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Abstract: This study explores the potential of digital technologies for preserving cultural heritage 
through the case study of the Raya Gopura, an incomplete monument in Melukote, India. 
Employing a combination of photogrammetry (terrestrial and drone-based) and terrestrial laser 
scanning, the research team captured highly detailed 3D models of the structure. This non-
destructive approach offers a comprehensive digital record for future research and preservation. 
Furthermore, consultations with experts yielded two possible purposes for the Raya Gopura: an 
entrance to a planned fort or a gateway to a temple. These insights inform a conjectural architectural 
drawing of the potentially completed monument. The 3D models hold significant potential for 
various applications, including tourism, education, and architectural research, with the potential for 
immersive experiences through VR and AR technologies. In conclusion, this study demonstrates the 
effectiveness of digital tools in heritage preservation, not only safeguarding the Raya Gopura but 
also offering valuable insights for future research and public engagement. 

Keywords: digital documentation; photogrammetry; UAV; cultural heritage; architecture; LiDAR; 
reality capture 

 

1. Introduction 

The cultural heritage of humanity encompasses a vast array of structures, monuments, and 
artifacts, each holding immense historical and artistic significance.  Preserving these treasures for 
future generations necessitates innovative approaches that transcend traditional methods [1]. This 
paper explores the transformative potential of digital technologies in heritage documentation, 
focusing on a specific case study: the Raya Gopura, an incomplete historical structure of the 
Melukote, of Karnataka Stata in India.  

This research investigates the application of photogrammetry and Light Detection & Ranging 
(LiDAR) based techniques for the comprehensive digital documentation of the Raya Gopura. By 
employing a combination of terrestrial and drone-based photogrammetry alongside terrestrial laser 
scanning, the study achieves highly detailed and realistic 3D models of the monument [2]. This 
methodology offers several advantages over conventional documentation methods. Firstly, it 
provides a non-destructive approach, safeguarding the physical integrity of the structure. Secondly, 
the resulting digital representations offer exceptional accuracy and detail, enabling in-depth analysis 
and future research endeavors. 

Beyond mere documentation, this study delves into the historical context of the Raya Gopura. 
Through consultations with experts and scholars, the research team formulates two potential 
purposes for the monument's construction: as the entrance to a planned fort or as the gateway to a 
revered temple.  These insights not only illuminate the significance of the Raya Gopura but also shed 
light on the architectural and cultural nuances of Vijayanagara-era structures. 

Furthermore, the generated 3D models possess immense potential for various applications.  
These digital resources can be utilized in tourism promotion, educational programs, and architectural 
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research [3]. Additionally, the integration of virtual and augmented reality technologies opens doors 
for immersive experiences, fostering a deeper public engagement with cultural heritage [4]. 

Overall, this paper highlights the efficacy of digital technologies in heritage preservation.  The 
Raya Gopura case study demonstrates the power of integration of photogrammetry and LiDAR in 
creating comprehensive 3D models that not only safeguard cultural treasures but also unlock new 
avenues for research, education, and public appreciation [5]. This study paves the way for continued 
exploration of digital tools in heritage documentation, ensuring the enduring legacy of our cultural 
heritage for generations to come. 

2. Study Area 

The study area for this project is Melukote, a sacred town nestled in the Yadugiri hills of 
Karnataka, India is a historically significant town known for its rich cultural and religious heritage. 
It is renowned for the Cheluvanarayana Swamy Temple, which dates back to the Hoysala period in 
the 12th century. The town gained prominence under the patronage of the Hoysala kings, particularly 
Vishnuvardhana, and later flourished under the Vijayanagara Empire. The philosopher and 
theologian Ramanujacharya spent several years here in the 12th century, which further elevated its 
religious importance among the Sri Vaishnavas. Melukote is also noted for its traditional festivals, 
such as Vairamudi, and its unique contributions to South Indian art and architecture, featuring 
intricate carvings and well-preserved ancient structures. 

The monument of interest is the Raya Gopura, an unfinished gateway located on the Yadugiri 
hills, about 100 meters south of the Cheluvanarayana Svami temple as shown in the Figure 1. Local 
legends attribute its construction to Gopala Raya, while another narrative suggests it was envisioned 
as the entrance to a large fort by chief Timmanna Dannayaka. The Raya Gopura is built with granite 
and features intricate carvings, but its upper section remains unfinished with piles of scattered 
granite slabs.  
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Figure 1. Study area map for the Raya Gopura monument (Top- Left and Right) and its perspective 
view (Bottom). 

