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Abstract: Covid-19 is a global crisis and the greatest challenge we have faced. It affects people in different ways. Most infected people develop a mild to moderate form of the disease and recover without hospitalization. This presents a problem in spreading the pandemic with unintentionally manner. Thus, this paper provides a new technique for COVID-19 monitoring remotely and in wide range. The system is based on satellite technology that provides a pivotal solution for wireless monitoring. This mission requires a data collection technique which can be based on drones’ technology. Therefore, the main objective of our proposal is to develop a mission architecture around satellite technology in order to collect information in wide range, mostly, in areas suffer network coverage. A communication method was developed around a constellation of nanosatellites to cover Saudi Arabia region which is the area of interest in this paper. The new proposed architecture provided an efficient monitoring application discussing the gaps related to thermal imaging data. It reached 15.8 min as mean duration of visibility for the desired area. In total, the system can reach a coverage of 5.8 h/day, allowing to send about 21870 thermal images.
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1  Introduction

The COVID-19 pandemic is much more than a health crisis. It is also an unprecedented socio-economic crisis putting pressure on each of the countries it affects. It has devastating social, economic, and political impacts that will leave deep scars. Every day, jobs and income are lost, with no way of knowing when there will be a return to “normalcy”. Small island nations, heavily dependent on tourism, face empty hotels and deserted beaches. The International Labor Organization estimates that 195 million jobs could be lost. The World Bank projects a drop of $ 110 billion in remittances this year, which could mean that 800 million people will not be able to meet their basic needs [1].

This critical fact led to develop the appropriate analysis technique to detect infected peoples in order to reduce the spread of the pandemic. In this context, many tests are developed such as Polymerase Chain Reaction (PCR), which is considered as the best method for the detection of corona virus by rapid detection, specificity, and high sensitivity [2]. Another method is by real-time reverse transcriptase-PCR (RT-PCR) which has proven to be simple and specific qualitative assay [3,4]. In addition, antibody tests can inform if a person has been infected in the past, even if they have not had symptoms. It is called serological tests and usually performed on a blood sample. These tests detect antibodies produced in response to an infection. In most people, antibodies start to appear after a few days or weeks and can indicate whether a person has already been infected. These tests cannot be used to diagnose COVID-19 in the early stages of infection or illness, but they can tell if a person has been sick [5].

Unfortunately, these traditional methods are costly and can present an important issue with the risk of diagnosing the maximum infected cases. Many people prefer to visit medical centers in case of serious symptoms that need expert intervention. This problem limits the possibility of counting cases and therefore, the spread of the pandemic.

All these reasons led to developing a monitoring technique to detect the maximum infected cases. Remote monitoring presents an interesting solution for wireless health care. A.R. Watson, et, al. review the efficiency of remote monitoring including different techniques such as telemedicine and 5G technology [6]. Annis, et al. provide methods for sharing concerns and symptoms based on remote monitoring solution around the GetWell Loop application [7]. This method presents a pivotal solution to minimize COVID-19 exposure. In addition, several applications can help to confine infected cases, such as the application based on text message to confirm or suspect COVID-19 at home [8].

Unfortunately, these methods create a problem in detecting the maximum number of cases that depend on people awareness. Deficiencies in implementation are among these problems, mostly, in cases with weak symptoms. Thus, new technology offers many platforms to overcome these problems of real-time diagnosis and monitoring.

Among technologies, the use of drones provides several benefits for a permanent monitoring coverage. Chamola, et al. review the impact of drones in managing the rapid spread of COVID-19. In this context many systems were developed in detecting corona virus remotely such as thermal image processing using drone [9]. It is showed that a wide area can be covered to identify patient within a period of 2 Km within 10 min approximately [10]. In fact, the drone based on thermal imaging was designed for capturing the temperature of people in crowds and can be used in the early diagnosis phase. This type of drone can be combined with Virtual Reality as a wearable device to identify people with high fevers [11]. In addition, this method can send alert to health officer when detecting high temperature, including, GPS location, captured thermal and optical images, and live video streaming [12].

