Sheffield
Hallam
University

H'$S % % % &$()*+S$

# # - %
# %
/ - . & -#
- %
0 #'$$ % % % &$'()*+$ #'$S % % % &$ %

# - 1 # %


http://shura.shu.ac.uk/information.html

TLWOH
Development of an Intelligent Robotic Rein for Haptic

Interaction with Mobile Machines

by

Musstafa Elyounnss

This dissertation is submitted in partial fulfilment of the requirements of
Sheffield Hallam University

for the degree of Doctor of Philosophy

January 2019



Sheffield Hallam University

Centre for Automation &Robotics Research MERI

The undersigned herby certify that they have read and recommend to the Faculty of arts,
Computing Engineeringnd Science for acceptance a thesis entitl2ev&lopmentof an
Intelligent Robotic Rein for Haptic Interaction with Mobile Machines' puby Musstafa

Elyounnss in partial fulfilment of requirements for degree of Doctor of philosophy.

Dated: 29/3/2019

Research Supervist Dr. Alan Holloway

Prof. Jacques Penders

Prof. Anthony Pipe
Examining Committee.

Prof. Reza Saatchi




ACKNOWLEDGEMENT

$FNQRZOHGJHPHQW

Firstly, 1 would like to express my sincere gratitude to my advisor Dr Rlaihoway for the
continuous support of my Ph.D study and related research, for his patience, motivation, and
immense knowledge. His guidance helped me in all the time of research and writing of this

thesis. | could not have imagined having a better advisor antbnfenmy Ph.D study.

Besides my advisor, | would like to thank the rest of my supervisors: Paofjues

Pender®r. Lyuba Alboulfor their insightful comments and encouragement.

| thank my fellow lab mates in for the stimulatidigcussions andiorking together in the

last four yearsAlso, | thank my friends in the MERI institution.

Last but not the least, | would like to thank my family for supporting me spiritually

throughout writing this thesis and my life in general.




PUBLICATIONS

SXEOLFDWLRQV

1- Elyounnss, M., Holloway, A., Penders, J., & Alboul, L. (2016, June). Development of an
intelligent robotic rein for haptic control and interaction with mobile machines. In

Conference Towards Autonomous Rab8&ysteméop. 111115). Springer, Cham.

2- Elyounnss, M., Holloway, A., Penders, J., & Alboul, L. (2016). Development of an
intelligent robotic rein for haptic control and interaction with mobile machines. In

Proceedings of EUCognition 2016Cognitive Robot Architectures* CEURWS




ABSTRACT

$SEVWUDFW

The haptic sense is often placggtondaryvhen compared to vision and hearing in allowing
navigation and autonomydowever,in certain conditions such as low or no visibility, the
haptic senses can play a crucial role in aiding navigation and obtaining spatial knowledge of
the environment and object properties. Egample,search and rescue operations are often
undertaken irtomplex and hazardous situations where factors such as limited or no visibility,
noise and time constraints impede progress into an unknown environment. In these
situationsthe firefighter/rescue personnel could be aided by a machine (a mobile rcodot) th
can sense and give the follower tactile and haptic information in a similar manner to the
interaction between the visually impaired person and a guide dog. The visually impaired
person follows the dog through the signs being transmitted to his hanidtarpiets them

into information about the environment and how to navigate the route. The aim of this
research is to investigate and build a prototype robotic rein to emulate the natural and
adaptable relationship observed betwegnidedog and human winetraversing an unknown

path. From the previous work, an investigatiamd evaluation of the design of the SHU
prototypehavebeen undertaken and its outcomes are used in this research to improve the new

system prototypes, especially in #re@aof designng the feedback and adaptive control.

The new system has divided into four prototypes, each prototype has separated test to
determine it is suitability. In the prototype (I) a set of sensors set in the front edge of the
existing rein to know follower /radt location. The prototype (II), will implement to moving

rein by installing an actuator. Prototype (Ill) has some sensors in the grip of the rein to
calculate the strength of tensile which occur between the follower hand and the long axis of
rein. In theprototype (1V), all previous prototypes will be connected to an integrated system
which can move the follower to follow the robot path by sending messages from the robot to

the follower in the form of rein movements

The resultant system is an intelligenbotic rein which continuously interacts with the user

to optimize the guidance in terms of comfort, following accuracy and safety. The improved
system has been tested, analysed and evaluated against previous designs and compared
against the aspiration tie human guide dog relationship.

A novel idea has been established in the use of the sensors to raise the level of the robot

human interaction and achieving automatous robot/ follower safe navigation.
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CHAPTER ONE INTRODUCTION

&KDSWHU RQH
,1752'8&7,21

1.1-Background and concepts

Search and rescue operations are often undertaken in complex and hazardous situations where
factors such as limited or no visibility, noise and time constraints impede progress into an

unknownenvironment.

In such situations rescue individuals must often rely on haptic feedback for exploring the
environment, assessing the risk and exiting safely. In recent years limited attention has been
paid to this subject, especially to enhance communicatiproficiency by using haptic

sensors to preserve human life (Jones et al., 2013).

In these cases, humans cannot use some of their senses. For examplefighésfisecannot

see the objects in front of them, nor can they listen to the sounds thatneecuto them
because of breathing instruments sounds. In such cases, it is necessarydotlumkise of

robots because of their capabilities using sensors. To provide adequate information about the
environments and as a result of the lack of visiah lagaring it is necessary for the robots to
provide information about the environments in a tactile and haptic way as it exists in the blind
man and the guide dog to get all the information about the path and surrounding environment,

(Penders et al., 2011)

During the last three decades, seveeslearchefiave introduced devices that use sensor
technology Ando et al., 2008) to solve such problems and improve the visually impaired
IROORZHUYV PRELOLW\ LQ WHUPV RI VDIHW \colleGiGIW SHHG

calledElectronicTravelAids ETA). 7TKHVH (7$YV KDYH QRW IR®G ZLGH XV
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targeted user (Farcy et al.,2Q00@.ara,2013), because of inherent limitations and cannot be
used for obstacles at floor level, also most use aegidbackwvhich has some disadvantages

in the noisy environments such as busy public spaces (Brabyn, 1982). For these reasons the
system design has primarily been dependant on the type of machine follower feedback and
the feedback depends on the type of environng®irich and Borenstein, 2001). For
example; systems with audio feedback can be used in quiet areas andeledpickutilized

for smoky/low visibility and noisy environmen{$layward and Maclean, 2007). In this
research, there is a concentration faptc and tactile feedback as a consequence of the

proposed operational environment.

1.2-Problem definition

The firefighter/rescue personnel face numerous challenges while entering and exploring
dangerous environments in low or no visibility conditiomsl abften without meaningful
auditory and visual feedback. In such situations;ffghters may have to rely solely on their

own immediate haptic feedback in order to make their way in and out of a burning building
by running their hand along the wall asn@an of navigation (Betz and Wulf,2014). Figure
(1.1) shows an example scenario wherefighters rely on their haptic feedback to explore

an unknown environment. Consequently, the development of technology and machinery
(robot) to support exploratiomd aid navigation would provide a significant benefit to the
search and rescue operation; enhancing the capabilities of the fire and pesamaland

increasing their ability to exit safely (Jones et al., 2013).
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Figure (1.1) Firdighters when relyig solely on their haptic feedback (adapted fr@hposh et al., 2014)

This research will investigate how to design a haptic robotic hard rein, inspired by the
previous studies of the communication between people with impaired visibility/blind and
guide dogs. In the human guide dog case pamnership there is a symbioticelationship
between a person and dog which often develops. This is based on mutual trust and confidence
which the robot must strive to emulate. Many blind and partially sighted people have
developed highly effective navigation and exploratory partnensitip their specialtrained

guide dogs. When walking along the street to the destination, the visually impaired person is
linked directly to the guide dog via a stiff interface known as a handle attached to a harness
on the back and shoulders of the doglaswn in figure (1.2). This simple device is the main
conductor for necessary reciprocal haptic feedback between the partners. The handlers feel
the dog movement and direction while the dog monitors the handlers walking and proceed
together; this mutual werstanding is a prerequisite for successful task performance

(McKnight and Chervany, 1996).
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Figure (1.2) Blind person with his guide d@glapted from, guidedogs.blogspot.gom

Inspired by this, a mobile robot hard rein will be designed and implemeitiedhe aim to
solve the problem of navigation; the design must consider a transparent technology from the
side of the familiarity and ease of use, as typical firefighting /rescue situations are time

critical and require immediate responses.

1.3-Aim and objectives

The aim of the research is to investigate and build a prototype robotic hard rein to emulate the
natural and adaptable control relationship observed between a guide dog and follower with

the following objectives:

1-Literature review of existing work and writing in this felid
2-Evaluation of existing SHU design and extract headline, parameter& constraints
3- Redesign the rein in multi stage prototypes.

4- Integration of the stage prototypes.
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1.4-Thesis structure

Chapter2 of this thesis explores the existing literature in the field to provide an overview of
existing work and an overview of existing guidelines and identifying where further work is
needed. Chapted details a range gfreliminary tests done on a previous design to establish
baseline parameters and constraints for the new prototype. Furthermorepasgs and
examines djerent designs to solve the defined problem and explore which ones were the
most ejective to delivering haptic information between follower and robot. Chapter
describes the implementation and design of stage prototype (1) (sensor only system) in this
part of the research sensors have been placed dicpmnts/axes of the rein to collect data
about robot/follower position. ChaptBrintroduces and explains stage prototype (II) which
focuses on the motion feedback system, in this prototype the actuator with its seresbr plac
on the rotational joint allovthe reinto provide variable force on the follower's forearm
guiding/steering the follower in the desired trajectory. Chapter 6 describes stage prototype
(1M, which focuses intensile force sensing system this prototype sensors placed on the
rein grip allows to measure the tensile strength happening between the follower's hand and
the rein and provide signals to control the rein movements; these movements proportional to
the value of tensile strengtirquuced between follower arm and rein axis when the robot
turns. Chapter 7 describes and explains stage prototype (IV), this prototype is an integration
of stage prototypes (I), (Il) and (lll) and implements a shared control system to achieve the
main targt of research and enable the follower accurately, safely and intuitively to the path of
the robot guide. Chapt&summarises, discusses and explores the contributions of this work,

also providingogical conclusions of the thesand indicates future work.
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&KDSWHU WZR
/,7(5$785(5(9,(:

2.1-Introduction

The purpose of this literature review is to provide the reader with a general overview of the
haptic sense and give the reader a view bigful areafor research. Recently, this concept
has become a popular subject in human intenasteence. The first part of this chapter gives

a brief description of haptic sense, roles of human hand in haptics, fmabwnnteraction,
trusting in autonomy systems and rescue rolfatslly, it gives a brief idea on the reins

project including current work and designs
2.2-The haptic sense

The term %haptics” was proposed by Revesz 1950, after observing hgerfiormanceand

referring to an unconventional method of experience rather than traditional methods of touch

and kinesthesis. More specifically, this term means "active touch" rather than passive
touching (Srinivasan, 1995). Gibson emphasizes active touch as araexglconcept rather

than merely a receptive seng&om thisperspectve WKH 3KDQG LV D NLQG RI VH

GLVWLQJIJXLVKHG IURP WKH VNLQ4®&1).KDQG” *LEVRQ SS

In psychology and physiology experiments, the haptic denotes to the human ability to
understand the surroundings through active exploration (Heller,2013), typically with hands,
as whentouchingan object to estimate its shape and material properties, whicbually

called haptic touch (Gibspi962.
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Finally, the haptic sense is crucial to the normal functioning bfimanat different levels,
from controlling the body to the perception of the environment, as well as learning and

interacting with it.

There is currently strong psychological attention to the cognitive dimension of tactile sensing
in general and to the development of a tactile ability in blind and visually impaired children

(Jones et al., 2013).
2.3-Roles of the human hand in haptics

When developing haptic interfaces the contact points with the human are of critical
importance and determine the design parameters for the system. In this research where an
intelligent haptic rein is designed for interactions with the human hand/arnmeitéssary to

know the basic structure and roles played by the human hand in haptic sensing (degrees of
freedom, theangeof movement and force/resistance of movemd@tscari et al.,2016). The
mechanical structure of the human hand consists of 19 bimkesl by many low friction

joints and protected by soft tissues and skin. The bones are connected to approximately 40
muscles through many tendons which serve to initiate 22 degrees of freedom of the hand
(Srinivasan, 1995)The sensoryorganization incldes large numbers of different kind of
receptors and nerve endings in the skin, joints, tendons, and muscles. Appropriate
mechanical, thermal or chemical stimuli activate these receptors, causing them to convey
electrical impulses through the neural netwts the central nervous system, which sends
commands through the different neurons to the muscles for desired motor (muscle) action
(Srinivasan, 3.0 DQ\ DFWLRQ LQYROYLQJ SK\VLFDO FRQWDF
or manipulation, the surfacand volumetric physical properties of the skin tissues do

important function in its successful performance. For example, the finger pad, which is used
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by primates in almost all precision functions, consists of ridged skin (about 1 mm thick) that
enclosessoft tissues composed of fat irm@ami O L T X L G(Svin&ssw 995, pp. 16164).

As amaterial the finger pad shows complex mechanigcahavior such ashomogeneity
anisotropy, rateand time-dependence(Louis and Buell 2003) 3The compliance and
frictional properties of the skin togethwith the sensory and muscle capabilities of the hand
allow gliding over a surface to be explored without losing contact, as well as stably grasping
smooth objects to be manipulate@rinivasan2002 pp. 162164). The mechanical loading

on the skin and the transmission of the mechanical signals through the skin are all strongly
dependent on the mechanical properties of the skin and subcutaneous tissues (Pawlaczyk et
al.,2013). Tactual sensory armation carried to the brain from the hand in contact with an

object can be divided into two classes (Biggs and Srinivasan, 2002):

() Tactile information which refers to the contact with the object sense and nature,
mediated by the reactions @w threshold mechanoreceptors innervating within and around

the contact area.

(1) kinesthetic informationrefers to the sense of location and motion of limbs along with the
allied forces, carried by the sensory receptors in the skin around the joitgs| icapsules

and muscles, both with neural signals derived from motor commands

2.4-Definition of autonomous

An automatic system can be defined as a system which will do exactly as programmed
before, it has naption (Houghton Mifflin 2007). Whilst an autonomous system has many
selections to make actions, i.e., an autonomous system has opeonself and can choose
how to deal with the recent situation without human interact&lso, in robotics, autonomy

is defned bythe independencef human outsidénteraction (Vasicaand Billardm, 2013),
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which means the robot itself has full cont{@tormont,2014). Therefore anautonomous
robot is a robot that makes actions with a high degree of freedom, which is particularly
common in thdield such as space searching, cleaning floors, delivering goods and services
where therarehuge amounts of uncertainty in the environmant] preprogramming for all

cases is ngbossible $tormont,2014).

In somefactories,robotsDUH 3DXWRQRPRXV™ ZLWKLQ WKH VWULFW P
(Fullam, 2007a)it may not be that a higtiegree of autonomgxists in their environment, but

the robot's workplace is oftenallenging because opresencef many unexpected variables

Such as the exact position of the next object of workreatdre(size, type .etc.) of thebject

body. Autonomy can be classified into a number of ley8®rmont,2014), (Boessenkookt

al., 2013)

1- Direct interaction mode: Which is used faapticor tele-operateddevices, and the human

has nearly complete control over the robot's actions.

2- Operatorassist modes: Operators have the commanding meingh-level tasks, with

the robot automatically figuring out thaw-level tasks.

3. High-level autonomy: wherehie robotmay move without human interaction for periods of
time. Higher levels of autonomy do not necessarily need additional complex cognitive
capabilities. For example, robots in assembly plants are complatébnomousbut

operateon a fixed path.

2.5-Human-Robot Interaction (HRI)

Humanrobot interaction was established before any robots existed, in both academic

speculation and science fiction. Because HRI depends on human communication, many facets
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of HRI are continuations dfumancommunicationsubjects that are much older than the

presence of robotic§Sauppe and Bilge, 201,5Sheridan,2016)

Authorlsaac Asimowvrites thethree laws which manage the collaboration between human

and robots, these laws mentioned as foltows

1- A robot may not injure a human being or, through inaction, allow a human being to come

to harm.

2- A robot must obey any orders given to it by human beings, except where such orders

would conflict with the first law

3- A robot must protect its own existence as long as such protectiomoioEmflict with the

first or second law

These three laws attempt to capture the idea of harmless contact between human and robot
(Thomas et al.,2016). This importance of the aate relationship arises when humans and
robots work closer to each other; danger for the human usually increases. lexaaples,

this issue has been mitigated by not permitting humans and robots to share the same
workspace at any one time. This is izadl by defining distinct zonassing physical barriers.
Thus,the presence of humans is totally banned in the robot workspace while it is working

(Rybskiet al.,2012), (Kopacek and Hersh,201L5

With the growth of artificial intelligence, the autonomowo$at could have more proactive
behavioursvhen planning its actions in complex environments. These new capabilities must
keep safety as the first priority. To allow this generation of robot, research is conducted on
human detection, movement planning, place reconstruction, intelliggraviourthrough

task planning and compliabehaviourusing force control (impedance or admittance control

schemes)@autenhahn 2007)

10
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Many HRI studies have the interest ddveloping modelsRI KXPDQYfVY SURVSHFWYV |
robot interaction by design and algoritiendevelopments that would give more habitual
interaction between humans amdbots. HRI researchesartfrom how humans work with

unmanned vehicles to perpeer collaboration withobots. In recent years many people in

this field are undertaking stig$ that attempt to explain how humans collaborate and interact

with robots Dautenhahn 2007).

