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Unmanned Aerial Vehicle (UAV) based plant
monitoring is becoming increasingly popular due
to the availability of compact hyperspectral cam-
eras with high spatial and temporal resolution.
These systems have the potential to bypass the
plant phenotyping bottleneck and to be a cost-
efficient tool within the domain of precision agri-
culture for non-destructive monitoring of crop
health and biotic stress [1, 5, 6]. For stitching
and classification it is of paramount importance
that the spectra of identical objects are measured
consistently, independent of their position in the
scene. For spectral cameras with integrated thin-
film filters [2] this can be a challenge since cross-
talk between pixels and the transmittance of the
filters tend to vary across the sensor array [3].
With a spectral camera, used for UAV applica-
tions, we show that by using a full system model
we can correct these position dependent artifacts
and thereby enable new applications.

1 System characterization

In a system characterization, the response of every
pixel is measured for a broad range of wavelengths
under conditions representative for real applica-
tions. Using a xenon light source (Newport 70611)
and monochromator (Oriel Cornerstone 130) cou-
pled to an integrating sphere, a near uniform lam-
bertian narrowband (4 nm FWHM) light source
is obtained. The camera is placed with a 16 mm
Edmund Optics lens (f/1.4) in front of exit port of
the integrating sphere (Fig. 2). Images are taken
at different wavelengths from 600 to 850 nm at

1 nm steps. Because of low light conditions the
characterization required an integration time of 1
second and took approximately two hours to com-
plete. The peaks of the xenon light source were
normalized by measuring their intensity using a
photodiode attached to another exit port of the
sphere.

When comparing the response of supposedly
identical filters, located at different positions on
the sensor, clear differences in their sensitivity
and central wavelength can be observed (Fig.
1). These changes will cause artifacts in the re-
flectance spectrum that change with the physical
location of the object in the scene (Fig. 4). When
using local information about the filter responses,
the position-dependent artifacts can be corrected
[4].

Figure 1: Difference in response of two filters at
different positions on the sensor.
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Figure 2: System characterization setup.

2 Experimental validation

The reflectance of a healthy potato leaf and the
transmittance of a piece of Thorlabs FGB67S col-
ored glass were measured using an imec 5x5 snap-
shot mosaic spectral sensor [2] at three regions in
the scene: The upper-left corner, the center and
bottom-right corner of the image. For each re-
gion, a separate correction matrix is calculated [4].
This correction matrix linearly combines raw re-
flectance values at different wavelengths to correct
for possible artifacts like cross-talk.

If we use the correction matrix of the upper-left
corner for all three regions, significant artifacts re-
main. If instead we use the local correction ma-
trix for each region, the artifacts disappear and the
spectra become more consistent (Fig. 3 and 4)

Figure 3: Reflectance of a healthy potato leaf at
different positions

Figure 4: Transmittance of brown glass at different
positions

3 Conclusion

We have shown that a system characterization im-
proves the consistency of the reflectance spectra
across the scene. Our method will enable new UAV
based hyperspectral imaging applications and will
be a leap forward in the applicability of thin-film
spectral cameras in general.
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