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DEPARTMENT OF MECHATRONICS ENGINEERING 

Robot expert systems are a fusion of two powerful domains—robotics and artificial intelligence (AI). 

While robotics provides the physical platform (hardware and actuation), expert systems contribute 

decision-making intelligence based on domain-specific knowledge. The architecture of robot expert 

systems enables robots to perform complex reasoning, adapt to environments, and operate 

autonomously or semi-autonomously in real-world applications. 

These systems are structured to mimic the human expert's decision-making capabilities by integrating 

sensors, knowledge bases, inference engines, planners, and actuators. This essay explores the 

layered architecture of robot expert systems and how each component interacts to deliver intelligent 

robotic behavior. 

 

Key Components of a Robot Expert System Architecture 

 

Sensor Interface Layer 

This layer forms the first step in the data flow. It comprises all sensors and the signal processing 

components that convert physical world data into digital signals interpretable by the system. 

• Examples: Cameras, LiDAR, temperature sensors, microphones, gyroscopes. 

• Functions: 



o Capture data (position, object detection, environmental conditions) 

o Preprocess data (filtering, noise reduction, transformation) 

This layer is analogous to the "senses" in humans. 

 

Working Memory (Short-Term Knowledge Store) 

A temporary memory system that holds the dynamic facts gathered from the sensors during the 

operation. 

• Stores real-time status: positions, detected objects, sensor values, etc. 

• Continuously updated as the robot interacts with the environment. 

Think of it as the robot’s "scratchpad" for reasoning. 

 

Knowledge Base (Long-Term Memory) 

The knowledge base contains domain-specific knowledge, including facts, rules, constraints, and 

procedures. It reflects the accumulated experience and problem-solving strategies of human experts in a 

structured form. 

• Types of knowledge: 

o Declarative (what is true about the world) 

o Procedural (how to perform tasks) 

o Heuristic (rules of thumb) 

• Example: 

nginx 

CopyEdit 

IF obstacle_detected AND speed > safe_limit THEN reduce_speed 

It acts as the brain’s “reference book” or “expert library”. 

 

Inference Engine 



The core reasoning component that uses logical inference to derive conclusions or actions based on 

rules and current facts. 

• Mechanisms: 

o Forward chaining: Data-driven reasoning 

o Backward chaining: Goal-driven reasoning 

• Example: Given: "Battery low", "No charging station in sight" 

Inference: "Alert operator" or "Search for charging station" 

This is the thinking part of the expert system. 

Planner and Decision-Maker 

This layer handles goal-oriented behavior. It uses the outcomes of the inference engine to determine 

what the robot should do and how it should achieve it. 

• Functions: 

o Task decomposition 

o Motion planning 

o Resource management (battery, time, sensors) 

o Constraint satisfaction 

• Planning techniques: 

o State-space search (e.g., A*, Dijkstra) 

o AI planning languages (PDDL) 

o Behavior trees and finite state machines 

This is the robot’s "strategist" or "goal setter". 

Actuator Control Layer 

This layer receives high-level commands (e.g., "move to location X") and translates them into low-

level control signals for the motors and actuators. 

• Includes: 

o Motion control algorithms (PID, LQR) 



o Trajectory tracking 

o Joint coordination 

• Examples of actuators: 

o DC motors 

o Servos 

o Pneumatic actuators 

It's the body of the robot, carrying out instructions. 

User Interface (Optional but Important) 

Allows human operators to interact with the robot expert system. 

• Functions: 

o Monitoring robot status 

o Overriding decisions 

o Entering new rules or updating knowledge 

o Receiving explanations of decisions 

 

Applications 

• Industrial Robotics: Welding, painting, assembling with adaptive control. 

• Medical Robotics: Surgical assistance based on expert procedural rules. 

• Exploration: Mars rovers making autonomous decisions based on sensor input. 

• Military/Defense: Unmanned ground or aerial vehicles for surveillance. 

 

  Advantages 

• Consistent and logical decision-making 

• Transparent reasoning (explainability) 

• Can operate in complex, dynamic environments 



• Encapsulates expert knowledge in reusable form 

  Limitations 

• Difficult to adapt to unfamiliar scenarios 

• Knowledge base updates require domain experts 

• Inference can be computationally expensive 

• Not ideal for soft, intuitive tasks unless hybridized 

 

 