2.6-Trust and autonomous systems

Autonomous robots are robots which can do desired tasks in new environments without
continuous human control (Stromont, 201%he significant aspect is that an autonomous
robot can work in unstructured environments to performing necessary tasks, without the need
for human involvement on a steady badisually, autonomy falls in a wide spectrum;
extending from no autonomye{e @eratorsystem) to full autonomy systems which require

no human interference. Problems damweverrise with fully autonomous systems which

work without any human interference as the probleheesponsibility, accountability and
obligation become prominénvhen errors and or accidents happen. This consequently can
lead to arguments about what is the level of autonomous can be trusted and accepted

(Stromont, 201} (Ososky et al.,2013).

Trust has been defined 1988 by Diego Gambetta and we can take himidien for trust as

D VWD UWiBtlis & Rarti@war fevel of the subjective probability with which an agent
assesses that another agent or group of agents will perform a particular action, both before

he can monitor such action (or independermtiyhis capacity ever to be able to monitor it)

and in a context in which #ffectshis own action 6 RPH SHUVRQV WKLQN WKDW

somebody, they indirectly mean that the probability that he will do an action that is beneficial

11
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or at least notletrimental to them is highly sufficient for them to consider engaging in some

form of cooperation with him and this also can define trust in ge(®&tiramont, 2014).

Autonomous systems in most instanséfl viewed with a lack of trust. This is evideim
regulatory guidance. Faxample,United States Federal Aviation Administration does not
permit the operation of unmanned aerial vehicles innidwgonal airspace(Lazarski, 2001)

The recent developments in driverless vehicles on public highwaysbagtven significant
coverage by researchers, regulatory bodies and media exemplifying, the issues of robots

interacting with followergLazarski, 2001)

An additionalcause for the lack of trust is the ethical consequences when erroneous actions
happen(responsibility of whom). From the previous literature on tiilust of autonomous
systemsijt is clear that there is no widespread agreement on the factors that contribute to
human trust in robots particularly in dangerous environm@rdgarski, 2001), Wagner,

2014)

2.7-Search and rescue robot

Robots with some sensing capabilities are appropriate to use in dangerous or hazardous
places. This can be attributeid their sensing capabilities and consequent ability to
manoeuvrean low visibility environments such as smoke, physical sinelshape which may

allow access to narrow/small areas and ability to operate in hazardous/toxic environments.
Robots have been used to successfully and safely explore sites such as the Chtermady

plant after the disaster 198Benders2014) Petryna,2013) and Fukushima Daiichi Nuclear
Power Plants 2011 (Nagatanim,201Rpbots are also used in crises such as earthquakes and
volcanoes, mainly when searching for victims under debris, rudndefrom small cracks

where human beings are simply unablexplore(Penders, 2014For example,in the9/11

12
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World Trade Centre (WTC) disaster, Mobile robots of diverse sizes and abilities were
deployed (Snyder et al., 2001). A probléroweveris the extreme terrain, with d@ifferent

mass of rubble etc., which obstrudlse robot's movementfigure (2.1) shows robot deployed
after adisaster Search and rescue robots are generahyotelycontrolled; one hurdle when
remotely guiding a robot #t is not directly visible because of t&ect line of sight (this

mean sometimes the robot disappears and it is hard to control).

1 o

v -

Figure (2.1) Robots after thisaster (adapted frombing.com)

It is important to note that dogs are also used for such searches and they could be equipped
with cameras and other devices to enable remote observation. It must also be noted that dogs
have much bettemanoeuvrabilityand are more intelligent than the ot currently used;
however the working time length for a dog is quite short and they are vulnerable to hazardous

material{Penders, 2014). Figure (2.2) shawscuedog with some navigation tools.

13
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Barometer

Camera

Camera data GPS wire less
recorder / communication
transmitter

Figure (2.2) Rescue dog with navigation equipméatiapted frombing.com)

The EU project Guardians established a number of autonomous robots to support the
firefightersand rescue workers in smoky, dusty and noisy regions. Such sites are often risky
and exhausting and everell-trained skilled firefighters could get confused, disorientated

and potentially lost, which could have serious consequéReeslers2014).

28+DSWLF IHHGEDFN WR LPSURYH RSHUDWRUYV SH

Mobile robots are ordinarily used in the exploration of unknown and dangerous
environments. Mine removal and underwater exploration are common applications carried
out by mobile robots (Lin. and Kuo, 1997), (Pacchierotti et al.,20RHbot movement is

usually controlled by system operators with the help of a camera attaches rabohto

inspectthe area from above. However, although visualization systems give much information

of the region, they need network bandwidth and significant attention from the operator. To
reduce this problem, haptic devices have been recently providee field of robotics as a

way of improving theR S H U p&kcBptdhSmith et al., 199}hey provide operators with
anextraVHQVH RI 3|HHOLQJ" WKH URERW DUHD WKXV PDNLQJ
and reducing the number of collisiortdowever, the direct force providing method yields a

problem about necessary navigation time. This extra sense often adds the amount of

14
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information for operators to interpret and consequently leads to an increase in the navigation

time (Nikos et al., 2006

2.9-Reins project

The design and investigation of haptic interfaces (reins) between a human agent and a mobile
robot guide is the first aimf therein project. The reins will facilitate joint navigation and
inspection of a space under conditionsaf lisibility, as a consequence of dust and smoke
which normally are observed in search and rescue applications. The fateseif®reon

haptic and tactildhumanrobot cooperationAlso, it has been found that a limited visual field

and obscured cameraddto the distress of humans working under stress. The Reins project
aims to explore the communicational landscape in which humans with low/impaired visibility

may work with robots with a particular focus on tactile and haptic interaction.

The reins projet utilizes a mobile robot which leads the human for navigation in risky areas
(rescue areas)he robot offers rich sensory data and is enabled to try the mechanical
impedanceof the objects it comes across. A number of rein based feedback systems were
implemented: a soft rein (rope), a wireless and a stiff rein (inspired by the lead for guide

dog) enabling the human to use the robot to actively probe objects.

The reinsproject thus builds the means to discover the haptic human/robot interaction
abilities. A research question which has risen from the project is whethénfthmation
should be explicitly encoded as messages or can remain implictiis phase of the reins

project, the robot was adjusted to give rich feedback data to the human

15
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Specificobjectivesof the REINSproject( London college, 2015) :

1- To understand how human participants can learn to associate a pattern sent from a robot
(feedback via a soft/hard/wireless rein with a given message under different levels of

distraction.

3- To understand how a robot could learn to interpret messages encoded by aduomntrah (

under dfferent levels of distraction.

The work in the proposed PhD programme builds on research and technologies explored
within the REINS project with a specific focus on how a fixed rein can give intuitive and
clear guidance. Also, presents way of humamobot interaction in which one pens with

limited visual perception of the environment (a follower) is guibgda robot with some
capabilities (ayuidel suchas explore andbstacle detection in dark and dusty environments,

by using ultrasoni@andinfrared sensors. Moreover it hagh degree of accuracyAlso this

PhD will investigate how to design this haptic robotic rein, inspired by the previous studies of
the communication between people with impaired visibility/blind and guide dogs. Figure
(2.3) shows acomparisonbetween enviroments of a visually impaired persons and a
firefighter where just haptic sense can used This research uses electric components to
achieve the mentioned above idea and convert the current mechanical system structure to

electromechanical system structure

16
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Figure (2.3) Comparison between environments of a visually impaired and a firefighter

2.10Investigation and evaluation of the current designs

A comprehensive investigation of previous and existing technologies/designs used in similar
applications has been undertaken. Some examples are targeted to specific application areas
such as fire and rescugpweverin mostcasesthe major end followersravisually impaired

and or/mobility impaired persons.

A proposed solution is the electronic guide cane which has been aimed to help visually
impaired people to avoiding obstacles and risks using a number of ultrasonic sensors which

can discover obstaclemnd consequently steer the follower around it, the steering action
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results in a very noticeable force felt in the hand (Ulrich and Borenstein, 2d@h)y

researchers have proposed similar devices that use sensor technology to improve the blind

followers experience. Where most suffer from the following three important defects (Shoval

et al., 2000):

1-The followerneeddso scan the surroundings actively to notice the obstacles (no scanning is
wanted with the sonic guide, but it does not detect obstactematevel). This procedure

istime FRQVXPLQJ DQG QHHGV WKH IROORZHUYV FRQVWDQW

2-The follower must make additional measurements when obstacle is detected in order to
determine the dimension and the object figure. Thevi@tamust then plan a route around

the obstacle. Again, it is timeonsuming and walking speed reduces.

3-Another problem with all devices that are based on audio feedback is interference with
VRXQG FXHV IURP WKH HQYLURQPHQWabilifykid atchihidese X FH Wt

essential cues.

Moreover, to avoid these issues in applying mobile robot obstacle technology, other assistive

devices for the disabled are conducted and developed, such as Nav Belt. Nav Belt consists of
a belt, a portable computemdanarrayof ultrasonic sensors attached on the front of the belt.

In an experimental prototype shown in figued|), the follower wears @ortablecomputer as

a backpack Eight ultrasonic sensors, each covering a sector darEsattached on the fron

pack, providing a total scan of 12@&lthough the Nav Belt successfully eliminated some of

the problems common to conventional devices, the device lacked odometer capabilities and

required a considerable conscious effort for the follower to comprehusha euegShova et

al., 1998).
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Figure (2.4) Nav Belt experimental porotype (adapted from, Shova et al., 1998)

A number of the proposed solutions share much in common with the traditional white cane
and appear to be an evolution of the major concept, where the follower holds the Guide Cane
in front of himself while walking in the proposed direction of travel. Thé&lg cane as
implemented by

University of Michigan's mobile robotics laboratory is considerably heavier than the white

canebut rolls on passive wheels that support the weight through regular operation, both
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wheels are equipped with encoders to deterrtingelative motion. A servomotor controlled

by thebuilt-in computercan steer the wheels sideways left or right to avoid the obstacles. The

cane is equipped with eight ultrasonic sensors that are located in the front inirstmi

fashion with an angal spacing 15 thereby covering a 128ector ahead of Guide can. The

last two sensors face directly sideways and are mainly useful for following walls and for

going through narrowpenings such as doorway$loreover,it has mini joysticks situated at

the handle which permits the follower to identify a desired direction/motion as shown in

figure (2.5),(Ulrichl and Borenstein, 2001

[ Visual impaired

\_ man

Mini joystick for
direction control

‘@ / Guide Cane head
N

Tltrasonic sensor

Steer servo

Incremental
encoder

Figure (2.5) Construction of guide cafaelapted fromUlrichl and Borenstein, 2001
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Several improvements to the guide cane were implemented in later versions. For example, the
number of sensors was increased to 10 ultrasonic sonars to cover a wider area front of the
cane Moreover,the system was equipped with brakes for the wheetsder to control the

speed if required. In general systems such as the gaittake care of local navigation task,
allowing thefollower to completely focus on the global navigation task, figure (2.6) shows

the guide canprototype.

Ultrasonic

Figure (2.6) Guide aee prototype structur@dapted from, Ulrichdnd Borenstein, 2001
2.10.2Robot walker

In this section, the robotvalker will be described, which has been designed as an assistive
device for the elderly/physically weak and /or persons with cognitive impairment to live
independently or in senior assisted living facilities. In suakes,it has been noted that
locomoton is most often the primary form ake andorms a serious requirement for health

and wellbeing of the individual (Morris et al, 2003).

In previouswalkers,the focus has been on safety but in the following application in addition
to safety and naviganhal the stability of the follower is considered. The additional
capabilities are achieved by a suite of software for localization and navigation combined with

asharedcontrol haptic interfacéMorris et al., 2003).

21



CHAPTER TWO LITERATURE REVIEW

Such applications depend on a novellmeétto address both mobility needs of the elderly and
the service needs of the nursing staff by joining the stability of conventional walkers with the
sensing, planning and navigational abilities of mobile robotics. A solution to this has been
offered by Morris et al., 2003). The mobile robot is equipped with two f@®esinghandle
barsthat resemble the grippers of conventional walkers. Forces asserted through this haptic
interface are mediated with control from the navigasgstem inthis way, or anethod that
PD[LPL]HVY D SHUVRQYVY SHUFHLYHG IUHHGRP ZKLOH VWLO!
navigation system adds probabilistic procedures for mapping, localization, path planning, and
collision avoidance. Mixed modes of follower help in the fafrcontrolled robot motion

and visual cues are examined to adsitbwer navigation without becoming disturbing to the
follower's wishes. This mobile robotic platform is implemented asharedcontrol system
(Morris et al., 2003). The shared contrdieiriace doetioweveradd a considerable layer of
complexity, but it is aritical element in the development of an intuitive robotic walker. The
robot must be capable of providing navigation and guidance while keeping a natural and
predictablemotion respase. The shared control descritessystem where two or more
independent control systems function concurrently to achieve comman (§dasson and
Gunderson, 2001). A comprehensive explanation of the shared control systdme can

concludedrom the operabn modes:

Passive moden this mode,the robot main function is to avoid collisions with obstacles and

monitor follower location and allow tHellower to move freely.

Active mode in this mode,the desired systemath isthe same as the robots indengadh
and if the follower estimate patthas deviation when compared with the

desired path the robot motion will beducedunless the followerealigns
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with the path. This mode of operation is accompatgd graphicalinterface to help the

follower to stay on the path.

Forced modein thismode,the robot path is used completely, and follower input is used as a
means of switching robot motion on /off and must know that the follower has

no control of direction and must kespictly to the path.

Can say this can be used as a prototype platform for a robotics walker, which is suitable to
escort nursing home residents and enabling great so@ehction. Inorder to determine the

best compromise between followleeedomandfinishing a specifiedhavigationtask there is
elderly PersonalAid for Mobility and Monitoring (PAMM). This system aims to support
elderly people to live independently and providing physical help and guidance (Yu et al.,
2003). This section clarifies it in two levels one is for an admittdased mobility controller

which offers a natutehumanmachineinterface. The second is an adapsbared controller

which shares control between tf@lower and thecomputerbased on metrics of follower

performance, figure (2.7) shows tRAMM system structure.
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Figure (2.7) PAMM system structuradapted from, Yu et al., 2003)

In suchsurroundingsa range of challenges exist. The main challenge of the control system
development is how to allocate the control system between the followenactine The
shared control system (which was describedhi@ previous section) integrates the best
capabilities of both the human and the machine. The human is beghd¢vel cognitive

tasks like object identification, error handling and use of common sense in the existence of
uncertainty;converselythe machine has high mechanical and computational power and good
accuracy. Many researchers are developinguaberof strategies for thesharedcontrol

system(Yu, 2000)

This interface determines the intent of the follower even in the occurrence of thg Follby V
confusion. The controller provides to the follower as much control as possible, but it ensures
follower safety by adjusting the control authority based on the demonstrated performance of

the follower {Yu, 200Q. It must be noted that the development and assessment of the control
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system of PAMM deviceslependon experimental work carried out with the elderly in the

eldercarecentreqYu, 2000).

2.10.2Adaptive shared control in PAMM

The following section briefly idcusses adaptive shared control in PAMdéréonal aid for
mobility and health monitoringas described bu. Adaptive shared control hassanilar
structure to that of a traditional adaptive controller. The system has a planner that creates an
ideal pathbased on the mission and its knowledge of the environment. PAMM can determine
its location in the environment by identification signpostswith a CCD camera. The
computer controller produces a virtual force input based on th@lgmeed and actual
trajectory. The follower gives input to the system through force/torque sensors. The two
control inputs to the shared controller have an associated gain. These gains reflect the
authority of computer and human. These gains are changed by the adaptation ldw whic
calculates a performance index (measure how follower is performingadjosts thetwo

gains. The output of theharedcontroller is fed to amdmittancebasedcontrol which
produces commands to tegstem(Yu et al., 2003)Finally, the PAMM system adbves the

two main essential features, tlimanmachineinteraction control and adaptive shared

control. Figure (2.8) shows the PAMM working mechanism.
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2.10.3Sheffield Hallam roboticsgroup work

This section discusses some of therk produced by theoboticsgroup at Sheffield Hallam
University, and specifically within the REINS project. This concentrates on firefighting and

rescue applications where limited or no visual sensory information can be used and the

predominant feedback method is using haptic fates.

The initial project proposed the design and evaluation of a haptic interface to enable a human
to follow a robot undenon visibility. The project assumed that the rescue operation was
undertaken with the following constraintisie ground is relatigly passableand the main
problem is dust and noig&hosh et al., 2014)n thiscondition,there is a high possibility for

a humarfirefighterto lose his routeThereforethe fire/rescug@ersonnetan be considered as

being significantly visually impaed/blind.

Figure (2.8) PAMM system mechanism (adapted from, Yu et al., 2003)
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In thesesituations,the proposed strategy of following a robot is promising but it also has
many challenges. Iparticular,the communication between the robot and human to adjust
speedand direction and thetype of codes/formatsed to convey this information as only

haptic communication is considered.

However, having a robot lead a person raises considerable problems, regmatdengegree

of robot autonomy. To judge, theandlermust know the difference betwedémcomotion
which meansmovementfrom point to point in the path andavigationwhich decided the

start and end point of the journeydditionally, it is necessary tknow some factors such as

the path of the robot which the human must follow, ihéerfaceused, whats the connection
between the human and robot; this couldiireless, aloose ropeor ahard-stiff rein. In the

case of a loose rope, it is not possible to indicate the direction, this problem is further
complex in case of wireless connection, and thedarand robot have no direct method of
determining their location and orientation with respect to each dtwvever,with a stiff

interfaceall these problems can be reduced and/or avoided.

A description of the stiff rein which was used in some experisneitiumanrobotfollowing
the stiff rein prototype was assembled from cruticke handle witha joint at the base
connecting the pole to the robot. This consisted of a ball joint mechanism to allow free

movement in all directions3hosh et al., 2014).

