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DESIGN AND ANALYSIS OF A SPIDER ROBOT

ABSTRACT

Wheel or palette type robots are usually used for explorations on flat surfaces
because of simplicity of their mechanical, electronic and software implementations.
But these robots are not quite applicable on rough terrains. Legged type robots are
not fast as wheel types but have abilities to be operated successfully in rough terrains
such as rocky or sandy areas, narrow paths, etc. Biped robots have relatively simple
structures but they are hard to be balanced. On the other hand, as the number of legs

increases the mechanical complexity also increases for multi-legged robots.

In this study, it is aimed to develop an eight-legged robot with minimal
mechanical and cabling complexity. Eight-legged explorer robot (ELER) was
designed in SolidWorks and Matlab Simmechanics softwares and then succesfully be

implemented using smart servo motors and 3D printing technique.

Keywords: Explorer robots, multi-legged robot, human-robot interface, smart servo

motor
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BiR ORUMCEK ROBOTUN TASARIMI VE ANALIZi

0z

Tekerlek veya palet tipi robotlar genellikle mekanik, elektronik ve yazilim
uygulamalarmin basitligi nedeniyle diiz ylizeylerdeki arastirmalarda kullanilir.
Ancak bu robotlar engebeli arazilerde kolaylikla uygulanabilir degildir. Bacakli tip
robotlar tekerlek tipi kadar hizli degildir, ancak kayalik ya da kumlu alanlar, dar
yollar vb. gibi zorlu arazilerde basarili bir sekilde ¢alistirilabilmeleri i¢in gerekli
yeteneklere sahiptir. Biped robotlar goreceli olarak basit yapilara sahiptir fakat
dengelenmeleri giigtiir. Diger taraftan ¢ok bacakli robotlarda bacaklarin sayisi

arttikca, mekanik karmasiklik da artmaktadir.

Bu caligmada, en az mekanik ve kablolama karmasikligina sahip sekiz bacakli bir
robotun gelistirilmesi amaglanmistir. Sekiz bacakl kasif robotu (ELER) SolidWorks
ve Matlab Simmechanics programlar ile tasarlanmis ve akilli servo motorlar ve {i¢

boyutlu yazdirma teknigi kullanilarak basariyla uygulanmistir.

Anahtar Kelimeler: Kasif robotlar, cok bacakli robot, insan-robot arayiizii, akilli

servo motor
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CHAPTER ONE
INTRODUCTION

Exploring rough terrains and hazardous areas is a challenging issue for mobile
explorer robotic designs (Billah, Ahmed & Farhana, 2008). Wheel or palette type
robots are usually used for explorations on flat surfaces because of simplicity of their
mechanical, electronic and software implementations. But these robots are not quite
applicable on rough terrains. Legged style robots are used to cope with these

challenges because of their climbing and movement capabilities (Rohmer, 2009).

In this study, an Eight-Legged Explorer Robot (ELER) was mechanically
designed and implemented. ELER’s goal is to achieve to help search and rescue
missions where natural disasters happen or general map exploring tasks. Eight-
legged design was selected to mimic the spider’s ability of advancing on nearly every
terrain and overcoming surrounding obstacles. Multi-legged robotic systems are hard
to implement because of the mechanics, electronics and software concerns (Tadeschi
& Carbone, 2014). Therefore, this study is a very good optimization problem and

didactic process for a mechatronics project.

Intelligent servo motors were used to simplify the mechanical design and ease the
power and signal cabling. These intelligent motors also provide sensory feedback
such as voltage, current, power, torque and motor temperature values to the
electronic control unit (Slatour, 2016). 24 smart servo motors were used for the
mechanical leg movements. There are 3 servo motors for each leg and the motors are
placed in a way to imitate the real life spider. Using smart servos enables the cables
to go through one servo to another, thus it makes cabling process and servo control
from one link easy. HC-06 Bluetooth 2.0 module (Bluetooth Transceiver Module
HC-06, 2017) was used to communicate with the robot. Arduino Mega platform
was used to control the mechanical system, the battery system and the Bluetooth

communication control system.



First, the mechanical body and the leg parts are designed using SolidWorks and
kinematic analysis was performed in Matlab Simulink. Then the mechanical parts
were printed using a 3D printer. Parts and the motors were assembled together. The
cabling between motors, motor controller interface, Arduino Mega, SD card module,
LCD module, Bluetooth module and the battery were performed maintaining
minimum amount of cables. Software was initially built for each component
separately, then integrated in a one robust software using Arduino C coding. PC

serial channel is used for software uploading, testing and debugging purposes.

The basic leg and robot movements are developed using this PC communication
interface. For enabling mobile control, a human machine interface (HMI) was built
on Android mobile phone by using “MIT App Inventor 2”. The robot’s three
dimensional movement (X, y, z and rotational movements) can be controlled with
touch buttons on the screen. Some basic initial robot poses, robot base vertical
ascending and descending codes are loaded using simple known robotic patterns. The
other complex movements are first build with position teaching with moving the legs
like a puppet. Simple human robot cooperative interaction for movement teaching
was resulted an easy and effective way of robot movement programming. It is seen
that teaching method eases the software development and the resultant robotic
movements are satisfactory. As a result, eight-legged explorer robot electronic
control software and human-robot interface software were developed. A simplified
mechanical robotic system, efficient electronic system and control software were
implemented successfully. Below, a brief information was given for the robotic

systems.

1.1 Robots

A robot is a mechatronic system, which has mechanical and electronic parts,
sensors, and a software runs on a specifically designed computer (Angeles, 2014).
This system carries out pre-programmed complex time based actions considering the
environmental factors using latest technological smart sensors. Robot operation and

guidance can be done manually by human operator or automatically by robot itself.



The robot and human interaction usually performed by using input and output
devices such as keyboard and mouse, joysticks, various controllers, touchscreens etc.
Today robots even can be controlled like human-human interface such as auditory
and visual communications. Robots can be in various constructions from basic

manipulators to animal and human appearance.

1.2 Explorer Robots

Explorer robots are sophisticated machines that have sensory systems and are
remotely controlled or controlled by preprogrammed onboard computers. (Miller &
Miller, 2017). Explorer robots are used to go where humans cannot go or fear to
tread. For instance, they are used in outer space probes, to explore caves and to dive
far deeper underwater than humans can, and they can be used to rescue people in
sunken ships. An example is Thai cave rescue operation in 2018, Elon Musk tried to
help the rescue mission by bringing child-sized robot-like submarine, even though

the submarine was not needed the will to help is appreciated.

1.3 Multi-legged Robots

Multi-legged robots are robots with human or animal like legs, which uses those
legs for movement or other objectives. Most common multi-legged robots are two
legged (biped) robot, four-legged (quadrupedal) robot, six-legged (hexapod) robot
and eight-legged (octopod) robots (Machado & Silva, 2006).

Wheeled systems go very fast, but speed is not always the metric in measuring the
performance. Wheels don't always go where feet do. And speed in linear travel does

not translate to speed in change of pose/principle orientation.

Multi-leg robots are flexible and can travel where wheels or tracks cannot, it can
even climb to a certain degree while wheel designs fail (Wettergreen & Thorpe,

1992).



