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ABSTRACT

Data takes of hyperspectral imagers are of increasing demand in Earth Observation related
applications. As for other remote sensing techniques this requires precise pre-processing
comprising of radiometric, spectral and geometric distortion reductions. One of these steps is
radiometric scaling to transform recorded digital number to radiance. For this, laboratory assessed
mathematical relations between required radiance and recorded digital number (gain) and short-
term measurements of dark current variations (offset) during operation are incorporated. Due to
changes in the sensor system, which include thermal imbalance and mechanical stress gain and
offset may vary over time. The result of this is visually perceptible as along-track striping noise
after radiometric calibration. In this work, a new approach is presented that enables fast, highly
precise and parameter-free destriping of uncorrelated striping noise that enhances the radiometric
accuracy of hyperspectral push-broom data takes, and, hence, improves the outputs of succeeding
applications. It is part of the existing ROME (Reduction of Miscalibration Effects) framework and is
based on a noise-perpendicular gradient minimization technique. The performance was tested and
compared to four state-of-the-art algorithms using artificially degraded hyperspectral whisk-broom
scenes from a HYMAP campaign over Germany, two AISA scenes over Germany and two EO-1
Hyperion scenes over Namibia. Proposed approach clearly outperforms all other tested
approaches even in low SNR scenarios like close to atmospheric absorption bands. On average a
destriping accuracy of 99.75 % can be achieved having 3o of only 1 % and, thus, it has been
integrated into the state-of-the-art ROME framework that becomes a standard inside hyperspectral
pre-processing chains.

INTRODUCTION

Remote sensing acquisitions often serve as a basis for geospatial applications. Especially imaging
spectroscopy becomes more and more important because continuous pixel spectra enable the
differentiation of surface cover materials. Modern sensors that utilize the push broom technology
offer a broad applicability through the variable integration time but have to be carefully
radiometrically calibrated. This is usually performed in special laboratories. Estimated calibration
sets are then used to transform the raw hyperspectral data cube into physics based units such as
at-sensor-radiance that generally builds the base for any application. If the characteristics of the
detectors change over time and do not temporally coincide with last laboratory calibration, then
visual perceptible along-track stripes occur in the acquisitions that aggravates succeeding
applications. However, in this work a new approach is presented that significantly reduce stripes. It
relates to human perception through its global gradient minimization principle and clearly
outperforms inspected current state-of-the-art destriping approaches. It has been evaluated using
data sets of three different hyperspectral sensors — HYMAP, AISA Dual and EO-1 Hyperion - for
which ground-truth was partly available. In the following the basic concepts and related results are
briefly presented.
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MATERIALS

In this work a set of hyperspectral images has been used for the evaluation of the proposed
algorithm. Those set comprises three atmospherically corrected airborne HyMAP [1] scenes, two
radiometrically corrected spaceborne EO-1 Hyperion [2] scenes and two radiometrically corrected
airborne AISA Dual [3] scenes. The HYMAP scenes were acquired over Potsdam (2004), Dresden
(2003) and Berlin (2005) in Germany. The Hyperion scenes were acquired over the Haib River
Complex crossing Namibia and the Republic of South Africa in 2013 and 2014. The AISA scenes
were acquired over the Fichtwald region in Germany in 2010. The HyYMAP acquisitions have been
utilized as test bed for destriping of artificial stripe degradations, because whisk broom data takes
are mostly unaffected by dark current variations induced stripes. Those scenes have been
atmospherically corrected using ATCOR [4] before degradation. Then, each band of each scene
has been independently and artificially degraded by adding White Gaussian Noise (WGN) that was
generated as proposed in [5], whereas different noise degradation levels (0.1 %, 0.5 %, 1 % and 5
%) have been realized resulting in 1536 different striping scenarios (4 noise levels, 3 HYMAP
images, 128 bands; figure 2). For each scenario ground-truth was available as original image that
then served as evaluation basis. All other hyperspectral scenes from AISA and Hyperion remained
unchanged due to their existing stripe degradation as shown in figure 1 and 2.

(d)
Figure 1. False colored representations of subsets of HyMAP acquisitions over (a) Potsdam (CIR:
Red 864.5 nm, Green 652.6 nm, Blue 546.3 nm), (b) Berlin (CIR as in (a), (c) Dresden and of
subsets of Hyperion acquisitions over (d-e) the Haib River Complex (Red 2304.71 nm, Green
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915.23 nm, Blue 447.17 nm), and subsets of AISA acquisitions over the Fichtwald region (f) and (g)
(Red 1574.37 nm, Green 964.39 nm, Blue 730.05 nm)

Figure 2. False colored scene oHyMFi’cquisition over Potsdam (CIR: Red 864§ nm, Green
652.6 nm, Blue 546.3 nm) that was artificially degraded with 5% dark current variation

METHODS
The destriping approach consists of several modules that are shown in figure 3, whereas this
approach assumes that along-track stripes induce artificial across-track gradients which have to be
minimized.