3. Materials and Methods 

The historical significance of the Raya Gopura draws numerous tourists who appreciate its 
architecture and its prominent location at an elevated site. Photogrammetry serves as the 
fundamental principle for the various surveying methods applied, offering an extensively utilized 
technique for capturing, documenting, and interpreting data to acquire accurate measurements and 
other essential details. The surveying process employed three primary devices: a camera, a terrestrial 
laser scanner, and a drone. Subsequently, this description delves into the specifics of the capturing 
techniques and the devices used in the survey. 

Close Range Photogrammetry  

Utilizing a terrestrial camera positioned either handheld or fixed on the ground, photos were 
captured from a fixed ground position, ensuring the camera's axis was parallel to the Earth's surface. 
The project employed a Sony A73 camera equipped with a 16-35 mm F4 Zeiss lens, boasting 24 MP, 
a full-frame Mirrorless configuration, a minimum focus distance of 0.28m (0.92ft), a maximum 
magnification ratio of 0.19x, and built-in Optical SteadyShot™ Image Stabilization (OSS). The 
camera's coordinates and additional metadata were recorded at the moment of each shot. It's essential 
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to note that terrestrial photogrammetry, in this context, is non-topographic, focusing on the 
arrangement of physical characteristics rather than the topography of the area [6], [7]. The process 
involved capturing nearly two thousand photos, encompassing various angles and distances, 
meticulously covering all parts of the monument for comprehensive detail. Following the capture 
phase, the data underwent processing in Adobe Lightroom. This involved the elimination of shadows 
and the implementation of basic color corrections (saturation, brightness, contrast, exposure, etc.). To 
ensure accuracy in later stages of data processing, the datasets were meticulously organized into 
different file folders. 

 
Figure 2. Flowchart of the methodology used for the digital reconstruction of Raya Gopura 
monument. 

Aerial Photogrammetry 

This method involved the adoption of two approaches: automated mission planning for the site 
and manual operation of the drone to capture the roof and upper features of the monument. Through 
automated flight planning, the drone systematically collected data for the selected area, ensuring a 
70% forward overlap and 35% side overlap, resulting in 250 geotagged photos. Simultaneously, to 
document the upper part of the monument manually, approximately 1500 overlapping photos were 
consistently captured. The amalgamation of these two datasets significantly enhanced accuracy 
during the processing phase[8,9]. The drone employed for this project was the PHANTOM 4 PRO, 
equipped with a 1'' CMOS Camera Sensor boasting 20M effective pixels. The lens featured an 84° 
FOV, with focal lengths of 8.8 mm and 24 mm (35 mm format equivalent). The obtained image size 
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was 4:3 Aspect Ratio at 4864 × 3648. The data collected underwent processing in Agisoft Metashape 
Professional. 

Terrestrial Laser Scanner 

The terrestrial laser scanner stands as a high-precision surveying instrument designed for 
capturing intricate three-dimensional (3D) data of objects, structures, or landscapes on the Earth's 
surface [10]. This advanced tool relies on laser technology to measure the distance and position of 
points within its field of view, ultimately creating a point cloud representation of the scanned area. 
The introduction of terrestrial laser scanners has marked a significant advancement in the realm of 
3D data capture, delivering precise and detailed depictions of real-world environments [11]. 
Consequently, these scanners have become indispensable in industries requiring accurate 
measurements and comprehensive documentation of objects and landscapes. The LiDAR instrument 
employed in this project is the Faro Focus 3D S350 Plus Terrestrial Laser Scanner, featuring a range 
focus from 0.6 to 350 meters, a measurement speed of up to 976,000 points per second (or up to 2 
million points per second), an angular accuracy of 19 arcsec for vertical/horizontal angles, and an 
integer color camera with a resolution of up to 165 million pixels. 

Data Processing 

The preprocessed data is systematically organized and imported into Capturing Reality 
software. Within the domain of Cultural Heritage, this software plays a crucial role in facilitating 
accessibility to heritage for everyone, ranging from scanning small museum objects to historic sites, 
and from generating digital replicas to constructing virtual heritage. The processing stages involved 
in obtaining the 3D model encompass alignment, mesh reconstruction, texturing, and simplification 
[12]. 