This prototype has a challenge to follow the robot, because of full freedom in the horizontal
axis whichcauses thdollower to lose track and forces to add springs. This spring system
permits rotation of théandlein the horizontal direction. When therttie is aligned in the
robotcentreline, the springhaveno tension, and when the handle is being rotated the spring

system makes some tension on the handle, this tension increases with the increase of rotation
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angle, also this prototype comes witpia enabling to nullifythe action of the sprindigure

(2.9) shows &pringsystem.

Figure (2.9) Spring system (adapted frddiosh et al., 2014)

In some experiments,the robot followed a prprogrammed route and the blindfolded
follower followed the robot. In thesexperimentsa problem appeared when tlabot turned

left or right quickly in such cases the robot must give-eneptive notices to théllower.

The intelligent rein can give these gmptive notices when th@bot turnsleft or right by
sending @apticindication to thdollower. From the previouseview, it canbe concludedhat

an intelligent system with feedback of the environment and perceptual capabilities can enable
and enhance navigation in complex environmehis intelligent system depends on use of
some electronic and mechanical componente Inégh accuracy and efficiencidditionally,

the use of haptic communication can be considered as a suitable approach of providing

information to the follower as the least affected approach of communication.
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3.1-Introduction

There have been several attempts made to guide auditory and visually impaired individuals,
also for people who work in environments where visual sense cannot be used. For example,
fire-fighting personnel who are dependent on the touch sensation (hapsicleoifvalls for
localizing and physical ropes to essentially provide direction/navigation (Ranasinghe et
al.,2015). Bases on the previatlsapter,t is clear that th@reviousdesign ofthe reincan be

used and furthedeveloped/enhanced to emulate ititeraction between the visually impaired
follower and a guide dog'o complement the previous efforts, it was necessary to investigate
and propose new methods in an attempt to achieve the natural and intuitive shared control
relationship observed betweerdag and human. In thishapter ,the interface strategies will

be classified into two distinct modes: coded haptic messages which can covey messages in
stream of codes and direct force haptic feedback/control which can convey messages in the
shape of diect movements. Alsdhe preliminarytestwill be done to confirm the previous
studies by makinghe reinfixed and observing the follower/robot path, especially during
rotation.Moreover,methods and a plan of study is proposed in order to analyze the potential
options and consequently select the most suitable and capable methodo apply and
experiment within the university lab. Each method will be studied with respect to general
ideg design and ability to apply in theniversity. A range of methods have been proposed,
including those based on actuation by electromagnetism which includes electrically and
mechanical parts. Table (3.6) provides a comparison between all the reviewedsngthlso

presented.
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In order to achieve this, an analysis was made of movement types (i.e. rotation, elevation) to
know which of them can be exploited to achieve optimum follower interaction with the haptic
rein. The chapter will explain in detail tipeeliminary tests, all the proposed methaaisl

compareghemto choose the best and most appropriate one.

3.2-Preliminary V\V WadtP

Based on the previous research it was decided that a preliminary test woulddogaken to
establish baseline parameters and the system requirements. This test aimed to determine the
follower behaviors in terms of comfortability and his ability to closely follow the robot path,

and to establish the limitations in the current setup/design dpduhderstand the follower

requirements for the next design phase.

In order to determine and characterize the performance of the designed systems, the test

parameters were split into 2 fundamental areas based on the system's ability in relation to:
A) Minimizing the deviation between the robot path and the path of the follower

B) Maximizing/optimising the comfort and intuitive interaction of the follower during the

complete journey.
These factors are analyzed and evaluated in the following way:

For A) avideo-basedanalysis showinghe path of the follower steps is analyzed (review all
steps taken by the follower when following the robot and making a cumulative images for all
these steps then connect them with each other to make virtual path) as sgerei(3),

thus illustrating how much deviation is evident between the follower and robot path

For B) the perceived comfort was evaluated using two methods: A follower questionnaire and

the continuous measurement of force being exerted on the folthwing the experiment.
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The measured force provides an indication of the follower comfort which is inferred from the

resistance/compliance applied it reinto the follower's arm.

Preliminary V \V Wddtls performed in the university area using a mobile robot, wireless
connection and sensors to know the value of tefsitee thatoccur between follower hands
and rein, and to find out whagappensvhenfollower follow robot and the rein is fixed. For
this, a 769.8 cm path was drawn with rotation to left agtt, this path will be followed by

the robot and the follower will inevitably follow the robot

By tracking and drawing the cumulative follower steps, the path known and the amount of
follower/robot path deviation in both directions (when robot turn left/right) is calculated. This
deviation can be reduced by installing a haptic system (besausee,dustandnoise around

the follower) that makes the robot and follower collaborate to walk on the jsamén the

first step the system was installed dahd reinwas made fixed then the path which the robot
should follow is drawn on thground. Figure @.1) shows the path which the robot will

follow.
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Figure (3.1) Test path

Through thefigure, the total distance to be traversed by the robot is 769.8 cm. Using the
predefined robot speed of 17.70 cm/s, the time needed to complete the route is 43.47 seconds.
A group of university students were invited to participate, and with geoticipant,the
experiment was explained in terms of method and purpose. The experimental procedure
sheet, follower questionnaire and consent forms are given in appendix (A). The explanations
given to the follower included a basic overview of how the participdlawe the robot, the
number of tracking trials, and the test questionnaire form, which asks for the level of comfort
in a range 1 to 5 in forwarding, turn left and turght direction as subjected data. The
participant fie/shg cannot see or take an ati@nefore the actual test begins, and that's for

the neutrality of the results. Figure (3.2) shows the fixed rein.
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Figure (3.2) Fixed rein

3.2.1 Preliminary test methodology

The test protocol is (a) invite 5 participants from university students these participants have
DJH RYHU WKHLU DUPV KDY H Q fhvtter @iduittudverageth€ight, JHQ G H |
the whole test procedure is explained to all participafits.Paricipants rightarm was

attached with the wrist strap which connectedthe rein.(c) The Participants put on a

blindfold as shown in figure (3.3Bubsequentlythe robot movement was started with no

external prompt and moved forward to 230 cm, then edtatleft on a circular routby a

distance 0fL09.9 cm and continued to move forward by a distance of 90 cm. This is followed

by a rotation to the right using circular rotation witdistanceof 109.9 cm. The final section

of the path continued forwar®@ centimetresand stopped, completing the entire journey.

33



CHAPTERTHREE PROPOSED DESIGNS

Figure (3.3) Participant following the robot

(d) When the set path has been traversed the robot stops. The participant also stops and
removesthe blindfold while the researcher presented the survey form to be filled by the
participants. Thelata for each participaig gathered and put into the table to be analyzed.
forward movements all participants choose comfortable level 5 wies100% of samples.

When the robot turned left there are 2 samples (40%) choose level 2 of comfortability level
and 1 sample (20%) choose level 3, the other 2 samples (40%) choose level 4. However,
when the robot turned right 3 samples (60%) choose lewdl c@mfortability level and 1
sample (20%) choose level 4 where the last sample (20%) choose level 5. Table (3.1) shows
the collected data and explains the number of samples chose the level on the total number of

samples (participants).
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Comfort level 1 2 3 4 5
Forward 0 0 0 0 5/5
Turn left 0 2/5 1/5 2/5 0

Turn right 0 0 3/5 1/5 1/5

Table (3.1) Test subjected dataanward, turnleft andturn right (persor (5 = total participants)

3.2.2Preliminary test data analysis

From preliminary analysis of the table (3.1), it's clear that the participants are very
comfortable when theobotis moving forward, with most of the participarttaveingchosen

the fifth level on the comfortability index.ess comfort was observed whire robot rotated

to the right with most of the samples (participants) distributed after the middle of the index
comfortability 2.5 And in the turn left which the least rank there are 2.5 people less than
index level An increased level of comfort was @pged in turn right as compared to turn left,
and this is maybe the result of sudden fefation ormay because of alhe participants held

the reinwith the right handFollowing figures (34), (3.5), (3.6) showing that.

Number of participant's Forward

B Forward

0 T T T Confortabilty level

Figure(3.4) Participantfcomfortability level (Forward)
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Figure(3. 5) Participant /comfortability level (Turn left)
Number of participant's Tum nght
5
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3.5

1 Confortability level

3
25
® Turn right
2
15
1
0.5 . .
0 T T
2 3 4 5

Figure(3.6) Participant /comfortability level (Turn right)
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3.2.2.20bjective data collection

The objective data obtained from the sensor (load cells) readings which indicates the tensile
force that occurs between the follower right arm and the rein (between the grip which is hold
by follower and the rein axis) were collected, analyzed @atedandthe following. Table

(3.2) demonstrate highest and lowest rate for the left and right sensors and in which readings

were occured, thevord reading in next table means the data will take fronseinsor

Sample Participant order) | 1 2 3 4 5

Right / Left (Sensor) LS |RS |LS |[RS |LS |RS |LS [RS |LS [RS
Highest rate 8 7 5 7 5 5 6 8 5 8
Data reading order 31 |30 |55 (32 |82 |67 |55 |33 |78 |26
Lowest rate 0 0 0 0 0 0 0 0 0 0
Data reading order 32 |31 |34 |86 |8 |68 [57 |36 [80 |29

Table (3.2) Objective data demonstration

To understand the previous table the following is the description of thestmngle.In the
third sample Participant),the highest rate achieved by the rigehsor is 5Nm at reading 67
and the lowest rate is ONm at reading 68, and theséfsor haschievedthe highest rate of
5Nm at reading 82 and the lowest rate is ONm at readingig6re(3.7) shows dataset of the
third sample (Participant) during one cycle of the path asexample where LS(left

sensor),Rright sensor), and Append({B) shows all samples data.
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Figure (37) Shows arxample dataset during one cycle of the path.

To be clear thdigure (3.8) shows the highest and lowest reading of LS/RS sensors in all

samples.
Nm
8
7
6
5 - ® Highest reading
4 - ® Jowest reading
3 -
7
1 -
0 -
Remn LS Rein RS

Figure(3. 8) Highest/lowest rein LS/RS sensoeading
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Table (3.3), shows the maximum reading of tensile force recorded through the whole path,

noted that the maximum tensile force has been receded in the turn right side 8 Nm and turn

left is 6 Nm.
Sample (Participardrder) 1 2 3 4 5
Maximum reading in forward 3 0 2 0 2
Maximum reading in turn right 7 7 5 8 8
Maximum reading in turn left 5 5 5 6 5

Table (3. 3) Maximum readings forward, turn left and turn right of thet

3.2.3Preliminary test follower path analysis

After the test was finished, a typical follower path was reviewed and tracked by plotting a
cumulative steps location of follower to creating a virtual path and comparing with the actual
robot platform path. The deviation between the follower @it pahs canbe determined

and used as referenceo know follower can follow the robot in the sanpath smoothlyor

has difficulties
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Figure (39) shows follower /robot paths

It is clear the deviation in the turn to the left is higher than in the rightrexydbe caused by
many reasons such follower hand position as shown in figudg {Bere the follower path

has yellow color and robot path bloelor.

3.2.4Preliminary test Conclusion

1- After the data is collected and analyzed the subjects datatBabwhe straight path is the
most comfortable for the participants and the turn right is second in comfortability feeling, the
turn left is the least comfortable action, and this may be due to the ability of the participants

to be familiar with the robahovements or through the use of follower right hand.
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2- The participants do sonstaggeringluring the following of robot and it is clear from some
registered readings this happen before and after the completion of the rotation as shown in
figure (37), and this idecause the follower feels a lack of confidence as a result of the eyes

tied, and they cannot see the path.

3- Through the analysis of objective data, there are readings of the sensors in both directions which
indicate theparticipant'sstagyer or are jolted by the movement. This was seen visually during the
experiments and is evident in the measured force data between the followdreargin The
resistance/force between the follower's arm ttwedreinis bigger when the robot rotates hetleft and
reaching up to 8 Nm as when compared to a turn taighe which achieved a maximum limit ©

Nm, asshown in thdigure (3.8)

4- Through the previousnalysis,it is clear that to optimize the level of comfort the
tension/resistance (by minimize the tensile force) between the followahardinmust be
considered. Limiting excessive values of force being applied to the follower through a more
progressive andontrolled application of force throughout the turn are desired.

The reinshould therefore move/adjust in harmony with the robot movement to decrease the
tensile force in the rein and help the follower to track the robot. For example if the tensile
strengh increases over 2Nm, this is an indication which means there is rotation and the robot
should reduce the speedf the turn and at the same moment the rein shmdgein a
GLUHFWLRQ WR UHGXFH WKH IRUFH RQ WKH IR@OBRZHU FL
follower to comfortably follow the desired path.

5- Through the analysis of the follower steps ptik reinclearly shows a significant
deviation between the robot path and follower path, this was at its greatest when the robot

rotates to the left.

41



CHAPTERTHREE PROPOSED DESIGNS

6- Efforts should be made to reduce the deviation by using a system of intelligent
understanding between tf@lower andthe rein this system can be based on the force haptic

feedback.

3.3-Dimensions of design space

In this research, haptic messages will be sending from the robot folltwer. There are

many ways in which these haptic messages can be transmitted. These include vibration,

electric pulses, air wave's direct printingatiower body and other haptimethods.

In this project several criteria have been developed fodéssggnand selection of haptic

messages transmission and coding methods, the most important criteria are:

x Clarity of messages intensjtyhat can be easily understood by flodower without
confusion

x Easy and intuitive to learn and be repeated

x Can be used to senchapticcontrolsignal fromfollower to robot also can send feedback
from robot tofollower, thatmeanst canbe consideredsbidirectional datdous media

X  There is asuitablesize vocabulary available to encrypt messages

X No impact on the health ébllower.

x Can be easily interface/attached witilower body. Especially the hand and fingers
because they are suitable for the movement as indicated by seesearches
(Srinivasan, 1995).

X  The possibility of installation and testing within the university laboratory

x Availability of materials for themplementation. Foexample,some method may need
additional digital equipmerdoesnot found in standard suppliers.

x Availability of references andccessibility, tobuild any of these methods need some

references and these references can be research paper aorbaatessvebsites
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x  The possibility of experiment within the university area tmisansthere is no special
requirements for experience the method dodsnot need to get help out of university
for example does not need to practical out tests, public test samples. This makes the
issues less and helps to achieve the design within the project time.

X  The existence of high completion rate with research time allowance. Because the
research hagimited time for that the expected compilation time must be within the
limited time constraints

X High proveneffectivenes®f themethod, this means the method must achieve it targets

X  The cost of the material is reasonable not to exceed the budget as any ithecanctl
and budget has tHag role of research finishing so estimated material does not exceed
the budget

x  The presece of the software's necessary to run and implement the method, and make

sure it camgetin theuniversitysoftware library

X

There are no predicted technological obstacles that may face in the future

In general, haptic feedback depends on the usedopaite human body; the following

section identifies some dimensions that must be considered in the design space:

3.3.2Feedback technologies

There are several distinctive innovations available that initiate haptic feedback. One of the
foremost common technologies is vibration feedback that's used in muisle phones;
tablets or game controller. Other feedback advances incorporate (ElectrscleMu
Stimulation) (EMS) feedback or air currents. Such innovations have various capacities to
provide feedback ranging from tactile prickles on the surface cfkilneor physical haptic of

limbs movementgOkamuraet al., 1998).
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3.3.2Sensing capabilites

Haptic sensing capabilities are based on the distinctive nerves within the skin, tissue, and
muscles all of which are invigorated by touch, pressure, and heat. Besides, the number of
nerves changes atdistinctive place on the human body (Silvera et al., 2015). Hence, a few
places are more delicate to haptic feedback than others. For exampfengtréps are
exceptionally delectate compared to the back. This need of affectability can be adjusted by

the estimatef fortified range (Pfeiffer et al., 2014)

3.3.3Position on the human body

In the case where haptic feedback is connected through a gadget on the follower's body, a
number of distinctive positions are conceivable. These include the finger, lomwerther

upper arm, the middle, the head, the legs, and the feet (Hoggan,2013) .Applying feedback to
each of these positions works well, and the choice for a position ordinarily depends on the

activity for which feedback ought to be connected (playing fdb#sasnatching something

with hands) (Pfeiffer et al., 2014).

3.3.4Stimuli characteristics

When applying the feedback, the following characteristics have an impact on haptic
recognition: the quality of connecting stimuli, the strength of the appliedilstithe length,

and the stimuli shape over time (Pfeiffer et al., 2015). The form of the haptic stimuli can
follow the characteristics of a continuous, a substituting (on/off), or an increment or diminish

sequence. Combinations of this stimulus make deveeat over timéJTamakiet al., 201).

3.3.5Feedback Type

Haptic feedback can be used for many purpobtesx Pfeiffer defines haptic feedback as
being used to make a follower aware of a particular situafitso, he defines informational

feedback agransmissiorof information (e.g., Morse code). In addition, this can be used to
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transfer information in a manner that protects privacy. Haptic feedback can be electric (EMS),

vibration or movements to guide the user.
3.4-Proposed designs

In this section,there are many ideas proposed dessign and implementation, almed at
providing information and control of the two fundamental parameters required: the follower

direction and speed.

