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Introduction 
This document describes how to generate reconstructed Spectral Power Distribution (SPD) 
curves from the VEET’s Spectral sensor (PHO) output. The VEET uses an AS7341 11-channel 
multispectral sensor (AMS Osram), whose narrowband channels overlap significantly. Because 
of that overlap, raw channel counts do not faithfully represent the true spectral shape—two 
different SPDs can easily produce the same response in a subset of channels. Datasheet 
sensor responsivity curves [1] are shown below. 

 

Figure 1: Datasheet sensor responsivity curves (normalized to F8). 

To address this, we apply spectral reconstruction (or another regression/ML model) using a 
calibration matrix. That matrix is built so that each wavelength bin in the reconstructed SPD is 
estimated from the responses of all 11 channels. In other words, even if two SPDs happen to 
match on some channels, they will almost certainly differ on at least one of the overlapping 
bands; the calibration matrix “untangles” these overlaps and yields a more accurate estimate of 
the full spectrum.  
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Figure 2: Current calibration matrix in its plotted form. 

As a result, any attempt to compare energy within a particular wavelength range is far more 
reliable if you first reconstruct the full SPD and then integrate over the desired wavelengths. 
Simply scaling individual channel outputs (the “shortcut” method) is easier to implement but will 
yield less trustworthy results.  

Once the SPD is reconstructed, additional analyses can be applied—such as estimating 
photopic or cellular lux by weighting the spectrum with relevant response curves. While it is 
theoretically possible to develop regression models that estimate these values directly from raw 
channel outputs, such models have not yet been developed or validated in this work. 

 

Integration Time and Gain Normalization 
Raw counts from the PHO sensor are influenced by both integration time and gain settings. To 
enable consistent interpretation across devices and lighting conditions, it is necessary to 
normalize these values to a fixed reference. When both gain and integration time normalization 
have been performed the counts are referred to as basic counts. The spectral output from the 
VEET is normalized for neither of these effects and represents raw counts. It is necessary to 
first convert spectral output to basic counts before proceeding with any additional processing. 

The normalization process involves the following: 

●​ Dark Count Offset: If not done already, counts from the dark channel should be 
subtracted from all the channels. In practice, dark counts have been typically observed 
to be zero. 
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●​ Gain correction: Each channel’s raw counts are divided by its corresponding gain ratio. 

The spectral sensor on the VEET uses a single gain for all channels. The gain ratios are 
drawn from the sensor manufacturer’s datasheet. 
 

●​ Integration time normalization: Corrected counts are scaled by integration time (in 
milliseconds), yielding a time-normalized count.  
 

Spectral Power Distribution Reconstruction 
The calibration matrix is used to reconstruct the spectra SPD via the following matrix 
multiplication: 

 𝑆𝑃𝐷
𝑟𝑒𝑐𝑜𝑛

= 𝑀 ∙𝑋

●​ X : a [k x 1] vector of sensor basic counts for k channels 
●​ M : the [w x k] calibration matrix for w wavelength points 
●​  : [w x 1] vector representing the reconstructed SPD 𝑆𝑃𝐷

𝑟𝑒𝑐𝑜𝑛

Excel Example 
This example illustrates the reconstruction of an SPD from a single VEET spectral sensor output 
using the current calibration matrix, as implemented in Excel. ​
 

Assuming a single line of VEET data entered below: 

 

Figure 3: Example line of VEET data.  
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Look up gain ratio: 

 

Figure 4: Example gain ratio in Excel. 

Subtract dark counts and convert to basic counts: 

 

Figure 5: Example of subtracting dark counts and converting to basic counts. 

​
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[...] 

 

Figure 6: Beginning and end of sample imported calibration matrix, truncated in the middle.  
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​
Figure 7: Matrix multiplication and resulting reconstructed SPD.  
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Python Example 
This example illustrates the reconstruction of an SPD from a single VEET spectral sensor output 
using the current calibration matrix, as implemented in Python. 
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Figure 8: SPD plot output from Python example 

​
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Comparison to Measured Spectral Power Distributions 
Below, twelve standard illuminant SPDs are compared to the actual SPD measured with a 
spectrometer and plotted alongside the reconstructed SPD. Notably, the SPD reconstruction 
based on the VEET responses predicted from the VEET responsivity curves showed improved 
agreement with the measured SPDs. This difference is particularly evident for Illuminant E in the 
400-500 nm range. 

The calibration matrix was derived using VEET responsivity curves, with each channel 
subsequently scaled to match the actual count magnitudes from the device. The observed 
discrepancy suggests a mismatch between the actual device response and the expected 
response defined by the curves. The most probable cause is an inaccurate responsivity sweep 
for channel 415, which was derived from measurements with limited resolution in this 
wavelength range. Improving the precision of the channel responsivity sweeps—particularly for 
channel 415—is an important area of follow-on work that is expected to enhance reconstruction 
accuracy. 
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Figure 9: Reconstructed SPDs of Standard Illuminants (plot 1 of 2)

 
VEET Spectral Power Distribution Reconstruction Guide (July 23, 2025)​ 12 



 

Figure 10: Reconstructed SPDs of Standard Illuminants (plot 2 of 2) 
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