1.3.1 Eight-Legged (Octopod) Robots

Eight-legged designs are generally inspired from spiders and arachnids and in this
study, ELER is inspired from spiders. Eight-legged design was selected to mimic the
spider’s ability of advancing on nearly every terrain and overcoming surrounding
obstacles. Eight-legged design is easier to balance than two or four-legged robots due
to the number of legs it has. There are more than one walking pattern for multi-

legged robots as shown in Figure 1.1 and Figure 1.2 and they are called as gaits.

1.3.1.1 Wave Gait

In wave gait the legs move forward one at a time, starting from the rear leg from
one of the each side. Movement starts from the rear leg and finishing at front leg,

after one side finished moving the other side repeats the pattern.

Since only one leg is active at any given time while the rest of the legs stay down,
it is a very stable motion but lacks in speed (Inagaki & Kobayashi, 1994). This gait
can be applied on both six or eight-legged designs.

1.3.1.2 Tripod Gait

It is one of the most used gaits in hexapod (6-leg) design and it can also be used at
octopod (8-leg) design with little tweaks to it. The movement finishes in two
sequences, front and rear leg on one side and middle leg at the other side moves
forward at the same time, after the first sequence finishes the remaining legs
(opposite of the moved legs) moves forward. Since while moving, three legs are
always remains contact with the ground the gaits name is called tripod. While
moving the center of gravity is always at the middle and the system is statically and

dynamically stable (Hasnaa & Mohammed, 2017).



1.3.1.3 Ripple Gait

More complicated than wave and tripod gait but similar moving pattern to tripod
gait (Pabbu, 2017). Legs are moving one by one in this gait, and different from
previous gaits there is a phase angle of 180 degree instead of 360 degree. While one
leg is in the middle of its forward action the second leg starts to move and while
second leg is in the middle of its forward motion first one finishes its movement
while third one starts. Leg pattern is similar to tripod but instead of two there is six
sequences, if the movement starts from right side moving sequence is like that; right

front leg, left middle leg, right rear leg, left front leg, right middle leg and lastly left

rear leg.
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Figure 1.1 Tripod, wave and ripple gaits (Zak & Rozman, 2015)

1.3.1.4 Scorpion Gait

Living scorpions’ gait has always an alternating tetrapod scheme (Figure 1.2, left).
Legs, which belong to a tetrapod, beginning with the posterior leg, step in an anterior

direction and each leg lags the preceding one by ten percent of the whole cycle



(phase). The other tetrapod starts the wave of motions when the first one is at the
middle of its cycle. A cycle is a combination of a leg promotion period (swing) and
a leg redemption period (stance). Spider robot’s motion includes phase, swing and
stance parameters (Figure 1.2, right) together with the step size of a leg (Klaasen,

Linnemann, Spenneberg & Kirchner 2002).

/X
EREE

7
ELRBL

swing I stance

Figure 1.2 Scorpion gait (Klaassen, Linnemann, Spenneberg & Kirchner, 2003)

1.3.1.5 ELER’s Gait

ELER’s gait is unique, it uses a walking method of combination of tripod and
scorpion walking gaits. As in the scorpion gait leg sequence is R1-L2-R3-L4 and
then L1-R2-L3-R4 but as in tripod gait 4 legs move at the same time and after those
4 legs finish their movement other 4 legs start to move. The gait of the ELER can be

drawn as shown in Figure 1.3.

C1> C22
RL —— (1) 1 1 (2)
R2 i2) 2 2 (1)
A e > 2
R3 —i (2) 4 4 (1)

Figure 1.3 ELER’s gait



1.4 Thesis Outline

In the scope of this thesis, a spider like robot was designed and realized. The
mechanical design of the robot is based on a previous study presented in the
literarure (Zhang, Liu, Zhao, Chen & Yan 2014) and new original design was

created.

In chapter two, mechanical and electrical design of the spider robot is discussed,
the modelling of the parts, placements of the sensors and motors is shown and their

purposes in the design are described.

In chapter three, the simulink model of the ELER is given, the basic elements in

the program are described and the results are shown.

In chapter four, the electronics design of the ELER is given.

In chapter five, the control software of the robot is described. Walking algorithms
of the robot are described and the parts of the software are shown as well as the IMU

sensor and the motor information.

In chapter six, mechanical and electronical outputs are given with some

discussions.

Chapter seven is the closing section of the thesis and the unique properties of the
robot are described and some suggestions for the future improvements are

recommended.



CHAPTER TWO
MECHANICAL DESIGN

In this chapter ELER’s mechanical design were explained in details. After giving
some details of the mechanical parts used in the robot, the overall mechanical design
was explained. The mechanical design was performed in SolidWorks and the parts
were manufactured using a 3D printer. The main important part of the robot is the
smart RC servo motor and the mechanical design of the robot main body and the legs
were built with reference to the motor dimensions. Placement of the electronic

system to the main body was also considered at the mechanical design stage.

2.1 Mechanical Parts

2.1.1 Servo Motors

RC servo motors are used for the joint movements of spider robots. The standart
servo motor controls require three cables connection from the servo control circuitry.
In this study, 24 RC servo motors are needed because eight legs have three joints.
24x4 different PWM signal cables are needed even if the power and ground lines are
connected to each other. This action results too messy cable attachments. Moreover,
the control circuitry has 24 different PWM signal generation. To cope with this
problem, a smart servo motor was selected. All signal lines are connected to each
other to form a network. In this configuration, we don’t need 24 different PWM

signal generation.

2.1.1.1 Standart Servo Motor

The design of the model started evolving after concluding which servo motor has
to be used. At first Futaba S3004 standart servo was chosen (Figure 2.1) and design

is started get a shape. But the servo motor had some problems.



These servo motors could not be connected serially since it creates cable
cluttering. Since the 24-channel PWM cannot be received from the Arduino mega
outputs, it requires a servo driver board for 24 channels. There is also a need for

distributor electronic card design.

0.3
355

361

20 i

Figure 2.1 Futuba servo and the basic dimensions (Futuba specs, n.d.)

2.1.1.2 Smart Servo Motor

Finally, Feetech SCS15 servo motor (Figure 2.2) is choosen to actuate the spider
robot. Since there are 8 legs and each leg has 3 servo motors as joints, 24 servo

motor are used and controlled at the same time.
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Figure 2.2 SCS-15 Servo Motor, cable and fixing apparatus (Feetech SCS15, n.d.)



It’s dimensions are 40.0x20.0x40.5 (in mm) and the mass of it is 56 grams. Servo

motors are purchased with their own gears and aluminum brackets.

2.1.2 Servo Mount Brackets

Servo motor brackets are used for connecting servos and other parts. They are

made of aluminum and tough. Techincal drawing of the bracekts are given in Figure

2.3 and Figure 2.4.

EE 10 _ 5 5 _ 10 E
0 0_0 o%
2o

o O o O
| - -

25

2l

Figure 2.3 Servo mounts and the basic dimensions
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Figure 2.4 Servo mounts and basic dimensions

2.1.3 Servo Motor Disc Horns

Disc horns are shown in Figure 2.5 and they are used for connecting servo motors

to brackets or other parts.

