
Chapter 1 
1. Introduction 

This research. titled '"Development of a multipurpose rope climbing roboC is intended 

to design and constructing a rope climbing robot for general purposes. The proposed 

robot will be constructed to climb vertical or horizontal directional ropes. The robot is 

planed to work on wide-range of environments where the characteristics. physical 

limitations and obstacles on the rope are not much limiting t~1ctors to the movement of 

the robot. The grippers of the robot arc designed to grip different kind of ropes. The 

robot can work with various types of ropes that have different diameters values and 

roughness values. The proposed robot is planned to have four legs for better steady 

gripping while the robot is moving and carrying a weight on it. 

Wheeled vehicles or robots can achieve high speed locomotion with a relati\ely lO\\Cr 

control complexity compared to other forms such as legged. hopping. or slithering 

robots. However, wheeled vehicles have several limitations on rough and uneven 

surt~1ces. For instance. wheel robots are much speedier than legged counterpart. but 

\\heeled rope climbing robots are supposed to have very smooth ropes. If the rope is 

having obstacles wheel robots are not performed well whereas legged robots arc 

performed with much higher efficiency. Moreover. wheels come into contact with all 

details of the terrain causing higher energy losses in friction More specifically. this 

causes higher losses on soft contact surfaces like a slacked rope. The proposed four 

legged robot is designed to climb vertical or horizontal directional ropes with higher 

etlicicncy. The design of the robot is specially emphasized so that the robot should be 

able to grip ditTerent kinds of ropes with different diameters and roughness \alucs. 

Presently, there are only a handful of researches have been carried out for serve the 

above purpose. Few of the wheel robots have been constructed by different groups for 

rope climbs which they have their own advantages and disadvantages. Wheel robots 

are much more speedier than legged robot. but wheeled rope climbing robots arc 

cx.pect very smooth ropes for the propagation. If the rope is having some obstacles 

\\heel robots do not perform well whereas legged robots are perform much higher 

degree than wheeled robots. The proposed legged robot will have greater number of 



degrees of heedom than wheeled robots. Brachalion robots and crawling type robots 

are also try to conquer the rope climbing world and they succeeded to a certain 

degree. 

The proposed robot is expected to have following characteristics. The O\Trall 

complexity of the robot construction should be minimal to reduce the total cost 1~)r 

practical usage of the robot. Smooth operation is important to carry a weight very 

smoothly. For example we can use this type of rope climbing robot for rescue 

missions and if the robot is carrying a wounded person 1t should move very smoothly 

and steadily. Rope's physical characteristics such as size, roughness etc should not be 

much of the limited factors for the robot movement. 

1.1. Social and Scientific Value of the Research 

I. The proposed robot is designed for multipurpose rope climbing applications. 

This robot can be used fDr rescue operations, military operations and any place 

that is risky for humans to climb by the rope etc. Most of the de\Tioped 

countries are using robots for such operations as possible. But developing 

countries are still reluctant to use robots for their activities. This is due to 

various reasons such as financial difficulties, lack of technical knowledge and 

poor trust on the robot machines etc. This research is planning to construct lcm 

cost rope climbing robot for general usage. 

; Most of the time when a fire taken place in a building, rescue person is using 

manual methods to save the victims of the incident. They use ropes from top 

of the building and climbing on them for save life of wounded persons. But 

that maneuver is a huge risk for the rescue personal as \Yell as the wounded 

victim. The proposed type robot can be used for high risk operations and 

minimize the risk on human oi1icers. 

3. In Sri Lanka, there arc no fully automated, semi-automated or manual 

controlled rope climbing robots arc being used for practical operations. There 

arc no frequent large scale natural disasters occurring in Sri Lanka. Still there 

are man-made disasters situations such as fire situations happening in 

buildings and terrorist attacks or high risk military operations etc. By using 
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automated robots for similar environments we can reduce the overall risk on 

the society. 

4. Design and construct more generic rope climbing robot that is not depend on 

set of rope types. The media that can be found in the operating em ironment 

should be able to usc as a rope or any existing rope like media. For example 

sometime after emergency situation happened we can not place special ropes 

for robot movements. If there are any ropes or bar already exist on that 

environment the robot should be able to operate on that media and work 

according to the situation. " 

1.2. Analyzed Robot Developments and Researches 

Few of the robot developments done by various groups were analyzed to get better 

understanding about the current development in the rope climbing robot technology. 

