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Problem Characteristics of Artificial Intelligence for Robotics 

Artificial Intelligence (AI) for robotics involves enabling robots to perform tasks autonomously by 

processing sensory information, planning, decision-making, and executing actions in real-time. The 

challenges faced in robotics AI are influenced by both the nature of the tasks and the physical world in 

which the robots operate. Let's explore the key problem characteristics of AI in robotics. 

 

1. Uncertainty 

• Nature: Robots often operate in environments that are unpredictable and dynamic, where 

complete knowledge of the environment is not always available. 

• Challenges:  

o Sensory data is noisy, incomplete, or inaccurate, leading to uncertainty in perception. 

o Robot’s actions may not always produce the expected outcomes due to external 

disturbances or changing conditions. 

o Inability to predict or account for all possible variables in the real world. 

• Approaches:  

o Use of probabilistic reasoning (e.g., Bayesian Networks or Kalman filters) to model 

uncertainty. 

o Markov Decision Processes (MDPs) and Partially Observable MDPs (POMDPs) to 

handle decision-making under uncertainty. 

o Simultaneous Localization and Mapping (SLAM) for improving navigation and 

perception in unknown environments. 

 

2. Real-Time Processing 



• Nature: Robotics systems often need to operate in real-time, processing sensory inputs and 

generating outputs almost immediately. 

• Challenges:  

o Latency: The robot must quickly process environmental data (e.g., visual, auditory) and 

make decisions. 

o Limited computational resources on embedded systems (e.g., microcontrollers, onboard 

processors). 

o Ensuring that actions and decisions are taken quickly without causing delays in response 

time. 

• Approaches:  

o Real-time operating systems (RTOS) to manage tasks and prioritize actions. 

o Edge computing to process data locally and reduce latency. 

o Optimized algorithms for perception and decision-making that are lightweight and fast. 

 

3. Sensory Perception 

• Nature: Robots need to sense their environment accurately using various sensors (e.g., cameras, 

LIDAR, ultrasonic sensors). 

• Challenges:  

o Dealing with incomplete, noisy, or ambiguous sensory data. 

o Sensors can fail or provide inaccurate readings due to environmental factors (e.g., poor 

lighting for cameras, interference for ultrasonic sensors). 

o The robot must be able to perceive not only objects but also the spatial relationships 

between them. 

• Approaches:  

o Sensor fusion: Combining data from multiple sensors to improve perception accuracy 

(e.g., using cameras and LIDAR together). 

o Computer vision techniques for interpreting visual data (e.g., object recognition, depth 



estimation). 

o Environmental mapping for spatial awareness and obstacle detection. 

 

4. Autonomy and Decision-Making 

• Nature: Robots must make decisions autonomously, which means selecting the right actions 

based on their understanding of the environment and their goals. 

• Challenges:  

o Action selection: Deciding what to do next in a complex, dynamic environment. 

o Long-term planning: Managing actions and goals over time while considering future 

consequences. 

o Adapting to new situations: Reacting to unexpected situations or new tasks without 

human intervention. 

• Approaches:  

o Reinforcement Learning (RL): Allowing robots to learn optimal policies through trial 

and error. 

o Planning algorithms: Techniques like A Search* or Monte Carlo Tree Search (MCTS) 

to plan and execute sequences of actions. 

o Decision trees or Finite State Machines (FSMs) for handling different states and 

transitions. 

 

5. Multi-Agent Coordination 

• Nature: In many robotics applications, multiple robots or agents work together to complete tasks, 

often referred to as multi-robot systems (MRS). 

• Challenges:  

o Collaboration: Robots must communicate and coordinate actions to achieve shared goals. 

o Conflict resolution: Avoiding interference or collisions between robots while 

coordinating tasks. 



o Distributed decision-making: Each robot must make decisions based on both its local 

perception and global objectives. 

