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Abstract—This paper describes some research related the
sensor calibration of an optical remote sensing satellite. The
WREN satellite acquires multispectral images, but these raw
images need some correction before any application. The columns
of the image, which was created by different sensors of the
camera, does not contain comparable data, the images have a
striped view.

The described studies analyze the histograms of the different
columns of the images and unified the the distribution for creating
a corrected image or calibrate the sensor.

Index Terms—WREN, satellite image, remote sensing

. INTRODUCTION

The WREN-1 satellite has launched in 16 August 2024
by the Falcon 9 launcher of the Transporter 11 mission[1].
This six unit size cubesat was made for the WREN (Water
Resources in Efficient Networks) project to take multispectral
images [2], [3], [4] for a drought monitoring system.

Il. THE IMAGES

The WREN-1 satellite can take multispectral images from
the Earth’s surface in six bands. The image of a band contains
2048 columns and (in the examined cases) 5120 rows of 16
bit values.

The images are acquired in these bands:

- 01 Band, 445-515 nm (Blue)

- 02 Band, 505-585 nm (Green)

- 03 Band, 625-695 nm (Red)

- 04 Band, 770-790 nm (Near infrared)

- 05 Band, 890-910 nm (Near infrared)

- 06 Band, 445-805 nm (Panchromatic, not use in the
described research)

When we look an image, we can see a striped pattern, because
the sensors of the different columns are not uniform. (Figure
1)
We need a method to unify the columns of the image.
There are more method for correcting the camera
geometry[6], [7], but in this case we need a method for the
radiometry correction of the sensors.

Il. A SUGGESTED CORRECTION METHOD

The histograms can be calculated of the columns to study
the differences. (Assume that columns close to each other
are similar.) The following figures show the percentiles (the

Figure 1. The view of a part of the original image in the 04 band which was
taken 19 February 2025. The picture was created by QGIS [5], using a color
scale, because the striping is more visible with this method.

Figure 2. The enlarged view of the Figure 1.

boundaries between the percentiles) with different colors in
the columns of the image.
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Figure 3.

Figure 4.

Figure 5.

Figure 6.
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A 01 sév percentilises a2 egyes osziopokban 1

A0S ssy percentilises az egyes

Distribution by percentiles in the 01 band (Blue, 445-515 nm). Figure 7. Distribution by percentiles in the 05 band (NIR 890-910).

We can zoom in on a part of the diagram to clearly see the
differences between the columns of the image.

A 02 sév percentilises a2 egyes osziopokban 1

A 01 s percentiisel az egyes.

Distribution by percentiles in the 02 band (Green, 505-585 nm). B

Figure 8. Distribution by percentiles in the 01 band. (zoomed part)
Distribution by percentiles in the 03 band (Red, 625-695 nm).

Figure 9. Distribution by percentiles in the 02 band. (zoomed part)

A3 54V percentilise az egyes

0
 eutiop sorszima

Distribution by percentiles in the 04 band (NIR 770-790 nm). Figure 10. Distribution by percentiles in the 03 band. (zoomed part)
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a cxziop sorzama

Figure 11. Distribution by percentiles in the 04 band. (zoomed part)

a cxziog sorszama

Figure 12. Distribution by percentiles in the 05 band. (zoomed part)

In the Figure 13. there are smoothing lines in dotted line.
The smoothing lines created by linear regression from the
neighbors (+7) of the columns. The program fit a regression
line to these 15 values, and estimate a smoothed value with the
regression line in the inspected point. The program use Sector
Based Linear Regression [8] which is a robust regression,
the generalized process of the Fitting Disc Method [9] which
developed for LIDAR data processing.

The robust regressions (like the used SBLR) can provide an
appropriate result in that case too, if the dataset contains some
outlier. The SBLR was used in the described analyses for this
reason.
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Figure 13. Distribution by percentiles in the 04 band (zoomed part) with
smoothing lines (dotted lines).

The figures was created by a Python [10] program with
NumPy [11] and Matplotlib [12], [13]. The source code of
the program in the APPENDIX.

The program calculated a linear regression between the
original and the smoothed percentiles (use also SBLR, between
the 9 key values of the distributions), and apply this linear
function to calculate the corrected values of the pixels of the
column. This method can provide a corrected image.

IV. CONCLUSION
The result of the studied method is in the Figure 14.

Figure 14. The corrected image (the same part and same color scale than the
Figure 1.)

