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Abstract 

Preservation of cultural heritage is one of the efforts that can be made to maintain and pass it on to 

the next generation, one of which is Lontar Prasi Bali. Thousands of prasi lontars are recorded in 

poorly maintained and damaged conditions in terms of form and physical appearance. This article 

aims to implement Augmented Reality in digitizing the Balinese lontar prasi so that it can         

preserve, promote, and develop the arts and ancestral heritage so that they have appeal and         

understanding in the present and even into the future. The application development method uses 

research and development with the stages of making 3D objects and the process of character       

animation with Blender, building applications with Unity software and making markers consisting 

of 3D objects and marker configurations on the Prasi Lontar Sheet. Application testing using a 

loading response time technique with higher smartphone specification results can provide a faster 

response time needed to run the application, as well as a User Experience Questionnaire (UEQ) 

test with 86 respondents who showed pragmatic quality, herdonic quality, and overall results 

above the average (Excellent), so that it shows that this AR application is good and as expected. 

Keywords: Digitalization, Augmented Reality, Virtual Application, User Experience. 

1 Introduction 

Lontar is a medium used to write literature, starting from the royal era to the present. Writing on    

Lontar leaves is a Balinese tradition from ancient times that has been passed down from generation to 

generation as a cultural heritage. In general, lontar consists of lontar in the form of Balinese script text 

and pictures [1]. Prasi is a type of lontar which contains "Rerajahan", or a painting drawn on palm 

leaves. Lontar Prasi is called traditional Balinese comic) which tells the stories of Balinese epics such 

as the Ramayana and Bharathayuda which illustrates wayang characters (wayang kulit plays) and  
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contains instructions and insights into life lessons and Balinese local wisdom from the stories on each 

lontar sheet [2]. Lontar prasi has an important role as a medium in documenting historical Balinese 

stories and is full of meaning and advice in life. Based on data from the Balinese Language Extension 

Team, there are 8,239 Lontars that need to be rescued scattered throughout Bali. The total number 

recorded is 8,370 lontars. The details are 5,804, which are categorized as well-maintained with the 

condition that the lontars can still be read but require further conservation. The other 2,562 lontars are 

thought to be in bad shape, both in terms of how they look and how their contents are put together 

(July to the middle of September 2016). Currently, the physical condition of the prasi lontar that can 

still be seen and assessed is the typical lontar prasi tenganan. The urgency of the physical condition of 

the prasi lontar, which is not durable and prone to damage because it has been stored for decades, is 

one of the concerns about the importance of caring for and preserving cultural heritage and the need to 

digitize cultural heritage in order to survive in the future [3] [4]. Protection of cultural heritage is also 

strengthened by the Bali Governor Regulation No. 80 of 2018 concerning the Protection and Use of 

Balinese Language, Script, and Literature and the Implementation of Balinese Language Month [5]. 

The process of digitizing the lontar prasi requires a combination of technology [6] in digitizing the 

characters or figures told in the lontar prasi, visualizing [7] each story on a palm leaf sheet, and       

narrating the storyline from the Balinese text. 

One technology that is very popular in visualizing objects is Augmented Reality (AR) [8]–[10]. 

Augmented Reality technology can combine the real world and the virtual world in real time by           

displaying 3-dimensional or 2-dimensional objects and modeling even intangible objects [11]. This AR 

capability is in line with the need for visualization of characters or story characters in lontar prasi. The 

development of AR technology in the era of industrial technology disruption 4.0 has become a             

necessity in terms of digitalization and visualization in various fields [12], [13]. AR is the choice in 

visualizing learning media as digital literacy support [14] in the field of education and learning both 

offline and online [15], interactive media really supports learning [16] [17] so that AR technology can 

be used to model objects to be studied.  

AR can be used on smartphones, user-friendly [18] and mobile-based [19] so that it can support   

efforts to attract the interest of the younger generation in reading lontar prasi. AR is very potential 

when used in cultural digitization because many objects are very interesting [20] [21] but cannot be 

seen because the visual media is outdated. So that AR technology can be used to make each character 

or character asset, visualize movement based on the story, and add sound based on the story's          

narration.  

