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1 Executive Summary 

This document presents the status of the work under Work Package 9 (WP9) – Presenting History - at 

the end of the fourth year of activity of the 3D-COFORM project. The activities follow the original plan 

drafted in the project Description of Work (DoW).  

The overall organization of the document is as follows. Section 2 gives a brief presentation of the project 

structure, how WP9 activities and tools are located in the overall framework of the project, and relations 

of WP9 components with respect to the other components developed in 3D-COFORM. Sections 3, 4, 5 

and 6 present in detail the work done in Year 4 and the results obtained in tasks T9.1, T9.2, T9.3, T9.4. 

Section 7 reports on the milestones; some concluding remarks are presented in Section 8. Finally, 

publications are listed in Section 9. 
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2 W9 – Presenting History –  

Detailed description of work  

The 3D-COFORM framework and its components have been divided into four strands:   

1. Acquiring and Processing (A&P), encompassing the developments in WP4/WP5  

2. Integrated Viewer/Browser (IVB), encompassing the developments in WP6/WP7  

3. Modelling and Presenting (M&P), encompassing the developments in WP8/WP9  

4. Repository Infrastructure (RI), encompassing the developments in WP3  

The central topic of WP9 is to provide the technical infrastructure for rendering and presentation, that 

is, to display 3D digitized CH artifacts in high quality on computer screens. So WP9 is one exit of the 

processing chain, as it takes data out from the repository and arranges them for public presentation. The 

strategic importance of WP9 is that it raises public awareness for the value of digital CH artifacts. 

2.1 Task organization and planned work 

According to the Description of Work (DoW) the activities originally planned for Year 4 are (page 92): 

D9.4 [M48] Final report on WP9 

 T9.1: Visualization nodes with scalable rendering load – Optimization + Final documentation 

 T9.2: Complexity reduction and internet rendering – Optimization + Final documentation 

 T9.3: Toolkit for high-quality kiosk presentations – Optimization + Final documentation 

 T9.4: Perception-aware experiments – Result report + Recommendation for best practice 

Now we give a brief overview of each task, to characterize it and to put it into context: 

Task 9.1, "Visualization nodes for supported artifact representations" 

 The 3D rendering infrastructure for the whole project is based upon the OpenSG scene graph. 

 Standard OpenSG is unable to render the novel 3D-COFORM shape and material representations. 

 OpenSG is extensible, so partners have to provide OpenSG extensions for loading and rendering. 

 OpenSG programming can be complex and tedious, so we need a middleware. 

 This middleware is the Visualization Support Library (VSL). It combines all extensions from the 

individual partners, and it provides a central manager component for CH data as well as a wrapper 

interface for easier scene graph programming on the C++ level. 

 The VSL is used by all 3D-COFORM tools that need to render 3D content, e.g. the IVB developed in 

T7.1/T7.3, and the presenter software from T9.2. It requires just an OpenGL context to render to.   
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Task 9.2, "Complexity reduction for public and web presentation" 

 Technically, T9.2 is an extension to T9.1. While T9.1 provides the basic infrastructure, T9.2 handles 

special cases such as streaming and web transmission. 

 Some datasets, like massive meshes, or full-scale complex materials, are several hundred MB in 

size, so downloading before rendering would take too long.  

 Solution: Progressive rendering, detail is continuously added by streaming. 

Task 9.3, "Visualization and navigation tools for public dissemination" 

 Through T9.3, the digital CH content from 3D-COFORM will reach a mass audience. 

 Museum kiosks require extremely simple and powerful 3D interaction. The challenge is to limit the 

freedom of navigation just enough such that even untrained and elderly people can inspect 3D 

objects without getting ‘lost in 3D’ or feel otherwise frustrated.  

 The second challenge is the authoring problem: Digital exhibitions are to be created by museum 

staff, so no programming whatsoever shall ideally be required to display 3D objects. 

 We provide authoring tools for museum creators to easily set up good-looking 3D scenes.  

Task 9.4, "Perception-aware experiments and guidelines" 

 Twofold purpose: User studies and guidelines for best use. 

 User studies among CH practitioners to assess the suitability of authoring tools. 

 User studies with untrained and elderly people to assess that 3D navigation is not frustrating. 

 From this, guidelines for CH professionals on how to achieve the best results from WP9 tools.  

2.2 Work performed 

The work performed in Year 4 is now described on a per-task per-partner basis. WP9 is particular in that 

many partners both contribute to the VSL and participate in developing applications using the VSL. The 

main focus in Year 4 was on practical applications and case studies of the software developed in the 

previous periods, to demonstrate the maturity of the approach. However, also in Year 4 research was 

undertaken, leveraging on the developed technology to extend and go beyond the state of the art, and 

to open up routes for further research after the end of the project. 

This is described in the following sections. 
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3 Task 9.1 – Visualization nodes for supported artifact 

representations  

3.1 Work planned 

The following text is a slightly rephrased and compacted version of Section 3.4, “Plans for the next 

period” (related to T9.1), of deliverable D9.3, the Third Year Report of WP9. 

The most pressing work in T9.1 for the beginning of Year 4 now is to connect the VSL to the Repository 

Infrastructure (RI=OR+MR) from WP3. Most of this work should in fact be carried out before the Year 3 

review in Month 39 (download of complex scenes from the RI, upload of client-generated scenes to the 

RI).  

VSL manager:     (UoB + all T9.1 partners) 

 Load balancing: Improve scene-level LOD adjustment, replacing “heavy” objects on-the-fly. 

 Loading a complex scene: A COLLADA file references other files that may have to be downloaded. 

 Repository integration: As-automatic-as-possible download of referenced files from the OR. 

 Saving a scene:  as COLLADA including the semantic structure of the objects (in <extra>). 

VSL extension: Nexus    (ISTI-CNR) 

 Improving the compression: The compression of massive multi-resolution meshes has greatly 

improved in robustness. However, now speed is an issue that always needs to be worked on. 

 Texturing: Management of multi-resolution geometry and support for textured models.  

VSL extension: BTF    (UBonn) 

 Advanced light sources: The BTF core should also support spotlights and directional lights.  

 PRT integration: Illumination via environments lights (PRT method from FhG-IGD). 

 Shadow mapping is extremely important for a plausible reality perception and will be worked on. 

VSL extension: GML    (TU Graz) 

 Texturing procedural models: Generate texture coordinates (in addition to projective texturing). 