Gradient

Estimation Application Normalisation Detrending Destriped band

Input

Figure 3. Destriping scheme
The following equation serves as basis for succeeding considerations:
iﬂ = iﬂs = (1)
where im is one band of the at-sensor radiance image without stripes, im. is one band of the real

at-sensor radiance image and s is the striping noise matrix of one band. This would then lead to
the following equation coping with the gradient minimization constraint:

[ med,

where med,, is the along track median. This is valid for along-track stripes, because their along-
track median becomes their own argument that can be represented as integral of its derivative or,
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hence, the stripe pattern itself. To solve equation 2, it is necessary to assess g e.g. as high-pass
ai
of f’s
zero mean property as the dark current variations (thermal Gaussian noise). Also remaining long-

wave trends have to be reduced, e.g. by applying the approach of [6].

Additionally, any estimated stripe matrices have to be mean normalized in order to have a

In addition to the proposed method several other methods have been tested. Those were the
current state-of-the-art approaches of [7-11]. To evaluate the results for the artificial HYMAP
degradations three performance indicators have been selected. Those were the Peak-Signal-To-
Noise Ratio (PSNR) [6,12], the Modified Structural Similarity Index Measure (MSSIM) [12-14] and
the column correlation or spectral correlation. To evaluate the AISA and Hyperion images a new
performance indicator has been defined. It is the Absolute Average of Highpass of Differences
(AAHPD). The related equation is given in the following to:
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whereas diff represents smoothed difference between the destriping result and the original image
using the 3x3 filter fil3, col the detector element or across track position, row the scan line number
(v or along track scan line position or time) and &) is the dyadic product.

RESULTS AND DISCUSSION

In the following the results are briefly presented and discussed. All objectively derived evaluation
results have been averaged and are given in table 1. Additionally, the three-sigma probability
estimate 30 has been computed to account for the variation or volatility of the indicator.

Table 1: Averaged results for all images

Approach / Indicator M1 M2 M3 M4 M5 M6

PSNR [%] (30) 99.92 97.09 97.20 83.50 99.81 85.87
(0.30) (11.22) (14.45) (19.97) (4.56) (27.54)

SSIM [%] (30) 99.58 93.40 93.43 80.57 95.68 65.94
(1.43) (29.99) (29.92) (46.47) (22.79) (24.07)

Spectral Correlation [%] (30) 99.96 91.34 86.19 78.65 93.77 95.77
(0.4) (11.54) (8.70) (15.73) (6.72) (7.23)

Average [%] (30) 99.82 93.94 92.27 79.71 95.13 80.66
(0.71) (17.58) (17.69) (27.39) (11.35) (19.61)

AAHPD / Hyperion [#] (30) 0.00004 0.00028 0.00034 0.00084 0.00060 0.00166
(0.0029) (0.0021) (5.5623) (0.3825) (0.0031) (0.0136)

AAHPD / AISA [#] (30) 0.02311 0.0634 0.18276 0.05955 0.06011 0.09223
(1.3208) | (1.3666) (157.7) (1.3317) (1.4045) (1.8410)

AAHPD [#] (30) 0.00962 0.03144 0.04128 0.02516 0.02733 0.031
(0.6476) (0.6557) (59.052) (0.9894) (0.6759) (0.7650)

M1: Proposed approach

M2: Rogass et al. (2012)

M3: Goodenough et al. (2003) and Datt et al. (2003)

M4: Staenz et al. (2003)

M5: Pande-Chhetri and Abd-Elrahman (2011)

M6: Pande-Chhetri and Abd-Elrahman (2013)

According to table 1 the proposed approach clearly outperforms all other approaches. Second best
approach is the approach of [10]. Third best approach is [7]. However, the approach of [8,9] also
provides good results if visual perception is additionally used for evaluation as exemplarily shown
in figure 4. Hence, visual perception has been integrated as subjective evaluation criterion.
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Figure 4: Subsets of one HYMAP scene as false color composites of the destriping results of (a)
the proposed approach, (b) Rogass et al. 2012, (c) Goodenough et al. 2003 and Datt et al. 2003,
(d) Staenz et al. 2002, (e) Pande-Chhetri et al. 2011 and (f) Pande-Chhetri et al. 2013

If subjective evaluations are integrated into the evaluation scheme as ranking, then all other
applied evaluation metrics have to be also ranked as in table 2.

Table 2: Overall averaged performance ranking

Overall performance ranking
Approach / Indicator

PSNR [#]

SSIM [#]

Spectral Correlation [#]
Visual comparison HyMAP [#]
Median AAHPD / Hyperion [#]
Median AAHPD / AISA [#]
Visual comparison Hyperion [#]
Visual comparison AISA [#]
Average [#]
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According to table 2 the proposed approach outperforms all other inspected approaches, but
second best approach are now the common approach of [8,9] and the approach of [10].
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CONCLUSION

In this work a new concept for efficient destriping of uncorrelated striping noise have been
proposed. It works with different sensors and clearly outperforms all other inspected approaches. It
will substitute current algorithms of the ROME framework (Reduction of Miscalibration Effects, [6])
that widely used in the past. However, future tests will include more different push broom
acquisitions as well as along-track gradients.
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