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Abstract: Three-dimensional (3D) modelling is an efficient
technique for preserving visual archaeological legacy by
offering chronological evidence of architectural alterations.
This research used a mixed-methods approach to explore the
Itakhola Mound Temple, particularly its five phases, as a
notable archaeological site in the Lalmai-Mainamati Hill
region of the Cumilla district, Bangladesh. All the available
evidence and field observations suggest that the highest
reconstruction phase is situated above the other four phases.
Consequently, only the fifth phase is observable, as opposed
to the others. To render all phases visibly, the solid 3D model
has been generated utilizing several software tools, for
example, Autodesk AutoCAD, 3D Studio Max, and Adobe
Photoshop. These elucidated the chronological architectural
modifications of the temple and the likely reasons for these
alterations. This research elucidates the rationale for
choosing solid modelling over photogrammetry or laser
scanning methods, as well as the alterations in measurement
over several phases. This study emphasizes the significance
of virtual preservation, specifically concerning temple ar-
chitecture only, rather than environmental elements. This
demonstrates that 3D solid modelling functions as a sus-
tainable digital approach for the virtual preservation and
representation of archaeological monuments, thereby aid-
ing future investigations and conservation efforts.
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1 Introduction

History entails the analysis of previous events to understand
the importance and interrelations of causality in the overall
development of human societies (Nasson 2002, 651). History
and archaeology facilitate our understanding of the past,
and the study of historical events can influence our per-
spectives in various ways. Itakhola Mound Temple is an
ancient monument and one of the most significant sites in
the Lalmai-Mainamati Hill region, a UNESCO tentatively
listed area in the Cumilla district of Bangladesh (Alam et al.
2021, 93-103; Monsor 2014; Huda et al. 2021). It comprises five
phases of reconstruction. Currently, only the upper or fifth
phase is observable. The remaining four stages are subor-
dinate to the upper or fifth phase.

The primary objective of this study is to attain an initial
comprehension of the procedures involved in solid 3D
modelling for archaeological applications, including an
observation of the various reconstruction phases of structural
forms in three-dimensional (3D) representation, the alter-
ations that have occurred, and the reasons behind them. The
study relies on solid/geometric 3D modelling instead of
photogrammetry and laser scanning, emphasizing the justifi-
cation of this approach that is described in detail in Section 3.
This research highlights the significance of virtual preserva-
tion in archaeology. However, the virtual preservation focuses
solely on the temple architecture, neglecting the surrounding
environmental features such as trees, plants, rivers, roads, etc.
In the absence of data concerning the natural environment’s
characteristics, the emphasis is solely on architectural modi-
fications and their underlying causes; no flora or additional
elements were incorporated into the models during the 3D
reconstruction. These models can significantly aid preserva-
tion via digital documentation, comparative study, and future
reutilization for additional analysis.

This study presents a virtual structure illustrating the
extent of the portion that has been developed or recon-
structed across five phases, along with the rationale for each
phase. It is to be mentioned that the temple was not fully
reconstructed virtually, from the foundation to the roof,
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along with the old environment, due to the lack of conclusive
documentation. Concerning the excavation report of Rah-
man (1992), entitled Itakhola Bihar (7tom-13sho Sotok Por-
zonto Bouddha Sabbhatar Nidorshon) [Itakhola Vihar
(Buddhist Civilisation Monuments of till 7th to 13th Century)],
all the three-dimensional representations have been devel-
oped that predominantly depict the five distinct phases of
the temple’s architecture and the methodology of solid 3D
virtual reconstruction of archaeological evidence.

As of now, no published research work has been found
that utilizes 3D solid modelling methodologies for the Itakhola
Mound Temple. However, a more effective understanding of
archaeology has been facilitated by the use of three-
dimensional models, which has been reflected in several
research studies globally, including but not limited to the
study of Ferdani et al. (2020); Remondino and Campana (2014);
Zvietcovich et al. (2015); Sulistyani (2024); Rahtz and Reilly
(2003); Khan and Huda (2023); Arias et al. (2022). This section
provides a concise literature review of diverse 3D heritage
modelling initiatives that have utilized solid modelling tech-
niques in the Bangladesh context, as the study’s objective
transcends merely visualizing the five transitional stages to
include an understanding of the underlying causes of these
shifts. Rahman et al. (2008) identified three techniques for 3D
modelling: geometric modelling, photogrammetry, and laser
scanning. They sought to elucidate the ramifications of the
solid modelling method while succinctly alluding to the other
two ways. Nevertheless, it did not assess the efficacy, in the
context of the hidden or covered structure, of the solid
modelling technique in comparison to the other two. Raha-
man and Sharma (2005) asserted that all three types of digital
documentation are appropriate in various situations. The
solid modelling technique has been utilized in multiple
research projects by Imran and Masud (2016, 2021a, 2021b).
The methodology was applied in the UNESCO World Heritage
site of the Shait Gumbad Mosque Region during the research
completed in 2016 and 2021. Similarly, they utilized the iden-
tical methodology in their 2021(a) study, which concentrated
on another UNESCO World Heritage site, the Paharpur
Buddhist Vihara in Bangladesh. Conversely, Hasan (2025)
developed a virtual model of the Chhoto Sona Mosque and
subsequently converted it into a Virtual Reality platform.
Elsewhere, Naqi et al. (1999) produced an intricate virtual
reconstruction of the Paharpur Buddhist Vihara. Unlike the
studies by Imran and Masud (2016, 2021b), they offered a
different viewpoint and enhanced depth about the develop-
ment of the solid model.