 Saving models with changed parameters: Storing a scene with generative models in a COLLADA file. 

VSL extension: PRT    (FhG-IGD) 

 Resolve OpenSG migration issues: Porting material definitions/shaders and geometry 

optimizations. 

 Illumination of dynamic scenes: A method to update the PRT illumination in changed scene parts. 
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VSL extension: CityEngine   (ETHZ) 

 This deliverable is largely completed. The focus of the next period will be integration and testing.  

3.2 Work performed 

The VSL manager     (UoB) 

The main progress in Year 4 involved the integration of the Visualisation Support Library (VSL) with the 

Integrated Viewer Browser (IVB) as well as the CorExplorer. This allows both of these tools to: 

 Dynamically load the plugin libraries which are responsible for including nodes types such as the 

Nexus, BTF and GML in the scene. 

 Import these external node types to a scene from COLLADA. 

 Exporting scene information including nodes type and any matrix transformations that are applied 

to them to COLLADA. 

This work involved coordinating with partners both i) releasing plugin libraries, and ii) those developing 

the Integrated Viewer Browser (IVB) and CORExplorer. This required the production of stable binary and 

debug versions (32 bit and 64 bit) of the VSL library. Furthermore, documentation material both for 

users and developers of the library was produced and released along with the VSL library. 

The VSL has been tested both with the IVB and CORExplorer and is being used in their latest releases. 

VSL extension: Nexus   (ISTI-CNR) 

The main feature added in Year 4 is the support for textured meshes (see Figure 1): the nexus format 

has been extended and we designed and implemented a new tool to generate the textured models. 

The algorithm is based on projective texturing and thus does not require parameterization steps which 

can be challenging with very large models and complicated or inconsistent topologies. An important 

feature of the new rendering algorithm is its compatibility with the OpenGL ES2 standard for mobile and 

WebGL support. 
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Figure 1: The nexus format now supports textures, as shown by the two examples above. Textures are 

computed starting from a set of photos aligned to the mesh and no parameterization is required. 

As input we take a set of photos aligned to a 3D model using an .mlp project file generated by MeshLab. 

Texture support allows us to decrease the amount of geometry needed to obtain a certain visual quality, 

improving framerate (the nexus rendering algorithm is usually transform limited) and reducing the 

overall model size. This is especially important for web streaming, where the bandwidth limits the data 

available, and geometry compression is not available. 

The WebGL viewer prototype, presented in beta version in Year 3, has been improved and optimized 

and is now in use in our projects (see Section 5.1 describing the CommunityPresenter approach and the 

Cenobium testbed). 

VSL extension: BTF   (UBonn) 

UBonn improved upon the existing implementation of the BTF-VSL-Node in terms of usability and 

stability. For this, the BTF Node was re-designed to better fit into the OpenSG2 material concept. This 

was done in close collaboration with UoB, which helped to find bugs, memory leaks and usability issues 

at an early stage. Furthermore, an improved set of new GLSL-shaders is now used for BTF rendering for 

the VSL node: The node now supports BTFs that have been compressed using the technique proposed 

for the new Multiview Dome acquisition pipeline proposed in [T9.1.2]. It allows the use of point lights as 

well as directional lights and also integrates shadow-mapping. Additionally, to facilitate classical ambient 

lighting, providing a more life-like impression of shadowed regions, the BTF-node also supports the pre-

computation and evaluation of a view-dependent ambient lighting term from the acquired BTFs with 

little computational overhead in the realtime shader. 

Additionally, UBonn has been working on pre-computed radiance transfer (PRT) for BTFs that were 

created from an object surface instead of a flat sample. The developed PRT shader is capable of directly 

handling the compressed BTFs created by the new Multiview Dome acquisition pipeline [T9.1.2] (see 

Figure 2). It is still in a prototype stage and has therefore not yet been included into the VSL’s BTF-node. 
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Figure 2: screenshot of a BTF parameterized over a 3D-object rendered under environment illumination 

in real-time, using PRT. 

 
VSL extension: GML / VSL / RI   (TU Graz) 

Our T9.1 work in Year 4 had a clear focus on making the VSL infrastructure more stable and mature. We 

have joined partner UoB in their effort of solving various issues and feature requests that came up 

through the more intense use of the VSL in applications, primarily IVB and CorExplorer. 

Integration of VSL with the RI (Repository Infrastructure) from WP3  

CorExplorer started as a simple Qt-based application that was developed during Year 3 in in the context 

of WP3 for the purpose of collection management (see section 6.2.2. (page 32) in D3.3, the Year 3 report 

on WP3). It provides collection administrators with a tree-view on the hierarchical group structure of the 

RI, and allows review and re-order of the contents of the repository. Following the same GUI approach 

as the IVB, CorExplorer can integrate different tabs to offer different application views. Since the most 

pressing goal for T9.1 in Year 4 was the integration of the VSL with the RI (see section 3.1 Planned 

Work), CorExplorer was chosen as the testbed for development, adding a VSL view as Qt widget. We 

have achieved the RI-VSL integration and it was successfully demonstrated at the Year 3 review in 

Month 39.  

Encapsulating the RI-integrated VSL as a Qt widget for dynamic 3D scenes  

The QVSLSceneAssembler SDK is now provided as a VisualStudio project that allows installing the 

complete VSL with RI connection plus GML scripting language support as a single Qt Widget. This is an 

instrumental step for making the full potential of the VSL easily accessible to all Qt developers: Simply by 

adding the QVSLSceneAssembler widget to a Qt-based application, this application can already connect 

to the RI, download datasets, meshes, scenes and scripts, and display them in 3D. The scene can be 

controlled by sending GML commands as strings to the widget via the signal & slot mechanism of Qt.  

Important VSL issues that had to be solved in Year 4 

 Native Collada support: The OpenSG loader for the Collada light format used in 3D-COFORM loads 

geometry data from more space efficient binary files (e.g. GML, BTF or Nexus) that are referenced 

in the .dae file. This was in Year 4 combined with OpenSG’s built-in Collada loader. Collada can now 
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also be used as ASCII-based geometry format. This allows loading the files exported e.g. by 

CityEngine.  

o Update of the native Collada loader to support loading Collada files exported by Maya 

o Import and export of Collada, to save OpenSG scenes that are dynamically generated 

 Automatic download of multipart digital objects (see D3.4, the Year 4 report on WP3): The loader 

now asks the semantic network (via SPARQL query to the MR) whether a file to be loaded is part of 

a multipart object; all files belonging to this object are automatically downloaded as well. 

