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ABSTRACT 

The purpose of this thesis is to develop a four legged wall climbing robot capable of climbing 

and navigating on smooth surfaces of various angle of inclination with the help of dry 

adhesives. The robot is inspired by the movement and motion of a Gecko lizard. The robot 

tries to mimic the climbing gait of the Gecko lizard.  

The robot has an on-board microcontroller and batteries which allows semi-autonomous 

operations. Different viewpoints of working model plan and execution of the programs have 

been carried out. The end result was that the robot could scale slopes up to 85◦ and steer itself 

around. 

Keywords: Gecko, Wall climbing, Dry Adhesion, Legged robot, Quadruple legged robot, 

Peeling Mechanism, Watt’s four bar link, Micro servos 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

One of the key and vital ways a creature makes contact with its surroundings is by making use 

of its feet. It ensures creatures survival from its surrounding. By reducing the friction between 

the surface and its feet, bigger creatures move with the help of claws and hooks. On the other 

hand, smaller creatures use friction to attach to their surfaces and move. Coupling and clasp 

like structures have advanced to guarantee attachments to harsh surfaces. The attachment to 

smooth surfaces for the most part includes little scale like auxiliary alteration and can be 

sorted as dry adhesion and wet adhesion. The adhesive property of the Gecko depends on dry 

adhesion, an ultra auxiliary specialization of their foot cushions. Spiders then again depend on 

snare like paws and dry adhesion. Similar to the gecko, an ultra structure is found on spiders. 

Along with the hooks/claws, which are found on the tarsus of all spiders, adhesive hairs are 

found in numerous species.  

The application for robots with versatility and ability to climb surface of any kind without 

leaving any remains are numerous. Areas and regions that ground or flying robots cannot 

reach and work can easily and effectively be achieved by wall climbing robots. Various 

climbing robots have been developed in the past. The four main mechanisms by which wall 

climbing robots attach to the surfaces are: magnetic attraction, vacuum suction, claws or 

hooks and adhesives. For harsh surfaces, for example, blocks, grasping has been shown as a 

more powerful technique. Adhesive attachment mechanisms are a more effective technique 

for smooth glass like surfaces. Magnetic attraction can be extremely strong; however the 

surface material must be ferromagnetic surfaces. Nonetheless, numerous surfaces for scaling 

don't fall into both of these classes but a mix of both surfaces (rough and extremely smooth), 

painted structures, walls, rocks, and so forth for instance. 

Different insects and reptiles, most importantly the Gecko lizard, have specific pads in the 

foot which empower them to jump on a wide range of surfaces of any orientation utilizing dry 

adhesion. “Arrays of micro- or nano - scale hairs create large contact areas with climbing 

surfaces. Recently there has been significant research progress in developing synthetic micro- 

and nano – scale mimics of these adhesive systems. Researchers are characterizing biological 

samples and fabricating synthetic adhesive arrays for polymers, carbon nanotubes, using 

methods such as micro/nano-molding, nano-embossing, carbon nanotube growth, fiber 

drawing and lithography (Gecko inspired micro-fibrillar adhesive for wall climbing robots on 

micro/nano scale rough surfaces, Metin Sitti)”. 

The Gecko's capacity to climb surfaces whether wet or dry, smooth or harsh has attracted 

researchers' interest for a long time. “By means of compliant micro/nano-scale high aspect 

ratio beta-keratin structures at their feet, geckos and spiders manage to adhere to almost any 

surface with a controlled contact area. It has been shown that adhesion is mainly due to 

molecular forces such as van der Waals forces (Waalbot: An Agile Small-Scale Wall-

Climbing Robot Utilizing Dry Elastomer Adhesives, Michael P. Murphy)”. A weak attraction 

bond is formed between the surface and the microscopic strands on the gecko’s feet and 

billions of these strands work together to form a strong grip. Climbing on various surfaces can 
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be achieved, especially in vacuums as the adhesion on the gecko’s feet does not depend on the 

material of the surface or pressure. 

A synthetic gecko inspired adhesive has been developed from plastic polymer microfibers 

which can be activated by sliding. The adhesion of the polymer is activated by a sliding 

motion where the microfibers comes in contact with the surface but is not adhesive when 

normally pressed or squeezed. The more the polymer slides the more it attaches itself to the 

surface. Hence, the polymer adhesive strength increases the more it slides. 400 grams can be 

held by a small patch of the synthetic adhesive 2 cm square in area.  

The difference between an ordinary adhesive tape and the gecko inspired synthetic (GSA) 

adhesive is that the GSA only attaches when it slides on a surface and not when it is pushed 

like a normal adhesive tape. As a result of this mechanism, the gecko lizard is able to run up 

walls detaching and attaching its toes. The GSA is itself not sticky in its normal state but 

attaches to any surface when load is applied as it causes it to slide activating millions of tiny 

microfibers. One of the main features of the GSA is that it leaves no residue behind unlike 

other adhesive materials. 

1.2 Statement of the Problem 

 

 The GSA (Gecko inspired Synthetic Adhesive) tape currently can only be used for 

smooth surfaces. 