In fact, many satellite applications focus on remote sensing including a cost sensor to accomplish their objective. This presents a gap, especially, for emerging countries. Thus, drone technology for example can present a promising solution for low-cost application [13]. Besides, extending the use of a drone from mission-centric, science, or defense sector to social health is of critical importance especially for dealing with COVID-19 epidemic. This work supports the argument that drones have influenced health quality and relief measures in real life at a significant level [14]. Drones can prove to be of great assistance in all these areas at varying levels [15,16].

Indeed, most of these ideas need internet to share real-time monitoring data for a rapid intervention. However, internet coverage presents a real gap in such areas like Middle East and North Africa (MENA) regions. Often, most of these regions are often without infrastructure in all areas. Many challenges occur when thinking to apply for example 4G or 5G technologies for sharing data. Thus, it seems wise to develop a new wireless system to overcome this issue by using the small satellite technology. It benefits the data transmission in any desired area. A software defined radio module is among systems that can be integrated on drones to benefit from the use of small satellite technology for near real-time transmission. A transmission method was analyzed in this work to provide the adequate techniques to transmit data. This led to conceive the appropriate architecture of satellite constellation to cover Saudi Arabia which represents the area of interest in this paper, as it suffers internet coverage in some areas. The novel constellation architecture was developed and simulated that can provide a near real-time transmission, and therefore, increasingly improve the monitoring techniques in remote areas. The intervals of coverage duration, revisit time and total coverage of the desired area were the main parameters of interest to develop the adequate constellation architecture which is the main objective of this paper.

2  Concept of Operation

The proposal’s main objective is to provide a new wireless technique for COVID-19 monitoring in order to limit its rapid spread. The system aims to improve the transmission method of the data collected using drones. The nano-satellite technology presents a promising solution to fill the gap of network coverage in all areas, especially for Saudi Arabia region. The proposed system is presented in Fig. 1.
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Figure 1: Data transmission architecture

The system encompasses 4 main links of communication:

•   Inter drones’ link.

•   Drone-space segment link through the Software Defined Radio (SDR) module.

•   Inter satellites link.

•   Space segment-health center link

This architecture provides a reliable communication system to transmit data in remote areas that suffer internet coverage.

3  Methodology

In order to enhance the communication of two points that are distant from each other, and which located in regions where it is impossible to have a fixed infrastructure, satellite communications are the best solution. Satellites can also ensure communication between the ground station and the drone. Therefore, for multi-drone systems, each aircraft can communicate with the ground station through a satellite. Thus, communications between drones can also be performed in the same way. However, this approach has some weak points such as the high transmission latency and the cost of satellite launching. In addition, the drones as well as the control station must be in line with the sight of the satellite. Indeed, for certain missions, trees or buildings can be obstacles against the signal exchanged between the drones and their satellite.

This led to propose a drones’ networks as sensors’ node system, to limit the conflict of communication. In addition, the proposed system is based on thermal as a reliable solution to detect infected peoples. In fact, this method presents challenges in term of accuracy that led to develop filtering system to fill this gap in such application [16]. In fact, previous work based thermal imaging camera proved its efficiency to detect a reliable human temperature [17]. This work was developed a technique to perform body diagnosis to detect the elevated temperature in order to fight the spreading of infection. It has shown a good detection accuracy.

Thus, development in this field led to the birth of new techniques to improve data accuracy of thermal imaging. Among, DJI enterprise was succeeded to develop a reliable drone (DJI Mavic 2 Enterprise DUAL) to detect temperature using 2 cameras [18]. This presents the adequate method to accomplish the goal of the proposed system. It can be integrated to the entire architecture. The specifications of this system are summarized in Table 1.