The study is anticipated to facilitate a clearer under-
standing of phase-by-phase structural changes and their
underlying causes. This will demonstrate the significance of
hand 3D solid modelling for archaeological applications.
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2 The Three-dimensional
Representation

Three-dimensional, or 3D, denotes possessing or seeming to
possess three dimensions (Iength, breadth, and height), thus
creating a realistic appearance (Cambridge Dictionary, 2025,
“Three-dimensional”). We belong in a three-dimensional
environment (Ware 2022; Wenjun 2008, 546). The physical
world and all observable entities inside it are three-
dimensional (Barney and Sheldon n.d.). The brain in-
terprets three-dimensional images by integrating many
depth signals, including binocular disparity, motion
parallax, occlusion, relative size, texture gradients, aerial
perspective, accommodation, and convergence. Binocular
disparity greatly affects depth perception at close range;
nevertheless, at extended distances, alternative cues become
more salient (Cutting and Vishton 1995).

The three-dimensional methodology has become preva-
lent in contemporary archaeological work. Research con-
ducted by Grosman et al. (2014), Forte (2014), and Imran and
Masud (2016), among others, demonstrates the application of
3D technology in archaeology. 3D models are unequivocally
advantageous for public engagement, digital preservation,
and educational objectives (Waagen 2019, 12). The 3D dataset
is more effective for archaeological documentation and
assessment than 2D raster photographs. 3D data can effort-
lessly scale, rotate, and be seen from any direction and angle.
The generation of three-dimensional data through laser
scanning, structured light scanning, or image-based model-
ling contributes to the virtual preservation of artefacts and
facilitates public dissemination online (Trognitz et al. n.d.).
However, we must keep caution in the creation of a 3D model,
ensuring that our modelling appropriately represents the
structured design by the architects.

3 Rationale for Applying Solid
Modelling

3D modelling encompasses conventional methodologies
employed in historical research prior to the advent of
computer-aided visualization tools (Muenster 2022, 10).
Various prevalent methods exist globally for the three-
dimensional documentation of archaeological data or any
item in computer-aided modelling. Rahman et al. (2008)
identified three ways for three-dimensional recording, as
seen in Figure 1.

Rahaman and Sharma (2005) assert that geometric
modelling, photogrammetry, and laser scanning are all
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Figure 1: Various procedures and techniques for digital documentation
(Rahman et al. 2008, 83).

suitable methodologies for digital documentation in various
situations (Rahman et al. 2008, 84). Laser scanners function
by projecting a series of laser beams onto an object’s surface,
while photogrammetry is the field dedicated to acquiring
accurate measurements using photos. It also functions as a
method for constructing three-dimensional representations
of objects (Wyatt-Spratt 2018). It is noteworthy that laser
scanning instruments are significantly more expensive than
photogrammetry, yet they yield metrically precise data
(Mtunster et al. 2024, 108). Conversely, Feng (2015) asserts that
3D solid modelling involves delineating the orientation of
objects in relation to the plane model. This modelling tech-
nology employs fundamental elements such as wedges,
rectangles, and cylinders to depict objects by their inter-
section, parallelism, and difference. It can compute mass,
centroid, volume, moment of inertia, and form as well.

The selection of solid modelling for the three-
dimensional recording of the Itakhola Mound Temple was
based on its effectiveness in fulfilling the architectural vir-
tual reconstruction needs of the site. The temple consists of
five sequential reconstruction phases, each built upon the
preceding phase. Currently, only the fifth phase is observ-
able. Given that the early phases are no longer directly
observable, solid and geometric modelling was chosen for its
ability to recreate concealed structures, as this method al-
lows for manual 3D modelling from a singular solid object.
The solid modelling technique has been employed in many
investigations of ancient monuments in Bangladesh (Imran
and Masud 2016; 2021a; 2021b).

Photogrammetry and laser scanning are efficient tech-
niques for documenting the surface details of well-preserved
structures (Zvietcovich et al. 2015); however, they face limi-
tations in cases of erosion, obscured geometries, and the
necessity for hypothetical reconstruction, challenges that
are evident at the Itakhola Mound Temple. Subsequently,
following the creation of the 3D model by photogrammetry
or laser scanning to reconstruct the fractured or obscured
section, geometric modelling must be employed. These two
technologies are limited to recording the external surface of
an object or scene and are unable to scan the internal
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structure. Consequently, solid modelling excels in concep-
tualizing idealized geometric concepts from insufficient
data. This method enables the rebuilding of collapsed or
hidden architectural features via logical deductions and
parametric models. These characteristics make it the most
appropriate choice for the reconstruction-based documen-
tation of the culturally significant site, Itakhola Mound
Temple.

Notably, both Autodesk software and open-source soft-
ware are applicable for this type of documentation. It is
feasible for individuals to utilize open-source or free soft-
ware for this purpose. Blender is a widely utilized free
software application for 3D modelling. Conversely, Libre-
CAD serves as an open-source substitute for Autodesk
AutoCAD. Photopea, a free software sponsored by commer-
cials, offers a premium subscription devoid of ads, serving as
an alternative to Adobe Photoshop.