 Dynamic animated scenes: This required deeper restructuring of the internal event handling system 

to allow for user events plus idle callbacks (for camera flights and object movement). 

 CMake setup: Automatic generation of CMake configuration files according to the OpenSG 2 

version, as a sustainable solution to decouple the versioning of the VSL from that of OpenSG 

 Support for static linking of VSL plugins (BTF, Nexus, GML etc.) to avoid “plugin not found” errors. 

 Active OpenGL context management: background images, foreground logo, sky boxes, shadows. 

 Fixing various compiling problems (Visual Studio 2008 issue, CityEngine integration, glew.h issue). 

VSL extension: PRT and IVB  (FhG IGD) 

The technical effort for the fourth and final year of the project was focused on serving the practitioners 

in their real environment and within the established workflows. Thus, the development in this period 

addressed these requirements rather than introducing new risky and unstable features. This was 

accomplished by re-directing some of the technical resources in order to consolidate the more mature 

and promising components. In the context of this prioritizing process, Fraunhofer decided to focus the 

remaining effort on integrating the VSL into the IVB and on optimizing the picking and rendering 

performance for standard 3D artifacts. These are 3D artifacts that are not directly handled by the VSL 

extensions, but by the standard SimpleSceneManager of OpenSG. This decision does not affect the final 

expected results for the PRT node, since the scene graph level rendering integration and interaction (ray 

tracing acceleration structures and the run-time lighting evaluation) is available. Thus, 3D artifacts with 

PRT enabled materials can be visualized properly, for instance those produced with lens-shifted 

structured light approaches [T9.1.1]. The pre-computation can be resolved in a similar way as for the 

Nexus and BTF nodes, which is done offline and which is already considered during the ingestion of the 

3D artifacts into the RI. 

The integration of the IVB and the VSL involved the implementation of a robust event system to handle 

the special events of the VSL extensions and also of the IVB interaction metaphors for the 3D annotating 

process and the corresponding creation and handling of areas (see Figure 3). This event system enabled 

the development of a configurable scene navigation mechanism, which can be customized at run time. 

This was motivated by the different users using the IVB, who are coming with different backgrounds and 

experiences with other tools. Hence, this feature allows the user to individually customize the mappings 

between mouse events and movements to actions in the viewer, mimicking the behaviour of other 

systems (e.g. MeshLab, Maya, 3ds Max) in the IVB. 
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Figure 3: Integration of the VSL into the IVB. Visualization of a BTF model and a CityEngine model. 

Furthermore, the picking and rendering performance of the VSL for standard 3D artifacts was improved 

with very simple, but effective instruments. On the one hand, the picking performance was improved by 

means of separating the geometry of the 3D artifact from the IVB geometry of annotations (e.g. spheres, 

cylinders or segments). Thus, depending on the current active actions (events registered in the event 

system), the ray tracing operation of OpenSG is enabled for either the geometry of the 3D artifact or for 

the geometry of annotations. In this way, the areas for annotations can interactively be selected, 

highlighted and dragged and dropped regardless of the size of the 3D artifact. On the other hand, the 

rendering and interaction (and at the same time the picking) performance of the 3D artifact geometry 

was increased by splitting a single geometry node into many nodes. The algorithm partitions the 

polygons of the 3D artifact into clusters, each assigned to a node, as a function of the number of 

polygons with a soft constraint (maximum of 1000 polygons per node) and a hard constraint (maximum 

20,000 nodes per 3D scene). Figure 4 shows an example of the generated patch clusters. 

The VSL was tested in the context of the IVB (see Deliverables D5.4, D6.4 and D7.4) in three different 

events during the final period of the project: 

 Testing Workshop at the V&A in London, June 25 and 26, 2012 

 Resources Room at the 3D-COFORM Reshaping History Exhibition in Brighton, July 27 to August 

25, 2012 

 German National Summer School in Schmitten, September 3 and 4, 2012 

The results of these exercises led to the consolidation of the IVB-VSL integration, which is now much 

more stable and performing and user friendly. 
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Figure 4: Partitioning a 3D artifact into neighboring clusters (with different colors) drastically increases 

the rendering and interaction performance in the integrated IVB-VSL. 

VSL extension: CityEngine  

Since CityEngine is a complex piece of software, it was decided in Year 2 to resort to a CityEngine-on-

the-server solution with a VSL node and integration into CorExplorer / IVB (shown at the Year 3 review 

meeting in Feb 2012). The client sends the grammar description to the server and receives a (possibly 

large) Collada file containing the actual geometry of the buildings. The buildings in this file carry 

metadata information that links back the building to the RI, in particular to the semantic network. 

Furthermore, there is a link to the describing grammar, which then allows parameter variation of the 

buildings on the client side. 

In Year 4, the CityEngine 3D-COFORM edition was adapted to the new RI API. It was distributed and 

tested and bugs were fixed using feedback from UoB. The documentation can be found in the CityEngine 

3D-COFORM edition software under the help menu. The CityEngine visualization node allows editing 

building footprints and parameters directly inside the VSL visualization node. Now the user can even 

perform ingestion and retrieval through the CityEngine Python API.  

Voluntary improvements: 

ESRI (the company that has acquired CityEngine) has a prototype of a new product called “Procedural 

Runtime” (planned release date is March 2013). This is the backend of CityEngine in the form of a 

development toolkit and thus, could potentially be integrated into a VSL-based application without the 

need for a network-connected system. Since storage and computation would be local, this would be 

faster and space and storage efficient, working in a similar fashion as the GML render node.  
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This task is completed and integrated. No effort has been dedicated or charged to this task in Year 4. 

Therefore, the voluntary improvement mentioned above can be undertaken on the basis of need and 

availability of effort in the consortium. CityEngine/ESRI will be available for guidance in this matter. 

3.3 Deviations from work plan and counter-measures 

 UoB  The effort was mainly concentrated on making the VSL operational in both the IVB 

and CORExplorer. Hence, less effort was spent on improving scene level of detail. 

 ISTI-CNR  No deviations from plan. 

 UBonn  The PRT rendering of BTFs that are parameterized over objects did require 

considerable development work. Due to the high effort for providing the movable 

Multiview Dome described in D4.4 as a stable device presented at the 3D-COFORM 

exhibition, a lot of this work had been postponed until after the exhibition. Although 

UBonn can now report the successful implementation of a research prototype, it was 

not possible any more to fully integrate the PRT rendering for BTFs in the VSL. 

