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Abstract— Hexapod robots, characterised by their six-legged 

locomotion inspired by the agility of insects, have gained 

significant attention in robotics research due to their versatility 

and adaptability in various environments. This review paper 

presents an in-depth analysis of the state-of-the-art hexapod robot 

technology, exploring the evolution of their design, control 

strategies, locomotion capabilities, and diverse applications. The 

review begins by tracing the historical development of hexapod 

robots, from their early inception to recent advancements. It 

discusses the emergence of hexapod robots as a distinct class and 

highlights key milestones in their evolution. The paper then delves 

into hexapod robots' fundamental mechanical design principles, 

examining various leg configurations, joint mechanisms, 

materials, and kinematic arrangements contributing to their 

enhanced mobility and stability.  

 
Index Terms—Control strategies, design evolution, Hexapod 

robot, joint mechanisms, kinematics, legged locomotion,  mobility, 

robotics research applications, mechanical design, leg 

configurations, stability 

I. INTRODUCTION 

EXAPOD robots, inspired by the versatile locomotion 

of insects, have witnessed remarkable evolution over 

the years, becoming a subject of extensive research and 

development in robotics. The review discusses the locomotion 

capabilities of hexapod robots, encompassing walking, 

climbing, crawling, and swimming. The analysis showcases 

each locomotion mode's unique advantages and challenges, 

providing insights into the potential applications in fields such 

as search and rescue, exploration, agriculture, and disaster 

response [1], [2]. The paper examines the real-world 

applications of hexapod robots across various industries and 

domains. Case studies demonstrate their effectiveness in 

surveillance, monitoring, inspection, and entertainment tasks. 

The review also explores collaborative efforts and 

advancements in swarm robotics, wherein multiple hexapod 

robots work together to achieve complex tasks. 

 

The challenges and limitations of hexapod robots are discussed 

in detail, including energy efficiency, terrain adaptability, 

obstacle avoidance, and mechanical complexity. The review  
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identifies the current research trends and potential solutions to 

address these challenges, fostering the development of more 

capable and reliable hexapod robots. The paper concludes by 

outlining the prospects of hexapod robots, envisioning their role 

in human-robot interaction, space exploration, and disaster 

response scenarios. Ethical considerations and societal 

implications related to the widespread deployment of hexapod 

robots are also deliberated upon, emphasising the importance of 

responsible and ethical robotic design. In conclusion, this 

comprehensive review offers valuable insights into the 

evolution of hexapod robots, shedding light on their design 

principles, control strategies, locomotion capabilities, 

applications, and potential challenges [3]–[10]. It is a valuable 

resource for researchers, practitioners, and robotics enthusiasts, 

encouraging further innovation and advancements in hexapod 

robotics. 

 

The control strategies for hexapod robots form another vital 

area of discussion. Advancements in sensor integration, motion 

planning algorithms, and gait generation techniques have 

significantly enhanced the robots' adaptability to complex 

terrains and dynamic environments. This section reviews 

various control methods employed in hexapod robots, including 

centralised, decentralised, and bio-inspired approaches, along 

with their performance evaluations [1], [11], [12]. 

 

The locomotion capabilities of hexapod robots are thoroughly 

examined, covering traditional walking gaits, climbing, 

swimming, and even flying capabilities. This analysis provides 

insights into the versatility of hexapod robots and their potential 

to perform a wide range of tasks in diverse environments. 

 

Moreover, the review paper delves into the diverse applications 

of hexapod robots across industries such as search and rescue, 

exploration, agriculture, surveillance, and entertainment. Case 

studies of real-world applications are presented, showcasing the 

successful integration of hexapod robots in various scenarios. 

Figure 1 and Figure 2 show the commercially available hexapod 

robots for all-terrain travel for inspection and surveillance. 
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Fig. 1: CSIRO Weaver [13] 

 
Fig. 2: CSIRO3 Harvey [13] 

 

II. EVOLUTION OF THE HEXAPOD ROBOT  

 

Hexapod robots, also known as hexapods or spider robots, 

are robots with six legs, mimicking the locomotion of insects or 

spiders [6], [8], [9], [14], [15]. They have been an active area of 

research and development for several years, and their evolution 

has been significant in various aspects: 

 

• Mechanical Design: The mechanical design of 

hexapod robots has evolved to become more sophisticated and 

efficient. Early versions used simple linkages and servomotors, 

while modern hexapods feature lightweight and durable 

materials, precision gears, and advanced actuators. This 

evolution has led to improved stability, load-bearing capacity, 

and agility in different terrains [2], [16]–[18]. 