The interface strategies can be separated into two distinct modested haptionessage

which can covey messages in stream of codes such as stings or pressure acting on follower
skin; 2 direct force haptic feedback/control which can convey messages in the shape of direct
movements acting on follower bodylhe followingsection explains thdetailsof proposed

designs and has been split into two parts first describe interpreter cuffs as message based and
the secondlescribeghe full movement aslirect contralintervention /force feedbadkased

Each strategy has its owadvantages/disadvantages and will consequently be evaluated
against the requirement for the project. Figurd@3shows the block diagram of interface

strategies
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Direction /speed control

Coded haptic messages Direct force haptic
feedback/control feedback/control

BY USING m BY USING
CUFF ~ - HARDREIN
Ulser

Figure (310) Theinterface strategies

(VAT
DNISH AH

Coded haptic messagasay beconveyed to the follower using several different techniques
and technologies. Several researchers have successfully utilized a falweréace cuff

which can receive codes and change them to haptic signs to achieaarobotinteraction.

The ideas are designed around the constraints that one person with limited auditory and visual
perception of the environment (a follower) is guided rbppot with some capabilities (a
guider).Theideas of desigshould be consistent with the mentionedecrins.

The codedcuff-baseddesign could be adapted to provide control through for example
keypad/joystick controlHowever,the additional complexity, response times of the follower

to input the message and requirement of knowledge of the codes makes the approach
cumbersome and lack the intuitive nature desired.

The reinin this thesis is defined astaol that connects theoflower with the information
transmitted viahe reinconnected to the mobile robot witlumberof messages have limited
vocabulary range (such as turn left/ turn right, forward /backward speedup/ speed down) table

(3.2) shown some of interpreted vocabular
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3.4.2Haptic interpreter cuffs

1- Electromagnetic haptic interpreter cuff.

2- Electric pulse haptic interpreter cuff.

3- Haptic printer interpreter cuff.
Each of these methods is to convert the incoming signal ttwiflbever. On thisbasis,these

methods are the conductors of the haptic feedback.

3.4.1.2Description of the proposed electromagnetic haptic interpreter cuff

In this section,an electromagnetic field is proposed as a method to interpret haptic feedback
from a robot or controller to give some meaningful haptic feeling téab@ver in the form

of pressureoint this feeling to reflect some meanings éalfower understand andhange

them to actionsFigure (311) shows the general structure of the proposed method, as shown
in the figure the current flow from electric code generator device to control unit which
changes the requests of the robot/controller to electric currewt Wlith different time
periods. This electric current is applied to the coils which cause changes to magnetic forces
distributed over the cuff and caustraction and distraction of iron ring§he variation in
patterns and their time dependence can ke us describe some commands or language that

thefollower can understand.

Iron rings stay in the middle of the cuff up to the desired coil changed to magnetic in that case
the ring attracted to the coil and make pressure orfollwver arm, thispressue conveys

some information tdollower, in generafollower can receive a number of pressure points in

his arm and this pressure points have the same strengths but spread all fm/emtbearm

(which is covered by cuff) and compounded with each dthdo stream of codes which the
follower can interpret and understand them and based on, starts the appropriate actions

requested by robot.
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Distance adjustment

Thin plastic Layer
Iron rings — [ — ] — //

Follower arm contact points
Follower arm go in side ————» I I I Up/Down movement
) S/ A A \ _— .
Coils ————r=___.M1 o —" —Thick plastic layer
Electric
code ity
generator

Figure (311) Electromagnetic haptic interpreter cuff

3.4.1.2Description of the proposed electric pulséaptic interpreter cuff

This section will discuss the use of electric pulses to interpret the haptic feedback from the
robot and give some haptic feeling to thiellower, these electric pulses convey some

messages followdrow can interpret them and contesf toactions (Krueger et al.,2014).

The figure (312) shows the general structure of the proposed electric pulse interpreter cuff'.
As shown in the figure the pulse flow from tpelsegenerator unit to the control unit which
interprets the requestomefrom the robot/controller and converts them to electric pluses
flow with different time periods. The electrpulsesare distributed on the pulse heads and

describe predefined messages wtliaower can understand.

These pulses formatted in codds(on, off) and make stings on thellower arm. These
stings convey some information to tf@lower. So in general,the follower can receive a
number of stings his arm and thedmgshave the same intensity but are spread in time and
locality. The stigs can be compounded with each other to form a stream of codes which the

follower can interpret and understand; consequently, changing them to actions as requested
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by the robotcontroller system. The stings could be enabled to have different

strengths/irgnsities in order to facilitate a larger number of cddesarrying messages.

Cuff Pulse head

Control unit

\

Pulse
generator
unit

Follower arm contact points

Y =Pulse N=No Pulse

Figure (312) Electric pulse haptic interpreter cuff (multiple heads)

In the proposed electric pulse haptic interpreter cuff the pulsebentakerparallel shape as

in the figure (312), thatmeansthe cuff has aaumberof pulse heads and the codes come to
thefollower arm in aparallelmanner this number of digital codes is dependerthemumber

of cuff heads. Alternatively, the code may coméhwfollower arm inserialformat where the

cuff has only one head and presents the code bit by bit using pulse duration and intensity to

convey the information as shown in the figurel8p.
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Cuff Pulse head

Control unit

Pulse generator

unit

Follower arm contact point

Y= Pulse N=No Pulse

Figure (313) Electric pulse haptic interpreter cuff (one head

3.4.1.3Description of proposed haptic printer interpreter cuff

In haptic printer interpreter cuff method, a similar concepbteh screen for blind peopie

used however the basic arrangement is reversed. For example, in a touclsystesathe

follower can touch different parts of tisereento distinguish his aim (Buzzi et al., 2013), in
haptic printer interpreter cuff the letters wollint on theskin of follower arm, these examples

will be described to explain the idea. This section tmlto use haptic printer interpreter cuff

to interpret the haptic feedback from timdotand give some haptic feeling to the follower by
ZULWLQJ ODUJH DOSKD OHWWHUV RQ WKH IROQI&eHUTV DU
and reflect some meages; théollower can convert them to actions. The figure £3.4hows

the general structure of the proposed interpreter haptic printer cuff, as shown in the figure the
signals flow from interpretation unit to control unit which gives commands to thiephead

which sends commands to the specific pins according to the letter shape. These pins extend
out from the printer head and apply pressure points on the adhesive tape placed on follower
skin exact as the letter shape which interprets the reqo@stesfrom the robot/controller.

The letters are distributed on tf@lower arm by movement of the head and describe some
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messages which follower can understand. Notes: these letters are printed letter by letter to

make distinguishable codes.

Height adjustment Arm tie Printer head Print pins

Control bus
Interpretation

unit [L

Control unit Control bus

User arm

(L8]
(K@)

Printer head action ——— »

(LIIIT1]]]
]
[]
L]
"

Figure (3.4) Haptic printer interpreter

3.4.2Description of full movement rein proposal

In this section, thanovement reinwill be explained as a proposal to convey the feedback
from the robot to the follower, as well as the control from the follower to the robot. A range
of rein development possibilitiesas investigated to maximize the code spectrum and for
potential futuredevelopment purposes. Two examples include rein attached via telescopic

junction and rein attached via rotatiggp-basechandle.

51



CHAPTERTHREE PROPOSED DESIGNS

3.4.2.2Basic movements of ong@art hard rein with fixed grip and rein with (ball /side) joint

In this researcha hard rein is proposed as the main part and to get maximum movements,
telescopic junction and movable grip are connected to hard rein and considered as additional
parts. An analysis of all possible movement was made to in order to establish an optimal
design/solution. In this research the movement of hard rein is called basic movement and it
moves in (forwardbackward dirction onlyif the rein attached with the side joint as shown in
figure (3.5,a), and (3.5 b) a ball joint is used the movements wabbnsidered in four
direction (right/left and forwartéackward directions ).Moreover,if the hard rein has section

2 added (telescopic junction and movable grip) in that case the movements of these parts

consider as compound movement and are described in detail in the following sections.

(a)- One partrein with fixed grip and ball (b)- One part rein  with fixed grip and side
joint (simple movements) joint (simple movements)

Fixed Grip \ Fixed Grip
\/ \

Left

Fromnt Back
Front ‘_('>_’ Back
Right

Two axis movement One axis movement

Figure (3.5) Simple movements of, (@nhepartrein with ball joint, (b)onepartrein with side join
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- Movement analysis:

This section explains the possibilitieshard reinmovements. As shown in figure (3d), the
simple movements ajneparthardrein with fixed grip and ball join&re takennto two axes
(right/left, frontback) and in figure (33b), simple movementef one part rein with fixed

grip and side joinaretaken into one axis only (front/back).

3.4.2.2Compound movement of two parts rein with ball joint/movedgrip

To increase th possibility of rein movement an additional structure such as a telescopic
junction and movable grip is required. Two parts rein (rein and Telescopic junction can be
twisted) with ball joint is shown in figure (%) and the two parts rein (rein and dsdopic

junction) with ball joint andnovablegrip is shown in figure (34.b).

-Movement analysis

This section explains all possibilitie$ rein movements. As shown in figure (8a) the two
parts rein (rein and telescopic junction) with balint movements taken intthree axes
(right/left ,front/back) and ( up/ down) and (twist left and twist righand in figure( 3 .8b )

the two parts rein (rein and Telescopic junction) With moveable grip and ball joint
movementgaken into three axesawement of reinr{ght/left, front/back , movement of

grip (twist left and twist right) also movement of grip (left/right, up/down).
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(a) Two parts rein with ball joint (compound
movement)

Twist right

'
% Twist left
Up

Telescopic junction as a Grip % /

Left Down
Back

Front

Right

(b) Two parts rein with moved grip and ball
joint (compound movement)

Twist right with Grip

Telescopic junction \§

Left/Right movement Twist lcﬁ'\\vith Grip
Up/Down m ovcme'“?' A

Moved Grip
Left
Front Back
Right

Figure (3.Ba, b) Compound movement of typart rein with ball joint/movedrip

3.4.2.30ne/two parts rein with ball joint and movable grip with (mode button)

For simplicity, it is possible to remove additional structures such as the telescopic junction
and let moved grip in one part rein with ball joint and moved grip as shown in figura)3.1

if the simplicity doesnot has first priority but functionalitin that casecan add control
button to increase functionality tie reinas in figure (3.Ib), which shows the two section

rein (rein and Telescopic junction) with moved grip, ball joint and control bueriaion/off

control /feedback function.

-Movement analysis:

This section explains all possibilities of rein movements. As shown in figuréaj3tie one
part rein with Ball joint and moved grip movements taken into two axes (right/left
front/back)rein movement, and(up/down), (left,/right) grip movement ,also shown in figure
(3.17b) the two parts rein (rein and Telescopic junction) with ball joint, moved grip and
control button movements taken into four axes (right/left, front/back) and (twigtvieft/

right) rein movement and (up/down) telescopic junction movement and (left/right , up/down)

54



CHAPTERTHREE PROPOSED DESIGNS

grip movement. Here the difference is mode button has three states and used to distinguish

between control, feedback and free (rein without any feedbackosutichk

(a)One part rein  with ball joint and moved grip | (b)Two parts rein with ball joint and moved
grip and mode button

Twist right alone

Moved Grip %’/
U

/ Telescopic junction
LefvRight movement /'% Rlods bufion %
D Left/Right movement
/

Twist left alone
p

Up/Down movement Up/Down movement — BN
Moved Grip
left
left Down
Front Back Front —%>— Back
Right Right

Figure (3.Ta, b) (one/two) parts with ball joint and moved grip with (mode button)

3.4.2.4Movement axes of full movement rein

In general, movements dull movementrein can be divided intewumber of axes for

simplicity of use. Thesemovements are divided into main removements, telescopic
junction movements ananovable gripmovements figur (38) gives an over view of the
movements, the colour indicates group of movements. mMiteement of the main rein is

colour red front, back left, right) and itakesaxis number one because it's basmements,
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Twist right with Grip

Telescopic junction

\
Twist left with Grip

Mode button

Left/Right movement

Up/Down movement — .
Moved Grip

Down

Front Back

Right

Figure 3.B)MRYHPHQW YV OHYHOV Rl IXO0O PRYHPHQW UHLQ

the movements of telescopic junction colour blue and take axis numberahdothe
movements of grip colour green and take atismberthree,as shownin figure (3.18), and

table (3.4).

Level one (Rein ) Level two (Telescopic junction | Level three (Movedjrip)
Front Twist right with grip Up

Back Twist left with grip Down

Right Right

Left Left

Table (3.4) Rein movemengxes
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3.4.2.5Movement interpretation

For the reason of design, the interaction between human and robot is divided into three types
according to the position of mode button and which has three positions 0, 1, 2. Every position
indicates one mode. Mode O: indicates feedback mode and it mérmifuonan feedback

data (codes) flow. Mode 1. indicates control mode and it means human/robot control
commands (codes) and mode 2: indicates free mode and it teansinis free control
disabled. According to this can interpret these (coddsigtelevel language tde understood

by human and all movement changes twmberof codes which describe specific message.

Table (3.5) shows that with details.

Mode button 0 1 2

Type of movement Robot send Follower send | Free rein

feedback to the | control to the

follower robot

Front To rein follow follower S S

back To rein go back, S S
follower

left To rein want to turn left S S
follower

right To rein want to turn S S
rightfollower
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Mode button | O 1 2
Type of Robot send Follower send control to th@ebot Free rein
movement feedback to the

follower
Twist right From Canusefor other function control S
with grip Telescopic

junction
Twist left with | From Telescopic/, Canusefor other function control S
grip junction
up From Grip S go back robot S
down From Grip S go forwardrobot S
left From Grip S turn leftrobot S
right From Grip S turn rightrobot S

Table (3.5) Rein movement's interpretation
- Demonstration of table contents

1- When the mode button is 0 the robot sends feedbigcials to actuator@notor) attached
to the rein for moving in the front side thiseansclear command for th&llowe for

walking forward.

2- When the mode button is 1 the follower moves the grip down for sending control signals to
robot controller to rave in forward direction and thisneansthere is a coding table for

mutualunderstanding
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3- When the mode button is 2 robot controller and rein actuators aia tffs casethere is

no connection and follower can mothe reinwithout any feedback arontrol.

3.5-Methods comparison

Table (3.6) shows a comparison of all proposed methods and shows approaches in which to
choose the most suitable method for the research. It should be noted that mosiath the
included in the table is based on estimation. The scale is divided into a high expectation high

achievement ratio and lo@xpectation low achievement ratio and medium in between.
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CHAPTERTHREE

Clarity of
messages

ectromagnetic MEDIUM
haptic interpreter
cuff
Electric pulse MEDIUM
haptic interpreter
cuff
Haptic printer MEDIUM MEDIUM
interpreter cuff
Full movement HIGH HIGH
rein

Experience within the
university area

MEDIUM

Electric pulse MEDIUM
haptic interpreter

cuff

Haptic printer MEDIUM
interpreter cuff

Full movement
rein

Used
controlifeed
back

High
completion
rate

Enough
spectrums

MEDIUM

MEDIUM

MEDIUM

LOW

Costof
the
material

MEDIUM

Attached
with user

Presence of
the

software's
MEDIUM

MEDIUM

MEDIUM

Installation in the
university
laboratory

MEDIUM

MEDIUM

MEDIUM

HIGH

Technological
obstacles

Availability

of
materials

MEDIUM

MEDIUM

MEDIUM

HIGH

Usein
future

researches
MEDIUM

MEDIUM

MEDIUM

Availability of
references

MEDIUM

MEDIUM

MEDIUM

HIGH

Built on the
previous design

MEDIUM

MEDIUM

MEDIUM

Table (3.6) Comparison of all proposed methods
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From the table (3.6) it islear that the full movement rein is the most suitable for building the
research porotype. This can be concluded as the method scores highest within the critical
sectioncriteria such as:
o Clarity of messages intensity that can be easily understood liglltheer without
confusion, easy to learn,
0 Lack of a health impact on the follower
0 The possibilityof installation and testing in the laboratory
0 The possibilityof experience within the university area
0 Availability of materials for theimplementationand can be built on the existing
design
Additionally, the method naturally provides sample intuitive system which can work in
control mode (from follower to the robot) and in feedback mode (from robot to follower).

Moreover, it can be simplified as rgged and interfaced with the previous design.

3.6-Proposed system structure

After selectinghe use of a full movement rein in the researchptherall design strategy and
implementation was assessed and divided into four subsections with separate sub prototypes.
Each prototype can be individually designed, built &ested beforantegration into the
complete design making the research impleaten and testingasier ashown in the figure

(3.19). A plan has been prepared for the requirements of each prototype sepavately,

appropriateCAD model produced where required to choose the appropriate design and
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calculate theguantity of materials that to achieve the goals of research with the lowest cost
and in a reasonable time.

In the prototype (I) which had a set of sensors (encoders) has been placed in the front edge of
the existing rein to know follower /robot location. Thetptgpe (II) had a stepper motor and

its encoder, which implement to move the raid fixedto robot base, theensor(encoder)

has been attached mootor head théunction of themotorsensor is to calculate the angle and
speed ofotation. Theends ofthe reinareattachedo the motor shaft by using steel rope (it
has asmall diameterand flexiblg so thatthe reincan be pushed in any horizontal direction
and at any required spead shown in figure (7.6)Prototype (Ill) has some sensors (load
cells) in the grip of the rein to calculate the strength of tensile which occur between the
follower hand and the long axis of rein. Depending on the sensor ¢&s) readingghe

motor moveghe reinin direction of the follower to make tensile strength low; in tieestethe
follower can follow the path of the robot as much as posslhléhe prototype(lV), all
previous prototypes will be connected to an integrated systean canmove the followeto

follow the robot path by sending messages from the robot to the follower in the form of rein
movementsWhole system structure is shownfigure (3.1). It is noteworthy for easy study

and review a prototype the building has been dividemla setof steps which are repeated

with a change in details and these steps are:

¥ Rein prototype problem definition

¥ Rein prototype aims

¥ Rein prototype system building specification

¥, Rein prototype design
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CHAPTERTHREE

¥ Rein prototype implementation

¥4 Rein prototype test

Whole system structure

{

v

Prototype (1)
(Sensor only system)

In this prototype a range of
sensors have been embedded
on the rein to collect data about
robot and user position Digital
encoders are placed at all
horizontal and vertical rotation

joints.