• Approaches:  

o Swarm robotics: Simple robots using decentralized coordination and communication to 

achieve complex tasks. 

o Leader-follower models: One robot leads while others follow its actions. 

o Consensus algorithms for agreeing on common goals or strategies. 

 

6. Planning and Execution 

• Nature: After perceiving the environment, the robot must plan its actions and execute them 

successfully. 

• Challenges:  

o Path planning: Determining the optimal path from start to goal while avoiding obstacles. 

o Task planning: Deciding which actions to take to complete a task (e.g., assembly, pickup, 

delivery). 

o Execution: Ensuring that the robot’s actions are carried out correctly, despite 

uncertainties in the environment or the robot’s own capabilities. 

• Approaches:  

o Pathfinding algorithms like A* or Dijkstra’s algorithm for obstacle avoidance. 

o Task planning algorithms (e.g., STRIPS or PDDL) for higher-level task decomposition. 

o Model Predictive Control (MPC) for real-time control and execution. 

 

7. Learning and Adaptation 

• Nature: Robots must continuously improve their performance through learning and adapt to 

changes in the environment or tasks. 

• Challenges:  

o Learning from limited or noisy data. 



o Adapting to novel scenarios without predefined rules. 

o Generalizing learned knowledge to new situations. 

• Approaches:  

o Supervised learning and unsupervised learning for recognizing patterns or clustering 

data. 

o Reinforcement learning for adapting behaviors based on environmental feedback. 

o Transfer learning to apply knowledge from one domain to another. 

o Imitation learning for robots to learn by observing humans or other robots. 

 

8. Human-Robot Interaction (HRI) 

• Nature: Many robots interact directly with humans in shared spaces, requiring smooth 

communication and collaboration. 

• Challenges:  

o Natural language understanding: Interpreting human speech commands or gestures. 

o Social behavior: Robots must exhibit human-like behaviors to make interactions 

comfortable and effective. 

o Trust and reliability: Humans must trust the robot to act safely and reliably. 

• Approaches:  

o Natural Language Processing (NLP) for understanding verbal instructions. 

o Gesture recognition for interpreting non-verbal cues. 

o Safety protocols to ensure robots behave predictably in human environments. 

 

9. Physical Interaction and Manipulation 

• Nature: In some applications, robots must physically interact with objects in the environment, 

such as picking up, assembling, or manipulating tools. 

• Challenges:  



o Dexterity: Robots must handle delicate or complex objects with precision. 

o Force control: Managing the amount of force applied to objects to avoid damage or to 

manipulate them accurately. 

o Manipulation in unstructured environments: Objects may not be in predefined 

positions, and robot manipulators must adapt. 

• Approaches:  

o Robotic grippers and hands with advanced degrees of freedom for dexterity. 

o Force-sensitive control for safe and precise manipulation. 

o Computer vision to identify and manipulate objects in an unstructured environment. 

 

10. Safety and Ethics 

• Nature: Robots must operate safely in the presence of humans and other robots while ensuring 

ethical concerns are addressed. 

• Challenges:  

o Collision avoidance: Ensuring the robot does not harm people or damage property. 

o Ethical decision-making: Robots may need to make morally difficult decisions (e.g., 

autonomous vehicles in accident scenarios). 

o Privacy concerns: Ensuring robots do not violate privacy or misuse data. 

• Approaches:  

o Safety protocols and collision detection systems to prevent accidents. 

o Ethical frameworks in decision-making algorithms. 

o Data protection and privacy-preserving technologies. 

 

Summary 

The key problem characteristics of AI in robotics revolve around dealing with uncertainty, real-time 

processing, complex sensory perception, decision-making autonomy, coordination among multiple 

robots, physical manipulation, and safe human-robot interaction. Addressing these challenges requires 



the development and integration of sophisticated AI algorithms, sensor technologies, and real-time 

control mechanisms to enable robots to operate efficiently, safely, and adaptively in dynamic 

environments. 

 