4 Itakhola Mound Temple as the
Case Study

Itakhola Mound is an archaeological site located in
Lalmai-Mainamati hill or ancient Devaparvata, Cumilla,
Bangladesh, as indicated on the map (Figure 2). An aerial
photograph depicting the top view from Alam (2024) has
been incorporated as Figure 3. The location is positioned
1.5km north of Shalban Vihara. The geographical co-
ordinates of the temple are 23°26'20.09" N, 91°07'45.43" E.
Itakhola Mound is historically significant as a site for the
extraction of ancient bricks, which is the origin of its name
(Rashid 2021; Qadir 1997, 105). A large stupa complex with
an adjoining monastery was discovered following the
excavations. It approximately originates from the seventh
to eighth century CE (Cattagram Bibhager Sangrakhita
Ghosita Purakirtir Talika [List of Declared Antiquities of
Chittagong Division] 2021, 4). In the area, two separate
locations are designated as Itakhola Mound (Begum 2010,
49). The initial site, sometimes referred to as Boro (Big)
Itakhola Mound, is universally acknowledged as the Ita-
khola Mound, the focal point of this study. The second site,
referred to as Choto (Little) Itakhola Mound, remains
unexcavated as of 2025 (Ridoy 2025, lii-liii). Furthermore,
itis situated at the pinnacle of the hill range that stretches
along the western perimeter of the Lalmai peak (Morrison
1974, 59). At the case study site, comprehensive excava-
tions uncovered five separate phases of reconstruction,
each adding an additional floor, culminating in the main
route reaching a total of 12 storeys (Imam 2000, 55).
Adjacent to the temple, a Buddhist Vihara (monastery) is
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located roughly 45 m north of the shrine (Rahman and
Alam 2023, 35-36). Furthermore, its substantial di-
mensions as a temple and its central position amidst the
architectural landscape of the mountainous region signify
its role as a catalyst for the emergence of a millennium of
civilization in the Lalmai-Mainamati area (Rahman 1992,
28-29).

The selection of the Buddhist temple for 3D represen-
tation is influenced by various characteristics. Firstly, Ita-
khola Mound is distinguished by its single-temple
architecture. Researchers contend that it is among the
earliest medieval edifices in the region. Five phases of its
reconstruction have been identified (Begum 2010, 36; Rashid
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2021). Nevertheless, as one phase is constructed upon
another, revealing and examining the lower layer is
impossible without dismantling the upper layer. 3D docu-
mentation has been conducted, emphasizing the virtual
representation of the five reconstruction phases.

Secondly, if safeguarding the Itakhola Mound temple
from degradation is unfeasible for any reason, then three-
dimensional documentation and virtual reality may serve as
the sole effective means to display the object to future gen-
erations. Archaeological features may be obliterated by both
natural and anthropogenic factors. Under these conditions,
the utilization of 3D and virtual reality is crucial for safe-
guarding data on the location.
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Figure 2: The location of the Itakhola Mound
Temple is indicated on the map of
archaeological sites in the Lalmai-Mainamati

T
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Hill region, modified after Ridoy (2023, 5).
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5 Methodology and Results

5.1 Methodology
5.1.1 Structured Workflow

To comprehend the modifications in the reconstruction
phases during the creation of the 3D model, a systematic
technique has been employed, with the sequential proced-
ure outlined below.

5.1.1.1 Conducting Literature Reviews and Fieldwork
Almost all bibliographic data concerning Itakhola Mound
was gathered in the preliminary phase, which has become
the basis for ensuing works. The excavation report of Rah-
man (1992), published by the Department of Archaeology
(DoA), was selected as the primary source for this task.
Simultaneously, diverse data has been gathered and evalu-
ated by remote sensing techniques. This involved the anal-
ysis of satellite data, together with maps produced at various
intervals, among other resources. Fieldwork was performed
on several occasions, during which measurement data from
the excavation report was verified and corrected using the
survey form. Moreover, relevant images were taken
throughout the field activities.

5.1.1.2 Ground Plan Digitalization (2D Documentation)

The ground plan serves as the essential blueprint for a
building structure. It is generally built from the utmost
vantage point. The observation of the two-dimensional
blueprint provides clarity into the actual characteristics of
the structure as it will manifest in reality. To prepare a 3D
model of an existing structure, it is important to first develop
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Figure 3: Aerial photograph of the Itakhola
Mound temple; source: Alam (2024).

an appropriate 2D ground plan to ensure accurate di-
mensions. At this stage, five unique ground plan designs are
necessary to develop the incremental model of the Itakhola
Mound. The excavation report’s primary source was
employed for this purpose. All five phases of hand-drawn
ground plans attached in the excavation report have been
redrawn in a two-dimensional manner using Autodesk
AutoCAD software (Figure 4). This established the basis for
later three-dimensional endeavors.

5.1.1.3 Texture Preparing Process

Textures are applied to add a realistic appearance to three-
dimensional solid models. This primarily denotes a pixel-
based image derived from the real component of a structure
or ancient structures. Two textures are employed in the
models. One texture pertains to the wall, namely brick, while
the other pertains to the surface texture, which is grass. It is
recommended to alter them before integrating them as bit-
maps into the 3D model’s material. Therefore, the outcomes
are anticipated to be comparatively advantageous. The ma-
terial of the Itakhola Mound Temple has been modified uti-
lizing Adobe Photoshop software (Figure 5). The perspective
texture images have been modified, and their flaws have
been rectified. Thereafter, modifications to brightness and
contrast were executed and exported in .jpg format.

