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Hybrid AI : Integration of Rule-Driven and Data-Driven 
Approaches for Enhanced Autonomous Robotics



• Develop real-time perception of complex and 
dynamic environments in order to build large 
scale semantic representations that can be 
shared to other robots

• Develop intelligent robots able to 
i. decide their actions in real-time 
ii. manage uncertainty 
iii. predict in real-time the future states 
iv. acquire new capacities

• Develop autonomous collaborative robots able 
to accomplish complex task taking high-level 
cognitive-based decisions without human 
intervention 

SCIENTIFIC OBJECTIVES
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• Intelligence is the ability to acquire, understand, and apply knowledge and skills. 

• Intelligence allows to adapt to new situations, think abstractly, comprehend complex ideas, and learn 
from experience.

• Intelligence is often considered a combination of both a priori knowledge and experiences.

• It may not be limited to academic or theoretical knowledge but may also includes practical and 
emotional aspects, such as social understanding and empathy (interaction with humans).

A definition of intelligence
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KNOWLEDGE SOURCE

A priori knowledge

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge
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KNOWLEDGE SOURCE

A priori knowledge

Actual knowledge 
from perception

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge

- Indirect perception (metadata, …)
- Direct perception
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KNOWLEDGE SOURCE

A priori knowledge

Experience

Actual knowledge 
from perception

- Episodes used in the learning
- Correlation between observations

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge

- Indirect perception (metadata, …)
- Direct perception
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KNOWLEDGE SOURCE

A priori knowledge

Experience

Actual knowledge
from perception

- Episodes used in the learning
- Correlation between observations

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge

- Indirect perception (metadata, …)
- Direct perception

RULE-BASED METHODS
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KNOWLEDGE SOURCE

A priori knowledge

Experience

Actual knowledge 
from perception

- Episodes used in the learning
- Correlation between observations

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge

- Indirect perception (metadata, …)
- Direct perception

DATA-BASED METHODS
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KNOWLEDGE SOURCE

A priori knowledge

Experience

Actual knowledge
from perception

- Episodes used in the learning
- Correlation between observations

- Well known rules / relationships
- Scientific knowledge 
- Expert knowledge

- Indirect perception (metadata, …)
- Direct perception HYBRID AI METHODS
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HYBRID METHODS CLASSIFICATION

Use simulation 
to augment the 
training data

Choose the network based on known
properties of the data (i.e. CNN for 
images, RNN for time sequences, …)

The loss function is designed
specifically for the problem

We can validate the result of the 
network checking it’s conformity to 
the knowledge we have



EXAMPLE: HYBRID STEREO ODOMETRY
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Z. Liu, E. Malis, P. Martinet: "Multi-masks Generation for Increasing Robustness of Dense Direct Methods", ITSC 2023.
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COMPARISON WITH OTHER METHODS
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RESULTS ON KITTI DATASET
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RESULTS ON KITTI DATASET



RESULTS ON KITTI DATASET
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CONCLUSION
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• Hybrid AI can overcome the limitations of individual methods. For example, combining rule-driven AI's 
interpretability with machine learning's data-driven adaptability.

• Hybrid AI is a large field of research since there exists many possible ways to combine rule-based and 
data-based AI

• Future research directions:

• Understand if it exists a preferred and systematic way to combine rule-based and data-based AI

• Apply the methodology at all levels: perception, decision and control
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