Figure 2.5 Servo discs with basic dimensions
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2.2 Mechanical Design

Three-joint design is selected for more smooth design instead of real spider leg,
since it can be really challenging to imitate 4-joint leg of a spider especially in
software development. Also the 3-joint design is enough to provide satisfactory

movement.

2.1.1 3D Printed Parts

Two different leg designs were made with Futuba S3004 servo motor as shown in

Figure 2.6 and Figure 2.7.

Figure 2.6 Early model of the leg, Type 1



Figure 2.7 Early model of the leg, Type 2

While finishing the leg design other servo motors were checked to see if there are
better options. After some investigations, in accordance with the purpose of the robot
and considering future works it was concluded that the smart servo with feedback
mechanism will be a suitable selection and then Feetech SCS15 servo motor was

chosen and new leg designs were made according to new servo motor dimensions.

At first it was uncertain to what kind of design is going to be used so multiple leg
design were made by using SCS15 as servo and the design which is more simple to

manufacture and most durable 1s choosen.

Since the new servo has its own aluminum brackets the design changed drastically
and became much more reliable (Figure 2.8). But there was one mistake, the material
used in 3D printer has lower durability than expected and the parts were a bit long so
after some time they began to buckle and started to shatter from their weak points

and third change was made to solve this problem.

13



Figure 2.8 Early model of the leg with smart servo motor

The new leg should be much shorter; when the legs become shorter less stress was
experienced on the plastic parts. Besides, the servo motors needed less torque to
operate which translates into less energy usage and less motor wear. At the end of the

evaluation process, the model shown in Figure 2.9 is obtained.

Figure 2.9 Final leg model

The basic dimensions for the previous design are given in Figure 2.10 and Figure

2.11 (in mm);
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Figure 2.10 Dimensions of previous leg design
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Figure 2.11 Dimensions of previous leg design

After reducing the dimensions and strengthening the weak regions, the new

dimensions are obtained as given in Figure 2.12 and Figure 2.13;
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Figure 2.12 Dimensions of new leg design

The holes were designed in accordance with the mounting holes of the servo

motor.

Figure 2.13 Dimensions of new leg design
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For the base part, it was thought that it would be better to align all the legs
symmetrically considering the software development and aesthetics purposes and the

base was designed as shown in Figure 2.14;

&

SECTION C-C ™

SECTICOM F-F

Figure 2.14 Dimensions of upper base

The initial dimensions of the base were 220x220 mm but it was impossible to
print with the available 3D printer since the widest allowed dimensions are 200x200
mm. Considering the manufacturing facilities, the dimensions for the base parts are
selected as 180x180mm. 3.1 holes are created for the screws which connects legs to

the lower and upper base. ©¥5.2 holes on the outer diameter are used for the support

17



units that connect lower and upper base parts. The others holes are used for

connecting electronic parts to the base.

Support units (Figure 2.15, 2.16 and 2.17) connect the bases and add durability to
the robot. There are 6 support units and 6 flat-head-countersunk-socket screws. The
screws go through upper base to lower base and there are support units between
them. Hexagon nuts makes sure nothing is loose and support units make sure that
upper and lower base is not squeezes into each other so that the main servo motors

that rotate legs are not jammed.

05,20 47,50

D9 |

Figure 2.15 Dimensions of support unit

Figure 2.16 Section view of support unit (Isometric)
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Figure 2.17 Section view of support unit

Final design of ELER as in the technical drawing can be seen in Figure 2.18.

General parts and their quantities are also given in the figure.

M. FART HUiABER MATKT.

_basze_lower

_PRUMGCER BACAK
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Figure 2.18 Technical Drawing of the spider robot assembly

The leg design is done according to the Figure 2.19, which shows a real life

equivalent of an insect.
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Figure 2.19 Three-joint leg anatomy (Liang, 2018)

In Figure 2.20, the model shown in Figure 2.19 is applied to ELER and the joint

movements are described schematically.

7 axis

Y axis

Figure 2.20 Leg anatomy of ELER
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CHAPTER THREE
SIMULINK MODEL

3.1 Matlab Simulink Model

Modelling in simulation environment and testing it before designing the model in
real-world could have lots of advantages since we could see the errors which we
cannot foresee, resulting in the time and cost savings (Defense Acquisition

University Press, 2001).

Using Matlab Simulink and SimMechanics, the design of the robot can be done
virtually. We will be able to iterate on physical robot design and the parameters in a
virtual system. Feasibility of the design can be checked beforehand like weight and
speed of the robot, how much torque or power does the joints and other critical parts

be subject of, etc. Algorithms can also be verified preliminary for the robot.

Matlab also helps us designing without harming the robot. Countless and repeated
tests can be done without stressing robot hardware. We can recreate unsafe scenarios
to see the boundaries and limits of the robot. Also bugs or unforeseen issues about

the robot and environment can be checked.

In the mathematical modelling phase, Matlab Simulink is used. Using SolidWorks
solid model, mathematical model of the spider robot is created. The size and the
weight of the mathematical model in Simulink environment are nearly identical to

the one in real life design and in SolidWorks model.

The model designed in SolidWorks is rebuilt in Matlab Simulink using Matlab

SimMechanics blocks as shown in Figure 3.1.

21



DDD&

[]

[]

;rrt:FD—ErHjﬁﬂ
BN A
i {—if

(i
C———f:
i
t—H it
f— |
e L
f
T %f%—TD
T
Lf%—fD
Nyl iap Mo i

Figure 3.1 Simulink model overview of the blocks

[ ]



A leg of the spider robot consists of 3 solid parts and 3 joints, servo motors are

shown as joints (Figure 3.2) and body parts are blocks consisting of solid blocks and

reference frames as can be seen from Figure 3.3.

Figure 3.2 Example of leg blocks

BfF Fi F B(F FiF [BfF? F

Revolute25 coxa_12 RIGID Revolute22 Femur_8 RIGID Revolute7 Tibia_1_RIGID
—@ F1 F }B f F F1 F B f F F

Revolute24 coxa_11_RIGID Revolute20 Femur_B_RIGID Revolute13 Tibia_7_RIGID

,75')‘/_’<Ir F

Transforms V3_SERVO_EK1_1_RIGID

- a X
2hlevtad X @dTIIATE >

biB')‘/i{.r F

I

Transformd V3_SERVO_DISC_1_RIGID

ke

sferenceFrame

destek_parca_1_RIGID

>—B')'/_‘,<'

I

vR

Solid

Transform2 V3_bacak_uc_1

>—B')'/_‘,<F F

¢

Transform1 V3_SERVO_DISC_2_RIGID

~—B:‘)7,<F—®

F

Transform

Figure 3.3 Closer look at solid blocks

After the setup of the initial robot diagram, some changes are needed to be made

so the robot can move freely on the surface. Without the changes, the robot is just

hanging from its main body part and its legs are dangling without any motion.
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Firstly, a road like plane shown in Figure 3.4 is needed to be created so that we

can simulate the various movements of the spider robot.

I Solid : World Plane

Description 2 | L@J‘ T 14 0-1-0 Q q ﬁ
Rep a solid combining a geometry, an inertia and mass, a graphics
companent, and rigidly attached frames into a single unit. A solid is the
common building block of rigid bodies, The Solid bleck obtains the inertia from
the geometry and density, from the geometry and mass, or from an inertia
tensor that you specify.

