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Abstract
In this project you will follow the process of modeling, designing, and constructing a
segmented and modular snake-like robot that can successfully traverse a constructed
obstacle course. The robot is adaptable with the help of a sensor and different
movements. The forwarding locomotion consists of a pulse movement as well as a
rolling movement for longer distances. It is also able to climb vertical obstacles up
to a height of 24cm, with the robot being 60cm long, and climb slopes up to 27°.
All the movements were constructed with a geometrical analysis.

iii



iv



Contents

List of Figures vii

List of Tables xi

1 Introduction 1
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Snake-like robots . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.2 Modular Robots . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Problem description . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Modeling 5
2.1 Movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1.1 Main movement . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.2 Fast movement . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.3 Climbing movement . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.4 Flip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2 Critical positions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3 Design of the robot 17
3.1 Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Hardware choices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.2.1 Servo motors . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2.2 Microcontroller . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.2.3 Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.3 Physical design of the robot . . . . . . . . . . . . . . . . . . . . . . . 19
3.3.1 Midsection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.3.2 Head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.3.3 Tail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.4 Obstacle course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4 Implementation 23
4.1 Programming language . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2 Motor Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.3 Distance sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.3.1 Autonomous driving . . . . . . . . . . . . . . . . . . . . . . . 26

v



Contents

5 Results 29
5.1 Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

5.1.1 Main movement . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5.1.2 Fast movement . . . . . . . . . . . . . . . . . . . . . . . . . . 31
5.1.3 Climbing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

5.2 Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.2.1 Distance measurements . . . . . . . . . . . . . . . . . . . . . . 36
5.2.2 Height measurements . . . . . . . . . . . . . . . . . . . . . . . 38
5.2.3 Angle measurements . . . . . . . . . . . . . . . . . . . . . . . 42

5.3 Designing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.3.1 Robot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.3.2 Obstacle course . . . . . . . . . . . . . . . . . . . . . . . . . . 46

5.4 Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
5.4.1 Comparison of theoretical analysis and physical result . . . . . 46
5.4.2 Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

5.5 Obstacle course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

6 Discussion 51
6.1 Implementation of algorithms . . . . . . . . . . . . . . . . . . . . . . 51
6.2 Environment Sensing . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.3 Physical design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.4 Autonomous driving . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
6.5 Mechanical Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
6.6 Mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

7 Conclusions 57
7.1 Final Result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

7.1.1 Main conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 57
7.1.2 Additional conclusions . . . . . . . . . . . . . . . . . . . . . . 58

Bibliography 59

A Appendix 1 I
A.1 Servo Datasheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II
A.2 Sensor Datasheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XVII
A.3 Matlab Modeling for Movement . . . . . . . . . . . . . . . . . . . . . XXVI

vi



List of Figures

1.1 Figure representing the serpentine movement often found in biological
snakes. (Picture:Rushenb[8]). . . . . . . . . . . . . . . . . . . . . . . 2

2.1 This is an illustration of the �rst position in the main movement.
Here the segments are angled according to� , � , and 
 . The dots in
the �gure represents rotational joints which are controlled by motors,
and the arrow shows the direction of the head segment. . . . . . . . . 6

2.2 This �gure shows an example of how the robot has to be positioned
between the steps for the robot to not push any segments along the
ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3 Illustration of the second position in themain movement. . . . . . . . 7
2.4 Illustration of the last position. . . . . . . . . . . . . . . . . . . . . . 8
2.5 Illustration of the assemble for thefast-movement. . . . . . . . . . . . 8
2.6 Illustration of the actual movement for thefast movement. . . . . . . 8
2.7 This �gure illustrates the starting position for the climbing. Here the

back-end of the robot is lifted and tilted over the object. . . . . . . . 9
2.8 Illustration of the �rst position in the climbing of low objects. . . . . 10
2.9 Illustration of the second position in the climbing of low objects. . . . 10
2.10 Illustration of the third position in the climbing of low objects. . . . . 11
2.11 Illustration of the �rst position during the climb of objects of medium

height. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.12 Illustration of the second position during the climb of objects of

medium height. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.13 Illustration of the third position during the climb of objects of medium

height. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.14 Illustration of the �rst position during the climb of objects of large

heights. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.15 Illustration of the second position during the climb of objects of large

heights. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.16 Illustration of the third position during the climb of objects of large

heights. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.17 Illustration of the di�erent steps to �ip around. . . . . . . . . . . . . 14
2.18 Illustration of the torque produced by the left half of the robot. . . . 15
2.19 This �gure illustrates the critical position when climbing a slope while

using the fast movement. . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.1 Illustrations of the robot with associated motor numbers. . . . . . . . 19

vii



List of Figures

3.2 Illustration of the links connecting two motors. . . . . . . . . . . . . . 20
3.3 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.4 Illustration of the tail and head while assembled. . . . . . . . . . . . 21
3.5 Illustration of the separated parts of the tail. . . . . . . . . . . . . . . 21
3.6 Schematic of the built obstacle course. . . . . . . . . . . . . . . . . . 22

4.1 Connection diagram for digital servo motors, e.g. the ones used. . . . 23
4.2 Conversion between degrees, radians, and servo motor position. . . . 24
4.3 Conversion between a joint angle into a servo position, . . . . . . . . 24
4.4 Measuring the angle of a slope. . . . . . . . . . . . . . . . . . . . . . 25
4.5 Measuring the height of a vertical obstacle. . . . . . . . . . . . . . . . 26
4.6 Simpli�ed diagram describing the robot's thought process. . . . . . . 26
4.7 In-depth diagram describing the robot's thought process. . . . . . . . 27
4.8 Depicting how the tail is lifted to give the sensor an unobstructed view. 28
4.9 Stopping to make a measurement while unfolding. . . . . . . . . . . . 28
4.10 Final position after making the sweep. . . . . . . . . . . . . . . . . . 28

5.1 Iteration 1 Step 1 of themain movement. . . . . . . . . . . . . . . . . 29
5.2 Iteration 1 Step 2 of themain movement. . . . . . . . . . . . . . . . . 30
5.3 Iteration 1 Step 3 of themain movement. . . . . . . . . . . . . . . . . 30
5.4 Iteration 2 Step 1 of themain movement. . . . . . . . . . . . . . . . . 30
5.5 The assembly- and disassembly steps. . . . . . . . . . . . . . . . . . . 31
5.6 Illustration of the actual movement for thefast movement. . . . . . . 32
5.7 Illustration of the rising movement before climbing. . . . . . . . . . . 33
5.8 Graph that shows both the sampled voltages as well as the extracted

function. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.9 The spread of result for measuring di�erent lengths between 10-80cm. 36
5.10 The picture shows how the distance measurements were made. . . . . 37
5.11 The picture shows how the height measurements were made. . . . . . 38
5.12 Measuring the height of 5 cm at di�erent distances. . . . . . . . . . . 39
5.13 Measuring the height of 10 cm at di�erent distances. . . . . . . . . . 39
5.14 Measuring the height of 15 cm at di�erent distances. . . . . . . . . . 39
5.15 Measuring the height of 20 cm at di�erent distances. . . . . . . . . . 40
5.16 Measuring the height of 25 cm at di�erent distances. . . . . . . . . . 40
5.17 The �nal appearance of the robot from its left side. . . . . . . . . . . 43
5.18 The �nal appearance of the robot from its right side. . . . . . . . . . 43
5.19 A picture taken from above that show the entirety of the head segment. 44
5.20 A close-up of the side of the head segment. . . . . . . . . . . . . . . . 44
5.21 Image that shows a segment turned upside down. . . . . . . . . . . . 44
5.22 A picture taken from above that show the whole tail. . . . . . . . . . 45
5.23 A picture taken from above that shows the inside of the tail. . . . . . 45
5.24 Picture of the completed obstacle course. . . . . . . . . . . . . . . . . 46
5.25 Picture of the setup used to measure distance before the test. . . . . 47
5.26 Picture of the setup used to measure distance after the test. Notice