[image: images]

We can deduce from the table that the drone can cover approximately 7 km in one flight mission. In addition, the integrated thermal camera can capture approximately 360 images, considering 1 image/5 s. The image file size equals about 0.69 Mo, reaching a total of 248, 4 Mo in total. The big number of images led us to think about the transmission method to the required data. The system therefore can transmit the necessary data to the satellite in order to collect the maximum number of infected peoples. The drones can be adjusted to send only fever data.

4  Data Transmission System

The first step in designing a space mission is to define the mission objectives, then choose the appropriate orbit for that mission and then design a satellite that meets the requirements and objectives of the mission in order to launch a suitable communication architecture design. It is a network of satellites and earth stations linked together with communication links. Indeed, the communication links allow a satellite system to operate by performing the monitoring, control, telemetry and sending of mission data.

Indeed, users will be able to assign different priorities to the selection criteria of communication architecture.

4.1 Inter Drones Link

In fact, the idea requires a full coverage of a desired area. Thus, a network of drones is needed that act as master-slave system. Each drone collects thermal data of people in crowds and sends it to the master drone. Therefore, the master collects all data and transmits to the health center through the nanosatellites’ constellation. The system acts as a sensors’ node that communicate with the master to collect data through a wide range connection which can be based on Zigbee, Wi-Fi or LTE protocols in such examples [19]. These previous works aimed to develop network of drones to collect the needed data of the zone of interest.

4.2 Drone-Space Segment Link

Several works focus on developing methods to extract data for coronavirus monitoring [9,10] using drones. The challenge is how to develop a real time monitoring system especially in zone where internet network presents a major issue. Here, nanosatellite technology presents a promising solution to fill this gap. Thus, the proposed system aim is to integrate a novel communication technique to the previous monitoring systems for a real-time sharing data. It is based on the integration of SDR module as a communication system. The first step is carried out for converting collected data to the suitable protocol of communication which deals with SDR module. It acts as a bridge of communication. This technique was developed and proved its efficiency adapting any received signal to the appropriate protocol of communication [20]. According to the transmission requirements, the VHF protocol is selected in order to transmit the collected data to the nanosatellite constellation. Table 2 illustrates the link budget and the antenna’s specifications.
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Here, the novelty resides on the use of Communication Bridge in order to benefit from transmitting data in a wide range.

4.3 Inter Satellites Link

In order to cover the desired area for quasi-permanent time, a constellation of nanosatellites is needed to accomplish this goal. Thus, the adequate communication system was developed for inter satellites link (ISL), including, antenna and link budgets. Indeed, patch antenna proves its efficiency in small satellite applications benefiting its small size [21,22]. Therefore, the link budget of the communication needed inter the proposed constellation proposed is illustrated in Table 3.
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4.4 Space Segment-Health Center Link

In fact, the ground station is intended for communication with one or more space stations or with one or more ground stations via one or more satellites [23,24].

The ground station mainly comprises a transmission system whose complexity depends on the number of satellites and the different carrier frequencies simultaneously processed by the earth station, a reception system which also depends on the number of frequencies and satellites managed by the ground station , an antenna which is usually a single antenna for transmitting and receiving data, a tracking system to adjust the antenna to the proper position in order to produce ideal communication with the satellite, also it includes terrestrial interface equipment.

Indeed, the earth station must control the satellites and their payloads, monitor their condition, track and determine the attitude and orbital position of the satellites.

Thus, the link between the nanosatellites constellation and the ground station is composed by two frequency bands. The VHF band will be dedicated for uplink commands, while the UHF band will be dedicated for downlink. The data after being received based on UHF frequency, it will be distributed to the health center through Internet. Table 4 summarizes the link budgets of VHF/UHF bands.

[image: images]

5  Satellite Constellation Conception

The main idea of this proposal is to limit the rapid spread of corona virus using a new communication method for remote area, especially for Saudi Arabia region. The nanosatellite technology is proposed to fill the gap of network coverage. In fact, nanosatellites provide many benefits in space domain, declining the cost of satellite missions [25], such as the launch vehicles [26]. This increases the use of nanosatellites in the last two decades [27], including for example, the monitoring applications [28,29].

