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Physical prototyping of digital twins for the documentation, protection 

and dissemination of Heritage 

Pérez Sendín, María - Universidad de Extremadura, Cáceres, Spain, mperezppf@alumnos.unex.es 

Cruz Franco, Pablo Alejandro– Universidad de Extremadura, Cáceres, Spain, pablocruzfranco@unex.es 

Gordillo Guerrero, Antonio– Universidad de Extremadura, Cáceres, Spain, anto@unex.es 

Abstract: The aim of this work is to present the results obtained in the field of the elaboration of 

physical twins (models) from digital twins of architectural heritage. These digital twins have been 

obtained using the new technologies of photogrammetry (SfM), terrestrial laser scanner (TLS) or a 

combination of both techniques. 

As a final result will be high-resolution physical models (50 microns-100 microns) that create new 

ways of disseminating and protecting heritage. These new models open up a multitude of possibilities: 

documentation, teaching, tourism, dissemination and even a new way of understanding universal 

accessibility by being able to produce typhlological models with these new technologies... 

Keywords: heritage, digital twins, physical prototypes, resin, 3D print, digital survey. 

1. Introduction 

The purpose of this communication is to show the workflow developed to obtain physical 

prototypes from digital twins obtained by photogrammetry, Terrestrial Laser Scanner (TLS) 

or both methods[1]. 

Photopolymer resin and SLA (selective exposure to light by laser) laser technology have 

been used to obtain the physical models. Specifically, a form 2 printer has been used. This 

technology and this equipment have been selected for its precision in the details (50 microns-

100 microns). 

The project has been developed in the Smart Open Lab. It is a FabLab hosted at the 

University of Extremadura. It is an open production space that has supported this project 

with tools, machines and knowledge of the community that composes it. SOL's main 

philosophy is to share knowledge globally and thus contribute to development and research. 

This workflow has been carried out in the city of Cáceres, which is a UNESCO’s World 

Heritage Site, specifically, it has been proposed on several parts of the Almohad Wall [2]. 

The Wall has a perimeter of approximately 1174 m and a surface of 8.2 ha.  

The first study area has been carried out on the section between the Torre Redonda and the 

Torre del Aver located in the street Adarve del Padre Rosalío, adding both sections of wall 

approx. 50 m, and would be composed of 2 towers, 2 cubes and two sections of canvas 

separated by the demolition of a part of the wall. The Torre Redonda is a defensive tower, 

that is, it is ahead of the wall line, in fact it is not round but an octagon with 4 m long on 

each side, it is one of the tallest towers of Cáceres with almost 7 m high and the Torre del 

Aver, also defensive, has a square floor of 7 m on each side. Each tower has a defensive cube 

of about 3 m on each side and the stretch of wall that joins them is walkable from which you 

can see the multitude of houses that are attached to the wall, being hidden the back of the 

wall. 

mailto:mperezppf@alumnos.unex.es
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Figure 1. Areas of intervention: (a) Aerial view of the Aver tower, (b) view of the fortified complex from the 

intrados of the wall. Aver tower in the foreground, (c) Aver cube. Behind the canvas, (d) aerial view of the 

Ochavada tower, (e) plan of the study area. Right canvas, cube and Ochavada tower. Left canvas, cube and 

Aver tower; (e) walled enclosure of the city of Cáceres; (f) intervention area I: Redonda Tower and Aver 

Tower; (g) intervention area II: Bujaco Tower, Pulpits Tower and Arco de la Estrella. 

 

The second study area was carried out on the section between the Torre de Bujaco and Torre 

de los Púlpitos, this section is approximately 60 m free of buildings and has an approximate 

surface area of 350 m2, and is made up of the Bujaco Tower, an example of medieval 

architecture, as well as being the largest tower in the walled enclosure of Cáceres with a 

square floor plan measuring 11x12 m on each side and 25 m in height, The Torre de los 

Púlpitos is the most ornate cube in the city and the only one that gives direct access to a 

palace in the walled enclosure through an arch that connects the wall with the palace of 
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Mayoralgo. It has a square floor plan of 4x4 m. The Arco de la Estrella is one of the most 

important accesses to the city and has a length of 9 m. It is a segmental arch that allows the 

passage of carriages into the city. 