 TU Graz The texturing of procedural models was abandoned in favor of improving the VSL. 

 FhG-IGD No deviations from plan. 

 ETHZ No deviations from plan. The deliverable is on track and undergoing integration. The 

tool has been demonstrated in the Year 3 review meeting in Month 39 (Feb 2012). 

3.4 Advance in State of the Art  

The main contribution of T9.1 was the realization of the Visualization Support Library as an operational 

rendering infrastructure that supports rendering of all types of sophisticated 3D representations 

produced with the different acquisition and shape generation technologies developed in 3D-COFORM.  

The VSL is unique in its kind.  

The VSL has advanced the state-of-the-art by integrating different sophisticated shape representations 

and their rendering in a coherent interactive environment. It is this underpinning that allows 

applications to be developed that draw together digitizations where capture tools have been chosen to 

meet the challenges that individual cultural items pose. Applications may mix different node types in a 

scene, or display only a single high-quality artifact. Despite its complexity, the infrastructure is coherent, 

simple to use, has advanced object types, interaction metaphors, and allows for dynamic change.  

T9.1 has in fact advanced the state of the art in various different ways. Concerning scalability, we 

provide a rendering infrastructure that pushes the boundaries of shape, material, and lighting 

complexity by orders of magnitude. The Nexus representation is a good candidate for a new standard 

representation for massive multi-resolution meshes. This alone is a major step forward, because it 

makes the quality of the data obtained from high fidelity shape measurement devices (WP4) accessible. 

The advances in the quality of the Multiview Dome acquisition in WP4 during the 3D-COFORM project 

have resulted in BTFs with spatial resolutions for which rendering has not been addressed before. 
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Furthermore, the high dynamic range of the acquired objects also required an adaption of the applied 

compression technique and the real-time shaders developed in WP9. 

The second novelty is the use of Megatextures [1, 2] for the real-time rendering of BTFs with Level-of-

Detail. This combination of techniques will reduce the GPU memory demands that are still very high, 

even when applying the streaming approach of [T9.1.3]. The 4.2 Megapixel BTF which takes only 46 MB 

to transmit is unpacked to 1.4GB in GPU memory for real-time rendering. Although more research is still 

needed to derive a definite result, we believe the technique will enable a drastic reduction of the 

required GPU memory, vastly improving the scalability for addressing large scenes on low-end devices. 

Extremely innovative is the combination of BTF rendering with pre-computed radiance transfer. PRT 

allows obtaining photo-realistic results without resorting to standard global illumination solutions such 

as raytracing or radiosity. The PRT infrastructure is now available in OpenSG 2.0, including acceleration 

structures and the lighting evaluation at runtime. The full integration in the IVB, with a robust extensible 

event system and a customizable navigation mechanism, optimized picking by separating meshes from 

auxiliary geometry, and the dynamic mesh partitioning into clusters, are innovative building blocks that 

all add to the maturity of the rendering infrastructure, and to the synergy of the VSL approach.  

Finally, the whole VSL can be scripted using GML, so that applications can issue procedural scene 

manipulations by sending command strings to the VSL. This allows for a new generation of highly 

responsive, interactive applications using dynamically changing scenes, retrieving high-quality assets 

directly from the RI, and also saving the dynamically created scenes in a sustainable way using Collada. 
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4 Task 9.2 – Complexity reduction for public and web 

presentation 

4.1 Work planned 

The following text is a slightly rephrased and compacted version of Section 4.4, “Plans for the next 

period” (related to T9.2), of deliverable D9.3, the Third Year Report of WP9. 

Nexus streaming     (ISTI-CNR) 

 Optimization and testing: This deliverable is largely completed. The focus of the next period will be 

integration and testing. 

BTF streaming     (UBonn) 

 Streaming PRT illuminated BTF models: The streaming approach will be extended to also support 

PRT rendering and hence environment lighting. 

Minidome rendering with Unity (KUL) 

 CH test scenes for high-end interaction: We will explore clever ways of exploiting the capabilities of 

Unity3D for presenting CH datasets in such a way that it is distinctively beneficial for interactive 

exploration, and difficult to realize e.g. using OpenSG or WebGL.  

 Simplified unity authoring: We will explore ways of generating Unity3D content from 3D-COFORM 

tools directly, if possible without museum curators using the Unity authoring environment at all. 

4.2 Work performed 

Streaming of Nexus models   (ISTI-CNR) 

The WebGL Nexus streaming viewer prototype has been improved and optimized and is now in use in 

our projects (see Section 5.2 on CommunityPresenter and the Cenobium testbed). 

The viewer is based on the SpiderGL library which is developed and maintained by ISTI-CNR 

(http://spidergl.org), and can display all Nexus models regardless of size. The view quality is determined 

essentially by the available bandwidth. The viewer itself is available through the CommunityPresenter 

website (http://vcg.isti.cnr.it/presenter/). 

One of the advantages of such a system is that it does not require any special server support: it requires 

only a basic https server serving static files. The browsers supported are the current versions of Chrome, 

Firefox, Safari and Opera, i.e. all those supporting WebGL; unfortunately, Windows Explorer 9 does not 

(yet?) support WebGL. 

http://spidergl.org/
http://vcg.isti.cnr.it/presenter/
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Streaming of BTF models (UBonn) 

PRT-rendering was successfully implemented for BTFs but not yet tested together with the streaming 

approach. However, the application of the streaming presented in [T9.1.3] on PRT-preprocessed BTFs 

should be possible, straight forward and is definitely planned to be worked on in the future. 

Furthermore, to improve the streaming performance, support level-of-detail and reduce the hardware-

demands of the BTF rendering, UBonn has been working on transferring the “Sparse Virtual Texture” 

approach presented in [1] and [2] on BTFs. “Sparse Virtual Texture” or “Megatextures” is a level-of-

detail texturing approach that uses an indirection to allow texturing objects from a texture-cache with a 

fixed size, even if the actual source texture is much larger. Using this method, the high resolution BTFs 

produced by the Multiview Dome acquisition pipeline [T9.1.2], presented in the Year 3 report D4.3, 

could also be displayed in full detail on devices with otherwise insufficient graphic memory, for example 

computers without high end GPUs, or even mobile devices. This approach can also be combined with 

the streaming solution [T9.1.3], presented in the Year 3 report. Currently, evaluation of the approach is 

in progress, using a research prototype implementation (see Figure 5 for screenshots). 

