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Overview

•Robotic Mapping

–Imbue an autonomous agent (robot) with the 
ability to acquire a model of its operating 
environment 

–Sensors Facilitate such model acquisition
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Overview

•Robotic Mapping

–Imbue an autonomous agent (robot) with the ability to 

acquire a model of its operating environment 

•Using its sensors

•Sensors
•Sonar, Laser etc

–Less than perfect operation creates uncertainty

•Previously established that addressing this uncertainty 

promotes an improvement in overall performance

•Numerous Occupancy Grid mapping paradigms

–Which provides the “best” overall representational 

ability? 
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Mapping Techniques
•Moravec and Elfes’ 1985
–Occupancy Grids

–Probabilistic Framework

•Matthies and Elfes 1988
–Bayesian Framework

•Thrun’s 1993 
–Neural Networks

•Konolige’s 1997
–Enhanced Bayesian Framework

•Thrun 2001
–Forward Modelling
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Mapping Techniques

•Hans P. Moravec and A.E. Elfes, High resolution maps 
from wide angle sonar, IEEE Intl. Conf. on Robotics & Automation 
(ICRA), 1985, pp. 116--121.

–Sensory model used a binary classification
•Cells either in free space or occupied space in the beam

–Means of calculating cell occupancy based on distance and 
angle to cell of interest

–Used two intermediate maps 
•Occupied and Empty

–Integrated to form the overall map
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•L Matthies and A Elfes, Integration of sonar and stereo 

range data using a grid-based representation
Proceedings of 1988 IEEE International Conference on Robotics and 

Automation.

–Used the same sensory model as Moravec and Elfes 

–Used a single map

–Introduced a Bayesian based updating technique

–With empty space being update in an analogous manner
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•S Thrun Exploration and Model Building in Mobile 

Robot Domains Proceedings of the IEEE International 

Conference on Neural Networks, 1993. 

–Used two neural networks for map construction

– Sensory Interpretation network Confidence estimation network

– Also used Bayesian map updating procedure
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Mapping Techniques

•K Konolige Improved Occupancy Grids for Map 

Building In Autonomous Robots 4 351-367 1997

–M.U.R.I.E.L

•Multiple Representation Independent Evidence Log

–Uses a binary representation of the sonar beam

•Cells in free/occupied space

–Sensory model analagous to Moravec and Elfes’ 1985 paradigm

–Map updates completed using a logarithm basis

– Introduced Pose Buckets

•Addresses uncertainty during the mapping process

•Specifically redundant information 
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Mapping Techniques

•S Thrun Learning Occupancy Grids with Forward 

Models Proceedings of the conference on Intelligent Robots and 

Systems 2001

–Previous approaches used an inverse sensory model

•Effects to Causes (Readings to Occupancy values)

–Thrun’s approach uses a Forward Model

•Causes to Effects (Occupancy values to Readings)

–Based on the Expectation Maximisation EM algorithm 

–Two phases repeated until convergence

•Expectation Step (E-Step)

–Sensor Interpretation

•Maximisation Step (M-Step)

–Map Estimation using the values calculated in the E Step
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Benchmarking Suite

•Existing approaches
–Visual Inspection
•Overriding mechanism currently used

•Subjective

•A new approach
–Clearly defined set of objective
•Generalisation of Lee’s metric properties

–D Lee The Map Building and Exploration Strategies of a 
Simple Sonar-Equipped Mobile Robot. Cambridge University 
Press 1996

–Quantitative

–Multi faceted
•Evaluate map structure and form
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Benchmarking Suite

•Correlation
–Occupancy grid map similar to an image 

•Image analysis technique known as Barons co-efficient 
can be used for map evaluation

•Map Score
–Calculate the difference between a generated map 

and an ideal map

•All map cells

•Occupied cells only

•Path based analysis
–How useful is a map to a robot for the purposes of 

navigation

Overview

Paradigms

Benchmarks

Evaluation

Conclusions



University of Limerick - Dept of Computer Science and Information Systems - ROBOTICS GROUP – RoSta 2007 13

Experimentation and Results

•Evaluate paradigms with identical data

–Real world and simulated settings

•Over 3600 individual maps 

–Each generated map evaluated using the metrics shown 

previously
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Experimentation and Results

Ideal Map
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Experimentation and Results

•Idealised representation of previous maps
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Experimentation and Results
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Conclusions

•Comprehensive Occupancy Grid mapping 

empirical evaluation

–Specification of novel benchmarking suite

–Real world and simulated data

•Optimal online paradigm

–Konolige’s 1997

•Forward modelling paradigm provides overall 

optimal performance

–Sphere of application restricted due to mode of 

operation

–Mode versus clarity dilemma
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Current Work

•ConForM
–Addresses the mode versus clarity dilemma

•Instigate a two stage approach to the mapping 
problem
–All encompassing one stage approach currently 

prevalent

–Stage 1: Directly addressing sensory reading 
uncertainty
•Reduce the amount of erroneous information utilised for map 

construction

–Stage 2: Map generation 
•Forward Model

•On-line and in real time
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Current Work

•T CollinsThe ConForM Approach to Occupancy 

Grid Mapping ICINCO 2007 Proceedings

•Thomas.Collins@ul.ie

Thrun 1993 Matthies

and Elfes

1988

Moravec

and Elfes

1985

Konolige

1997

Thrun 2001 ConForM

Averaged Results (Simulated and Real World Environments)
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Current Work

•T CollinsThe ConForM Approach to Occupancy 

Grid Mapping ICINCO 2007 Proceedings

•Thomas.Collins@ul.ie
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•Thank you.
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Experimentation and Results

•Correlation
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Experimentation and Results

•Map Score All
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Experimentation and Results

•Map Score Occupied Cells
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Experimentation and Results

•False Positives
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Experimentation and Results

•False Negatives
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