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BECKGROUND AND OBJECTIVES

INFORMATIVE PLANNING ARCHITECTUREENVIRONMENT REPRESENTATION

Background
Autonomous Robotics exploration & signal source localization in challenging environments
• Map complex 3D environments without GPS
• Navigate safely in obstacle-laden environments
• Detect & Localize objects of interest using visual/RF signatures 

EXPERIMENTAL RESULTS AND ANALYSIS
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Objectives
Develop an informative planning architecture and its approaches to take action that maximizes repeatedly
• Increase in confidence about the source location

• Actual signal readings and word semantics
• Prior knowledge about signal, visual, and geometric sensing modality

FUTURE WORK

Mars	Global	Cave	Candidate	Catalog	(Cushing	et	al.,	2017)
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Biomineral

Biomaterial Search and 
Seeking Mission

Leveraging autonomous informative planning with 
challenging environments for geoscience/space missions
• Unknown environment information
• Dark & hazardous not for human operations
• Applicable scenarios

• Earth/Moon/Mars exploration with biomaterial 
searching/seeking

• Disaster/climate profiling and monitoring
• e.g., wildfire monitoring, plume detection
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Line-of-Sight

Non Line-of-Sight Multi-Stage Reactive Informative Planning
• With respect to distance from the source 
• Easier to adapt to various situations
• Planning component:

• Rough environment encoding
: scene graph

• Signal belief from multi-modal estimations
• Reactive signal belief tracing max info
• Surface coverage for visual confirmation

Real Environment
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Global Signal Belief

Robot

Informative Roadmap with Semantic Representation

World Belief
Global + local belief in

• Geometric information
• Signal map

Real-time belief update with 
multi-modal sensors

• Signal sensor
• LiDAR
• InfraRed depth
• Camera (RGB-D)

Signal Data LiDAR Data

Camera Data

Trajectory results without info planning framework (left) and with info 
planning framework (right)

Environment: 
JPL 301 

Parking lot

Mission Operation Analysis Mission Achievement Analysis

Mission time comparison with info planning framework (left: A, right: B)

Area covered: exploration metric Signal source localization error: 
source seeking metric

Cumulative accomplished tasks:
task achievement metric

Visual Target Investigation Analysis

Surface coverage comparison in different environments: area covered and investigation viewpoints generation time

Surface coverage comparison in different environments: surface area covered during mission
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High-Level Decision-Making
• Exploration & source-seeking in multi-level 

indoor & outdoor areas
• State machine configuration for behavior 

selection
Robust Radio Signal Model
• Universal usage regardless of environment

Scene Graph Utilization
• Leveraging scene graph for information measure

Multi-Robot Operation for Multi-Source Seeking
• Coordination scheme using informative planning


