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Correction of Hot Pixel Steps
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Hot Pixel Issue Motivation

Correction

Hot pixels (HP): Pixels with enhanced dark . Correction of remaining HP induced signal steps to further mitigate impacts on the data quality
current signal in the memory zone of the Mie
and Rayleigh  Accumulation Charge-Coupled
Devices (ACCDs)
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Due to availability of the complete time series, the detection of hot pixel induced steps is easier
in the reprocessing than in the near-real-time (NRT) processing where only a limited part of the
data (one orbit) is available
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Horizontal features in the wind products with

TRy Accurate detection of remaining HP steps in the backscatter signal
systematic wind errors of up to several m/s
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Challenge: Reliable detection of HP induced steps also in the presence of large atmospheric
signal variation (e.g. for illuminated Rayleigh pixels)

HP characteristics: 5 Nl T

 Dark current level changes at random and | | Time / Wbt

unpredictable times T e I el v e lReoi actlon o1 ihe operational Aeolus Development of a time series change point detection tool based on Singular Spectrum

processing on 14 June 2019. L2B Aeolus Rayleigh-clear HLOS winds Analysis (SSA)
before (left to black line) and after the implementation of the DCMZ
correction scheme (right to black line).!

 Different amplitudes

Mitigation by regular dark current signal

characterization measurements (DCMZs, - o — el
now 8 per day) t Hot pixel jump .
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The near-real-time (NRT) dark signal
correction is imperfect due to the temporal
discontinuity between wind and DCMZ
measurements

(%
W

Intensity / LSB
=
o

}.
o N <N
DCMZ correction / LSB

w

with DCMZ correction

o

=]

Intensity / LSB
A
- 4
Intensity / LSB

Remaining HP steps (
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HP incuded steps manifest as sharp steps in , | |
he back tt : | Performance of the NRT DCMZ correction for a Mie hot pixel located : : | iahb
the backscatter signa in range gate #12 from 24 to 28 May 2020. The solid and dashed red Horizontal ACCD neighbour
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. . line indicate the signal with and without dark signal correction. The 0 2000 4000 6000 8000 10000
In case a HP changes its level, the dark signal dashed blue line shows the dark signal correction value obtained from

correction Is wrong until the next DCMZ s four DCMZ measurements per day. Median-filtered time series (600 obs.) of a Rayleigh hot pixel located in range gate #10 (red) and its right ACCD neighbour (blue) from
carried out May 1, 2020 01:03 UTC to May 2, 2020 11:28 UTC.
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Methodology Change Point Detection Algorithm

Singular Spectrum Analysis |

« Change point detection: , Task of finding time steps where the main characteristics of a time series * Two moving trajectory matrices H,and H; are (] [rapeiony maties)]
ing” slided along the time series Data preprocessing| (K] i ]
=l Changlng g S;%Tﬁgﬁ;ﬂ%” - S‘:’D mm)  Segmentation |
c . - - . . Median filtering
e This problem requires a unsupervised, non-parametric method which can be used for on- and At each time step, Hyand H, are decomposed |Distancelmeasure|
offline changed point detection - SSA-based change point detection suitable candidate using SVD
L _ . : . . : : . A distance measure based on the dissimilarit A schematic showing the basic steps of the change point
« Basic idea: Application of Singular Value Decompositon (SVD) to a matrix representation of the | y detection algorithm: preprocessing, SSA: and time series
time series between the left singular vectors U of Hyand H, segmentation. The grey boxes indicate the configurable
is calculated for each time step SRUGIEUSIEELS O 02 e gjol

1. Mapping of a time series to a matrix representation (trajectory matrix) X
« Large distances between both left singular

2. Application of SVD to X vectors indicate a structural change in the |
timeseries, i.e. a change point.
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« Left singular vectors contain information about the time series patterns (mean, periodical |
components and noise) which can be used to detect change points
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« SSA-based methods can easily be extended to multivariate time series (d>1) which has the
advantage of analysing two neighbouring ACCD pixels at the same time
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: (Top): Median-filtered time series (600 obs.) of a Rayleigh

