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Key Topics 
 
ÅThe most important issues 

affecting accuracy 
 
ÅHow metabolic sensors 

work and comparing them 
 
ÅAccumulating errors! How 

to handle them?  
 
ÅMathematical error on your 

systems (LJMU) 
 
ÅMixing chamber versus 

Breath by Breath systems 
 
 
 
 
 
 

 



Physical Measurements 

1. O2 ς for both inspiratory & expiratory air 

2. CO2 ς for both inspiratory & expiratory air 

3. Volume or Flow 

4. Temperature ς for BTPS and STPD correction 

5. Pressure ς for BTPS and STPD correction 

6. Room Humidity ς for BTPS and STPD correction 

7. Time 

8. Sample Humidity ς metabolic gas displacement 

Physical Measurements Needed 



 

Å O2 Measurement error 

Å CO2 Measurement error 

Å Volume Measurement error 

Å Calibration Gas errors 

Å Human Sample Humidity 

Å Breath by Breath issues 

Å Gas Sampling Time Delay 

Variables Affecting Accuracy 

Variables Affecting Accuracy 

ÅTemperature Measurement 

ÅPressure Measurement 

ÅRoom Relative Humidity 
Measurement 

ÅSubject Preparation 

ÅTime Measurement 

ÅTesting Environment 

ÅOperator Initiated error 

 

 



Common Types of Errors 

The sensor errors examined  
(what is important?) 

Christopher J. Gore, 

Rebecca K. Tanner, Kate 

L. Fuller and Tom Stanef 

(Australian Institute of Sport) 

 

+1% rel. error  % VO2  

Oxygen*  
(0.17 % absolute) 

-6.46 

O2 Cal. gas -6.46 

Ventilation* +1.00 

Atmosph. Press. +1.01 

Carbon Dioxide* -0.23 

Room Temp. -0.07 

Room Humidity  -0.02 

Sample water* 
vapour, 30% 

+5.54 

Reference values: 
VO2 = 4.5495  

VI STPD =136.10 

VE STPD = 136.70 

FIO2 = 0.1751% 

O2 = 0.2093% 

typ.% error 

0.05 - 1.0 

0.1 - 0.9 

1-3 

0.05 

0.3 

0.1 

1.0 

0 to 90%? *  Human sample 



Common Types of Errors 

Å O2 sensor 

Å Calibration gas 

Å Volume or Flow Measurement 

Å Gas Sample Humidity 

Å Breath by Breath issues 

Å Gas sampling delays 

 

Most important factors 



Calibration Gas Error Example 

Room temperature, pressure, 
humidity and subject CO2. 

A 1% error I barometric pressure will result in a 
1% error in VO2 but the likely error is only 
0.05%...so not really a contender as a problem. 

 

Room temp, humidity and subject CO2 even 
ƭŜǎǎΧǎƻ ǊŜƭŀȄ ŀōƻǳǘ ǘƘŜǎŜΗ  

 



Calibration Gas Error Examples ς  
Analysis and Conclusions 

O2 Measurement Errors 

Oxygen Analyser:  

accuracy errors ς ǿŜΩƭƭ ŜȄŀƳƛƴŜ ǘƘƛǎ ƻƴƭȅ 
calibration errors 
stability errors 
response time errors 

  



Gas Analyzer Error Example 

Utilise the textbook equations:  
 

VO2 = (Vi * fiO2) - (Veavg * feO2);  
VCO2 = (Ve * feCO2) - (Viavg * fiCO2); 

Where Ve = Vi * (100-fiO2-fiCO2) / (100-feO2-feCO2) [Haldane 
transform] 

 
 Or                   (Ve * feN2 ) = (Vi * fiN2 ) 
           Volume N2 expired = Volume N2 inspired 
 
Assume all other errors are zero. 

 
 

Gas Analyser Error Example 
(next is cal gas error) 


