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1. Executive Summary 
The Piranha Corporation is proud to present its mission proposal for the SELVA-RX satellite. This 

proposal is part of the project for the ESPACE master program at the Technische Universität 

München. 

 

The main scope of the mission is the rapid mapping of ǘƘŜ ǿƻǊƭŘΩǎ ǘǊƻǇƛŎŀƭ ǊŜƎƛƻƴǎΣ ǿƛǘƘ ŀ ǇǊƛƳŀǊȅ 

focus on the Amazon basin. Thƛǎ ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƭƻǿ orbit inclination allowing 

multiple data pass times over the tropical areas, mitigating the inherent cloud coverage problem. 

The mission is designed for five years of nominal operations with a tentative launch date in 2014. 

 

2. Mission objectives 
2.1 Motivation 

2.1.1 Increasing deforestation 

Various natural and anthropogenic effects are resulting in ever-increasing deforestation in the 

tropics. This results in severe damage to the rainforest ecosystem and if the present rate of 

deforestation continues, the implications for the whole Earth system can be dire. Constant 

monitoring of the coverage and ΨhealthƛƴŜǎǎΩ ƻŦ ǘƘŜ rainforest is therefore a necessity to make 

reliable assessments of the current state of rainforests.  

 

Between 2000 and 2005, Brazil lost more than 132,000 square kilometers of forestτan area larger 

than Greece. The following graph provides some concrete numbers to illustrate this alarming 

tendency. 

 

 
Figure 2.1: Deforestation in the Brazilian Amazon, 1988-2010. 

 

There is one overwhelmingly evident natural effect contributing to deforestationτglobal warming. 

One of the other critically evident causes have anthropogenic origins. Forest clearing for 
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pastureland, colonization along with subsistence agriculture, fire used by farmers to clear land, road 

constructions, mining, forest fires constitute only a part of the list.  

 

2.1.2 Rainforest ecosystem knowledge improvement 

The role of rainforests in the global carbon cycle is complex and its effects are not known in great 

detail: plants contain a great deal of carbon and serve as the largest CO2 sinks, absorbing carbon 

dioxide (CO2) through growth and photosynthesis, and releasing it back into the atmosphere during 

decomposition. The importance of a forest in the carbon cycle depends on the extent of the forest, 

the amount of carbon stored per unit area (as plant body or as organic material in the soil), and the 

rate at which carbon is άŦƛȄŜŘέ ōȅ ǘƘŜ Ǉƭŀƴǘǎ ŘǳǊƛƴƎ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎΦ 

 

It is known, however, that rainforests play a major role in the carbon balance on Earth. A hectare 

(2.471 acres) of rainforest absorbs one ton of CO2 per year. The rainforest leaf systems comprise 

approximatelȅ тл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǘƻǘŀƭ ƭŜŀŦ ǎǳǊŦŀŎŜ ŀǊŜŀΦ wŀƛƴŦƻǊŜǎǘ ŀŎŎƻǳƴǘ ŦƻǊ ōŜǘǿŜŜƴ ол҈ ŀƴŘ 

50% of photosynthesis in terrestrial systems, although they cover only 6% of the total land area of 

the earth. Rainforests store more carbon (as sugars and starches) per unit area than any other type 

of ecosystem and contain between 40% and 50% of the carbon in the terrestrial biomass, which has 

been estimated as more than 17 kilograms of carbon per square meter. In particular, the rainforests 

of Amazon basin contain between 14 and 40 kilograms of carbon per square meter. The soils lying 

under rainforests also contain substantial amounts of carbon (in roots, microorganisms, soil fungi 

and plants), which amounts to about 27% of global soil carbon. When forests are cleared and 

burned, 30 ς 60% of the carbon is lost to the atmosphere. 

 

Additionally, nearly half the medicinal compounds we use every day come from plants endemic to 

ǘƘŜ ǘǊƻǇƛŎŀƭ ǊŀƛƴŦƻǊŜǎǘΦ .ŜǎƛŘŜǎΣ ǘǊƻǇƛŎŀƭ ǊŀƛƴŦƻǊŜǎǘǎ ŀǊŜ ǘƘŜ 9ŀǊǘƘΩǎ ƻƭŘŜǎǘ Ŏƻƴǘƛƴǳƻǳǎ ŜŎƻǎȅǎǘŜƳǎΦ 

Fossil records show that the forests of Southeast Asia have existed in more or less their present form 

for 70 to 100 million years. Rainforests also provide a unique home to approximately two thirds of all 

living species (in the order of 1,000 species per square kilometer) and are a vital component of the 

ŜŀǊǘƘΩǎ ōƛƻŘƛǾŜǊǎƛǘȅ. 

 

2.1.3 Satellite methodology for rainforest mapping 

Further research in the field of methodology of satellite forest mapping and experiments with new 

techniques and concepts for further technological development is needed. The main challenge for 

satellite rainforest mapping in the optical region is the presence of clouds. In the last few years, 

there has been an increasing interest in the mapping of humid tropical regions is inevitably attached 

to the problem of high presence of clouds in such regions, which are a major obstacle to optical 

remote sensing of such regions. One such problem is depicted in Figure 2.2, which shows the mean 

annual distribution of clouds from July 1983 to June 2008. Hence a cloud cover probability analysis is 

a fundamental prerequisite to land-cover change and Earth system process studies in these regions. 
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Figure 2.2: Mean annual cloud distribution from July 1983 to June 2008 (ISCCP). 

 

According to Asner (2000), a 30% cloud cover threshold represents the maximum allowable value for 

land-cover and vegetation biophysical analysis. It has been pointed out the difficulty of assessing 

land-cover in a region when cloud cover is consistently 30% or more Yanesse (1997). 

 

For past remote sensing missions like Landsat, the probability of acquiring a scene in the Brazilian 

Amazon with 30% or less cloud cover was minimal in the wetter parts of the year (December-May), 

and was even less likely towards the end of the dry season (October-November), as can be shown in 

figure 2.3 (Asner). The chances of acquiring a scene with 30% or less cloud cover are greatest in 

June, July and August. Even then, only 13% and 6% of the entire Brazilian Amazon region had a 90-

100% chaƴŎŜ ƻŦ ǎǳŎŎŜǎǎŦǳƭ ǎǳǊŦŀŎŜ ƛƳŀƎƛƴƎ ƛƴ ǘƘŜ ΨōŜǎǘΩ ƳƻƴǘƘǎ ƻŦ Wǳƭȅ ƻǊ !ǳƎǳǎǘΣ ǊŜǎǇŜŎǘƛǾŜƭȅ όŀǘ 

30% cloud-cover threshold). 

 

 
Figure 2.3: Monthly probabilities of obtaining a Landsat TM scene with 30% or less cloud cover. Statistics were 

constructed from 54 179 scenes collected between 1984 and 1997. 
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In terms of previous missions, like Landsat 1-5, Landsat 7 and CBERS 1-2, on an annual basis, the 

probability of obtaining an image with 10% and 30% or less cloud cover in the Brazilian Amazon is 

relatively good but not excellent. For example, at the 10% cloudiness threshold, only 40% of the 

Landsat TM footprints have a high probability (90-100%) of a successful observation in a given year. 

The probability of success increases to 54% when relaxing the threshold to 30% cloud cover. Most of 

the region to the north of the Amazon River remains unobtainable at the 10% cloudiness threshold. 

In the state of Amampá, the probability of an observation even once per year at 30% cloud cover is 

close to zero. 

 

One of the primary advantages of the SELVA-RX mission is the quick and more complete coverage of 

the Brazilian Amazon compared to past missions, given the unique characteristics of its orbit and the 

operation of the instruments on board. The expected increment in the revisit times to the 

Amazonian basin results in an increment in the probability of successful surface imaging of a scene, 

applying the same threshold of 30%, to around 90%-100% of an average 15% of the region in the 

best months of the year (June-August). 