We would also like to mention that a web demo for streamable BTF exclusively using standard web 

technology (WebGL i.e. for Firefox, Chrome) is available from the 3D-COFORM website under the 

address http://www.3d-coform.eu/index.php/3d-content/webgl-viewer and http://btf.cs.uni-bonn.de . 

   

Figure 5: Three screenshots of the BTF Megatextures prototype. The torus in the centre is textured with 

a BTF material of a fabric. The insets on the left show: (1) a feedback buffer, (2) the fill-status of the 

fixed texture-cache, (3) the indirection data-structure (a quad-tree). Note that the texture-cache and 

indirection structure get updated when changing the view or approaching the torus. 

Rendering and inspection with Unity3D  (KUL) 

We have worked on a pipeline that allows the efficient production of internet based visualizations of 

high-quality artifacts using Unity3D. Figure 6 shows an example of a reduced but meaningful user 

interface for the inspection of artifacts similar in shape to Cuneiform tablets. Since Unity 3D gives 

access to illumination properties and supports shaders, we have set up a Unity3D scene working as a 

single-object viewer that can now be used with different kinds of artifacts. A new visualization can thus 

be created almost automatically, by just replacing the artifact files. We consider this a very effective 

method for presenting over the internet the objects that were acquired with the Minidome.  

1 2 

3 

http://www.3d-coform.eu/index.php/3d-content/webgl-viewer
http://btf.cs.uni-bonn.de/
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Figure 6: Visualization modes of the Cartouche Tablet 3D viewer (see www.3d-coform.eu). GUI and 

interaction modes remain the same while the object can be replaced by exchanging the asset files. 

The approach has also been used to create a more immersive interaction for the user or the viewer, 

as shown at the 3D-COFORM Reshaping History Exhibition.  Two examples are shown in Figure 7. 

                 

                 

Figure 7: Unity based user interfaces to give an immersive awareness to the visitor. On top the Van 

Dyck painting, below an interactive tour through Abu Simbel. 

http://www.3d-coform.eu/
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On top are a few snapshots for the Van Dyck painting. Using a touch screen the user is able to switch 

between different interesting parts in the painting. The Abu Simbel interface allowed the user to 

virtually navigate through the Abu Simbel temple using a joystick. The interaction was provided by 

CMC. 
 

4.3 Deviations from work plan and counter-measures 

 UBonn  Although research on the planned aspects has been conducted, UBonn shift of effort 

towards the tasks in WP4 has delayed the results. The developed methods still 

require testing and maturing and are not yet included in the VSL’s BTF-Node. 

 ISTI-CNR  No deviations from plan. 

 KUL No deviations from plan. 

4.4 Advance in State of the Art 

We are confident that streaming of Nexus models has the potential to become a standard tool for the 

dissemination of high-quality CH content. Nexus has impact because it is solid, mature, usable, and 

suitable for the use in CH, which is proved by the fact that it is already in practical use in several CH 

visualization projects (see next section on T9.3). We have realized the whole pipeline for generating and 

rendering of textured Nexus models (T9.1), streaming over the internet (T9.2), and display in high-

quality museum kiosks using CommunityPresenter (T9.3). We can thus offer this as a stable and mature 

solution to museums, which was not available before the 3D-COFORM project. 

The advances in the quality of the Multiview Dome acquisition in WP4 during the 3D-COFORM project 

have resulted in BTFs with spatial resolutions for which rendering has not been addressed before. 

Furthermore, the high dynamic range of the acquired objects also required an adaption of the applied 

compression technique and the real-time shaders developed in WP9. 

The increased spatial resolution has motivated novel research work that clearly advances the state of 

the art. First, the proposed streaming approach for BTFs that has led to a conference publication 

[T9.1.3], which presented a greatly improved compression of the huge amount of data, tailored for the 

purpose of real-time-viewing progressive data transfer. In this way 4.2 megapixel BTFs, which yield an 

uncompressed size of 534 GB, could be faithfully presented with about 46 MB of data; a first 

approximation can already be displayed after transmitting only 1 MB of the data. 

The work of KUL in T9.2 reflects the clever use of mature existing technology, in this case of the Unity3D 

game engine, as a distribution channel for CH content. As a game engine, Unity3D is professionally 

supported and maintained. The costly manual production of 3D visualizations can be circumvented by 

using template scenes. The use of template scenes is feasible whenever a large number of similar 

artifacts are to be shown in always the same interactive way. KUL has proven that this works in practice. 
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The work of TU Graz in T9.2 is geared towards providing the necessary infrastructure for streaming. 

Collaborating with the T9.2 partners, streaming access using the HTTP protocol was integrated as a 

download channel to the Repository Infrastructure from WP3. While standard upload and download are 

using the FTP protocol, streaming functionality is available to standard web browsers (WebGL based) as 

well as to client applications using the RI API, which allows streaming even for multipart objects. 
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5 Task 9.3 – Visualization and navigation tools for 

public dissemination 

5.1 Work planned 

The following text is a slightly rephrased and compacted version of Section 5.4, “Plans for the next 

period” (related to T9.3), of deliverable D9.3, the Third Year Report of WP9. 

CommunityPresenter    (ISTI-CNR) 

 Authoring component: The simplicity of the CommunityPresenter configuration gives a great 

opportunity for further streamlining the process of selecting and publishing content from the RI. 

 High-quality examples: We will create in the deployment experiments a series of best practice 

examples for the CommunityPresenter which can then be used, for example, as presentation 

templates. 

QtGrimaldo + GML scripting  (TU Graz) 

 Authoring component: The simplicity of GML scripting gives a great opportunity for streamlining 

the process of selecting 3D content from the RI and providing it with interactive behavior. 

 High-quality examples: We will create in the deployment experiments a series of best practice 

examples for GML-enabled 3D scenes which can then be used, for example, as presentation 

templates. 

Lighting Setup Tool   (UBonn) 

 Semi-automatic placement of light sources: Important details of an exhibit are often emphasized by 

means of light. We will facilitate the placement of light sources to highlight specific surface parts. 

5.2 Work performed 

CommunityPresenter    (ISTI-CNR) 

The first prototype implementation of the CommunityPresenter has been released by partner ISTI-CNR 

in Year 3. The focus of the fourth and last year of activity was to produce some pilot exploitation 

experiments that should allow first to demonstrate the potentialities and strengths of our approach and 

second, to debug and optimize the system and to test its GUI and usability.  