Alignment 

The software scrutinizes the camera position at the moment an image is captured, a 
determination facilitated by the interior and exterior orientation parameters at this stage. Following 
alignment, two distinct components were derived, a consequence of insufficient overlap in specific 
areas. To address this, 5 control points were employed, each associated with a minimum of 10 photos 
in all three different data sets, ensuring alignment of all 4500 images from the various data sets. The 
resultant master component comprises all 4500 images represented as a sparse point cloud. 

Mesh Reconstruction 

The software has the capability to reconstruct polygonal mesh models utilizing depth map data 
or point cloud data, encompassing dense, sparse, and point cloud data imported from external 
sources. Depth maps generated are employed to formulate a 3D mesh using photos as input. A 3D 
range grid is back-projected onto each depth map, and by connecting nearby vertices on the grid, a 
preliminary mesh is generated [13]. All vertices from the depth maps are amalgamated and input 
into the reconstruction method. This approach yields a triangulated surface that is impervious. The 
reconstruction algorithm assumes a complete, closed surface, and it fills in low point density regions 
with multiple triangles. The reconstruction process under Normal Mode spanned approximately 4 
days, resulting in a mesh comprising about 1.2 billion triangles. 

Texturing and Simplification 

Texturing is the further step done to achieve realistic appearance of the model. Initially, the 
model comprised 1.2 billion triangles, posing challenges for practical use. To address this complexity, 
the Simplification tool was employed iteratively, reducing it by 50% in each cycle. After multiple 
iterations, the model was successfully reduced to 1 million triangles. Rapidly reducing triangles in a 
single step can significantly impact the model's resolution and quality. To counteract this, the 
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Reprojection tool projects the original texture onto the simplified model, preserving quality with 
minimal size changes [14]. 

Scan to CAD 

The orthographic projections generated through the Capturing Reality software were brought 
into AUTOCADD software for the drafting process. The necessary plans, sections, and elevations 
were meticulously drafted using the rendered orthographic projections. These drafted components 
exhibit exceptional accuracy as they originate from a scaled and resized model of the real heritage 
structure. The dimensions of these elements can be precisely measured. Subsequently, the drafted 
elements are exported in the designated file format based on the intended future use of the drawings 
[15]. 

3. Results 

The comprehensive methodology employed in the survey and documentation of the Raya 
Gopura historical site has yielded remarkable results, providing a detailed and accurate 
representation of the monument. Photogrammetry served as the foundational technique, utilizing a 
Sony A73 camera to capture nearly two thousand photos from various angles and distances. These 
images underwent meticulous processing in Adobe Lightroom, where shadows were eliminated, and 
color corrections were applied to ensure high-quality data. The terrestrial photogrammetry approach 
facilitated the creation of a non-topographic dataset, offering a thorough depiction of the monument's 
architectural details [16]. 

Furthermore, the integration of drone technology played a crucial role in enhancing the 
surveying process [9,17]. An automated mission planning strategy and survey details are shown in 
the Table 1, coupled with manual drone operation, resulted in the acquisition of 231 geotagged 
photos with 70% forward overlap and 35% side overlap, along with an additional 1500 manually 
captured images focusing on the upper features of the monument. Figure 3 depicts the camera 
locations and image overlap of the aerial survey conducted using flight planning. The PHANTOM 4 
PRO drone, equipped with a 1'' CMOS camera sensor, provided the necessary data for processing in 
Agisoft Metashape Professional, ultimately contributing to a more accurate and comprehensive 
dataset [18]. The 231 images were processed and an orthoimage as shown in Figure 4.  

Table 1. This table provides details of aerial survey conducted for the Raya Gopura and adjoining 
region. 

Survey Details 
Number of images 231 Camera stations 231 

Flying altitude 73.9 meters Tie points 246,531 
Ground resolution 1.97 cm/pixel Projections 762707 

Coverage area 0.227 km² Reprojection error 1.39 pix 
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Figure 3. Camera locations and image overlap (Blue rgions has high overlap, and red regions have 
low overlap) of survey. 

 
Figure 4. Orthomosaic image output of the aerial survey (left) and zoomed orthoimage of the Raya 
Gopura (right). 