 

On an annual basis, considering a 10% clouds threshold, it is expected that more than 50% of the 

SELVA RX footprints have a high probability (90%-100%) of a successful observation, and it increases, 

as in the previous cases, when relaxing the threshold to 30% cloud cover. 

 

2.2 Mission objectives 

2.2.1 Primary objectives 

1. Increase knowledge and research on the rainforest ecosystem, especially in the Amazon basin. 

Maps of Normalized Difference Vegetation Index (NDVI), Soil-adjusted vegetation index (SAVI), Land 

surface emissivity (LSE), Leaf Area Index (LAI), Land Surface Temperature (LST), along with four sets 

of false-color maps for different RGB combinations will be constructed out of the SELVA-RX raw data 

and provided to the local users by the Imaging Processing Centre located in Cachoeira Paulista. 

These products will help local users monitor forest coverage and perform vegetation studies. On 

commercial basis, measured data shall also be made available to approved foreign research 

institutions to further enhance current vegetation distribution indexes, forest and crops 

differentiation, vegetation and soil moisture studies, as well as pest infestation, soil patterns, 

deforestation, water drainage and various stages of crop growth monitoring. 

 

2. Provide national agencies and local users with real-time data and products for the control of 

natural and anthropogenic activities in the Amazon region.  

The following data will be made available to the users: 

¶ Level 0 products: Sets of raw gray scale images in GREEN, RED, NIR, SWIR, MIR and TIR 

bands. 

¶ Level 1 products: orthorectified, georeferenced gray scale images of reflectance intensity.  

¶ Level 2 products: Global tropic maps of NDVI, SAVI, LSE, LAI, LST and false-color images for 

four different band combinations 

 

 

 



  SELVA-RX Satellite Mission Proposal 

Page 8 of 39 

2.2.2 Secondary objectives 

1. Provide research institutions with a comprehensive data set, providing them real-time data on 

tropical rainforest ecosystems and Global Earth System modeling capabilities. 

Levels 1 and 2 data products will also be available on commercial basis to third-party researchers 

interested in performing Tropical investigations in the Amazon Basin, as well as tropical rainforest 

regions of African and Asia upon approved requests. 

 

2. Increase international cooperation by technology exchange. 

As part of SELVA-RXΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǘƘƛǎ Ƴƛǎǎƛƻƴ ƛƴǘŜƴŘǎ ǘƻ ƘŜƭǇ .ǊŀȊƛƭƛŀƴΩǎ bŀǘƛƻƴŀƭ {ǇŀŎŜ 9ȄǇƭƻǊŀǘƛƻƴ 

Institute (INPE) to further enhance their current Amazon Basin mapping capabilities. As it results 

INPE has a variety of programs that depend on space agency missions like the Landsat network, 

Resourcesat among others; some of the programs like DETEX and DETER require real-time data 

processing capabilities in order to detect forest fires and deforestation as it happens. 

 

SELVA-RXΩǎ unique rapid mapping capabilities will certainly comply with this objective and will 

provide the Brazilian Government with a unique tool that will help them conserve the Amazon 

Forest. 

 

2.3 Mission requirements 

 

Table 2.1: Main characteristics of the Advanced Wide Field Sensor. 

MR-1 The satellite shall have rapid forest mapping capabilities 

MR-2 The satellite shall achieve 100% coverage of the Amazon basin within 24 hours 

MR-3 ¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƘƛƎƘ-level (level 0) data shall include sets of raw gray scale images in the 

following bands: 

¶ VIS: red, green  

¶ NIR 

¶ SWIR 

¶ MIR 

¶ TIR 

MR-4 ¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƭŜǾŜƭ м Řŀǘŀ ǇǊƻŘǳŎǘǎ ǎƘŀƭƭ ƛƴŎƭǳŘŜ ƻǊǘƘƻǊŜŎǘƛŦƛŜŘΣ ƎŜƻ-referenced gray scale 

images of reflectance intensity 

MR-5 ¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƭŜǾŜƭ н όŜƴŘ-user data products shall include, but not limited to: 

¶ Normalized difference vegetation index (NDVI) of the tropical regions of the earth, 

¶ Soil-adjusted vegetation index (SAVI) 

¶ Land surface emissivity (LSE) 

¶ Leaf area index (LAI) 

¶ Land surface temperatures (LST) 

¶ False-color images for four different band combinations 

MR-6 The satellite shall have rapid fire detection capabilities which shall also be operational 

when the satellite is in eclipse 

MR-7 The satellite shall operate optical instruments on a multi-spectral spectral band from 

visible (VIS) to thermal infrared (TIR) 



  SELVA-RX Satellite Mission Proposal 

Page 9 of 39 

MR-8 The on-board multi-spectral optical instruments shall have a spatial resolution within 30-

100m 

MR-9 ¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ǇǊƛƳŀǊȅ ƻǇǘƛŎŀƭ ƛƴǎǘǊǳƳŜƴǘ ǎƘŀƭƭ ƻǇŜǊŀǘŜ ƛƴ ǘƘŜ ǾƛǎƛōƭŜ ōŀƴŘǎ 

MR-10 The ǎŀǘŜƭƭƛǘŜΩǎ ǎŜŎƻƴŘŀǊȅ ƻǇǘƛŎŀƭ ƛƴǎǘǊǳƳŜƴǘ ǎƘŀƭƭ ƻǇŜǊŀǘŜ ƛƴ ǘƘŜ ǾƛǎƛōƭŜ ϧ ƛƴŦǊŀǊŜŘ ōŀƴŘǎΦ 

MR-11 The satellite shall have off-nadir pointing capabilities of 19.1° for the primary instrument, 

and 35° for the secondary instrument. 

MR-12 The satellite shall overcome the problems of cloud cover 

MR-13 The satellite shall have an orbit such that the latitudes 5°N to 15°S can be observed 

MR-14 The satellite shall be launched into a quasi-equatorial orbit 

MR-15 The satellite shall have a minimum operational lifetime of 5 years 

MR-16 The satellite shall have a minimum orbit repeatability of 5 days for each instrument 

MR-17 The satellite shall have on-board data storage capabilities 

MR-18 The satellite shall perform data downlinks at least four times a day at the primary ground 

station, under nominal operating conditions 

MR-19 The ground segment shall consist of at least two stations (ensuring redundancy) 

MR-20 ¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎǳōǎȅǎǘŜƳ ǎƘŀƭƭ ŎƻƳǇƭȅ ǿƛǘƘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎǘŀƴŘŀǊŘǎ 

MR-21 The satellite bus shall comply with a medium-lift (>500kg) launcher class 

MR-22 The satellite shall operate on the basis of the FUA. 

 

3. Scientific payload 
3.1 Advanced Wide Field Sensor (AWiFS) 

The AWiFS camera operates in four spectral bands. In order to cover the Wide field imaging with 

minimum geometric distortion, the AWiFS camera is realized using two separate electro-optic 

modules, AWiFS-A and AWiFS-B, which are tilted by 11.94° with respect to nadir. Each module 

covers a swath of 370 km providing a combined swath of 737 km with a side lap between them. Due 

to the large swath, geometric distortions are inherent in the data, especially in the hilly terrain. 

AWiFS-A and AWiFS-B cover the large field of view of 48.1°. 

 

The electro-optic module contains refractive imaging optics along with band pass interference filter, 

a neutral density filter and a 6000 pixel linear array CCD detector for each spectral band. The output 

signals from each CCD are amplified and digitized into 10 bit parallel data in the video processing 

electronics. Figure 3.1 shows the sensor and table 3.1 summarizes the main characteristics. 