The striped effect are reduced in the corrected image, but
has not eliminated fully, mainly the most highest values (red
in the Figure 14.). In the most lowest values of the image
(typically water surfaces, blue in the Figure 14.) the result are

worse than in the original image.
L /

Figure 15. The enlarged view of the Figure 14.

The linear regression is not suitable for the correction in the
highest and lowest parts of the histogram. In the future | can
use other regression (for example polynomials) or a different
linear regressions in the highest and lowest values.

An usable solution for the described problem need more
research.

The usable calibration of the sensor also needs more re-
search in the future.
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APPENDIX

#!/usr/bin/python3

mrrn

Ertékek eloszldsa oszloponként és percentilisenként

\ / I---- I--—- I\ I
\ / I--—- I-——- I\TI
\/\/ I\ I---- I \I

A programot Nagy Gabor készitette a WREN keretében

mrirn

import numpy as np

from osgeo import gdal

from osgeo.gdalconst import =

import matplotlib.pyplot as plt

from sblr import sblr

def

def

beolvas (felvetel, savok):
""" felvétel beolvasdsa sdvonként egy szotdrba"""
ret={}
for sav in savok:
kepfile=gdal.Open (felvetel+'/HICAM/band '+sav+'.tiff',
ret[sav]=kepfile.ReadAsArray ()

return ret

ticklist (rnum, cmin, cmax, ticknum=7, unit=1.0):

"""rickerek és cimkéik elédllitdsa a Matplotlib szamdra'""

rlog=np.logl0 ( (cmax-cmin) / (ticknum-1))

if rlog%1<=0.1505149978319906: #np.loglO((1*2)**0.5)
rsz=1

elif rlog%1<=0.34948500216800943: #np.loglO((2+2.5)**0.5)
rsz=2

elif rlog%1<=0.54845500650402823: #np.logl0((2.5*5)*%0.5)
rsz=2.5

elif rlog%1<=0.84948500216800937: #np.logl0((5+10)**0.5)
rsz=>5

else:
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rsz=10
tickdist=int (rsz*10**int (rlog))
tickcoords=np.arange (tickdist*np.ceil (cmin/tickdist), cmax+0.0001, tickdist)
if tickdist%1==0.0:

ticklabels=[str (int (x*unit)) for x in tickcoords]
else:

ticklabels=[str (x*unit) for x in tickcoords]
ticks=[rnum* ( (x-cmin) / (cmax-cmin)) for x in tickcoords]

return (ticks, ticklabels)

szinek=["'tab:gray', 'tab:blue', 'tab:orange', 'tab:green', 'tab:red', 'tab:brown',

adat=beolvas ('2025 02 19T13 10 ul', ['01', '02', '03', '04', '05'])

sav="'04"
kezd 0sz=900
veg o0sz=1100
ih=7

pctn=8

pctg=[i* (100/pctn) for i in range (pctn+l) ]

nsor=adat [sav] .shape[0]
nosz=adat [sav] .shape[1]
pct=np.zeros ((pctn+l,nosz))
pctsim=np.zeros ((pctn+l,nosz))
for osz in range (nosz) :

for i in range (pctn+l):

pct[i] [osz]=np.percentile (adat[sav][:,0sz], pctglil)

for osz in range (ih, nosz-ih):

for i in range (pctn+l):

'tab:pink',

regegym, regegyb = sblr(list(zip(np.arange (osz-ih, osz+ih+1), pct[i,osz-ih:osz+ih+1]))

pctsim[i, osz] = regegym*osz+regegyb
if osz==ih:
for osze in range (ih):
pctsim[i, osze] = regegymroszetregegyb
if osz==nosz-ih-1:
for oszu in range (osz+1l,nosz):

pctsim[i, oszu] = regegymroszutregegyb
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kezd 0sz=900

veg 0sz=1100

for i in range(l,pctn):
plt.plot (pct[i] [kezd osz:veg osz+l], color=szinek[i], linestyle='-")
plt.plot (pctsim[i] [kezd osz:veg osz+l], color=szinek[i], linestyle=':")
plt.title('A '+sav+' sav percentilisei az egyes oszlopokban 10 szazalékonként')
plt.xlabel ('az oszlop sorszama')
plt.ylabel ('az érték')
tckx, tckl=ticklist (veg osz-kezd osz, kezd osz, veg o0sz)
plt.xticks (tckx, tckl)

plt.show ()
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