 The quadruple robot will be designed to move in a straight path. 

1.3 Objective of the Study 

The objective of the study is to design and construct a quadruple legged wall climbing robot 

imitating a Gecko. This includes: 

 The design of a quadruple legged robot based on a Gecko. 

 Gait planning algorithm structure: 

o Mathematical Analysis 

 Construction of the actual model 

1.4 Scope and Limitations 

The main purpose of this thesis project is to build and guide and quadruple legged wall 

climbing robot. This requires the robot to navigate and guide itself through even and uneven 

surfaces. Hence, the two main aim of this project are: 

 Hardware implementation 

 Microprocessor programming 

The limitations are: 

 The robot will be able to move on smooth surfaces. 

 Depending on the size of the robot the speed will be determined. 

 The robot will not be designed to carry heavy loads. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Background Information 

A synthetic gecko inspired adhesive has been developed from plastic polymer microfibers 

which can be activated by sliding. The adhesion of the polymer is activated by a sliding 

motion where the microfibers comes in contact with the surface but is not adhesive when 

normally pressed or squeezed. The more the polymer slides the more it attaches itself to the 

surface. Hence, the polymer adhesive strength increases the more it slides. 400 grams can be 

held by a small patch of the synthetic adhesive 2 cm square in area.  

The GSA gets activated when it slides by a very small distance of 20µm. No adhesive forces 

are measured without sliding. Following sliding, the force required to pull off the adhesive can 

be measured while just keeping up with the sliding (shear) force. By reducing the applied 

shear force, the gecko lizards are able to detach easily. Like real gecko hair, hard polymer 

(polypropylene) is used to fabricate the microfibers which are wear resistant and not tacky. 

Geckos' five-toed feet are each secured with a large number of miniature hairs called setae, 

and every seta divides out into billions of nanoscale spatulae. In 2002, a group of UC 

Berkeley specialists including Ronald Fearing and Metin Sitti (now at CMU), UC Santa 

Barbara engineer Jacob Israelachvili, Lewis and Clark College scientist Kellar Autumn, UC 

Berkeley scholar Robert Full and Stanford University engineer Thomas Kenny, found that the 

system of gecko hairs makes intermolecular bonds with the surface by Van der Waals force. 

The same team produced gecko hair tips that stick, giving the first direct confirmation of a van 

der Waals mechanism for gecko foot-hair attachment. 

 Millions of gecko hairs make contact to aggregately make an effective bond that is a thousand 

times stronger than what a gecko needs to cling to a wall. The gecko lizard can effectively 

attach and detach from a surface more than 15 times per. 

2.2 Gecko Inspired Micro-Fibrillar Adhesive 

The fibrillar adhesive and the flat unsaturated adhesive when compared shows that the fibrillar 

can distort freely that allows it to reach deep crevices and then make contact.  

The fibrillar’s advantage over other adhesives is that it can reach areas that are difficult to 

reach as each fiber moves autonomously. Because of its structure the fibrillar has a very low 

Young’s modulus and hence can move. As a result it is less susceptible to pollutants and 

unfavorable conditions.  Even though the tip is small, the collective tips make the contact 

significantly huge especially if the filaments are extended. 

The fibrillar further improves its grip by contact splitting. If there is load, the adhesiveness 

increases as the fibers spread out. As a result the adhesiveness is directly proportional to both 

the stickiness and contact surface.  
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Figure 2.1 SEM of the microfibers at 20µm dia. 

 

Figure 2.2 4µm dia. of the fibers overlapping on top of each other 

2.3 Directional Adhesive GSA (gecko-inspired synthetic adhesive) 

The fibrillar surfaces are capable of enhancing the grip by “contact splitting (Metin Sitti, 

CMU, 2008)”. If there is load, the adhesiveness increases as the fibers spread out. As a result 

the adhesiveness is directly proportional to both the stickiness and contact surface.  

 

 

Figure 2.3 Structure of the Microfibillar 

While much past exploration has concentrated on making more grounded gecko-motivated 

adhesives, simple grasp and discharge is likewise needed for climbing. The fact that the 

adhesive effectively detaches when the sliding force is removed makes it the first hard 

polymer adhesive. Currently the adhesive has been tested on smooth surfaces but future 

products can be used for any surfaces where controlled and recyclable adhesives are required. 
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The area of contact between the surface and the microfibers increases with the increase in 

weight. Since more load increases the microfibers surface engagement which increases 

adhesion and removing the load helps in detachment, the adhesive can be called ‘smart’. 

2.4 GSA Mechanism 

Load and shear force controls the adhesiveness in the microfibers. A controlled attachment 

and separation can be achieved as more load increases the contact area and removing the load 

decreases the contact area. As a result of this controlled mechanism, it leaves no adhesive 

residues behind and can be reused. Due to attachment caused by sliding, the microfibers can 

adhere to any surface of any orientation. Because of this phenomena the adhesive can recover 

easily if it slips as slipping causes the microfibers to slide which further increases grip without 

falling. 