Therefore, the study sections would have a total of 110 m of wall, 4 towers, 2 defensive 

cubes and a gate. Subsequently, digital models are generated combining UAV and TLS 

methodologies that guarantee the precise management and documentation of cultural and 

architectural heritage anywhere in the world in a free way and, thanks to the use of new 

technologies that facilitate the exchange of information necessary to obtain tangible models 

that allow us to preserve and analyse the heritage through photopolymeric resin with 3D 

printing. 

2. Background and Related Works 

2.1 Obtain the digital twin 

In order to obtain the digital twin, we need a system that allows us to carry out different 

flight missions at different times in order to capture the entire study area. This system must 

be versatile, not affect the heritage and be low cost. This work represents a great advance 

and innovation in itself, respecting the current state of cultural heritage. Una vez tengamos 

un programa de vuelo y definida la estructura de las misiones y los objetivos de las mismas 

se realizará la toma de datos mediante UAV[2].  

For an exact geometrical definition, a TLS (Terrestrial Laser Scanning)[3] will be used to 

accurately measure the monument and check the accuracy of the UAV shots[4]. 

Thanks to TLS technology, we can quickly and accurately obtain a three-dimensional model 

with possible ghost areas such as the roofs of a building, but by combining these with the 

models generated from UAV technology we can obtain complete, highly accurate models 

that will allow us to further process the models to generate physical prototypes. 

2.2 Obtain the physical prototype 

Nowadays, the way of understanding reality in our society is in constant evolution given the 

ease of access to the digital tools currently available to us, in addition, the use of new 

technologies has increased given the situation that COVID-19 has generated, producing a 

great change in the way we relate to each other and to the heritage that surrounds us. The 

need arises to bring heritage closer to any part of the world in the simplest possible way, the 

need for digital twins has begun to be relevant and, going a little further, by combining digital 

twins with the most avant-garde technologies related to 3D printing, we obtain physical 

prototypes that allow us to get to know cultural and architectural heritage in a different and 

more economical way. 
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Figure 2. 3D printing technologies: (a) FDM material extrusion printing; (b) photopolymer resin material 

injection (c) powder bed fusion  technology (SLS)(d) binder jetting in sand or metal powder (e) 

photopolymer resin polymerisation technology (VAT); 
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Currently, there are several technologies for 3D printing depending on the materials used 

and the requirements to be met, from FDM material extrusion (Fig.2a) with optimal surface 

finishes, low resolution but low cost and faster but fragile parts creation; VAT 

polymerisation printers (Fig.2e) are of several types: SLA or stereolithography which are the 

oldest printers with high precision and smooth surface finish but slower processing resin; 

the DLP type reduces printing times but the larger the printing surface the lower resolution 

so it is no longer in use and the MSLA or LED-LCD type has fast printing, low material cost 

but high maintenance due to the need for cooling because of high heating; another type 

would be SLS powder bed fusing (Fig.2c) has fast printing, low cost but a grainy surface 

finish; Material Jetting printers (Fig. 2b) are of two types: MJ with an optimal surface finish 

but fragile parts and a higher cost and DOD type is used more for mould making; within the 

Binder Jetting printing (Fig.2d) they can be sand with a lower cost but larger printing surface 

or metal which are also low cost but allow large and complex geometries. Powder bed fusing 

machines can be DMLS, SLM or EBM, which allow smaller and more complex parts to be 

obtained but can be deformed and have a high cost. 

Finally, as the parts we are going to create are intended to have high resolution and detail, 

we decided to use the VAT polymerisation SLA printer type (Fig.2e), specifically the 

FormLabs 2 model with white V4 resin. 

Nowadays, new technologies, especially 3D printing, a technique that is part of digital 

manufacturing since it is based on digital twins from which physical prototypes are 

generated. 

It is being developed within a multitude of areas from medicine creating biomodel 

implants[5, 6] that simulate organs and tissues that are used for academic, scientific and 

surgery purposes or even to be implanted in the organism to repair or replace an organ, 

prosthesis or regenerative medicine; The field of industry and engineering[7-11] for the 

elaboration of parts for machines, to the area of furniture creating decorative elements, chairs 

or tables; for odontology it is a great help in the creation of dental prostheses, surgery guides 

or moulds due to the fact that each solution is adapted to the patient with great precision.  

3D printers applied to the automobile industry allow the development of prototypes and even 

functional parts for the car or spare parts; in architecture[12, 13] it brings great advantages 

for the design of physical prototypes with a reduction of cost and time, a fast and accurate 

replication of models, precision and details, even assisting in the construction of real 

buildings. 