The incorporation of terrestrial laser scanning, facilitated by the Faro Focus 3D S350 Plus 
Terrestrial Laser Scanner, brought a new dimension to the survey methodology. This high-precision 
instrument generated a detailed point cloud representation of the scanned area, with a maximum 
point error of 18.3 mm and a mean point error of 9.8 mm as shown in the Figure 5. The LiDAR data 
was processed using FARO SCENE 2018 software, adding another layer of precision to the overall 
dataset. 
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Figure 5. Represents the high density registered TLS point cloud of the monument. 

The subsequent stages of data processing, conducted in Capturing Reality software, involved 
alignment, mesh reconstruction, texturing, and simplification. The Figure 6 depicts camera positions 
of aerial and terrestrial camera after the alignment step. The 3D model obtained, comprising 1.2 
billion triangles, underwent a meticulous reduction process to improve manageability. The 
reconstruction algorithm, operating under Normal Mode, created a triangulated surface, and 
texturing was applied with a maximal count of 25 and a fixed texel size of 0.02m. The resulting model, 
initially intricate and challenging to work with, was iteratively simplified, reaching a manageable 
size of 1 million triangles while preserving its realistic texture as shown in the Figure 6 b. 

  
(a) (b) 

Figure 6. (a) Depicts the camera positions of Aerial and Terrestrial Camera after alignment; (b)Depicts 
the final realistic textured model of the monument. 

The culmination of this research effort involved rendering orthographic projections to scale and 
importing them into AutoCAD for the creation of architectural drawings, including plans, and front 
and side elevations as shown in the Figures 7 and 8a and 8b. The comprehensive results obtained 
from this methodology provide a valuable resource for preserving and studying the architectural 
heritage of the Raya Gopura historical site, ensuring accessibility and understanding for generations 
to come. 
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Figure 7. Ground Plan of the Raya Gopura monument using CAD drawing. 

 
(a) 

 
(b) 

Figure 8. (a) CAD drawing of the front elevation; (b) CAD drawing of the side elevation. 

This figure illustrates the geographical positioning of two significant landmarks in Melukote, 
Karnataka, as viewed on a Google Earth image ie., Figure 9. The locations are marked as follows: (A) 
Sri Cheluvanarayanaswamy Temple, a prominent and historically temple central to Melukote's 
cultural heritage, and (B) Raya Gopura, an unfinished yet majestic structure that exemplifies the 
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architecture of the Vijayanagara period. The image highlights the spatial relationship between these 
landmarks, providing a visual context for their historical and cultural significance within the town. 

 
Figure 9. Depicts position of the (A) Sri Cheluvanarayanaswamy Temple and (B) Raya Gopura the 
location on google earth image. 

The incomplete nature of the Raya Gopura prompted an analysis of completed structures, such 
as the Gopura of Yoga Narasimha Svami Temple in Melukote, the entrance of Bangalore fort, and 
others, to comprehend Vijayanagara Era Gopuras. After consultations with history experts and 
scholars in South Indian Temple Architecture, two conjectural conclusions emerged. Firstly, the Raya 
Gopura could have been the entrance to the planned fort of Melukote, aligning with existing Hoysala 
ruins. Secondly, it may have served as the gateway to the Great Temple of Sri Cheluvanarayana 
Swami, given the town's sacred significance as shown in the Figure 9. The presence of shrines near 
gateways supports the former, while the latter aligns with the historical importance of the temple. 

Both conclusions suggest that the Raya Gopura acted as a Mahadvara or main gate, symbolizing 
its importance. Comparisons with other temple towns reveal a potential integration of the entire town 
within the temple walls or fort, emphasizing the deity's lordship over the entire space. Informed by 
these insights, a conjectural architectural drawing of the planned Raya Gopura was visualized, 
incorporating seven tiers, representing both architectural considerations and symbolic 
representations, as per ancient treatises like the Mayamata as shown in the Figure 10. This study not 
only contributes to understanding the Raya Gopura but also provides valuable insights into the 
architectural and cultural nuances of Vijayanagara-era structures. 

 

 

(A) Sri Cheluvanarayanaswamy Temple 

(B) Raya Gopura 
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Figure 10. Conjectural Drawing of the Raya Gopura - An Unfinished Structure. 

4. Discussion 

This monument presents a unique case study for the application of digital heritage 
documentation techniques. This unfinished monument, steeped in legend and historical significance, 
offers valuable insights into Vijayanagara-era architectural practices and the cultural landscape of 
Melukote. Our research employed a multi-pronged approach, combining photogrammetry 
(terrestrial and drone-based) and terrestrial laser scanning (TLS) to generate highly detailed 3D 
models of the Raya Gopura. This non-destructive methodology provides a permanent digital record 
of the monument's current state, surpassing the limitations of traditional documentation methods 
such as manual measurements and drawings.  