Feeble sub-atomic attraction force called Van der Waals force and a one of a kind geometry is 

the main factors responsible of the gecko's astounding climbing capacity. Utilizing millions of 

microscopic hairs (setae) on its toe, a gecko can keep running up cleaned glass at a meter each 

second and effectively hold its whole body weight with just one toe. 

 

Figure 2.4 SEM image of the synthetic polymer fiber 

Because van der Waals interaction relies a lot on geometry than chemistry, the size and shape 

of the fibrillar and not the chemical composition determines the stickiness. 

Research has shown that adhesion can be enhanced simply by dividing a surface into small 

protrusions to increase surface density. The study of gecko-like adhesive nanostructure is 

generating a rapidly growing number of publications. 
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Figure 2.5 Image showing how microfibers work when load is increased 

Gecko's setae are emphatically hydrophobic, with a water droplet contact edge of 161°. Van 

der Waals force is the main principle that can bring about two hydrophobic surfaces to follow 

in air. Van der Waals force is to a great extent autonomous of surface chemistry and 

profoundly reliant on the separation between surfaces, so it can be said that gecko attachment 

depends more on geometry than on science. This implies that gecko keratin proteins ought not 

to be needed for manufacture of gecko-like adhesives. 

2.5 Gait- Planning  

To avoid falling during motion, a quadruple legged creature needs at least three points of 

contact with the surface. Hence some assumptions are made which are as follows while 

designing the robot: 

 A gecko robot always has at least two legs and a tail, a minimum of three points in 

contact with the ground. 

 The feet do not slip. 

Using Groubler’s formula the degree of freedom can be found: 

 

 

dof, N, j, n indicates the total DOFs, number of links, number of joints, and the DOFs of each 

joints, respectively.  

 

 

 

dof= 6 (N - 1- j) + ∑n 
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Table 2.1 Degree of Freedom 

  Closed Parallel Chain Open Serial Chain Whole Body 

Actuating Joints 14 DOFs 4 DOFs 19 DOFs 

Independent Joints 12 DOFs 4 DOFs 16 DOFs 

Dependent Joints 3 DOFs 0 DOFs 3 DOFs 
 

(Gait planning based on kinematics for a quadruped gecko model with redundancy, Donghoon 

Son, 2009) 

 

2.6 Swing Trajectory of the foot 

To accomplish motion, the model has to move its leg to the desired position but it first has to 

choose the position and then swing the leg. A trajectory of the swing motion hast to be 

developed to achieve motion. The motion of the leg is followed by the body to move and 

hence a trajectory path has to be developed to follow the motion. The trajectory has to be 

generated in that order. The figure below shows the step cycle of the footstep. 

 

Figure 2.6 Footstep cycle to be generated 

2.7 Watt’s Linkage 

Watt’s Linkage is a straight line generator linkage. It comprises of a single rod in the middle 

with two equal in length rods (can be long or short) connected opposite to each other at ends 

of the middle rod.  The two alternating endpoints are fixed in a place. The Watt’s linkage is an 

example of a four bar linkage as the combination of three rods and the surface it is fixed to is 

considered as links making a total of four links. 
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Figure 2.7 Watt’s 4 bar link 

“This linkage however does not generate a true straight line motion. It follows out Watt's 

bend, a figure resembling eight shaped curve; when the lengths of its bases and bars are 

decided to develop a crossed square, it follows the lemniscate of Bernoulli. (James Watt, 

Wikipedia)”. 

Watt's linkage has the benefit of much more prominent straightforwardness than these 

different linkages, despite the fact that the Peaucellier–Lipkin linkage, Hart's inversor, and 

other straight line systems produce genuine straight-line motion. 

Although genuine straight-line movements can be produced by the Peaucellier–Lipkin 

linkage, Hart's inversor; Watt's linkage is of much more simpler and less complicated.  

The effortlessness of Watt's linkage settles on it the best decision, in spite of the fact that the 

Peaucellier-Lipkin linkage and the Hart's inverse instruments deliver a genuine straight-line 

motion. 

The Watt’s link is similar to the Chebyshev linkage as an almost straight line motion is 

produced by the links but differs from each other as Watts link produces motion that is 

perpendicular to the line while Chebyshev linkage produces a motion parallel to the line. 
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Figure 2.8 Patterns of the Watt’s Linkage 

2.8 Various Wall Climbing Robots 

2.8.1 Stanford Stickybot 

The Stickybot utilizes dry adhesives to climb windows, walls and different surfaces. It is 

inspired from geckos and other climbing reptiles and utilizes similar mechanism to climb 

smooth vertical surfaces. Principal features are different levels of consistence, at scales going 

from centimeters to micrometers, to permit the robot to adjust to surfaces and retain large 

ranges of contact to support the adhesive forces. Structures inside of the feet guarantee even 

stress dispersed over every toe and aid attachment and detachment of the sticky materials. A 

system which controls the force works in combination with the directional sticky materials to 

acquire adequate levels of contact and adhesion for moving with low engagement and 

disengagement forces. 
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Figure 2.9 Stanford Stickybot 

2.8.2 Waalbot 

The Waalbot is an agility wall climbing robot capable of maneuvering itself and climb smooth 

surface using dry adhesives like the GSA. It has two legs that rotate to aid it climb surfaces of 

any inclination. It has an onboard microprocessor, battery and wireless communication system 

which allows it to operate semi autonomously. A model for the grip necessities and execution 

is produced and confirmed through examinations.  