 

• Gait and Locomotion: The early hexapods relied on 

predefined gait patterns, limiting their adaptability to various 

environments. Over time, researchers developed more dynamic 

and adaptive gait algorithms, allowing hexapods to walk on 

uneven terrains, climb stairs, and traverse challenging 

obstacles. Hexapods can change their gait patterns in real-time, 

enhancing their locomotion capabilities [11], [19]. 

 

• Sensing and Perception: Early hexapods had limited 

sensing capabilities, often relying on simple infrared or 

ultrasonic sensors. As technology progresses, modern hexapods 

are equipped with various sensors, including cameras, LiDAR, 

and inertial measurement units (IMUs). This improved sensing 

and perception enable them to navigate complex environments 

and interact with the surroundings more effectively [19], 

[20][1], [11], [21]. 

 

• Autonomy and AI Integration: Hexapods have become 

more autonomous and intelligent. Integrating AI and machine 

learning algorithms allows hexapods to adapt, learn from their 

environment, and make decisions based on real-time data. This 

evolution has made hexapods more versatile and capable of 

performing tasks without constant human intervention [2], [15], 

[22]. 

 

• Application Diversity: Initially, hexapod robots were 

primarily used in research labs and educational settings. 

However, their evolution has expanded their applications 

significantly. Today, hexapods are employed in various fields, 

including search and rescue missions, surveillance, agricultural 

automation, exploration in rough terrains, and even 

entertainment and artistic performances [23]. 

 

• Power Efficiency: Advances in energy storage and 

power management technologies have improved the power 

efficiency of hexapod robots. Using lightweight materials and 

efficient actuators has allowed modern hexapods to achieve 

longer operating times and reduced power consumption, 

making them more practical for extended missions [12]. 

 

• Size and Miniaturisation: While large hexapod robots 

are still used in many applications, there has been a trend 

towards miniaturisation. Researchers have developed smaller 

hexapods that can navigate tight spaces and operate in confined 

environments. These miniaturised hexapods find applications 

in medical devices, inspections, and micro-scale research [24]–

[27]. 

 

The evolution of hexapod robots has seen significant 

advancements in mechanical design, locomotion, sensing, 

autonomy, application diversity, power efficiency, and 

miniaturisation. These improvements have made hexapod 

robots more capable, adaptable, and valuable across various 

industries and research domains. 

 

III. VARIOUS GAIT PATTERNS IN HEXAPOD MOTION 

 

Hexapod robots use various gait patterns to achieve different 

types of locomotion and adapt to different terrains [3], [14], [19], 

[28], [29]. Some of the common gait patterns used in hexapod 

robots include: 

 

1. Tripod Gait: The tripod gait is one of the hexapod robots' 

most basic and stable gait patterns. In this gait, the robot maintains 

three legs on the ground while the other three are lifted and moved 

forward alternatingly. The three legs on the ground form a stable 

triangular support, providing stability during locomotion [9]. 

 

2. Wave Gait: In the wave gait, the hexapod robot lifts and 

moves two adjacent legs on one side of the body simultaneously, 

creating a wave-like motion along the body. This gait is 

particularly useful for walking on uneven terrains and provides a 
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smoother and more efficient motion than a tripod [9]. 

 

3. Ripple Gait: Similar to the wave gait, the ripple gait 

involves moving two adjacent legs simultaneously on one side. 

However, the legs are lifted and moved sequentially in the ripple 

gait, creating a ripple effect along the body. This gait pattern can 

be more stable than the wave gait in certain situations [2], [30], 

[31]. 

 

4. Alternating Tripod Gait: The alternating tripod gait is a 

variation of the tripod gait, where the robot alternates between two 

tripod configurations. This gait pattern is commonly used for faster 

walking or running speeds [32]. 