This article aims to implement AR in digitizing the Balinese lontar prasi, which aims to preserve, 

promote, and develop arts and ancestral heritage so that they have appeal and understanding in the 

present and even into the future. The digitization of lontar is focused not only on making lontar prasi 

characters so that they can be seen augmented and making animations so that each character object can 

move when scanning each lontar prasi sheet, but can also be implemented on smartphone devices [22], 

which can attract the attention of the younger generation. to see and help preserve the cultural heritage 

of Lontar Prasi Bali [23]. 

2 Literature Review 

Based on some literature, it is stated that the role of AR in making interactive and interesting learning 

media is very significant. AR as a technology that supports the field of education [24] and a pioneer of 

technology-based education [25] [26], for example, in visual simulation into E-Learning through smart 

devices [22] [16], AR research to improve students' abilities in learning with AR [15] [27], the use of 
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AR in learning media to make learning classes more interactive and informative [28] [29]. AR is also 

able to model MSME business processes [30], even in creating unique assets on social media to      

support the metaverse era [31] [32]. AR is very compatible with mobile devices, allowing it to reach 

users from all walks of life, particularly the younger generation [33] [34].  

Utilization of AR technology in the process of digitizing cultural and historical objects around the 

world, for example, the preservation of traditional masks [35]. AR technology can be used to support 

the visualization of objects in museums to make it easier for visitors to see each object [36] [37]. There 

is also a visualization of historical places or buildings [38] [39]. 

From the existing study literature, the authors can study and evaluate the technology developed to 

support the digitization of lontar prasi as an effort to preserve Balinese cultural heritage in particular 

[40]. This article work digitalizes culture by applying augmented reality to mobile phone applications, 

which have been proven to provide convenience for users, attract the attention of the younger          

generation to participate in preserving culture, and shows that AR has made and continues to make a 

major contribution to the digitization of culture around the world, especially Balinese culture. 

3 Methodology 

3.1. Concept of Augmented Reality 

The user must first launch the installed AR application on a smartphone in order to use an augmented 

reality application [41]. The user then points the camera to scan the marked object when the             

application has finished executing. A 3D object will display on the smartphone's screen if the marker 

is recognized [42]. 

 

Figure 1: Augmented Reality Concepts 
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3.2. Research Methodology 

The implementation of augmented reality in lontar prasi bali uses the Research and Development 

(R&D) method [43]. R&D can be used to produce relevant and quality products based on needs     

analysis and test the effectiveness of products in order to contribute to society [44] [24].  

 

Figure 2: Research and Development Flow Search[45] 

The first step in this research is to analyze the problem of the old Balinese prasi papyrus, which is 

prone to damage so that it requires digitalization efforts with technology. The second stage is to      

conduct a survey using a random sampling technique [46] and provide questionnaires to 189           

respondents. The results of collecting data showed that 82.5% of respondents did not know about     

Lontar Prasi. 83.9% of respondents are also interested in understanding London. Data collection is also 

done through interviews, observations, and questionnaires. One of the datasets needed is Lontar Prasi, 

which is used as a marker. The third stage is product design, which consists of 3 stages: (1) the process 

of making 3D objects, which consists of modeling and making 3-dimensional characters according to 

the characters from the Prasi Lontar story; adding texture to 3-dimensional objects. The process of 

animation on the Prasi Lontar story characters and exporting (exporting object data for reprocessing to 

support applications). (2) Use the Unity software to code AR applications. (3) Make a marker out of 

3D objects and marker configurations (a mapping process between 3D objects and markers to detect 

them). The fourth stage is validating the product in the form of an AR application and its components 

before testing it. The fifth stage is to revise the 3D assets, sound and text. The sixth stage is testing AR 

application products in a small environment. The seventh stage is to revise the product that has been 

tested, so that the product can be developed. In the eighth stage, the product is tested to ensure its    

functionality prior to mass production. This is accomplished by evaluating the smartphone loading 

response time and the User Experience Questionnaire (UEQ). The ninth stage is the final product    

revision stage as a whole for the Augmented Reality-based Lontar Prasi Bali application. The last 

stage is to produce products on a large scale so that the products can be marketed widely. 

4 Results and Discussions 

The researcher implemented augmented reality Lontar Prasi Bali using three steps: (1) The process of 

making 3D objects, which includes modeling, in order to produce three-dimensional characters based 

on the stories of Prasi Lontar. Texturing three-dimensional things. The exporting and animation of the 

characters from the Lontar Prasi narrative (exporting object data for reprocessing to support             
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applications). (2) Develop AR applications using the Unity software. (3) Construct a marker from 3D 

objects and marker setups (the process of mapping 3D objects and markers to detect them).               

