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SELF-CALIBRATED DIRECT GEO-REFERENCING
OF AIRBORNE PUSHBROOM HYPERSPECTRALIMAGES

Ching-Kuo Yeh and Victor J. D. Tsai’

Department of Civil Engineering, National Chung Hsing University,
Taichung 40227, TATWAN

The basic idea of direct geo-referencing (DG) was realized and refined in this
paper by introducing 19 additional parameters for self-calibration of airborne
pushbroom hyperspectral images with in-flight GPS/IMU data. It is
demonstrated that the proposed self-calibrated DG approach significantly rectify
the geometric distortions caused by misalignments in GPS/IMU, aircraft
vibration, interior parameters of the sensor's optical system, and variations in
pixel ground resolution and topography.

Advantaages of Airborne Hyperspectral Imager
1.High spectral resolution
2.Mobility in image acquisition
3.Abundant wealth of spectral variations of the ground surface within tiny
spectral bandwidth

Integrated airborne hyper-spectral ISIS scanner
1.Manufactured in 2004 by ITRC of NARL I
2.Partially supported by NCHU
3.240 bands in spectral range between

435~945 nm
4.ISIS scanner, IMU, and GPS
5.1GI AeroControl CCNS4
6.Applanix POS AVS510

IS1S

IMI
controller

METHODOLOGY
The DG approach for orthoimage production using line scanner imagery usually
implements three-dimensional conformal transformations

I r.j}-b;' =1 ri‘ { +8g° R::‘._H.v 2 \h;
i ithe vector of target point to origin in object space
i, :the vector of center of sensor to origin in object space
the scale factor from image frame to object space
" :the rotating matrix between image frame and object space
1 :vector of center of sensor to point p in image frame

Additional parameters of the self-calibrated DG approach
1.GPS receiver lever-arm offsets
2.Misalignments in IMU boresight angles
3.Scaling factors of the on-board T-AS platform
4.Variation of the sensor's CCD size in column direction
5.Interior orientation parameters of the sensor's optical system including offsets
6.The topography of the earth surface

These parameters were determined in a least squares solution of the linearized

observation equations formed by using a series of well-distributed GCPs and
DEM data describing the topographic surface. Bilinear interpolation technique
was thereby applied for radiometric resampling of the rectified images during the
process of georeferencing.

EXPERIMENTS
A strip of raw ISIS images with 2250 lines x 1150 pixels in 1.16m ground
resolution covering the north bank of Tachia river in Waipu District, Taichung,
Taiwan was used in the experiment. Thirty eight GCPs, whose ground
coordinates were surveyed by using GPS-RTK approach, along with the
GPS/IMU data for each scan line and 20m DEM data were used to solve for the 19
additional parameters by least squares method.

Raw ISIS images in 1.16m ground resolution (2250 lines x
1150 pixels; Red: A182=869.9nm, Green: A94=654.6nm,
Blue: 152=551.9nm).

Self-calibrated DG rectified ISIS images in 1.0m ground
resolution (2998 lines x 3133 pixels)

—Ti. = i

Residuals of GCPs after applying the proposed self- Residuals of GCPs after applying the conventional DG
calibrated DG approach (RMSE,=2.31m, RMSE,=2.06m, approach without calibration (RMSE,=18.89m,
RMSE,=0.84m, RMSE=3.21m). RMSE,=14.86m, RMSE,=1.98m, RMSE=24.11m)

CONCLUSIONS

The GPS/IMU data recorded on board Applanix POS AV510 provides a rough
solution to the conventional DG approach. The basic idea of DG was refined in
this research by introducing 19 additional parameters for self-calibration of the
airborne pushbroom ISIS hyperspectral images. The experimental results
showed that the proposed self-calibrated DG approach significantly reduces the
geometric distortions caused by misalignments in GPS/IMU, aircraft vibration,
variations in CCD resolution, interior parameters of the scanner's optical system,
and topographic variations.
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