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Motivation

•Processes related to product development, 

production & servicing implemented by means of 

CAD/CAE/CAM

•Fast growth of both the number, complexity & 

fidelity of digital 3D models (triangle meshes)

•used for a variety of purposes

- system simulation

- product presentations

- technician training

Virtual Task Trainer Models

(© NGRAIN Corp 2007)
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Motivation

•Resulting research challenges [1]:

- how to create and (re)use models

- how to preserve semantics across the whole 

modeling process

- efficient presentation of & interaction with such 

complex models

[1] Mayer, J.: The New Main Research Areas of Fraunhofer IGD. 

Computer Graphics topics 19(2), p. 18-19, 2007.
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Motivation

•Resulting research challenges:

- how to create and (re)use models

- how to preserve semantics across the whole 

modeling process

- efficient presentation of & interaction with such 

complex models

•How to support Mesh Exploration in the context of 

the Task at Hand

- Support the user in the process of understanding or 

verifying the structure & functionality of an object
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Background

• Joint university/ industry research project (www.lfs-ma.de)

•Scenario: Mobile Maintenance Support

- Complex facilities with many individual subsystems

- Long-service life, midlife upgrades

•Documentation required on-site

- Use interactive digital manual

on a mobile device

http://www.lfs-ma.de/
http://www.lfs-ma.de/
http://www.lfs-ma.de/
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Digital user manual page (raster image) 

with features (adapted RoI)

Background

•Task-based adaptation of visual content

- Illustrate specific aspects of working steps

- Based on Task Models (TM)

Digitalization,

Image enhancement

Paper source

Task model

Abstraction of textual 

information
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Background

•Task-based adaptation of visual content

- Illustrate specific aspects of working steps

- Based on Task Models

- User requests visualization of next work 

step (a.k.a. wizard interaction)

ĀInitial RoI determined by

task model

ĀInteractive view refinement
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Background

•Task-based adaptation of visual content

- Illustrate specific aspects of working steps

- Based on Task Models

- User requests visualization of next work 

step (a.k.a. wizard interaction)

ĀInitial RoI determined by

task model

ĀInteractive view refinement

•So far, focus on 2D illustrations

- Semantics for raster graphics

•3D supports exploration of complex 

spatial configuration even better

- Requires additional model semantics
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Concept Overview

•Task-oriented exploration of 3D models

•Supported through smart visual interface

- Integrates description of the task at hand

ĀEnriched segmentation of the triangle mesh (features)

- Uses TM for adaptive representation of mesh

ĀAccording to feature relevance

ĀInteraction support (e.g. 3D interactive lenses)
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Related Work –Mesh Annotation

Shape Annotator

(Attene et al. 2007)

• Shape retrieval

• Ontology matching
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Related Work –Mesh Segmentation

Attene et al. Hierarchical segmentation based 

on fitting primitives, 2006.
Garland et al.

Hierarchical face clustering on polygonal surfaces, 

2001.
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Related Work –Mesh Segmentation

Mortara et al.

Blowing bubbles for the multi-scale analysis 

and decomposition of triangle Meshes,

2004.

Mortara et al.

Plumber: A multi-scale decomposition of 3d 

shapes into tubular primitives and bodies, 

2004.
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Related Work –Mesh Segmentation

S. Katz, G. Leifman, und A. Tal.

Mesh segmentation using feature point and core 

extraction, 2005.



VISUAL’08, 11-12 Sept. 2008, Salerno

Related Work –Mesh Presentation

Diepstraten et al.

Transparency in Interactive Technical Illustrations,

2002
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Related Work –Mesh Presentation

Diepstraten et al.

Interactive Cutaway Illustrations,

2003.
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Related Work –Dynamic Labeling

T. Götzelmann et. al.

Practical Illustration of Texts: Customized Search, View Selection, and Annotation, 

2006.



