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Professional Certificate in Space Robotics

and Control in Space

Space Robotics is a specialized field that involves the design, construction, operation, and use of robotic
systems in space environments. These robots are used for a variety of tasks such as space exploration,
satellite servicing, maintenance, and repair, as well as scientific research.

Control in Space refers to the ability to manage and direct the movement and behavior of robotic systems
in the space environment. It involves the use of sensors, actuators, and algorithms to ensure that the robot
performs its tasks accurately and efficiently.

Key Terms and Vocabulary

1. Orbital Mechanics: The branch of physics that deals with the motion of objects in orbit around a celestial
body. Understanding orbital mechanics is crucial for planning and executing space missions.

2. Attitude Control: The ability to control the orientation of a spacecraft or satellite in space. Attitude control
systems use thrusters, reaction wheels, and gyroscopes to adjust the spacecraft's position.

3. Propulsion: The technology used to accelerate a spacecraft or satellite in space. Propulsion systems can
be chemical, electric, or solar-based, depending on the mission requirements.

4. Autonomy: The ability of a robotic system to operate independently without human intervention.
Autonomous robots can make decisions and adapt to changing conditions in real-time.

5. Sensor Fusion: The process of combining data from multiple sensors to improve the accuracy and
reliability of measurements. Sensor fusion is critical for navigation, obstacle avoidance, and object
recognition in space robotics.

6. Path Planning: The process of determining the optimal path for a robot to reach its destination while
avoiding obstacles and minimizing energy consumption. Path planning algorithms use information from
sensors and maps to generate efficient paths.

7. Teleoperation: The technique of controlling a robot from a remote location using a human operator.
Teleoperation is used for tasks that are too dangerous or complex for autonomous robots to perform.

8. Computer Vision: The field of artificial intelligence that focuses on enabling robots to perceive and
interpret visual information. Computer vision algorithms are used for object recognition, tracking, and
navigation in space robotics.

9. Machine Learning: A branch of artificial intelligence that enables robots to learn from data and improve
their performance over time. Machine learning algorithms are used for tasks such as predictive
maintenance, anomaly detection, and decision-making in space robotics.
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10. Artificial Intelligence: The simulation of human intelligence processes by machines, especially computer
systems. Artificial intelligence is used in space robotics for tasks such as planning, reasoning, and problem-
solving.

11. End Effector: The tool or device at the end of a robotic arm that is used to interact with the environment.
End effectors can be grippers, cameras, sensors, or other specialized equipment.

12. Joint: The point of connection between two robotic arm segments that allows for movement in multiple
directions. Joints can be revolute (rotational) or prismatic (linear) depending on the robot's design.

13. Feedback Control: A control system that uses feedback from sensors to adjust the robot's behavior in
real-time. Feedback control is essential for maintaining stability, accuracy, and performance in space
robotics.

14. Localization: The process of determining a robot's position and orientation in a known environment.
Localization algorithms use data from sensors, maps, and landmarks to estimate the robot's pose
accurately.

15. Collision Avoidance: The ability of a robot to detect and avoid obstacles in its path to prevent collisions.
Collision avoidance systems use sensors, algorithms, and planning techniques to ensure safe navigation in
space environments.

16. Simultaneous Localization and Mapping (SLAM): A technique used by robots to create maps of
unknown environments while simultaneously localizing themselves within those maps. SLAM algorithms are
essential for autonomous navigation and exploration in space robotics.

17. Telecommunications: The technology used to transmit data between a robot in space and its ground
control station. Telecommunications systems include antennas, transmitters, receivers, and protocols for
efficient communication.

18. On-Orbit Servicing: The maintenance, repair, and refueling of satellites and spacecraft in orbit. On-orbit
servicing missions use robotic systems to extend the lifespan and functionality of space assets.

19. Space Debris: Man-made objects in orbit around Earth that pose a risk to spacecraft and satellites. Space
debris mitigation strategies include tracking, removal, and collision avoidance to ensure the safety of space
missions.