 

5. Amble Gait: The amble gait is a slow and steady gait 

pattern in which the robot moves three legs on one side of the body 

and then three legs on the other, similar to a horse's gait. This gait 

is often used for slow and precise movements [33]. 

 

6. Caterpillar Gait: The caterpillar gait involves the hexapod 

robot moving in a rolling or undulating manner, lifting and moving 

each leg in sequence. This gait is useful for climbing obstacles or 

navigating rough terrains [34]. 

 

7. Static Walking: In static walking, the hexapod robot 

maintains stability without any leg movement. The robot moves 

forward by shifting its centre of mass and adjusting the leg 

positions for stability. This gait is energy-efficient but slower than 

dynamic walking gaits [35]. 

 

8. Dynamic Walking: Dynamic walking involves actively 

lifting and moving the legs in a coordinated manner to achieve 

locomotion. Dynamic walking gaits, such as the tripod, wave, and 

ripple gaits, allow for faster and more agile movement [36]. 

 

It's important to note that the choice of gait pattern depends on 

the specific requirements of the hexapod robot's application, the 

terrain it needs to traverse, and the desired speed and stability 

during locomotion. Hexapod robots can also use adaptive gait 

control algorithms to switch between different gait patterns based 

on the environment and task. 

 

IV. LEG DESIGN  

The leg design of a hexapod robot is a crucial factor that directly 

impacts its locomotion, stability, adaptability, and overall 

performance. There are several leg design options for hexapod 

robots, and the choice depends on the specific application and 

requirements. Here are some common leg design options. 

Figure 3 shows the various leg patterns of hexapod robots[2], 

[10]. 

• Rigid Legs: Rigid legs are the simplest leg design and 

consist of solid links connected by joints (usually rotary 

joints). They are sturdy and straightforward, making them 

suitable for applications with relatively flat terrain [37]. 

• Articulated Legs: Articulated legs have multiple 

segments connected by joints, allowing more degrees of 

freedom. These legs provide enhanced flexibility and can 

effectively navigate uneven terrains and obstacles [38]. 

• Parallel Mechanism Legs: Parallel mechanism legs 

use multiple linkages connected in parallel, providing increased 

stability and load-carrying capacity. These legs are often used 

in heavy-duty applications or scenarios where stability is 

critical [23]. 

• Insect-Like Legs: Inspired by insect locomotion, 

insect-like legs have joints and segments that mimic the 

movements of real insects. They offer high agility and 

adaptability to complex terrains [29]. 

 
Fig. 3: Various leg patterns of Hexapod robots [39] 

 

• Multi-DOF (Degrees of Freedom) Legs: Multi-DOF 

legs have more than three degrees of freedom, 

enabling sophisticated movements and better grasping 

capabilities. These legs are often used in research and 

advanced robotics applications. Figure 4 shows omni 

directional Hexapod robot[30]. 

 
Fig. 4: Omni-directional Hexapod robot [31] 

 

• Spring-Loaded Legs: Spring-loaded legs use 

mechanical springs to absorb shocks and vibrations 
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during locomotion. They are suitable for rough 

terrains and can provide smoother movements. 

 

• Hydraulic/Pneumatic Legs: Some hexapod robots use 

hydraulic or pneumatic actuators in their legs for 

enhanced power and load capacity. These legs are 

commonly found in heavy-duty industrial 

applications. Figure 5 shows the heavy-duty hexapod 

robot's pneumatic leg mechanism [36], [40]. 

 
Fig. 5: Pneumatic leg mechanism [36] 

 

• Passive Compliance Legs: Passive compliance legs 

use flexible materials or mechanisms to allow a certain 

level of compliance during environmental 

interactions. This compliance helps prevent damage to 

the robot and enhances safety [41]. 

 

• Bio-Inspired Legs: Biomimetic or bio-inspired legs 

take inspiration from the anatomy and movement of 

animals, such as mammals or arthropods. These legs 

often improve performance in specific environments, 

such as climbing or swimming. Figure 6 shows 

different bio-inspired legs [20]. 