The adhesive used in the Waalbot is Vytaflex-10, an elastomer that helps with attachment. 

Currently, the robot can climb upto 90 degree and at a speed of 6cm/s. The robot has been 

tested on smooth acrylic surfaces and can easily transition from a floor to a vertical wall. 

 

 

Figure 2.10 Waalbot 

 

2.8.3 RiSE 

RiSE is a robot that climbs vertical surfaces, for example, wall, trees and fences. RiSE utilizes 

feet with smaller micro scale hooks to climb on rough surfaces. RiSE changes stance to 
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comply with the ebb and flow of the climbing surface and its tail balances the robot during 

sharp climbs. RiSE is 0.25 m in length, weighs 2 kg, and moves at a speed of 0.3 m/s.  

A pair of electrical motors powers the six legs of the RiSE robot. The leg motions, 

communications and a variety of sensors like strain sensors, joints position sensors and foot 

contact sensors are controlled by an onboard computer. 

Boston Dynamics created RiSE in conjunction with specialist at Lewis and Clark, University 

of Pennsylvania, UC Berkeley, Carnegie Mellon and Stanford University and supported by 

DARPA. 

 

 

Figure 2.11 RiSE 
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CHAPTER 3 

METHODOLOGY 

3.1 Flowchart of the Methodology 

The main objective of this thesis is the design of a quadruple legged wall climbing robot. The 

project will go through various stages to be completed and the results to be achieved: 

I. Designing 

II. Hardware implementation 

III. Software implementation 

IV. Testing and result. 
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Figure 3.1 Flowchart of the Methodology 
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3.2 Choosing Material  

3.2.1 Chassis 

For a robot to climb surfaces the body has to be light weight and sturdy but flexible at the 

same time to avoid stress and fall. Initially Delrin was selected to build the chassis of the robot 

because of its flexibility, stability and high stiffness.But due to its limited availability Acrylic 

was finally chosen to build the chassis of the robot. Acrylics, also known as Acrylate 

polymers, are noted for their transparency, resistance to breakage, and elasticity. It is more 

easily available and very economical compared to Delrin. 

 

Figure 3.2 Acrylic sheets 

3.2.2 Motors 

Seven Tower Pro servo motors were used to drive the robot. Four servos were used to actuate 

the toe peeling mechanism. Two were used to drive the two arms and one for the tail. 

The Tower Pro SG92R High Torque Sub Micro Servo is the same size and weight as the 

popular Tower Pro SG90, but features carbon fiber gears and control arms -- and about 40% 

more torque.  

 

Figure 3.3 Tower Pro SG92R micro servo with servo arms 

“The specifications of the servo motor are as follows: 

 Weight: 9g 
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 Dimension: 23*12.2*27mm 

 Stall Torque: 2.5kg/cm (4.8V) 

 Operating Speed: 0.1sec / 60degree (4.8v) 

 Operating Voltage: 4.8V 

 Temperature Range: 0℃_ 55℃ 

 Dead Band Width: 10us 

 Cable Length: 25cm 

(www.stevewebb.co.uk)” 

3.2.3 Microcontroller 

An Audrino Uno was used as the control module for the geckobot. Uno was chosen over other 

microcontrollers for its size and light weight. Programming for the Audrino is done using 

open source software very similar to C++ made by Audrino. The IDE   (Integrated 

Development Environment) enables the user to write codes, compile and then upload it to the 

Uno for stand-alone projects and prototyping.  

Table 2.2 Specifications of Audrino Uno R3 

Microcontroller ATmega328 

Operating Voltage 5V  

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 32 KB of which 0.5 KB used by bootloader 

SRAM 2 KB 

EEPROM 1 KB 

Clock Speed 16 MHz 

 

 

Figure 3.4 Audrino Uno R3 
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3.2.4 Dry Directional Adhesive (Sticky Pad) 

Gecko stickypad is a self-sticking pad that can be attached to dashboards, walls, doors, 

windows, etc. It can be stuck virtually anywhere that is smooth and any material made of 

porous and non-porous can be stuck on the pad. To remove the object in contact with the pad, 

it has to be peeled off from the edges gradually moving towards the center and the same is 

with the pad. It is one of the stickiest dry adhesive available and follows the Gecko directional 

adhesive principle of attachment and detachment. 

3.3 Mechanical Design  

The mechanical design and motion of the gecko-bot is based on a simple four bar link 

mechanism following the watt’s linkage, which consists of three bodies called links connected 

to each other in a loop by joints.(modify)  

The body of the robot was designed using Solidworks. In order to make the design easier and 

faster to improve or correct from any issues, a modular approach was taken. 

The design was constructed into three parts: 

 First the main body, a simple long beam was constructed to support the two limbs. 