20. Regolith: The layer of loose, fragmented material that covers the surface of celestial bodies such as the
Moon, Mars, and asteroids. Regolith properties influence the design and operation of robotic systems for
planetary exploration.

21. Teleoperation: The process of controlling a robot from a remote location using human operators.
Teleoperation is often used for tasks that require human supervision or intervention, such as delicate
manipulation or complex decision-making.

22. Telepresence: A technology that gives users the sensation of being present in a remote location through
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immersive interfaces. Telepresence systems enable operators to interact with robots in space as if they were
physically there.

23. Microgravity: A condition in which the apparent gravitational force experienced by objects is greatly
reduced. Microgravity environments in space can affect the behavior and performance of robotic systems.

24. Grasping: The process of gripping and holding objects using a robotic hand or end effector. Grasping
algorithms and mechanisms are essential for tasks such as sample collection, assembly, and manipulation in
space robotics.

25. Extravehicular Activity (EVA): The term used to describe when astronauts leave their spacecraft to
perform tasks in space. EVA activities often involve the use of robotic systems for maintenance, repair, and
construction in the harsh environment of space.

26. Space Weather: The conditions in space that can affect satellite operations, communications, and
navigation. Space weather events such as solar flares and geomagnetic storms can disrupt robotic systems
and pose risks to space missions.

27. Thermal Control: The management of temperature levels inside a spacecraft or satellite to ensure the
proper functioning of electronics and systems. Thermal control systems use heaters, radiators, and
insulation to maintain a stable thermal environment in space.

28. Power Systems: The technology used to generate and store electrical energy onboard spacecraft and
satellites. Power systems can be solar arrays, fuel cells, batteries, or nuclear reactors, depending on the
mission requirements.

29. Deep Space Exploration: Missions to explore and study celestial bodies beyond Earth's orbit, such as
Mars, asteroids, and outer planets. Deep space exploration requires advanced robotic systems for
navigation, communication, and scientific research.

30. Sample Return Missions: Missions that involve collecting samples from celestial bodies such as asteroids,
comets, or planets and returning them to Earth for analysis. Sample return missions use robotic systems for
sample collection, containment, and reentry into Earth's atmosphere.

31. Planetary Rovers: Robotic vehicles designed to explore the surface of planets and moons. Planetary
rovers use wheels, cameras, instruments, and communication systems to navigate, analyze, and transmit
data back to Earth.

32. Environmental Control and Life Support Systems (ECLSS): Systems onboard spacecraft that provide
astronauts with air, water, food, and temperature control to support human life in space. ECLSS
technologies are essential for long-duration missions and habitats in space.

33. Telecommunication Satellite: A type of satellite that provides communication services such as television
broadcasting, internet access, and telephony. Telecommunication satellites use antennas, transponders, and
ground stations to relay signals between users on Earth.
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34. Geostationary Orbit: An orbit in which a satellite appears to remain stationary relative to a point on
Earth's surface. Geostationary satellites are commonly used for communication, weather monitoring, and
navigation due to their fixed position above the equator.

35. Low Earth Orbit (LEO): An orbit around Earth at altitudes below 2,000 kilometers. LEO satellites are used
for Earth observation, scientific research, and satellite constellations due to their proximity to the planet and
short orbital periods.

36. Polar Orbit: An orbit that passes over Earth's poles and covers the entire surface of the planet. Polar
orbits are used for Earth observation, remote sensing, and climate monitoring due to their coverage and
revisit times.

37. Synchronous Orbit: An orbit with an orbital period equal to Earth's rotation period, resulting in a satellite
appearing stationary relative to a point on Earth's surface. Synchronous orbits are used for communication,
weather, and navigation satellites.

38. Robotic Arm: A mechanical manipulator attached to a spacecraft or satellite that can move and position
objects in space. Robotic arms are used for tasks such as docking, berthing, and maintenance of space
assets.

39. Space Station: A large spacecraft in orbit around Earth that serves as a habitation and research facility
for astronauts. Space stations such as the International Space Station (ISS) host crew members, experiments,
and robotic systems for long-duration missions in space.

