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Achievements since project start

SIGNAL TO NOISE RATIO (SNR)



FINDINGS

- The developed methodologies have been tested successfully
on multiple sensors with resolutions from Tm to over 300m.

- Results overall have been good and reproducible, but the
more interesting findings, relate to the different anomalies we
have observed during processing.

- Single detector analyses are more difficult, as would be
expected, but open up the possibilities of providing some
Informatfion on pixel level uncertainty estimation.



EXAMPLE RESULTS

Small satellite results using Libya 4 images only.
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Multiple year estimates of SNR over
Libya 4 using less than a dozen
Images each year.

Seasonal effects in SNR estimates,
blue dots are mid-summer and mid-
winter positions (Libya 4).
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EXAMPLE

RESULTS
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Band Target Radiance | SNR EOSense Dome-C Comments
predicted*
(Heterogeneous) | (Homogeneous)
1 129 1361 992 1081 quantised | Poor distribution,
needs more data.
2 128 214 210 199 Good distribution
3 128 249 239 222 Good distribution
4 108 230 220 (revised) 211 Moderate
distribution
5 74.5 253 236 232 Weak
distribution,
needs more data.
6 68 220 236 (193 lower) 216 Weak
distribution,
needs more data.
7 67 227 238 (182 lower) 222 Weak
distribution,
needs more data.
8 103 221 214 214 Weak
distribution,
needs more data.
8A 523 161 174 (revised) 163 Moderate
distribution
9 9 227 90 (approximate 243 Very poor
as data shows distribution, no
severe Quantised valid result
quantisation)
10 6 387 No estimate 420 Very poor
distribution, no
Quantised valid result
11 4 158 156 166 Limited data
points but
Quantised enough in lower
radiance range
12 1.5 166 125 168 Very low values,
very rough
Quantised

approximation

Sentinel-2 SNR estimates in table
form (left) and plot form (top).




EXAMPLE ANOMALIES — PROBA-V

SNR Plot for the Blue Band Right - Proba-V All available data - Red Right

400 600

350

300

250

150

100

50

Radiance Radiance

Proba-V bands showing fits (blue dots and blue line) to the SNR data clouds.
A shot noise curve does not fit the data cloud. Almost linear increase in
noise with signal, discussions in progress with VITO.




EXAMPLE ANOMALIES —S3 OLCI

Comparison pre-launch, normal scenes, snow scenes C1 - SNR Comparisons (Heterogeneous versus diffuser)
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Although pre-launch, our estimates and snow scenes (Dome-C) gave consistent
results (left). The diffuser results were tens of percent higher (right). The cause is
still unknown.



EXAMPLE ANOMALIES — S2 MSI

Band 2 - Data sets combined - Showing quantisation |Multiple levels in histogram output due to quantisation
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Although we achieved quite consistent results with the ESA estimates for S2-MS|

we did clearly see the effects of signal quantisation in both the data clouds
and the statistical distributions for single images used.



EXAMPLE SINGLE PIXEL

Lb067_VarByCol3_9

Retrieved noise (s.d.)

Each CCD on the FPA has six
separate readouts, the boundaries
are clearly visible between the
CCD segments.

Each individual detector is shown,
T ™™ the noise standard deviation

ot VarByeot varies because of the electronics
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and the varying surface radiance
across Libya 4 (shot noise
component)

The pattern is quite repeatable for
multiple images.

EOSense



Achievements since project start

RELATIVE GAIN AND NON-LINEARITY



FINDINGS

. Effects are present in all sensors, S2-MSI, Landsat 8, S3-OLCI,
Proba-V, DMC3. Probably due to the way we calibrate them.

- Three types of non-linear behaviour observed in the residuals,
multiplicative, additive and small differences in linearity
between detectors.

- Behaviour seems 1o be wavelength dependent, with small
multiplicative and non-linear differences in the VNIR and large
addifive (bias) effects in the SWIR. Mixed behaviour is possible.

- The magnitudes of the effects can be estimated and
corrections determined.



