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Professional Certificate in Space Robotics

Fundamentals of Robotic Systems

Fundamentals of Robotic Systems:
Robotics is a rapidly evolving field that involves the design, construction, operation, and use of robots. A
robot is a machine capable of carrying out complex actions automatically, especially one programmable by
a computer. Fundamentals of robotic systems encompass a wide range of topics, including robot design,
control systems, sensors, actuators, programming, and artificial intelligence.

Space Robotics:
Space robotics refers to the use of robots in space exploration and operations. These robots are designed
to withstand the harsh conditions of space and perform tasks that are too dangerous or impractical for
humans. Space robotics play a crucial role in various space missions, such as satellite servicing, planetary
exploration, and space station maintenance.

Professional Certificate in Space Robotics:
This certificate program is designed to provide participants with a comprehensive understanding of space
robotics, including theoretical knowledge and practical skills. It covers topics such as robotic systems
design, space environment challenges, autonomy, and teleoperation.

Key Terms and Vocabulary:

1. Robot: A robot is a machine capable of carrying out complex actions automatically, especially one
programmable by a computer. Robots can be autonomous or teleoperated.

2. Robotics: Robotics is the interdisciplinary field that involves the design, construction, operation, and use
of robots. It combines aspects of mechanical engineering, electrical engineering, computer science, and
artificial intelligence.

3. Autonomy: Autonomy refers to the ability of a robot to perform tasks without human intervention.
Autonomous robots make decisions based on their programming and sensory input.

4. Teleoperation: Teleoperation is the control of a robot from a distance. Teleoperated robots are controlled
by humans using joysticks, keyboards, or other input devices.

5. Sensors: Sensors are devices that detect and measure physical quantities such as light, temperature,
pressure, and proximity. Sensors provide robots with information about their environment.

6. Actuators: Actuators are components that convert electrical signals into mechanical motion. Examples of
actuators include motors, pneumatic cylinders, and solenoids.

7. Control System: A control system is a set of components that regulate the behavior of a robot. It includes
sensors, actuators, and a controller that processes sensory input and generates commands for the actuators.
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8. Artificial Intelligence (AI): Artificial intelligence is the simulation of human intelligence processes by
machines, especially computer systems. AI enables robots to learn from experience, adapt to new situations,
and make decisions.

9. Robot Design: Robot design involves the creation of the physical structure and components of a robot.
Design considerations include the robot's size, shape, weight, mobility, and task requirements.

10. Space Environment: The space environment is the harsh conditions found in outer space, including
vacuum, extreme temperatures, radiation, and microgravity. Space robots must be designed to withstand
and operate in these challenging conditions.

11. Planetary Exploration: Planetary exploration involves the investigation of planets, moons, and other
celestial bodies in our solar system. Robots are used to collect data, conduct experiments, and perform
tasks in these environments.

12. Satellite Servicing: Satellite servicing refers to the maintenance, repair, and refueling of satellites in orbit.
Space robots are used to extend the operational life of satellites and reduce space debris.

13. Space Station Maintenance: Space station maintenance involves the upkeep and repair of space stations
such as the International Space Station (ISS). Robots are used to perform maintenance tasks outside the
station in the vacuum of space.

14. Robotic Arm: A robotic arm is a mechanical manipulator that mimics the function of a human arm. It
consists of joints, links, and end-effectors that can grasp, lift, and manipulate objects.

15. Mobility: Mobility refers to the ability of a robot to move from one place to another. Mobile robots use
wheels, tracks, legs, or other locomotion mechanisms to navigate their environment.

16. Remote Sensing: Remote sensing is the collection of data from a distance using sensors mounted on
satellites, drones, or other platforms. Remote sensing is used in environmental monitoring, agriculture, and
disaster response.

17. Computer Vision: Computer vision is the field of artificial intelligence that enables robots to interpret
and understand visual information. Computer vision algorithms can analyze images and videos to identify
objects, people, and scenes.

18. Machine Learning: Machine learning is a subset of artificial intelligence that enables robots to learn from
data and improve their performance over time. Machine learning algorithms can recognize patterns, make
predictions, and adapt to new information.

19. Localization: Localization is the process of determining a robot's position and orientation in its
environment. Localization algorithms use sensor data and maps to estimate the robot's pose accurately.

20. Mapping: Mapping is the process of creating a representation of a robot's environment. Mapping
algorithms use sensor data to build a map of obstacles, landmarks, and other features in the robot's
surroundings.
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21. Path Planning: Path planning is the process of determining a safe and efficient path for a robot to
navigate from its current location to a goal. Path planning algorithms consider obstacles, constraints, and
optimization criteria.

22. Collision Avoidance: Collision avoidance is the capability of a robot to detect and avoid obstacles in its
path. Collision avoidance algorithms use sensors to detect obstacles and adjust the robot's trajectory to
prevent collisions.

23. End-Effector: An end-effector is the tool or device at the end of a robotic arm that interacts with the
environment. End-effectors can be grippers, sensors, cameras, or other specialized tools.

24. Manipulation: Manipulation is the process of moving and controlling objects in the robot's environment.
Robots use manipulators such as robotic arms and grippers to grasp, lift, and place objects.

25. Feedback Control: Feedback control is a control system technique that uses sensory feedback to adjust
the robot's behavior. Feedback control loops continuously monitor the robot's state and make corrections
to achieve desired outcomes.

26. Teleoperation Interface: A teleoperation interface is the user interface that enables humans to control a
robot from a distance. Teleoperation interfaces can include graphical displays, joysticks, haptic feedback
devices, and virtual reality systems.

27. Human-Robot Interaction: Human-robot interaction is the study of how humans and robots
communicate, collaborate, and work together. Human-robot interaction research focuses on improving the
usability, safety, and effectiveness of robotic systems.

28. Obstacle Detection: Obstacle detection is the process of identifying obstacles in a robot's path. Obstacle
detection sensors such as lidar, ultrasonic, and infrared sensors are used to detect obstacles and prevent
collisions.

29. Object Recognition: Object recognition is the ability of a robot to identify and classify objects in its
environment. Object recognition algorithms use computer vision techniques to analyze visual data and
recognize objects based on their characteristics.

30. Simultaneous Localization and Mapping (SLAM): SLAM is a technique used by robots to create maps of
unknown environments while simultaneously localizing themselves within those maps. SLAM algorithms
combine localization and mapping to enable robots to navigate autonomously in unfamiliar environments.

In conclusion, understanding the fundamentals of robotic systems and space robotics is essential for
professionals working in the field of space exploration and robotics. The key terms and vocabulary
discussed in this explanation provide a solid foundation for learning about robot design, control systems,
sensors, actuators, programming, and artificial intelligence in the context of space applications. By
mastering these concepts, professionals can contribute to the development of advanced space robotics
technologies and solutions for future space missions and exploration endeavors.
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