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Abstract. Recent studies in the area of collaborative design have proposed the 

use of 3D annotations as a tool to make design information explicitly available 

within the 3D model, so that different stakeholders can share information 

throughout the product lifecycle. Annotation practices defined by the latest 

digital definition standards have formalized the presentation of information and 

facilitated the implementation of annotation tools in CAD systems. In this 

paper, we review the latest studies in annotation methods and technologies and 

explore their expected benefits in the context of collaborative design. Next, we 

analyze the implementation challenges of different annotation approaches, 

focusing specifically on design intent annotations. An analysis of the literature 

suggests that the use of annotations has a positive effect on collaborative design 

communication as long as proper implementation practices, tools, and user 

interaction mechanisms are in place.  
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1   Introduction 

Globalization and advances in manufacturing and information technologies are 

driving engineering organizations towards concurrent distributed design processes, 

which allow for reduced development times and costs. In this context, communication 

and coordination are two of the most critical activities for effective teamwork and 

overall organizational performance [1, 2]. Modern engineering teams, often 

comprised of specialists from various backgrounds must frequently work together in 

environments coordinated through technologies such as Product Lifecycle 

Management (PLM) systems [3]. Communication is critical, as a significant portion 

of engineers’ time is spent exchanging information [4]. 

In the context of collaborative methodologies, the role of CAD models has been 

progressively transformed from mere representations of 3D geometry to elements that 

carry design information and can be shared among designers throughout the different 

stages of the product lifecycle [5-7].  Some reasons for this change include the 



popularization of the Model-Based Engineering (MBE) paradigm [8] and related 

technologies. In recent years, an interest in 3D annotation techniques as built-in 

knowledge repositories has been increasing. The development of standards for Digital 

Product Definition Data Practices [9, 10] and the implementation of these standards in 

major CAD packages have encouraged researchers to explore annotations as 

mechanisms to explicitly communicate design information. The significance of 

annotations and their role to mediate interactions were described by many authors 

[11-13]. A number of prototypes have also been developed [12, 14, 15]. Nonetheless, 

it is agreed that these roles are poorly addressed by current industrial tools. 

In this paper, we review recent advances in annotation technologies and explore its 

expected benefits in the context of collaborative design. Next, we analyze the 

challenges of putting different annotation methods into practice, focusing specifically 

on annotations that communicate design information. Finally, we conclude our paper 

with a summary and a discussion of future research directions. 

2   Annotations in Computer Aided Design 

In Computer-Aided Design, the term annotation refers to a piece of information 

(usually text) that points to a specific aspect of the 3D model and provides additional 

explanations about the part [16]. Because annotations are linked to the geometry of 

the model, they are also called model-based annotations or 3D annotations. 

Annotations have been used to complement engineering drawings by providing 

information that is difficult or impossible to convey otherwise, such as manufacturing 

instructions and tolerances. Despite support from CAD packages for many years, 

most tools were proprietary and software-dependent, which made information 

exchange difficult. The lack of common rules created inconsistencies, which has had 

negative impacts in the adoption of annotations in industrial environments. 

With the high demands of industry, researchers began to study the suitability of 3D 

annotations to carry design information [12, 15, 17]. The knowledge captured in CAD 

models is not merely helpful for design; it represents a major source of value for an 

organization. This knowledge includes the modeling process and its design intent. 

Many researchers noted that the efficient communication of design intent has a direct 

impact on reusability, which is a key issue to leverage current parametric CAD 

systems [6, 18, 19]. The importance of an explicit representation of design intent was 

summarized by [18] and yields the following benefits: 

- In complex projects, the ability to store, process, and retrieve information 

about design changes can significantly improve productivity. 

- When design intent information is represented explicitly and is easily available 

for review, the overall quality of the product increases. 

- Explicit representation leads to a better use of resources and knowledge. 

- Efficient communication of design intent is essential for integrating solutions 

and transferring design knowledge. 

Companies have reported savings by capitalizing on reusable design elements [6] 

and identified obstacles involved in implementing reusability practices as well as the 

procedures to mitigate them. One obstacle was stated as “only original designer can 



change models successfully” and the procedure as “detail design information in 

model.” Although standards have formalized how some of this information is 

presented, to ensure reusability design intent must be added so users understand how 

and why models were created in a specific manner. Because of its heterogeneous 

nature, managing design information is a difficult task, and the use of annotations has 

proven to be promising but challenging. In the next section, we discuss the challenges 

involved in implementing annotation mechanisms with the purpose of communicating 

design intent information. 