Prototype (II)
(Motion/feedback system)

In this prototype actuator with
its sensor placed on the head
rotation joint allows the rein to
provide variable force on the
user forearm guiding /steering
the wuser in the desired
trajectory, the amount of force
applied is proportional to the

rotation needed.

Prototype (11I)
(Tensile force sensing)

In this prototype sensors will
install in the end of the rein
(grip) to sense and calculate the
tensile straight that occurred
between the user and the rein
during the rotation of the robot
.These sensors change the
tensile strengths to signals can

be used to control rein.

v

Prototype (IV)
(Shared control system)

This system is the final system
and proposed to combine the
previous systems in a shared
mtelligent  control  system
control algorithms must be
building, processing  and

executing in real time.

Figure(3.19) Whole systemproposedstructure
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3.7-Conclusion

It is clear from this chapter, there are many methusesito deliver haptic feedback from the
robot to the follower. However, to emulate the follower guide dog relationship the chosen
method mushavecontrol /feedbaclability asthe first factor, thesecond important factor in
choosing the appropriate method is the existence of adequate informatiomatadhls for

the installation and experience inside university laboratenym previousiemongration full
movement rein has the ability to representdbg followerrelationship for that it is the best
method, especially in terms of the possibility of installation inside the laboratothesa
basedull movement rein washosen. The wholsysem wasdividedto four prototypeseach
prototype has separated test to determine it is suitability. In the coming chapters, each
Prototype will be installed on its own and eventually assembled to form the whole shared

control system.
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4 .1-Introduction

From undertaking an assessment of all proposed methods in chapter three it was decided that
the system would use and implement a full movement rein. The full movement rein was
chosen because of its technical capabilities which best suit to the intendedteppas
described in th@reviouschapter.The system implementation was divided into four separate
prototypes as shown in chapter three figure (3.10). Each prototype was tested and verified
independently to assess its performance and influence on the follower. The final system
combines all the ptotypes into the complete intelligent rein device.

In the firstprototype,sensorqgcontinuousencoders) were placed at the moving jointshef

rein, in order to determine the robot/ follower location (Hght-handlocation angle from the
middle pointof robot base). These sensors readings were sent tmtijeuterthrough the
embeddedsystem for processing, LabVIEW progranstalled in the computer works on
receiving and storing data instantaneously and then display the data on a set of indicators
which can be tracked and used, thus the robot can find out the location of the foiligwer

hand in vertical and horizontal dimensions.

In this chapter,there is a description of all steps which have been taken to implement the
prototype system. Relevant blocks diagrams and schematics to show the prototype hardware
components, connections and charts demonstrating the software structure are also provided.
Moreover, a prototype test to accurately calibrate the system has been completed which
compares real and virtual measurements in order to establish the difference and offset values

of the prototype.
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4.2-Rein prototype (1) problem definition

In order to ahieve clear relationship between robot/follower it is necessary to define a
common language, which can be understood and interpreted. Ilcai@ghe language is
haptic movements which both the guide (robot) and follower (human follower) can send,
recave and understand. The forces applied movements to represenol/feedbaclkdata.

The hard rein acts as the medium through which data is transmitted and received. For
successful guidance (movementtoé reir) both the follower and robot guide must hare
understandingf their relative locations with respect to oaeother.The challenge of this
prototype is how to determine the location of the follower with respects to the Toleotein

is constrained such that the follower may be a maximum of {+8®) degree angle from the

central axis as shown in figure (4.1)

130 cm

ey PO, AR —

Figure (4.1) Follower follows the robot
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4.3-Rein prototype (I) aims

As previously described in the problem definition, the robot must know the precise location
of the follower hand who griped the rein in order to send appropriate control data ttireugh
rein to achieve that the sensor was planted to track and know thgoloof the follower

horizontally and vertically.

The function of this prototype is to embed appropriate sensaifseimeinto collect data

about follower location, bgpecifyingrein angles, For example (a) first sensor was placed to
get the rotation regle (horizontal angle whicindicatesthe degree of robot rotation) . (b)
second sensor to get straight angle (vertical angle which indicates the height of rein from the

robot base level).

4.4-Rein prototype (l) system building specification

The prototype system was built to meet specific design criteziading small physical size

so it can be put on a small robot surface, simple integration with the previous design, easily
mountable on the surface of the robot platform and criticallyabikty to track the follower
movements in the vicinity of 180 degrees shown figi4rd), at a speed of 0.5 to 1.5m/s
(Browning et al. 2006), on the perimeter of the circle has center in the base of rein which
installed on the surface of the robot anithwadius 130cmWith the possibility of reading,
transmitting and analyzing of extracted datani the criteria set, the following design
specifications were established; system components and materials were then identified for the

design.
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4.4.1-Sensors

x Continuous rotary sensor with high resolution to track the follower moving on the
circumference of a circle with diusof 130 cm and follower walk with liner speed
of 0.5m/s to 1.5m/s as shown in figure (4.1).

x Small in size and weight, thereeamany types and sizes of sensors, but this prototype
needs small size and weighigcause othe robot base, limited in weight load and
area.

X Supply voltages of ideally 5.0 V dc/3.3Vdc voltages but for simple integration with

the existing hardware.

x Relatively low cost in order to be appropriate for the limited budggstrved to
complete the research

x Preferred digital output, to minimize additional circuitry requirements (amplification,
filters, ADC) and allow connect with other embedded system.

x Output voltages 0 to 5+ (4/0%) which can beonnectedvith other digital
equipment's has 5V logic

X Appropriate software libraries and/or drivers to minimize the development time and

effort

4.4.2Embedded system
x Operating voltage 5V to be compatible with other digital equipment
x Digital I/O pins to receive data and transmit corgighals forthe sensors@and other
elements
X Analog Input to usén receivingdirectanalogdata withoutusingA/D converter

x Compatiblewith standard®C
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X

Memory for thestoreand manipulate data

Universal SeriaBushostportto connectwith PC or other elements

Low cost,to be appropriate for the limited budgeserved t@womplete the research
Suitable size to fit on thebot limited surface area.

Has wirelesaltility to beusedas armaccesgoint with university router if necessary
UART lines with appropriate data rate and protocol of 7, 8 bits data, stop bits 1, 2

Parity odd, even to bgsedin selecting R/T data protocol.

4.4.3Software programs

x Software mushavegraphical programming languagertonimizes the time and effort

required

Easy to build user interface

Integrated for communication with hardwardrtteract with systeraomponents

Can beusedto create test and measurement, data acquisition, instrument control, data
logging, measurement analysis, and report generation applications.

Applicable in realtime situations. To deal with the parameters such as operating
speed.

Reasonable software cost
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4. 5Rein prototype (l) design

4.5.1Rein prototype (I) design block diagram

After defining the problem of theprototype(l) which is collect data aboutobotfollower
location anddetermining the specifications of the mastportant componentsElectronic
elements and other components selettiexthieve the purpose of theototype The EMS22
Non-contactingabsolute encodelgppropriateembedded process systedh myRIO-1900,

and LabVIEW program, these components met the specification declared previously.
Moreover,the appropriatescheme showing the connection points between these elements has
been @velopedWhere the encoder (I) and (II) connected tokhenyRIO port A, as shown

in figure (4.2).

Figure(4.2) Rein prototype (1) design block diagram.
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4.5.2Rein prototype (I) CAD model

A CAD model was created using SolidWorke visualize and determine the appropriate
mechanical design and subsequently help with the selection of the type, dimensions and
properties of the required materials. Moreover @D model allows easy configuration to

test and update alternative desidnyscheck and experiment the modelvintual spaceand
maketrails toadapt modify parts andb testfor the wholeprototype. Furthermorné any error
happens indimension thenodel canbe reconstituted with out any extra cost, fig(4e3)

shows the protiype (I) CAD solid workmodel

Base (A),

/ Encoder (I)

Base (C)

/(,

Rein body

Connection bar

Encoders
<€—— connection

wires Wooden

Base

N |

Figure (4.3) Prototype orsolid work CAD model
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4.5.3Rein pU R W R Whh&cHanical mounting plates

4.5.3.2Encoder (I) mounting (metal base (A))

From thereviewand evaluation of the SolidWorks CABodel,which the major components
were identified and a suitable material was seledtedteover,to mounting the encodeb) (it

is necessary tmakea metalplate in the shape of a rectangle minus a rib mounted arithe
base. This metal plate will be used to connect and load the encoder (). With the following
diameterdength 90mm and width 75mm and thickness 2mm has three holes, first in the top
to connect the encoder (l) for following the horizontal movements ofeihewith diameter
4mm. Second and third hole on the right and left side with diameter of 4mm, first hole to
metal plate rein base connection and the other to fixrtbetal base (B) with this base, as

shown in the solid work model, figu(é.3)

4.5.3.2Encoder (I) mounting (metal base (B))

After the constructiomnd usingSolidWorks CAD model for testing parts and get pleefect
design,it became clear that an additional requires to install a small metal plate in the shape of
a rectangle minus a rib mounted on the right sidmetlbase (A to attachthe encoder (11).

It has the following dimensions length 40mm and width 25mm andritégsk2mm and with

two holes one in the right side to connect the encoder (ll) for tracking the vertical movements
of the reinwith the diameter 4mm and the other on the left side with diameter 4mm to
connect thishasewith the metal base (A)as shown in the solid work CAD model, figure

(4.3).
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4.5.3.3Metal base (C)

After the construction and testing of tls®lidWorks CAD model, it became clear that it
requires the installation of a small metal plate on the shape of letter L (base C)mounted
the wooden base difie rein the function of this plate is to fix the head of #reoder(l) and

it is installedover the rein wooden base with the following dimensions length 80mm and
width 40mm( upper side ) and thickness 2mm and it has threg boke in the top side to fit

the head of the encoder (I) with diameter of 2mm, and the other holes on the bottom side
with 2mm diameter to connect the platethe reinwooden base as shown in tBelidWorks

CAD model,figure (4.3).

4.5.3.4Encoder (II) head rein connection bar

After the SolidWorks CAD model constructed and tested , it became clear that need to
install a small metal bar with the following dimensions length 120mm and thickness of 2mm
with two openings holes at the ends ,these hiote® a diameter of 2mm , one of them
attached to the body of the rein and another attached to the head of the encoder(ll) to make
it able to follow the movement tfie reinas shown in the SolidWorks CAD modégure

(4.3).
4.6-Rein prototype (I) implementation

After the design had been completed and block diagram for connection drawn, hardware and
software components have been selected to implement the prototype. These components
include sensors, data acquisition, input/output interface (my),Ri@chanical interface
components plates and processor system. A standard PC in combination with myRIO is
proposed as the processing system, all these equipniaetactedwith each other to
enabling the data acquisition/sensor interfacing, data transfer and subsequent processing of

the data to specify the follower location with respect tadbet
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4.6.:-EMS22A-Non-contacting absolute encoder

In this prototype ofesearchthe absolute encoders were used to measure and read vertical
and horizontahngles andconvert these angles readings to teedelectric digital signals

that can be received by myRIO and displayed in the LabVIEW indicators. sdlbeted

H Q F R G H ificitony &@8d4 EMS22ANon-contacting absolute encoder withresolutionof

1024 positions and can detect positionof follower with minumam speed 0.612R/s and
maxiumam speed 0.1837 R/s will be suitalideowning, et al.2006) supply voltage 5.0, 3.3

Vdc, supply current 20mA and mechanical angle @&@reesontinuous for this encoderas

selected, for more defiles see appendixnuser.com, 2016).

4.6.2Encoders bases assembling

After encoders bases ganedin rein base encoder ( | )head is tied to base (C) which is
connected to the wooden base, and encoder ( | )body is tied to base(A) which connected to
rein base .whethe reinmoved to right or left the encoder (l) head is moved and its body is
stable in that caseny horizontal angle rotation is measured and changed to signal. Also
encoder i) head attached to connection bar which connectéetoeinbody,anencoder ()

body is tied to base (B), when the rein move up or dowreticeder ) head is moved and

its body is stable in that case any vertical angle movement is measured and changed to signal.

4.6.3Encoder (1), my RIO connection

See appendix (@, 2)

4.6.4Encoder (1) my RIO connection

See appendix (3)
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4.6.5Lab VIEW program

This project needs tprocess data and give control commands, lab view program is the
suitable tool for that becausan be used igreatinga test, measurement data, acquisition
instrument control, data logging, measurement analysis, and report genénédiog ét al.,

2012. Moreover Lab VIEW is a programming environment which can be used to create
programs using a graphical notation, and it is an interactive program development and
execution system designed. The LabVIEW development environment works on computers
runningWindows and has my RIO driver (ni.com, 2017). In this project a lab view program
has been devolved and implemented, it is develdipedgathering data from sensors
(Encoder) and processes this data for controlling the rein movem@msndix (D) shows

the LabVIEW program used in prototype one and features

4.7-Rein prototype (1) test

4.7.1-System startup

See appendix (@), figure (4.5) shows the real system structure.

Figure (44) Real system structure
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4.7.2Real prototype (I) system test

The encoders, metal plates and hard rein are connected with each other, and encoder's pins
connected to my RIO socket vianamberof wires. Alsqg myRIO is powered and USB is
connected to PC which has Lab VIEW program, in t@aethe system is ready for testing.

The test prograrstartsby running dab VIEW program. Moreover, anyovement irthe rein

will move the encoders heads and the encoders convert that movements iel¢éatac
signalreceived by myRIO and forwarded tleesignals to b@rocessed andisplayed by lab

VIEW program (any encoders movement is displayed by lab VIEWdlog /digital
indicatorg. To do real system test and get the difference between encoder and manually
readings lab VIEWmust berunning and readrneoder scale from the LabVIEW indicator.
Moreover it measures the reading by usirspecialprotector, after that cumulative graph can

be drawn to explain the difference and tffset value needed to calibrate the systEigure

(4.6) shows the difference between encoder and manually angle readings.
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Angle degree
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Figure (45) Difference between encoder and manually angle readings.
The figure (4.6) shows the difference between the manual angle which is taken by using
adjacentand the oppositeside (tangent of angle = opposite side /adjacent side) and take
inverse to find the angle value and encoder angle which taken form the LabVIEW indicator. It

is clear from the figure (4.6) 1.40 degree is the offset value needed to calibratedahe syst

4.8-Conclusion

The test on the first prototype shows that the robot can find out the follower's location with
great precision in the vertical and horizontal directions. This enablestibéto guide and
steer the follower to the desired path after controlling and mgothe rein With this
considerationfirst prototype is suitable to measure the angles and help to indicate the

follower position;also, it is reliable to use in the future work as a part of whmele system.
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Chapter five

PROTOTYPE TWO (MOTION/FEEDBACK SYSTEM)

5.1-Introduction
The proposed system has been split into four distinct prototypes which will subsequently be

integrated toachievethe complete system as discussed in chapter 3. The first sub system
prototype (sensors only) has been explainedha previouschapter The second distinct
prototype (motion/feedback system) will be described in detail within this chapiemmain
function of this prototype is to provide force feedback betwhenmeinand follower. Actuators

will be placedon the rotational joints which allothe reinto provide asuitableforce on the
follower's forearm guiding/steering the follower to the desired trajectory, the amount of force
applied is constant for the rotation needed. The level of compliance/resiétace exerted on

the follower from the actuator must be continuously monitored by the control system in order
to maintain safe operation.

The purpose of the prototype (II) (motion/feedback) is to steer the follower to the desired path.
This has been iplemented using a stepper motor with suitable torque to exert a force on the
follower guiding him in an appropriate speed and desired direction; also an encoder was placed
on the top of the motor shaft to determine the appropriate angle/motor poshi®major
components required to create the prototype (1) includstegpemotor, anencodersensor),

my RIO and motor driverA range of testing has been undertaken to determine the
compatibility of the prototype with the follower and also to know how the folldvedraves
wheninteractingwith the prototype. The test includes experiments on number of samples to
determine the appropte speed of the motor rotation and torque values in order to achieve safe

and effective levels of guidance the rein
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5.2-Prototype (ll) problem definition

In order to achieve the relationship between the follower and guide dog. The prototype (Il)

will be concernedwith how to movethe rein in horizontal directioat specific ranges of

angles with the maximum of 4plegrees in both directions from the middle pointenf base

with a certain speed. The desired range was established from literature, these parameters were

used to calculate by a set of mathematical equattbese equationgive the minimum and

maximum limits as a range of speeds. An appropriate speedemihbdsen from the range

according to the test result. Figure (5.1) shosis movement path

@
Rein movement path H
R

;

i
z i .
rasd i 35

|
|
i
|
i
|
i
|
|
|
|

Reinend positon(B) — 5 : Rein end position (A)

Centre of rotation/ €——— Reinbase
-

Figure (5.1)The reinmovement path.

79



CHAPTER FIVE PROTOTYPE TWO (MOTION-EEDBACK SYSTEM)

5.3-Rein prototype (Il) aims

This prototype is aimed to place an appropriate stepper motor and encoder to control the
movement othe reinin the horizontaldirectionof therein base, byusinga differentrange of

speed valuesotating speed with different values of angles (+4515¢ and test this speed

range to select the suitable speed valughiefollower.

5.4-Rein prototype (1) system building specification

The system will béuilt to meet the specifications which include: it can be mounted on the
surface of the robot platform as well as its suitability to attach and mth@veeinin both
directions with speed range from 0.5m/s to 1.5m/s linear vel@itywning, et al. 2006).
Figure(5.1) shows that the perimeter of the circle has radius 130 cm and center located in the
base of rein which is installed on the surface of the robot.