 

The in-flight calibration is implemented using 6 LEDs in front of each CCD. For the VNIR bands, the 

calibration is a progressively increasing sequence of 16 intensity levels through exposure control. For 

the SWIR band, the calibration is through a repetitive cycle of 2048 scan lines. 
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Figure 3.1: Advanced Wide Field Sensor (©ISRO) 

 

Table 3.1: Main characteristics of the Advanced Wide Field Sensor. 

Field of 

view 

Swath 

width 

(km) 

Spatial 

resolution 

Bands 

(µm) 

Scanning 

techniques 

Focal 

length 

(mm) 

Data 

rate 

(Mbps) 

Mass 

(kg) 

Power 

(W) 

48.1° 680 51 m 

(nadir) 

0.52-

0.59, 

0.62-

0.68, 

0.77-

0.86, 

1.55-

1.70 

Pushbroom 139.5 52.5 103.6 114 

 

Table 3.2 shows the operating bands of the Advanced Wide Field Sensor as well as the potential 

applications for each band. 

 

Table 3.2: AWIFS band specifications. 

AWiFS (swath=740, radiometric resolution=10 bits) 

Channel Resolution Band Applications 

1 51 0.52-0.59 This band detects green reflectance from healthy vegetation 

It is sensitive to water turbidity differences and separates 

vegetation (forest, croplands with standing crops) from soil, due to 

reflectance peaks from leaf surfaces. In this band barren lands 

urban areas, roads and highways appear as brighter (lighter) tone, 

but forest, vegetation, bare croplands, croplands with standing 

crops appear as dark (black) tone.  

2 51 0.62-0.68 This band is designed for detecting chlorophyll absorption in 

vegetation. Lǘ ŘƛǎŎǊƛƳƛƴŀǘŜǎ ǾŜƎŜǘŀǘƛƻƴ ŀƴŘ ǎƻƛƭΦ .ǳǘ ƛǘ ŎŀƴΩǘ 

separate water and forest. Forest land and water both appear as 

dark tone. This band highlights barren lands, urban areas, street 

pattern in the urban area and highways. It also separates 

croplands with standing crops from bare croplands with stubble. 
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3 51 0.77-0.86 This band is ideal for detecting near-IR reflectance peaks in 

healthy green vegetation and for detecting water-land interfaces 

It operates in the best spectral region to distinguish vegetation 

varieties and conditions. Because water is a strong absorber of 

near IR, this band delineates water bodies (lakes and sinkholes), 

distinguished between dry and moist soils (barren land and 

croplands). In this band croplands and grasslands show higher 

reflectance (brighter tone) than the forest. This band also 

separates croplands from bare croplands. Since standing crops 

(vegetation) has higher reflectance in the near IR region, they 

appear as brighter tone and due to presence of moisture content 

in the bare croplands, they appear as darker tone. In this band, 

barren lands, urban areas and highways are not highlighted and 

they appear as dark tone. Band 3 is useful for crop identification 

and emphasizes soil-crop and land-water contrast. 

4 51 1.55-1.70 This band is useful for vegetation and soil moisture studies and for 

discriminating between rock and mineral types. It is sensitive to 

the turgidity or amount of water in plants. Band 4 separates forest 

lands, croplands, water body distinctly. Forests appear as 

comparatively darker tone than the croplands (light gray). Band 4 

separates water body (dark tone) from barren lands, croplands, 

and grass lands (lighter tone). Since urban area and croplands 

respond almost in same spectral reflectance, band 4 is not able to 

separate these areas. 

 

3.2 Infrared Multispectral Scanner (IRMSS) 

This camera is an upgrade of the camera with the same name on board the satellites CBERS 1 and 2. 

The IRMSS operates with a swath width of 120 km in four spectral bands covering the IR part of the 

electromagnetic spectrum and has a spatial resolution of 40m in the SWIR bands and a spatial 

resolution of 80m in the thermal infrared region. 

 

The IRMSS has three focal plane assemblies. The Pan band (Si photodiodes detectors) is located on 

the warm focal plane. The SWIR bands and the thermal band (HgCdTe detectors) are located on cold 

focal planes with cryogenic temps of 148K and 101K respectively. Four of eight thermal detectors are 

spare. 

 

The IRMSS incorporates an onboard radiometric calibration system. The internal calibrator includes 

calibration lamp and blackbody that acquire real time calibration data during the scan-turn around 

interval. During that time a rotating shutter is driven to prevent the Earth flux being incident on the 

focal plane and the flux from calibration lamp and blackbody is reflected to the focal plane. The lamp 

calibrator has 4 operation states corresponding to different flux output (each state lasts about 16 

seconds). Figure 3.2 shows the sensor and table 3.3 summarizes the main characteristics. 
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Figure 3.2: Infrared Multispectral Sensor 

 

Table 3.3: Main characteristics of the Infrared Multispectral Sensor 

Field of 

view 

Swath 

width 

(km) 

Spatial 

resolution 

Bands 

(µm) 

Scanning 

techniques 

Focal 

length 

(mm) 

Data rate 

(Mbps) 

Mass (kg) Power 

(W) 

8.817° 115 77 m 

(nadir) 

0.76-0.90, 

1.55-1-75, 

2.08-2.35, 

10.4-12.5 

Whiskbroom 8 mm 16 Mbps 147 224 

 

Table 3.4 shows the operating bands of the Infrared Multispectral Sensor as well as the potential 

applications for each band. 

 

Table 3.4: IRMSS band specifications. 

IRMSS (swath=120, radiom.res=8 bits) 

Channel Resolution Band Applications 

1 77 0.76-0.90 Same as the band 3 of the AWiFS 

2 77 1.55-1.75 Same as the band 4 of the AWiFS 

3 77 2.08-2.35 This band is useful for vegetation and soil moisture studies and for 

discriminating between rock and mineral types 

4 77 10.4-12.5 This band is designed to assist in thermal mapping, and it is used 

for soil moisture and vegetation studies. It separates land and 

water sharply. It has strong water absorption region and strong 

reflectance region for soil and rock. Urban area, croplands, 

highways, bare croplands appear as bright tone and water body, 

forest appears as dark tone. 

 

3.3 End user data 

Image Processing Center will process the raw sensor data and provide local users and research 

centers with the following data. 

¶ Level 1 products: orthorectified, georeferenced gray scale images of reflectance intensity in 

GREEN, RED, NIR, SWIR, MIR and TIR bands.  

¶ Level 2 products: global tropic maps of NDVI, SAVI, LSE, LAI, LST and false-color images for 

four different band combinations. 
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3.3.1 Image product specifications 

At each time epoch SELVA-RX shall produce gray scale images of reflectance intensities. Bands, 

resolutions, and image sizes shall meet the indicated below image product specifications. 

 

Table 3.5: Image specifications. 

Band 

number 

Wavelength Instrument Image size Pixel size Swath 

width 

Revisit 

time 

Radiom. 

res. 

A1 0.52-0.59 GREEN AWiFS 740 x 740 56 m x 56 m 740 1 day 10 

A2 0.62-0.68 RED AWiFS 740 x 740 56 m x 56 m 740 1 day 10 

A3  

0.77-0.86 NIR 

AWiFS 740 x 740 56 m x 56 m 740 1 day 10 

I1 IRSS 120 x 120 40 m x 40 m 120 5 days 8 

A4  

1.55-1.70 SWIR 

AWiFS 740 x 740 56 m x 56 m 740 1 day 10 

I2 IRSS 120 x 120 40 m x 40 m 120 5 days 8 

I3 2.08-2.35 MIR IRSS 120 x 120 40 m x 40 m 120 5 days 8 

I4 10.4-12.5 TIR IRSS 120 x 120 80 m x 80 m 120 5 days 8 

 

  
Figures 3.4: Reflectance intensity in the SELVA-RX bands. 

 

At each time epoch SELVA-RX shall produce gray scale images of reflectance intensities. Bands, 

resolutions, and image sizes shall meet the above indicated the image product specifications. 