=g o
ERTIHIE| L

In the expandable nodes under Properties, select the types of geometry, inertia,
graphic features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry. Each additional created frame generates another frame port.

Properties

Shape Brick
Dimensions [plane_x plane_y height_plane]

Inertia
Graphic

Frames

=
H
i
g

Figure 3.4 Road plane

After setting the road plane, tips of the legs (tibia) need to be in contact with the
ground plane and there should be a correlation between the contact forces. To make
robot stand up when the motion is given to the joints and setting a proper relation
with tibia and plane, sphere to plane contact force is used as shown in Figure 3.5.

This force can be found in Simscape Multibody “Contact Forces Library”.
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Block Parameters: Sphere to Plane Forcel >

Sphere to Plane Force (mask) (link)

This subsystem implements a contact force between a sphere and a plane. The force is active
above and below the plane.

Frame connected to PlaB port:
1. Located at midpoint of plane (x, y, and z).
2. Z-axis is normal to the surfaces where force is active.

Frame connected to the SphF port:
1. Located at center of sphere.
2. Orientation does not matter.

Output signal is a bus with intermediate calculations and total force. Click Help for a diagram
describing this force.

Dimensions Contact Friction Visual

Sphere Radius (m) |onntact _point_radius | :

Plane Length x (m) |p|ar1e_x | :

Plane Length v (m) |p|ar1e_y | :

Plane Depth to Reference Frame (m) ‘height _plane/2 | :

Cancel Help Apply

Figure 3.5 Sphere to plane contact force

Four different frame ports are introduced on the tip of the tibia as shown in Figure
3.6 and they are connected to the ground plane via sphere to plane contact force

block as shown in Figure 3.7.
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Ii# Solid : Solid

- O X

Description

p a solid combining a try, an inertia and mass, a graphics
compenent, and rigidly attached frames into a single unit. A solid is the common
building block of rigid bodies. The Solid block obtains the inertia from the
geometry and density, from the geometry and mass, or from an inertia tensor
that you specify.

In the expandable nodes under Properties, select the types of geometry, inertia,
graphic features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry, Each additional created frame generates another frame port.

D i
D

ot QRE|IFITHI @ L

p
Ty e T
File Name V3_bacak uc_Varsayilan_sldprt.STEP .
-
.
Show Port R )
F1
Frame2 F2
Frame3 F3
Framed F4
Mew Frame
yA=ET
| Solid : Solid
rame MName: | F1 |
Frame Origin
() At Reference Frame Origin
() At Center of Mass

®) Based on G tric Feature |Use Selected Feature

|I.ocation of point 42 |

Frame Axes

Primary Axis: 2

® Along Reference Frame Axis

O Along Principal Inertia Axis

(O) Based on G tric Feature ’m

| |
Secondary Axis:| +X ~ |(&)

(®) Along Reference Frame Axis

() Along Principal Inertia Axis
() Based on Geometric Feature

Figure 3.6 Frame ports
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Figure 3.7 Application of the sphere to plane contact force
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After setting up the ground-leg contact forces, leg joint actuation need to be defined

(Figure 3.8) to give the desired motion to the legs.

@ Revolute Joint : Revolute?s — O s

Description
Represents a revolute joint acting between two frames. This joint has one rotational
degree of freedom represented by one revolute primitive. The joint constrains the origins
of the two frames to be coincident and the z-axes of the base and follower frames to be
coincident, while the follower x-axis and y-axis can rotate around the z-axis.

In the expandable nodes under Properties, specify the state, actuation method, sensing
capabilities, and internal mechanics of the primitives of this jeint, After you apply these

settings, the block displays the corresponding physical signal ports. m T 1
-‘ J -‘ |

Ports B and F are frame ports that represent the base and follower frames, respectively. oo If H F1F ba || Fi F1. iF ta |f

L | L >

The joint direction is defined by motion of the follower frame relative to the base frame. 9 | e |
Revolute25 coxa_12_RIGID Revolute22 Femur_8 RIGID Revolute?

Properti
= ZRevolute Primitive (Rz)

# State Targets

| vty Compitied |

|Provided by Input ~

Sensing

B Composite Force/Torgue Sensing

|oK| |Cancel| |Help| |Apply

Figure 3.8 Application of the sphere to plane contact force

For the joint actuation, motion provided by input is selected using “mux” and
“demux” blocks. Motion is defined by using signal building block and signal is
created by hand to imitate the spider’s motion. The signal is directed to joint
actuation port by using Simulink-PS converter block as seen in Figure 3.9 and Figure

3.10.

One signal block is used for each joint actuation. Motion signal is created
according to the desired motion, which is the elevation motion of the spider robot.
The signals for the required motion for the one leg can be seen in Figure 3.11. These
signals determine the speed and direction of rotation of the joints. The same signal
can create different motions on different joints because of joints position in world so

each signal is unique to its own joint for the specified motion.
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Revolute25 coxa_12_RIGID Revolute22 Femur_8_RIGID
>
) >
qRef
p>
Block Parameters: Demux Block Parameters: Simulink-PS Converterd X

Demux

Split vector signals into scalars or smaller vectors. Check 'Bus Selection
Mode' to split bus signals.

Parameters

Number of outputs:

El

Display option: | bar -

[ Bus selection mode

Q Cancel Help Apply

Simulink-PS Converter

(Converts the unitless Simulink input signal to a Physical Signal.

The unit expression in 'Input signal unit' parameter is associated with
the unitless Simulink input signal and determines the unit assigned to
the Physical Signal.

"Apply affine conversion’ check box is only relevant for units with
offset (such as temperature units).

If the selected solver requires input derivatives, you can either provide
them explicitly through additional signal ports, or turn on input
filtering to calculate time derivatives, The first-order filter provides one
derivative, while the second-order filter provides the first and second
derivatives. For piecewise-constant signals, you can also explicitly set
the input derivatives to zero.

Parameters

Units  Input Handling

Filtering and . X
ek Filter input, derivatives calculated
Input filtering order: | Second-order filtering =

Input filtering time

constant (in seconds): ‘motlon,ume,mnstanr

Cancel [ Help Apply

Figure 3.9 Blocks of the Demux and Simulink-PS converter.
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Figure 3.10 Mux block
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Figure 3.11 Signals for a single leg
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Having established every joint with their proper motion signals shown in

Figure 3.12, the simulation gets started.
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Figure 3.12 Input signals

After running the simulation, robot’s up and down movement can be seen in the
Matlab output window (Figure 3.13), which is identical to the real world model’s up

and down movement.
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Editor - orumceksim_DataFile.m
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Figure 3.13 Movement in simulation environment

Using the sensing ports of the joint we can read position, velocity, acceleration
and actuator torques of the joints. Sensing the torques are important for deciding if
the servo motors have enough power or not. Position, velocity and acceleration

values are important for mathematical model of the robot.

The data from the joints can be read by using PS-Simulink converter and scope

blocks which as seen from Figure 3.14 and Figure 3.15.