The system aims to send the collected data from the master drone to the satellite during visit. Thus, the main objective of this paper proposal is to develop the reliable satellite architecture able to cover the desired area benefiting a new technique for sharing data in near real-time. Table 5 presents the mean duration of visit for one satellite in Low Earth Orbit (LEO).
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During one satellite’s visit, the average data that can be transferred is about 18.482 Mb, for a total of 129.376 Mb for all the day. Thus, the patients’ detection can be increased by integrating a constellation of nanosatellites in the entire mission. Satellite constellation method was proposed because of its large benefits [30].

After specifying the need including the area of application, expected performance and budget, we can look at the design phase of the constellation. This phase concerns the dimensioning of the constellation (number of needed satellites) and the positioning of the satellites. It is at the heart of the problem in which we are interested since it will condition the performance of the constellation that we are trying to optimize.

The parameters whose value we want to determine in order to optimize the constellation performance are on the one hand the number of satellites that must be used to solve the problem and on the other hand the value of the orbital parameters that define each of the satellites. Note that the number of unknowns varies during the optimization process, which imposes a certain number of constraints on the search techniques to be used. For example, the increase in the number of unknowns (through the increase in the number of satellites) implies a discontinuity in the evaluation function. Any algorithm needing a regularity property of the criterion cannot be implemented for the resolution of the global problem.

Furthermore, the number of parameters defining a satellite (6) generates a large search space. There are in fact 6n variables for n satellites [31].

5.1 Constellation Architecture

This phase defines the performance of the constellation by positioning the satellites around the earth. The variables of our optimization problem are on the one part the number of satellites that we consider as unknown and on the other part the position of each of them. By fixing the number of satellites we can eliminate an obstacle for the optimization problem. In fact, this system was proposed to send serious condition to the satellite. Thus, a constellation of three nanosatellites is sufficient to accomplish the mission’s goal benefiting the low-cost of the system. We will then describe the methods for choosing the adequate positioning of the satellites.

In fact, six orbital parameters define the position of satellite; The semi-major axis (a), the eccentricity (e), the inclination (i), the longitude of the ascending node (Ω), the argument of the perigee (ω) and the position of the object in its orbit (TA: True Anomaly). Two of these parameters; e and a define the trajectory in a plane, three others; i, Ω and ω define the orientation of the plane in space and the last; TA defines the position of the object. Fig. 2 presents theses parameters.
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Figure 2: Orbital parameters

Once the structure of the constellation has been determined, it is necessary to determine the optimal way to put each satellite into its operational orbit: this is the stationing phase. The challenges of this phase are on the one hand the reduction of costs and on the other hand the reduction of the time to station.

•   The parameter a is directly related to the duration of revolution of a satellite around its orbit which is illustrated by Eq. (1).


T=2 π sqrt(a3/μ)
(1)

Were μ is the gravitational constant of the earth.

Thus, an increase in a causes an increase in the period of revolution T.

•   The parameter e has no influence on T, but if for e = 0, the satellite has a constant speed with respect to a point located on earth; this is no longer the case for an elliptical orbit. When the satellite is near perigee, it has a faster speed than when it is near the apogee.

•   The i value is used to calculate the latitudes that the satellite can fly over. More i is increases, more the width of the accessible latitude band increases.

•   The parameter ω makes it possible to take advantage of the influence of e on the orbit path. We can for example position the passage of the satellite by its apogee when it flies over an area of interest.

•   If the previous parameters have an influence on the behavior of the satellite within its orbit, the parameter Ω only allows it to rotate around the earth.

•   The influence of parameter TA on the behavior of the satellite is of the same order as that of Ω since the position of the satellite in its orbit is fixed here.

Reducing costs from single launchers used to mean minimizing the number of satellites. With the advent of multiple launchers and large constellations this is no longer the case, and the deployment requires the development of real strategies.

