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Abstract. Building Information Modeling (BIM) and Parametric 
Design Tools (PD) have recently become vital innovation tools for the 
industry. In a model known as the parametric BIM workflow, concept 
discovery and building knowledge can be mixed, according to Janssen 
(2014). To do this, however, it is necessary to enhance BIM 
interoperability and data transfer capability (Erik 2020). There are 
major synchronisation difficulties between the PD and BIM platforms. 
There are also barriers to the smooth and error-free sharing of data 
between PD and BIM software. This research project conceptualises 
the relationship between Revit and Rhino, not simply as separate 
software platforms, but as project collaborators. In doing so, the 
analysis explores how various data transfer workflow options are 
collaboratively efficient. As the project continues, for further refining 
and recording, the Rhino models need to be transferred to Revit. As a 
result, a Rhino building data model is created to evaluate and assess 
the workflow from Rhino to Revit across multiple channels (DWG, 
Conveyor, Rhino.inside.Revit, etc., to achieve the best solutions in 
various scenarios. Seven factors are the basis of the assessment 
process: precision, flexibility, expansion, automation, interoperability, 
time-consuming and necessary expertise. The comparative study will 
eventually illustrate the benefits and pitfalls of each workflow, even 
though the end outcome is the same. And based on their individual 
needs, users may select the most acceptable parameterised BIM 
workflow solution. Providing designers with a creative approach to 
contribute to reducing the time and resources expended on non-design 
and technological interoperability problems by design workers. 

Keywords. BIM Collaboration; Methodology; Parametric BIM 
Workflow; Rhino; Revit 
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1. Introduction: (Research context and motivations) 

The principles of Industry 4.0 have influenced a move to end-to-end 
digitisation and dynamic interoperability in the architectural field (Maskuriy 
et al. 2019). Building Information Modeling (BIM) and Parametric Design 
Tools (PD) have recently become vital engineering tools for the industry. In 
a model known as the parametric BIM workflow, design exploration and 
construction information can be mixed, according to Janssen (2014). 
However, to do this, improving BIM interoperability and data transfer 
capability is important (Erik 2020). There are major synchronisation 
difficulties between the PD and BIM platforms, though. There are also 
barriers to the smooth and error-free sharing of data between PD and BIM 
software. 
 

There is a full disparity in concept thought between BIM and PD 
instruments. To enhance design challenges and succinct graphic design 
processes, BIM resources are dedicated to adding comprehensive details. 
And the program for PD focuses on the development of more complex solid 
geometry. This prompted several BIM data sharing and interoperability 
problems between them. Therefore, parametric modelling approaches, such 
as building embedded materials, building structural models, engineering 
details, and links to advanced construction records, are not consistent with 
the benefits of BIM (Boeykens 2012). Similarly, for the establishment of 
complex geometric entities and the consistency design process, BIM 
applications and techniques do not have the benefits of parametric design 
tools. 
 

This research project conceptualises the relationship between Revit and 
Rhino, not simply as separate software platforms, but as project 
collaborators. In doing so, the analysis explores how various data transfer 
workflow options are collaboratively efficient. This thesis, therefore, 
examines multiple methods of BIM workflow and methods of model 
coupling. More precisely, this Project investigates the sharing of data for 
Rhino between Revit and PD plugins. Through studying and evaluating the 
mechanism and effects of model transmission coupling for Rhino to Revit 
from the initial design stage based on different platforms, various parametric 
BIM workflow approaches are being tested. As the Project continues, for 
further refining and recording, the Rhino models need to be transferred to 
Revit. As a result, a Rhino building data model is created to evaluate and 
assess the workflow from Rhino to Revit across multiple channels (DWG, 
Conveyor, Rhino.inside.Revit, etc., to achieve the best solutions in various 
scenarios. Seven factors are the basis of the assessment process: precision, 
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flexibility, extension, automation, interoperability, time-consuming and 
necessary expertise. 
 

The findings of this analysis help in reducing the time and resources 
expended on non-design and technological interoperability problems by 
design personnel. Ultimately, this analysis will provide users with a new 
method of design that will allow users to choose the appropriate 
parameterised BIM workflow based on their individual needs. 

2. Research Aims and Objectives  

This research aims to strengthen the methodology of design and develop the 
skills of teamwork and data processing between the Parametric Design tool 
and BIM software. The goal of the Project is to construct a PD architectural 
model and use it to analyse the various model coupling possibilities in the 
BIM environment. 

3. Research Questions 

What is the significant thing between Rhino and Revit for data model 
transfer? 
How do interoperability and workflow apply to BIM? 
How to pick the most effective workflow approach for Rhino-to-Revit 
while faced with multiple cases? 

4. Methodology 

The method of action analysis is an exploratory method of research that is 
adaptable to a small-scale approach. Instead, the intervention analysis 
approach is used to continuously investigate, develop and analyse and offer 
solutions to real-world challenges of research-related operations and 
procedures. It is not meant to define theoretical principles and general laws. 
 

According to McNiff (2013), action research is a particular way of 
evaluating one's activity to decide if it complies with their ideal activity. 
Therefore it would be beneficial to follow critical self-reflective activity 
during each point of the analysis process to achieve a thorough 
understanding to improve the whole analysis. 
 