 The limbs were then designed: 

o Two limbs were constructed which houses two servo motors each. 

o Each limb has three slots to house the three servo motors; two to control the 

motion of the toes and one for the main body.  

 Finally, the tail which was again a simple long beam to reduce the overall load on the 

design. 

 

Figure 3.5 SolidWorks Design 



16 
 

For the assembly and construction: 

 Since the robot has to be light and strong enough to hold its weight and climb a 

surface, Acrylic, an engineering plastic was chose due to its strong and flexible nature. 

 As the robot is based on the principles of four bar mechanism, the Acrylic material 

was cut into beams of various dimensions. 

 These beams were then joined to the desired construct to form the limbs, main body 

and tail. 

 The limbs were built as per the model design. The limbs were designed so that it could 

be subjected to various changes and modifications to enhance the performance and to 

maximize the efficiency of the robot. 

 After the various parts of the limbs are attached and joined, the limbs are then 

assembled with the other parts of the robot to complete the assembly. 

 The robot has been designed and assembled to keep the robot as light as possible as 

well to provide enough space for the onboard processor, servo motors and batteries. 

3.4 MATLAB Simulation 

The locomotion of the robot depends on the two alternating opposite fixed points. When two 

points are fixed, the main body will be forced up in a smooth motion even though the line the 

body travels is not a perfect straight line. A mathematical model was generated based on these 

principles. The equation of motion is given as follows:  

ax=cx+2b cos β  

ay=cy+2b sin β  

bx=dx+2b cos β  

by=dy+2b sin β  

where a, b, c and d are the point in contact with the surfaces. 

           x and y are the co-ordinate frame in the x,y axix. 
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Figure 3.6 Trajectory of the robot 

The MATLAB program is included in the appendix. 

After the math model was constructed it was simulated in MATLAB to verify if the trajectory 

was satisfactory. 

3.5 Servo Control 

Given the nature of the working principles of the robot, servo motors were chosen to move the 

robot as they are very light and can also be integrated into the design as they provide good 

binary in small containers. As the motion follows Watt’s four-bar linkage principle which 

states that two alternating opposite points must be fixed to produce an almost straight line 

motion, all the servos had to be synchronized to ensure that the motion was achieved. Out of 

the seven servos used, the tail servo does not produce the motion but is used to ensure the 

stability of the robot and to transfer the load from the rare toes during climbing. From the 

remaining six servos; two were used for steering and four were used for attachment and 

detachment.  

3.5.1 Straight Motion  

A straight line motion is achieved by synchronizing two servo motors at a time. The front left 

and the rare right servos are energized which causes the respective toes to be detached as the 

servo horn rotates. Two servos on the main body are then energized and are synchronized to 

rotate in opposite direction. As the front right and rare left servos are not energized the toes 

remain attached causing the main body to propel ahead when the main body servos are 

energized. 

The front left and rare right servos are re-energized again and the servo horns rotate back 

causing the toes to attach again.  
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Next the front right and rare left servos are energized to rotate the horns and cause the 

respective toes to detach and then the main body servos are energized again to propel it 

forward. This processed is looped over and over again to attain an almost straight line motion. 

 

   

Figure 3.7 Walking Gait 

 

3.5.2 Steering  

Controlling is directly identified with the framework's level of (DOF). Since the robot is based 

on four-bar mechanism, it has only one DOF. Nonetheless, not appropriate synchronization 

may cause the robot foot to slip or increase instability. Utilizing a geometric methodology the 

movement was recreated utilizing MATLAB to decide the ideal position, point and length of 

the appendages.  

Control of steering is done by two servo motors on the four bar system independently when 

the back feet are raised off the surface. The two servos rotate and pivot in a synchronization 

when the robot starts its motion. When the robot has to turn or steer itself, the two servos that 

control the toes at the rare energize and the back feet peel off the ground and the tail presses a 

little harder against the surface to lift the rare legs. After this stage, the top front motor gets 

activated and the motor turns the body to the desired angle with the tail sliding. The two toe 

motors at the back then gets activated with the legs still off the ground and adjusts itself for 

the next step. 
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Steering is not directly affected by the back servo motors but when the rare limbs makes 

contact with the surface, their position must be set appropriately in relation to the position of 

the front limbs. 

3.5.3 Peeling Mechanism 

The peeling mechanism is the most important phase for the robot to effectively climb surfaces. 

For example, a piece of any normal tape attached to a surface needs high force to remove it 

from a surface if it pulled directly outward from the center. If the tape is pulled or peeled off 

from the sides rather than the center, it can be easily removed. Similar to the example of the 

tape, the adhesive will easy to detach if it is pulled from the side during climbing. 

The working mechanism of the peeling system is as follows; 

As the motor is energized, the servo arm rotates and is displaced from its initial position. The 

adhesive Polyurethane (PUR and PU) a polymer which is connected to the motors via lines are 

pulled off the surface. Starting from the edges of the adhesive patch, the motion of the servo 

arm peels offs the PU mould. The adhesive is attached to a shaft that has a compression 

spring. As the adhesive peels off, the spring also moves up when the deflection threshold of 

the spring is crossed. After this motion, the servo rotates back to its initial position and the 

adhesive reattaches. The compression spring utilized forces the shaft back to the surface and 

the force with which it does ensures the adhesive sticks to the surface. 