The CommunityPresenter can be launched in two configurations: 

 Kiosk mode, running full screen with restricted web navigation and access to local files; 

 Web mode, with multiple windows and tabs, accessing remote pages and geometric data, thus 

making an intense use of the streaming support for viewing remote 2D/3D content. 
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The CommunityPresenter application has full HTML support (cookies, https, etc.) for maximum 

compatibility with existing assets. It allows sharing components between the web-based and the kiosk 

versions in order to reduce design and management overhead when a presentation has to be deployed 

on both channels. This feature has also been tested as it is part of the first selected use case (see below 

the CENOBIUM testbed). 

QML has been chosen as the language to describe the user interface including 3D viewers, models, hot 

spots, navigation, lights etc. Being a declarative language (quite similar to JSON), customization requires 

little effort and is usually resolved by setting property values in a configuration file. QML components 

can also be accessed through Javascript directly from the web page. Using Javascript as the main 

interface between 3D components and the web page, it will be possible to replace QML based 

components with WebGL based ones as they will be developed, thus supporting the porting of a given 

presentation to the web platform. Some components such as the basic 3D viewer are already available.  

The CommunityPresenter is deployed to partners and described on the web resource (see Figure 8). In 

order to provide some concrete examples of its use, we present in the following sections some pilot 

applications we have developed and which were released in Year 4 by ISTI-CNR. 

 

Figure 8: The CommunityPresenter website at vcg.isti.cnr.it/presenter/ 

http://vcg.isti.cnr.it/presenter/
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A basic 3D viewer and the CENOBIUM web system  

A skinnable 3D viewer for simple objects is provided as part of CommunityPresenter. It has been used in 

the re-design of the CENOBIUM website (http://cenobium.isti.cnr.it) in the last months of Year 3 and 

first trimester of Year 4; results have been presented at the Year 3 review in Graz. CENOBIUM is a web- 

and kiosk-based information system presenting mediaeval capitals for study purposes. It is an ongoing 

joint project of ISTI-CNR with the Max Planck Kunsthistorisches Institute in Florence which started in 

2007. 

By accessing the new CENOBIUM website version using CommunityPresenter, a user can inspect and 

visually compare all capitals of the three cloisters which have been digitized so far in the project. The 

same system supports the visualization of the 2D data (high resolution photos) using the IIPImage 

browser (http://iipimage.sourceforge.net). The integration between the different viewers (2D and 3D) is 

quite straightforward, as was proven in the redesign of CENOBIUM (see Figure 9). The so-called "light-

table" view allows disposing multiple viewers in the same window to perform comparative analyses. 

Building a basic viewer for a simple 3D model requires knowledge and usage of a few tools such as 

MeshLab and the Nexus tools to align, preprocess, and convert the models. The CommunityPresenter 

viewer requires minimal configuration through a configuration file. Documentation and examples on this 

process are provided on the website. 

    

    

Figure 9: CENOBIUM Viewer. The viewer is a stand-alone Qt application with integrated webkit browser. 

It shows in fact a HTML page that instantiates an optimized viewer object which is realized as a Qt 

widget (component). The look and feel of the viewer can be easily configured using the referenced file 

“presenter/viewer.qml” that determines the screen layout, button positions, corporate layout, etc. The 

behavior of the viewer can also be configured, e.g. what is the up-axis, initial camera position, etc.  

http://cenobium.isti.cnr.it/
http://iipimage.sourceforge.net/
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The San Matteo kiosk – Showing a coin collection 

This deployment experiment concerned the design of a kiosk for the S. Matteo Museum (Pisa, Italy) to 

present a portion of the large collection of coins from Roman to Medieval and Renaissance periods.  It 

started from the request of the curators to present the ancient coins collection in an innovative way, to 

better stimulate the interest of the visitors and to provide enhanced information. CNR proposed an 

interactive kiosk allowing the virtual manipulation and detailed exploration of the coins, to bring some 

of the hidden knowledge about these coins to the ordinary public in an easy and understandable way. 

We have decided to perform advanced image-based digitization using Reflectance Transformation 

Imaging (RTI) because in the specific case of coins, this has several advantages compared to the 

complete acquisition of 3D geometry and appearance. Starting from a set of images taken from a single 

viewpoint under varying light conditions, RTI encodes the surface normal and the appearance of the 

coin in a single image to enable interactive re-lighting from any direction. The highly redundant data are 

encoded in a compact way using view-dependent per-pixel reflectance functions.  

Digitization of the coins was performed by KUL in October 2011 using their Mini Dome to produce 

enhanced PTM images. They are presented to the museum visitors using an interactive PTM browser 

developed by CNR-ISTI that was integrated into CommunityPresenter, thus demonstrating its flexibility 

and extensibility. To enrich the user experience, interactive manipulation is coupled with hot spots 

linking historical information to the interactive representation. The kiosk is shown in Figure 10 and 

Figure 11. 

The kiosk has been demonstrated in the 3D-COFORM Reshaping History Exhibition in summer 2012, 

Brighton. It was also submitted to the competitive call of the Archeovirtual Exposition on Virtual 

Heritage and Virtual Art (Paestum, Italy, Nov 15-18, 2012) and is one of the 12 winning entries that will 

be demonstrated at the exposition.  

The opening of the kiosk in the S. Matteo Museum is planned for December 2012. Concerning the 

technical content, the implementation of the kiosk was finalized in May 2012. The considerable delay in 

finalizing the textual and iconographic content required postponing the opening to the public; the 

production of historical content and storytelling is under the supervision of the Superintendency of Pisa 

and the San Mateo Museum staff, and it turned out to take much more time than was initially planned. 

 

Figure 10: The Coins kiosk designed for the San Matteo Museum linking to additional information 
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Figure 11: The Coins kiosk designed for the San Matteo Museum.  
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The David kiosk designed for the Galleria dell'Accademia Museum 

Finally, we have worked on the design of a third exploitation example, in this case oriented to the visual 

presentation of a large artwork represented by a single high-resolution mesh. The artwork is the 

Michelangelo's David and this work is in the framework of a consolidated collaboration with the Galleria 

dell'Accademia Museum in Florence, Italy.  

The scope of the kiosk is to allow visitors to navigate easily the digital clone of the David and to inspect 

additional multimedia sources of information, concerning the story of the artwork, the plan and results 

of a recent restoration action and, finally, the maintenance and restoration policies.  