' > il thl hot pixel located in range gate #10 (red) and its right ACCD

Windows of length K Left singular vectors  Singular values Right singular vectors | A schematic schowing the principles of the SSA change point neighbour (blue) from May 1, 2020 01:03 UTC to May 2,

R, detection algorithm with two moving trajectory matrices Hyand H, 2020 11:28 UTC. (Middle): Minimum-maximum scaled

Mapping of a d-dimensional time series X; to its trajectory matrix ~ Singular Value Decomposition (SVD) of a matrix XX*L intro three .-”; ' evaluated at each time step t of the time series shown in red. signals time series and the DCMZ correction value (green).

XExE matrices UK*K §KxL gnd pLxk S (Bottom): Distance measure obtained from the change point
’ detection algorithm. .
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Optimisation and Validation  Application to Reprocessing [&% Reprocessing Results for 08/2018 06/2019 E

« Algorithm has several tuneable parameters: First step: Detection of hot pixel induced | = The change point detection algorithm allows for
« Size of the trajectory matrices steps in Aeolus L1A backscatter signals __ a proper correction of hot pixel induced

SIS | i ' in periods with a low f f
» Median filter size in the preprocessing Transfer information about detected change sDtg:nsZ Irrllepae;lljc;(ism\;vrlltts ae gov;/he rgg;iﬁ:i?g (C))f
points to the reprocessing chain AERCT
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« Optimisation approach with tailored target

ggnction favouring sharp peaks in the In case a hot pixel induced jump is detected by s developed! algorMiERiestused for the |
Istance criterion the  algorithm, an  artificial DCMZ .57 4 | T
s, SO SR first time for the FM-A (08/2018 — 06/2019)

- Optimum set of parameters for the Aeolus reprocessing (public data release autumn

hot pixel detection The artificial DCMZ is a copy of the closest 2022)

nominal DCMZ measurement where only the

: Vallda’uon:. dark current value of the affected hot pixel is All" together _6_05 art|f|C|aI_ DC_MZ files were (Median-filtered time series of a Mie hot pixel (400 obs.) located
e Hot plxel steps labelled for one month of modified created to mltlgate hot plxel induced steps in range gate #1 (top) and a Rayleigh hot pixel located in range

data (,,ground truth ") arising from 14 hot pixels gate #10 (bottom) before (blue) and after DCMZ correction

- 93 % precision, 91 % recall The artificial DCMZ i§ valid for the clpsest orbit Qe T "
start or stop depending on the location of the L | } o T
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(NRT Rayleigh wind velocity for all on 2019-05-08_NRT| (NRT Rayleigh wind velocity for all on 2019-05-10_NRT|

LIRS A8 o W AR L T o LB
11’1'1 Hm N ‘| 'J M J'ﬂl w .‘“ 1y \ '&“M;ﬂ'* m] “‘ ') "" :

e | ” ’/ ,H” u ‘ |‘I l““ | ]H I| \‘ ‘,|!‘
| ' I

3
Wind velocity [m/s]
wind velocity [m/s]

Altitude [km]
Altitude [km]

I, ’

Good parameters

[Rayleigh wind velocity for all on 2019-05-08) | Rayleigh wind velocity for all on 2019-05-10 |
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pumber of observation A schematic schowing the principles of the creation of artificial DCMZ i
(Top): Median-filtered time series of a Rayleigh hot pixel measurements to mitigate hot pixel induced steps in the Aeolus
(600 obs.) located in range gate #10 (red) and its right reprocessing. | " oute s Time ure) . | .
ACCD neighbour (blue). (Middle) and (Bottom): Distance Comparison of L1B Rayleigh HLOS winds of NRT-baseline 2 (top) with Cgmparlson O_f L1B Raylelgh HLOS winds of NRT-baseline 2 (top)
measure obtained using different sets of algorithm reprocessing baseline B14 (bottom) for May 8, 2019. with reprocessing baseline B14 (bottom) for May 10 2019.
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