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Adelis SAMSON in a Nutshell

As previously reported, Adelis SAMSON is the Technion’s Space Autonomous Mission for Swarming and Geo-locating Nanosatellites.  Adelis SAMSON aspires to be the world’s first university-built 3-nanosatellite autonomous cluster flight mission with a projected commercial launch to low Earth orbit in 2019.  The satellites are designed, assembled and operated mostly by the Adelis SAMSON team of researchers and engineers from the Asher Space Research Institute (ASRI), Faculty of Aerospace Engineering students and the collaborating Israeli industries. 
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Figure 1: Artist’s Concept of SAMSON
The three Adelis SAMSON satellites will fly in a cluster, where the distance between any two satellites is not less than 1 km and not more than 250 km, for a full year. The cluster will be employed to locate terrestrial signals at high precision for applications such as search and rescue in the ocean or in disaster zones.  For this, we will build a ground emitter to be located on the Technion campus.  The geo-location will be based on Time Difference of Arrival (TDOA) and Frequency Difference of Arrival (FDOA) methods.  Adelis SAMSON uses a new space computer initially designed at the Technion’s Faculty of Electrical Engineering, and now produced and sold by IAI/MBT Space Division. For this ambitious mission, we have also developed (with Rafael Ltd) a new cold-gas propulsion system and a dedicated geo-location payload (with IAI/Elta).


Project Status

The Adelis SAMSON project officially started in March 2012 with a Systems Requirement Review (SRR) in which the mission’s Systems Requirements document was presented and discussed.  The event was very well attended by Technion personnel, as well as by engineers from the leading space industries in Israel, and a few interested parties from abroad.  Since the SRR, we have slowly but surely assembled a large and diverse team to work on the mission.   At least one general team meeting is held every week and additional smaller meetings as needed.  The team has developed a detailed mission concept and the design of the Adelis SAMSON satellites. At present, we are in the process of launch procurement and final assembly, integration and testing stages. 

The following milestones were successfully achieved:

	· March 2012	
	Systems Requirement Review

	· July 2013	
	Preliminary Design Review

	· July 2014	
	Critical Design Review

	· February 2015
	Integration Readiness and Kick-Off Review

	· December 2015
	Propulsion Pressure Tank Manufactured

	· January 2016
	Payload Development completed

	· May 2016
	Ground Station Development started

	· July 2016
	Testing of Accurate Timing System complete

	· August 2017	          
	Ground Station design complete

	· September 2017    
	Agreement on Launch Services prepared

	· November 2017     
	Launch Procurement approved by Technion

	· January 2018          
	Agreement on Launch Services signed

	· April 2018	
	Vibration tests started

	· October 2018
	Panel deployment tests conducted

	· January 2019
	Final Launch Agreement received

	· June 2019	
	Final Launch Agreement revised and ready for signature.



The project is on track for the planned launch in December 2019.


Adelis SAMSON Technical Overview

Adelis SAMSON satellites are based on the CubeSat standard (see below). Each satellite is 30X20X10 cm. The satellite solar panels will be deployed in configuration (See Figure 1) in orbit. During launch the satellites will be stored in pods (see Figure 2) and the solar panels will be stowed in configuration (see Figure 3).  The satellite components placement can be found in Figure 4.
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	Figure 1: Adelis SAMSON External View Deployed Configuration
	Figure 2: 12U P-pod
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	Figure 3: Adelis SAMSON External View Stowed Detailed Configuration
		Figure 4: Adelis SAMSON Components Placements




The Team

Our team now consists of Technion professors and administrators, ASRI researchers and engineers, former and present Technion students, and space engineers from the industry (many of whom are Technion graduates). There are currently about 35 members on the Adelis SAMSON team.
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Members of the Adelis SAMSON team at RAFAEL with the Adelis SAMSON propulsion unit

Project Management and Steering Committee  

Professor Pini Gurfil is the project director. In addition, some of the most experienced experts of Israel’s space program have been recruited as members of the Steering Committee to the project:

Professor Moshe Guelman - Technion: former director of ASRI and a prominent space scientist;

Dr. Daniel Choukroun - Ben-Gurion University of the Negev (BGU): leader of the satellite development program in BGU, and an experienced space scientist; 

Shmaryahu Aviad - Israel Space Agency: former senior manager in the Israeli space program; 

Moshe Shachar - Ministry of Defense: senior expert on satellite systems and the past manager of the TECHSAT satellite program at Technion.

In addition, the project team regularly consults with experts from the Israel Aerospace Industries (IAI) space division, former founders and leaders of Israel’s military space program, Israeli Space Agency (ISA) officials, professors, and space engineers. These advisors are invited to some of the meetings and design reviews, and provide feedback, which is taken into consideration and implemented as needed. 
  
Furthermore, IAI allocated professionals in the fields of electrical engineering, who developed the satellite basic units and systems (BUS), thermal analysis, integration experts (who built all of Israel’s satellites).  Rafael is contributing Michael Zaberchik, who is responsible for constructing the propulsion units. 