 

3.3.2 End products 

Users shall be provided with the following data, processed by the Image Processing Center. 
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Table 3.6: Selva-RX end products. 

NDVI (Normalized Difference 

Vegetation Index) 

¶ NDVI can be calculated using the 2nd and the 3rd 

band of AWiFS. 

¶ 
3 2

3 2

A A
NDVI

A A

-
=

+
 

¶ A larger NDVI value indicates higher vitality 

 

 
SAVI (Soil-adjusted vegetation index) ¶ SAVI can be calculated out of the 2nd and the 3rd 

bands of AWiFS, using the correction factor. 

¶ ( )
3 2

1
3 2

A A
SAVI L

A A L

-
= +

+ +
, 

Where L is the soil brightness correction factor. The value of 

L varies by the amount or cover of green vegetation: in very 

high vegetation regions, L=0; and in areas with no green 

vegetation, L=1. Generally, an L=0.5 works well in most 

situations and is the default value used. When L=0, then 

SAVI = NDVI. 

 
This image shows a section of the South-Fork Owyhee River 

canyon. Notice how the NDVI image has high index values in 

the rocky river canyon, suggesting much more vegetative 

cover than is actually there. The SAVI for the canyon gives a 

much better approximation of the amount and cover of 

vegetation in the canyon as well as in the upland. 

 

 

LSE (Land surface emissivity) An easy procedure to apply for retrieving the LSE is based on 

the NDVI, retrieved from bands A2 and A3. The method 
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obtains the emissivity values from the NDVI considering 

different cases: 

(a) NDVI < 0.2 

In this case, the pixel is considered as bare soil and the 

emissivity is obtained from reflectivity values in the red 

region. 

(b) NDVI>0.5 

Pixels with NDVI values higher than 0.5 are considered as 

fully vegetated, and then a constant value for the emissivity 

is assumed, typically of 0.99.  

(c) 0.2<NDVI<0.5 

In this case, the pixel is composed by a mixture of bare soil 

and vegetation, and the emissivity is calculated according to 

the following equation: 

‐ άὖ ὲ, 

where mand nare constants, dependent on the vegetation 

and soil emissivity and Pn is the vegetation proportion 

obtained 

according to (Carlson & Ripley, 1997): 
2

min

max min

NDVI NDVI
P

NDVI NDVI
n

å õ-
=æ ö

-ç ÷
, 

Where max 0.5NDVI = maxNDVI  = 0.5 and min 0.2NDVI =

minNDVI  = 0.2. 

 

 
LST (Land Surface Temperature) LST can be retrieved from the I4 channel by means of the 

single-window algorithm. 

[ ]
1

(1 ) ( (1 ) )s sensor aT a C D b C D C D T DT
C
= - - + - - + + - 

Here ʉ et=  and [ ](1 ) 1 (1 )D t e t= - + - , where e and t

are the surface emissivity and total atmospheric 

transmissivity respectively. sensorT  is the at-sensor brightness 

temperature and aT represents the mean atmospheric 

temperature, derived out of the near-surface temperature. 
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Atmospheric transmissivity can be estimated from the 

atmospheric water vapor content. 

 
LAI (Leaf Area Index) The relationship between LAI and A2 (red band) is 

characterized by radiation absorption in the red wavelength 

by pigments in leaves, while the relationship between LAI 

and NIR is characterized by multiple scattering of radiation in 

near-infrared wavelength by the leaves. Consequently, a 

negative relationship between LAI and RED is expected. As 

LAI increases, a larger leaf area will absorb more red 

radiation, therefore reflecting less in this wavelength. The 

LAI-NIR relationship would be positive due to an increase of 

the multiple scattering of the radiation in this wavelength as 

leaf area increases. The empirical models that best fit these 

relationships are often linear negative trends.  

 

 
 

3.3.3 Red, green, blue (RGB) combinations 

1. AWiFS: A3 (0.76-0.90 NIR) + A2 (0.63-0.69 red) + A1 (0.52-0.60 green) [TM: 4, 3, 2] 

The standard "false color" composite. Vegetation appears in shades of red, urban areas are cyan 

blue, and soils vary from dark to light browns. Ice, snow and clouds are white or light cyan. 

Coniferous trees will appear darker red than hardwoods. This is a very popular band combination 

and is useful for vegetation studies, monitoring drainage and soil patterns and various stages of crop 

growth. Generally, deep red hues indicate broad leaf and/or healthier vegetation while lighter reds 

signify grasslands or sparsely vegetated areas. Densely populated urban areas are shown in light 

blue. This band combination gives results similar to traditional color infrared aerial photography. 
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Figures 3.5: Sample images for the combination A3 + A2 + A1. 

 

2. AWiFS: A3 (0.76-0.90 NIR) + A4 (1.55-1.75 NIR) + A2 (0.63-0.69 red) [TM: 4, 5, 3] 

This combination of near-IR (Band 4), mid-IR (Band 5) and red (Band 3) offers added definition of 

land-water boundaries and highlights subtle details not readily apparent in the visible bands alone. 

Inland lakes and streams can be located with greater precision when more infrared bands are used. 

With this band, the combination, vegetation type and condition show as variations of hues (browns, 

greens and oranges) as well as in tone. The 4, 5, 3 combination demonstrates moisture differences 

and is useful for analysis of soil and vegetation conditions. Generally, the wetter the soil, the darker 

it appears, because of the infrared absorption capabilities of water. 

 

   
Figures 3.6: Sample images for the combination A3 + A4 + A2. 

 

3. AWiFS: A4 (1.55-1.75 NIR) + A3 (0.76-0.90 NIR) + A2 (0.63-0.69 red) [TM: 5, 4, 3] 

This combination provides the user with a great amount of information and color contrast. Healthy 

vegetation is bright green and soils are mauve. It uses 4th band, which has the most agricultural 

information. This combination is useful for vegetation studies, and is widely used in the areas of 

timber management and pest infestation. 

 

   
Figures 3.7: Sample images for the combination A4 + A3 + A2. 

 

4. IRSS: I3 (2.08-2.35 MIR) + I2 (1.55-1.75 NIR) + I5 (0.76-0.90 NIR) [TM: 7, 5, 4] 

This combination involves no visible bands. It provides the best atmospheric penetration. Coast lines 

and shores are well defined. It may be used to find textural and moisture characteristics of soils. 

Vegetation appears blue. If the user prefers green vegetation, a I3-I5-I2 combination should be 

substituted. This band combination can be useful for geological studies. 

 

   
Figures 3.8: Sample images for the combination I3 + I2 + I5. 

 

http://gis-lab.info/images/landsat-band1-432.jpg
http://gis-lab.info/images/landsat-band2-432.jpg
http://gis-lab.info/images/landsat-band1-453.jpg
http://gis-lab.info/images/landsat-band2-453.jpg
http://gis-lab.info/images/landsat-band1-543.jpg
http://gis-lab.info/images/landsat-band2-543.jpg
http://gis-lab.info/images/landsat-band1-754.jpg
http://gis-lab.info/images/landsat-band2-754.jpg
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4. Space segment 
4.1 Launcher selection 

An in-depth trade off study was undertaken to find the most suitable (and economical) launch 

vehicle for the SELVA-RX. Given the unique mission requirements, the top three candidates included 

the Russian vehicles Soyuz (launched from Kourou) and the Dnepr and LƴŘƛŀΩǎ t{[± όtƻƭŀǊ {ŀǘŜƭƭƛǘŜ 

Launch Vehicle) which was ultimately chosen based on its highly competitive launch costs as well as 

its near equatorial launch site at Sriharikota and high reliability of the rocket. The costs were 

calculated with an inflation factor for the year 2014, the planned year of launching. 