Other specification of prototype (ll) is that it can be connected with the prototype (I).
Moreover, it is necessary tdook for some extra components in addition to the materials
which were already described in chaptelrdthis chapterthe specificationf new materials

will be mentioned only.

5.4.2Motor torque selection test

In order to move the rein gripped by the follower's hand, it is necessary to determine the
appropriate and safe levels of torque which must be applied to the followinghestfore a

force meter (Sauter FK 50) was attached to the rein gripper andigeants were asked to

hold the rein gripper while the researcher pulls the force meter in the horizontal and vertical
axes as illustrated in figure (5.2). The increasing force was applied until the participant's hand

moves, and the peak force recordedsTibst was repeated for all participants. The conditions
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of participants are: average agfe32.6 years in the range-31 years, height of 1.75m in the

range165180m and the weight of 90 Kg in the range%8Kag.

Figure (5.2) Motottorqueselection test

5.4.2Analysis of motor torque test results

After the completion of the test, the data were collected and analyzed as shigurei(b.3)

which demonstrates the relationship between the direction and the force move the follower's

hand.

1.6

1.4

1.2

- LUser 1

-User 2

Force

=User 3
- User 4
= User 5

Left ' Right ' Up ' Down ’ Forward
Direction of movements

Figure(5.3) Force /direction of movements
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To make the relationship more cleéigure (54) shows the movement's direction and the

average force needed to move fibkower'shand.

1.46

14

1.2

0.8 -

m Force

Force

0.6 -

0.4 -

0.2

Left Right Up Down Forward
Direction of movements

Figure(5.4) Average of érce and movements direction

5.4.3Motor torque test results

From reviewing the previousgures(5.3 & 5.4), it is found that the lowest force required to
move the follower's hand is 0.92 Nm in tth@wn direction and the highesbrce is1.46 Nm

in the upwarddirection. In this research, just horizontal movement will be used; from the
figure (5.4) the maximum force needed in horizontal direction (right/left) 1.11Wfnen the

motor is connected tthe rein the focal point is 1300mm from the motor shaft, theetbe
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resultant total torque required at the end ofsin&ft(rein) must be calculated according to the
formula:

T=rx F (r =radius, F= applied force)

T=130X111

T=1.443Nm

5.4 .4Motor selection

After establishing the required torqustart forlooking for suitable DC motor which can
move the rein with appropriate speed, there are a number of factors that must be taken into
consideration; such as the determination of motor weight, size and maximum speed, the

following lists some of the main cteteristics:

x Perceivable force applied to the follower.

x The load remains consistent

x Variable low speed.

X Operate with DC power.

x Relatively low cost.

X Has gear to increase torque if necessary.

5.4 5Motor driver/controller

After establishing the gerarspecifications of the motor such as low variable speeds, fixed
low load and will supplied by DC current it was necessatgadk for programmable driver to
control the motor with variable speed/direction, can connected serial with PC, has number of

input/outputs.
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5.4.6Motor & driver selection

After establishing the required torque, size and appropriate weight of the motor, an
appropriate motor was selected; in this instan@8 &d1SX-306 Geared steppenotor and
ST5Q-NN motor driver.These components met the specifications and test criteria declared

previously, for more details, see in tygpendixE).

5.5-Rein prototype (II) design

5.5.2Rein pUR W R W U8dityn blockdiagram

A schematic figure (5) shows the system connections where the motor encoder is connected
to the myRIO port A, and theotor driver connected to port B, the speed and direction pin

connections and the myRIO channels used for that.
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my RIO Port A my RIO Port B
© 2 g 9w 9 g9 g 2 g2 g 8 z g
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Motor Encoder

Figure (55) Prototype(ll) motion/feedbacksystemdesign block diagram

5.5.2Prototype (Il) motion/feedback system CAD

A CAD package was used to design the appropriate mechanical fixing and housing for
prototype (Il) as well as to help in the selection of the typenaferial and establish the
dimensions of the materials requireddditionally, the CAD model allows virtual
experimentation and easy changes in configuration, figuse ¢bows the prototype (ITAD

model, where the stepper motor and sensor attachment to tHelateta
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Motor Encoder —=
Encoder head -
fixing roll >
:
Geared stepper o
motor -
Metal plate >
Motor driver
ST5-Q
‘g;“ \
my RIO
1900 —————>
]

Figure (56) Prototype(ll) motion/feedback systei@AD model

5.5.3Motor/encoder mounting plate

After the design of system is completed and the test of the CAD model finishedpmes

clear that itneedsa metal plate to attach the motand it's encoder with the described
dimensions where one small hole on above to connect motor encoder and big medial hole to
connect stepper motor and two holes in bottom to fix metal plate to robot body. Figire (5.

showsmotor fixingmetalplate left; right motor installed
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Figure (57) Motor fixing metalplate left; right motor installed

5.6-Rein prototype ,,implementation

After the CAD model was completed and block diagram for connection has been drawn, a
hardware and softwareomponents have been selected to implement the prototype (Il)
PRWLDR®WTFhBse components include stepper motor, sensor, mechanical interface
componentglate, andstandard PC in combination with myRIO was used as the processing
system. All these compents and subsystems are connected with each other to achieve a

specificgoal, the following sections explain the system implementation steps.

5.61-Attaching stepper motor to themetal plate

In order to make the stepper motor usable and stable when ntbeingin the motor was
installed on a metal plate which could then be fixed on the surface of the robot; the motor
must be stable and have minimal vibration which could interfere with themevements.

Figure (57) right, shows how the motor installed on the metal plate.

5.62-Connecting steppers motor with thedriver

See appendix (&), figure (58), specifically in this caséhe driver is connected to the motor

in parallel by 4 wires (A+/A+), (AA-), (B+/B+) and (B/B-) of the motor.
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Figure (58) Motor driver connection

5.63-Connection Motor driver to myRIO (Port B)

See appendix &)

5.64-Motor Encoder my RIO (Port A) connection

See appendix (B)

5.65-ST5-Q driver settings

To configure the motor for the application order to make the stepper motor move at
different speeds and bidirectionalt was necessary to download and install ST driver
configuration. The connections from the motor to the-§Idriveris shown in figure (B).

It was also necessary to change the settings to fit the stepper usgttihen the motor is
ready to be usedver all the speeds and directions required, settings needed to fit for micro

steps such as rated current is set to 4.4Amps, holding torque is set to 1.6Nm and rotor inertia

is set to 0.34g ... {(McLennan, 2018).
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5.6.6LabVIEW program

This prototype needs to provide commands tfeg motor tochange speed and direction
according to processed data coming from the sensors. To achiekalili&EW programhas
been developed. LabVIEWas chosen for the following reasons: Ease of use, speed
software development availability of hardware drivers and interfaoéable forgeneral

robotics sensing and control.

5.7-Prototype , ,test
5.7.2Starting system test

To start the prototypeP R W VRQW H,Pa $éduidhdé of actions must be followed. These
actions start by system hardware connection such sensor metal plate, motor, STQ
driver, myRIO. Then the myRIO is connected to power and PC host computer by USB.
Furthermorethe myRIO is connected fmwer and PC host computer by UZBotherstage

in software sidestartsby running lab VIEW program to identify myRIO to send control
signals to themotor. The figure(5.9) and (510) show a command flow diagram atige

complete real system test has been connected respectively.

DIGITAL SIGNAL

Wi

DIGITAL SIGNAL

\mc.n AL SIGNAL
-

HAPTIC SSGNAL

Figure 6.9) Command flow diagram
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Figure (510) Real system structure

5.7.2Prototype , ,test methodology

The aim of thaestis to select the appropriate speed for the follower when the followees

in the circumferenceof a circle with radius of 1.30 with the minimum speed of 0.0612
Revolutions /secondnd a maximum speed of 0.183 R/ The test sequence starts by
executing the LabVIEW base control program; this sends commands tootevia the
myRIO. The motor starts movement in both directions with differspeedand the motor
encoder moves related to this movement. The funabiothe encodelis to measure the
rotation movement and convertingt@ an electricsignal which can be received by myRIO

and subsequently to processed and displayed by PC using the LabVIEW program (any
encoder movement can be shown and tracked by the dedelgbVIEW software via the

associated Analog/Digital indicators).

To start system test and specify the suitable speed for movements as shown in Higyre (5.
the test starts from the theoretical analysis of mathematical equations as showtabiethe
(5.1), the function of the mathematical equations is to change the linear speed to angular

speed and decide the limits of motor revolution speed sufiabéenormahuman.
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For speed 0.5 m/s with (r=1.30m)

For speed 1.5m/s with (r=1.30m)

arc =]

perimeter " 360

1.30=27 .
= circumference

1= 8.164m
distance(r)

time =
speed

8.164

time = =16.328 s
0.5

Min R/s =1/16.328 = 0.0612 Revolution/s

ti _ 8lod = 5.4426
Lme = 15 = . g

Max R/s = 1/5.4426 =0.1837 Revolution/s

Table (51) Mathematical equations

5.7.21-Prototype , ,testprocedure

The participant'siesthe wrist strap connecting the rein to the participant right hand forearm
(in all tests justight-handforearm used) and puts on a blindfold as shown in Figuld)(5.

With each participant, the researcher explains the experiméats of the method and the
purpose. For example, how participatartsand followsthe reinand the number of tracking

trials and in any direction and what questions to answer. The participant can request a retry in
case of nofdiscrimination, andhe/ste may take an attempt before the actual test begims.
researcher startbe test and rotatine reinin the right direction 4%and turned it back to the

zeropoint, afterthat researcher ask participants if the speed was high, medium or slow and

repeat this for all speeds (0.192,0.115, 0.0827,0.0637 Revolutions /second
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Figure (511) One participant attached the rein in the prototype test

The researcher noted the results every time and asks the participants whether they have any
suggestions for developing the system. The same procedure was repeated on the left side in
for all participants. The number of collected data was 40 samples for ideth After the
practical application, the hesitation of the participants in the answer and their inability to
distinguish the speeds were noted, as well as the dispersion of the test data and the lack of
correlations, where the collected data distributadall table and cannot give any specific
indicator, for example in table @&, (53) almost all of the table cells were selected by
participants. The table shows speed, how npamicipantsselect (slow medium, high) from

the five samples, for that reges to change the test procedure.

Speed (R/s) 0.192 0.115 | 0.0827 | 0.0637

Slow 0/5 1/5 2/5 3/5
Medium 1/5 2/5 3/5 1/5
Fast 4/5 2/5 0/5 1/5

Table (52) Right test
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Speed (R/s) 0.192 0.115 | 0.0827 | 0.0637

Slow 0/5 0/5 1/5 3/5
Medium 1/5 3/5 4/5 1/5
Fast 4/5 2/5 0/5 1/5

Table (53) Left test

5.7.2.2Updated procedure

As the previous test method gave unclear outcomes an enhanced test method was used. In
this test method the researcher told the participants that the test will be in four consecutive
speeds and the participants must set the speed that is the most suitable Faor lexample,

the researcher movdise reinin the right direction 4%nd returns it back to the zero position

and repeated this for all the speeds (0.192, 0.115, 0.082870Rolutions /second), and

then researcher ask the participants any of the speeds are more appropriate for them and if
they have any suggestions for further system development, then the researcher repeats the
same test on the same participants in thedeéction with the same way and repeats the
same question. In thiest,the clarity and ease of testing for the participants were noticed and

there was no confusion.

5.7.23-Alternative test data collection

This testusesthe updated procedur@nd test data was collected in its second form and placed
in a table, compared argjured It is thus apparent that speed 0.115 Revolutions /second is
the most suitable for participants which consist with the mathematical equations results and

table (54), (55) confirm that.

Speed (R/s)| 0.192 | 0.115 | 0.0827| 0.0637

Person/total 0/5 4/5 1/5 0/5

Table (54) Right alternative test data
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Speed (R/s)| 0.192 | 0.115 | 0.0827| 0.0637

Person/total 0/5 4/5 1/5 0/5

Table (55) Left alternative test data

5.7.24-Alternative test data analysis
x The participants follow the path from O to 4& both directions with a little deviation as

shown in figure (5.2).

X Mostparticipantdeel conformable and adapt the test quickly.

x The most important note that mgsrticipants choose speed 0. Hé&volutions /seconds
the best speed in botlirectionsas shown irFigure(5.13) on page 97

X It is noted that most of the participants reach the end line at th@ndb0anglesin both

directions.

The real path (] The actual path

Lo [e]
+90 90

Figure (5.2) (Real/Actual) Path
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x It is also noticed that the participants do not have to fasten up the rein which moving in
high speed and causing the rotation of the motor without the rotattbe ofinand thisis
called by the researcher as empty st€v in a clarer sense the stepper motor tray to
move without movinghe rein this happens at high speeds such as 0.192 Revolutions
/second.

X There are some participants have made proposals for system developmexarfple,
one of the participants suggested that the speedschage gradudrom low to high
speed,so this increase the ability of the participant to distinguish the best speed and

improve thetestprocedure.

Number of participant's

5

0.192 0.115 0.0827 0.0637 Speedrss

Figure(5.13) Speed selected by of participant's in right/Left direction

x It is worth mentioning here that the LabVIEW programs and system structures have
worked satisfactorily as the researcher expected.
X It is noticeable that changing the speed during one attemptivedgagffects on the

participants because it loses focus on the suitability of the current speed.
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x By trackingall results of the data in bothrectionsit becomes clear that the feeling of the
participants by speeds in thight-handside is equal to the feeling of speeds in léfe

handside.

5.7.25-The alternative test result

By tracking the results and suggestions of the participants and through the practical
observations, have demonstrated that the updated system test iarmtitsrresults are very
logical and the system is excellent in terms of programs, hardware and can be relied on in the
future Theresults of the practical tesire very close to the theoretical analysis where the
speed ichoserclose to the midpoint dhe distance between the maximum and the minimum
speed.

5.8-Conclusion

The test on the second prototype indicates that the system can move the follower's in the
horizontal direction. This enables the system to guide the follower to the desired path by
controlling and movinghe rein With this considerationit is reliable touse in the future

work as a part of thevhole system.The forthcoming coming chaptensll explain how the

prototype will be installedndassembled to form the complete shared control system.
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Chapter six

REIN PROTOTYPE THREE (TENSILE FORCE SENSING SYSTEM)

6.1-Introduction

In the previous chapter, the prototype (Il) allawsving the rein in théorizontaldirection by
rangeof the angle from 0 qto 45qin both directions and with suitable tested sp€Bus
chapter focuses on prototype (lll), which is related to embeddirsgrgordso measure the
tensile force that occurs between the follower hand/arm and the rein during theotaboh

andsending control signals to motor to adapt follower movements.

In this chapter apppriate sensors will be selected ananachanical CAD model will be
developed to house the system components and allow the mounting of sensors at specific
joints of interest.

After installation, the prototype was tested to be reliable when the whole system is fully
assembled. These tests indueikamining the sensors responses, transfer of the data and the
newly created LabVIEW program. The recorded data from the sensor transferred via wireless

to flash memory storage.

This chapter will be divided into several parts relating to the sequeneerkfundertaken.
The conclusions obtained from the tests of this prototype will be taken into consideration

when building the complete system.
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6.2-Prototype (ll) problem definition

In the case of the mobile robot turning, the rate of change in rotdttbe rein interface may

too fast for the follower, causing a level of discomfort if the force exceeds a certain level and
additionally pushing the follower outside the safe path. Figure (6.1a) shows the current path

during a rotation and figure (6.1b)mshs the preferred path.

(a) Wall (b) Wall

Robot palh l ' Follower path Robot [)ﬂlh I Follower path

Figure (6.1a) The current path during rotation, (b) The preferred path

This leads to a deviation between robot and follower paths. To make the mowdntent

follower as comfortable and natural as possible ¢iheshould reduce this difference.
6.3-Rein prototype (lll) aims

The main aim of using prototype (lll) is to embed a range of sensors to measure the tensile
force which exists between follower's hand and the axis of the rein. The measured sensor data

must then be transmitted for processing and subsequently used fot obttie rein
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movements which leads to a reduction in the differdmeteveen follower and robot paths.
Another method can be used by make gloves that can record the pressure between the
follower's hand and the fixed grip and convert it into electsaghals control the movement

of the motor. As well as can ake the base of theein moving anduse thetensile of

movement asutputto control the motor movements.

But the first method is preferred because of the ease of implementation and the accuracy of

the results where the force of tensile strength can be recorded

6.4-Proposed method demonstration

This method can achieved by making the handle (rein grip) mavaohtally within limited
constraints oft5”in a controlled response proportional to the combined requirements of
maximizing the follower comfort, and minimizing the deviation. Figure (6.2) shows
maximumtensile strengti&figure (6.3) shows minimuntensike strength The small amount

of flexibility +5 degrees allows the sensors to detect a change but is not perceived by the

follower.

Rein Rein axis

l l 5‘
l Y. ‘/Ma.\;imum
E tensile
strength

Figure (6.2) Maximuntensile strength
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Rein Rem axis

| Minimum
€— tensile
/ strength

Figure (6.3) Minimuntensile strength

Rein grip

To achieve the control response required it is necessary to know the tensile strength at the

follower /robot interface (hand gripper when the robot turns).

6.5-Rein prototype (lll) system building specification

The prototype (I1I) will be built to meet the required specifications which include small size

(25 cm x 20 cm) that can attached to the end of hard rein as well as its ability to permit the
UHLQ JULS WR PRYH LQ ERWK GLUHFa§dure Q¥ tensiréagth® QI H R
which occurs when the rein grip deviate from the axis of the hard rein. To solve the problem
identified previously and create the prototype with the pervious specification; it is necessary

to looking for some new materials inldition to the previous materials which already have

been usedMost of these used materials are mentioned in the previous chapters. The

specification®f the new materials will be described in this chapter only.