Project Engineering Team

Adelis SAMSON is a highly complex engineering project, which requires a skilled team of engineers. The engineers in the team have been working on electronic design, mechanical design, subsystem design, orbit and attitude control, simulation, environmental testing, algorithm design and verification, and communication system engineering. The following main engineers have been employed on the project:

Hovaness (Hovik) Agalaryan – principal electronics engineer, responsible for satellite battery integration, solar panel sizing and testing, integration of the mission computer, integration of the communication computer, design of electronic interfaces among components, design of the propulsion system valve control system, wiring, circuit design, payload system engineering (together with the ELTA team of engineers), antenna and communication system design.

Eviatar Edlerman – aerospace and systems engineer, responsible for orbit control, satellite attitude determination and control algorithms, simulation, ground station design, satellite tracking algorithms, definition of system requirements, definition of payload specifications, definition of satellite tests, evaluation of vibration tests, performance evaluation, satellite coverage evaluation, and calculation of ground station access times. In addition, Mr. Edlerman has been involved in defining pre-launch tests, interfaces, and scenarios. 

Mr. Edlerman completed his work on the team in April 2019.

Avner Kaidar – principal systems engineer, with a few decades of experience in Rafael and other industries. Mr. Kaidar has been responsible for project systems engineering, definition of Gantt charts, specification of work for the other project engineers, interfacing with the industry partners (IAI, RAFAEL, Elta), definition of subsystem requirements, payload engineering (together with Elta), propulsion system engineering (together with Rafael), satellite main computer electronics engineering (together with IAI), allocation of work packages, specification and design of the communication system, specification and design of the ground system antennae (together with Orbit, an Israeli satellite communication company), specification and design of the ground system receivers and transmitters (together with Orbit). In addition, Mr. Kaidar has been responsible for inspecting the technical requirements of the launch agreement, launch interfaces, and launch procedures. 

Dr. Vladimir Balabonv – principal mechanical engineer, who has designed with much ingenuity the mechanical layout of the satellites. Given the small size of the satellites (10x20x30 cm), the integration of the various components is extremely challenging. Dr. Balabonv managed to design the satellite units so that they contain all required electronics, control systems, computers, communication system, and propulsion system. Dr. Balabanov’s mechanical design is described in the diagram on the following page. 


Dr. Alex Frid – principal software engineer, who defined the main software architecture, supervised the software team, defined the optimization of the code, and has managed software verification and validation. 

Dr. Alexander Shiryaev – principal orbit determination engineer, who has been responsible for developing the orbit determination software, which is required for satellite tracking. In addition, Dr. Shiryaev designed filtering algorithms, which are required for the GPS receiver and for the accurate timing mechanism used on board the satellites for performing geolocation. Dr. Shiryaev recently retired.
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Mechanical design of Adelis SAMSON performed by Dr. Vladimir Balabanov. 
Shown are the 6 units of the satellites, where units 3 and 4 are occupied by the propulsions system



Benzion Yosselson – communication engineer, who has been responsible for antenna sizing, antenna design, ground station communication hardware design, communication licensing and working together with the antenna system provider (Orbit Inc.) to design a mission control center suitable for the mission needs of Adelis-SAMSON.

Shlomo Balaban – project manager, responsible for planning the work, launch contract negotiations, drafting the Gantt charts, specification of work, and supervising the engineering team.

David Voskarchyan – electronics technician, responsible for electronic assembly, wiring, circuit design, payload testing and electronic interface design.

Other engineers from various Technion faculties have also been employed on the project, all vital to the success of the project.
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Dr. Vladimir Balabnov and Mr. Hovaness Agalaryan preparing Adelis SAMSON for vibration tests




Project Software Team

Adelis SAMSON contains novel algorithms for orbit control, attitude control, propulsion system operation, communication, timing, and navigation. The Adelis SAMSON satellite trio aims at performing, for the first time ever, autonomous flight of multiple cooperating satellites. In addition, the satellites will detect a ground radio emitter and calculate its coordinates, a process referred to as geolocation. These ambitious goals require a huge amount of software code. In addition to writing this code, it also needs to be tested and verified in ground simulators. Thus, the project employed many programmers, each responsible for a different aspect of code writing, implementation and testing. The code is divided into a number of modules, the main components of which are the flight software, implemented on board the satellites, and the ground station software, implemented on the mission control center computers. The following main programmers have been involved in developing the satellite and ground station software:
	
Margarita Shamis – telemetry software, ground station software, operation interfaces. 

Yulia Konyavsky – flight software, real-time software modules, orbit control software.

Yaron Oz – flight software, formation flying software, navigation software, communication software, payload software.

Dor Keren – flight software, payload software, communication software, ground station/flight software interfaces.

Tsur Triger – communication software, payload software, telemetry protocols, software testing and verification.

Tzachi Ezra – real-time software, communication software, mission control center software, ground station software development and implementation, software verification and validation.

Yogev Dotan – programmer, responsible for designing and testing the digital communication systems (USRP) and ground station software development. 