About the research issue, to evaluate the feasibility of executing the 
strategy, it is important to integrate expertise in the organisational phase with 
academic knowledge in research. Also, Hearn and Foth 2005 claimed that in 
the sense of "layman", some elements of technological expertise should 
translate imperative ideas so that group members can continue to participate. 
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Research papers should, however, take non-professionals into account and 
use non-term explanations (Hearn and Foth 2005) 
 

To acquire knowledge by analysing the technologies of similar 
hypotheses, action research is highly effective. This can be accomplished by 
explaining, at each point of the study process, the iterative loop of planning, 
intervention, observation and reflection ( Baskerville, 1999). Four phases of 
AR will be expressed in particular research ventures, namely, preparation, 
intervention, reflection, and repetition. 
 

This initial planning stage will be documented utilizing comprehensive 
documentation, including elucidation of the combination of parameterised 
BIM workflows in the AEC business. Also, the PD approach and the BIM 
environment coordination model are still very relevant. Critical reflections 
on the components and vulnerabilities of current resources will relate to 
users' explicit requirements, including tacit needs. 
 

The nature and limitations of the research would thoroughly address the 
actual needs and stakeholders, which is consistent with the concept of 
people-oriented architecture. The adoption of the perspective sharing 
approach of the observer and the observed should be considered based on 
this assumption. 
 

The findings of the tests will be clinically isolated and tested in the 
subsequent case studies. The therapeutic methods will be reconsidered to 
maximise and boost effectiveness when improving potential studies of 
correlation. In compliance with the interaction framework of action testing 
standards in the design analysis sector, the Project will continue to review 
and focus on the findings throughout the process (Cole et. 2005). 

4.1 SPECIFIC METHODS: 

1.Analyzing of problems 
2. Effective analysis of current technologies and tools  
3. Iterative case study process and Analysis (Test → Reflect → Improve → 
Repeat) 
4. Detailed overview of the functionality and performance of various forms 
of partnership and a description of the capability and effect of parametric 
architecture and integration of BIM. 
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5. Literature review 

5.1. INDUSTRIAL 4.0 AND ARCHITECTURAL ENGINEERING 
CONSTRUCTION INDUSTRY 

The Architectural Engineering and Construction (AEC) industry is facing 
new problems with the advent of technology. The emergence of 'Industry 
4.0' has created a unique development opportunity for digitalisation and 
interoperability in the field of architecture (Maskuriy et al. 2019). Since the 
AEC industry is still evolving, the "low-profit margin and lack of 
innovation" is still criticised (Deloitte 2018). Also though emerging 
technology will transform the whole market, until 2016, the built 
environment lacked the opportunity to implement new operating methods, 
which led to the implementation of revolutionary technologies at a slower 
pace in the built environment than in other manufacturing fields (Bew 2015). 
Building information modelling (BIM) has currently been one of the main 
technologies that have captured the industry's interest. In specific, BIM 
offers a more systematic system of design that promotes the effectiveness, 
teamwork, and engineering efficiency of architectural design practice 
(Techel & Nassar 2007). And BIM has made the fourth industrial revolution 
a central repository for the processing of information about digital ventures 
(Maskuriy, Selamat, Ali, Maresova, & Krejcar, 2019) 

5.2. INTEROPERABILITY AND IMPROVEMENT 

There are two influential techniques in this modern industrial revolution that 
can tackle the digital interoperability and innovation process: building 
information modelling and parametric modelling. Both also contributed to an 
intensive and strengthened design process and provide, taking into account 
the convergence of multiple functions and variables, the underlying purpose 
of problem-solving (Haliburton, et al. Moreover the growth of these 
developments in the AEC sector shows that a stable base has been laid for 
tech and BIM implementations and allows for industry enhancements 
(Deloitte, 2018). In comparison, the use of BIM lowers cost and time load, 
improves tremendous efficiency and consistency of workflow (alfabbuild; et 
al., 2018). 

In particular, in various parts of the supply chain, it has been rapidly 
adopted as a competitive strategy to save money, increase competitiveness 
and market growth, enhance the quality of infrastructure, and improve 
environmental performance (Wortmann & Tunçer, 2017). The improvements 
that should have taken place during the transition from analogue to digital 
are also mirrored in BIM, which ensures that an unprecedented volume of 
digital data content is monitored and handled (Van Beusekom, Sarwarzadeh, 
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Sinke, Sturm, & Zegger, 2018). This opens up the opportunities for 
creativity in parametric architecture, and translating digital data into design 
parameters can be a valuable BIM tool. 

5.3. ISSUES AND THE REASONS 

At this point, there is no industry workflow that can simplify the process and 
be consistent with appropriate bim data under any case usage requirements; 
that can be imported smoothly and reliably from PD software to BIM tools, 
and that can help subsequent revisions and further development. 
 

In particular, the advancement of digitalisation and interoperability in the 
field of architecture, BIM, and the use of the Parametric Design Method (PD) 
have become recent research topics of great importance. There are great 
variations between PD and BIM in concept thought. The BIM resources are 
essentially dedicated to presenting comprehensive knowledge to strengthen 
design challenges and succinct graphic design processes (Banihashemi 2018). 
In the other hand, PD software focuses on more sophisticated creation of 
solid geometry and algorithms, which implicitly causes parametric 
modelling approaches to be insufficient in building embedded resources, 
building structure models, engineering details, and ties to advanced building 
documents (Boeykens 2012). However, because of the absence of BIM data, 
the coordination between these aspects is inadequate for the next phase of 
concept parameter work (Wortmann & Tunçer 2017).  

5.4. SOLUTION 

The construction industry needs full data model transmission tools, as well 
as digital protocols, according to Pratt et al. (2011), to prevent the impact on 
the subsequent development of building performance measurement and the 
interoperability of various architectural design methods. It is important to 
discover future challenges in advance to avoid construction risks and issues 
to increase the work performance of collaborative projects on various design 
platforms. Furthermore, improving BIM interoperability and data transfer 
capability is also important (Erik 2020). For BIM workflows, there are 
currently several ways to facilitate data conversion. Nonetheless, each of the 
strategies has associated benefits and drawbacks. It is also important to 
select the most appropriate instrument for each form of function. 
 