They are also on the rise in the jewellery sector, creating pieces from wax or resin, making 

it possible to edit and create unique jewellery prototypes quickly and easily. In the aerospace 

sector, it helps to reduce the load on aircraft, making them lighter and reducing fuel 

consumption and emissions. In the field of optics, it allows the creation of lighter, self-

designed and more economical glasses. 
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Figure 3. Different examples of physical models of architecture obtained using different 3D printing and laser 

cutting systems. TAD3 Lab. Collaborative work between the Universidad de las Americas de Puebla and the 

Universidad de Extremadura. 

3. Materials and Methods 

Obtain the digital twin  

The capture of this digital twin has been carried out by photogrammetry. Work has been 

carried out by combining point clouds obtained by SfM (with images acquired from UAVs) 

and clouds obtained by TLS digital instruments, the result is a parametric three-dimensional 

model. It is a high quality model[14] of the city wall and can be said to have been obtained 

using a low-cost and accurate "smart workflow". 

 

 
Figure 4. (a) The need to analyse heritage in order to manifest its documentary and architectural values 

through digital and physical twins (b) Digital fabrication that allows us to protect and showcase our heritage 

in a different way (c) Obtaining physical twins 

 

Obtain the physical prototype  

The processing of this "twin" has been carried out using Rhinoceros 3d software. The three-

dimensional mesh was assembled and refined using this programme. We have focused on 
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the surroundings of the wall and we have modelled the terraced houses in a simplified way. 

Once this first modelling phase was completed, we proceeded to divide it into fragments 

according to the physical limits imposed by the printer model we used (form2), which 

measures 145 × 145 × 175 mm. This is a stereolithography (SLA) 3D printer, which is a 

precision tool for additive manufacturing from light-curing resin. 

A versatile workflow is generated that allows the information obtained from 

photogrammetry (digital twins) to be converted into high-resolution physical [15] twins. 

 

Figure 5. 3D printing workflow. 

 

Then, we have two tables that correspond to the study zones explained above, table 1 

corresponds to zone 1 and table 2 with zone 2, they are tables identifying the files used to carry 

out the physical prototype with the amount of resin and time needed to make each piece on the 

printer, these files can be obtained for free from the online platform Thingiverse. 

Table 1. First analysis of digital platforms based on... 

Pieces Swap file (STL) Preform Resin (ml) Duration (h) 

A1 A1_STL A1_FORM 114,95 ml 10 h 

A1 A1_STL A1_FORM 96,63 ml 10 h 15 min 

A2 A2_STL A2_ FORM 77,96 ml 7 h 45 min 

A3 A3_STL A3_ FORM 62,31 ml 7 h 15 min 

A4 A4_STL A4_ FORM 74,02 ml 8 h 15 min 

A5 A5_STL A5_ FORM 68,26 ml 7 h 

A6 A6_STL A6_ FORM 92,40 ml  9 h 15 min 

A7 A7_STL A7_ FORM 78,64 ml 9 h 45 min 

A8 A8_STL A8_ FORM 76,91 ml 7 h 45 min 

A9 A9_STL A9_ FORM 70,23 ml 6 h 45 min 

B1 B1_STL B1_FORM 72,46 ml 7 h 30 min 

B2 B2_STL B2_ FORM 49,63 ml 6 h 45 min 

B3 B3_STL B3_ FORM 50,63 ml 7 h 15 min 

B4 B4_STL B4_ FORM 79,17 ml 9 h 30 min 

B5 B5_STL B5_ FORM 87,84 ml 10 h 15 min 

B6 B6_STL B6_ FORM 280,31 ml 16 h 30 min 

B7 B7_STL B7_ FORM 76,31 ml 9 h 30 min 

B8 B8_STL B8_ FORM 76,56 ml 9 h 15 min 

B9 B9_STL B9_ FORM 79,89 ml 9 h 30 min 

C1 C1_STL C1_FORM 84,07 ml 8 h 45 min 

C2 C2_STL C2_ FORM 49,13 ml 6 h 30 min 

C3 C3_STL C3_ FORM 51,25 ml 7 h 15 min 

D1 D1_STL D1_FORM 90,15 ml 9 h 

D2 D2_STL D2_ FORM 55,26 ml 7 h  

D3 D3_STL D3_ FORM 27,81 ml 4 h 30 min 
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Table 2. Summary table of physical prototype 