the o�set from the straight line. . . . . . . . . . . . . . . . . . . . . . 47

A.1 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . LI

viii



List of Figures

A.2 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . LII
A.3 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . LII
A.4 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . LIII
A.5 Illustration of the head. . . . . . . . . . . . . . . . . . . . . . . . . . LIII

ix



List of Figures

x



List of Tables

2.1 Table of recurring variables in this chapter. . . . . . . . . . . . . . . . 5

3.1 Servo motor speci�cations. . . . . . . . . . . . . . . . . . . . . . . . . 18

5.1 The resulting matrix for the main movement. . . . . . . . . . . . . . 29
5.2 The resulting matrix for assemble. . . . . . . . . . . . . . . . . . . . . 31
5.3 The resulting matrix for disassemble. . . . . . . . . . . . . . . . . . . 31
5.4 The resulting matrix for the fast movement. . . . . . . . . . . . . . . 32
5.5 The resulting matrix for the rising movement. . . . . . . . . . . . . . 33
5.6 The resulting matrix for the �rst climbing algorithm. . . . . . . . . . 34
5.7 The resulting matrix for the climbing. . . . . . . . . . . . . . . . . . . 34
5.8 The resulting matrix for the climbing. . . . . . . . . . . . . . . . . . . 35
5.9 Average value and standard deviation for the di�erent height mea-

surements at the di�erent distances away. . . . . . . . . . . . . . . . 41
5.10 Results while identifying obstacles at di�erent distances. . . . . . . . 42
5.11 Speci�cations for the physical robot and friction coe�cient between

the robot and the obstacle course. . . . . . . . . . . . . . . . . . . . . 43
5.12 Di�erence between maximum values and actual values. . . . . . . . . 46
5.13 Comparison between the actual and theoretical distance. . . . . . . . 47
5.14 Approximate results while running with normal speed. . . . . . . . . 48
5.15 Approximate results while running with normal speed. . . . . . . . . 48
5.16 Approximate results while running at normal speed. . . . . . . . . . . 48
5.17 Results while running the obstacle course. . . . . . . . . . . . . . . . 49

xi



List of Tables

xii



1
Introduction

1.1 Background

In today's modern society, technology is advancing at a rapid speed, computers
are made smaller, and the development of robots is increasing[1]. This has opened
up many new avenues of possible applications for robots. Such as robots that can
travel through harsh terrain in, for example, search-and-rescue missions. A harsh
terrain poses many challenges to the locomotion of the robots[2]. A good source of
inspiration while searching for solutions to this problem is nature. Among nature's
more interesting forms of movements are the movements of serpents and snakes and
more speci�cally, how they are e�ciently able to access the most restricted areas.
A more in-depth analysis of the biomechanical study of snakes can be found in the
book by Harvey B. Lillywhite (2014)[3].

1.1.1 Snake-like robots

Snake-like robots are a subject that has been popular for quite some time with
the �rst research on the area conducted in 1972 and has since then been continued
upon, with the robots becoming more and more advanced[4][5]. Snake-like robots
have many applications and can be categorized into two kinds of robots, segmented
and continuum robots[5].

Segmented robots are made up of multiple, usually similar segments that with the
help of motors generate movement in one or more axes. By re-positioning the
segments with the support of the motors movement can be generated. Advanced
versions of these robots are usually constructed such that each segment provides
rotation in more than one axis, while less complex ones only provide rotation in
one axis. This enables the more advanced robots to have the ability to use more
complex forms of movement. Segments and their modulated property lead to the
option of increasing or decreasing the number of segments that a robot includes.
Some concept systems have automated the process of self-assembly and -disassembly
to such a degree that the system can do it automatically[6].

A common way to generate movement with segmented snake-like robots is in the
form of serpentine movement, i.e. shifting the body parallel to the ground to gen-
erate propulsion (see Fig. 1.1).

1
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