In brief, this review examines the data transfer and interoperability 
research between software for parametric modelling and BIM tools. It will 
support the improvement of the collaboration capabilities and 
interoperability of BIM's workflow. The effectiveness of collaborative work 
on multiple design platforms, in particular, can help to identify potential 
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problems in advance to prevent construction risks and problems. As a project 
matures, it becomes necessary for further refining and documentation to 
export the Rhino models into Revit. The lack of interoperability in this phase, 
which is not beneficial to the overall growth of BIM cooperation, has been 
seen by the uniform conversion and IFC format data model transmission. 
Still, for the subsequent phase, they have given study directions. It is 
important to concentrate on composite work forms, cloud storage, and 
software API interfaces to enhance BIM data transfer and interoperability to 
realise real-time model alteration in multi-person work. In essence, by study 
and review of distribution strategies and tools, the right options for each 
different problem can be obtained. 

5.5. PARAMETERISED BIM WORKFLOW - BIM DATA EXCHANGE 
SOLUTION 

This research would analyse current workflow strategies for BIM software 
from the PD tool (Rhino with Grasshopper) to BIM software (Revit). This 
means not only investigating data exchange between the two software 
applications but also exploring the connection between parametric designers, 
engineers and customers. 

5.5.1. Classification of workflow solution based on the final product. 

The Project aims to build a PD tool architectural model (Rhino6) and use it 
to test the various model coupling possibilities in the BIM context. Through 
observing the various methods of transmission between PD and BIM 
systems, the workflow strategies under analysis could be classified by the 
outcome and mechanism into three groups. 
 
Manual DWG files import solution (Manual import method) 
Manual ACIS SAT files import solution (Manual import method) 
Manual Rhino-3dm files import solution (Manual import method) 
Conveyor Direct Shapes import solution (Direct Shapes import method) 
Rhino.Inside.Revit Direct Shapes import solution (Direct Shapes import 
method) 
Conveyor Loadable Families import solution (Loadable Families import 
method) 
Rhino.Inside.Revit Loadable Families import solution (Loadable Families 
import method) 
 

With the aid of other platforms, the manual transmission scheme is 
substantially different from the transmission mechanism, and its influence is 
always proportional to the time spent. The limit is only related to the 
information the file can carry. 
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A fast minimally ordered method of transmission is Direct Form. 
Restricted organisation and speed, such as early concept presentations and 
categories that do not need to be modified, render DirectShapes best for 
transient drawing sets. And it is unquestionably not appropriate for later 
project phases that are more complete. 

 
 For individual components or special projects that need to be 

customised in the architectural model, the Loadable Families approach is 
sufficient. As part of the Revit family, by using various family models, you 
can streamline the workflow. These artefacts will also have their sketches 
and support the editing of Revit, in addition to being part of the whole 
project painting. 

 
In addition to this certain basic elements can be manually or 

automatically modified into Revit current Native categories, such as walls 
and floors. 

5.5.2 Classification of workflow solution based on Collaboration effect 

Centred on the likelihood that future project creation will be provided by the 
workflow, such as: 
 
1. Editing capabilities required for subsequent revisions. 
2. For the interoperability between PD and BIM 
3. Management capabilities of the data model. 
4. Collaboration for other software development. 
 
The three classifications of the workflow are 
 
Manual import method (Low collaboration solution) 
Direct Shapes import method (Medium collaboration solution) 
Families import method (High collaboration solution) 
 

5.5.3. DWG files 

Autocad's DWG exports geometry, which is undeniably the quickest way, 
from rhino to Revit. In Revit, the model is shown as Mass. In this manner, 
certain unimportant contexts, individual forms and landscapes such as 
sculptures can be imported easily. In Autodesk's AutoCAD software, DWG 
applies to both a technology setting and .dwg files, the native file format. In 
1982, with the very first launch of AutoCAD software, Autodesk 
founded .dwg. DWG files contain all the data entered by a user in a CAD 
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drawing. The following data may include diagrams, geometric data, maps 
and photographs.  
 

One of the most widely used design data formats is the .dwg file format, 
found in almost every design world (Autodesk, 2020) 

5.5.4. ACIS SAT files 

The type of SAT file is linked primarily to ACIS. The 3D ACIS Modeler 
(ACIS Modeler, ACIS) is a kernel geometric model developed by Spatial 
Corporation and is part of Dassault Systems. Many software engineers, such 
as computer-aided design, computer-aided manufacturing, computer-aided 
engineering (CAE), architecture, engineering and construction, use ACIS in 
industrial fields. ACIS is also used by industry-standard applications such as 
AutoCAD, Briscad and Cimatron as a geometry kernel. Revit can translate 
item collections in the SAT file into objects, 3D entities and areas (3D ACIS 
MODELER, 2007). 

5.5.5. Rhino 3dm files 

For the 3D graphics file format created by the openNURBS Project, 
the .3dm file extension is used. These 3DM files are also categorised as files 
for CAD (Computer-aided Design). These .3dm files are often referred to as 
CAD files of 3D NURBS and can be created by different CAD applications. 
There are 3D graphics and other CAD-related artefacts in these 3DM files. 
You can read and write Rhino 3DM files without Rhino in other 2D and 3D 
CAD/CAM/CAE and image programs. These .3dm files may contain 
specifics of the metadata and format attributes as well. To open and view the 
contents of these .3dm files, designed by Robert McNeel & Associates, 
which is a CAD technology, Rhino 3D software can be used (Associates, 
2020). 

