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Abstract

Many historical-cultural artifacts obtained from archaeological excavations are not fully visi-
ble due to post-depositional processes, and their complete recovery requires specific tools and
methods. Various approaches to reveal motifs and surface information of objects face chal-
lenges such as limited access, transportation issues, cost-effectiveness, and applicability to
different types of items. The Reflectance Transformation Imaging (RTI) method is a computa-
tional imaging technique that produces high-quality images that can be dynamically exposed
and viewed from multiple angles and enhancement by various algorithmic rendering textures
and surface color This method on effective historical objects has shown effective results from
the technical study of production technology and surface morphology. A case study of this
method is the discovered Beaker from Chalade’em cemetery which was excavated in 2017 from
Shal Khalkhal village, Ardabil province, and is currently kept in the Ardabil Archaeological
Museum The decoration of this Beaker. Due to the delicacy of its execution and high surface
dirt and corrosion deposits, even after cleaning, it was not completely clear and legible in
the conservation and restoration process. Results from RTI method led to the acquisition of
various information on the surface in revealing the motif implementation method, evidence
of use, morphology of corrosion products and representation of the role. Finally, based on the
reading of the motifs, and the interpretation of the motifs, it can be said that this beaker dates
back to the end of the second millennium to the beginning of the first millennium BC.
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Introduction

Many historical-cultural artifacts ob-
tained from archaeological excavations
are not fully visible due to post-deposi-
tional processes, and their complete re-
covery requires specific tools and meth-
ods. Various approaches to reveal motifs
and surface information of objects face
challenges such as limited access, trans-
portation issues, cost-effectiveness, and
applicability to different types of items.
The Reflectance Transformation Imaging
(RTI) method is a computational imag-
ing technique that produces high-quality
images that can be dynamically exposed
and viewed from multiple angles and en-
hancement by various algorithmic ren-
dering textures and surface color This
method on effective historical objects
has shown effective results from the tech-
nical study of production technology and
surface morphology.

Motifs represent one of humanity’s
earliest visual expressions, serving as
a means for individuals to understand
and engage with the world around them.
These designs, which symbolize the be-
liefs and values of society, were created
on pottery and metal vessels through-
out the Iranian plateau, establishing
connections with both the environment
and future generations. Ancient peoples
attributed their fears and anxieties to
malevolent forces, seeking protection
through prayers and amulets. These fears
manifested in the form of engravings on
cave walls and religious artifacts, symbol-
izing the veneration of deities and their
manifestations. As time progresses, infor-
mation related to the surfaces of artifacts,
including production marks, colors, and
decorative patterns, gradually diminish-

es. Additionally, damage resulting from
excavation and cleaning processes can
further impair the integrity of these el-
ements. Consequently, studies aimed
at recognizing and distinguishing these
decorative features from the surrounding
materials of metal artifacts are essential.

The Chalade’'em cemetery site in the
village of Shal underwent urgent exca-
vation in 2018 due to previous unautho-
rized excavations. Within this cemetery,
two graves were explored, one of which
contained a silver Beaker and bronze
weaponry. The Shal Beaker, which has
been deformed due to soil pressure, is
currently housed in the Ardabil Archae-
ological Museum.

Reflectance Transformation Imag-
ing (RTI) is an advanced computational
imaging technique that allows for the
observation of surface characteristics of
various objects beyond the limitations of
direct physical examination. This meth-
od employs a series of images taken with
different exposures, enabling users to
interactively illuminate the object from
multiple angles. Furthermore, image en-
hancement filters are utilized to accen-
tuate the textural features of the surface.
RTI has been developed using two key al-
gorithms: ptmfitter and hshfitter. Follow-
ing the advancement of this technique,
additional researchers have sought to
enhance capabilities such as three-di-
mensional visualization and multi-angle
viewing. With ongoing modifications and
improvements, along with the develop-
ment of portable and cost-effective tools,
RTI has been widely adopted for the
study of cultural heritage.
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The technique was initially employed
to analyze heritage objects, including a
4o000-year-old Neo-Sumerian tablet and
a 3ooo-year-old Egyptian funerary sculp-
ture. Recent reports indicate that RTI
has successfully extracted valuable infor-
mation from various surfaces, including
textiles, bones, and ceramic and wooden
artifacts. However, examining the texture
and morphology of metallic artifacts,
such as coins, has been challenging due
to their highly reflective surfaces. Never-
theless, the application of diverse algo-
rithms has enabled the identification of
very subtle traces. The best results from
RTI are typically achieved on non-curved
surfaces, making the study of motifs and
topographies on three-dimensional sur-
faces more challenging. This research
aims to represent the motifs and surface
morphology of a Beaker excavated from
the Shal cemetery using RTIL. The inabil-
ity to physically transfer the Beaker out-
side the museum, coupled with limited
access to detection tools, has prioritized
the use of this method. Although provid-
ing a definitive interpretation of the Bea-
ker’s motifs is challenging, this study has
the potential to offer new insights into
the interpretation of these artifacts.