5 F
w> =
LoCT I S~ |
Revolute11

PS-Simulink 2 )
Converter >SCtope

Figure 3.14 Reading data
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Figure 3.15 Reading torque data from joints

The results (Figure 3.16-3.18) can be seen as unit-time curve and then discussed

accordingly. Torque unit is Newton-meter and time unit is second.

4 Torque 1 — O x

File Tools VWiew  Simulation  Help L]

B-OP®| - M- Bl F &

Ready Sample based T=10.000

Figure 3.16 Torque data 1
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Figure 3.17 Torque data 2
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File Tools View Simulation Help ¥

8-l a®p 2| - R+ F-

Ready Sample based T=10.000

Figure 3.18 Torque data 3
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Torque 1 belongs to the base joint, since it doesn’t move in up and down
movement its value is very close to zero. Torque 2 and Torque 3 reflects the middle
and end joint torques, respectively. The robot starts its movement just a little bit
above the ground so the torque values have some spike at the start to demonstrate the

falling action, than the values get normal.

Using these torque values, we can merge them together to see their variation with

time as shown in Figure 3.19.
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Figure 3.19 Merged torque data
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CHAPTER FOUR
ELECTRONICS DESIGN

In this chapter, ELER’s electronics design was explained in details. After giving
some properties of the electronic parts, the electronics design was explained. The
design was performed around the Arduino Mega 2560 microcontroller platform and

the cabling network of the smart servo motors.

4.3 Electronic Parts

4.3.1 Arduino Mega 2560 Microcontroller Platform

Arduino Mega 2560 platform shown in Figure 4.1 was used to control the whole

system.

ARDUINO

POWER ANALOGC IN
" 3 SN mT W ~

© o
L IO I <<

Figure 4.1 Arduino Mega 2560 (Arduino MEGA 2560 Board, n.d.)

Arduino was chosen because it is an open-source electronics platform, software
and hardware is extremely accessible and very flexible to be customized. It is very
flexible and offers a variety of digital and analog inputs. It is easy to use, connects to
computer via USB and communicates using standard serial protocol, runs in
standalone mode and has and interface connected to PC/Macintosh computers. A
growing online community backs up Arduino and lots of source code is already

available.
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4.3.2 SCS15 Smart Servo Motor Electronic System

SCS15 is a smart servo motor and it has electronic control unit with sensors. The
electronic control is different from the standard servo motors. TTL level multi drop
bus interface is chosen to control multiple servo motors via the half duplex TTL
serial communication. Figure 4.2 shows the TTLinker internal circuit. The baud rate
from 38400 bps to 1 Mbps can be used for the communication, but the factory
default communication speed is 1 Mbps. Usage of multiple servo motors in the same
communication link is possible by giving them a fixed identity number (ID)
individually. For this purpose, the range from 0 to 253 (OxFD) can be used (The
factory default setting is ID 1), and, especially 254(0xFE) is used as the broadcast
ID. If the broadcast ID is used to transmit instruction packet, we can control the
servo motors at the same time. To give the IDs for servo motors, a PC software
mentioned later was developed. IDs can be assigned to the servos one by one using

the developed software.

The servo electronic system can be powered by 6V~8.4V power source. The
upper 8.4V limit is very import for the ELER design. Thus, there is no need to use a

voltage regulator to reduce the Li-lon battery voltage to ease the electronic design.

The servo electronic has position, temperature, load, speed and input voltage
sensors. These sensors are very important to make smart actions and differ from the

standard servo motors, which have only position sensor.

Since each servo has a unique ID number and can be connected serially, cabling
and servo control becomes much easier and smooth. These servo motors can
feedback lots of variables such as the value of angular position, temperature, load,
torque, speed and input voltage. Load feedback allows us to determine whether the
legs are touching a surface or not while input voltage lets us to check which walking
pattern is more cost efficient while travelling the same path. In the future works these
feedback mechanisms can be used to implement self-learning and self-correction

actions. For example, the robot can alter its motor position values every time it walks
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a certain path and see for itself to use which moving pattern or which motor positions
are best for energy or time saving. It can be easily controlled via Arduino with the

help of TTLinker mini between Arduino and servo connection.

4.3.3TT Linker

TT linker is the converter between the microcontroller and the servo electronics.
The servo has three inputs. One of them is the serial control input called as signal
input. The others are the voltage and the ground inputs. All servo motors’ signal
inputs are connected to the same signal cable. Using the same cable, all servo motors
can receive commands and send their status and sensor information. Figure 4.2
explains the electronic schematics and the connection of the TT linker. Figure 4.3

shows the TT linker photo.

Txp 470 TXEN 5v

T4HCOD4 74HC126

TTLinker internal circuit(HALF DUPLEX UART)

Figure 4.2 TT Linker schematics and the connection (TTLinker schematics, n.d.)

Figure 4.3 TT Linker (TTlinker, n.d.)
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4.3.4 Bluetooth Module

Bluetooth is a technology that exists in almost all devices capable of wireless
communication, from our mobile phones to our headsets. For Arduino
communication HC-06 bluetooth module (Figure 4.4) is one of the easier to use and

simple bluetooth module that we can use.

e (@ @ W e e @
\ =
1 (-1 -] L d

Figure 4.4 HC-06 Bluetooth modiile (HC-06, n.d.)

4.3.5 Batteries

Almost 40% of the world’s batteries are lithium-ion. Nowadays, the 18650 battery
(Figure 4.5) is the most used Lithium Ion battery. Especially it is used in laptop
computers, electric powered tools, robots, powerbanks, flashlights, even in electric
cars. For example Tesla cars use 7180 of it to form a battery pack. The battery name
shows the dimensions. For 18650, the size of the battery is 18x65 millimeters. The
last character shows that it is a cylinder type battery. The battery voltage is nominal
voltage 3.7 V, the charging cut-off voltage is 4.2V, and the common capacity is 2200
mAh-3500 mAh. Protected and unprotected types are available, but especially for
safety precautions protected ones should be used. Average charge time of the battery

is about 4 hours but this can vary with the charger specifications.

Figure 4.5 The 18650 battery (NCR18650, n.d.)
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4.3.6 Battery Holder

The battery holder with two serially connected compartments is shown in Figure

4.6. Two set of battery holders were used on two sides of the robot’s main platform.

Figure 4.6 Battery holder (Battery holder, n.d.)

4.3.7 Battery Charger

Four set of 18650 batteries are charged with an external Li-Ion battery charger

(Figure 4.7)

Figure 4.7 XTAR VC4 Li-lon batttery charger (Li-ion charger, n.d.)

4.3.8 LCD Module

2x16 LCD module was selected for debugging and showing the current status of

the ELER (Figure 4.8).
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Figure 4.8 2x16 LCD module (2x16 LCD modiile, n.d.)

4.3.9 Remote Control Mobile Device

Remote control of the robot is done by an Android mobile device. The software

was developed on MIT App Inventor program. Interface can be seen in Figure 4.9.

BT SELECTION

ELEVATION: 1l

FWD
LEFT STOP RIGHT
BACK

Figure 4.9 App inventor remote control interface screen
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4.3.10 IMU Sensor

BNOO55 is an intelligent 9-axis absolute orientation sensor (Figure 4.10). Using
this sensor we can detect the position of our robot in 3-dimensional space without
doing extra calculations. Thanks to the ARM Cortex-M0 microprocessor on it, it is
possible to obtain the absolute position of the objects as quaternion or Euler vector in
addition to the normal IMU card form. It is very suitable for use on cards like
Arduino. It uses the 12C interface and it can be used with logic levels of 3.3 V and 5
V.