5.5.6 Conveyor 

For user-friendly synchronisation between Rhino and Revit software 
applications, Conveyor is a geometry and data processing plugin. To 
translate geometric figures into Revit components by reading Rhino's open-
source 3DM scripts. And there are no intermediate files, no cloud storage, no 
confusing device settings. It is possible to perform object recognition and 
data delivery for users who understand basic 3D modelling and architecture 
(P.G, 2020). 

5.5.7 Rhino.Inside.Revit 
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A new project created by Robert McNeel & Associates that will load Rhino7 
into other applications is the Rhino.Inside Project. As part of the initiative, 
Rhino.Inside.Revit will prove to users a better way to place Rhino7 and GH 
into the Revit memory to run as additional components. Using the API to 
convert the data type from Rhino and the data type from Revit to each other 
(Rhino.Inside®.Revit, 2020). 
 

 
Figure 1. Rhino.Inisde.Revit API set 

6. Case Study 

From parametric modelling tools (Rhino & Grasshopper) to BIM platform, 
this chapter examines numerous parametric BIM workflow solutions (Revit). 
First, identify an architectural model with adequate information to represent 
the parametric architecture thinking, and then let it flow through various link 
methods into the BIM sector to calculate the actual results of the various 
workflow methods currently available. This chapter includes seven 
workflow solutions that will help to move data as a bridge between BIM and 
PD. Each extension will push the same model from Rhino and its additional 
details to the BIM platform (Revit), and seven separate BIM models 
constructed from the same building model data will be obtained after the 
transition process is over. But they can have varying levels of meaning and 
information effects, and the best transmission result as an element may be a 
native element that can be edited in Revit. This will supplement and enhance 
the interoperability between PD and BIM. While each parametric BIM 
workflow solution will attempt to accomplish the same result, each solution 
will relay data differently. The following would clarify in depth the various 
forms and methods of transmission of each scheme. As an important 
measurement criterion for the potential of the workflow, the degree of detail, 
versatility, and scalability of the model data to be distributed will be used for 
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this case study. Similarly, the extent of model coupling and accuracy is also 
an integral aspect. 

6.1. Establishment of a building model for evaluation 

The preparation of the model is essential as the first phase of this 
comparative assessment study. Therefore an architectural model has been 
established that conforms with the thinking of machine architecture. The test 
model has typical graphic elements and complex personalised elements after 
in-depth creation, as well as detailed material details and classification of the 
structure. Finally, the concept of all components flows directly into Revit 
after the parametric BIM workflow is finished. All elements, therefore, 
contain useful information which in the BIM setting, can be ordered, 
grouped, organized, counted, and categorised by a schedule.  
 

 
Figure 2. Overview of Rhino Architectural Model for the Evaluation 

 

 
Figure 3. Section View 
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Figure 4. Layer information 

 
The model includes typical architectural elements for RHINO-TO-

REVIT BIM data exchange valuation, and complex or custom architectural 
elements. 

 

 
Figure 5. Wall example for element type 
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6.2. MANUAL .DWG FILES IMPORT WORKFLOW SOLUTION 

DWG files' manual import scheme has the highest transfer speed and 
the most succinct method of operation. Basically, the method can be 
explicitly broken into two steps: export and import. At the same time, 
in this project, it is also the least structured data model. 

6.2.1. Import process 

 
Figure 6. Rhino export window for DWG files. 

 

 
Figure 7. Revit import window for DWG files. 
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6.2.2. Import result 

 
Figure 8. DWG format file import result drawing. 

6.2.3. Analysis  

TABLE 1. DWG solution summary. 

 
0: Not supported at all; 0.5: Barely supported; 1: Excellent effect. 
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6.3. MANUAL ACIS .SAT FILES IMPORT WORKFLOW SOLUTION 

The most fundamental stability and scalability can be given by this approach. 
Rhino6 has a built-in sat file export feature in the AUTODESK format, and 
Revit also offers the option of provisional classification according to the 
model section. The model needs to be separated into several parts in the 
transmission method according to the functions and materials of the parts, 
and they are imported and specified separately. 

6.3.1. Import process 

 
Figure 9. Import workflow for .SAT files. 
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Figure 10. Rhino export window for .sat files. 

 

 
Figure 11. Revit import workflow for .SAT files. 

6.3.2. Import result 

 
Figure 12. SAT file import result drawing. 
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Figure 13. SAT file import additional BIM information. 

 
 

6.3.3.Analysis 

TABLE 2. ACIS SAT solution summary. 
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6.4. MANUAL RHINO .3DM FILES IMPORT WORKFLOW SOLUTION 

Between Rhino and Revit, Rhino 3DM files have the highest compatibility. 
It also has graphics and details support in Revit as Rhino's native file format. 
The import workflow is somewhat similar to the SAT file, but it can also 
produce families using Revit Family templates. At the same time, with the 
aid of Revit's Mass import feature, model parts could be imported into the 
Mass setting, and elements such as walls and floors can be reconstructed in 
BIM by choosing surfaces and lines. 

6.4.1. Import process 

 
Figure 14. Import workflow for .3DM files. 

 

 
Figure 15. Rhino export window for .3DM files. 
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Figure 16. Revit import window for .3DM files. 

 

6.4.2. Import result 

 
Figure 17. 3DM file import result drawing. 
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Figure 18. 3DM file import additional BIM information. 