The design of the David kiosk started in summer 2012; a first draft of the technical implementation was 

finalized at the end of September 2012 and the finalization of the descriptive content is planned for 

December 2012, with a planned opening in February 2012. Some snapshots of the current prototype, 

which is already technically operational, are shown in Figure 12. 

    

 

Figure 12: The David kiosk designed for the Galleria dell'Accademia Museum.  
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QtGrimaldo widget with GML scripting  (TU Graz) 

The focus in Year 4 was a new approach for authoring animated scenes to be used as museum exhibits. 

There are many opportunities for the beneficial use of dynamic animated scenes with user interaction: 

Showing an artifact in its context, its surroundings, its usage, assembly / disassembly, with other similar 

objects, etc. Animations are efficient to convey understanding and to attract and direct the attention of 

the user. Unfortunately, they are very costly to produce. Hand-crafting animations with all-purpose tools 

like Maya or Unity3D Studio does not scale when thousands of digital artifacts are available for display. 

We think it is therefore important to search for novel ways of producing animated 3D scenes more 

efficiently and in a conveyor belt manner. Required is a new, simpler approach for defining animations 

without compromising quality – very much like SketchUp succeeded in greatly simplifying 3D modeling. 

 

Figure 13: Animated 3D scenes created with the SceneAssembler application from T8.3. Top left: Moving 

between two assembly hypotheses for the Meissen fountain. Top right: Fly-through animation through 

CityEngine generated town featuring scanned artifact. Bottom left: The Curator Mode with drop targets 

filled by artifacts. Bottom mid: Abstract exhibit, vase comparison. Bottom right: Procedural backdrop. 
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Figure 13: Left: Using CorExplorer the group hierarchy of the RI can be explored like a file system. Assets 

can be selected and then inserted into the scene via drag & drop. Right: The authoring application. 

Some of the drop targets (green) of the scene template have already been replaced by 3D assets. 

As the basis for the authoring of animated scenes we have used the SceneAssembler developed in Year 

4 as part of T8.3 (see deliverable D8.4, the Year 4 report on WP8). It allows for interactive scene graph 

manipulation using 3D widgets that can be hierarchically arranged, each widget representing a scene 

graph node. We have added a placeholder widget, a so-called drop target, that can be set on scene 

graph nodes. This allows dividing the scene graph authoring process in two parts: 

 The Designer Mode gives full access to all tools for defining a scene – adding new scene graph 

nodes, defining the background, illumination, the scene backdrop, and even constructing the 

geometry of the backdrop using the procedural modeling tools of GMLCompositor from T8.3 

(Figure 13, bottom right). The designer can also define animations and user events. The created 

scene is saved as a scene template. 

 The Curator Mode is targeted at the efficient production of animated scenes. The curator opens a 

scene template, uses the CorExplorer to navigate to a group of assets chosen for the exhibit, and 

adds the 3D models to the scene by drag & drop onto drop targets (see Figure 13). The filled scene 

can then be uploaded to a 3D kiosk for displaying it in the museum.  

We have implemented a prototype and made first user tests which already gave us important feedback: 

First, the seemingly complicated concept of an animated hierarchical scene graph is surprisingly easy to 

grasp for many users. Second, tool usability is crucial. Although the set of scene graph tools is rather 

limited, users wish to have it even simpler and less complicated. And third, content quality is a key issue. 

Although quality is merely a problem of design and scanning accuracy, it is crucial for the acceptance of 

the tool, and of the resulting animations. Some examples are shown in Figure 13. 

High-end animations will certainly be produced also in the future using powerful high-end tools that are 

difficult to learn and control like Maya. However, to produce thousands of animations, more targeted 

tools and approaches are needed. By the separation of designer mode from the curator mode we 

encourage the creation of re-usable scene templates. By making the authoring process simple and 

controllable, in the long run we hopefully can encourage the key personnel, museum curators, to use 3D 

themselves. 
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Lighting Setup Tool    (UBonn) 

It is very important for artists and photographers to change the lighting in order to influence the 

appearance of an object: shadows can be used to emphasize contours; light at grazing angles 

emphasizes surface structures. Furthermore, the size and direction of the light source is commonly 

varied as well. For example, umbrellas, reflectors or soft-boxes are used to enlarge the area of a single 

flash light source. Another special, but very important case of an area light source is the daylight sky, 

especially on a cloudy day where light is basically coming from the whole hemisphere. Simulating the 

effect of area light sources with a path-tracer is computationally usually extremely demanding.  

For enabling area light sources in the UBonn lighting setup tool, a research prototype has been 

implemented that provides high-quality lighting using the BTF realtime shader from the BTF VSL node. 

This application uses multiple point-light sources to approximate an area light. Figure 14 demonstrates 

the quality that can be achieved by comparing our approach (right) with renderings made with the 

commercial software Maya from Autodesk (left) using its production-quality path tracer mental-ray. 

Every image shows a row of eleven cylinders, each textured with a BTF, standing on a white plane and lit 

by an HDR light-probe image. For the images to the right we have used 64 directional light-sources to 

approximate the environment lighting. Although there are certainly visible differences, such as the 

missing indirect light from the ground and the harder shadows in our approximation, the results provide 

a good impression of the complex lighting situation. Instead of taking 1 hour per image, our 

approximation was computed in only about 8 seconds.  

Together with the improvements in the VSL BTF-node reported in T9.1, this development provides a 

comprehensive set of basic lighting tools, featuring different kinds of illuminations, such as area, 

directional and point light sources, all with shadow-mapping.  

 

 

Figure 14: Comparison of path-traced images generated with mental-ray (left) and the approximation of 

the lighting using the realtime BTF-shader (right). The images depict synthesized BTFs created using the 

BTF interpolation technique developed in T4.5. 
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5.3 Deviation from work plan and counter-measures 

 ISTI-CNR  No deviations from plan. 

 TU Graz No deviations from plan. 

 UBonn  The planned work for a Lighting Setup Tool that should automatically place light 

sources to fulfill a high level user requirement, e.g. more contrast on a certain spot, 

was highly ambitious. Although the necessary foundations have been steadily laid 

over the period of 3D-COFORM, i.e. providing all the common set of tools used for 

lighting, more research is needed to automatically derive an appropriate light setup 

from a high-level requirement of the appearance of a scene under certain views. For 

this reason the Lighting Setup tool is still limited to the functionality of manually 

placing the respective light sources.  