The proposed robot is unique from some of the aspects of the existing robots. 

rollowing paragraphs will describe some of the analyzed robot developments in 

details. 

I. SLOTH- Rope Climbing Robot [1] 

SLOTH is a robot that is used for rope climbing. Studying the anatomy and 

mo\ement of a living sloth has inspired SLOTH's mechanical design and it's climbing 

gaits. SLOTH robot is constructed by three small servos and is controlled through an 

SSC II serial servo controller. SLOTH robot can be used as a teleprcsence robotic 

system by carrying a small video camera to offer "visual access" in places where 

access by human presence is ditlicult and dangerous (like earthquake affected 

buildings. poisonous and toxic gas trapped rooms etc). 
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Figure 1.1: SLOTH- Rope Climbing Robot 

2. Brachiating Robot by Professor : Toshio Fukuda's group 

Professor Toshio Fukuda's group have been developed few brachiating robots for 

very similar operations like rope climbing. Two-link Brachiating Robot [2]. 13-link 

Brachiation Robot [3] and Stair-Climbing of Multi-Locomotion Robot were analyzed 

prior to this proposal preparation. Two-link Brachiating Robot explore how 

dynamically dexterous tasks can be achieved using physical insight into the 

designated task and intrinsic dynamics of the system. Hierarchical behavior-based 

controller for dynamical motion. motion adaptation for the change of intervals 

between branches by off-line learning using steepest descent method and on-line 

adjustment using real-time video tracking system are major features of the 13-link 

Brachiation Robot. Stair-Climbing of Multi-Locomotion Robot is developed to realize 

the stair-climbing of the Multi-Locomotion Robot and establish a stable climbing 

method as the robot walks up the stair with railing. 
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Figure 1.2: Two-link Brachiating Robot 

Figure 1.2 shows how two-link brachiating robot is rfloving on the ropes. This figure 

illustrates three snapshots of the movement. This robot basically jumps from first 

point to second point and grab that point. If does not have very smooth operation. but 

as far as ropes arc steady it can move steadily on the ropes. Figure 1.3 illustrates the 

advance version of two-link brachiating robot 13-link brachiating robot. This robot 

operates on little smooth track than previous one since it has move degrees of 

freedom. Figure 1.4 is about Stair-Climbing Multi-Locomotion Robot that is also 

share same design as previous with advance controller mechanisms. 
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Figure 1.3: 13-link Brachiation Robot 
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Figure 1.4: Stair-Climbing of Multi-Locomotion Robot 

3. Rope Climbing Robot Inspects Wind Turbines 
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Figure 1.5: Rope Climbing Robot Inspects Wind Turbines 
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This rope climbing robot is used to inspect rotor blades of wind turbines. The 

inspection system consists of three elements: an infrared radiator conducts heat to the 

surface of the rotor blades and a high-resolution thermal camera records the 

temperature pattern and thus registers flaws in the material. In addition, an ultrasonic 

system and a high resolution camera are also on board, thus enabling the robot to also 

detect damage that would remain hidden to the human eye. 

This design is based on wheeled mechanism and other mentioned robots arc 

categorized as legged robots. Using set of wheels' and motors the robot body moves 

upward and downward on the rope. This robot is having four ropes for higher stability 

and proper positioning of robot body on the wind turbine propeller wings. 

4. Other robot developments 

A wheeled robot that can run on a web by pinching the strings is presented in rs1. 
They proposed applying wheeled robots in assembling large structures in constructing 

Furoshiki satellite. In first step Furoshiki satellite is used to lay large web of strings 

that is used to crawls antenna elements on it using these wheeled robots. Next, all of 

the antenna elements crawl on the web with the help of the robots toward pre

allocated locations in order to realize a complete antenna. The biomimetic design and 

assembly of a 3g self-contained crawling robot fabricated through the integrated use 

of various micro-robot technologies is another successful attempt on the crawling type 

robots l6J. The hexapod structure is designed to move in an alternating tripod gait 

driven by two piezoelectric actuators connected by sliding plates to two sets of three 

legs. This research has successfully integrated various micro-robot technologies that 

have been developed including actuator design and fabrication. power and control 

electronics design, programming via a finite state machine. and the development of 

bio-inspircd fiber arrays. 
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