 
 

6.4.3.Analysis 

TABLE 3. Rhino 3DM solution summary. 
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6.5. CONVEYOR DIRECT SHAPES IMPORT WORKFLOW SOLUTION 

As the carrier for geometric model conversion, Conveyor uses Rhino's open 
source 3DM file format, which is why this analysis chose 3DM files for 
comparative research. The Conveyor Direct Form import is much simpler 
than the manual import process, and it’s excellent at handling and restoring 
the native components. It helps users to pick and identify what they need in 
the rhino, and then the item travels from the usual layer to the layer of the 
Conveyor Belt. If the layer has the right material content, it will be imported 
to Revit automatically. Most typical elements are immediately modified to 
Revit native elements, such as walls, floors, and curtain walls. 

6.5.1. Import process 

 
Figure 19. The interface of Conveyor plugin for Rhino. 

 

 
Figure 20. Conveyor layers. 

 

 
Figure 21. The window of Conveyor plugin for Revit. 
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Figure 22. The interface of Conveyor plugin for Revit. 
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6.5.2. Import result 

 
Figure 23. Conveyor direct shapes import result drawing. 

 

 
Figure 24. Conveyor direct shapes import additional BIM information. 

6.5.3.Analysis 
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TABLE 4. Conveyor Direct Shapes solution summary. 

 
 

6.6. CONVEYOR LOADABLE FAMILY IMPORT WORKFLOW SOLUTION 

The formation of the Revit Family is the key distinction between the 
Conveyor Loadable Family import scheme and the previous one. To build an 
editable family, this solution will add a selection belonging to the Rhino 
block and import it into the BIM environment. In most instances, it already 
has all of the native Revit Family's functions and information. Its gain lies in 
the ability to read the Rhino layer's information (like material details) and 
handle sub-categories. 

6.6.1. Import process 

 
Figure 25. The process of creating a family by Conveyor with Rhino blocks.. 
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Figure 26. Import of families established by Conveyor. 

6.6.2. Import result 
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Figure 27. Conveyor loadable family import result drawing. 
 

 
Figure 28. Conveyor loadable Family import additional BIM information. 

 

6.6.3.Analysis 

 

TABLE 5. Conveyor loadable Family solution summary. 
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6.7. RHINO.INSIDE.REVIT DIRECT SHAPES IMPORT WORKFLOW 
SOLUTION 

Using Rhino.Inside.Revit to load Rhino7 and Grasshopper into Revit 
memory to run as an additional program. Use its attached Grasshopper 
battery to classify the model according to layers and add BIM information. 
The geometry of the Rhino will then be submitted to Autodesk Revit, and 
eventually the shape and details of the Rhino will be converted to Revit 
components. 

6.7.1. Import process 

 
Figure 29. R.I.R work interface overview 

 
Figure 30. R.I.R add-in window of Revit. 

 
Figure 31. R.I.R Grasshopper library. 
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Figure 32. Use Grasshopper to select and define the architectural model for BIM data 
exchange, R.I.R Direct Shapes. 

 

6.7.2. Import result 

 
Figure 33. R.I.R Direct Shapes import result drawing. 

 
Figure 34. R.I.R Direct Shapes import additional BIM information. 
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6.7.3.Analysis 

TABLE 6. R.I.R Direct Shapes solution summary. 

 

6.8. RHINO.INSIDE.REVIT LOADABLE FAMILY IMPORT WORKFLOW 
SOLUTION 

By reading the Revit Family Templates file, the Loadable Family import 
method could create Revit families. Compared to the R.I.R Direct Shapes 
import method, this solution has higher integration capabilities and 
compatibility. And it also supports the development of subcategories. In 
Grasshopper, all of the work above will be done. 

6.8.1. Import process 
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Figure 35. Work interface overview for R.I.R Loadable family import solution. 

 
Figure 36. Establishment of Revit family. 

6.8.2. Import result 

 
Figure 37. R.I.R Loadable family import result drawing. 
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Figure 38. R.I.R loadable Family import additional BIM information. 

 

6.8.3.Analysis 

TABLE 7. R.I.R loadable Family solution summary. 
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7. Compare & Evaluation 

This chapter analyzes various facets of the efficiency of the seven 
transmission schemes in the previous chapter and considers seven different 
metrics for study. Its key aim is to offer convenience for individuals in the 
industry to select the most acceptable workflow approach for each project 
according to the project and model's real needs. 

7.1. EXPLANATION OF THE EVALUATION ITEM 

Accuracy 
 Geometry import:  

It determines the quantity and quality of the correctly structured 
transmission of PD information in the BIM context. 

 Location 
Accuracy of location information 

 Manually adjust requirements 
Manual corrections required to achieve the desired effect. 

 
Flexibility 
 Editability of geometry in Revit 

The ability to change graphics for subsequent projects. 
 Editability of Material in Revit 

Material editing capabilities for subsequent projects. 
 Texture addition 

Additional information editing capabilities. 
 Rendering 

Effect of renderings. 
 
Expansibility 
 Material Import 

Support for importing Rhino materials into the BIM environment. 
 Independent sheet set (Family) 

About the ability to create and edit family sub-drawing sets. 
 Constraints (Elevation…) 
 Identity Data, Phasing 
 
Automation 
 Automatic recognition and conversion of common elements from PD to 

BIM environment. 
 
Interoperability 
 Automatically update the model 
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The ability to automatically or semi-automatically upload elements 
from PD to the BIM environment. 

 Possibility of subsequent changes 
Regarding the likelihood of the modification being synchronised to the 
BIM environment in the later PD environment. 

 
Time-consuming 
Actual time consumption 
 
Skills requirements 
 Rhino & GH skills requirements 
 Revit skills requirements 
 

7.2. SUMMARY TABLE 

TABLE 8. Overview of test results. 