 

Table 4.1: Launcher trade-off 

Launcher Delta 

II 7320 

Vega Rockot-

KM 

Dnepr-1 PSLV-CA Long 

March 

Ariane 5 

ECA 

Soyuz/ 

Fregat 

Country USA Italy/ 

EU 

Russia Russia India China EU Russia/ 

EU 

Orbit LEO/ 

GTO 

 LEO/ 

SSO 

LEO/ 

LPEO 

LEO/SSO/ 

GTO 

LEO LEO/ 

GTO 

LEO/SSO/

GTO 

Launch 

site 

Cape 

Canav./

Van AFB 

Kourou Plesetsk Baikonur Sriharikota 

SLP 

Jiuquan/ 

Xichang 

Kourou Baikonur 

Kourou 

Launch 

site 

latitude 

28.45° 

/ 34.6° 

5.25° 62.8° 45.6° 13.9° 40.6° / 

28.25° 

5.25° 45.6° / 

5.25° 

Payload 

capacity 

(kg) 

2096 1500 1950 3700 2100 2500 21000 5500 

Max 

diameter 

(m) 

2.74 2.6 2.42 3 2.9 2.7 4.5 3.35 

Max 

length 

(m) 

8.5 7.18 3.6 5.7  4.5 1.5 12 11.4 

Reliability 98.66

% 

0.00% 94.44% 93.75% 100.00% 100.00% 96.77% 100.00% 

Launch 

cost ($m) 

$ 40.0 $ 23.5  $ 20.0 $ 25.0 $ 24.0 $ 25.0 $ 120.0  $ 45.0 
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Figure 4.1: Selected launch site Sriharikota, located 13.9°N, 80.4°E. 

 

4.2 Mission orbit  

4.2.1 Orbital parameters and characteristics 

The satellite will fly in a circular low Earth orbit at an altitude of 745.5 km and an inclination of 10°. 

The following table presents the Keplerian orbital parameters. 

 

Table 4.2: SELVA-RX orbital parameters. 

a e i ɋ ɤ ɜ 

7123.5 0 10 0 0 0 

 

 
Figure 4.2: SELVA-RX orbit. 
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Figure 4.3: SELVA-RX orbit close up 

 

¢ƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ŀƭǘƛǘǳŘŜ ƛǎ ŀ ǎǘŀƴŘŀǊŘ ŀƳƻƴƎ ǎƛƳƛƭŀǊ Ƴƛǎǎƛƻƴǎ ŀƴŘ ǇǊƻǾƛŘŜǎ a tradeoff between the 

swath coverage and the resolution for the two scientific instruments. It is sufficiently high in order to 

have a very low aerodynamic drag and sufficiently below the inner Van Allen radiation belt. 

 

The circular orbit allows roughly the same observation distance for comparison of payload data. The 

inclination will be discussed in section 4.2.3. The longitude of the ascending node, the argument of 

perigee and the true anomaly will be relevant later for the definition of the mission orbit in the 

operations phase and therefore are provisionally set to zero. 

 

The orbital velocity is 7.48 km/s. The orbital period is 99.727 minutes. The number of revolutions per 

sidereal day is 14.4 and the number of revolutions per day using the two-line elements algorithm is 

14.45741819. 

 

The orbit repeatability is 72 orbits in 5 sidereal days, which provides an angular distance of 

successive ascending equator crossings of 5 degrees. 

 

4.2.2 Orbit perturbations 

At this altitude, the main orbital perturbations are ǘƘŜ 9ŀǊǘƘΩǎ ŘȅƴŀƳƛŎŀƭ ŦƻǊƳ ŦŀŎǘƻǊ J2 and the 

aerodynamic drag. Other perturbations like the other 9ŀǊǘƘΩǎ dynamical form factors and the gravity 

of the Sun and the Moon cause perturbations over one hundred times smaller and will not be 

considered. 

 

The J2 factor causes the following perturbations: 

¶ ɱ causes a regression of the nodes of 2434,109 degrees in a year, which is about 6,761 

rotations regarding the angle of the ascending node to the vernal equinox. 

¶ and ’ ŎƘŀƴƎŜ ǎƭƛƎƘǘƭȅ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ǇŜǊŎŜƛǾŜŘ ŀƴƎǳƭŀǊ ǾŜƭƻŎƛǘȅ ŦǊƻƳ т.48 km/s to 7.508 ‫ 

km/s and reduces the orbital period from 99.727 minutes to 99.355 minutes. This is due to 

the forward Ǌƻǘŀǘƛƻƴ ƻŦ ǘƘŜ ƻǊōƛǘΩǎ ǇŜǊƛƎŜŜ ŀƴŘ ǘƘŜ position of the satellite. 
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The aerodynamic drag will cause a decrease in the orbital height. By taking the highest values for 

atmospheric density from the Harris-Priester 1962 model, calculations show that after five years of 

nominal operations, the orbit will fall to 696 km altitude. The payloads are able to work properly 

above an altitude of 725 km, so some altitude correction maneuvers have to be taken into 

consideration. The propellant budget part for these maneuvers is described in section 4.3.3. 

 

4.2.3 Coverage 

The two sensors are capable of operation in an off-nadir mode, which allows both sensors to reach 

up to 600km of distance from the nadir in the across track direction. The sketch shown in figures 4.2 

and 4.3 depict the off-nadir capabilities of both instruments at 19.1° and 35° for AWiFS and IRMSS, 

respectively. Both instruments are installed in the satellite platform by means of a Payload Steering 

Motor (PSM). 

 

 
Figure 4.4: Off-nadir operating mode of AWiFS. 

 

 
Figure 4.5: Off-nadir operating mode of IRMSS. 
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The AWiFS possess a swath width of 680km when operating without an off-nadir angle, having a 

ground spatial resolution of 51m at nadir and an instantaneous field of view of 0.068mrad. The off-

nadir angle of 19.1° provides a maximum swath width of 711km with the geometry shown in figure 

4.2. At this maximum swath width, the ground spatial resolution at the edge of coverage is of 63m. 

The sensor can be operated with a constant off-nadir angle in order to create special coverage area 

for important regions, such as the Amazonian basin. During the satellite passage over such 

important areas, the increased coverage resultant of this off-nadir capabilities, allows, as previously 

mentioned, to reach an increment of 5° in latitude, which is estimated to be around 600 km in terms 

of distance from the nadir in the across track direction. With this increment, it is possible to cover 

regions up to -15° in latitude during the ascending part of the orbit and to cover up to regions 

between 5° to 10° in latitude during the descending part of the orbit, making possible to potentially 

ƳŀǇ ǘƘŜ ǿƻǊƭŘΩs tropical region within 1 day. 

 

 
Figure 4.6: AWiFS swath coverage after 20 hours. 

 

The IRMSS possess a swath width of 115km when operating without an off-nadir angle, having 

ground spatial resolution of 77m at nadir and an instantaneous field of view of 0.102mrad. The 

maximum off-nadir angle is 35° provides a maximum swath width of 176 km with the geometry 

shown in figure 4.3. At this maximum swath width, the ground spatial resolution at the edge of 

coverage is 94m. This off-nadir angle was chosen so as to match the maximum coverage provided by 

the maximum off-nadir angle of AWiFS and its swath width. In this way, the maximum coverage 

allowed for IRMSS can be reached by steering the sensor in order to match a specific swath width, 

which shall be typically the one from AWiFS. If the sensors swath width is kept to be 176 km, it is 

ǇƻǎǎƛōƭŜ ǘƻ ǇƻǘŜƴǘƛŀƭƭȅ ƳŀǇ ǘƘŜ ǿƻǊƭŘΩǎ ǘǊƻǇƛŎŀƭ ǊŜƎƛƻƴǎ ǿƛǘƘƛƴ р ŘŀȅǎΦ 

 



  SELVA-RX Satellite Mission Proposal 

Page 23 of 39 

 
Figure 4.7: IRMSS swath coverage after five days. 