5.4 Advance in State of the Art  

The work performed in T9.3 has clearly made it much easier to disseminate and publish high-quality CH 

content. Although the tools are at different levels of maturity, each contributes an important aspect. 

The CommunityPresenter represents clearly the most mature suite of tools for the public display of CH 

content, both in museums (3D kiosks) and over the web. With its impressive range of example projects 

carried out in Year 4, it is guaranteed that it will contribute to an increased attention and demand for 

high-quality digital artifacts. The production workflow is efficient, as it was noted the bottleneck is 

typically now more on the side of the CH professionals.  

The SceneAssembler opens up an entirely new quality with respect to engaging visitor attention with 

interactive animations and dynamic visualizations. With 3D becoming a standard tool for everyday use in 

museums, creating 3D animations must become as easy as editing an Excel table. While the prototype is 

maybe not yet completely ready for end users, this is nevertheless exactly the direction of research to 

make 3D a success, and to find a large user basis in the CH community. 

Last but not least, the lighting setup tool still is a little bit away; the exercises carried out so far 

nevertheless indicate that (i) the task is much more ambitious than it seemed at first, and (ii) that having 

a range of different light source types for BTF materials is indispensable. These are now available. 
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6 Task 9.4 – Perception-aware experiments and 

guidelines 

6.1 Work planned 

The following text is a slightly rephrased and compacted version of Section 6.4, “Plans for the next 

period” (related to T9.4), of deliverable D9.3, the Third Year Report of WP9. 

To fulfill the milestones described in the DoW, activities in Year 4 will focus on conducting assessment 

experiments and developing recommendations for best practices.  

6.2 Work performed 

Development of applications which integrate content from the repository 

Work conducted during Year 4 involved the use of tools developed within the project to produce 3D 

scenes with content from the repository. Focus was mainly on architectural heritage, for instance for a 

historical building, or for the heritage of a city. Two examples were used: 

 Louvre Palace: this work was done in coordination with work developed under a deployment 

experiment in T10.2, which developed alternative designs for the Louvre Palace using the City 

Engine. These models were ingested into the repository and used to produce visualizations which 

consisted mainly of still renderings. 

 Brighton and Hove: this was done in coordination with work developed for the 3D-COFORM 

exhibition. It involved the development of a 3D environment which represented the built heritage 

of the city of Brighton and Hove in the United Kingdom. This made use of content produced by 

different tools in the project, mainly ARC 3D, GML and CityEngine. The content was ingested in the 

repository and used to produce both interactive real time applications as well as pre-rendered 

videos. These visualizations were shown using a video wall in the Reshaping History exhibition 

during August 2012 in Brighton and Hove, UK. 

Assessment experiments 

Assessments for the environments were organized both as focus groups and by gathering feedback 

during the Reshaping History exhibition during August 2012 in Brighton. The main focus was to evaluate 

the suitability of the reconstructions for heritage professionals and for the general audience. The 

feedback highlighted the value of 3D as a rich source of material in addition to 2D sources such as 

illustrations and photographs.  
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Figure 15: Still renderings of the Louvre reconstructions used for assessment experiments 

 

     

Figure 16: 3D virtual environment of the city of Brighton and Hove used for assessment experiments 

Virtually all respondents stated that they were able to recognise the scenes presented in the 3D 

reconstructions; however, they had discrepancies on how useful they were. In the case of the Louvre, 

their opinion was that these could be used as additional documentation to the plans and 2D elevations. 

For the reconstruction of Brighton and Hove respondents’ opinions varied widely as the scene was not 

an exact reconstruction of the city. Hence, it was deemed to be more useful as background 

visualizations for other purposes (e.g. museum applications, movies, games, etc.)  

In all the assessments, issues of accuracy, detail and contextual information were mentioned as 

important aspects to consider. This highlighted the difference of the output quality achievable from an 

automated, shape grammar approach with respect to a by-hand traditional model construction 

procedure. In the light of such issues, concerns of a cost/time/quality trade off were highlighted as being 

important when deciding which modeling approach to select.  
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Figure 17: Video wall environment used during the Reshaping History Exhibition 

 

Recommendation of best practices 

Lessons learned during these developments as well as through interaction with both heritage 

professionals and general audiences have served as input:  

 To publications, one of which has been submitted to the Journal of Computing and Cultural 

Heritage and another one which is currently being prepared.   

 Feedback into suitable charters which deal with 3D visualisation of Cultural Heritage. In particular, 

we consider two charters: the London Charter and the Principles of Seville. These initiatives work at 

establishing internationally recognised principles for the use of computer-based visualisation. Staff 

of the University of Brighton are part of members and interest groups of these initiatives and have 

provided valuable feedback during the past few years. 

6.3 Deviation from work plan and counter-measures 

No deviation from work plan.  

6.4 Advance in State of the Art  

The main contribution from T9.4 was the development of environments which integrate assets of the 

3D-COFORM repository infrastructure in order to present different types of visualizations, suitable both 

for heritage professionals and the general public. Their assessment will continue to support further 

developments in the area. In particular, it will contribute to the next revisions of charters which are 

recognised widely in the sector as a trusted source of guidance on good practice. 
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7 Milestones 

According to the DoW, there are no more milestones for WP9 to fulfill in Year 4.  

However, we would like to report now the fulfillment of the two milestones for Month 36, which were 

reported as only partially fulfilled in the Year 3 report on WP9 (deliverable D9.3): 

MS.9.4 - M36:  Interactive rendering heavily optimized w.r.t. quality based on assessment 

experiments 

MS.9.5 - M36:  Functionality for meaningful story-telling and navigation is available, with easy-to-use 

authoring tools  

MS.9.4: The VSL has been heavily used, completed and optimized throughout the whole of Year 4 

because applications such as the IVB, the CorExplorer and others used the RI connection to create 

interactive scenes. Many large scale experiments have been carried out using scenes with many nodes 

for all surface representations (OpenSG meshes, Nexus, BTF, GML). 

MS.9.5: The SceneAssembler is an easy to use authoring tool for animated scenes. It has only a 

comparably small yet complete set of tools for creating scenes that can in fact tell a story. It may not yet 

be the most mature of all tools, but with the separation of designer from curator mode it definitely 

opens up a new quality with respect to solving the problem of authoring animations efficiently. 

8 Conclusion 

WP 9 has finished successfully since almost all goals were accomplished. 
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