DWG SAT 3dm
DWG Direct

Shape
Loadable
 Families

Direct
Shape

Loadable
 Families

Accuracy Geometry import 0.5 0.5 1 1 1 0.5 1
Location 1 1 1 1 1 1 1

Manually adjust requirements Lowest Medium High Low Medium Medium High

Flexibility Editability of geometry in Revit 0 0 0 0 1 0 1
Editability of Material in Revit 0 0.5 0.5 0.5 1 1 1

Texture addition 1 1 1 1 1 1 1
Rendering 0 0.5 1 0.5 1 1 1

Expansibility Material Import 0 0 0 0 1 1 1
Independent sheet set

 (Family) 0 0 1 0 1 0 1

Constraints(Elevation…) 0 1 1 1 1 0 1
Identity Data, Phasing 1 1 1 0 1 1 1

Automation Automatic recognition and
 conversion of common elements 0 0 0 1 1 0 0.5

Interoperability Automatically update the model 0 0 0 1 1 0.5 1
Possibility of subsequent changes 0 0 0 1 1 1 1

lowest Medium High Low Medium Medium High

Skills requirements Rhino & GH skills requirements Low Medium Medium Medium Medium High High
Revit skills requirements Low High High Medium High Medium High

Time-consuming

Manual import

Conveyor Rhino.Inside.RevitWorkflow
Category

 

TABLE 9. Simplified overview table. 
 

DWG SAT 3dm Conveyor 
Driect 

Conveyor 
Family 

RiR 
Direct 

RiR 
Family 

Accuracy 1.5 1.5 2 2 2 1.5 2 
Flexibility 1 2 2.5 2 4 3 4 

Expansibility 1 2 3 1 4 2 4 
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Automation 0 0 0 1 1 0 0.5 
Interoperability 0 0 0 2 2 1.5 2 

Time-
consuming 

0.25 1 1.5 0.5 1 1 1.5 

Skills 
requirements 

1 2.5 2.5 2 2.5 2.5 3 

 
For the unity of the chart, the time costing and required skills are changed to 
the time saving and ease of use in the score statistics table. The specific 
method is to subtract the original score from the total score to get the new 
result. 
 

TABLE 10. Final statistics table. 

Score  
DWG SAT 3dm Conveyor 

Driect 
Conveyor 

Family 
RiR 

Direct 
RiR 

Family 
Full 

marks 
Accuracy 1.5 1.5 2 2 2 1.5 2 2 
Flexibility 1 2 2.5 2 4 3 4 4 

Expansibility 1 2 3 1 4 2 4 4 
Automation 0 0 0 1 1 0 0.5 1 

Interoperability 0 0 0 2 2 1.5 2 2 
Time-saving 1.25 0.5 0 1 0.5 0.5 0 1.5 
Accessibility 

(skills) 
2 0.5 0.5 1 0.5 0.5 0 3 

 

TABLE 11. Final statistics of % table. 

% of Score  
DWG SAT 3dm Conveyor 

Driect 
Conveyor 

Family 
RiR 

Direct 
RiR 

Family 
Accuracy 75% 75% 100% 100% 100% 75% 100% 
Flexibility 25% 50% 63% 50% 100% 75% 100% 

Expansibility 25% 50% 75% 25% 100% 50% 100% 
Automation 0% 0% 0% 100% 100% 0% 50% 

Interoperability 0% 0% 0% 100% 100% 75% 100% 
Time-saving 83% 33% 0% 67% 33% 33% 0% 
Accessibility 

(skills) 
67% 17% 17% 33% 17% 17% 0% 
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7.3. COMPARISON CHART 

TABLE 12. Comparison chart of transmission solutions based on aspects. 

 

TABLE 13. Comparison of aspects based on transmission solutions 

 

0 5

Accuracy(Geo)

Flexibility
(Rendering)

Expansibility

Automation

Interoperability

Time-saving

Accessibility (skills)

RiR Family
RiR Direct
Conveyor Family
Conveyor Driect
3dm
SAT
DWG

DWG SAT 3dm Conveyor
Driect

Conveyor
Family

RiR Direct RiR
Family

Accuracy(Geo) Flexibility (Rendering) Expansibility
Automation Interoperability Time-saving
Accessibility (skills) TOTAL
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7.4. RADAR CHART 

TABLE 14. Overall Radar chart 

 

TABLE 15. Manual import Radar chart.

 

Accuracy

Flexibility

Expansibility

AutomationInteroperability

Time-saving

Accessibility (skills)

DWG SAT 3dm
Conveyor Driect Conveyor Family RiR Direct
RiR Family

Accuracy

Flexibility

Expansibi
lity

Automati
on

Interoper
ability

Time-
saving

Accessibil
ity (skills)

Manual import: Autodesk DWG Manual import: Autodesk SAT

Manual import: Autodesk 3dm
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TABLE 16. Platform import Radar chart 

 
 
From the chart, manually import methods could provide support with 

blueprint for the early stages, the transmission quality and expandable items 
are mainly affected by file compatibility. However, further research in order 
to deepen the follow-up design requires more skill requirements, including 
data processing and other IT knowledge. Taking Conveyor as an example, 
this method of creating Revit elements by reading the Rhino native file 
format model could provide a user-friendly operation interface and operation 
mode. At this stage, R.I.R has further integrated the entire design process. 
Although its work efficiency needs to be improved, the software version in 
this project is still a test version. 