Methodology

The analysis of the motifs was conduct-
ed through a descriptive-comparative
approach, utilizing RTT data from similar
metal vessels from northern and north-
western Iran. The imaging process was
executed using the highlight method
with a Nikon D750 camera and a s5omm
lens, capturing images at various expo-
sure angles repeatedly. The study utilized
576 images for precise processing and
analysis, and the findings could contrib-
ute to enhanced representation of motifs
and surface morphology.

Discussion

This article examines Reflectance Trans-
formation Imaging (RTI) visualizations
across three main themes: 1) methods
of motif making, 2) evidence of use and
post-depositional processes, and 3) mo-
tif representation. These visualizations
are employed to identify patterns in the
production of motifs and the tools used
in their creation, while conventional
images are insufficient to trace these
intricate details. Additionally, recogniz-
able patterns in motif production aid in
interpreting manufacturing techniques,
while evidence of post-manufacturing
processes, such as weathering and phys-
ical stresses, is also investigated.

Preliminary research results contrib-
ute to identifying areas of corrosion and
surface characteristics. The presence of
dents and deep irregularities in the Bea-
ker has altered its form from hourglass to
polygonal, facilitating improved results
in the more prominent areas. However,
RTI implementation presents challenges
due to exposure limitations and uneven
corrosion along the motif lines. Evidence
suggests modifications to the motifs were
achieved through Specular enhancement
rendering mode, previously observed in
coins and metallic decorations, and has
been reported in silver metalwork from
Iran.

It appears that the motifs were exe-
cuted on the outer surface using a ham-
mer and anvil, with minor adjustments
made using pointed tools. Ultimately, the
findings indicate that the designs on the
Beaker were created using various tools,
with no evidence of joints or repairs,
connecting this to the technology used
in crafting metal objects in Lorestan. RTI
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techniques reveal physical corrosion de-
tails, elucidating surface characteristics.
Although the examined Beaker is struc-
turally sound, it presents corrosion like-
ly resulting from the removal of some
products during cleaning processes. Sil-
ver metal typically does not form den-
drites or uniform clusters within corro-
sion layers; instead, corrosion products
include clamps, dendrites, nodules, and
whiskers, leading to multiple roughness
and cavities on the beaker’s surface. This
corrosion not only induces fine and larg-
er cracks but also distorts the motifs on
the Beaker. To address these issues and
enhance motif visibility, RTI was uti-
lized, yielding significant results for the
final technical design of the piece and
enabling a more accurate description
and interpretation of the motifs. The
motifs on the Beaker can be categorized
into three primary rows, separated by
five bands with protrusions, depicting
a scene with animals. These motifs are
rendered with fine engraving lines in di-
agonal or triangular shapes, independent
of one another. Additionally, the triangu-
lar shapes at the top and bottom of the
Beaker are likely symbols of mountains,
which were considered sacred in ancient
culture. Essentially, the zigzag lines and
connected triangles inscribed on prehis-
toric vessels serve as symbolic represen-
tations of mountains. In the upper row
of the Beaker, a scene depicting a battle
between two naked men, presumably
representations of gods, is illustrated.
Behind each figure, larger animals are
depicted as their companions. The men
are depicted wearing upward-pointed
shoes, identified by Wilkinson and Ma-
lowan as indicative of the local nature of

this art. Within the same panel, there is
also a depiction of a winged lion, notable
for its prominent features, common in
motifs of this era. The middle panel dis-
plays a bird motif, while the lower pan-
el features a lion and a bird alongside a
wild goat. In ancient cultures, the wild
goat symbolized birth, fertility, and the
quest for truth, and in another scene, two
horned wild goats are shown running.
Throughout various eras, this animal has
been associated with the moon and sun,
especially during times when humanity
adopted an agricultural lifestyle. The wild
goat is recognized as the national animal
of Iran, and symbols such as the “lotus”
have been attributed to it. The presence
of mythical and godlike motifs in battle
scenes or special ceremonies enhanc-
es the significance of this iconography,
which is also observed in similar Beakers
from the northwest. What stands out in
all the motifs on the Beaker, including hu-
mans, wild goats, lions, winged lions, and
birds, is the presence of a similar neck-
lace around the necks of all these figures,
decorated with circles. These necklaces
symbolize the importance and status of
these characters within the culture and
mythology of that time. It is likely that
the motifs crafted on this Beaker depict a
battle between two gods accompanied by
mythical creatures, thereby narrating the
mythological tales of this culture.