6.5.1-Sensors

To implement this prototype, small appropriate sensors are needed to convert the mechanical

force to electric signal which can be handbydhecomputer.

The following points will describe some of specification needed:
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x  Small enclosuréhat can be mounted between the rein and its grip

x Can detect any little movements

X The output signals should be modified by the regular amplifier

X The sensor has to be in low deflection which can be used repeatedly
x It has rated capacity (maximum load)topl5 Kg

X Low cost.

6.5.2A/D converter with amplifier
For interface the sensor analog to digital converter with amplifier is required of the prototype

(11). The following points summarize the specification:

X

Amplification with adjustable gain to optimize signal
x  Fully embedded no control signals required can accept differential analog voltage inputs
x Analog voltage input range from 0 to 5V

x  No zereadjust required
X Has low cost.

x  The digital output level should be signal 3.3/ 5V compatible

6.5.3Processing unit

For the embedded sensing device a further processing unit was required with a similar set of
requirements as for the myRIO which described in chapter four. Additionalispians are:

x Opensource, which means it is software accessible and can e nesearcimeeds

x Can create a control program from the host PC,

X Program user can be stored and run automatically on power up
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6.6-Rein prototype (Ill) design
6.6.1Rein prototype (Ill) design block diagram
After deciding to build the prototype (ll) and defining the requirements of the prototype, the
electronic elements and other mechanical materials wereesklect
0 TE connectivity voltage compression load cell 4.5 to 45,56V,

0 The selection omyRIO-1900,

0 HX711- 24-bit analogto-digital converter with amplifier for Weigh Scales which
amplify and convert signal tigital.

o Arduino microcontroller to receiving sensors data

These components meet the specification declar@dously A schematic diagram showing

the connections between these elements has been, dssimown in Figuré.4).
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Figure (6.4) Prototyp@ll) tensile force sensing desidmock diagram

6.6.2Prototype ,,, & $odel

SolidWorks CAD model is used to determine the appropriate mechanical design as well as to
help in selecting the type of material, to check the dimensions of the materials required, and
experiment the virtual model which can be tested and rebuild in casecessity. Figure

(6.5)
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shows the prototype (IIl) CAD model, in this design the rein grip attached in small metal box,
rein grip has pressure nail to transrthie follower tensile to load cell. as shown in the
figure(6.5) when the user hold the grip and move horizontally in right or left direction the
two-side pressure nail heads convey these movements to the load cell inside surface, this
pressure converted by load c@Wheatstone bridge) to low analog electric signals this

signals amplified and converted to digital, furthermore sanded to microcontroller .

Rein grip=————n> Arduino
XHX?Z&(B)
<€ Load Cell (A)
HX711 (A) -\)
Load Cell (B) Two- sides X GND
pressure nail

Figure (6.5) Prototyp@ll) control systensolid work model

6.6.3Rein pU R W R W \i@&dthanijcal mounting plates

After the construction and testing of the CAD modals virtual mechanical structure is
shown in the figure (6.6a) as whole structure of desired prototype body, astigvyoressure
nail is used with central point to transrthie pressure of follower hand to load cell. Figure

(6.6b) shows tweside pressure nail. The whole structure will attach in the upper end of rein
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as shown in figure (6.6c¢)t should be noted thawo-side pressure nai inserted inside the

metal box andhen it is attached by using rod in middle to be move free in the horizontal

directions andits heads touch the load cells.

Rein body / rein grip . (a)
connection point —

Two-side pressure in
place

#

Left head

& Prototype (III)

Figure(6.6a) Prototype body metal structure, (b) Faide pressure nail, (c) Prototype/rein connection point

6.7-Prototype ,,,

In order to implement the prototype (WHQVLOH

V \ MidpldrRentation

IRUAMWMPAQVR®H FRPSRQ

UHT XL UH Gomgdaéhis Hnclude load cell sensor, HX72U-bit analog -to-digital

converter, my RIO, mechanical interface plates (load cell installptaie,two-side pressure

nail, reingrip), Arduino microcontroller, and PC. The elements are connected with #sch o
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to achieve specific goal, which is gathering and processing data coming from load cell to
measure and monitor the value tefisile strength occurs between the follower hand (rein

grip) and the rein.

6.71-Load cells /pressure nail/ metal plate's connection

In order to make the mechanical structure work well, it was first necessary to install the load
cells in the specified locations. Then ttveo-side pressure nafshows in figure 6.6b) is
installed exactly in the middle point taesen load cells, it moves freely on the horizontal
plane allowing the nail/pin to contact tfeees of load cells when force is appliedtiat case

any movement on thewvo-side pressure nawill act directly in the load cells as shown in

figure (6.6a)and thdoad cell will convert thesenovementgo analogelectric signal.

6.7 2-Connect load cell with A/D converter

After selecting the appropriate load cell in termsrafed capacity, rated output and
recommended excitation voltags well as selecting tHéX711 that provides the appropriate
gain to amplify the small analog signals that produced from load telth load cells are
connected to the HX711. The function of this HX711 is to amplify and digitize the low
analog signal comg from the load cells. Where supply + (VCC) in the load cell which have
red color connect with the E-Excitation positiveof the HX711 and supply(GND) in the

load cell connected to-EExaltation negativen the HX711 which has black color and
output is connect to A channel A Negative inputhich has white color in block design also,
output+ in load cellConnected to A+channel A positivenput has yellow color. Block

diagram figure (6.4) shows dliese connections
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6.7 3-Connecting A/D converter to Arduino

As shown in the design block diagram figure(6.4), there are some connections that belong to
the both HX711 and Arduino, the first is ,HX711 and Arduino microcontrollers connection,
where VCC in both HX711 is connected to 5.5,3.5 V in Arduamal GND in both HX711

is connected to GND in Arduino and Ddata I/O for HX711 (A) is connected to channel

Al in Arduino which has blue colour in figure( 6.1) and Rikta I/O for HX711 (B) is
connected to channel A3 in Arduino which has blue colalsp SCK :serial clock input
which has yellow colour in both connected to AOfor HX711 (A)and A2 for HX711 (B) as

shown in figure (6.4).

6.7.4Arduino/my RIO Connection

To send the received data from the load cell to myRIO, it was necessary to charfiRkt af
Arduino to one of the myRIO channels as shown in the figure (6.4) after selecting the baud
rate for both. In this case the system hardware installation was finished and the test was ready

after running the LabVIEW program.

6.7.5Lab VIEW program

In this prototype a lab view program has been create@deive data from thérduino,
gathering and sending these data for processing andvieseover, it is necessary to write
Arduino programs for receiving the data from the load cells and send RO (Appendix

D) shows lab VIEW program for this prototype

6.8-Prototype ,,, V\Ma&stHP
6.8.1Starting prototype ,,, V\Mé&§tHP

To start theV \ V WidtBtype, some points should be observed such as ;(i) system hardware

components were connected to metal plate, (ii) load cells were connected to the HX711, (iii)
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both HX711connec to Arduino, (iv)Arduino RX connected to my RDDOS8, (iiv) the my
RIO isconnected to power and PC host computer by USB. The data will flow from load cell
to PC via Arduino and myRIO. Lab VIEW program should be running to identify the myRIO
and receive, process and monitoring data for udensile strength measuringigure (6.7)

shows prototype (lll) real system structure.

€= Load Cell (A) wires

€& RX connection
€——— GND connection

«—— XTI

Figure (6.7) Real system structure

6.8.1.2TE load cell calibration

In this research the load cells were calibrated to change values of voltage to equivalent tensile
strength by Nm by using LabVIE\WWrogram and a force metall converted readingsere

recorded and stored. The figure (6.8) shows how the calibration was done.
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LabVIEW
<€— calibration
program

&

Figure (6.8) Load cell calibration

6.8.1.2System calibrating procedure

1- Install the system and connect it to the PC
2 - Running LabVIEW program for reading sensors
3 - Perform a small test to make sure that the LabVIEW program and sensors work properly

3- Joint rein grip to the Force meter
5- Move the Force Meter until it registers reading 1 Newton
6- Change the value afffset until LabVIEW indicator shows 1

7- Repeat this for the both sides on the two indicators (left/right indicator) with wadumgs

of force to make sure the system is calibrated well
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8- Do final check by moving force meter and notes the indicatotsngs

6.8.2Prototype ,,, V\MUa&stigriecedure

The test of this prototype can be seen in chapter 3 s&&gRreliminary V \ V West)P

6.9-Conclusion

The test on the prototype (Ill) explains that the system can be used to detessite
strength that occurs between the forearms of the follower andViiin.this consideration
prototype (lIl) is suitable to detect the follower hand/reinsile forcewhich occurs between

the rein grip and rein axis as result of follower hand and rein tensile strength. Based on the
sensor data the control signals have been then be sent tahmaaea for reducing thensile

force in order to increase the followernafort and maximize the ability for the follower to

accurately follow the robot path.
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7.1 Introduction

In order to achieve mutual understanding between the follower and the robot and make the
follower's path close as possible to the robot path, the whole system was divided into several
prototypes. The prototypes will béntegratedinto a single comprehensiyarototype (1V)

works to identify the follower's location and move it vesyoothto be close to the robot

path. The final prototype which will be used in this chapter combines from the previous
subsystemso create the shared intelligent control system. The shared control relationship is
complex as it has to meet the requirements of two independent systems (therfaha the

robot) with different behaviour (Wang and Liu, 2014). This prototype needs to establish
suitable shared control and provide a level intelligence by emulating the natural relationship
observed betweenguidedog and thénumanfollower. In plainterms it has to to reduce the
deviation between the follower and robot paths and provide a high level of coRifunte

(7.1) shows the deviation in paths with the robot path in blue colour and the follower path in

yellow.

To create the physical systeall, prototypes are integrated and mounted on the surface of the
mobile robotalong with additional batteries and voltaggulator circuitry tgorovide power
for Arduino, myRIO and motorMoreover, themyRIO was converted to theuter and
connected to #C wire Lessfor all the data transmission, a Lab VIEW programs also

developedo remotely send commands amrdeivedata through the system.
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Turn right Robot path Follower path

N
\ /N

Turn left

Steps

Figure (7.1) Deviation in paths

7.2-Prototype (V) problem definition

To reduce the deviation between thabot's and thefollower's paths and optimize the
follower levels of comfort, it was necessary to develop a control system which supports these
criteria. This system should provide a mutleguagebetween follower and robot by
sending haptic control signals from the follower to the robot and feedback Sigimalshe

robot to follower through the hardin.

In practical terms the problem of thgototypeis how to make the rein move the
horizontal direction taking into consideration the follower's position by accepting the signals

coming from the load cell.

112



CHAPTER SEVEN PROTOTYPE FOUR (SHARED CONTROL SYSTEM

7.3-Rein prototype (IV) aims

This prototype aims to integrate all of theeviousprototypes and attach them to the hard
rein. The comple system will be placed on a mobile robot; this system haalitigy to
send and receive dataMoreover,a LabVIEW program must be developed and applied to

sending control instructions.

7.4-Shared Control Strategy

The Intelligent hard rein has beerodified to include the following items: sensors to detect
the follower's location and measure tensile forces occurring between the follower's hand and
the rein. The PC gathers the sensor data and generates appropriate control signals to control

the movemats of the motor which moves the rein and guiding the follower.

7.4.1-Follower -robot Shared Control

Our goal is to allow the follower to follow the robot path accurately as possible in the

navigation process. Eventually the system may be useful foghitefiin rescue operation.

At first, the system collects information from the sensors about the position of the follower.
Then, the information is analysed to determine whether the robot in rotation gntiaiver

F D Qofjaw the robot path, in this cagherein movesto allow the follower to follow the

robot, these movements are implemented based on sensor data, and by using sensor output.
The system can distinguish between several force leflelshe system use some contingency

ranges of angles which allow rein to move and don't go out of range for ex&&0pl£93 @&

245147 @ 210113 @
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Low tensile force level (A)he range of tensile force of both sensors, greater than léssd
thanor equal 0.3 Nm, in this range the rein does not move to allow follower to do little

movements without movement of rein.

Medium tensile force level (B)When the range of tensile force senSaris between 0.3Nm
and 2Nm and motor encoder (m) readingWweenl1109147q in that case the rein will move
by value of (47> motor encoder value), this movement toward the follower hand to

minimize the tensile strength, if not the rein will not move.

And if the tensile force of sensor S2 is less than or equal @hrgreater than O\Bn, and
motor encoder reading less than 288d greater than or equal 14 this case the rein will

move by value ofmotor encoder1457x - 1), if not the rein will not move.

High tensile force level (B)If the tensile force okensor S1 is greater than 2 Nm and less
than or equal to 10 Nm, and the motor encoder reading is less than or eqlaid §8ater
than or equal to 117n this case the rein will move by value-6f, this movement toward the

follower hand to minimizehte tensile strength, if not the rein will not move.

If the tensile force sensor S2 is greater than 2 Nm and less than or equal to 10 Nm , and
reading motor encoder less than or equal a8 greater than or equal 17in this case the
rein will move by value of +5 if not the rein will not movefigure (7.2) shows rein

movement's path where the rein movemetfiss coloured by blue and turn back by red
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Rein original position

m = Rein (follower) current position, and directions are reversed becausethe of flexible
rope motor rein base connection , In the system use ranges of angle [205-193 /&
[145-147]&[110-117 [to guarantee the rein return in the end

Figure (7.2) Rein m@ament's path

Based on the tensile strength force happen between the follower and rein can conclude:

1. Range oftensile forceis located from 0 to 0.3 Nm permits the follower to do little
movements beforbe/she start thevalking for example when the falver attached the

UHLQ DQG WKH URERW GRHVQYW PRYH LQ WKDW FDVH K
causing motor movements)

2- Range located over 0.3 to 2 Nm; the rein provides rotation against the follower hand using
the tensile force strength leviel make follower follow and turn the rein in the straight

with the robot body axis
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3- Range oftensile forceis located from 2 t010 Nm the rein provides continues movements
by +5°dependent on follower location, to increase the follower comfortabilitynaaik

him follow the path

4- Maximum range of rein angle movemeatefrom 1107to 205"

In this controlstrategy themovements of reirdependon the follower location as first
factor and the tensile force exists between his hand and rein, as second factor, these factors

have strong relatiowith therobot movement.

7.5-Shared control flow chart

Flow chart diagram of shared control system showiigure (7.3) where S1 indicates the left
sensor and S2 indicates the right sensor and m indicates the position of follower and z the
motor direction input (n the system use some contingency ranges of angles which allow rein

to move and doesn't gaitoof range for example205-193 & 245147 & 210117 @.
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7.6-Shared control algorithm

The problem ishow to make the stepper motor mdiie reinin the horizontalirection with
the consideration of follower position and make him smoothly followdbet , and steps of

this algorithm are :

Step 1: Start

Step 2: If system power ON

Step 3: Initiate motor direction by putting O in it is direction register=0)(z

Step 4: Read S1: tensile force value of left load cell, S2: tensile force value of right load cell

and m: value of motor encoder

Step5: Specify the whole system scan limitation (the whole range of angles where the
follower position can be detectedefined) and this range starts at 1h0d ends at
205qgwhere the mid is 14d@ as shown in figure (7.2). If (follower position) in this
range true, go to next step, if false go back to motor register initialization step (step

No 3)

Step 6: If the S1 great than ONm and less than or equal 0.3Nm true, in this case the rein will
not move (allow the follower to do little movements without any system action) and

go back to initialization motor register (step No 3), if false go to next step.

Step 7: If S1 great than 0.3Nm and less than 2Nm false go to next step, if true do check
about the follower position if follower position greater than §a0d less than or
equal 144 true, then the value of ((14<¢urrent follower position) +0.§ will put in

motor diretion register z, if not @will put in motor direction register z.
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Step8: If the S2 is greater than ONm and less than or equal 0.3Nm true, in this case the rein
will not move (allow the follower to do little movements without any system action)

and go back to initialization motor register (step No 3), if false go to next step.

Step 9: If S2 greater than 0.3Nm and less than 2Nm false go to the next step if true do check
about the follower position, if follower position greater than Gdid less than 20%
then the value of ((current follower positierft45) x-1) will put in motor drection

register z, if not @will put in motor direction register z.

Step 10iIf S1 greater than 2Nm and less than or equal 10 Nm false go to the next step if true
do check about the follower position if follower position greater than or equad 117
and kss than or equal 19fn this case pub to the motor direction register, if not put

0 in motor direction register z.

Step 11: If S2 greater than 2Nm and less than or equal 10 Nm false go to the initialization
motor register (step No 3), if true chedketfollower position if follower position
greater than or equal 14&nd less than or equal 1§ this case put +5 to the motor

direction register if not put 0 in motor direction register z.

Step 12: If loop button ON, go to the initialization motagister (step No 3) if not go to stop.

Step 13: stop
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7.7-Rein prototype (IV) system building specification

This prototype is a combination of all previgu®totypes andequires all the sub systems to

be integrated together in one complete system and put on the limited robot surface.

7.7.2 Lithium batteries

x Voltage 12.8 or 24 connectedo system power supply
X Has high efficiency
x Small in size because afbotarea.

x Canbe recycledor environmental protection

7.7.2 DC/DC Rectifier

X Has highinputrange 36V and output is 10V for microcontrolerd myRIO

x Output 0 to 24 V to use for microcontroller and other equipment which need 10 V
x Startup production for misused

X Low price to appropriate for researanited budget

7.7.3PCB board

To use in prototypes, microcontroller, motor and encoders connections

7.8-Rein prototype (IV) design
7.8.2Rein prototype (IV) design block diagram

After deciding to build the prototype (I\§hared control systeand determines the purpose
of this prototype,a block diagram has beedrawn show the connection between all

prototypesas shown in figure (7.4)
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Figure (7.4) PrototypdV) shared contradystem design block diagram
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7.8.2Prototype (IV) CAD model
The CAD Solid Works model was created to help with the physical design and optimize

positioning and assembly of all the prototyp&sgure (7.5a, b illustrates the main structure
of prototype (IV) and whole view of the final system and figure (7.6) shows the arrangement
of how the motor is attached to rein via a flexible metal rope. After significant testing of the

model, we can know the best construction of the system.