The resulting 3D models offer exceptional geometric accuracy and facilitate in-depth analysis of 
the monument's architectural details. Through digital manipulation and rendering techniques, we 
can virtually reconstruct the potentially completed structure based on stylistic comparisons with 
other Vijayanagara-era gopuras. This virtual reconstruction can shed light on the original design 
intent and provide valuable insights for future restoration efforts, if deemed appropriate. 

Furthermore, the 3D models hold immense potential for various scientific applications. High-
resolution texture mapping can be employed to document and analyze the surface ornamentation 
and carvings on the Raya Gopura. This data can be instrumental in studying the iconography and 
symbolism prevalent in Vijayanagara architecture. Additionally, the 3D models can be integrated 
with Building Information Modeling (BIM) software to create a comprehensive digital twin of the 
Raya Gopura. This HBIM (Historic – Building Information Model) model can be used for structural 
analysis, vulnerability assessment, and potential seismic risk mitigation strategies [19], [20]. 
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Beyond scientific applications, the digital documentation of the Raya Gopura opens doors for 
broader public engagement with cultural heritage. The 3D models can be disseminated online 
through virtual museums or interactive platforms, allowing viewers to explore the monument in 
detail from anywhere in the world. Additionally, immersive technologies like Virtual Reality (VR) 
and Augmented Reality (AR) can be utilized to create interactive experiences that bring the Raya 
Gopura to life. These experiences can foster a deeper appreciation for the monument's historical and 
cultural significance, particularly for younger generations. 

While this study demonstrates the effectiveness of digital documentation techniques, some 
limitations are acknowledged. The accuracy of the 3D models is contingent upon factors like drone 
flight path planning and the quality of the TLS point cloud data [21]. Additionally, the virtual 
reconstruction of the complete Raya Gopura is inherently conjectural and relies on architectural 
comparisons with existing structures. Future research directions can involve collaborations with 
temple architects and archaeologists to refine the virtual reconstruction based on historical and 
archaeological evidence. Furthermore, integrating material science analysis with the digital models 
can provide insights into the deterioration processes affecting the Raya Gopura and inform future 
conservation efforts. 

5. Conclusions 

In conclusion, this research study on the digital documentation and preservation of the heritage 
structure, particularly focusing on the Raya Gopura in Melukote, has illuminated significant insights 
into the application of advanced non-destructive methods. Through the utilization of 
Photogrammetry and LiDAR-based techniques, we successfully documented the Raya Gopura, 
providing a highly detailed and realistic 3D model without compromising the structure's integrity. 
Exploring the historical context of the Raya Gopura, we derived two conjectural conclusions 
regarding its purpose—either as the entrance to the planned fort of Melukote or as the gateway to 
the revered Sri Cheluvanarayana Swami Temple. Both scenarios underline the monumental 
significance of the Raya Gopura, emphasizing its role as a vital historical and cultural artifact. 

Furthermore, our research has demonstrated the versatility of the acquired 3D models, offering 
immense potential for future studies. These digital representations can be leveraged in diverse fields, 
such as tourism promotion, educational initiatives, and architectural research. The integration of 
Virtual Reality (VR) and Augmented Reality (AR) technologies opens avenues for immersive 
experiences, fostering a deeper understanding and appreciation of cultural heritage. The 
methodology employed in this study, encompassing terrestrial photogrammetry, drone-based 
surveys, and terrestrial laser scanning, showcases the importance of interdisciplinary approaches in 
heritage documentation. The amalgamation of these technologies has allowed for the creation of a 
comprehensive digital record that transcends traditional preservation methods. 

Looking ahead, the scope for future studies in this domain is expansive. The 3D models 
generated can be pivotal in advancing research, education, and cultural awareness. As technology 
continues to evolve, the dynamic state of image-based 3D documentation presents exciting prospects, 
promising even more sophisticated applications in the preservation and study of our rich cultural 
heritage. In essence, this research not only contributes to the understanding of the Raya Gopura but 
also serves as a testament to the efficacy of cutting-edge digital documentation methods in the 
broader context of heritage preservation. The knowledge gained from this study paves the way for 
continued exploration and appreciation of our historical treasures. 
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