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9.3 Comparison of uncalibrated Digital Number output from Tau 2 with calibrated 

temperature data from the SC640 cameras 

The Tau2 sensor is not temperature or radiance calibrated, however the sensor output voltage 

should scale linearly with radiant power (Φ). The output voltage is instead linearly digitized in a 

14 bit format, and therefore the resulting digital numbers (DN) should also scale linearly with 

radiance. This is shown in Equation 9.3 A: 

 Φ = a1*DN+b1 ; Equation 9.3 A 

Where: 
Φ is the radiant flux (watts) 
DN is the digital numbers 

a1 and b1 are constants dependent on calibration 

If we further assume a gray body radiance with a Lambertian surface emission model, we can 

relate the radiance (L) to the temperature (T), according to the following Equation 9.3 B: 

 L = Φ/[ΩAcos(θ)] = (σ/π)*T4 ;  Equation 9.3 B 

 

Where: 
Ω is the solid angle “seen” by the sensor (through the optical focusing system) 
A is the sensor area 
θ is the angle with respect to the surface normal 

σ is the Stefan-Botzman constant 

T is the temperature of the emitting surface 

Combining equations I and II and solving for T, we can see that the relationship between the 

digital numbers (DN) output should scale linearly with the fourth power of the surface 

temperature, as shown in Equation 9.3 C: 

 T4 = a2*DN+b2 ; Equation 9.3 C 

Where: 
a2 and b2 are constants dependent on calibration 

To test how well the sensor fits to this model, an intercalibration experiment between a FLIR 

SC640 and the Tau2 sensors was performed. Two hotplates were imaged simultaneously with 

both cameras at different temperatures, from ambient (~ 22 degrees Celsius) to the Tau2 

saturation temperature (~ 200 degrees Celsius). The simultaneous images were then 

corregistered and the respective pixel-by-pixel values of calibrated temperature (for the SC 640) 

and digital numbers (for the Tau 2), were compared, to test the fit to the model predicted in 
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Equation 9.3 C. Figure 9.3 A shows the digital numbers plotted against the fourth power of the 

temperature, and the point dispersion shows a predominantly linear relationship, as expected.  

 

 

Figure 9.3 A. Dispersion plot of paired pixel digital number and temperature4 values, for one of the 
hot plate intercalibration experiments. 

Larger noise levels at low temperatures are most likely cause by pixel misregistration near the 

edge of the hot plates. General noise (point dispersion around the linear trend) are most likely 

caused by the high frequency noise in the Tau 2 dataset. Despite the noise, the correlation is 

overall very good. 

Although a general calibration (i. e. finding a2 and b2 in Equation 9.3 C) could be attempted 

from this empirical intercalibration test, this constants would change from scene to scene, and 

would be dependent on environmental variables like air temperature and humidity, as well as 

distance to the target and the target’s surface emissivity, all of which were controlled for the 

hot plates experiment, and would have to be estimated in each case for a similar calibration. 

For such reasons we do not attempt to provide a general calibration for the sensor, but only to 

show that the sensor performs as expected, and if needed a calibration could be possible. 

 

 