 
Fig. 6: Bio-Inspired Legs for Hexapod legs [39] 

 

• Wheeled-Leg Hybrid: Some hexapod robots feature 

legs with integrated wheels, providing both legged and 

wheeled locomotion options. This design allows the 

robot to switch between walking and rolling modes 

based on the terrain [42]. 

V. APPLICATIONS 

Hexapod robots have various applications across various 

industries due to their unique mobility, stability, and 

adaptability. Some of the key applications of hexapod robots 

include: 

• Search and Rescue: Hexapod robots can be used in 

search and rescue missions, especially in areas where 

conventional wheeled or tracked vehicles cannot 

access. Their ability to traverse rough terrain and 

climb obstacles makes them valuable for locating and 

assisting survivors in disaster-stricken environments 

[43]. 

 

• Inspections and Maintenance: Hexapod robots inspect 

and maintain infrastructure such as bridges, pipelines, 

and tall structures like towers and wind turbines. Their 

climbing capability allows them to reach difficult-to-

access areas, reducing the need for human intervention 

in potentially hazardous environments. Figure 7 shows 

the maintenance robot performing operations. 

 

 
Fig. 7: Maintenance robot [44] 

• Agriculture: Hexapod robots are used for planting, 

harvesting, and monitoring crops. They can navigate 

through fields and provide real-time crop health and 

growth data, optimising agricultural practices and 

improving crop yield. 

 
Fig. 8: Agriculture Robot [45] 
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• Military and Defense: In military applications, 

hexapod robots can be deployed for reconnaissance, 

surveillance, and patrolling in challenging terrains. 

Their ability to move silently and adaptability to 

various environments make them valuable assets for 

reconnaissance missions. 

 

 
Fig. 9: Defense Robot [46] 

• Exploration: Hexapod robots have been proposed for 

planetary exploration missions, such as on Mars or 

other celestial bodies. Their ability to navigate rough 

terrain and adapt to unpredictable conditions could 

prove useful for future space missions. 

 
Fig. 10: Exploration Robot[44] 

• Entertainment and Education: Hexapod robots are 

popular in the entertainment industry as robotic 

performers, providing interactive experiences for 

audiences. They are also used in educational settings 

to teach students robotics, programming, and 

engineering concepts [47]. 

 

• Industrial Automation: Hexapod robots can be 

employed in industrial automation for material 

handling, assembly, and manufacturing processes. 

Their versatility allows them to work in confined 

spaces and perform tasks precisely [12]. 

 

• Medical Applications: Miniature hexapod robots can 

be used in medical applications, such as minimally 

invasive surgeries or targeted drug delivery. Their 

small size and precise movements make them suitable 

for delicate procedures [48], [49]. 

 

• Environmental Monitoring: Hexapod robots equipped 

with sensors can be used for environmental monitoring 

in remote or hazardous locations. They can collect air 

quality, water quality, and wildlife data, aiding 

environmental research and conservation efforts [48], 

[49]. 

 

• Education and Research: Hexapod robots are valuable 

platforms for research in robotics, artificial 

intelligence, and bio-inspired locomotion. Researchers 

and students commonly use them to explore new 

algorithms and control strategies [38], [50].  

 

As technology advances, the applications of hexapod robots are 

likely to expand further, with new and innovative uses being 

discovered in various industries and research domains. 

 

 VI. CONCLUSION 

 

 

This insightful review explores the journey of hexapod robots, 

unravelling their design intricacies, control mechanisms, 

locomotion abilities, real-world applications, and potential 

hurdles. Tracing their development from inception to present-

day advancements sheds light on the diverse leg configurations, 

joint mechanisms, and materials pivotal for their enhanced 

mobility and stability. Targeting researchers, practitioners, and 

enthusiasts, it is a comprehensive guide to understanding 

hexapod robotics. Moreover, it ignites the spark for further 

innovation and progress in this captivating field, paving the way 

for future breakthroughs and pushing the boundaries of what 

hexapod robots can achieve. 

The selection of the leg design depends on factors such as the 

application, terrain, payload capacity, speed requirements, 

power source, and cost constraints. Each leg design has its 

advantages and limitations, and researchers and engineers often 

choose or design leg configurations that best suit the specific 

needs of the hexapod robot's intended tasks. 
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