 

4.3 Budgets 

4.3.1 Mass budget 

The following table contains the mass budget of the spacecraft in a breakdown structure: 

 

Table 4.3: Mass budget breakdown 

MASS BUDGET kg DRY WET % of budget 

Payload mL  250  48.1% 

AWiFS 103    

IRSS 147    

Structures  42.5  8.2% 

Primary structures 37.5    

Thermal control 5    

Power  163.096  31.4% 

Solar panels 31.1    

Batteries (x2) 132    

Communications  25  4.8% 

Command/Data Handling  10  1.9% 

ADCS  27.82  5.3% 

Earth sensor 0.5    

Sun sensor 0.25    

Magnetometer 0.5    

Gyroscope 0.15    

Star tracker 1.42    

Reaction wheels (x4) 6    

Magnetic torquers (x3) 9    

Processors 10    

Propulsion  1.71175  0.3% 

Tanks (10% of propellant) 1.31    
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Dry weight (kg)   520.128   

Applying 20% dry margin (mass)  624.153   

Propellant   13.118  

Loaded weight w/out -mL (kg)  374.153  387.271  

Total loaded weight (kg)     637.271  

 

The dry mass of the spacecraft is calculated simply using the formula given in Wertz: 

 

ά  ά Ⱦ ά ά  

 

It can be observed that, as expected, the payload components at 250 kg make up the majority of the 

overall dry weight under 50% of the total weight fraction. The second major contributor (at almost 

1/3 of the total weight fraction) is the power subsystem at 163kg due to the time the satellite 

spends in shade (ca. 35 minutes) as well as mission requirements which require the instruments to 

be operational during eclipse. This results in a more expensive power subsystem (detailed in the 

following section 4.3.2), primarily due to on-board batteries. 

 

4.3.2 Power budget 

The power budget has been calculated in a two-step iterative process, first taking into accounts a 

ΨŦƛǊǎǘ ƎǳŜǎǎΩ ǇŜǊŎŜƴǘŀƎŜ ōǊŜŀƪŘƻǿƴ ŀƳƻƴƎ ǘƘŜ ǎǳōǎȅǎǘŜƳǎ ƎƛǾŜƴ ƛƴ Wertz and by using the nominal 

power requirements of the payload of a combined 338W.  

 

Table 4.4: Average power need EOL (End of Life). 

POWER BUDGET 

  

 

Watts % of budget 

Payload (AWiFS & IRSS) 338 50 

Propulsion Subsystem 33.8 5 

Attitude Determination and Control 

Subsystem (ADCS) 33.8 5 

Communications Subsystem 81.12 12 

Command and Data Handling Subsystem 87.88 13 

Thermal Subsystem 33.8 5 

Power Subsystem 67.6 10 

Total power required (at EOL) 676 100 

Power required (with 15% margin) 777.4  

 

The distribution of the power is then refined using different mission scenarios where the power 

requirements change accordingly (critical scenarios highlighted), while keeping the power margins 

outlined in Wertz in mind. Upon analyzing the various operating scenarios, the average power usage 

(%) is adjusted to refine the power budget in the table above. 
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Table 4.5: Power distribution in different scenarios EOL=End of Life. 

 Operating (sun) Operating (eclipse) Downlink Downlink (eclipse) Maneuver Standby 

Payload 60 33 45 33 5 5 

Propulsion 0 0 0 0 5 0 

ADCS 10 5 10 10 30 5 

Comms. 2 2 20 20 2 2 

Data 13 10 10 10 5 5 

Thermal 5 5 5 5 5 5 

Power 10 5 10 5 10 5 

TOTAL % 100 60 100 83 62 27 

 

4.3.3 Propellant budget 

A coarse propellant budge was also completed, as two maneuvers were deemed to be critical to the 

compliance to the mission requirements. First, the scenario of a delivered orbital height lower than 

the specified was taken into consideration (with a ҟh = 20km lower). Then, a very critical factor that 

plays in to the delta-v budget (and resulting propellant budget) is the accuracy of the inclination 

angle achieved. Here, a deviation ±0.2° was accounted for by the propellant budget. Finally, the 

issue of altitude maintenance over the operational lifetime was considered, with approximately 30 

km orbit decay as a result of atmospheric drag (discussed previously in Section 4.2.2). 

 

Table 4.6: Propellant budget breakdown 

 

m0 ҟǾ mP margin 25% 

Injection correction ҟƘ Ґ -20 km 596.638 10.513 2.127 2.659 

LƴƧŜŎǘƛƻƴ ŎƻǊǊŜŎǘƛƻƴ ҟƛ Ґҕ лΦнϲ 599.297 26.103 5.292 6.615 

Altitude maintenance (from 

696.687 to 725 km) 605.912 14.974 3.075 3.844 

Total propellant mass 

   

13.118 

Tanks (10% of mP in mass budget) 

   

- 

Lines & valves (in mass budget) 

   

- 

 

4.3.4 Initial sizing 

The sizing of the SELVA-RX is initially going to be based on the pre-existing PROTEUS earth-

observation satellite bus from Thales Alenia Space, as well as the in-development EnMAP HIS 

satellite bus from OHB/Kayser-Threde, and scaled according to the previously calculated mass 

budget. As a first estimate, the scaling factor applied will be a 10% reduction of the dimensions. The 

main drivers in basing the size on the PROTEUS and EnMAP buses are its compliance with the PSLV, 

Soyuz-Fregat, Dnepr and Rockot upper (payload) stage fairings as demonstrated by the figures 

below. Both platforms involve the use of a 2-segment busτwith a payload module (PLM) and a 

service module (SVM). In the case of the latter, the layout of the PROTEUS SVM is shown in Figure 

4.4. 
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Figures 4.8: EnMAP bus in PSLV fairing (L); PROTEUS fairing envelope (R). 

 

The following table outlines the dimensions and resulting volumes of the SELVA-RX compared to the 

CALIPSO (based on the PROTEUS bus) and EnMAP. 

 

Table 4.7: Sizing comparison between EnMAP and SELVA-RX. 

Dimensions CALIPSO EnMAP SELVA-RX 

L (m) 1.91 1.8 1.62 

W (m) 1.51 1.5 1.35 

H (m) 2.46 3 2.7 

Cross-sectional area (m2) 2.88 2.7 2.19 

Volume (m3) 7.1 8.1 5.9 

 

 
Figure 4.9: Layout of PROTEUS Service module (SVM). 
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4.4 Satellite subsystems 

4.4.1 Electrical power 

The primary components of the electrical power subsystem consist of the solar panels and the 

batteries. The following tables outline the calculation of the solar panel area and battery sizing 

based on the power required stated in Table 4.4. 

 

First, the solar panels are sized using the equations presented in Prof. Walters Astronautics 

textbook. In this case, two different cases are taken into accountτpanel size for normal spacecraft 

operations, and panel size to charge the on-board batteries (sized in Table 4.7). 

 

ὃ ȟ  
ᶻ ᶻ

 and ὃ ȟ  
ᶻ ᶻ ᶻ

 

 

The type of solar cell chosen is the current high-performance space industry standard multi-junction 

gallium arsenide (GaAs) which has a panel efficiency of ‐ πȢςς and an EOL efficiency drop to 85%. 

 

Table 4.8: Solar panel sizing. 