The variables of these strategies, true optimization processes, are the launch dates, the type of launcher used and the duration of the satellite drift. In addition, depending on the launch pad, the launcher can only access certain inclination ranges. Finally, the satellite is not placed directly in its operational orbit. It passes through an intermediate orbit and through the play of drifts and thrusts, the satellite reaches its operational orbit after a certain time.

The cost of stationing is induced by the choice of launchers used (number of launches in total) and by the propellant consumption of the satellites for stationing. Consequently, the restriction of the number of orbits (inclination, altitude) makes it possible to put in place packet launch strategies which reduce both costs and deployment times. This complex sub-problem is moreover critical and a constellation, even an efficient one, can be rejected if the positioning strategy is too expensive.

According to this brief analysis of orbital parameters and following Walker Delta architecture for satellites constellation [32], we propose a constellation of three nanosatellites to meet the goal of covering Saudi Arabia to collect the needed data sufficient for analysis.

Here, the opposing question is the number of orbits adequate to meet the requirements of the mission. To accomplish this goal in choosing the best architecture, three parameters were considered to compare the reliability between three possible architectures: intervals of coverage, revisit time and total coverage duration. Table 6 presents the parameters of the three possible architectures.
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5.2 Simulation Results

In order to select the appropriate architecture for the mission, simulations were performed using the same parameters for the three architectures including, apogee, perigee, inclination and eccentricity with different ascending node (Ω) and True Anomaly (TA). Therefore, the adequate architecture is that provides the maximum coverage duration with the minimum revisit time. This led to perform simulations using satellite software toolkit to extract the required analysis. This software is dedicated for analyzing and visualizing complex system in the context of space missions [33].

Indeed, this work’s main objective is to cover Saudi Arabia region for quasi-permanent time. Thus, the simulations were conducted to choose the suitable architecture. The intervals of coverage are presented in Figs. 3–5.
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Figure 3: Coverage intervals of architecture 1
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Figure 4: Coverage intervals of architecture 2
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Figure 5: Coverage intervals of architecture 3

Regarding the objective of reducing the revisit time of satellites, we can exclude the architecture 1 as it presents a large period of lack of coverage. Considering the duration of total coverage, we can choose the adequate architecture from architecture 2 and architecture 3. The simulations conducted to extract the global statistics presented in Table 6.

Based on Table 7 we can deduce that these architectures present relative similarity in term of coverage duration. Thus, the chosen architecture is that deals with the simplest method of launching method. According to this brief analysis we choose architecture 2 to meet the mission requirements.
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The report of the nanosatellites coverage for architecture 2 is summarized in Table 8 based on parameters presented in Table 6.
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The simulation results a good performance in term of amount of daily data that can be sent. This constellation provides a reliable communication method to increase the patients’ detection. The total data that can be sent during three satellites’ visits can reach about 400.650 Mb. It is a great platform to limit the spread of pandemic, which can be more efficient when applying this technique using a network of satellites that can participate in this mission.

6  Discussion

Several applications were conducted using a constellation of nanosatellites, such as the application of disaster monitoring presented in [34]. Here, the nanosatellites reside in the LEO at an altitude of 670 km for each nanosatellite, which are distributed as indicated in Fig. 6.
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Figure 6: Satellite constellation [34]

Indeed, the proposed architecture developed in this paper’s work provides better results than those of Kameche, et al., in term of mean duration per visibility as shown in Table 8. Results are illustrated in Table 9.
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We can deduce from the table that the mean duration of visibility reached by the provided architecture can meet the desired objective in detecting the maximum number of infected peoples. Using the communication specifications presented in Table 2, the proposed system allows to send about 738 images in one orbiting cycle. Thus, this system allows to send all the data of two drones in one satellite visit, considering all the data are from infected peoples, for a critical fact.

This allows the proposed system to meet the main objective of the mission providing a reliable architecture for efficient monitoring application. Indeed, the simulation performed based on the proposed system proves its efficiency in increasing the mean duration of visibility decreasing the number of needed satellites for covering the desired zone. For one day, the proposed architecture can reach approximately 5.8 h as total duration of coverage (Table 8). This allows to send about 21870 images.

