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● Aerial manipulator: Aerial vehicle + Robotic arm
● Autonomous high-level decision-making for:

○ Environmental monitoring, inspection, and object retrieval
● Behavior Trees (BTs) are modular, reusable, and reactive 

but assume deterministic conditions.
● Vision-Language Models (VLMs) provide semantic 

understanding but are uncertain for direct robotic 
decisions.

● Challenge: How can we safely use VLM semantic 
reasoning inside BTs?

Motivation & Problem

● VLM condition nodes, VLM action nodes
● Bayesian belief update
● Multimodal inputs (ETH image, EIH image, robot state)
● Belief-space decision making

Proposed Framework

Research Gap: No prior framework combines VLM 
semantic reasoning with belief-space execution in Behavior 
Trees.

In this work, VLM outputs are treated as noisy 
observations rather than deterministic facts.

Related Work & Research Gap

● Simulation in Gazebo 
warehouse environment

● Aerial manipulator robot
● Eye-to-hand/Eye-in-hand 

cameras
● LLaVA-1.5-7B
● ROS + Groot

Experimental Setup

BT variants:
● Deterministic VLM-Augmented BT (DBT)
● Human-in-the-loop-Augmented BT (HIL-BT)
● Belief-space VLM-Augmented BT with fixed FP/FN (VLM-BT-C)
● Belief-space VLM-Augmented BT with Input-Dependent FP/FN (VLM-BT-ID)

Results
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BT Branching:

Phases for Autonomous Aerial Object Retrieval Mission: 

Probabilistic Semantic Reasoning:

Semantic State

● Visibility
● Safe camera switching

Confusion Models

● Constant FP/FN
● Input-conditioned FP/FN

Aerial Manipulator Trajectory

● 29% improvement over DBT (Phase 1)
● Reduced recovery actions
● Reduced mission time