5.1.1.4 3D Elevation’s Height Determination

The temple’s total height is approximately 20 feet, and the
five phases that were built and renovated will be specif-
ically discussed in the two sample section drawings
included in the report. The dimensions of the two sample
section drawings mentioned in the excavation report were
employed to determine the height of the 3D models. Further
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Figure 5: Texture editing by Adobe Photoshop.

information is illustrated in Figures 6 and 7. The section
drawings referenced in the report are hand-drawn and not
to scale. To ensure the precision of the 3D model, these have
been redrafted in AutoCAD to scale. The dimensions of the
parts were further validated by field activities. The heights
of the five phases in the central worship house part are
measured from bottom to top as follows: 2 feet 10 inches; 3
feet; one foot 6 inches; one foot 1 inch; and 7 feet 9 inches,
respectively. The fifth phase is noted to have been con-
structed at a somewhat greater height. Conversely, the di-
mensions of the main entrance part are 2’7", 3'3", 2’3", 1'3",
and 1’5", summing to a total of 10'9”; and the data pertaining
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to the reconstruction of the second phase was very
substantial.

The measurements of the period-specific layers for both
the main entrance and the entry to the central worship
house, as indicated in the section sketch, have been
employed to create the 3D models.

5.1.1.5 Creating 3D Model

3D Studio Max, a prominent software tool of Autodesk, is
employed for the construction of 3D models. Digitized
ground plans were exported from AutoCAD in .dwg format
and later integrated into 3D Studio Max. The 3D model has
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Figure 7: The 3D stacked column chart displays the measurement of the
entrance of the central worship section and the main entrance section of
the temple from the redrawing in inches.

Figure 6: Digitized section drawing of the
Itakhola Mound using AutoCAD, modified
after Rahman (1992, 19-20).

been created using the soil/geometric method, which relies
on the ground plans (Figure 8). Initially, it existed in a solid
state; however, further efforts were made to realize it by
integrating texture. The Vray Sun and Vray Camera are
separately tuned for each phase model within the environ-
mental conditions to enhance output quality. In the
concluding phase, high-resolution photos were exported in
.jpg format using Vray rendering tools.

5.2 Results

The main goal of observing the aforementioned procedures
is to create a nearly accurate understanding of the five
separate phases of change: enhancement, addition, sub-
traction, and their potential causes. A concise overview of
each reconstruction phase is presented below, using the
ground plan and three-dimensional models. These de-
scriptions are crucial for a good understanding of the mod-
ifications associated with the produced 3D digital model.
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Figure 8: Using autodesk 3D Studio Max, the 3D models of five phases were created; (i) 2D wireframe, (ii) 3D mesh model with texture.

5.2.1 First Reconstruction Era (Figures 9 and 10)

In the excavation report, Rahman (1992, 14-17) states that a
sculpture cell, measuring 8' x 7, is positioned centrally on the
east wall of a 43’ x 43 structure. A 64'-6" eastern corridor with
5'-3" wide walls connects the cell, signifying its existence since
the first phase. The 8-6" wide circumferential path was

surrounded by walls measuring 3-9” to 4' in thickness
(82" x 136-6"), with post holes and straw roofing. The complete
temple, including the residential section (?), logical argument
provided in the discussion section, measures 43 feet x 111 feet
6 inches. Fully excavating the first era necessitates the
removal of subsequent constructions. A 6-foot open square
encircles the barrier (162 feet x 182 feet 10 inches), and 13-
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foot x 13-foot corner elements may have served as toilets or
stupas, as argued in the discussion section.

5.2.2 Second Reconstruction Era (Figures 11 and 12)

According to Rahman (1992, 17-22), the second reconstruc-
tion preserved the layout of the initial era. A new 33" wall
expanded the main road’s flanks to 83", decreasing the
monks’ residential area (?) from 12'9” to 9'6". Substantial pots
and plates remnants on the third-level floor (elevated by 1)
confirm occupancy. The outside wall’s breadth diminished
from 6 feet to 5 feet internally, with two external bands and
central panel embellishment, which is the sole ornamental
element identified. No terracotta plaques or ornaments were
found. The main temple wall stands at a height of 16-17 feet.
The first two floors reached the initial wall; only the third
stretched to the subsequent wall.

5.2.3 Third Reconstruction Era (Figures 13 and 14)

Rahman (1992, 22-23) indicates that the third reconstruction
underwent significant alterations. A 3-foot wall was con-
structed adjacent to the monk quarters (?) on either side of
the main path, resulting in a total width of 11 feet 3 inches,
therefore enclosing the monk quarters (?) area. The fourth
storey, reaching the third wall, validates this closure. The

3D Modelling as an Effective Way to Visualize =—— 9

Figure 10: Created 3D model of the first phase of Itakhola Mound
Temple.

Akshobhya idol, measuring 7 feet, 5 feet, and 3 feet above the
first, second, and third floors, respectively, was constructed
on a 2-foot-high platform including an arched sewer. Twelve
stories were identified on the primary eastern entrance, but
only five were located along the circumferential route. It is to
think that the stupa-like edifices, mentioned in the first era,
were additionally incorporated at the corners in this phase.