As with the Project Engineering Team, other Technion faculty programmers have been involved in the programming work for the success of Adelis SAMSON.

In order to speed up the software development, a subcontractor specializing in satellite software development has been hired (Inraz LTD). This subcontractor has also been involved with developing the software for SpaceIL’s Beresheet spacecraft. 
In addition to the technical teams involved in the important work of Adelis SAMSON, there is the necessity to support this work with an infrastructure that provides the necessary administrative backup. The main personnel involved are:

Lee Nudel – Chief administrator of ASRI, responsible for procurement, supervising orders, meeting scheduling, Adelis SAMSON and ASRI web development, media development and outreach, among other administrative activities.

Shorely Genassin and Neta Vizel – Lead team for educational development, in particular the International Space University Space Studies Program held in 2016 at Technion.


Educational Impact

Students and Post-doctoral Researchers

Adelis SAMSON has had a considerable educational impact. It was originally conceived as an undergraduate student project in 2012. Thanks to the generous support of the Adelis Foundation, top graduate students and post-doctoral associates were able to be involved in the cutting-edge research in Adelis SAMSON. Some of the algorithms implemented on the Adelis SAMSON satellites were developed by Technion PhD students and by visiting international students and postdocs. Thus, Adelis SAMSON has created impact both nationally and internationally. International students were impressed by the innovative research involved in the project. Most leading academic institutions are aware of the Adelis SAMSON project, which has paved the way for the Technion to return to the front stage of academic satellite engineering research. 

Technion graduate students were supported by fellowships funded through the Adelis Foundation's support. 

The following is a summary of the research work of four students whose research  theses were related to the Adelis SAMSON project:  

Elad Denenberg, Ph.D. student (currently a post-doctoral fellow, King’s College, London, UK) – Elad investigated an issue of prime importance for Adelis SAMSON: How to arrange the cluster of satellites so that they avoid collisions among themselves, and between them and space debris? Elad’s doctoral research set new frontiers in satellite cluster flight technologies. 

A satellite cluster, such as Adelis SAMSON, is a group of satellites operating under distance constraints. Spacecraft formation flying and satellite cluster flight have seen growing interest in the last decade. Adelis SAMSON is one of the flagships of these international activities.  

However, the problem of finding the optimal debris Collision Avoidance Maneuver for a satellite in a cluster has not been investigated before Adelis SAMSON. The calculation of Collision Avoidance Maneuver for a cluster of spacecraft should be as computationally efficient as possible, because the spacecraft, such as Adelis SAMSON, are expected to have a certain degree of autonomy. Elad’s PhD work contributed to the process of calculating a Collision Avoidance Maneuver on two levels: First, it offered improvements to the computation of conjunction. Second, Elad’s PhD work developed new Collision Avoidance Maneuver methods.

To assess the probability of collision, the Time of Closest Approach between the spacecraft, e.g. Adelis SAMSON, and the debris, must first be calculated. Elad’s PhD work presented improvements to the calculation of the Time of Closest Approach. The first is called a Surrogate-based Optimization algorithm, Using Surrogate-based Optimization to find the Time of Closest Approach allows a compromise between calculation speed and accuracy. This achievement is important for future nanosatellites in general, and for Adelis SAMSON in particular.

Elad’s PhD work presented a strategy for safe operation of a spacecraft cluster, such as Adelis SAMSON, in a debris-rich environment. All methods in Elad’s PhD were demonstrated and compared. For the calculation of the optimal Collision Avoidance Maneuver, Elad’s work developed a method for choosing the timing of conducting minimum-fuel avoidance maneuvers, which is essential for satellites with a small mass volume, such as Adelis SAMSON.

Hao Zhang, post-doctoral researcher (currently satellite engineer in China) – Hao developed some of the algorithms used on board the Adelis SAMSON mission, in particular some of the cluster flight algorithms. We list below some of the academic achievements of Hao’s research and the impact thereof.


Nanosatellite clusters such as Adelis SAMSON are a new concept in the realm of distributed satellite systems, which require complex cluster management - mainly regulating the maximal and minimal inter-satellite distances on time scales of years -  while utilizing simple on-off propulsion systems. The simple actuators and long time-scales require judicious astrodynamical modeling coupled with specialized orbit control. Hao’s work offered a satellite cluster orbit control law which works for long time scales in a perturbed environment while utilizing fixed-magnitude thrusters. The main idea was to design a distributed controller which balances the fuel consumption among the satellites, thus mitigating the effect of differential drag perturbations. The underlying methodology utilized a cyclic control algorithm based on a mean orbital elements feedback. Stability properties of the system do not adhere to the classical stability theory, so an effort was made to define and implement a suitable stability theory. A simulation example resulting from Hao’s work, and implemented for the Adelis SAMSON mission, is shown below:
[image: ]












Adelis SAMSON Mission Simulation based on the research of Dr. Hao Zhang


In space systems consisting of a number of satellites, such as Adelis SAMSON, coordinating orbits among satellites is necessary throughout the whole mission lifetime. While previous works mainly focus on the boundedness of relative motion between satellites in the group, in Haos’ research, the underlying concept is using consensus theory to characterize properties of the satellite cluster.  