 

. 
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CHAPTER 4 

RESULTS  

4.1 Mechanical Design and Build 

The mechanical design of the robot was done taking into consideration that the robot had to be 

light as possible to be able to climb surfaces. The limbs are not perfect as they were 

constructed by hand but the outcome was good. An additional modification was made to the 

original design of the limb to ensure efficiency especially the placement of the servos.  

The following results were attained for the design stage: 

 The main body is a single strip of acrylic that houses the onboard microprocessor. It 

has two nodes/points to attach the two limbs to the main body. 

 The limbs were design to house the spring and the servo motors. This is section is 

important as it controls the peeling mechanism of the robot. Since the limb has only 

one DOF, a box like compartment was constructed to house the spring. Four separate 

acrylic pieces of different dimensions were joined together with holes of 6.5mm 

diameter drilled at the top and bottom. 

 At the centre of the limb, a 11mm compartment was made to house the servo that 

controls the motion and also to connect the limb to the main body. 

 The tail was constructed to from a100mm long strip of acrylic. The tail was then 

attached to a servo which was attached at the end of the main body. 

The robot has been completely custom made and constructed by hand. The final result is 

shown below: 

 

Figure 4.1 Final Design 
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4.2 MATLAB Simulation 

The math model generated in Chapter 3 was verified using MATLAB. A simulation was done 

to check if the robot would follow the desired trajectory. The simulation was satisfactory. The 

following graph shows the movement of the arms to the desired positions thus causing the 

main body to move.  

Graph 

 

                                       (a)                                                                             (b)               

 

 

                                      (b)                                                                        (c) 

Figure 4.2 various steps of the robot. (a) Initial position, (b) 1
st
 step, (c) 2

nd
 step, (d) 

multiple steps 

 

 



22 
 

4.3 Motion Control  

The forward motion of the robot was controlled by two servo motors moving in opposite 

directions in a synchronized motion. Initially, the main body servos are at 90 degrees. As two 

toes are always in contact with surface and two not, the two main body servos move in 

opposite directions and forces the main body to move forward. This motion is controlled by 

the Arduino Uno board which sends the desired angles for the motors to turn. 

 The four servos on the limbs ensure that the robot is attached to the surface. The peeling and 

unpeeling of the toes are controlled by those motors on the limbs. Experiments were carried 

out in various surface angles. 

 

4.4 Experiments 

30 degree Climbing Angle: 

Since this was a low inclination angle, the robot moved with ease and steadily without the 

motors jittering. The motion seemed to be smooth.  

 

 

Figure 4.3 Inclination angle of 30 degree 
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40 degree Climbing Angle: 

 The robot did not show any signs of stress on the motors, during the peeling duration and 

seemed to move without any resistance. 

 

 

Figure 4.4 Inclination angle of 45 degree 

 

 

 

Figure 4.5 Steering at a slope of 45 degree 
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60 degree Climbing Angle: 

As the angle of inclination was increased to 60 degree, the robots movement showed a little 

resistance. With the increase in slope the more torque was required by the motors to achieve 

detachment from the surface. The tail angle also had to be adjusted so that the overall stress on 

the toes would reduce.  

 

Figure 4.6 Inclination angle of 60 degree 
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Figure 4.7 60 degree slope 

 

 

Figure 4.8 Steering at a slope of 60 degree 
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80 degree Climbing Angle: 

At an angle of 80 degrees, the robot showed a lot of resistance in moving or climbing. With 

the COG of the robot shifting lower from the center, the robot struggled to detach completely. 

The weight of the robot with its on-board processor, batteries and motors made it difficult for 

the robot to transition properly. 

The jittering of the motors and struggling to complete the peeling was a result of the use of 

economical servo motors. 

 

Figure 4.9 Steering at a slope of 80 degree 
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4.5 Error 

Since the main principle behind the motion of the robot was Watt’s 4 bar link, it does not 

travel in a true straight line. From its initial position, as the robot carries out its first step, it 

deviates from the center line. This deviation is however compensated by the next step and the 

robot appears to move in an almost straight line. Therefore a straight line movement with 

zigzag motion of the body is observed. The error by which the body deviates from its initial 

straight line position was found to be +-5cm. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

A four legged wall climbing robot was designed and successfully constructed and tested. The 

execution of the robot relies on the peeling system and the chosen adhesive. The thesis 

explores the robots performance involving the peeling mechanism and an always energized or 

active tail.  

In this thesis project, flat adhesive Polyurethane (PUR and PU) elastomer was used as the dry 

adhesive. In spite of the fact that Polyurethane (PUR and PU) is a steady material, it can be 

contaminated and sullied by the surface and the air over time. This means that at some point 

the adhesive properties and the sticky characteristic of the elastomer is weakened. The tail is 

controlled by an open-loop system and hence no feedback is sent back to the system, 

conceivably bringing on a few issues during climbing. Furthermore, because of the lack of 

proper molding and design techniques, effective peeling cannot be achieved. In addition, the 

servo motors used were economical and hence the performance was jittery at times.  

