The 
spread of error while typing (with the movement 
largely generated by the muscles under the skin) 
is greater, but still mostly within 10% of the 
benchmark. 
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In the assessment of how the melanin content of 
an individual’s skin may affect the accuracy of the 
LifeQ solution it was shown that for HR 
measured by the LifeQ solution there was no 
consistent or notable difference across various 
activities (Table I) and the overall mean 
percentage error for high (3.0 ± 5.6%) and low 
(3.1± 8.5%) melanin participants was similar.  
 
 
Table I: Melanin concentration and mean percentage error 
(%) for each activity within the standard protocol.  

Activity  

Mean Percentage (%) Error 
(mean ± SD) 

High Melanin 
(n=11) 

Low Melanin 
(n=30) 

Rest 3.3 ± 5.1 2.8 ± 4.7 

Typing 6.6 ± 9.9 7.4 ± 12.5 

Walk inside 3.8 ± 5.8 2.6 ± 8.3 

Indoor Running 1.2 ± 1.9 2.8 ± 7.1 

Indoor Cycling Slow 2.2 ± 4.5 1.1 ± 2.0 

Indoor Cycling Fast 1.6 ± 2.7 0.9 ± 1.4 

Outdoor Walking 2.5 ± 4.3 4.0 ± 12.2 

Outdoor Running 3.2 ± 6.2 3.3 ± 9.9 

 
Key: Melanin concentration = classified according to photographs depicting 
skin pigmentation. 

 

In summary, across a range of standard motions, 
environmental conditions and physical 
characteristics the LifeQ solution tracks HR with a 
high degree of accuracy, and is statistically in line 
with the accuracy of a chest strap ECG. 
 

 

 
 
 

	  
	  
 
	  
	  
	  
	  

	  
	  
Various	  Sports	  Activities	  	  
 
The accuracy of the LifeQ solution was also 
assessed during numerous sports activities.  
 
Table II: Mean Percentage error (%) when comparing the 
LifeQ solution relative to the chest strap ECG, during 
different sports activities.  

Activity  Mean Percentage Error (%)  
(mean ± SD) 

Standardised Weights Protocol  
(n=8) 

Gender: 7M/1F 
Age: 27.0 ± 2.6 yr. 

  

Rest 5.6 ± 9.8 

Bicep Curl 6.9 ± 10.2 

Dead Lift 15.5 ± 20.3 

Bench Press 4.8 ± 10.1 

Cycling  
(n=7) 

Gender: 6M/1F 
Age: 31.0 ± 6.0 yr. 

  

MTB 3.0 ± 6.8 

Road 3.3 ± 7.1 

CrossFit  
(n=10) 

Gender: 5M/5F 
Age: 30.3 ± 4.5 yr. 

  

  7.0 ± 11.8 

Trail Running  
(n=5) 

Gender: 5M 
Age: 21.4 ± 4.4 yr. 

  

  1.6 ± 4.0 

 
Key: M = male; F = female; MTB = Mountain Bike; yr. = years.  
 
 

The LifeQ solution was highly effective at tracking 
HR across the described group of activities, with 
running and cycling being the most accurate. 
CrossFit (a range of high intensity gym exercises) 
and weight lifting posed greater challenges owing 
to the extreme arm motion created with certain 
types of the exercises. However, with the 

Figure H: Histogram of the 
percentage error when comparing 
the LifeQ solution and the chest 
strap ECG, for each activity within 
the standard protocol.  
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exception of “deadlift” the average error was 
within 10%. 

In summary, movements that require extreme 
range of motions, at high arm speed, have an 
influence on signal accuracy and consequently 
HR predictions, but under most circumstances 
these are adequately managed by the LifeQ 
solution. 
 

Lifestyle	  /	  All	  day	  Activity	  

In addition, to determine how well the LifeQ 
solution was able to track HR across a “normal” 
day, the HR of two participants was monitored 
over a period of 12-15 hours. The mean 
percentage error for the two participants was 1.6 
± 6.0%.   

Figure I represents an example of a 12-15 hour 
HR profile (measured by the LifeQ solution and 
the chest strap ECG).  The figure represents HR 
measured per minute over the 12-15 hour period 
(Figure I).  
 

 
Figure I: Comparison of HR measured by the LifeQ solution 
and chest Strap ECG as worn during a 12-15 hour period. 
 

Low Perfusion conditions 
Finally, low perfusion conditions were simulated 
in a cold room (-16°C) and participants (n=4) 
were required to sit still for 5 minutes inside the 
cold room, after which 20 squats were 
performed. When compared to the chest strap 
ECG, the mean percentage error was 7.0 ±
12.1%. Additionally, the percentage error of the 
LifeQ solution during rest  (within the cold room) 
was 6.0 ± 10.8% and 8.7 ± 13.8% during the 
squat movement. Figure J represents an example 
of the HR profiles as measured by the LifeQ 
solution and the chest strap ECG, during the low 
perfusion protocol.  

 
 
Figure J: Comparison of HR measured by the LifeQ solution 
and chest strap ECG as worn during the Low Perfusion 
Protocol.  
 
While this is a highly artificial test designed to 
simulate extreme low perfusion and temperature 
conditions, and notwithstanding the small 
sample size, the results do however suggest that 
the LifeQ solution can still accurately predict HR 
under low perfusion conditions. 
 

Key findings 
The LifeQ solution provides a reliable and valid 
measure of HR under numerous conditions: 
 

- 3.1% error for different types of 
movement within the Standard Protocol 
(SD = 7.8%). 

- 7.9% error for different types of Weight 
Training exercises (SD = 13.6%).  

- 3.9% during cycling (road and mountain 
biking) (SD = 7.1%). 

- 7.0% error during CrossFit (SD = 11.8%).  
- 1.6% error during trail running (SD = 

4.0%). 
- 7.0% error under conditions of Low 

Perfusion (SD = 12.1%).  
- 1.6% error when tracking HR over a 12-15 

hour period (SD = 6.0%).  
 

Within the constraints of the testing protocol and 
the population sample, the LifeQ heart rate 
solution is a viable chest strap ECG replacement 
for continuous heart rate monitoring. 
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