7  Conclusions

The mission analysis of this work provides a great platform for improving the health care in remote area. The proposed system is based on new wireless communication techniques. It includes the satellite technology, the communication bridges, and the communication requirements analysis. This mission proves it efficiency in COVID-19 monitoring, which is increased using a constellation of 3 nanosatellites. The comparison of constellation architectures was performed to prove the efficiency of the chosen architecture. It is succeeded to reach 15.8 min as mean duration of visibility for the desired area of coverage. This led to improve the detection of infected peoples by providing the adequate coverage duration to acquire the needed data for analysis.

Otherwise, the system is based on thermal imaging data that present a real gap in term of accuracy. New system therefore was analyzed to fill this gap providing the adequate method to accomplish the mission goal. The proposed communication technique is provided the adequate method to accomplish the mission’s goal.

This system therefore can be a part of global mission that includes an increased number of satellites based on a global cooperation.
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Table 1: Specifications of DJI Mavic 2 Enterprise DUAL

Item Specifications

Device Speed (average): 4 m/s ; Altitude (max): 6 km ; Flight duration (average: 30 min) ;
Inclination angle (max): 35/25 deg ; Memory: 24 Go.

Thermal HFOV: 57 deg ; image size : 640 * 360 pixels; Temperature range: from 0 to 40°C; capture:

camera 3/5/7 s

Optical Pixels effectifs : 12 M; HFOV(average): 85 deg; image size(max): 4056 * 2280 pixels

camera
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Table 3: Communication specifications

[tem Units  S-band ISL
Frequency GHz 24
Transmitter power dBm 30
Transmitter antenna gain dB1 4.1
Effective isotropic radiated power dB 35.1

Space loss path dB 161.67

Bit rate Mbps 1.2
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Table 8: Constellation coverage report

Access Access start (UTCGQG) Access end (UTCG) Duration (s) Asset full name
1 11 Mar 2021 09:09:26.194 11 Mar 2021 09:25:48.075 981.881 Satellite3

2 11 Mar 2021 10:59:12.603 11 Mar 2021 11:15:42.538 989.935 Satellite3

3 11 Mar 2021 12:48:47.987 11 Mar 2021 13:06:44.170 1076.184 Satellite3

4 11 Mar 2021 14:37:34.917 11 Mar 2021 14:57:06.960 1172.042 Satellite3

5 11 Mar 2021 16:26:34.051 11 Mar 2021 16:44:45.909 1091.859 Satellite3

6 11 Mar 2021 17:45:26.836 11 Mar 2021 17:54:21.832  534.996 Satellitel

7 11 Mar 2021 18:19:51.794 11 Mar 2021 18:25:42.458 350.664 Satellite3

8 11 Mar 2021 18:36:50.088 11 Mar 2021 18:50:20.556  810.467 Satellite2

9 11 Mar 2021 19:29:49.969 11 Mar 2021 19:45:15.997  926.028 Satellitel

10 11 Mar 2021 20:23:43.864 11 Mar 2021 20:39:53.969 970.104 Satellite2

11 11 Mar 2021 21:18:14.871 11 Mar 2021 21:34:33.273  978.402 Satellitel

12 11 Mar 2021 22:13:08.123 11 Mar 2021 22:29:26.333  978.211 Satellite2

13 11 Mar 2021 23:08:07.052 11 Mar 2021 23:24:39.955 992.903 Satellite]