This new concept enabled the implementation of the orbit control and communication systems on board Adelis SAMSON. Furthermore, Hao’s research enabled to extend Adelis SAMSON’s orbit control method to a larger number of satellites, with the vision being extension of the Adelis SAMSON mission to even more ambitious future satellite cluster flight missions. An illustration of one of the methods developed in Hao’s research is shown below.
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Inter-satellite communication (for SAMSON and future missions) 
as developed in Dr. Hao Zhang’s research





Another important aspect in the Adelis SAMSON nanosatellite mission was investigated in Hao’s research, as explained next. The thrusters in the Adelis SAMSON mission are fixed-magnitude thrusters, which are prone to many sources of errors, such as attitude determination and control errors. In this context, the purpose of Hao’s research was to develop a cluster keeping control law which is capable of long-term operation under thrust uncertainties, assuming fixed-magnitude thrust provided by a cold-gas thruster such as the one operated in Adelis SAMSON. To that end, mean orbital elements were used for designing an inverse-dynamics controller. This high-end algorithm is implemented in Adelis SAMSON and guarantees the accurate performance of the satellites in the cluster.

Tao Nie, (Ph.D. Student, planned to return to Technion to become a post-doctoral fellow Starting August 1, 2019) – Tao developed very powerful analytical methods for understanding the behavior of satellites in the complex space environment. The main orbital perturbations affecting a low Earth orbit satellite mission such as Adelis SAMSON, are the non-spherical shape of the Earth, the effect of the atmosphere on the motion, known as drag, and light pressure from the Sun, known as Solar Radiation Pressure. Tao has developed a number of theories for supporting the orbit theory developed in order to launch the mission.

One of the most innovative and advanced concepts in Tao’s work was the suggestion to use environmental forces only to coordinate a cluster of satellites such as Adelis SAMSON. Using differential solar radiation pressure for satellite formation keeping is a new idea. There is no exiting design methodology of DSRP-based controllers for satellite formation keeping for long-duration missions such as Adelis SAMSON.

Tao’s work developed a DSRP-based formation keeping controller, utilizing mean orbital element feedback, for regulating relative distances between satellites in orbit. It was shown in Tao’s work that the most effective way to mitigate the inter-satellite drift is to adjust the semi major axes of the orbits. This is achieved by modifying the cross-sectional areas of the satellites. An illustrative figure showing the cross-sectional areas as calculated for the Adelis SAMSON missions (needed for the calculation of satellite rotational state, for the implementation of the algorithms described above), is given below.
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Adelis SAMSON cross-sectional areas calculation example





Paolo Izzo, (PhD Student, attending the dual PhD program of University of Rome La Sapienza and Technion) – Paolo’s research deals with an important aspect related to Adelis SAMSON and other satellite missions. According to international space regulations, satellites must deorbit after 25 years in service. This is called the Space Debris Mitigating Act, and is required in order to minimize the amount of space debris, which could be a major hazard to operational satellites, and could make space conjunction a serious problem to mission designers. Paolo’s research investigated satellite lifetime aspects. In other words, how can we predict the amount of time a satellite will stay in space? Do we need, as designers, to save some of the mission fuel for satellite orbiting, or will deorbiting occur naturally due to environmental effects such as atmospheric drag?

In particular, Paolo’s research aimed at investigating chaos in satellite orbits. This property of satellite orbits can help better understand the aspects related to mission lifetime.

The study of reciprocity and complementarity between order and chaos in deterministic dynamical systems is a crucial aspect in many scientific fields, and especially in the domain of satellite orbits. Shedding on the behavior of such systems beyond the unpredictability limit, established by the rise of chaos, will contribute to comprehension of the satellite orbit dynamics at different scales.

The evolution of satellite orbits, such as the Adelis SAMSON orbits and high Earth orbits, governed by the interplay of multiple perturbations accumulated over long time spans, results in local and global instability, and in a strong sensitivity to initial conditions and model parameters.

The identification of subspaces of the phase space in which instabilities are expected, especially for multidimensional systems, gives a portrait of the physical significance of theresonance spectrum. This is particularly for complex missions such as Adelis SAMSON.

The numerical detection of resonances using dynamical indicators is an efficient tool for evaluating the long-term stability and to discriminate between order and chaos. In this context, methods based on the analysis of vectors deviating from an initial reference orbit have been widely employed in the past decades.  

In Paolo’s research, the orbital model is defined according to the Milankovitch formalism, resulting in a singularity-free propagator able to characterize, through various averaging processes, the long-term evolution of satellite orbits.

Following the path traced by previous applications of modern chaos theory tools to orbital mechanics, the goal of Paolo’s work is to study the phase-space maps and the resonances affecting satellite orbits, to qualitatively understand their long-term dynamics under natural perturbations.