Panel type Gallium Arsenide (M/J) 

Efficiency (panel) 0.22 

Efficiency (wiring) 0.85 

Efficiency (storage) 0.85 

Power required (W) 777.4 

Power @83% (eclipse) (W) 645.24 

Solar flux (apohelium) (W/m2) 1321 

Panel area (operation) (m2) 3.147 

Panel area (charge) (m2) 3.073 

Total Panel area (at EOL), 85% eff. 7.318 

with panel structure (15% margin) 8.415 

 

The battery is then sized based on the projected minimum operational lifetime of five years (yielding 

approximately 26,000 cycles based on the orbital period). This is used to calculate the ideal capacity 

of the battery in watt-hours (Wh) using the formula: 

 

 ὡ ȟ  
Ͻ

Ͻ
 where ὸ  

Ј
ϽὝ 35 min 

 

leading to the calculation of the total energy required by the selected battery type 

 

 ὡ ȟ  ȟ  
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Table 4.9: Battery calculations. 

Battery type NiH2 

Depth of discharge (DOD) @ 

26000 cycles (5 yr. lifetime) 0.38 

Energy efficiency 0.7 

Energy density (Wh/kg) 25-40 

Battery capacity (ideal) (Wh) 631.501 

Battery capacity (real) (Wh) 1661.845 

Battery weight (min) 41.546 

Battery weight (max) 66.474 

TOTAL (2 batteries) 132.948 

Voltage (2 batteries) 2 x 27.8V 

 

Two batteries are selected in order to ensure redundancy in the design. 

 

4.4.2 Structures 

The primary structures of the spacecraft bus (segmented service and payload modules) are 

envisioned to be constructed from primarily lightweight aluminum (ideally 6061-T6 or 7075-T3751) 

combined with Al-CFRP honeycomb sandwich panels as has become industry standard over the last 

decade of satellite development. In the interface areas (e.g. fairing mounts or service-payload 

interface) or areas of electrical grounding, titanium alloys (Ti-6Al-4V) can be utilized for higher 

stiffness and strength properties as well as better performance in higher operating temperatures. 

 

4.4.3 Thermal control 

The thermal control of the satellite bus involves taking into account the operating (and non-

operating) temperatures of the crucial components of the system. 

 

Table 4.10: Temperature limits of crucial bus components. 

Component Operating Non-operating 

Payload cameras 20 ± 4°C -10 - 30°C 

Batteries 10 - 30°C -20 - 25°C 

Electronics 0 - 40°C -20 - 60°C 

Propellant tank 5 - 40°C - 

ADCS (e.g. reaction wheels) -5 - 45°C -15 - 55°C 

 

As the spacecraft will spend the majority of the time in sunlight, the primary function of the thermal 

control system (TCS) will be the function of cooling. The main sources of heat are expected to be the 

optical instruments, batteries (being charged), and the solid state recorders recording data from 

both instruments. The thermal control of the spacecraft will be managed primarily by passive means 

upon the calculation of the thermal balance. These means include (but are not limited to):  

¶ Multi-layer insulation (MLI) 

¶ Optical solar reflector (OSR) 

¶ Passive radiators 

¶ Black paint (e.g. Aeroglaze® Z306) around optical instruments 
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If required, active cooling in the form of heat pipes can also be utilized. 

 

4.4.4 Attitude determination and control 

The Attitude determination and control subsystem (ADCS) is defined by the following sensors and 

actuators: 

¶ Earth Horizon Sensor: The Earth Horizon Sensor is used as part of an ADCS, to sense the 

angle of a spacecraft relative to the Infrared Horizon. The unit measures relative radiant 

ƛƴǘŜƴǎƛǘȅ ƛƴ ǘƘŜ /hн όмр˃ύ ŦǊŜǉǳŜƴŎȅ ōŀƴŘΦ Lǘ ǇǊƻŘǳŎŜǎ 5/ ǾƻƭǘŀƎŜǎ ŦǊƻƳ ŀƴ ƛƴŦǊŀǊŜŘ ŘŜǘŜŎǘƻǊ 

array that views the Earth, the horizon and space. Each voltage gives a signal for determining 

the angle to the horizon. 

The voltage from each of the detector elements is delivered to the ADCS computer, where it 

is processed to produce an angle to the infrared horizon.  

¶ Sun sensor: The sun sensor determines the spacecraft body angles with respect to the sun.  

The front surface of the sensor is a mirror with slits cut in the reflective metal. Sunlight 

passes through these slits and then through an optical filter. Below this is an array of photo 

sensors interfaced to a microcontroller. 

The charge on the photo sensors is read by the microcontroller, which processes the image 

and computes the sun vector. The vector and other telemetry data are returned to the 

spacecraft through the serial interface connected to the ADCS computer. 

¶ Magnetometer: These sensors are implemented as ceramic packages located with driver 

electronics in a potted sensor head, attached at the end of a rigid boom to maintain the 

sensors away from magnetic clutters produced by the spacecraft electronics. Closed loop 

control improves the overall linearity and limits sensitivity drift. The Magneto Resistance 

driver ensures the sensor maintains low noise operation by holding the sensor at its 

optimum position on the sensor transfer function. The sensor delivers the three components 

of the magnetic field plus a temperature measurement. 

¶ Gyroscope: The control momentum gyroscope consists of a spinning rotor and one or more 

motorized gimbals ǘƘŀǘ ǘƛƭǘ ǘƘŜ ǊƻǘƻǊΩǎ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘǳƳΦ !ǎ ǘƘŜ ǊƻǘƻǊ ǘƛƭǘǎΣ the changing 

angular momentum causes a gyroscopic torque that rotates the spacecraft with very little 

power. 

¶ Star tracker: This sensor is used for accurate 3-axis attitude information in real time. 

The star tracker uses a sensitive matrix CCD sensor to ensure detection of enough stars 

above the limiting visible magnitude and within the field of view, for 99% all-sky availability. 

An upgradable star catalogue and star matching algorithm do the matching of the outputs 

between measured and catalogue vector pairs to the ADCS processor, where the data can be 

blended with other attitude and rate sensors in a full state Kalman filter. 

¶ Reaction wheels: The reaction wheels provide 3-axis control torques and 3-axis momentum 

exchange capability.  

The integration of the reaction wheels with external gyroscopes enables 3-axis control of a 

spacecraft's inertial rates. The reaction wheels have high torque and high wheel momentum. 

Each reaction wheel has built-in electronics and software for controlling the wheel and 

gyroscope. The reaction wheels may be operated independently in current control or speed 

control modes, or their operation may be integrated with the gyroscopes to provide inertial 

rate control and inertial angle control modes. We count with 4 reaction wheels, one for each 

axis and an extra one for replacement. 

http://en.wikipedia.org/wiki/Gimbals
http://en.wikipedia.org/wiki/Gyroscopic
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¶ Magnetic torque rod: magnetorquers offer a method of controlling the attitude of a 

ǎǇŀŎŜŎǊŀŦǘΦ ¢Ƙƛǎ ƛǎ ŀŎƘƛŜǾŜŘ ŜƛǘƘŜǊΣ ōȅ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜ ƭƻŎŀƭ 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΣ ƻǊ ƛƴ 

combination with reaction wheels, where they allow a method of dumping excess 

momentum in the wheels, which is excellent for Earth observation to improve accuracy of 

the data.  

Each rod is typically bifilar wound for redundancy, or the windings can be activated together 

to increase the torque produced. Drive circuits for the rods can be supplied if required, but 

they typically run directly from a switched power output from the on-board power control 

system. We count with 3 magnetorquers to work in combination with our reaction wheels. 

¶ Processors: The computer of the ADCS and electronic drivers where all data is stored and 

managed. 

 

4.4.5 Communications 

The SELVA-RX Communications Subsystem is further subdivided into three main modules: a 

Telemetry Module, a Commands Module and the Payload Data Link Module. 

 

The Payload Data Link will operate at 8200 MHz X-Band carrier frequency; the Telemetry Module is 

design to operate at a 2250 MHz S-Band carrier frequency and the Command Module is design to 

operate at 2070 MHz S-Band carrier frequency. 