9-Axis AbE.
Orientation

Figure 4.10 BNOO055 IMU sensor (BNOO055, n.d.)

4.4 Electronic Design

Electronic parts were attached to the upper base part of the robot through various
holes designed in the base parts. The main important part is Arduino Mega 2560
microcontroller platform. The Arduino Mega is powered by two parallel 7.4V battery
modules. The main reason of separating two battery modules into two parts is to
balance the weight on the main body. The block scheme of the electronic design is

shown in Figure 4.11.
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7.4V 7.4V
2x18650 2x18650

ON/OFF
switch

L

2x16 LCD Ard“;no Mega HC06 Bluetooth
560 module

!

TTL Linker BNOO055
IMU sensor

Figure 4.11 Block scheme of the electronic design

The photo of the electronic systems mounted on the robot main body is shown in

Figure 4.12.

N .

RedasannaAnAaanan

Figure 4.12 Electronical parts (Personal archive, 2019)
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CHAPTER FIVE
SOFTWARE OF THE ROBOT

In this chapter, serial communication, servo serial communication protocol,
bluetooth communication basics, App Inventor android software algorithm and

software algorithms for the cards that will manage the robot are explained.
5.1 Servo Serial Communication

Servo serial communication protocol is a standard asynchronous serial
communication. The available Baud rates in “bps” are 38400, 57600, 76800, 115200,
128000, 250000, 500000, 1000000. The factory default setting is 1000000 bps.

Servo motors have unique ID numbers. The range from 0 to 253 (0xFD) can be
used (The factory default setting is ID 1), and, especially, 254(0xFE) is used as the
Broadcast ID. If the Broadcast ID is used to transmit Instruction Packet, we can
command to all SCServo. For servo ID definition, servo motor ID change algorithm

is given in Figure 5.1.

Coar >

-

Current motor ID is shown on
panel

NO
ID change

YES
[T].rpe the new ID —|

Confirm new ID

YES
| ID succesfully changed |

—»( RETURN )
Figure 5.1 Servo motor ID change algorithm
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5.2 ELER’s Software

In this chapter, some details of the ELER’s software are described.
5.2.1 ELER Robot Algorithm

The main algorithm of ELER developed on Arduino Mega can be analyzed in

some parts. The main algorithm part is given in Figure 5.2.

DO INITIALIZATIONS ON
LCD, PC control(CHO0), Motor
Serial (CH1), BT serial (CH2),
SD card, BNOOS55

v

—’| Get BNOO055 Euler vector J

any command from |Get command & run serial menu |

YES

any command from |Get command & run BT menu I

Figure 5.2 ELER main algorithm

ELER robot can be controlled using PC serial monitor. Here you can send some
pre-defined commands from USB cable attached to ELER for testing purposes. Also
the same commands can be send from a mobile device such as smartphones or tablets

via Bluetooth. The list of commands is given in Table 5.1.
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Table 5.1 ELER PC and bluetooth commands list

Character | Command Name Command function

Received

C COMMANDS HELP Print this command list on screen

Z ZERO Go to position 1

P <pos no> | POSITION Go to <pos no> position

A ADAPT THE CURRENT | Learn the current position

POSITION

B GO BACKWARD Play backward position list

F GO FORWARD Play forward position list

L GO LEFT Play turning left position list

R GO RIGHT Play turning right position list

H ADJUST HEIGHT Adjust robot legs height

D HEIGHT DEMO Adjust robot height from bottom to top
and the top to bottom for demo purpose

I <on/off> | INTERRUPT ON/OFF BNOO055 balancing action turn on and off

The algorithm of ELER serial menu subroutine is given in Figure 5.3. The ELER
Bluetooth menu subroutine is the same except some extra commands. The numbers

from 1 to 9 control the ELER pre-defined robot elevations.

Y
Command="C"?
NO

Command='Z'?

lHELP: print commands list J

lZERO: Go to the reference pos. |

NO

YES

Command="T"? INTERRUPT: BNO055 action on

and off

Figure 5.3 The algorithm of ELER serial and bluetooth menu

46



ELER’s learning mode algorithm is shown in Figure 5.4. When the learning mode is
initiated, the torques on the servo motors gets activated. In this mode we can give
motion to the legs with our hands and the legs stays in the last position where they
were last moved. After the torques are activated we give motion to the legs one by
one with hand and these motions are saved in sd card. After giving the whole motion
sequence the sequence gets saved to sd card. Then the recorded walk data is played

by from sd card to perform the robot walk.

PM=Position Memory
PMA=Position Memory Adress

Engage Learning

| PM[PMA ]=Current Position I{—

More
Leg Positions

YES

PMA++ |—

v

Save PM to SD card.

Figure 5.4 Learning mode algorithm
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5.3. Mobile Device Android Software Algorithm

The robot performs the actions assigned to each character by defining the

characters “A, a, B, b, ...”, which are transmitted via Bluetooth as seen in Table 5.2

Table 5.2 Mobile device control characters

Character | Command Name Command function

Sent

W INTERRUPT ON BNOO0S55 balancing action turn on

U INTERRUPT OFF BNOO55 balancing action turn off

\ POSITION 1 Go to position 1

B GO BACKWARD Play backward position list

F GO FORWARD Play forward position list

L, GO LEFT Play turning left position list

R GO RIGHT Play turning right position list

X HEIGHT DEMO Adjust robot height from bottom to top

and the top to bottom for demo purpose

0...9 PRE DEFINED 0: bottom height to 9: top height ELER

HEIGHTS robot elevations.

Android mobile software was written using App Inventor 2, which is developed
by MIT (Massachusetts Technology Institute). Here the main logic is coding with
visual program blocks and connect them each other in appropriate way. This makes

the programming very easy.

The mobile android application codes are given here as program blocks. The first
initialization part of the code arranges the bluetooth connection between the android
mobile device and the ELER robot. A listpicker object named BT list holds the
bluetooth devices list paired with the android mobile device. Beforepicking method
assigns the Bluetooth client address and names to the elements of the BT list
listpicker object. After the use picks the right bluetooth HC-06 slave device on the
ELER, bluetooth client object makes a connection to this selection. After this, we can
control the robot using our mobile device via bluetooth. The codes are given in

Figure 5.5.
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when Initialize

doGet.to

when _BeforePicking

o BTl BT List * M Elements =~ RGME BluetoothClient! = I AddressesAndNames 'I
set : to

, set CINATED QS to | " 69°

when [EJRESSES AfterPicking
do set : IO N BluetoothClient1 ~ BeLLLEY:
address :

=9 BT _List - B BackgroundColor + %

Sl ol Info ~ Iy Text - QORI BT List -~ B Selection - |

Figure 5.5 Codes of establishing bluetooth connection

After mobile device bluetooth was connected to the robot’s HC-06 bluetooth slave
module, the button click methods assigned to the movements send pre-defined

alphabet letters to the robot. The block codes are given in Figure 5.6.