The novelty consists of designing an indicator sensitive to the tangent (or variational) dynamics, and adaptable with respect to model parameters, thus enabling to establish a unified numerical technique for the analysis of orbiting bodies.

Other graduate students from the Faculty of Aerospace Engineering and other faculties on campus were involved in various aspects of Adelis SAMSON related research, in particular structural design, thermal design, aerodynamics, controls, propulsion, and materials, among others.

International Space University

One of the most remarkable space education programs in the world, the Space Studies Program (SSP) of the International Space University (ISU), was held on Technion campus in the summer of 2016, and received sponsorship of the Adelis Foundation. Over 100 students from 23 countries attended the SSP. One of the key factors affecting the International Space University program to hold their prestigious Summer Program at Technion, was the high visibility of the Adelis SAMSON project. 

The students in the program visited the Asher Space Institute Labs and were all exposed to the development of the Adelis SAMSON satellites. 

The International Space University, founded in 1987 in Massachusetts, US and now headquartered in Strasbourg, France, is the world’s premier international space education institution. It is supported by major space agencies and aerospace organizations from around the world. The graduate level programs offered by ISU are dedicated to promoting international, interdisciplinary and intercultural cooperation in space activities. ISU offers the Master of Science in Space Studies and Master of Science in Space Management programs at its Central Campus in Strasbourg. 

Since the summer of 1988, ISU also conducts the highly acclaimed nine-week Space Studies Program at different host institutions in locations spanning the globe.

ISU programs are delivered by over 100 ISU faculty members in concert with invited industry and agency experts from institutions around the world. Since its funding, 25 years ago, more than 3700 students from over 100 countries graduated from ISU.

“ISU has a long-standing relationship with Israel in general and Technion in particular. Many participants of Israel were able, thanks in part to the Ilan Ramon Fund, to attend ISU programs previously. It is therefore a genuine pleasure for ISU to further enhance this relationship and convene the SSP16 session in Haifa. It is evident that there will be considerable interest from other countries to discover more closely the amazing hi-tech achievements and cultural richness of the host site”, declared Prof. Walter Peeters, President of ISU, in 2016.

Dr. Angie Bukley, dean of ISU added “Technion features world-class facilities and a beautiful campus. Haifa is an excellent location to deliver our signature Interdisciplinary, International, and Intercultural Space Studies Program”.


The SSP is an intense nine-week program, which offers the participants a unique and comprehensive professional development experience covering all aspects of space programs and enterprises. Disciplines highlighted include space physical sciences; space engineering; space policy, economics and law; space management and business; space and the humanities; space applications; and human performance in space. This program targets young and seasoned professionals from all disciplines as well as post-graduate university students. The team projects allow participants to refine the topic as a team, and also produce professional quality reports and final presentations, all in the span of a few weeks. Every summer, the SSP takes place in a different location around the world. Recent sessions have convened in Graz, the NASA Ames Research Center, Beijing and Melbourne (Florida). This year the SSP will take place in Montréal, Quebec, Canada in collaboration with ETS and HEC. 
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ISU faculty members and students at the Space Studies Program at Technion, Summer 2016
Activities at the ISU Space Studies Program, Technion, Summer 2016
Events at the Space Studies Program at Technion, Summer 2016


Recent Activities

In the past year, important progress has been made in all aspects of the design and testing. These include vibration testing, clock board redesign, solar panel deployment experiments, and software engineering. The final BUS units from IAI have been received. These units include the flight computer, which will operate Adelis SAMSON’s complex flight software.  In addition, Rafael has delivered the final, flight-ready propulsion modules. Of course, the highlight of our activities last year was the inauguration of the Adelis SAMSON ground station.

Vibration Testing

Adelis SAMSON satellites will be launched on board PSLV, an Indian launcher. During launch, the satellites will experience vibrations at various amplitudes and frequencies. It is essential to test the satellites prior to launch, to ensure that no mechanical failure will occur. Such tests have been conducted at Hermon Labs, a specialized facility capable of providing the same vibration regime expected during launch. Figure 1 shows the satellite assembled on top of the vibration facility. Following the vibration test, we identified a failure in the clock board, containing the quartz oscillator used for time keeping. This required a redesign of the board, which has been successfully completed in recent months.
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Solar Panel Deployment Experiment

Each Adelis SAMSON nanosatellite is equipped with deployable solar panels, designed to maximize electrical power generation from direct sunlight. The panels are attached to the sides of each box-shaped satellite. After launch, a deployment mechanism is activated, so that the panels are deployed and rotated towards the sun. We have conducted an experiment using a specialized facility (see Figure below), aimed at testing the eletro-mechanical deployment mechanism (activated through the satellite software). The test was successful, but we detected a design problem with the hold-down release mechanism (HDRM). New HDRM units have been shipped by the manufacturer. 
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 Solar panel deployment experimental facility

Flight-ready Propulsion Units

Adelis SAMSON nanosatellites are equipped with a cold-gas propulsion system, operating by releasing compressed Krypton gas. This system requires judicious testing to validate that no failure occurs during high-pressure operation. RAFAEL’s Michael Zaberchik, an experienced, senior engineer, has completed the design, assembly, testing and delivery of the propulsion system, shown below:
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Software Development 

Significant progress in software development has been achieved, thanks to an external contractor who provided us with 2 additional programmers. The Adelis SAMSON software has been almost finalized. This includes both the satellite software and the ground station software. 