3   Implementation Challenges 

While specific challenges in using annotated models as carriers of design 

knowledge have been identified [16, 20], it is useful to review the scientific literature 

and assess the practical application of the proposed solutions to try to determine the 

direction of future developments. In addition to the review, we have elaborated on the 

subject, identified new challenges, and suggested our own approaches. We describe 

five major challenges related to the practical implementation of annotations: storage, 

representation, interface, visualization, and user motivation. 

3.1   Annotation Storage 

Annotations require efficient data structures to represent information. These 

structures demand tools to store, visualize, and interact with the content as well as 

instruments to manage the anchoring mechanism of the annotation [16]. It is also 

necessary that representations are unified to make annotations platform-independent 

and avoid compatibility and portability issues [20].  

Based on how data is stored, annotations are classified as in-line (internal), stand-

off (external), and hybrid. [15, 21]. In-line annotations store the information internally 

within the model, whereas stand-off annotations save the information in an external 

repository. The pros and cons of these methods are shown in Table 1. Hybrid 

approaches combine the strengths of both methods. 

Stand-off annotations are generally more appropriate for use with CAD models 

[20, 22], particularly if the data needs to be shared. Since the information is kept 

separately, they allow flexible updates of the data without affecting the geometry of 

the model. Additionally, multiple annotation files can be linked to the same model to 

provide different annotated views to different users [22]. In terms of implementation, 

eXtensible Markup Language (XML) and SQL databases (particularly, in 

collaborative environments with PLM systems) have been recognized as common 

data description standards [13, 23]. Nevertheless, stand-off annotations are difficult to 

implement in distributed environments, mainly because of the problem of persistent 

references [24], which describes the inconsistencies generated in the annotation 

structures when the geometry of the model being annotated changes or when there is a 

simultaneous writing access to the model from multiple users.  Hybrid representation 

approaches have been proposed, where annotation information is stored both 

externally and internally [15, 24]. 



Table 1. Annotation representation strategies (adapted and extended from [21]) 

Strategy Pros Cons 

In-line Easy implementation 

Wide applications 

Full integration with the model (low maintenance) 

Efficiency in terms of processing and manipulation 

Already supported by most CAD systems 

Original document changes 

Difficult to have multiple 

independent sets of markup 

Difficult to share information 

in collaborative environments 

Stand-off Non-change of representation for the original object 

Support of multiple independent sets of markup 

Support of progressively information update 

Reorganization of information for different 

purposes and applications 

Easy distribution of information. 

Information can be processed separately. 

Difficult to implement 

Persistent references 

Lack of robust maintenance 

method of references 

File maintenance 

3.2   Annotation Representation 

An additional challenge regarding the implementation of annotated models 

involves the annotation content structure, i.e. what information needs to be included 

and in what form, so information is communicated effectively. Naturally, decisions 

need to be made as to how design intent can be captured and communicated using 

annotations. Although some semi-automated capturing tools have been implemented 

[11, 25, 26] (many of them based on IBIS [27]), capturing design intent is a task that 

cannot be completely automated [28], requiring designers to be properly trained.  

To provide computational support, design intent information must be represented 

in a structured manner [28]. With a formal syntax, it is relatively simple for a 

computer to process this information. However, fixed structures can also limit 

expressiveness and become intrusive to the user, which has in fact hindered the 

adoption of these tools in industry. For a designer, it is more intuitive to use natural 

language, particularly because of the difficulty of representing heterogeneous 

information (such as design intent) with fixed structures. A recent approach proposed 

by [29] suggests logging the actions performed by a designer in a CAD session and 

interpreting patterns found in these actions, which minimizes user intervention in the 

process. Regardless of the technology, when users are allowed to use natural 

language, new challenges appear, such as minimizing the effects of writing style and 

language on communication effectiveness, determining the optimum annotation 

length so annotations are not ignored, and implementing natural language processing 

mechanisms so computational support can still be provided. 

3.3   Annotation Interface 

Methods to support interaction with annotations must allow users to enter and 

retrieve data easily and intuitively [16], as designers are often reluctant to spend 

additional time adding information to their models [30]. The lack of adequate tools 

for knowledge-acquisition is in fact the major cause for the knowledge-acquisition 



bottleneck [30]. Interface simplicity and integration with existing tools are crucial 

factors for the successful implementation of design annotations. 