"0l But BACK * e[l YWl But FWD ~ Jeiles
do call -SendText do call SendText

text . ' X
- L text

WUEE But LEFT » Bee N Eu RIGHT * R
do call SendText do call SE.‘T'IdTEf'ﬂ't

text ) ' text

b L -

Wil But STOP ~ el
call SendText

text

Figure 5.6 Robot movement codes

Robot elevation is adjusted by a slider. Slider left and right movement changes the
value of the variable “val elevation”. The minimum value is “0” and the maximum
value is “9” for the slider. If the slider value was changed, the updated value is sent

as an ASCII code of the related number. The block codes are given in Figure 5.7.
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initialize global (E = EE (0 to

when [ENELIES FositionChanged

thumbPosition

[ giobal val_elevation - |-
BN

then | &) 1 ‘1 global val_elevation - J{= - J{{ 10}

then  call SendText
text [=¢ global val_elevation ~

Figure 5.7 Robot elevation adjustments

The main screen of the user interface on mobile device is shown in Figure 4.9.
Here BT selection button is used to select the robot HC-06 bluetooth from the mobil
device paired bluetooth device list. Elevation slider adjusts the elevation level.
Default is “5” and it can be changed between “0” and “9”. Movement control block
has LEFT, FWD, STOP, RIGHT and BACK buttons that control the robot’s

movements.
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CHAPTER SIX
RESULTS

ELER has been developed according to the principles of mechanical and
electronic design and the main steps of the control algorithm are explained in
previous chapters. The mass of the robot without the electronical parts is about 2.3

kg.

When fully extended, the distance between the tips of the legs is 732 mm (Figure
6.1) and when fully ascended the height is 236.6 mm.

Figure 6.1 Fully extended dimensions of the robot
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As a result of this study, the spider robot ELER, which can be controlled remotely

on an android device, has been successfully manufactured.

Figure 6.2 shows the early design of the ELER. The leg lengths are longer than
the current design, which causes mechanical problems and torque overloads on the

joint motors.

Figure 6.2 Early design of ELER (Personal archive, 2018)

After strengthening the weak points, more rigid and durable design has been

obtained as shown in Figure 6.3.
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Figure 6.3 Final design of ELER (Personal archive, 2018)

The spider robot can ascend (Figure 6.3 and Figure 6.4) and descend to various

heights and it can maintain its height while moving or rotating.

Figure 6.4 ELER in elevated position (Personal archive, 2018)
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173

Figure 6.5 Technical drawing in elevated pose

ELER can be elevated up to 173 mm from the ground (Figure 6.5), which helps in
overcoming the obstacles existing on the road. And it can maintain any height while

moving or rotating around itself.

Robot control is achieved via bluetooth and mobile phone application. The Robot
can be controlled via any mobile phone as long as it has a working Bluetooth and
remote control application. Various position and angle data can be received from the

IMU sensor attached on it.
Actions of the ELER are shown on the LCD display module while the robot is
performing its motion, so we can check whether the robot is doing the desired motion

or not.

Battery level can be checked from the battery display which is mounted on the
ELER.
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Matlab-Simulink simulation model was build by using the SolidWorks assembly

model. Ascending and descending motion is the one of the most torque wise

demanding motions of the robot and results were satisfying. Maximum allowed

torques for the servo motors are 1.7 N.m and the simulation results give us the

maximum needed torque for this movement is nearly 1 N.m which can be seen in

Figure 6.6.
<\ simulation Data Inspector - untitled™ — O b4
Q & x
Inspect Compare W Base Joint Torque -1 ™ End Joint Torque:1 W Mid Joint Torque:1
Filter Signals
AME LINE 21
+ Run 7: orumceksim3_1_3 [Current] :
o DT |
Base Joint:1 — '
v End Joint Torque:1 — 05 .
E End Joint:1 — N
4| Mid Joint Torque:t ~ wesmas . .
" Mid Joint:1 — N
- - pm—
0o & Fa /\
1+ : N 3 Ve
= os : S Vi /.L'\ .I'.. i ‘1
: Y bl i
‘ N Ve W 4 f )
Pl i an N
7 \ - A
¢ (] — -~ t 7-\"-‘:/%_
/ /
@ ’ g
03 d
08
o8
12
15
18
Archive (8)

Properties 0 05 1.0 15 20 25 30 315 40 45 50 55 80 85 7.0 75 80 a5 00 o5 100

Figure 6.6 Matlab retrieved torque values from servo joints

To test the maximum load which the robot can carry, extra weight added to the

main frame of the robot till the maximum measured torque is 1.7 N.m. After adding

1.5

kg extra load to the main frame the maximum torque is 1.7 N.m which can be

seen in Figure 6.7.
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4\ Simulation Data Inspector - untitled*

- a X
Q &~ x
Inspect Compare W Base Joint Torque -1 = End Joint Torque:1 ® Mid Joint Torque:1

Filter Signals

Run 4: orumceksim3_1_3 [Current] 25

v Base Joint Torque -1

DR ®

Base Joint:1
+  End Joint Torgue:1 20
End Joint:1 —
b4 Mid Joint Torque:1 — // k-—\\‘

Mid Joint:1

|
L
pe

(O 3N AN S
%
\\

Archive (3)

Properties 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &5 00 85 100

Figure 6.7 Matlab retrieved torque values from servo joints at max. load

When the batteries are fully charged the forward and backward motion has the
speed of 0.3 m/s ( 1.08 km/h).
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CHAPTER SEVEN
CONCLUSIONS

In the scope of this thesis, mechanical and electronic design of an eight-legged
spider robot including its control software were considered. ELER’s learning mode is
unique, when the learning mode is enabled, servo motor torques get turned on just so
the legs stay in their position, but the legs can still be moved by hand just with a little
force. In the learning mode, ELER saves the rotation information of every servo
motor and writes them on a SD card. By observing real life arachnids robot is taught
to move like them. Just learning to move forward, we can make the robot go
backwards by reversing the forward code and by learning one rotation, ELER can
rotate in other direction just by reversing the servo motor sequence. Each motor
position can be seen thanks to feedback mechanism of the servo motors and we can

manipulate the code by hand so that ELER’s movement is smooth.

ELER has so much to be improved further. Because of its learning mode any kind
of movement can easily be uploaded to the robot. Since it has smart servo motors, the
robot can feedback the value of position, temperature, load, speed and input voltage.
We can see which walking gaits or patterns are much more sufficient and we can also
determine which walking pattern or gait are more resourceful when the robot needs

to speed up or slow down.

While moving from point A to point B we can use different routes and movement
gaits to see which path and gait combination is the most efficient one thanks to smart

servo motors and IMU sensor.