 
In general, each solution has different advantages and shortcomings. In 

order to maximize the strengths and avoid weaknesses, we need to consider 
the actual project conditions to make choices. For example, Conveyor's 
performance in automation is excellent, which also means that can automate 
more processes. And in terms of flexibility, R.I.R can provide more 
possibilities for subsequent modifications to the native Revit family. 

 
However, the comparison shows that the solution based on the native 

data format has better performance. This applies not only to Rhino and Revit, 
but also to other possible tools and platforms which is consistent with the 
concept of Industry 4.0. 

Accuracy

Flexibility

Expansibility

AutomationInteroperability

Time-saving

Accessibility (skills)

Conveyor Driect Conveyor Family
RiR Direct RiR Family
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8. Discussion and Conclusion 

This thesis analyses and evaluates the mechanism of seven parametric BIM 
workflow model coupling schemes and the findings available. To better 
explore and evaluate collective processes from Rhino to Revit, a Rhino 
building data model that follows real expectations was built at the beginning. 
Then from a functional viewpoint, typical use criteria were classified as 
assessment objects. Seven factors are the basis of the assessment process: 
precision, flexibility, extension, automation, interoperability, time-
consuming and necessary expertise. As a consequence, each workflow has 
its deficiencies and benefits, even though the end outcome is the same. And 
on the basis of their individual needs, users may select the most acceptable 
parameterized BIM workflow solution. 
 

Parametric design and BIM are completely different. The workflow 
approach used in this research does not replicate as a generic model the 
models of both parties, but links the data models across the bridges. In these 
seven examples, the rhino geometric model is transformed into BIM 
components. The larger the degree of automation, the less human 
interference in the workflow, which would also increase work performance 
and precision substantially. It also offers a new paradigm as the final 
research study that enhances the process of design. Not only does it allow 
more user-friendly and direct transfer of information, but it also increases the 
interoperability of the industry. For eg, from parametric modeling data, non-
parametric workers have the ability to add model information. The results 
leads to reducing the time and resources expended by production workers on 
non-design and technological interoperability problems. Particularly to 
improve the communication, teamwork and data management between 
architecture, engineering and construction of the parametric BIM design 
workflow. Regarding collaboration, if the file locations of Conveyor and 
R.I.R are changed to a cloud drive such as Onedrive or Google Drive, it will 
meet the needs of team collaboration in most projects. 

 
Study requires only evaluating and incorporating existing technologies 

for the sharing of BIM data, rather than creating a new transmitting solution. 
However no further expanded studies and supplements have been carried out 
because of the impact of time and paper length. 

 
About this research's potential course of growth. A safer alternative 

should be to use a blueprint from a real project for research for a more 
detailed measurement and study. Rhino Inside is still in the stage of 
production in this report, and additional testing should be carried out after 
the official version is released. 
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While abandoned cloud-based collaboration applications such as Gevit 

and Speckle performed poorly in the complex solid geometry, the operating 
mode of the cloud-based collaboration platform is more compatible with the 
IoT goals of Industry 4.0. So it is essential to carry out further research and 
study. 
 

 
Figure 39. About Speckle and Grevit's problems in the research process. 

 
This empirical research enhances the collaborative feasibility of the 

Computational design sector by evaluating and examining current job 
procedures, taking into account the real needs of customers, and moving 
cooperation closer to the IoT priorities of Industry 4.0. This will help refine 
communication practices and allow us to concentrate more on addressing 
practical issues and the design itself. 

Acknowledgements 

My profound gratitude goes to my lecturers, Nicole Gardner, M. Hank 
Haeusler and tutor Daniel for their support of my research and thesis. Their 
feedback and guidance helped me solve many problems and made the whole 
project develop smoothly. They are the best. 
 
 
 
 
 
 
 
 
 



40 KANG JI 

References 

 
Autodesk.com. (2020) ‘What Is DWG? | DWG Viewers & File Format Info | 

Autodesk.’[online] Available at: <https://www.autodesk.com/products/dwg> [Accessed 
23 November 2020]. 

Spatial. (2007) ‘3D ACIS MODELER.’ [online] Available at: 
<https://web.archive.org/web/20070309194852/http://www.spatial.com/products/acis.htm
l> [Accessed 23 November 2020]. 

Associates, R., (2020) ‘Rhino Features.’ [online] www.rhino3d.com. Available at: 
<https://www.rhino3d.com/eu/6/features/> [Accessed 23 November 2020]. 

Knowledge.autodesk.com. (2020) ‘About Importing And Exporting ACIS SAT Files | 
Autocad 2016’ | Autodesk Knowledge Network. [online] Available at: 
<https://knowledge.autodesk.com/support/autocad/learn-
explore/caas/CloudHelp/cloudhelp/2016/ENU/AutoCAD-Core/files/GUID-46B2F3E3-
F933-4411-94D7-DC4E11D3EC60-htm.html> [Accessed 23 November 2020]. 

Documentation, C., (2020) ‘Release Notes. [online] Proving Ground Apps.’ Available at: 
<https://apps.provingground.io/docs/conveyor-documentation/release-notes/> [Accessed 
23 November 2020]. 

A. (2020, June 04) VisualARQ 2: ‘Flexible BIM.’ Retrieved October 03, 2020, from 
https://www.visualarq.com/features/ 

Banihashemi, S., Tabadkani, A., & Hosseini, M. (2018, 4 1) ‘Integration of parametric design 
into modular coordination: A construction waste reduction workflow.’ Automation in 
Construction, 88, 1-12. 