5.2.4 Fourth Reconstruction Era (Figures 15 and 16)

Rahman (1992, 25-28) states that during the fourth recon-
struction, the temple’s dimensions increased from 43 to 57

Figure 9: Digitized ground plan of the first phase of the Itakhola Mound Temple, modified after Rahman (1992, 13).
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Figure 11: Digitized ground plan of the second phase of the Itakhola Mound Temple, modified after Rahman (1992, 16).

Figure 12: Created 3D model of the second phase of Itakhola Mound
Temple.

(north-south), incorporating four idol cells. Due to the
expansion, the circumnavigation pathway was enclosed, and
it was reconstructed with a rectangular shape. The fence wall
from the first to third era is found beneath the fourth floor.
The primary path’s walls widened to 13 feet, constricting the
12-foot road to 8 feet. In this reconstruction era, the central
Akshobhya idol’s cell has been enclosed, and the arched
sewage platform/vedhi was reconstructed into a new altar. A
cross-shaped stupa was constructed to the west of the temple,
while three distinct stupas were erected to the east of the

enclosure wall. Panel ornamentation was repurposed from
previous periods, but its precise dating remains
indeterminate.

5.2.5 Fifth Reconstruction Era (Figures 17 and 18)

Rahman (1992, 28-29) mentioned that from a structural
perspective, no notable changes have been observed during
this period, apart from the reconstruction of a wider wall on
either side of the temple’s main path and the subsequent
narrowing of the main path itself. An additional altar was
incorporated into the western cross-shaped stupa, and two
mounds were constructed adjacent to the eastern stairway.
Inside the enclosed area, multiple dispersed walls are found,
making it impossible to formulate a comprehensive architec-
tural design. The approximately 20-foot-high intact walls stand
in stark contrast to the elaborately ornamented structures,
such as Shalban, Ananda, Vasu, and Paharpur Viharas (Rah-
man 1992, 29). This architectural simplicity indicates cultural
transition and, as highlighted in the excavation report, may
signify the inception or early evolution of a millennium-old
civilization at Devaparvata. However, a recent study does
designate the proximate Ananda Vihara as the center of
Devaparvata (Ridoy 2025, 164).
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Figure 13: Digitized ground plan of the third phase of the Itakhola Mound Temple, modified after Rahman (1992, 21).

Figure 14: Created 3D model of the third phase of Itakhola Mound
Temple.

6 Discussion

The study integrates digital technology and culture, making it
essential to comprehend bhoth the digital 3D model and its
creation process, as well as the factors driving the changes.
Prior to the ensuing discussion, Table 1 is provided below,
illustrating the modifications across all reconstruction phases.
This summary information will facilitate a clearer under-
standing of the discussion section.

According to Table 1, the combined discussion is provided
below, which will assist us in comprehending the probable
reasons for the changes.

The Toilet Versus Stupa Controversy: The excavation
report designates two structures in the temple’s northeast
and southeast corners (Figure 10) as either toilets or stupas
(Rahman 1992, 15). However, the presence of toilets within
shrine premises is irrational. While the Vinaya Pitaka does
not specify the exact distance between the toilet and the
temple, it focuses on usage regulations (Horner 2015, 126—
337; Tiwary and Saurabh 2018, 767); it is more rational for
the toilet to be situated in the residential area rather than in
the main temple. On the other hand, Figures 9 and 10 depict
circumambulatory routes and altars around these two
structures, indicating religious utilization. Furthermore, a
drainage system is absent, which is required for toilets.
Consequently, these are more likely to be stupas or ritual
buildings rather than toilet facilities, thus maintaining the
sacredness of the worship area.

Residential Place Versus Places of Worship Objects
Controversy: The excavation report indicates the presence
of household artefacts, including huge pots and plates, on
the third floor (Figure 12) from the second reconstruction
era (Rahman 1992, 17). Nonetheless, these restricted find-
ings are inadequate to designate the area as residential.
Given the temple’s principal religious function, these ar-
tefacts presumably facilitated ritual preparation, preser-
vation, or ceremonial purposes. During the third
construction phase, the open entrance was enclosed



12 —— N.A Ridoy and M.M.H. Khan

DE GRUYTER

Figure 15: Digitized ground plan of the fourth phase of the Itakhola Mound Temple, modified after Rahman (1992, 24).

Figure 16: Created 3D model of fourth phase of Itakhola Mound Temple.

(Figure 14), and six idol chambers, three on each side with
altars, were incorporated, signifying a transition towards
heightened worship. These architectural modifications
signify a shift that emphasises religious practices.
Numerous Idol Chambers and Shifts in Religious
Paradigms: The number of idol cells in the Itakhola Mound
temple, coupled with architectural alterations, suggests a
profound connection between patronage and the develop-
ment of religious doctrines. Historically, stupa idols were
frequently incorporated via donations from royalty or the
wealthy, as exemplified by the Sanchi Stupa (Goswami 2017,
134-35). In the fourth construction phase, four new idols

were included in four chambers, whereas six chambers in
the third phase presumably resulted from royal patronage.