Although a number of prototypes have been developed [12, 14, 15], integration of 

the annotation tools with the CAD application provides users with an already familiar 

interface, which minimizes the learning curve and the need to constantly switch 

between applications. In this context, Product and Manufacturing Information (PMI) 

modules available in modern CAD systems are already popular among engineers and 

designers so they are natural vehicles to interact with annotations [15]. 

3.4   Annotation Visualization 

From an interaction standpoint, an ever increasing number of annotations can 

quickly result in a cluttered model, which often creates confusion and a feeling of 

information overload in the user. When too much data (or when data is not well 

organized) is displayed on a too small area, the value of information diminishes [31]. 

Previous studies on visual clutter have focused on algorithms for annotation styles 

[32], layouts to prevent occlusion [33], and the automatic arrangement of information 

[34]. However, none of the current model-based standards provides guidelines to 

reduce visual clutter (although they do recommend the use of groups to simplify 

interaction), and thus, no implementations are available in current PMI modules. 

Advanced filtering and interactive navigation based on the model’s features have been 

proposed [15] as alternatives. These methods are generally faster as they do not rely 

on the user to create the groups and distribute the annotations within these groups. 

3.5   User Motivation 

Most annotation and knowledge representation techniques have proven to be 

valuable, but the majority do not find acceptance in industry, as designers are 

reluctant to spend time annotating their designs [35]. One reason is that the designer 

that has to implement the annotations has no further use of them. Why should the 

designer do something that is only beneficial for people that come after her? In many 

cases, incentives are missing.  

Convincing users to use annotations can be a challenge, especially if the argument 

focuses exclusively on the collaborative aspect of helping other users. Even if the 

designer is forced to annotate her work, it is unclear that she will create quality 

annotations. On the other hand, just as computer programmers comment their source 

code to document algorithms, designers also need proper documentation to remember 

all model changes. Therefore, automatic tools that kept a historical record of 

annotation information could motivate and incentivize designers. After all, historical 

annotation information may not just be valuable for future users of a model, but also 

for the original creators. 



3.6   Summary of Approaches 

A summary of the most representative 3D annotation approaches and how they 

implement the challenges presented are shown in Table 2. 

Table 2. Summary of 3D annotation approaches 

Approach storage representation interface visualization 

Multiple Viewpoint [17] Stand-off Structured Add-on Not specified 

LIMMA [23] Stand-off Freestyle and 

Structured 

Add-on Not specified 

MATRICS [36] Not specified Freestyle Knowledge-Based  Not specified 

Space Pen [37] Inline Freestyle Pen Not specified 

3DAF [38] Stand-off Structured Knowledge- Based Not specified 

Web-standards [39] Inline and 

Stand-off 

Structured Knowledge-Based Not specified 

ModelCraft [40] Stand-off Freestyle Pen Not specified 

4   Discussion 

The use of annotations as tools to incorporate product information within CAD 

models has proven to be a viable option for collaborative product development 

activities, partly because of the standardization of practices and the popularization of 

the Model-Based Enterprise paradigm. However, important challenges appear if the 

role of annotations is extended to communicate design information. Although some 

studies suggest that annotations may serve this purpose effectively, proper 

mechanisms must be put in place. Specifically, the problems of visual clutter, 

effective interfaces, and the automatic processing of freestyle text are challenges that 

will likely be addressed by upcoming versions of standards and PMI modules. User 

motivation challenges require integrated approaches that simplify annotation 

processes and incentivize users to document their designs. 

In this review paper, we have examined the background, approaches, and issues in 

model annotation technology, as well as the impact of these mechanisms on design 

communication. This review is a crucial step to identify the aspects that are relevant 

to collaborative design activities. Selected technical literature has been analyzed to 

determine the aspects that must be considered in practical implementations.  

The existing gap between engineering design and communication technologies is 

gradually being reduced as access to information becomes easier and new frameworks 

for product development become more distributed and collaborative. The use of 

model annotations to represent, capture and reuse design information is a promising 

subject, but mechanisms for indexing, searching, processing, and retrieving this 

information are needed. Additionally, commercial CAD manufacturers must provide 

tools that facilitate knowledge capture, reuse, and integration. It can be expected that 

collaborative design processes will be substantially affected by new advancements in 

annotation technologies. 
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