14 12 Mar 2021 00:02:57.394 12 Mar 2021 00:20:10.990 1033.596 Satellite2

15 12 Mar 2021 00:57:33.062 12 Mar 2021 01:15:45.035 1091.973 Satellitel

16 12 Mar 2021 01:51:56.589 12 Mar 2021 02:11:02.894  1146.305 Satellite2

17 12 Mar 2021 02:46:15.542 12 Mar 2021 03:05:48.131 1172.588 Satellitel

18 12 Mar 2021 03:40:40.459 12 Mar 2021 03:59:48.230 1147.771 Satellite2

19 12 Mar 2021 04:35:27.423 12 Mar 2021 04:52:48.903 1041.480 Satellitel

20 12 Mar 2021 05:31:13.476 12 Mar 2021 05:44:15.519  782.043 Satellite2

21 12 Mar 2021 05:52:52.325 12 Mar 2021 06:03:46.887 654.562 Satellite3

22 12 Mar 2021 07:38:17.829 12 Mar 2021 07:54:01.000 943.170 Satellite3
Global statistics

Min duration 7 11 Mar 2021 18:19:51.794 11 Mar 2021 18:25:42.458 350.664 Sat3
Max duration 17 12 Mar 2021 02:46:15.542 12 Mar 2021 03:05:48.131 1172.588  Satl
Mean duration 948.508

Total duration 20867.166
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Table 6: Orbital parameters

Constellation Architecture 1 Architecture 2 Architecture 3
Parameters Sat 1 Sat2 Sat3 Satl Sat 2 Sat 3 Sat 1 Sat2 Sat 3
Apogee (Km) 1200 1200 1200
Perigee (Km) 700 700 700

i (deg) 51.58 51.58 51.58

e 0.158 0.158 0.158

Q (deg) 0 0 0 0 0 180 0 90 180
TA (deg) 0 90 0 0 180 0 0 0 0
Number of plans (orbits) 1 2 3

Distribution of satellites 3 Sats in one orbit 2 1n orbit 1-1 1n orbit 2

1 in each orbit
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Table 4: Communication specifications

[tem Units VHF uplink UHF downlink
Frequency MHz 145 437
Transmitter power dBm 30 30

Transmitter antenna gain dBi1 4.6 4.6

Effective isotropic radiated power dB 35.6 35.6

Space loss path dB 129.58 137.63

Bit rate Kbps 9.6 19.2
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Table 9: Constellation coverage statistics

Systems Number of Mean duration of
nanosatellites visibility (min)

Proposed system 3 15.8
System in [34] 4 8
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Table 7: Global statistics of constellation coverage for architecture 2 and 3

Global statistics Architecture 2 Architecture 3
Min duration (s) 350.664 350.664

Max duration (s) 1172.588 1173.185
Mean duration (s) 948.508 958.700

Total duration (s) 20876.166 21091.406
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Table 2: Communication specifications

[tem Units S-band uplink
Frequency GHz 2.4
Transmitter power dBm 30
Transmitter antenna gain dBi1 4.1

Effective isotropic radiated power dB 35.1

space loss path dB 161.67

Bit rate Mbps 4.3
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Table 5: Coverage report

Access Access start (UTCG) Access end (UTCG) Duration (sec) Asset full name
1 11 Mar 2021 17:45:26.836 11 Mar 2021 17:54:21.832 534.996 Satellitel
2 11 Mar 2021 19:29:49.969 11 Mar 2021 19:45:15.997 926.028 Satellitel
3 11 Mar 2021 21:18:14.871 11 Mar 2021 21:34:33.273 978.402 Satellitel
4 11 Mar 2021 23:08:07.052 11 Mar 2021 23:24:39.955 992.903 Satellitel
5 12 Mar 2021 00:57:33.062 12 Mar 2021 01:15:45.035 1091.973 Satellitel
6 12 Mar 2021 02:46:15.542 12 Mar 2021 03:05:48.131 1172.588 Satellitel
7 12 Mar 2021 04:35:27.423 12 Mar 2021 04:52:48.903 1041.480 Satellitel
Global statistics

Min duration 1 11 Mar 2021 17:45:26.836 11 Mar 2021 17:54:21.832 534.996
Max duration 6 12 Mar 2021 02:46:15.542 12 Mar 2021 03:05:48.131 1172.588
Mean duration 962.624

Total duration 6738.371
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