The central cell (Figure 13), with a height of 227 cm and
a width of 250 cm, is the place of the central idol Akshobhya
Buddha, measuring 107 cm tall and 145 cm wide, originating
from the third phase and despite the potential existence of
an older idol beneath it, excavation was unfeasible due to
the risk of displacement; advanced scanning technologies
may make it possible in future (Rahman 1992, 23). A vedhi,
standing 2 feet high, was constructed in front of the idol to
raise the deity for ceremonial functions. The temple,
initially measuring 43 x 43 feet, was enlarged to 57 feet in
the north-south direction during the fourth phase
(Figure 16), incorporating four cells and six cells from the
third phase, to host other deities, indicating a transition
from solitary to multi-idol worship.

Furthermore, the proportions of the chamber indicate
this alteration: The altar in cell 4, on the northern side, has a
width of 237 cm and a height to the top of 200 cm. Compa-
rable measurements are seen in other cells: cell 5 (210 cm,
210 cm), cell 3 (210 cm, 190 cm), cell 2 (190 cm, 190 cm), and
cell 1, on the southern side (180 cm, 183 cm). This consistency
implies that sculptures comparable in dimensions to the
Akshobhya Buddha were probably situated in these cells,
signifying their equivalent ritual significance.
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Figure 17: Digitized ground plan of the fifth phase of the Itakhola Mound Temple, modified after Rahman (1992, 27).

Figure 18: Created 3D model of the fifth phase of Itakhola Mound
Temple.

Theravada Buddhism is originally centred on the
teachings of Gautama Buddha. Mahayana introduced the
Panadhadhana Buddhas, while Vajrayana emphasized Bo-
dhisattvas and Tantric deities. This transformation is
evident in the region’s iconography. Initial discoveries
comprise sandstone Gautama Buddhas; thereafter, Akshob-
hya emerged, followed by Vajrayani/Sahajyani deities. Hiuen
Tsang observed thirty sangharamas and 2,000 Hinayana
monks at Samatata (Vikkho 1969, 52). The Lalmai-Mainamati
region underwent a progression through Hinayana, Maha-
yana, Vajrayana, and Tantric stages over time. Rani Main-
amati received instruction in Tantra from Siddhacharya

Gorakshanath, demonstrating her impact on local Tantric
traditions (Vikkho 1969, 60-68). Similarly, Kundu (2021)
mentioned that during the sixth to twelfth centuries, the
spread of tantrism was significantly influenced by Buddhist
monarchs.

The finding of statues of Avalokiteshvara, Vajrasattva,
Manjushri, Heruka, Tara, Manjuvara, Shadakshari Lokesh-
vara, and Singhnath Lokeshvara substantiates the increasing
impact of Tantric practices. Copperplate inscriptions from
the thirteenth century CE further corroborate the existence
of Sahajayana (Vikkho 1969). Initially, Akshobhya just
inhabited the center chamber; however, the emergence of
Tantric deities necessitated the construction of other cells.
Consequently, temple design embodies both religious evo-
lution and socio-philosophical transition in Lalmai-
Mainamati.

Concealing Endeavours and Religious Shift: In the
fourth construction phase, the platform of the Akshobhya
idol was partially dismantled (Figure 15), and a new wall was
constructed at the same place. The whole idol, devoid of ball-
and-socket joints for adjustment, implies deliberate obscu-
ration. This signifies a transition: the former idol was con-
cealed, and a movable metallic effigy presumably
supplanted it. The diminishing significance of the Pan-
catathagata Buddhas and the increasing emphasis on Ava-
lokiteshvara, as demonstrated by tantric manifestations,
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Table 1: The changes of all the reconstruction phases. Table 1: (continued)
2nd Era 3rd Era 4th Era Sth Era 2nd Era 3rd Era 4th Era 5th Era
2.1. A supple- 3.1. The monks’ 4.1. The main 5.1. The prin- were enclosed by
mentary 3-3’ living places (?) temple, originally  cipal pathway 3.7. An east- tiny walls.
wall was con- were entirely measuring 43 feet  of the central oriented mon-
structed on enclosed. by 43 feet, was altar was astery, about 4.7. The panel
either side of the extended to 57 feet further con- 130 feet by 130 ornamentation is
major road in 3.2. An addi- in the north-south  stricted by the feet, was con-  affixed to the exte-
front of the tional wall, direction, and four  erection of structed 160 rior of the enclosure
statue. measuring 3-0” more idol cells were expansive feet north of the wall.
in width, was constructed on walls on either main temple.
2.2. This period  constructed on either side. side.
signifies the ex-  both sides of the
istence of the main road, 4.2.The north-south 5.2. Anew altar
residential area  resultingina  extension of the was incorpo- illustrates the impact of Vajrayana and Sahajayana
(?) within the total wall width  temple entirely rated within traditions.
temple, as of 11-3”. obstructed the con- the cross-

demonstrated by
the discovery of
huge pots and
other plates on
the third floor.

2.3. The third
floor was
elevated by one
foot.

2.4. The thick-
ness of the outer
enclosure wall
was diminished
from 6 feet to 5
feet.

2.5. The newly
erected walls
were marginally
offset from the
original wall of
the first era.

3.3. Adistinctive
contemplative
idol of Akshob-
hya Buddha was
placed during
this period,
positioned in
strata above the
flooring of the
preceding age.

