of
L TR Journal of SKkill Sciences and Creativity

National University of Skill National
University

Winter 2026, Vol. 2, No. 2, p. 13-28

Journal Homepage: https://jssc.tvu.ac.ir/?lang=en

d.:10.48301/jssc.2026.570331.1046

A Bio-Engineering Analysis of Birds Mentioned in the Holy
Quran: A Biomimetic Approach to Technological Innovation
with Case Studies of the Crow and the Hoopoe

Seyed Sharafoddin Hosseini

1 Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

ARTICLE INFO ABSTRACT
Article Type: In addition to its spiritual and ethical guidance, the Holy Quran
Original Research contains references to natural phenomena and living organisms that
can be explored through interdisciplinary scientific research. Among
R these references, the hoopoe (Upupa epops) and the crow (Corvus spp.)
gzsie;‘éﬁ.d' g g 871 22 822 66 exhibit distinctive biological, behavioral, and cognitive characteristics

i that provide valuable inspiration for biomimetic research. The aim of
Accepted: 05.09.2026 this study is to analyze the biological and behavioral characteristics of
these two birds and extract their functional principles to propose

Keyword: potential engineering and technological applications. This
Biomimicry descriptive-analytical study was conducted through an extensive
Birds in the Holy Quran review of Quranic references, biological and ethological studies, and
Technological Innovation biomimetic engineering literature. The findings indicate that
Crow and Hoopoe characteristics such as the probing beak, respiratory mechanisms, and
Biomimetics locomotion patterns of the hoopoe, together with the cognitive

abilities, social behaviors, and structural features of the crow, provide
functional principles applicable to the design of bio-inspired sensors,
robotic systems, intelligent technologies, and advanced materials.
Accordingly, this study proposes a systematic framework for
translating the biological characteristics of these birds into
engineering concepts based on functional principles. The results
demonstrate that integrating biological knowledge with Quranic
references can provide a valuable foundation for interdisciplinary
research and future developments in biomimetic technologies.

“Corresponding Author:
Seyed Sharafoddin Hosseini
Email: shhosseini@tvu.ac.ir

(el @ (1) & |©2024 the authors. Published by National University of Skill, E-ISSN: 3060-6691

Tehran, Iran. This article is an open-access article distributed
under the terms and conditions of the Creative Commons
Attribution-Noncommercial 4.0 International (CC BY-NC 4.0
license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/3060-6691
https://jssc.tvu.ac.ir/?lang=en
https://orcid.org/0000-0002-9956-4062

Seyed Sharafoddin Hosseini A Bio-Engineering Analysis of Birds Mentioned in the ...

EXTENDED ABSTRACT

Introduction

The Holy Quran contains meaningful references to natural phenomena and living
organisms, offering unique opportunities for interdisciplinary and scientific analysis.
Among these references, certain birds, particularly the crow and the hoopoe, display
distinctive biological, behavioural, and cognitive traits that are highly relevant for
biomimetic research and technological innovation.

The crow is recognized for its advanced intelligence, problem-solving skills, tool use, and
social learning, making it a model for studies in cognitive science, artificial intelligence, and
adaptive systems. Its structural features, including lightweight lattice bones and
nanostructured feathers, provide additional inspiration for materials science,
aerodynamics, and energy-efficient design.

The hoopoe, mentioned in the Quran as a perceptive messenger, exhibits precise
orientation, efficient flight patterns, a sensitive probing beak, and unique defensive
mechanisms. These traits serve as models for mechanical sensors, exploratory robotics,
compact architecture, and optimized energy transfer systems. Recent advances in
biomimicry highlight the potential of learning from natural systems to improve design
efficiency, multifunctionality, and sustainability. This study aims to systematically analyse
the biological, physiological, and behavioural characteristics of these two birds, linking
Quranic references with modern scientific knowledge to develop principles for innovation
across engineering, technology, and design.

Methodology

This study employed an analytical-descriptive approach based on extensive literature
review and comparative analysis. Zoological, anatomical, physiological, cognitive, and
behavioural data for the crow and hoopoe were compiled from peer-reviewed sources.
Quranic references were integrated to contextualize these biological features within a
historical and philosophical framework.

The methodology included:

1. Comparative Morphology and Biomechanics: Examining skeletal, muscular, and feather
structures relevant to locomotion, load-bearing, and aerodynamic efficiency.

