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Abstract

Flyingat VeryLow EarthOrbits (VLEO)below 450 km, involvesseveraladvantagesOneof them is the increaseof the optical resolution(both angularand spatialresolution) The
alm of this work is to carry out a study of how the resolutionis affected by the altitude. Resolutionis defined asthe ability of a systemto reproducean object which hasbeen
observed Themore similarto the originalthe imageils, the better resolutionthe systemwill have In this work, the angularresolution,the spatialresolutionandthe improvement
produce by the orbital decreaseare analyzed Somesoftware enhancingresolution techniquesare also studied Thisstudy is being part of the DISCOVERHERO020 European
Project ID 737183 Keywords LEO\VLEOResolution,Angular resolution, spatial resolution, Airy Disc,Rayleighcriterion, Orbit, Altitude, Satellite, Image Restoration,Pan

sharpening,SuperResolution

1. Angular and Spatial Resolution

The angular resolution is the capability of the systemto
resolve separate points that are located at an angular
distance Theopticalresolutioncanbe definedasthe abllity
to resolveremote objectsat a short distanceand reproduce
them Into Individual elements of the Iimage This
performance is characterisedby the Rayleigh criterion,
which states that the minimum separation between two
points of light to be distinguishedby an observeris the
radiusof the Airy DisG whichis definedas
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where Disthe aperture(mm)and ,,isthe wavelength(mm).
Consideringthe telescopeas optical system, Nis equt
+ valent to the angular resolution, since we can consider
diffractionthrougha circularaperture.
Regardingto Earth Observation we can define the

angularresolutionasthe GroundResolutiorDistancg GRD)
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whereR IS the aperture (mm), H is the altitude (m)and ,,is
the wavelength(mm). SeeFigurel.

Figure 1: Ground Resolution Distance outline

Example Calculate GRD and GSD by considering a range of altitudes between 400 km and 600 km:

Table 1: Calculation of GRD and GSD

Opticalconfiguration

d=55105m Altitude (m) 400000 450000 500000 550000 600000
F=450010°m

D=0.5m

GSD (m) 0.49 0.55 0.61 0.67 0.73

Spatialresolution is related to the
number of pixelsthat are usedto
reproduce the image The more
pixels are used, the better quality
the imagewill have

Regardingearth Observationwe
define the spatialresolution asthe
GroundSampleDistance(GSD)

GSDis the geometrical projec
tion of a singlepixelon ground(see
Figure 2.). Mathematically GSDis
definedas
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where d is the pixel size(mm), H Is
the altitude (m) and F is the focal
length (mm).
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2. Enhancing resolution techniques

Figure 2: Ground Sample Distance outline
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Figure3: Resolution variation with Altitude
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Thedirect mannerto enhancethe resolutionis a hardwaremodification 1) Increasethe aperture of the telescope ii) Decreasdhe pixel sizeandiii) Decreasdhe altitude. However all theseactionshave
consequences the designof the optical payload incrementin the optical systemweight and degradationof the signalto noiseratio, amongothers. Forthesereasonspther post-processingechniquesin
orderto improvethe resolutionhavebeenstudied ImageRestorationPanSharpeningnd SuperResolution

MAGERESTORATION )
mage restoration aims at improving the quality of the

PANSHARPENING

SUPERRESOLUTION

The optical systems typically produce high resolution Superfresolution techniques consist of building a higher spatia

panchromatic image by reducing or balancing the
degradationsproducedin the imageacquisitionchain Image
restoration consistsof two stages deconvolution and de-
noising The output Is a sharper panchromaticimage See
Figured.

enlargedresolution(Figureb).

Figure4. CartoSaRAlImage Restoratior3]

3. Conclusions

Thereare severaladvantagedy flying at VLEOsuchas the increaseradiometric performances,
low risk of collision with space debris and increase geospatialaccuracy One of the main
advantagels the increaseof the optical resolution In this work we show that flying at very low
altitude is a direct processto increasethe resolution (Figure3). Thisresult is in line with the
purposeof DISCOVERPBRject Otherwaysto improvethe resolutioncanalsobe usedinsteadof
modifyingthe physicalparametersof the payload
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panchromatic band by fusing together the panchromaticand
multispectralbands Theoutput is a multispectralimagewith an

Figure5: WolrdView2 PanSharpeninf]
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panchromatic images and multispectral images with lower resolution image by merging several images with lower spatia
resolution The purpose of the pansharpeningechniquesis to resolution Image processingalgorithms can improve the spatia
produce multispectral imageswith the same resolution of the resolution by combiningthe non-redundantinformation included in
the lower resolutionimages Superresolution techniquesalso boost
Imagesignatto-noiseratio (SNR)Theoutput is an imagewith higher

spatialresolutionandimprovedimagequality (Figureb).
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Figure6: SuperResolutioaxample: Deimof data
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