The design and fabrication of a semi-autonomous robot prototype was achieved which was 

capable of climbing on smooth surfaces at different inclinations. The robot can steer forward 

and turn with a small turning radii to go around corners. 

The robot showed compelling and effective climbing on inclined and slanted surfaces up to an 

angle of 85 degrees at a very slow speed.  

5.2 Recommendations 

Various obstacles were faced during the development of this project. The recommendations 

and future works are as follows: 

 Use and implementation of a better synthetic dry adhesive instead of an economical 

and more commercial dry adhesive will increase the effectives of the robot. 

 Further scaling down the robots can enhance the execution and performance of the 

robot. 

 Use of a better, accurate and high performance servo motors can increase the 

effectiveness of the peeling mechanism of the robot. 

 A lighter and stronger material to fabricate and construct the chassis of the robot can 

reduce the overall weight making room for smaller and lighter actuators can improve 

the performance. 

 Decreasing the total weight of the robot can yield higher payload carrying capacity. As 

a result, more sensors can be used and also aid in low power consumption for longer 

operating time. 

 Light weight pressure sensors can be added to the toes to activate a pressure response 

actuation. 
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APPENDIX 

SOURCE CODE FOR ARDUINO 

Appendix A: CODE FOR STRAIGHT MOTION 

#include <Servo.h>  

 Servo servo_0;// top 

Servo servo_1;// bot 

Servo servo_2;// topL 

Servo servo_3;// topR 

Servo servo_4;// rareL 

Servo servo_5;// rareR 

Servo servo_6;// tail 

  

unsigned int pos[] = {10,90,170,90};    // variable to store the servo position  

  

void setup()  

{  

  servo_0.attach(0);  // top   yellow 

  servo_1.attach(1);  // bot   white 

  servo_2.attach(2);  // topL  green 

  servo_3.attach(3);  // topR  yellow 

  servo_4.attach(4);  // rareL white 

  servo_5.attach(5);  // rareR green 

  servo_6.attach(6);  // tail  yellow 

}  

 void loop()  

{ 

 lift1(); 
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 delay(50); 

 right(); 

 delay(50); 

 down1(); 

 delay(50); 

 lift2(); 

 delay(50); 

 left(); 

 delay(50); 

 down2 

 (); 

 delay(100); 

} 

void lift1() 

{ 

  for(int i=0; i <=180; i +=1) 

    { 

      servo_6.write(130); 

      servo_2.write(170); //topL 

      delay(25); 

      servo_5.write(170); //rareR 

      delay(25); 

    } 

} 

void lift2() 

  { 

    for(int i=180; i >=0; i -=1) 
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    { 

      servo_6.write(130); 

      servo_3.write(0); //topR 

      delay(25); 

      servo_4.write(0); //rareL 

      delay(25); 

    } 

  } 

 void right(){ 

       //Individual Servo Control 

        for(int i=0;i<=170;i++){ 

        servo_6.write(130); 

        servo_0.write(120); 

        delay(25);   

   

        servo_1.write(60); 

        delay(25);   

    } 

 } 

  

void left(){ 

 

        for(int i=170;i>=0;i--){ 

        servo_6.write(130); 

        servo_0.write(60); 

        delay(25);   
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        servo_1.write(120); 

        delay(25);   

    } 

 } 

  

void down1(){ 

   

        for(int i = 180; i >=0; i--) 

          { 

            servo_6.write(130); 

            servo_2.write(0); 

            delay(20); 

            servo_5.write(0); 

            delay(20); 

          } 

} 

void down2(){ 

       

  for(int i = 0; i <=180; i++) 

      { 

            servo_6.write(130); 

            servo_3.write(170); 

            delay(20); 

            servo_4.write(170); 

            delay(20); 

          } 

   } 
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 Appendix B: CODE FOR STEERING AND STRAIGHT MOTION    

#include <Servo.h>  

 Servo servo_0;// top 

Servo servo_1;// bot 

Servo servo_2;// topL 

Servo servo_3;// topR 

Servo servo_4;// rareL 

Servo servo_5;// rareR 

Servo servo_6;// tail 

  

unsigned int pos[] = {10,90,170,90};    // variable to store the servo position  

  

void setup()  

{  

  servo_0.attach(0);  // top   yellow 

  servo_1.attach(1);  // bot   white 

  servo_2.attach(2);  // topL  green 

  servo_3.attach(3);  // topR  yellow 

  servo_4.attach(4);  // rareL white hii 

  servo_5.attach(5);  // rareR green 

  servo_6.attach(6);  // tail  yellow 

}  

  

 void loop()  

{ 

   for(int i=0;i<2;i++) 

   { 
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     lift1(); 

     delay(50); 

     right(); 

     delay(50); 

     down1(); 

     delay(50); 

     lift2(); 

     delay(50); 

     left(); 

     delay(50); 

     down2(); 

     delay(50); 

   } 

    

     steerR();// steerL(); 

     delay(50); 

    

      for(int j=0; j<2;j++) 