Pieces Swap file (STL) Preform Resin (ml) Duration (h) 

A1 A1_STL A1_FORM 114,95 ml 10 h 

A2.2 A2.2_STL A2.2_ FORM 113,33 ml 12 h 15 min 

A2.3 A2.3_STL A2.3_ FORM 87,45 ml 9 h 15 min 

A3 A3_STL A3_FORM 149,07 ml 14 h 

3.1. Phase 1. Export of the photogrammetric model 

Nowadays, there are many ways of exchanging digital files for the different softwares we use, 

in our case, we export the model with the .OBJ extension as it allows us to keep the textures of 

our digital twin. 

3.2. Phase 2. 3D Builder processing 

To process the digital model, we use the 3D Builder software, free software from Microsoft 

Corporation that allows you to create, model and print the models in a generalised and free way, 

being a great help to facilitate the transmission of knowledge anywhere. 

 

 

Figure 6. Workflow for the processing of digital twins in 3D Builder. 

3.3. Phase 3. Processed in Preform 

Once the digital twin has been processed, it is necessary to process it further, this time with 

Preform, the free software of the Form2 printer from Form Labs, which uses advanced 

parameters to generate the supports and optimise the printing of each piece, resulting in a digital 

model ready for printing.  
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3.4. Phase 4. Printing. 

The following equipment was used in the Smart Open Lab: 3D printer, specifically the Form 2 

model, a stereolithography 3D printer (SLA), Form Wash and Cure Form.  

• FormLabs, Form 2: It works with resin printers because of the high quality it offers 

(50-100 microns).  

• Wash in Form Wash: Once the pieces have been obtained, it is necessary to wash them 

to remove the excess resin without curing the surface, for this purpose the machine uses 

isopropyl alcohol and the washing time will depend on the type of resin being used. 

• Cured in Cure Form: Once the parts have been washed, the supports that have been 

generated prior to printing are removed. When the parts are without supports, they are 

cured using the Cure Form. The curing time and temperature will depend on the type of 

resin being used for the prototypes. 

  

Figure 7. (a) digital twin before printing (b) (c) physical prototype on Form 2 printer 

4. Conclusions  

The proposed methodology is divided into two phases. The first phase of data collection and 
generation of the physical twin. Regarding the first phase, it is stated that: 
 

• Firstly, as a society we have an obligation to digitize the world we live in to 
preserve it as a digital twin for future generations: database of the present. 

• Secondly, we have the opportunity to recreate from these digital twins lost 
architectural environments and future digital environments: bases of the past and 
the future. 

• There are many digitization methods, each one with its advantages and 
disadvantages [15-20]. In the present study, a low-cost methodology based on the 
use of UAVs has been chosen [2, 21], schematized and incorporated into the 
workflow. This scheme is supported by other work and professional experience 
of the authors [1, 22]. 

• New rendering technologies have long allowed us to create resources and content 
that reflect what our heritage is and could be like. These digital twins, both the 
digital copies of the present and the digital proposals of the past and the 
future[23], give rise to huge databases that have been traditionally used for the 
development of restoration projects, as in the case of the study of the Ermita del 
Vaquero, but once the work was completed and finished, it was complex and 
difficult to instrumentalize them as a tool of knowledge. 



Xth ReUSO Edition | Documentation, Restoration and Reuse of Heritage 

764 

Regarding the second phase: 
• The proposed methodology allows us to increase our capacity to disseminate, 

protect and conserve our heritage. Digital borders are transposed and we obtain 
prototypes that can be distributed in open source to promote knowledge 
regardless of location, physical or economic conditions. 

• On the other hand these proposals represent a revolution at the educational level, 
our students can have in their hands replicas of the monuments with a millimetric 
quality. 

• On the other side, these physical prototypes are a tool that opens the doors to the 
aforementioned universal accessibility through tiflological models of our 
heritage. 

 

Figure 8. (a) Physical prototypes of the Torre de Bujaco, Torre de los Púlpitos and Arco de la Estrella; 

(b) prototype detail element of the Torre de Bujaco; (c) proposed physical models of zone 2 (d) physical 

prototype of the Torre Redonda, Torre del Aver and its defensive cubes.. 
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