Adelis SAMSON’s Innovative Geolocation Algorithm

Geolocation refers to the localization of a terrestrial signal from the Earth's surface. It relies on both the received time difference and frequency difference of the arriving signals at each of the three nanosatellites in the cluster.

Adelis SAMSON will be the first mission ever to test space-based geolocation with nanosatellites, which is essential to Israel’s future defense needs. It includes a ground-breaking system developed by ASRI engineers, which circumvents the need to use a highly expensive and heavy atomic clock. 

Space-based geolocation offers global functionality in various weather conditions, and is less susceptible to interference or environmental conditions. In a typical scenario, an emitter located at an a priori unknown location, emits a distress signal. The Adelis SAMSON swarm of closely-flying satellites receives the signals. Each swarm member receives the signal concurrently. Swarm members record the data, along with auxiliary information, such as precise satellite location. When the satellites have access to the ground station, the time tagged data and the added auxiliary information are downloaded. The ground station computes the location of the transmitted signal by performing further processing on the downloaded data.

Each satellite in the cluster carries a GPS receiver that calculates its own position and generates a highly accurate signal, which is used as a major synchronization trigger between the satellites. In addition, each satellite carries an ultra-high stability accurate clock that serves as an additional input for a better synchronized timing. Better synchronization between the satellites results in higher geolocation accuracies.

The combination of an OCXO with ultra-high stability whose output is controlled to agree with signals broadcasted by GPS and/or GNSS satellites is referred to as a GPS Disciplined Oscillator (GPSDO).

Adelis SAMSON Ground Station  

In a festive ceremony held at the Technion on June 11, 2018, the ground station for the Adelis SAMSON nanosatellite project was inaugurated. 

The ground station for satellite missions was built at Technion with the support of the Adelis Foundation and the Israeli Space Agency of the Ministry of Science and Technology. Following the launch, the nanosatellites will be monitored by Technion’s ground station, which will monitor the satellites’ activities and receive transmitted data. 

Rebecca Boukhris, Trustee of the Adelis Foundation, said during the inauguration ceremony that, “At the end of 2014 we signed an agreement with Technion, and within one year NASA completed the agreement with the Israeli Space Agency. The Adelis SAMSON project provides Technion and Israel with an opportunity to cross borders and initiate a new technological revolution, and we are proud to be among the pioneers of this project.”
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Representatives of the Adelis Foundation  with Prof. Pini Gurfil,
 Director of the Project, Prof. Boaz Golany, Vice President for External Relations and Resource Development and Mrs. Muriel Touaty, Director General, Association Technion France at the Inauguration Ceremony





Launch

Whilst it was anticipated that Adelis SAMSON would be launched in 2018, this has been delayed due to technical problems at the time of the vibration testing as referred to above. These problems are being resolved with a view to launching on board the Indian PSLV launcher later in 2019. 



Cooperation with Industry

The State of Israel is a proud member of the Space Club of Nations, less than ten countries around the globe that design, build, and launch their own satellites.  As such, Israel’s space industries are world-renowned and have achieved their well-respected standing for the satellites they built and are building and selling today.  In contrast, the research at ASRI is focused on the more remote future and on technologies that are not yet implemented in the industry. 

University scale satellites, such as those of Adelis SAMSON, are turning (on a worldwide basis) into the primary tool for training engineering students as well as for testing novel application in space before they can be implemented on large, commercial satellites.  University space research by nature is too far ahead in the realm of the future for the industries to immediately turn concepts and designs into current business plans. Nevertheless, many industries do have the vision and do realize that today’s research is tomorrow’s potential business. 

Over the course of the past two years, the Technion has claimed the role of spearheading small-satellite research in Israel, mostly owing to the Adelis SAMSON project. Under the leadership of ASRI, we have now built a diverse group of several dozens of researchers and engineers from the Technion and from the collaborating Israeli industries.  In fact, with the onset of the Adelis SAMSON project, we were overwhelmed by how the space industries (who can be fierce competitors in other arenas) rushed to join Adelis SAMSON under the academic umbrella of ASRI, and are now closely joining forces over Adelis SAMSON. The industries are not paid to work with us, but they obviously recognize the technological value of being part of a cutting edge space mission.  In the space business, where customers are few, missions are scarce, and heritage (track record) is everything, Adelis SAMSON provides a rare opportunity for the industries to be part of a novel, yet real, mission through which their hardware gains precious heritage in space.  To that end, one cannot overestimate the stature, which real space projects such as Techsat and Adelis SAMSON bring to the Technion.