2. Behavioural Analysis: Assessing cognitive abilities, problem-solving strategies, social
interactions, and communication patterns.

3. Physiological Evaluation: Investigating the respiratory system, sensory organs, and
energy management in flight and foraging.
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4. Cross-Disciplinary Mapping: Translating biological and behavioural traits into design
principles for mechanical, electrical, architectural, and computational systems.

The study focused on identifying traits with potential for practical engineering and
technological applications, including robotics, sensors, energy-efficient systems, Al
algorithms, and materials science.

c) Results and Discussion

Hoopoe Capabilities and Engineering Inspirations

Beak: Sensitive to micro-vibrations, enabling detection of subterranean prey; inspires high-
precision sensors, exploratory robotic probes, and subsurface monitoring systems.

Crest: Dual-layer feathers provide rapid visual signalling and defence; offers models for
deployable structures and adaptive display systems.

Respiratory System: Unidirectional airflow through lungs and air sacs maximizes oxygen
efficiency and reduces thermal load; inspires ventilation systems, aerial robotics, and life-

support technologies.

Flight Pattern: Alternating flapping and gliding reduces energy expenditure; informs drone
mobility, robotic locomotion, and turbine design.

Nesting and Defence: Cavity nesting and chemical deterrence suggest designs for compact,
resilient architecture and non-invasive defines strategies.

Crow Capabilities and Engineering Inspirations

Cognition and Behaviour: Advanced problem-solving, tool use, and social learning inform Al
algorithms, adaptive robotics, and intelligent systems.

Vocal Communication: Over 250 distinct calls with dialects; inspires dynamic
communication networks, multi-agent coordination, and social algorithms.

Structural Features: Lightweight lattice bones, strong yet flexible beaks, and nanostructured
black feathers provide models for lightweight structures, photonic materials, thermal

insulation, and energy-efficient coverings.

Aesthetics and Function: Black plumage with thermal regulation potential; applicable in
stealth materials, photonics, and environmental control systems.

Cross-Disciplinary Applications

Mechanical Engineering & Robotics: Adaptive manipulators, multifunctional appendages,
deployable and flexible structures.
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Energy & Environmental Systems: Optimized aerodynamic surfaces, energy-efficient
drones, dynamic turbines, and ventilation inspired by unidirectional airflow.

Electrical Engineering & Sensors: Bio-inspired vibration and chemical detection, low-light
imaging, and neuromorphic processing.

Computer Science & Al: Reinforcement learning, hierarchical planning, swarm intelligence,
and adaptive decision-making models.

Architecture & Design: Deployable and compact structures, insulation systems, resilient and
multifunctional materials.

Arts & Education: Color palettes, kinetic sculptures, interactive installations, and biomimetic
textiles.

Sports & Rehabilitation: Energy-efficient motion, balance training, coordination, and
respiratory optimization.

The study highlights that both birds exhibit multifunctional adaptations. The hoopoe
provides models for sensing, locomotion, and energy efficiency, whereas the crow offers
examples of cognitive processing, structural optimization, and advanced communication.
Together, these species demonstrate natural solutions that are efficient, adaptive, and
sustainable, suitable for translation into modern technological systems.

d) Conclusions

Analysis of the crow and hoopoe demonstrates that Quranic references align with
observable biological and behavioral traits, offering evolutionarily optimized,
multifunctional, and adaptive models for modern engineering, technology, and design.

The hoopoe, with its sensitive beak, crest, unidirectional respiratory system, undulating
flight, and defensive strategies, serves as a model for sensors, exploratory robots, energy-
efficient drones, ventilated architectures, and compact multifunctional structures.

The crow, with advanced cognition, social learning, problem-solving abilities, vocal
complexity, and optimized structural features, provides templates for Al algorithms,
adaptive robotics, advanced materials, communication networks, and energy-efficient
systems.

This research underscores the value of developing a systematic biomimetic framework
grounded in religious texts, bridging traditional knowledge with modern science. Future
studies should focus on quantitative modeling, engineering simulations, and experimental
validation to translate these biological principles into implementable technologies. This
approach opens avenues for innovation in robotics, architecture, materials science, Al,
aerospace, energy systems, and design, illustrating how interdisciplinary insights from
religious, biological, and engineering perspectives can converge to generate practical
solutions.
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