40. Space Debris: Man-made objects in orbit around Earth that pose a risk to spacecraft and satellites. Space
debris mitigation strategies include tracking, removal, and collision avoidance to ensure the safety of space
missions.

41. Regolith: The layer of loose, fragmented material that covers the surface of celestial bodies such as the
Moon, Mars, and asteroids. Regolith properties influence the design and operation of robotic systems for
planetary exploration.

42. Planetary Exploration: Missions to study and investigate the surfaces, atmospheres, and environments of
planets and moons in our solar system. Planetary exploration missions use robotic systems for landers,
rovers, and orbiters to gather data and conduct experiments.

43. Space Weather: The conditions in space that can affect satellite operations, communications, and
navigation. Space weather events such as solar flares and geomagnetic storms can disrupt robotic systems
and pose risks to space missions.

44. Thermal Control: The management of temperature levels inside a spacecraft or satellite to ensure the
proper functioning of electronics and systems. Thermal control systems use heaters, radiators, and
insulation to maintain a stable thermal environment in space.

45. Power Systems: The technology used to generate and store electrical energy onboard spacecraft and
satellites. Power systems can be solar arrays, fuel cells, batteries, or nuclear reactors, depending on the
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mission requirements.

46. Deep Space Exploration: Missions to explore and study celestial bodies beyond Earth's orbit, such as
Mars, asteroids, and outer planets. Deep space exploration requires advanced robotic systems for
navigation, communication, and scientific research.

47. Sample Return Missions: Missions that involve collecting samples from celestial bodies such as asteroids,
comets, or planets and returning them to Earth for analysis. Sample return missions use robotic systems for
sample collection, containment, and reentry into Earth's atmosphere.

48. Planetary Rovers: Robotic vehicles designed to explore the surface of planets and moons. Planetary
rovers use wheels, cameras, instruments, and communication systems to navigate, analyze, and transmit
data back to Earth.

49. Environmental Control and Life Support Systems (ECLSS): Systems onboard spacecraft that provide
astronauts with air, water, food, and temperature control to support human life in space. ECLSS
technologies are essential for long-duration missions and habitats in space.

50. Telecommunication Satellite: A type of satellite that provides communication services such as television
broadcasting, internet access, and telephony. Telecommunication satellites use antennas, transponders, and
ground stations to relay signals between users on Earth.

51. Geostationary Orbit: An orbit in which a satellite appears to remain stationary relative to a point on
Earth's surface. Geostationary satellites are commonly used for communication, weather monitoring, and
navigation due to their fixed position above the equator.

52. Low Earth Orbit (LEO): An orbit around Earth at altitudes below 2,000 kilometers. LEO satellites are used
for Earth observation, scientific research, and satellite constellations due to their proximity to the planet and
short orbital periods.

53. Polar Orbit: An orbit that passes over Earth's poles and covers the entire surface of the planet. Polar
orbits are used for Earth observation, remote sensing, and climate monitoring due to their coverage and
revisit times.

54. Synchronous Orbit: An orbit with an orbital period equal to Earth's rotation period, resulting in a satellite
appearing stationary relative to a point on Earth's surface. Synchronous orbits are used for communication,
weather, and navigation satellites.

55. Robotic Arm: A mechanical manipulator attached to a spacecraft or satellite that can move and position
objects in space. Robotic arms are used for tasks such as docking, berthing, and maintenance of space
assets.

56. Space Station: A large spacecraft in orbit around Earth that serves as a habitation and research facility
for astronauts. Space stations such as the International Space Station (ISS) host crew members, experiments,
and robotic systems for long-duration missions in space.
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57. Space Debris: Man-made objects in orbit around Earth that pose a risk to spacecraft and satellites. Space
debris mitigation strategies include tracking, removal, and collision avoidance to ensure the safety of space
missions.

58. Regolith: The layer of loose, fragmented material that covers the surface of celestial bodies such as the
Moon, Mars, and asteroids. Regolith properties influence the design and operation of robotic systems for
planetary exploration.