Our Partners in Industry

The space division of IAI, MBT Space, is Israel’s primary space contractor, and the home of Israel’s highly successful Ofeq, Eros, and Amos satellite lines.  Once Adelis SAMSON was conceived, MBT Space generously agreed to provide systems engineering services to the project as well as their expertise in attitude and thermal control, thermo acoustic testing, systems integration, and other expertise in satellite building.  MBT Space has already given thousands of engineer work hours for the sake of Adelis SAMSON and will provide more.  MBT Space just now developed a new “bus” (basic units and systems) for nano-satellites. We are in the process of purchasing three such units for the Adelis SAMSON satellites, which will be one of the first test beds for the new bus.  Our collaboration on a university mission has appreciably increased the interest and investment of the IAI/MBT in small satellites.

Rafael Ltd is arguably the single most important backbone of Israel’s defense industries. Rafael designs and builds thrusters and thruster components for most of Israel’s satellites, and furthermore sells some of these abroad. Rafael was part of Adelis SAMSON early on, when one of its engineers was instructing group student projects at the Faculty of Aerospace Engineering.  Since Adelis SAMSON was conceived two years ago, these projects were geared towards the Adelis SAMSON mission. Under the instruction of engineers from Rafael’s Space Directorate, Technion students designed the thruster system of Adelis SAMSON that will be key to the success of its formation flying and the geo-location missions. Rafael also provides an experienced mechanical engineer, Michael Zaberchik, to oversee the development and complex procurement and manufacturing process of the thrusters.

ELTA Systems Ltd., a Group of IAI, is one of Israel's leading defense electronics companies.  Along with Elbit Systems Ltd, it desired to build the geo-location payload for Adelis SAMSON.  We eventually teamed with ELTA.

Several ELTA engineers are core members of the Adelis SAMSON team and work closely with the Adelis SAMSON team to develop the geo-location payload.  ELTA has never before built such an instrument for space, so they are obviously interested in exploiting this opportunity to potentially develop new expertise they would not have had without Adelis SAMSON. 
Visitors to Adelis SAMSON

The following is a schedule of visitors to Adelis SAMSON in the six month period November 2018 to April 2019. The importance of the visitors is an indication of the importance of Adelis SAMSON to the field of scientific space research.
	DATE
	NAME OF
DELEGATION
	NUMBER OF
PERSONS

	November 22, 2018
	University of Waterloo
CANADA
	11
Professors from various departments.

	December 19, 2018
	VIASAT 
USA and ISRAEL
Viasat is a provider of high-speed satellite broadband services and secure networking systems covering military and commercial markets.
	6
Jim Esserman,
Vice President of Business Development and 5 others.


	December 27, 2018
	Former Senior Personnel of the Israel Ministry of Defense
	18

	January 27, 2019
	NASA's Jet Propulsion Laboratory
USA
	2
Lieutenant General Ret. Larry D. James, Deputy Director and Dr. Dave Gallagher, Associate Director for Strategic Integration.

	April 3, 2019
	Embrapii Business Delegation
BRAZIL
Embrapii is the Brazilian Agency for Research and Industrial Innovation
	25
Part of the visit to Israel of Jair Bolsonaro, the President of Brazil.

	April 15, 2019
	Office of Science and Technology, Israel
	6
Ran Bar, Managing Director and 5 others.

	May 29, 2019
	Naval Research Laboratory
	9
Dr. Bruce Danly and 8 others




Specification of Work

In order to better understand the current status of the project, the table shown in Appendix 1 presents the activities completed in the past year and the activities pending. Green denotes completed activities, whereas red denotes pending activities, to be completed before the planned launch in December 2019.



Risks, Timeline and a Work Plan for Future Activities

Adelis SAMSON is a high-risk project due to the highly innovative mission concept. We outline below some of the key factors affecting the delay in mission launch, outline risk factors and explain how risk management has been performed.

1. Delay in propulsion system delivery by Rafael. The Adelis SAMSON propulsion system is one of its kind in the world, and was developed especially for the SAMSON mission. In fact, one may consider the propulsion system development as an independent project, performed in parallel to SAMSON. There are no other nanosatellites in the world, which operate a similarly powerful and accurate propulsion system. Due to its highly innovative technology, development and delivery of the propulsion system by Rafael has been considerably delayed. Thorough tests had to be performed to guarantee safety and performance. During tests, various components had to be redesigned and rebuilt. 

Current status: propulsion system development completed.

2. Delay in computer system delivery by IAI. The satellite computer system, developed by IAI, and integrated in a module commonly referred to as BUS, has exhibited numerous faults and problems. These include computer malfunction, electronics-related faults, computer performance problems, interface problems, and other software-related issues. 

Current status: BUS system development completed.

3. Delay in payload delivery by ELTA. Adelis SAMSON’s payload was developed by our partners from ELTA, based on Adelis SAMSON mission performance specification. This payload is used to perform the geolocation mission described above. The payload is a highly sophisticated digital receiver, which can accurately detect and record ground signals. We have conducted numerous tests together with ELTA, in order to guarantee that the payload functions accurately and reliably. 