Image-recognition techniques were utilized to estimate the placement and rotation of markers. Then, it 

places a 3D Object in the specified location. This program's 3D objects include Kumbakarna, Rama, 

Hanuman and other Lontar Prasi characters. The 3D objects were built using the application Blender. 

4.1. Markers 

The technique of constructing markers is performed using the Vuforia software development kit. The 

marked-object (Lontar Prasi) will be employed to transform static augmented photos into movies or 

moving images. The images of lontar prasi that have been uploaded into Vuforia will become a        

database. Then the database file is imported into Unity so that it automatically takes from the Vuforia 

database when building the target image. Then so that the camera can read the marker from Vuforia 

and display objects at the time of application development in Unity must also enter the License Key 

obtained from Vuforia. 

 

Figure 3: Lontar Prasi Marker 

4.2. 3D Modelling Object 

Designing 3D models using the Blender program. To ensure the quality and realism between the 3D 

model and the character objects on the lontar [11], there is a process of adding textures to the lontar 

prasi characters as well as an animation process. Unity software was utilized in the development of the 

application. Unity is a program for creating designs for interactive objects. In order to create an     

Augmented Reality application, the result of designing 3D objects will be processed by the Unity     

application. 

 

Figure 4: 3D Modelling 
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4.3. AR Application Results 

The augmented reality application has three primary menus: Play, Info, and Close App. When users 

press the Play button, a camera display appears with instructions to point the camera at the marked 

object (Lontar Prasi). Then, a smartphone will display a 3D object on its screen. On each lontar prasi 

sheet, users can download information about the characters who appeared, view the story-appropriate 

shapes of the characters, and observe the movement animations of the characters with voice narration. 

   

Figure 5: Displaying Augmented Reality Application 

4.4. Application Testing Results  

During the testing phase of the AR application, two tests were conducted: testing based on application 

loading times on multiple smartphones and testing user experience using the User Experience       

Questionnaire (UEQ) [47].  

Response Time Loading testing uses Performance Testing techniques where the testing process is 

carried out to determine the durability and stability of application waiting times in responding to user 

requests. The response time starts when the user sends a request and ends when the application time 

states the request has been completed. 

As for testing User Experience Questionnaire using the technique of giving questionnaires to        

application users, this technique measures comfort in the user experience in using the application. 

UEQ can be processed using UEQ tool analysis. 

a) Response Time Loading Result  

The response time loading test is performed when the application is run on smartphones with varying 

specifications. The researcher tested the response time required when activating the AR application 

until the 3D objects appeared using three different types of smartphones. 

Table 1: Response Time Loading on Various Smartphone 

Test Scenario Samsung A03  

(second) 

OPPO A83  

(second) 

Xiaomi Poco F1  

(second) 

Loading time to open the application 4 3 3 

Loading time displays the main menu 1 1 1 

Loading time to open augmented reality camera 10 8 8 

Loading time to detect marker 12 20 16 

The Table 1 loading test results demonstrate that each smartphone has a unique response time. It 

was observed that the "Samsung A03" ran the program four seconds slower than comparable           
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cellphones. However, while presenting the main menu, they all responded simultaneously. The     

"Samsung A03" required more time to open the AR camera. However, it was able to detect the marker 

faster than others, allowing the depicted object to appear on the screen. In brief, the shorter the         

response time required to launch an application on a smartphone, the higher its specifications.          

Inadequate specifications will impact the application's performance. The effect of smartphone         

specifications on application performance can be seen from the test results on the Samsung A03 

smartphone, where most of the results of the response time loading are longer than the OPPO A83 and 

Xiaomi Poco F1 smartphones. It can be seen from the loading response time of opening the application 

Samsung A03 is 1 second slower than the two smartphones. In terms of loading response time        

displaying the main menu, Samsung A03 is 2 seconds slower than the two smartphones because      

Samsung A03 has lower specifications than the other two smartphones. However, in terms of marker 

detection, Samsung A03 has a faster loading response time which can be caused by camera pixels that 

are easier to detect objects compared to the other two smartphones. 

b) User Experience Questionnaire (UEQ) Result 

The objective of user satisfaction testing or usability testing with the User Experience Questionnaire 

(UEQ) is to ensure that the system being developed meets user requirements and is simple to use [48]. 