     { 

       lift1(); 

     delay(50); 

     right(); 

     delay(50); 

     down1(); 

     delay(50); 

     lift2(); 

     delay(50); 
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     left(); 

     delay(50); 

     down2(); 

     delay(50); 

     } 

        steerL(); 

   delay(50); 

       

} 

void lift1() 

{ 

  for(int i =0; i<=180; i +=1) 

    { 

      servo_6.write(120); 

      servo_2.write(170); //topL 

      delay(25); 

      servo_5.write(170); //rareR 

      delay(25); 

       

    } 

} 

void lift2() 

  { 

    for(int i=180; i>=0; i -=1) 

    { 

      servo_6.write(120); 

      servo_3.write(0); //topR 
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      delay(25); 

      servo_4.write(0); //rareL 

      delay(25); 

       

    } 

  } 

 void right(){ 

       //Individual Servo Control 

        for(int i=0;i<=170;i++){ 

        servo_6.write(120); 

         

          servo_0.write(120); 

        delay(25);   

   

        servo_1.write(60); 

        delay(25);   

         

    } 

 } 

  

void left(){ 

 

        for(int i=170;i>=0;i--){ 

        servo_6.write(120); 

         

          servo_0.write(60); 

        delay(25);   
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        servo_1.write(120); 

        delay(25);   

         

    } 

 } 

  

void down1(){ 

   

        for(int i = 180; i >=0; i--) 

          { 

            servo_6.write(120); 

             

            servo_2.write(0); 

            delay(20); 

            servo_5.write(0); 

            delay(20); 

             

          } 

} 

 

void down2(){ 

       

  for(int i = 0; i <=180; i++) 

      { 

          servo_6.write(120); 
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            servo_3.write(170); 

            delay(20); 

            servo_4.write(170); 

            delay(20); 

             

          } 

} 

 

void steerR(){ 

    for(int r=0; r<1; r+=1) 

      { 

         /*servo_2.write(0);// topL 

         delay(25); 

         servo_3.write(170); 

         delay(25);*/ 

         servo_6.write(130); 

         servo_4.write(0);// rareL 

         delay(2000); 

         servo_5.write(170);// rareR 

         delay(2000); 

         servo_0.write(150); // tail depending on force sensor 

         delay(2000); 

         servo_4.write(170); 

         delay(2000); 

         servo_5.write(0); 

         delay(2000); 
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      } 

} 

 

void steerL(){ 

    for(int l=0; l<1; l+=1) 

      { 

         /*servo_2.write(0); 

         delay(25); 

         servo_3.write(170);// topR 

         delay(25);*/ 

         servo_6.write(130); 

         servo_4.write(0);// rareL 

         delay(100); 

         servo_5.write(170);// rareR 

         delay(100); 

         servo_0.write(30);// tail depending on force sensor 

         delay(50); 

         servo_4.write(170); 

         delay(1000); 

         servo_5.write(0); 

         delay(1000); 

      } 

} 

void steerL(){ 

    for(int r=0; r<1; r+=1) 

      { 

         servo_2.write(0);// topL 
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         delay(25); 

         servo_3.write(170); 

         delay(25); 

         servo_6.write(130); 

         servo_4.write(0);// rareL 

         delay(2000); 

         servo_5.write(170);// rareR 

         delay(2000); 

         servo_0.write(110);  

         delay(2000); 

         servo_1.write(60); 

         delay(2000); 

         servo_4.write(170); 

         delay(2000); 

         servo_5.write(0); 

         delay(2000); 

          

      } 

} 
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Appendix C: MATLAB PROGRAM 

function [ox,oy,dx,dy,orx,ory]= climbing(steps) 

theta=30; 

alpha=theta*pi/180; 

beta=alpha; 

x=0; 

y=0; 

b=100; 

l=500; 

bx=x+b; 

by=y; 

ax=x-b; 

ay=y+l; 

dx=bx-2*b; 

dy=by; 

cx=ax+2*b; 

cy=ay; 

  

ox=(ax+cx)/2; 

oy=(ay+cy)/2; 

ex=(bx+dx)/2; 

ey=(by+dy)/2; 

orx=(ox+ex)/2; 

ory=(oy+ey)/2; 

while(steps>1) 

  

steps=steps-1; 

axis equal; 

line([bx dx],[by dy]); 

line([ax cx],[ay cy]); 

line([ox ex],[oy ey]); 

if mod(steps,2)==1%a and b fixed 

    dx=bx-2*b*cos(alpha);% co-ordinate of d and c 

dy=by+2*b*sin(alpha); 

cx=ax+2*b*cos(alpha); 

cy=ay+2*b*sin(alpha); 

  

else 

    ax=cx-2*b*cos(beta);% c and d fixed 

    ay=cy+2*b*sin(beta); 

    bx=dx+2*b*cos(beta); 

    by=dy+2*b*sin(beta); 

end 

ox=(ax+cx)/2; 

oy=(ay+cy)/2; 

ex=(bx+dx)/2; 
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ey=(by+dy)/2; 

hold on 

pause(1); 

end 

end 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

 