Bew, M. (2015) ‘Digital Built Britain – Level 3 Strategy.’ 
Boeykens, S. (2012) ‘Bridging Building information modeling and parametric design.’ 
Boeykens, S. (2016) ‘Improving Design Workflow in Architectural Design Applications.’ 
Deloitte. (2018) ‘Global Construction Monitor’ 2018-2019. 
Erik, O., (2020) ‘Generative Building Massing Optimization In Parametrical BIM 

Environment: Evaluating Different Parametric BIM Workflows From Grasshopper To 
Revit At Conceptual Design Stage. Master Thseis. School of Architecture Urban Planning 
and Construction Engineering, POLITECNICO. 

Jassen, P. (2016). ‘Automated Generationn of BIM Models Strict.’ 
Kenley, R., Harfield, T. and Behnam, A., (2016) ‘BIM Interoperability Limitations: 

Australian And Malaysian Rail Projects.’ [ebook] Auckland: MATEC. Available at: 
<https://www.matec-
conferences.org/articles/matecconf/pdf/2016/29/matecconf_ibcc2016_00102.pdf> 
[Accessed 4 October 2020]. 

Maskuriy, Raihan & Selamat, Ali & Ali, Kherun & Maresova, Petra & Krejcar, Ondrej. 
(2019). ‘Industry 4.0 for the Construction Industry—How Ready Is the Industry? Applied 
Sciences.’ 9. 2819. 10.3390/app9142819.  

McNeel, ‘Rhino to Revit and Back. Rhino to Revit and Back’ [McNeel Wiki]. Available at: 
https://wiki.mcneel.com/rhino/architecture/bim/rhino-to-revit [Accessed October 3, 2020]. 

Pratt, K. and Bosworth, D. (2011) “A Method for the Design and Analysis of Parametric 
Building Energy Models”, Proceedings of Building Simulation: 12th Conference of 
International Building Performance Simulation Association, Sydney. 

Techel, F. and Nassar, K., (2007) ‘Cumincad : CUMINCAD Papers : Paper Ascaad2007_050: 
Teaching Building Information Modeling (BIM) From A Sustainabilty Design 
Perspective.’ [online] Papers.cumincad.org. Available at: 



 RHINO-TO-REVIT AS COLLABORATION 41 

<http://papers.cumincad.org/cgi-
bin/works/BasketShow&editable=1/Show?ascaad2007_050> [Accessed 2 October 2020]. 

Tommasi, C., Achille, C. &amp; Fassi, F., (2013) ‘FROM POINT CLOUD TO BIM: A 
MODELLING CHALLENGE IN THE CULTURAL HERITAGE FIELD.’ Available at: 
https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B5/429/2016/ 
[Accessed October 3, 2020]. 

Wortmann, T., & Tunçer, B. (2017). ‘Differentiating parametric design: Digital workflows in 
contemporary architecture and construction.’ Design Studies, 52, 173-197. 

Baskerville, R. 1999 ‘Investigating information systems with action research’, Journal of 
Communications of the AIS archive, Vol. 2, no.3 

Cole, R. , Purao, S., Rossi, M., Sein, M. (2005) ‘Being Proactive: Where Action Research 
meets Design Research’, International Conference on Information Systems. (ICIS) Las 
Vegas, NV, December 11-14. Originally presented at ICIS. 

Hearn, G. N. and Foth, M. (2005) ‘Action Research in the Design of New Media and ICT 
Systems’, in Kwansah-Aidoo, Kwamena, Eds. Topical Issues in Communications and 
Media Research, pp. 79-94.  

McNiff, J., (2013) ‘How do we come to know: Linking theory and practice, in Action 
research principles and practice’ 3rd ed., Abingdon, Oxon: Routledge, pp.23-37. 

Rhino3d.com. (2020) ‘Rhino.Inside®.Revit.’ [online] Available at: 
<https://www.rhino3d.com/inside/revit/beta/guides/> [Accessed 23 November 2020]. 


	1. Introduction: (Research context and motivations)
	2. Research Aims and Objectives 
	3. Research Questions
	4. Methodology
	4.1 SPECIFIC METHODS:

	5. Literature review
	5.1. INDUSTRIAL 4.0 AND ARCHITECTURAL ENGINEERING CONSTRUCTION INDUSTRY
	5.2. INTEROPERABILITY AND IMPROVEMENT
	5.3. ISSUES AND THE REASONS
	5.4. SOLUTION
	5.5. PARAMETERISED BIM WORKFLOW - BIM DATA EXCHANGE SOLUTION
	5.5.1. Classification of workflow solution based on the final product.
	5.5.2 Classification of workflow solution based on Collaboration effect
	5.5.3. DWG files
	5.5.4. ACIS SAT files
	5.5.5. Rhino 3dm files
	5.5.6 Conveyor
	5.5.7 Rhino.Inside.Revit


	6. Case Study
	6.2. MANUAL .DWG FILES IMPORT WORKFLOW SOLUTION
	6.2.1. Import process
	6.2.2. Import result
	6.2.3. Analysis 

	6.3. MANUAL ACIS .SAT FILES IMPORT WORKFLOW SOLUTION
	6.3.1. Import process
	6.3.2. Import result
	6.3.3.Analysis

	6.4. MANUAL RHINO .3DM FILES IMPORT WORKFLOW SOLUTION
	6.4.1. Import process
	6.4.2. Import result
	6.4.3.Analysis
	6.6.1. Import process
	6.7.1. Import process
	6.7.2. Import result
	6.8.1. Import process
	6.8.2. Import result


	7. Compare & Evaluation
	7.1. EXPLANATION OF THE EVALUATION ITEM
	7.2. SUMMARY TABLE
	7.3. COMPARISON CHART
	7.4. RADAR CHART

	8. Discussion and Conclusion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