Testing is done by distributing questionnaires. There are eight questions. Of all the distributed         

questionnaires, 56 responses were obtained for the data. After the data has been entered into the UEQ 

table for analysis with the UEQ data analysis tool, this tool will automatically transform the data[49]. 

 

Figure 6: Average Assessment Results of UEQ Question Items 

Based on the user experience assessment results of 8 related question items related to pragmatic 

quality, practical aspects, efficiency, access speed, and ease of use of the application. Four question 

items related to hedonic quality, namely useful aspects, understandable applications, clear displays, 

and user-friendly, the average result of each item is obtained at +1.5 positive value, which means 

good. These results are obtained from the respondent's assessment of each question item with a value 

scale of -3 to +3. The next process calculates the total value of pragmatic quality and hedonic quality. 

Table 2: UEQ Scale Results 

Short UEQ Scales 

Pragmatic Quality 1,902 

Hedonic Quality 2,027 

Overall 1,964 
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The Table 2 explains that the results of the UEQ scale have a pragmatic quality with a score of 

1.902, indicating that this system is regarded as efficient, practical, quick, and simple to learn.       

Moreover, the value of hedonic quality is 2.027, indicating that, in terms of user pleasure and comfort, 

this system produces favorable results. From the results of pragmatic and hedonic quality, the average 

value is sought with the result of 1.964, indicating the results of the UEQ assessment of the average 

value for the pragmatic quality and hedonic quality are above the value of +1.5, which is categorized 

as Good. The next process compares the pragmatic quality and hedonic quality in the classification of 

benchmark values, which have the categories of Bad, Below Average (BA), Above Average (AA), 

Good, and Excellent. 

Table 3: Benchmark Classification Value 

Scale Bad B. A A. A Good Excellent Mean 

Pragmatis 0,72 0,45 0,38 0,19 0,76 1,90 

Hedonis 0,35 0,5 0,35 0,39 0,91 2,02 

Overall 0,59 0,39 0,33 0,27 0,92 1,96 

Each average value of the UEQ calculation results will be compared with the benchmark            

classification values shown in Table 3. The results of the comparison will be displayed in the graph 

shown in Figure 7. 

 

Figure 7: Benchmark Scale Results 

Based on the results of the comparison with the benchmark scale in Figure 7, aspects of pragmatic 

quality, herdonic quality, and overall get results above the average (excellent). These results indicate 

that this AR application is good and as expected. 

5 Conclusions 

The main goal is to preserve Balinese cultural heritage, especially Lontar Prasi, by implementing 

Augmented Reality (AR) applications. Lontar Prasi becomes a marked object (marker) so that 3D 

characters, character animations, and voice narration of stories told in lontar will appear on the user's 

smartphone screen when running the AR application. This research methodology follows several steps 

in the R&D method with several main steps, namely (1) the process of making 3D objects consisting 
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of modeling to create 3-dimensional characters according to the characters from the Lontar Prasi story. 

Adding texture to 3-dimensional objects. The process of animation on the characters of the Lontar 

Prasi story, and exporting (exporting object data for reprocessing to support applications). (2) Use the 

Unity software to code AR applications. (3) Create a marker from 3D objects and marker                 

configurations (a mapping process to detect 3D objects and markers). Application testing using        

loading response time and User Experience Questionnaire (UEQ) techniques. 

Based on the objectives and discussion, several conclusions can be drawn. First, the loading           

response time test results show that higher smartphone specifications can provide a faster response 

time required to run applications. Whereas inadequate specifications will affect the performance of the 

application used. Second, the results of the UEQ test show pragmatic quality with a result of 1.902, 

which means this system is considered good at carrying out the function of using the system, both in 

terms of efficiency, practicality, speed, and ease of learning the system. Furthermore, the value of    

hedonic quality is 2.027, which means that in terms of pleasure and comfort, users get good results 

when running this system. From the results of pragmatic and hedonic quality, the average value is 

sought with the result of 1.96, referring to 8 related question items related to pragmatic quality, namely 

practical aspects, efficiency, access speed, and ease of use of the application. Four question items    

related to hedonic quality, namely aspects of usefulness, understandable applications, clear display, 

and user-friendly, the overall results of the UEQ test in terms of AR application performance and user 

experience are in a Good category. AR applications can be applied to preserve Balinese cultural       

heritage as indicated in the question item points to the user experience related to the application can be 

understood in content, clear and attractive appearance and user-friendly. 
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