The delicacy and precision of the mo-
tif engraving, utilizing perspective, have
created a vivid and dynamic representa-
tion of the battle. This style of imagery
is seen in numerous works from various
periods, particularly in Beakers from the
late second millennium and the first mil-
lennium BCE, demonstrating the high
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capability of artists at that time to cre-
ate detailed images imbued with a sense
of movement. The forms of claws and
hooves of animals are also observable in
other Beakers from northern and north-
western Iran. Contour identifies the in-
fluence of Assyrian style in these regions
in connection with Urartian culture.

This suggests that there was no direct
relationship between these areas and As-
syria, but rather, Urartian artifacts have
been produced under Assyrian cultural
influence. This indicates the impact of
Assyrian art and motifs in western and
northwestern Iran through the Urartians.
Inscriptions carved by Urartian kings
around Lake Urmia further corroborate
these influences and are linked to Assyr-
ian artistic styles. Gudar identifies three
primary and major elements in the art of
western and northwestern Iran, including
Mannean, Assyrian, and Scythian styles.
Motifs depicting figures in specific attire,
hunting scenes, and rows of animals or
mythical beings likely show similarities
with Assyrian art.

These motifs are even found in the
Near East, and their continuity into the
Achaemenid period indicates the depth
of cultural influences. A similar row of
animals or mythical creatures can fre-
quently be observed in artifacts from
Hasanlu and Ziviyeh, as well as on Qa-
laichi bricks and Rabat. These reflections
illustrate external influences on local
art, alongside local styles. Ultimately, the
existing evidence suggests that the Shal
Beaker was crafted by local artisans; how-
ever, the choice of decorative motifs was

significantly influenced by Assyrian pat-
terns, displaying a blend of local and for-
eign artistic influences. This underscores
the importance of cultural and artistic
exchange between different regions and
highlights the complexities of artistic de-
velopments in that era.

Conclusion

Studies conducted on the motifs of the
Shal Beaker indicate that these designs
were influenced by neighboring cul-
tures and local styles. The findings re-
veal that themes relating to wild goats,
lions, mountains, and divine figures are
significantly recognized throughout the
Middle East and are recurrent in Iron Age
vessels. This research represents the first
application of Reflectance Transforma-
tion Imaging (RTI) for identifying surface
features of metallic artifacts discovered
in Iran. This technique plays a crucial role
in the introduction of historical-cultural
objects due to its capability to extract key
information such as motifs, manufactur-
ing technology, evidence of usage, and
damage. However, the findings also sug-
gest that the condition of the artifacts, in-
cluding forms of alteration and contam-
inants, can adversely affect the quality
of the results. Despite ongoing advance-
ments in three-dimensional reconstruc-
tion of objects, cost-effective methods
remain a priority. This study effectively
demonstrates that RTI can contribute
significantly to a deeper understanding
of historical artifacts, particularly regard-
ing their surface characteristics.
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Fig. 5. Specular Enhancement Rendering Mode for the Hpper Half of the Beaker
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Fig. 6. Normal Map Visualization (Hshfitter) of the Base; Details of the Motif Are Clearly Visible
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Fig. 9. Normal Map Visualization (Ptmlfitter) of the Upper Half; Corrosive Texture on the Motif
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Fig. 10. Normal Map Visualization (Ptmfitter) of the Lower Section; Corrosion Has Obscured Part of the Motif
that Was not Visible in the Standard Image
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Fig. 11. Normal Map Visualization (Hshfitter) of the Upper Half; Corrosion Has Obscured Part of the Motif that
Was not Visible in the Standard Image.
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Fig. 12. Position of the Bands, Triangular Motifs (Mountains), and Panels on the Beaker
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Fig. 13. Motif of the Upper part of the Beaker and the Position of the Human, Lion, and Bird Figures
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Fig. 14. Goat Motif in the Lower Panel (Right) and Goat Motif in the Middle Panel (Left)
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Fig. 15. Presence of a Collar in All the Motifs on the Beaker
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Table 1. Characteristics of Beakers Similar to the one Examined in this Study
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