3.4.1tis
believed that
the two stupa/
toilet compo-
nents refer-
enced in the
first era were
constructed
during this third
phase.

3.5. Twelve
paved floors
have been con-
structed on the
main eastern
gateway to the
temple, result-
ing from
frequent reno-
vation.

3.6. On the
other hand, only
five paved floors
were found in
the entrance of
the central
worship house.

ventional circum-
ambulation path

established during
the earlier 1st to 3rd
reconstruction pha-

ses and a new
circumambulation
path was rebuilt.

4.3. The vedhi of the

central Buddha
sculpture was

partially dismantled,
and a new wall was

constructed in its
stead.

4.4. The walls flank-

ing the main road
were expanded to

13 feet, constricting

the primary route
from 12 feet to 8
feet.

4.5. The central

platform/vedhi was
elevated and trans-

formed into an

impressive second

altar.

4.6. A cruciform
stupa was con-

structed in the open

courtyard on the
west side of the
temple, accompa-
nied by three
further stupas on

the east side, which

shaped stupa
situated in the
open court-
yard on the
western side.

5.3. Two new
stupas were
constructed
between the
enclosure wall
and three
stupas located
adjacent to the
staircase, spe-
cifically on
either side of
the east-facing
stairway.

5.4. Remnants
of several
dispersed
walls are
observable
within the
open court-
yard enclosed
by the bound-
ary wall.

In the late eleventh century, the Buddhist Chandras
were supplanted by the Brahmanical Varmans, and some
Buddhist devotees concealed the statues underground at
Jewari to safeguard them from the Varmans’ destruction
(Bhattacharya 1989, 4). A comparable hiding may have
transpired at the Itakhola Mound during the Varman reign
(end of the eleventh and first half of the twelfth century CE).
Despite the presence of political concerns, the architectural
modifications, specifically the elevated vedhi and the repo-
sitioning of idols, indicate a profound intellectual transition
from Mahayana to Vajrayana and Sahajayana traditions.

Increase of Worshippers and Construction of Mon-
asteries: The excavation report indicates that during the
third construction period, several structural modifications
transpired along the eastern main passage. Twelve paved
floors were discovered, indicative of recurrent reconstruc-
tion owing to extensive usage, reflecting an increasing
number of devotees (Rahman 1992, 23). Conversely, five
paved floors were found in the entrance of the central
worship house, signifying moderated activity. The eastern
entrance served as the primary entry route, while the cen-
tral worship house was partially walled to create idol
chambers, probably restricting public access and illustrating
the religious rituals. Approximately 160 feet north of the
temple, a 130 x 130 feet eastward-facing monastery con-
taining 19 monks’ cells, a courtyard, and a well was con-
structed. The absence of it in earlier periods denotes the
establishment of a monastery in the subsequent phase,
indicating the emergence of devotees.

Path of Circumambulation: An essential aspect of
Buddhist practice is pradakshina, which refers to the
clockwise circumambulation of a stupa, altar, or idol (Bhat
and Kumar B S 2022, 39; Setyani 2019, 7). In this context, the
cruciform design was conceived; nevertheless, the temple in
issue did not embody the intended harmonious pattern, ac-
cording to the description of Hoque and Hoque (2019).
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During the fourth construction phase at the Itakhola temple,
the original pradakshina path was completely impeded due
to the temple’s north-south extension. A new rectangular
circumambulatory route surrounding the main structure
was rebuilt (Figure 16), enabling religious practices to persist
despite the architectural upheaval.

Stupa: Early Buddhist literature and architecture
exhibit several structures such as stiipas, mahacetiyas,
cetiyas/caityas, topes, dagobas, and pagodas (Kim 2024, 1). At
Itakhola Mound, different types of stupas (Figure 18) may
indicate royal or noble patronage, akin to that of Emperor
Ashoka (Rawat and Hameed 2019, 131). With the dissemina-
tion of Buddhism, stupa architecture developed, mirroring
the artistic forms of other cultures (Goswami 2017, 129).
Numerous comparable types are available at sites such as
Paharpur and Shalban Vihara. Subsequently, three stupas
were constructed on the eastern side and one on is western
side, surrounded by walls. During the fifth phase, a new altar
in the western stupa and two more stupas were constructed
adjacent to the eastern staircase, presumably to augment
rites. The distinctive stupa of the west is notable for its form
and location and may have commemorated a particular
monk. It features western and northern openings, although
additional excavation is required to ascertain till when it
ought to be regarded as a Nibedan/offering stupa.

Regulated Access to the Central Vedhi: The primary
passage of the temple was originally constricted. During
phase two, 3-3" broad walls were constructed on either side,
diminishing the original 12-9” space to 9-6". Phase three
included the addition of a 3'-0" wall, resulting in a total
height of 11'-3", therefore enclosing the idol chamber. In
phase four, wall extensions to 13 feet reduced the 12-foot
path to 8 feet. During phase five, the walls were additionally
reinforced to control movement (Figures 17 and 18). The
modification sought to regulate the movement of devotees.
Widening the walls facilitated flow management and miti-
gated structural deterioration.