The SELVA-RX Communications Subsystem will be monitored and operated by the Communications 

and Data Handling Unit (CDHU); this unit is also responsible for executing emergency redundancy 

procedures. 

 

4.4.5.1 Telemetry and command modules 

The Telemetry Module main functions is to gather, register, format, and transmit all of the SELVA-RX 

operating subsystems status. This information is then relayed to the Main SELVA-RX Ground-

Segment facilities located in São José dos Campos. 

 

SELVA-RX TM module works in two operation modes; the first is the nominal Low Bit Transfer mode, 

which transmits regular TM information at 1Mbps. The Second is the Housekeeping High Bit Transfer 

Mode, when this mode is active the Main Data Transmission Module is turned offline, and a general 

Housekeeping Routine is executed, resulting data is then transferred at 2.2 Mbps to the Main SELVA-

RX Ground Segment. 

 

The Command Module main function is to receive, decrypt, verify, save and execute incoming 

commands the SELVA-RX Ground Station Network. 

 

The set received commands are then stored under a άwŜŎŜƛǾŜŘ /ƻƳƳŀƴŘǎ [ƛǎǘέ ŦƻǊ ƴƻ ƭƻƴƎŜǊ ǘƘŀƴ ŀ 

one-month period, this information is then recovered during Housekeeping routine and the list is 

then cleaned. 
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Figure 4.10: TM and CM modules. 

 

4.4.5.2 Payload data link module 

The Payload Data Link Module of the SELVA-RX Communications Subsystem is in charge of coding 

and transmitting all payload collected data, it consists of the Piranha © on board computer (POBC) 

with its Solid State Recorder (SSR), the CDHU, a redundant X-band transmitter system (pass band 

handling system) and a high gain antenna. The payload data link is design to transmit at 150 Mbps. 

 

 
Figure 4.11: Payload data link module design. 

 

Note that both systems, Telemetry and Command and the main Data-Link Module receive 

information from the main on board Computer, this give us a higher level of redundancy, in case that 

our X-band high gain antenna fails to transmit all of our payload recorded data using SELVA-RX TM 

downlink. 

 

4.4.6 Data handling 

The payload data handling system is in charge of the management of information obtained from 

both sensors, providing a solution for storage and data transmission to ground stations. The system 
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receives data from each camera, formats it with auxiliary data for communications and transmits on 

the RF carrier. 

 

There are two different data chains, operating initially with two different data rates coming from 

each of the instruments. These chains are part of the Piranha on board computer (POBC), which 

creates one single data rate at the output which is to be processed by the RF interface to further 

transmission. 

 

The Piranha on board computer has one data chain for each instrument operating at data rates of 

52.5 Mbps for the AWiFS chain and of 16 Mbps for the IRMSS chain. In addition, there is an on-board 

Solid State Recorder (SSR) to record the payload data during non-radio visible operation for later 

playback. The POBC is configured to multiplex all the bands of the instruments, formats suitably with 

frame sync code plus auxiliary data and differentially encode the data and transmit to the RF system 

for QPSK modulation. The output data rate from both multiplexed channels is of 80 Mbps. 

 

The output data of the POBC is transmitted as a serial bit stream. The system configured in such a 

way the full AWiFS is transmitted in I channel while the IRMSS data is transmitted in Q channel. The 

data is sent to Solid State Recorder of 128 GB for recording. While playing back data from SSR, it is 

differentially encoded, converted to serial stream before final transmission to RF. 

 

The pass band handling system (RF) accepts the baseband coming from POBC system at a data rate 

of 80 Mbps and modulates this data on one X-band 8.2 GHz carrier to be transmitted to ground 

stations. The transmitter has a TXCO, whose output is amplified to a level of +22 dBm. The 

modulated signal is amplified through a 40W TWTA and is fed to the shaped beam antenna for 

transmission. 

 

5. Ground segment 
The SELVA-RX Ground Stations Network is subdivided into a Primary Ground Station Sub network 

and a Secondary Ground Stations Sub network. Following is a more detailed explanation on how this 

sub networks are composed and which their operational objectives are. 

 

Table 5.1: SELVA-RX contact times for the entire ground segment network. 

Ground Station Min. Contact Time Mean Contact Time Max. Contact Time Avg. Daily Contact time 

Cuiabá 247.911 seconds 693.059 seconds 920.474 seconds 9702.29 seconds 

Alcântara 453.516 seconds 899.488 seconds 940.638 seconds 12592.83 seconds 

Alice Springs 233.477 seconds 652.308 seconds 809.423 seconds 9132.31 seconds 

Bangkok 277.423 seconds 750.028 seconds 931.052 seconds 10500.40 seconds 
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Figure 5.1: Ground segment network coverage. 

 

5.1 Primary ground segment sub network 

Two DǊƻǳƴŘ {ǘŀǘƛƻƴǎΣ ƭƻŎŀǘŜŘ ƛƴ !ƭŎŃƴǘŀǊŀ ŀƴŘ /ǳƛŀōł ŀƴŘ Lbt9Ωǎ DŜƴŜǊŀƭ /ƻƴǘǊƻƭ /ŜƴǘŜǊ ƭƻŎŀǘŜŘ ƛƴ 

São José dos Campos compose the Primary Ground Stations Sub-Network. 

 

 
Figure 5.2: Primary ground stations sub-network. 

 

5.1.1 General control centre 

Located in the Brazilian city of São José dos Campos, the General Control Center is responsible for 

processing all incoming telemetry and Satellite tracking information being relayed from the Primary 

Alpha or the Primary Beta Ground Stations. It is responsible likewise for executing Housekeeping and 

Orbital Maneuvers routines during the entire length of the mission. 

 

5.1.2 Primary alpha ground station 

Located in the Brazilian city of Cuiabá it is the main TT&C, and Data downlink Ground link Station, 

the TT&C informatiƻƴ ƘŜǊŜ ƎŀǘƘŜǊŜŘ ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴ ǊŜŀƭ ǘƛƳŜ ǘƻ ǘƘŜ aƛǎǎƛƻƴΩǎ DŜƴŜǊŀƭ /ƻƴǘǊƻƭ 

Centre, while the downloaded data is then relayed to the Imaging Processing Centre located in 

Cachoeira Paulista for further image analysis and processing. 
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The Station itself is composed by two receiving subsystems and two recording subsystems. Both 

Receiving subsystems are integrated by a 10 m diameter S & X-Band Antenna (Used for TM and CM) 

and an 11.28 m diameter X-Band antenna with their respective radio-frequency equipment; the 

station can process up to 160Mbps data in each one of their recording subsystems. 

 

 
Figure 5.3: /ǳƛŀōł DǊƻǳƴŘ {ǘŀǘƛƻƴ [ƻŎŀǘƛƻƴ ŀƴŘ /ƻǾŜǊŀƎŜ όмрȏ ооΩ {Σ рсȏ лпΩ ²ύΦ 

5.1.3 Primary beta ground station 

Located in the Brazilian city of Alcântara its main objective is to serve as a Telemetry, Tracking and 

Command, and Data recovery Backup Station in case the Primary Alpha Ground Station goes offline. 

One 10 m diameter S-Band antenna and its respective radio frequency equipment, as well as a small 

data processing center compose the Station. 

 

 
Figure 5.4: !ƭŎŀƴǘŃǊŀ DǊƻǳƴŘ {ǘŀǘƛƻƴ [ƻŎŀǘƛƻƴ ŀƴŘ /ƻǾŜǊŀƎŜ όлнȏ нлΩ {Σ ппȏнпΩ ²ύΦ 

 

5.2 Secondary ground segment sub network 

Two Receiving Ground Stations and processing centers compose the Secondary Ground Segment Sub 

Network, its main objective is to operate SELVA-RX into acquiring local Asian Tropical Rainforest and 

to process and distribute this information as requested by countries of the region. 

 