59. Planetary Exploration: Missions to study and investigate the surfaces, atmospheres, and environments of
planets and moons in our solar system. Planetary exploration missions use robotic systems for landers,
rovers, and orbiters to gather data and conduct experiments.

60. Space Weather: The conditions in space that can affect satellite operations, communications, and
navigation. Space weather events such as solar flares and geomagnetic storms can disrupt robotic systems
and pose risks to space missions.

61. Thermal Control: The management of temperature levels inside a spacecraft or satellite to ensure the
proper functioning of electronics and systems. Thermal control systems use heaters, radiators, and
insulation to maintain a stable thermal environment in space.

62. Power Systems: The technology used to generate and store electrical energy onboard spacecraft and
satellites. Power systems can be solar arrays, fuel cells, batteries, or nuclear reactors, depending on the
mission requirements.

63. Deep Space Exploration: Missions to explore and study celestial bodies beyond Earth's orbit, such as
Mars, asteroids, and outer planets. Deep space exploration requires advanced robotic systems for
navigation, communication, and scientific research.

64. Sample Return Missions: Missions that involve collecting samples from celestial bodies such as asteroids,
comets, or planets and returning them to Earth for analysis. Sample return missions use robotic systems for
sample collection, containment, and reentry into Earth's atmosphere.

65. Planetary Rovers: Robotic vehicles designed to explore the surface of planets and moons. Planetary
rovers use wheels, cameras, instruments, and communication systems to navigate, analyze, and transmit
data back to Earth.

66. Environmental Control and Life Support Systems (ECLSS): Systems onboard spacecraft that provide
astronauts with air, water, food, and temperature control to support human life in space. ECLSS
technologies are essential for long-duration missions and habitats in space.

67. Telecommunication Satellite: A type of satellite that provides communication services such as television
broadcasting, internet access, and telephony. Telecommunication satellites use antennas, transponders, and
ground stations to relay signals between users on Earth.

68. Geostationary Orbit: An orbit in which a satellite appears to remain stationary relative to a point on
Earth's surface. Geostationary satellites are commonly used for communication, weather monitoring, and
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navigation due to their fixed position above the equator.

69. Low Earth Orbit (LEO): An orbit around Earth at altitudes below 2,000 kilometers. LEO satellites are used
for Earth observation, scientific research, and satellite constellations due to their proximity to the planet and
short orbital periods.

70. Polar Orbit: An orbit that passes over Earth's poles and covers the entire surface of the planet. Polar
orbits are used for Earth observation, remote sensing, and climate monitoring due to their coverage and
revisit times.

71. Synchronous Orbit: An orbit with an orbital period equal to Earth's rotation period, resulting in a satellite
appearing stationary relative to a point on Earth's surface. Synchronous orbits are used for communication,
weather, and navigation satellites.

72. Robotic Arm: A mechanical manipulator attached to a spacecraft or satellite that can move and position
objects in space. Robotic arms are used for tasks such as docking, berthing, and maintenance of space
assets.

73. Space Station: A large spacecraft in orbit around Earth that serves as a habitation and research facility
for astronauts. Space stations such as the International Space Station (ISS) host crew members, experiments,
and robotic systems for long-duration missions in space.

74. Space Debris: Man-made objects in orbit around Earth that pose a risk to spacecraft and satellites. Space
debris mitigation strategies include tracking, removal, and collision avoidance to ensure the safety of space
missions.

75. Regolith: The layer of loose, fragmented material that covers the surface of celestial bodies such as the
Moon, Mars, and asteroids. Regolith properties influence the design and operation of robotic systems for
planetary exploration.

76. Planetary Exploration: Missions to study and investigate the surfaces, atmospheres, and environments of
planets and moons in our solar system. Planetary exploration missions use robotic systems for landers,
rovers, and orbiters to gather data and conduct experiments.

77. Space Weather: The conditions in space that can affect satellite operations, communications, and
navigation. Space weather events such as solar flares and geomagnetic storms can disrupt robotic systems
and pose risks to space missions.

78. Thermal Control: The management of temperature levels inside a spacecraft or satellite to ensure the
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