EXAMPLE —

DIFFERENT SENSORS

Sub-set of residuals - Blue Band

PROBA-V

1.003
1.002
$ 1.001
2
® 1
€
T 0.999
S
v
Z 0.998 ,
~July Residuals
0.997 ——August Residuals
0.996
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85
sub-set detector number
|Sub-section of Band 10 Detector Array - Relative Gain residualsl
1.02
S2-MSI
1.01 |
T A A
2 1.005 / /\
" ) -
w |
g 1 | /
Y
3 0.995 \ /
<
3 099
2
% 0.985 ——21-Feb
< ——23-Feb
0-98 ——25-Feb
0.975 27-Feb
0.97
9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
Relative detector number

1%)

=0

Residual magnitude (1.001

1.002

1.0015

1.001

1.0005

-

0.9995

0.999

0.9985

0.998

0.9975

|Persistent residuals over four different dates - Camera 1 Band 1 - S3A OLCI|

S3-OLCI

A

f\“»‘ A\; A

——March 21st 2018

——June 21st 2018

~September 21st 2018
December 21st 2018

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100

Relative Detector Number (centred around detector 117)

1.04
1.02

0.98
0.96
0.94
0.92

0.9

i
™M

Reconstructed Relative Gain curve - Landsat 8

T ONO NMWLW OO N ~ O MmMTONO
A A A A A AN NN ANNNOOOONOOOMOS

Detector Number

421
436
451
466
481




VARIATION WITH TARGET RA

Four highest residuals - SWIR 1 Band (right)

Radiance

DIANCE

Image 1 - Radiance 5, Residual 0.75 (15%)
Image 2 — Radiance 10, Residual 0.4 (4%)
Reference for calibration (very bright)

Generally these effects not seen with diffusers or bright targets as worst effects

are at low radiances.



EXAMPLE — WAVELENGTH BEHAVIOURS

Band 1 Non-linearity Variations (C1)| [Band 10 Non-Linearity (C1)
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ORIGINS OF FEATURES

Multiplicative Error (0.2%) Additive Error (0.05w)
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Most common features in Proba-V are multiplicative at shorter wavelengths
and additive at longer wavelengths.

In OLCI we see sloping residuals at shorter wavelengths (due to non-linearity
differences between detectors) and addifive at longer wavelengths.



EXAMPLE — CORRECTIONS

For multiplicative the correction is relatively simple as has been applied
commercially for the several years.
The additive correction requires some more development.

Detector 522 B20 C1 - Nov 2019 to Mar 2020 Using ’rhe knowledge Of The
Ik radiance and residual
1.008 Assuming 1/71./W dynamic range i
. And 12 bit data, the DN interval mqgnITUde we COD
T Would be about 0.02W per DN es’nmo’re ’rhe error N
radiance given the
From | e R dynamic range of the
/ 0.04W . sensor for any specific
he T T A band.
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Achievements since project start

FOCUS



FINDINGS

Results are consistent from one group of images 1o another.

- Relationship to MTF can be clearly seen in across and along
track comparisons to S2-MSl.

- Relationship to MTF can be determined using an internal
calibration between the focus measure and MTF determined

using standard approaches.
- Changes with time are observable in high resolution sensors.

. Across-track asymmetry has been observed in several sensors,
which means that measured MTF values only give
approximate results if using a measurement from a single point
INn tThe swath.



RELATIONSHIP MTF AND FOCUS VALUE
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ACROSS TRACK ASYMMEIRY

Comparison Dec 2015 (orange) and Dec 2016 (blue) - FM1

SMALL SATELLITE

Two images from a small satellite
system showing change in the
magnitude of the focus value with
time.

Sentinel 2A - Cross-track variation
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Next Steps

FURTHER RESEARCH



RESEARCH ON ANOMALIES

- Finding the cause of the S2 Data quantisation, why is it present
only in Sentinel-2, what is causing ite Consult with MPC.

- S3 differences in the SNR estimate. For other sensors we see
consistency between estimates, while for S3-OLCl we see tens
of percent differences. Whye Consult with MPC

- Proba-V what is causing the non shot noise limited behaviour.
Consult with VITO (already begun).

- Understanding exactly how the standard non-linearity
correction is applied to S2 and S3, to explain some of the
variability in relative gain with the target brightness.

- Why our S2 across-track focus/MTF so poorly correlated
compared fo along frack estimatese It has fo be something to
do with going across multiple detectors rather than using single
detector estimates. Consult with MPC in part.



Next Steps

PROTOTYPE IMPLEMENTATION
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CONCLUSIONS

- We are pleased with the results of all the methods applied and their
consistency.

- We need to work more closely with the different groups (ESA, MPC,
VITO) to understand the anomalies which could be real or due to
our processing (hopefully not our processing).

- The methods to derive the parameter databases are simple to apply
and can be fully automated. We hope to implement much of this in
Phase 2 for the Proba-V follow on small satellite system.

- One important thing that has come out of this study was the lack of
access to pre-launch information. One would expect ESA to have
this and make it available. Data on SNR and MTF in some cases was
difficult to find. Additionally, more details of how the MPC derives
some of the results would be useful. More communication is needed.
.Nc%’r ?o much for me (getting old) but for other younger researchers
in future.




