
EXPERIMENTS ON CALIBRATION AND ORIENTATION OF HYPERSPECTRAL FRAME IMAGES COLLECTED WITH UAV

INTRODUCTION

The lightweight hyperspectral camera based on a Fabry-Pérot interferometer (FPI) is one of the highly

interesting tools for UAV based remote sensing for environmental and agricultural applications. The

camera used in this study acquires images from different wavelengths by changing the FPI gap and using

two CMOS sensors. Due to the acquisition principle of this camera, the interior orientation parameters

(IOP) of the spectral bands can vary for each band and sensor and changing the configuration also would

change these sets of parameters posing an operational problem when several bands configurations are

being used. The objective of this study is to assess the impact of use IOPs estimated for some bands in

one configuration for other bands of different configuration the FPI camera, considering different IOP and

EOP constraints. The experiments were performed with two FPI-hyperspectral camera data sets: the first

were collected 3D terrestrial close-range calibration field and the second onboard of an UAV.
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HYPERSPECTRAL IMAGING WITH UAV

 Advantages: flexibility; favourable cost-benefit ratio and high-temporal resolution;

 Several problems require multi/hyperspectral images;

 Orientation data have to be acquired during the flight using GNSS and IMU;

 Hyperspectral sensors usually have pushbroom geometry;

 Alternative – hyperspectral frame cameras.

Hyperspectral camera – key problems

 Determination and stability of IOPs;

 Determination of EOPs;

 Bands registration;

 Unfeasible to define a single set of IOPs for this camera;

 Some reference bands can be chosen and their IOPs, estimated by calibration, could be used for the

remaining bands;

 Use On-the-Job calibration to cope with instability.

CONCLUSIONS

 To assess the use of a lightweight FPI hyperspectral camera with

photogrammetric techniques;

 Determination of the IOPs and its change with different bands

configurations;

 Experiments with some reference bands of two sensors were

performed both with terrestrial and aerial data;
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Image bands used for terrestrial calibration

 Standard deviations (images)= 0.5 pixel;

 Experiments with 8 parameters:

 (c, x0, y0, k1, k2, k3, P1, P2);

 Results achieved for sensor 1 > sensor 2

 Explained by the image quality: images from sensor 2 are

more blurred probably due to the beam splitting optics.

EXPERIMENTS WITH UAV IMAGES

 2 flight strips - 360 m;

 Flight height of 90 m;

 GSD of 6 cm;

 Forward overlap was 60%;

 Side overlap of 10-20 %;

 6 GCP and 13 check points;

 2 bands of cfg. 1 were used;

 Light-weight hyperspectral frame camera developed by VTT using a Fabry-Perot interferometer (FPI);

 The sensor spectral sensitivity is a function of the interferometer air gap;

 The same principle is being used by Rikola;

 Some camera models have two sensors.

Hyperspectral camera – Determination of EOPs

 Directly, by using GNSS and INS;

 Indirectly, by Bundle Adjustment;

 Integrated Sensor Orientation (ISO);

 In any case, rigorous sensor modeling is required;

 It cannot be ensured that the IOPs determined by laboratory or terrestrial techniques are stable;

 It is unfeasible to generate IOPs for all possible sets of configurations that can be tested and used in a surveying;

 With IOPs variations, the results of BBA or ISO are likely to be affected.

IOPs estimated in terrestrial and on-the-
job calibration (OJC) band 23

Results for aerial images of band 23 with IOPs 
of band 15 from terrestrial calibration

Results for aerial images of band 23 with IOPs of 
band 22 from terrestrial calibration

Results for aerial images of band 23 with 
IOPs of band 23 from terrestrial calibration

Results for aerial images of band 8 with IOPs of 
band 8 from terrestrial calibration

 GPS time for each event of cube acquisition (first band);

 Acquisition time of the remaining bands were estimated by the

nominal time differences (22 ms);

 Double frequency GNSS receiver grabbed raw data - 1 Hz;

 The position of each image band was interpolated from these data

and used as observations in the bundle adjustment.

Terrestrial camera calibration

 Calibration was performed for both sensors using a reference spectral band

for each sensor;

 Camera was configured with the cfg. 2 and calibrated considering two

reference bands for each sensor (band 8 for sensor 2 and band 23 for sensor 1);

Estimated IOPs

Check distances for each set of bands IOPs

Image bands used for terrestrial calibration

 Flight configurations were not optimal:

 side overlap;

 one flight height.

 The results have shown that some IOPs have to be estimated on-the-job with bundle adjustment to provide

suitable results;

 Further research is needed to assess the stability of the camera inner orientation and the use of IOP values of

some reference bands. Additional calibrations trials were performed for more two bands of the sensor 1 (bands 15 and 22);

 12 cubes were acquired with different positions and rotations;

 The reference frame for the self-calibration with bundle adjustment was defined by the 3D coordinates of two

points and the Z coordinate (depth) of a third point.
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