)

Figure (7.5 apPrototype(lV) shared control system assemblidgD model, (b) Assembling of the whole system

Figure (7.6) Motor/rein attachment
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7.8.3Rein prototype (V) PCB mounting board

When constructing the system the large number of physical connectioosrapkkxity of
the wiring made the system unreliable and difficult to fault find. A bespokevirsC
therefore designed to minimize the number and variety of connectdrCBidoardohoto is

shown in the figure (7.7a), and its scheme in figure (7.7b).

lllllll||lllllllllllllllllllll|||l[||[l||I
(b) \

r 5
IR N[N Py L‘{

o

Figure (7.7 a) PCB board, (b) PCB board scheme

7.9-Prototype (IV) implementation

After the blockdiagram ofsystem connections had been drawn andcAB model used for
checking the assembly location placement, orientation and issues with movement/obstruction,
the prototype (IV) was straight forwardly manufacturédlU RW RW\SH sdne é&xtidd GH G
components especially which related to power supfiysecomponentsncluding rectifier
with output 3.3 to 24 voltage dc (mystem 2016, three batteries df2V-9Ah, switch for the
electric circuit control, shielded electric wires, PCB board, Riatheer 3AT mobile robot

platform.The implementation follows the following steps:

X The prototype (Il), which composed from stepper motor and encoder as described in

chapter five, will be installed on the front of the robot surface and will be firmly fixed.
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X The encoders with metal plate ntened in prototype (I) and explained in Chapter 4

will be jointed to the hard rein base.

X The reinplaced on the back of the robot as shown in figure (7.5a) by use suitable. screws

X The prototype (lIl), which has two of load cells connected with Arduimgtalled at the
end of the hard rein (where the followkolds the rein grip) to calculate the tensile

strength of thdollower'shand.

X The stepper motor will be connected to the €Y 8iver as explained in chapter 5 as well

as the driver connected to myRvia PCB board.

X Themotor encoder whictexplainedin chapter 5 andhe reinencoders which explained

in chapter 4 will be connected to myRIO via PCB board.

X The components of the prototype (lll), which used to measure tensile force, will be
connected to ah other. The load cells will connect to HX117 amplifier and A/D
converterthe outputof theamplifier will connect toArduino, as mentioned in chapter six,

and afteithat,the Arduino connected toy RIO on two lines RXGND.

X Three 12volt batteries will be connected in series circuit with $hatch-off key, to get

36-volt as gpowersupply for the system.

X The outputvoltage ofthe batteriegonnectgo therectifier to getl0V as gpowersupply

for Arduino and my RIO.

X Changingmy RIO as an access point to connect with-M/in orderto receivethe system

data.
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X In order to collect load cells data whiclennected irthe prototype(lll), a program is

required tarun for receiving the sensor data and send it to PC via myRI@rdoessing.

X On the other side, connecting the PC computer migrRIO via anaccesgoint andthe
whole system LabVIEWprogram wasdeveloped, this program will run test and

operate the whole system

7.10-Prototype (IV) test

7.10.%Initiate the test

To test theprototype ,9 shared control systemt is necessary to make sure that all
prototypes were physicallfixed and connected to th#ataacquisition system (my RIO).
Furthermoremy RIO is connected to power and PC host computer by USB. The data will be
transferred from all prototypes to a PC mgRIO. Figure (7.8) shows an image of the whole

system structure.
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Figure (7.8) Real whole system structure.
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7.10.2Systemtest path
The desired path of thebot was measured and dravem theground, this was made to

match thesamepathused inprevioustests with different robot speeds, arder tomake easy

comparison between their results as shown in figure (7.9).

600:::3\

Turn right
Right sensor works

Left sensor works <

230cm Turn left

Figure (7.9) Test path

The total distance moved by the robot is 769.8 cm and the speed robtites20.1 cm/s
(robot speed is different from the preliminary test speed), so the time to move the total

distance is 38.29 seconds, with these facts the test has been done.
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7.10.3Prototype (1V) test methodology

The preliminary test that has been descrilmedhiapter 3 explained the full procedure which

was used when undertaking these tests. Figure (7.10) illustrates the participants attached to

the rein with the wrist strap which joint to the rein and the participant is blindfolded.

Subsequentlythe robot nevement was started with no external prompt. It moved forward to

230 cm, then rotates to left side on a circdgra distance 0109.9 cm and continued to

move forward by a distance of 90 cm. After that, circular rotation was used to turn to the right

side with a distance of 109.9 cm. The final section of the path continued forwactinz8@l

stopped completing the entire journey.

Figure (7.10) Participant follows the Robot
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When the robot and follower have completed the path the blindfold was removed, the

researcher presented the survey from to be filled in by the participants. The data collected

from the survey is put to the table to be analyzed, table (7.1) shows the collected data.

Comfort level 1 2 3 4 5
Forward 0 0 1/5 3/5 1/5
Turn left 0 0 2/5 2/5 1/5

Turn right 0 1/5 0 3/5 1/5

Table (7.1) Test subjected data in forward, Turn left and Turn right

7.10.4Prototype (IV) subjected test data analysis

From theanalysisof the previous table, it's clear that the participants are very comfortable

when therobotis moving forward and turn left because most of the particigaatsechosen

the third, fourth and fifth level on the comfortabilitydex. Alsoturning right has acceptable

amount ofcomfort. In this test,it is clear that the comfoffieeling is acceptibalebecause

major of the participants §3%) choose levels, 3, 5which located after2.5 in the index

level, wherethe rang(2.5to 5) can be considered as acceptable confdefing, wheres is

the maximum and 2.5 is minimymsshown in thdollowing figures (711), (7.12), (713).
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Number of participant's Forwa I‘d
5
4
3
2 m Forward
1 .
0 T : Confortabilty level
1 2 3 4 5
Figure(7.11) Participantfcomfortability level (Forward)
Number of participant's Turn left
5
4
3
m Tum left
2
| I I
0 T T : . . | Confortability level
1 2 3 4 5

Figure(7. 12) participantcomfortability level (Turn left)
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Number of participant's Turn right
5 -

3 {
m Turn right
2 -
N . -
0 | . T T T 1 Confortability level
3 4 5

1 2

Figure(7.13) Participantcomfortability level (Turn right)

7.10.4.10bjective data collection& analysis

The objective data obtained from the sensor readings are collectptbtimdy, the following

table (7.2) demonstrate highest and lowest rate for the left and right sensors and in which
readings ordewere happened, theord reading in next table meansvihich order the data

was taken from theensoy appendix (G) shows sampl§zarticipants)data reading details

(The sample data mean the data collected from the sensor during one participant trial):

Sample participantorder) 1 2 3 4 5

Right / Left(Sensoy LS |RS|LS |RS|LS |[RS | LS RS |LS |RS
Highest rate 4 4 |5 6 |4 6 6 6 6 6
Data reading order 32 |14 44 32 |35 |22 |33 35 |35 |22
Lowest rate 0 o |0 o0 |0 |0 0 |0 |O 0
Data reading order 36 |19 48 36 |38 |25 |51 37 |38 |25

Table (7.2) Highest and lowest rate
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In the table (7.2) when put the 0 reading number mean the lowest level after the sensor has
get it maximum force level and also the highest reading mean when the sensor reach the high
level and this level repeated more than 3 times (in table write ohesd# teadings number),

the following is the description of the firsample( paricpant)n the firstsample the highest
reading achieved by the rigeénsor is 4Nm at reading order 14 ,15,16,17and the lowest rate

is ONm at reading order 3 to 5,8 to 18,@ 44 ,46 to 50,55 t0o68, and the {séinsor has
achievedhe highest rate of 4ANm at reading order 33,34,35 and the lowest reading is ONm at
reading order 4 to22 ,25 to 32, 36 t0o50 , 54 toE@§ure(7.14) shows dataset of tHest

sample during oneycle of the path as aaxample where turn right by blue color and turn left

by brouwn color.

Nm
6
s .
Turn right
Turn left Left Sensor
4 T T
1 I 1 i
i i i i ——Right Sensor
3 1 18
1 ] 1 i
i i i i
; ; 1Rk
2 i i [ i
i i i i
| | |
1 i i i
I i
:
0 T T T ol T T T 1 T T I T T 1
1 11 21 31 41 51 61
Sensor data reading times

Figure (7.4) Example of dataset during one cycle of the path.
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7.10.4.2Prototype (1V) t est follower cumulative steps analysis

After the test is finished, a follower path was reviewed and tracked by plotting a location of
user steps to create the path and comparing this path with the robot path The deviation
between the follower andobot in the rotation came noted, determinednd used as a
reference t&know the followercan follow the robopath smoothlyor with difficulty. From

the results of this test, it is clear that the deviation decreases in the turn left and right except a
little differencebecause the followdrandlesthe reinwith the right hand and his body away

from robot centreaxis by 20 to 25 cm. So, we can note this little deviation starts from
beginning of journey and can be neglected, figure5j7/showsdeviation in paths, where the

robot path by blue coloumnd follower by yellow.

Turn right

% RTtpaﬂl |
| A

Steps Turn left

Follower path

il

Figure (7.5) Deviation in paths
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7.10.5Prototype , 9 systemtestconclusion

1- After the data is collected and analyzed, the survey data shows that the straight path is the
most comfortable for the participants and the turn left/right is ranked next in comfortability
feeling, and in general this test more comfortable farticipats because all samples

choose the comfortable levels located after 2.5 level indexes.

2- The participants do some stagger during the following of robot in the side oigtite
sensor and it is clear from some registered readings this happlesbeginningof the

movementnd before and after the completion of the rotation as shown in figu#. (7.1

3- Through the analysis of objective data, there are readings of the sensors in both directions
which indicate theparticipantsstagger or are joltedybthe movement. This was seen
visually during the experiments and also it was explained by the measured force data
between the follower anithe rein The resistance/force between the follower's armtlaed
reinis different and reaching up to maximum 6lNmsome samples when turn left and 3
Nm in some samples when turn right , but it has been noted that the force level remains
for a longer period in the right sensor( turn left) than the left sensor(turn righhown
in the figure(7.14).

4- Through the previouanalysisthetensilestrength doesn't exceed the 6Nm in all samples,
because the motonovesthe reintoward offollower'shand to reduce this force.

5- Analysis of test images clearghowa little deviation between the real (robot path) and

follower path, this was because of the potential difference between thecestiaaxis
and follower hand thel{e reinfixed robot in the middle axis).

7- The system structure is n@liableand some damages happen during the test.

8- The test shows there is a possibility of robot slip.
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9- Can say thisharedsystem haachievedaims of research, bstill needa lot of work to be

reliable.

7.11-Conclusion

It is clear from this chapter; thell movement rein has the ability takes a step forward

from previous designs in attempting to achieve the hugugahe dog relationship.For that it

is anacceptablenethod to deliver haptic feedback from the raioothe follower The system

can be considered as a good starting point in the knowledge of how to use and transfer a
haptic signal between human and the robot. Also, it is considered a successful and reliable
participatory system in future research, altfiosome mechanical design issues are evident,
the robustness and precision of the construction could be improved with rnatemnials.
However, the objectives of the research have partially been achieved in making the follower
follow the path of the robaind also create simple communication between the follower and

the robot using thhapticsignals.
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8.1-Introduction

The essential points of my research will be reviewed in this chapter. The improvements of
the system and the major findings will also be discussed. Themgnelusion and

recommendations for futuresearch will be presented.

8.2-Discussion

In this discussion, we will evaluate the system before and after the development and see
how much improvement it has made in terms of: a) improved the follower paitin
accurately the follower tracks the robottlpad) decrease of the fluctuation (follower

Staggeringywhichmay cause unconformable feeling.

@ (b)

Richod path Fullower juth
ey pusi

=
.

Figure @.1a) Follower path in preliminary test, (b) Follower path in prototype (IV) test

1- By observing the follower's paths in figur@1a) (which isobtained from the analysis
of the cumulative follower steps photthe extent of the improvement can be observed. In

thepreliminary test, the followers exhibit considerable deviation to the right side out of the
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robot path when the robot turns left.l&ge deviation of the follower path in the middle

and beginning of right rotation can also be observed. However, in the prototype (IV) test

(final test) as shown in Figure (10.1b), it can be seen that the deviation has been

significantly reduced. Also aedrease of the deviation in the middle of the path can be

noted.

2- By observing Figure (10.2a) it is clear that there is fluctuation inhéQ \féadlrps,

because the rein is fixed and potentially works against the follower which causes some

follower shaking and Staggeringlowever, when testing prototype 1V, the fluctuation

(follower reeling) of the sensors readings has been reduced, as shéigura (10.2b)

and adds theonformable feeling

Sensor data readings times

()

Tum left Tum right

ﬂ [ i

i

Sensor data readings times

Figure B.2a)Dataset of the one samprepreliminary test, (bpataset of the one sampleprototype (1V) test

Also in figures 8.2a, b), there is a difference between the readings of the térsie In

the preliminary test, the tensile force increases in some other samples up to 8Nm, but in

the prototype (IV) test it does not exceed 6 Nm for all samples, thus the tensile force is

reduced.
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8.3-Major Findings

During my research, many findingsve been observed and it will present in the following

points:

x The preliminary test carried out with fixed rein showmt there isa critical problem

X

when robot turns left/right. This problem can be observed by looking to the deviation
between the robot and the follower and this deviation in path may cause major risks
for the follower especially in narrow places. To avoid this problem the rofsea
focused on knowing the specific place of the follower. In order to achieve that, many
sensors have been planted to detect the follower's vertical and horizontal location with

respect to the guiding robot.

From thepreliminary test ibecomeslear thathe participants areot confidentwhich
causegeeling and swings in movementdoreover,the preliminary test shows the
comfort level was higher when thebot movesforward, thenturns.Thought right

turns more comfortable thdeft turns

In the prototype (1) test, the speed selected for when the participants were located in

the middle of the range was found by a mathemagigahtion .

In theprototype (l1) test, it was found that if the speed is more than 0.192wesises
empty stepgthe motor movesand thefollower is unable to track the rein , a speed of

greater than 0.192 m/s too high and must be avoided in normal use)

In preliminary tests theensor readings reached 8Nm; this is a consequence of the rein

being fixed and working against tHeR O O Rnatdral fixhd movement.
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x After drawing and analysis the follower cumulative steps it appears that the left turns

cause more deviation than turmght.

x In thetest of theprototype(lV) tensile force values must [selectedwvith greatcare,
because when it is greater than 0.3Nm, any little movements for the follower will

cause the rein moving and leads to confuse the follower.

x In prototype(lV) test WKH UHLQ PRYHV WR UHGXFH WKH WHQVL

Nm.

X In General, participants still do sonstagger and reeling with the intelligent rein

beforeand after roboturn.

8.4-Conclusion

After the end of the research, we can conclude that it is possible to rely on the robot for
helping the firefighters, where the ground is possihlgg,it possible to rely on the rein

for haptic signal transfer and it can convey a set of haptic mestsates firefighters.

Also, the shared control system integrates: (i) the advantage of the human capability to
recognize the environmental navigation, (ii) using the advantages of the robot to identify
obstacles in the dark, noisy and dust areas. It caomi@med that the haptic sense can

be used as the optimal solution in some areas. Moreover, some points have been
highlighted in the design and implementation of haptic intelligent rein that may help
researchers in the future and take them in consideregiavoid mistakes and save time.

The developed system has been tested and evaluated against the previous design of the
rein, and both were compared .The paths of the previous and current system were
compared to observe the difference between them, ardtihne great improvement in

robot / follower paths, as well as by tracking the results of the tensile force sensors and

drawing the results of one complete sensors cycle. The fluctuation which was observed in
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the preliminary test disappears in final tegstofotype (IV). Also, the preliminary test
sensors have 8, 9 Nm readings, which means that there is high tension between followers
and rein. But the tensile force was reduced using the intelligent rein, which causing less
fluctuation. This intelligent rolte rein continues works to know the follower position by
using the encoder's value. As well as, the value of tensile force was used to move rein in
the direction required for guiding the follower to follow the robot path in a safe and
comfortable way. Tl happens by reducing the tensile force according the specific value.
For example, if the tensile force is less than 0.3Nm, the rein remains without any action
to allow the follower to do little inadvertently movements. If the tensile force becomes
greater WKH UHLQ ZLOO PRYH “ "~ GHSHQGLQJ RQ IROORZHU
between 0.3Nm and 2Nm that means, the tensile strength has to be reduced and the rein
works to return the follower to zero point (to the first position of the rein in roase

middle). In this way, there is continues interaction between the follower and the robot.

Finally, we can say that this work demonstrates a new idea in the use of sensors to raise the level

of robot human interaction, as well as to achieve automattasd/ follower safe navigation.

8.5-Recommendations for Future Research

There are several aspects that can be improved in order to make future research on this

topic more accurate and more meaningful.

1- In order to make useful control of the systenmitst be connected to the robot
operating system and through this connection; it is possible to decrease the speed of
the robot when turning. This will result in restoring high comfort level to the

follower especially in robot turning.
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2- It isrecommended to make metal system structure such as Aluminum to be reliable

and also to prevent the damages during the test.

3- It is recommended to increase the robot weight to prevent the possible slip during the

tests.
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