In the future works, if programmed the robot also can alter its movement infinite
times to see which walking pattern is most efficient to use. Then it can advance on
that walking pattern for the specified path. ELER can capitalize on its IMU sensor to
find balance on uneven surfaces and rough terrains. This self learning combined with

the IMU sensor enables lots of possibilities for the ELER.
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APPENDICES

APPENDIX 1: Arduino Codes For the Servo ID Change

/* MOTOR PROFILER AND ID CHANGER */
#include "'SCServo.h"

SCServo motor;

// info form

#define NO_INFO
#define LO_INFO
#define HI_INFO

int LED=13;

u8 no,sonuc,i,newno, junk,oku, idchange;

u8 motorid,baud,sicak,voltaj;

s1l6 retdeltime, modelno,
versiyon,minanglim,maxanglim,maxtork,prepos, prespeed, punc
h;

s16 pvalue,ivalue,dvalue,preload;

void setup()
{ pinMode(LED,OUTPUT);

Serial _.begin(115200); Seriall.begin(1000000);
delay(500);

no=0xfe;
Serial .printIn(""----- OLD MOTOR PARAMETERS ----- ");

InfoShow(no,HI _INFO);

Serial .printIn("Enter new motor id : ™);
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while (Serial.available() == 0) ; // Wait here until
input buffer has a character
{ newno = Serial.parselnt(); Serial.print(newno, DEC);
while (Serial.available()>0) junk = Serial.read(); 7/
clear the keyboard buffer
+
Serial .printIn("");
Serial .printIn(""ID CHANGE OR NOT (Yes:1 No: 0)"™);
while (Serial.available() == 0) ; // Wait here until
input buffer has a character
{ i1dchange = Serial.parselnt();
while (Serial.available()>0) junk = Serial.read(); //
clear the keyboard buffer

}

if (idchange==1)
{

Serial .printIn(*"ID CHANGING NOW'™);
motor .LockEeprom(no,0); delay(1000);

sonuc=motor . .WritelD(no,newno); delay(4000);
Serial.print(" with ERROR: "); Serial.printin(sonuc);

//sonuc=motor .WriteBaund(newno,6); delay(3000);
Serial.print(" with ERROR: '"); Serial.printin(sonuc);

motor .LockEeprom(no,1); delay(1000);
Serial .printIn("---———————————————- ";

}

// TESTING THE SERVO MOTION
sonuc=motor.EnableTorque(Oxfe,1); // torklari ac
Serial .print("® TORQUE ON with ERROR: ');

Serial .printIn(sonuc); delay(500);
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no=newno;
motor .WritePos(newno,512, 10); delay(3000);
prepos=motor.ReadRegl6(no,P_PRESENT_POSITION );

Serial .printIn(""--—--—-- SERVO TEST ----- ");
Serial.print(""PRESENT POS ")
Serial .printIn(prepos);
Serial .printIn(C'-—--- NEW MOTOR PARAMETERS ----- "

InfoShow(newno,HI INFO);
motor .WritePos(newno, 0, 300); delay(1000);
/*
motor .WriteLimitAngle(newno, 0, 0);
Serial .printIn(""----—-- WHEEL TEST ----- ")
motor .WheelDir(newno, 0);
motor .WritePos(newno, 0, 512);
// motor _WriteSpeed(newno, 512);
prespeed=motor.ReadRegl6(no,P_PRESENT_SPEED );
Serial .print(""PRESENT SPEED (CCW) : ™);
Serial .printIn(prespeed);

delay(2000);
motor .WheelDir(newno, 1);
motor.WritePos(newno, 512, 512);
//motor _WriteSpeed(newno, 2000);
prespeed=motor.ReadRegl6(no,P_PRESENT_ SPEED);
Serial .print("'PRESENT SPEED (CW) : ');
Serial .printIn(prespeed);
delay(2000);
motor _WriteLimitAngle(newno, minanglim, maxanglim);

delay(1000);
motor _WritePos(newno, 0, 100); delay(1000);
prepos=motor.ReadRegl6(no,P_PRESENT_POSITION );
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Serial .printIn(""----—-- SERVO TEST BACK —---—-- ");
Serial .print(""PRESENT POS ")

Serial .printIn(prepos);
motor.WritePos(newno, 512, 100); delay(1000);

Serial .printIn(C'-—---- NEW MOTOR PARAMETERS ----- ")
InfoShow(newno,HI _INFO);
motorid=motor.ReadReg(newno,P_ID);

Serial.print(ID : "™); Serial.printin(motorid);

*/

sonuc=motor.EnableTorque(Oxfe,0); // torklari kapat
Serial .print("® TORQUE OFF with ERROR: ');
Serial .printIn(sonuc); delay(500);

void loop() {}

SUBROUTINES
void InfoShow(u8 ID,int infoform)

{
if ((infoform==LO_INFO) || (infoform=HI_INFO))

{

motorid=motor.ReadReg(no,P_ID);

baud=motor .ReadReg(no,P_BAUD_RATE);

Serial .print("ID o I
Serial .print(motorid);

Serial .print(""\t\tBAUD ( "); Serial.print(baud);
Serial .print(" ) o I
Serial .printIn(1000000/ (baud+1));
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it (infoform==HI_INFO)

{

sicak=motor.ReadReg(no,P_PRESENT_TEMPERATURE) ;
voltaj=motor.ReadReg(no,P_PRESENT_VOLTAGE);
retdeltime=motor.ReadReg(no,P_RETURN_DELAY_TIME);
mode Ino =motor .ReadRegl6(no,P_MODEL_ NUMBER);
versiyon =motor.ReadRegl6(no,P_VERSION);

minangl im=motor.ReadRegl6(no,P_MIN_ANGLE LIMIT);
maxangl im=motor.ReadRegl6(no,P_MAX ANGLE LIMIT);
maxtork=motor.ReadRegl6(no,P_MAX TORQUE );
prepos=motor.ReadRegl6(no,P_PRESENT_POSITION );
prespeed=motor.ReadRegl6(no,P_PRESENT_SPEED );
punch=motor .ReadRegl6(no, P_PUNCH );
pvalue=motor.ReadRegl6(no, P_COMPLIANCE_P );
ivalue=motor.ReadRegl6(no, P_COMPLIANCE_ I );
dvalue=motor .ReadRegl6(no, P_COMPLIANCE_D );
preload=motor.ReadRegl6(no, P_PRESENT_LOAD);

Serial .print(""TEMPERATURE - "); Serial.print(sicak);

Serial .print(""\t\tVOLTAGE S B
Serial .print(voltaj);

Serial .print(""\t\tRET DELAY TIME: ");
Serial .printiIn(retdeltime);

Serial .print("*"MDL N I
Serial .print(modelno);

Serial .print(""\t\tVER N
Serial .printIn(versiyon);

Serial .print(""MIN ANG LIMIT - ');
Serial .print(minanglim);

Serial.print(""\t\tMAX ANG LIMIT : ");
Serial .print(maxanglim);
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Serial .print(""\t\tMAX TORQUE R ¥

Serial .printIn(maxtork) ;
Serial .print(""PRESENT POS : "); Serial._print(prepos);
Serial .print(""\t\tPRESENT SPEED : ");

Serial .print(prespeed);
Serial .print(""\t\tPRESENT LOAD : ™);

Serial .printIn(preload);
Serial .print("'P VALUE ") Serial.print(pvalue);
Serial .print('\t\tl VALUE N s

Serial .print(ivalue);
Serial .print("\t\tD VALUE ")

Serial .printin(dvalue);
Serial .print("'PUNCH ~4'.

Serial .printIn(punch);
Serial.printhn(C"---—-—————— ");

}
}
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