VISUAL’08, 11-12 Sept. 2008, Salerno

Related Work –Interactive Lenses

Bier et al, 1994 Trapp et al. 2008

Ellis et al., 2005

Tominski et al., 2006
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Related Work –Task Modeling

•Hierarchy of compound task with subtasks

- Temporal and causal conditions between subtasks

- Matches step-by-step nature of maintenance tasks well

•Used in software engineering for automatic GUI creation
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Concept Overview
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Implementation –Model Authoring

•Mesh Segmentation

•Model Inspection

•Segment Prioritization
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Implementation –Model Authoring

•Mesh Segmentation

- Preprocess: mesh simplification

ĀBuild hierarchy with decreasing LoD

ĀBased on [2, 3]

ĀReduces susceptibility for scanning artifacts

- (automatic) segmentation of selected LoD

ĀModified feature points & core extraction

•Model Inspection

•Segment Prioritization

[2] Mathias Holst: Effiziente auflösungsvariable Oberächenbeschreibung mit 

hybriden Modellen. Dissertation, University of Rostock, 2007.

[3] Holst, Schumann: Efficient Rendering of High Detailed Objects Using a Reduced 

Multi-resolution Hierarchy, GRAPP 2007.
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Implementation –Model Authoring

• Modified feature points & core extraction

- No MDS transform (technical objects usually not posed)

- Adjustable vertex-to-hull distance threshold for core vertex 

classification
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Implementation –Model Authoring

• Modified feature points & core extraction

- No MDS transform (technical objects usually not posed)

- Adjustable vertex-to-hull distance threshold for core vertex 

classification
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Implementation –Model Authoring

•Mesh Segmentation

•Model Inspection

- Author verifies results of automatic segmentation

- Can manually refine segmentation

ĀSelect patch & sub-segment automatically

ĀExpanding, shrinking, and merging segments

•Segment Prioritization
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Implementation –Model Authoring

•Mesh Segmentation

•Model Inspection

- Author verifies results of automatic segmentation

- Can manually refine segmentation

ĀSelect patch & sub-segment automatically

ĀExpanding, shrinking, and merging segments

ĀSegment manually by interactive 3D RoI specification

•Segment Prioritization
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Implementation –Model Authoring

•Mesh Segmentation

•Model Inspection

•Segment Prioritization

- Task Model for a given maintenance task

- Associate segment importance [0..1]
Āfor every task

Āfor each segment (i.e., object component)

ĀDefault importance is 0: component irrelevant for task

ĀImportance > 0: meaningful component

- Optionally, segments associated with
Ābasic rendering attributes (color, transparency) and style 

(contour, wire frame, solid)

–enforce visual grouping of functional groups

ĀLabels, short descriptions
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Concept Overview
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Implementation –Exploration Viewer

•Exploration Viewer provides

- Model presentation adapted to the task at hand

ĀInitial viewpoint selection

ĀLoD selection

ĀAccentuation of important components

ĀDynamic labeling
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Implementation –Exploration Viewer

•Exploration Viewer provides

- Model presentation adapted to the task at hand

- Interactive model exploration

ĀViewport manipulation

ĀManual selection of “Component of Interest”
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Implementation –Exploration Viewer

•Exploration Viewer provides

- Model presentation adapted to the task at hand

- Interactive model exploration

ĀViewpoint manipulation

ĀManual selection of “Component of Interest”

ĀInteractive 3D lenses, e.g. “LoD-Lens”



VISUAL’08, 11-12 Sept. 2008, Salerno

Implementation –Exploration Viewer
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Summary

•Presented concept for the task-oriented exploration of 3D 
polygonal meshes

- Model Authoring: combination of automatic mesh 
segmentation and manual enrichment of segments

- Interactive Exploration viewer (Smart Interface Component)

• Integration of a task model into Exploration Viewer

- association of model components with importance values 
from TM (+ other metadata)

- versatile means for the adaptation of the presentation

•Exploration further supported by interactive 3D lenses

•Prototypically implemented using C++, OpenGL and Qt

- Currently, only (modified) point & core extraction algorithm

- Viewer supports per-segment LoD and render styles
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Future Work

• Implement additional segmentation algorithms

- Prototype offers plug-in architecture

- Plumber and Hierarchical Fitting Primitives good 
candidates

• Expand viewer capabilities

- importance-driven NPR (e.g. from line sketches to 
stippling to fully shaded),

- improved viewpoint selection

- additional lens effects for interactive exploration

• Evaluate the proposed concept and planned extensions

- cooperation with industry partner within the research 
project

- real-world data from Product Data Management (PDM)
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Thanks for your attention!

Questions?


