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Employing Photogrammetry and Digital Fabrication in the
Documentation and Reproduction of the Mugarnas of the
Abbasid Palace
The researcher . Daniah Ayad Hikmat Dawood
College of Engineering / University of Baghdad,

Assist.prof. Dr. Osamma Abdulmunem

College of Engineering / University of Baghdad
Abstract:

Mugarnas are among the most complex architectural systems in Islamic
heritage, characterized by their three-dimensional, layered geometry and
integration of structural and ornamental functions. Their complexity and
vulnerability to deterioration render conventional documentation methods
based on two-dimensional drawings and manual surveys inadequate. Despite
the potential of digital technologies, integrated and accessible workflows for
documenting mugarnas remain limited, particularly in the Iraqi context. This
study presents an applied digital workflow for documenting and reproducing
historic mugarnas using accessible tools. The methodology integrates
smartphone-based  photogrammetry,  open-source three-dimensional
reconstruction, architectural digital modeling, and additive manufacturing,
and is applied to the mugarnas arch of the Abbasid Palace in Baghdad as a
representative case study. The results demonstrate that photogrammetry can
effectively capture the intricate geometry of mugarnas; however, raw
outputs require systematic verification and architectural interpretation to
achieve metric reliability. After recalibration, dimensional deviations were
reduced to within £2 cm. The study concludes that an interpretation-driven
digital workflow provides an accurate, non-invasive, and reproducible
approach to documenting complex ornamental heritage elements, supporting
informed conservation practices while remaining sensitive to authenticity
and resource constraints.

Keywords: Mugarnas, Photogrammetry, 3D Modeling, Digital Fabrication,
Digital Documentation, Architectural Conservation, Islamic Architectural
Heritage.
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Conclusions:

1. The study demonstrates that digital photogrammetry is an effective tool
for documenting highly complex ornamental architectural elements such
as mugarnas, particularly in capturing spatial depth, repetitive geometry,
and fine surface articulation. However, raw photogrammetric outputs
cannot be considered metrically reliable without systematic recalibration
and architectural verification.

2. The findings confirm that integrating photogrammetry with interpretive
digital modeling provides a more accurate and meaningful workflow than
relying on a single technique. Reconstruction in a controlled modeling
environment (3ds Max) proved essential in revealing the underlying
geometric logic of the mugarnas system and distinguishing intentional
architectural patterns from incidental surface distortions.

3. Comparison with conventional documentation methods shows that digital
techniques offer superior capacity for recording three-dimensional
complexity while minimizing physical intervention. Moreover, digital
documentation enables data reusability, analytical flexibility, and long-
term archival value, which are difficult to achieve through traditional
two-dimensional drawings alone.

4. Digital fabrication through three-dimensional printing functioned as a
physical validation tool for the proposed workflow. The printed model
successfully conveyed spatial relationships, proportions, and construction
logic, confirming the accuracy of the digital process, while remaining
unsuitable for direct conservation intervention.

5. The proposed digital workflow demonstrates strong potential for
replication and adaptation across other Iragi heritage sites, particularly in
contexts with limited technical and financial resources, provided that
architectural expertise and reliable reference measurements are available.
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6. The study emphasizes that digital reproduction raises critical ethical

considerations regarding authenticity. Digital and fabricated models

should be understood as interpretive and documentary instruments rather

than replacements for historic fabric, and their use must adhere to

principles of transparency, architectural interpretation, and conservation
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