Socio-Economic Context: The prior discourse eluci-
dates the socio-religious backdrop of the period. The Itakhola
Mound temple, akin to Shalban Vihara, Ananda Vihara,
Kotbari Vihara, and Rani Mainamati Palace, was founded
under royal patronage, indicative of the monarchy’s finan-
cial prosperity (Hasan and Siddique 2016, 74; Rashid 1997,
46). This patronage facilitated the creation, maintenance,
and preservation of these sites. During the second phase, the
third storey of the Itakhola temple was constructed by
raising the floor by one foot, signifying structural deterio-
ration and restoration. Comparable multi-phase re-
constructions transpired at Shalban Vihara (Husain 2007,
61), corroborating the economic prowess of the dynasties.
From the seventh to the eighth centuries CE, prior to the
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advent of Islam, the Lalmai-Mainamati region thrived as a
Buddhist educational hub. The advancement of trade is also
evident (Husain 1997, 90). These factors unequivocally indi-
cate a stable economic structure during that period.

Religious Context: Religious shifting is apparent in this
region. The area, initially influenced by Hinayana Buddhism
in Samatata, then adopted Mahayana and Vajrayana, with
Tantricism gaining prominence in the last century. The
architectural modifications at Itakhola signify these trans-
formations, as previously mentioned. On the other hand,
terracotta plaques illustrating Krishna narratives at Shalban
Vihara (Uddin and Rezowana 2015, 287-300) offer direct
evidence of Hindu governance, probably during the Varman
dynasty, as they were adherents of Hinduism (Husain
2007, 7).

This signifies a progressive shifting among religious
practice, from Hinayana to Mahayana, followed by Vagj-
rayana, Tantricism, and Sahajayana, as evidenced by the
evolving style and iconography of the temple. Initially,
Hinduism predominated in the region, which subsequently
came under the influence of Islam. Till now, Islam is the
dominant religion in this region, and in Bangladesh, Bud-
dhism, Hinduism, and Islam are all practised in the Lalmai-
Mainamati region.

Advantages of 3D Modelling-Based Virtual Preser-
vation: The advantages of this form of virtual preservation
may enhance our comprehension of the concealed or oblit-
erated architectural elements of the structure. Moreover,
digitizing these materials might yield further advantages,
including global accessibility if they are uploaded to a
designated web server.

Furthermore, it is feasible to establish a virtual museum
that utilizes this form of virtual preservation, integrating
supplementary 3D features. In this context, two types of 3D
archaeological heritage models can be displayed. The first
format is the as-it-is format, produced by the photogram-
metry technique, as demonstrated in the works of CyArk
(2020a, 2020b), Shourov (2022), and others. The alternative
format is the predictive virtual reconstruction format, as
demonstrated in the studies of Hasan (2025), Imran and
Masud (2021a), Naqi et al. (1999), among others. Access to the
virtual museum may depend on a premium subscription
model or may be offered through open access.

If the laser scanning method and photogrammetry
method, particularly utilizing Unmanned Aerial Vehicles
(UAVs), become readily accessible in the future, the rate of
capturing in its as-it-is format may increase. Additionally, an
increase in research utilizing this methodology or more so-
phisticated forms of solid modelling in the future is antici-
pated to enhance the capacity to forecast and analyze the
structural attributes of ancient structures. Consequently,
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utilizing both the as-it-is and predictive form, archaeological
heritage will be accessible to a greater number of individuals
than it is currently, more specifically in the context of AR and
VR-based cultural heritage education. According to some
recent research, Augmented Reality (AR) and Virtual Reality
(VR) are gaining popularity day by day (Ridoy et al. 2025;
Hasan 2024; Yanti et al. 2025; Perra et al. 2019). Subsequently,
this type of study will facilitate the development of
augmented and virtual reality-based cultural heritage edu-
cation for students.

7 Concluding Remarks

The study has provided a preliminary understanding of the
solid three-dimensional modelling method, focusing on the
reconstruction phases of the Itakhola Mound Temple. The
digital virtual reconstruction has visualized the five main
reconstruction phases of the temple, enabling a fuller
comprehension of its architectural modifications over time
and their probable reasons. This approach has demonstrated
that virtual modelling may effectively elucidate the struc-
tural evolution of archaeological sites.

Virtual preservation techniques are essential for
archaeology since they safeguard sites by visualizing
changes phase by phase, such as the Itakhola Mound Temple.
This reconstruction of previous phases assists scholars in
understanding obscured architectural features when
analyzing historical development, religious shifting, or other
viewpoints, hence ensuring vital data documentation. It
enables the effective and sustainable comprehension of
cultural heritage by providing researchers and learners
remote access to archaeological sites both now and in the
future, notwithstanding the deterioration of original
structures.

This work underscores the growing importance of dig-
ital technologies in archaeological research, referred to as
Digital Archaeology. The application of 3D modelling, which
includes data acquisition through fieldwork and literature
analysis, together with visualization using Autodesk Auto-
CAD and 3D Studio Max, has demonstrated the potential of
virtual reconstructions in comprehending cultural heritage.
The progression of technology guarantees that these strate-
gies will enhance the documentation and interpretation of
historical sites efficiently.

Lastly, this study primarily demonstrates the modifica-
tions of the archaeological site Itakhola Mound temple by
constructing solid 3D models, depicting the virtual repre-
sentation of the temple’s five phases, and explaining the
probable causes along with additional perspectives such as
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religious shifts and socio-economic conditions; the expecta-
tion is that this will assist in subsequent research.
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