Current status: Payload ready but has not passed environmental tests yet.
4. Failure of timing system hardware during first cycle of vibration testing. The Adelis SAMSON engineering model has been tested in a vibration facility as a routine part of launch preparations. During testing, the timing system consisting of an accurate quartz oscillator and GPS receiver, broke apart. Fortunately, this failure was detected, and corrective measured were taken. This process was lengthy, as it involved vibration experts from the Faculty of Mechanical Engineering. The Adelis SAMSON team managed to perform a redesign, which successfully passed a second round of vibration testing.

Current status: Development completed.

5. Launch readiness and environmental testing. Finding a launch provider that can accommodate the unique characteristics of the Adelis SAMSON mission is not an easy task. Whereas there are many launch providers, not every provider can provide a reasonable technical and financial offer. We have closely worked with the company ISIS from the Netherlands, in order to find a suitable launch provider, and are planning to launch Adelis SAMSON on board the Russian Soyuz launcher. We previously considered other options such as the Indian PSLV. However, because of delays in launch preparations, stemming from the factors mentioned above, we had to delay the launch. An additional, very important part of launch preparations is environmental testing. In this testing procedure, the satellite operating conditions in space, including vacuum and thermal conditions, are simulated, and the performance of the hardware and software is examined. We should mention that there are only a handful of such facilities in Israel, which makes environmental testing a real challenge. An additional challenge is to arrange the transport of satellites from Israel to the launch site. This process is described in the figure below.

Current status: Launch agreement ready for signature by Technion management. Environmental testing planned for September 2019.





[image: ]





Process for transporting the satellites to the launch site



The project timeline to the time of the launch, with indication of main completed and pending tasks, is shown as Appendix 2.

The key remaining tasks are as follows:

· Test of communication logic on flight models (FM): This stage is essential for validating the complex communication system on Adelis SAMSON, which operates on three different frequencies. This activity will be based on hardware already installed in ASRI labs and the Adelis ground station.

· Final construction of the flight models (FM): Currently, all 3 Adelis SAMSON satellites are being assembled in a judicious process lead by the principal electronics engineer, Mr. Hovaness Agalaryan. We completed the model wiring and are waiting for the arrival of payloads systems from Elta in order to complete the integration.

· Software tests on all 3 satellites. This is an ongoing activity performed by the Adelis SAMSON software team. It includes complete testing of the highly complex satellite software. These tests are essential for validating Adelis SAMSON’s ground-breaking algorithms.

· Ground station final tests. The ground station consists of a mission control center, communication hardware, antennae, receivers and transmitters. This system must undergo end-to-end verification in order to guarantee tracking of satellites while in orbit.


· Thermal vacuum tests, ejection tests, panel and antenna deployment tests. In order to assure that the satellite systems, especially the computer system and electronic components, will functional properly in the harsh space environment, a serious of tests emulating the space environment will be performed. This is a significant risk factor, as explained above.

· Launch readiness review (LRR). This is a meeting of all the Adelis SAMSON team and external reviewers, examining the readiness of the Adelis SAMSON satellite form launch, including all aspects mentioned above.

· Pack and ship satellites to launch site. Packing and transport must be planned, as per the launch provider policy described above. This effort will be the final step of the project before delivery of the Adelis SAMSON satellites to the launch site.

After the launch there will be post-launch operations, such as ground station operations, satellite monitoring, and satellite data processing. 















Funding and Financial Statement
 
The SAMSON project commenced in 2012 and phase 1 was supported by a donation from the late Mr. Arnold Goldstein.

Thanks to the generosity of the Adelis Foundation and its provision of a $5million donation, the project continued into phase 2, when it was named in honor of the Foundation, Adelis SAMSON.

Further appreciation is due to the Adelis Foundation for being the springboard to other funding by Israel’s Ministry of Science and Technology (MoST) through grants from ISA.  Undoubtedly, MoST and ISA appreciated the Technion’s investment in this prestigious space project and had a strong desire to participate and further endorse it by providing much needed complementary funding.  To date, we received two generous grants from ISA. One grant for NIS 2.8 million is dedicated to supporting the study of formation flying and the high launch costs.  The second grant for NIS 1 million is to establish a knowledge center for small satellites at ASRI, which is also used to support the Adelis SAMSON effort.  These ISA grants also allow us to allocate small amounts of funding (NIS 0.6 million) for the work of our partners in the industry. 

[bookmark: _GoBack]Without the foresight of the Adelis Foundation in supporting Adelis SAMSON it is unlikely we would have reached this stage of the project.

A full financial statement showing the support of the Adelis Foundation and the items of expenditure related to that support, together with a budget for the remainder of the support of $2.5m, is shown in Appendix 3.

The Technion
expresses appreciation to
[image: ]
for its support of this project


Appendix 1

Specification of Work Status

Appendix 2

Project Timeline



Appendix 3

Financial Statement and Budget



All the appendices are separate documents attached and will form part of the completed report in pdf.
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