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A robotic system for fetching object in home environment was developed in this 

work. The research has been conducted in Kosuge & Wang Laboratory at Tohoku 
University, Sendai, Japan. A mobile manipulator robot called Mary that has been 
developed in Kosuge & Wang laboratory was used in this study.

The state-of-art of home service robots is studied. The functions and tasks of home 
robots for assisting the elderly and disabled people to live better at home are outlined. 
Based on these evaluations fetching of objects was selected to be the development 
target. Robot’s mechanical structure, robot’s object manipulation strategy, and robot’s 
user interfaces were studied in order to enhance the object fetching capabilities of home 
robots in general.

Mary’s ability to pick up objects was developed. Initially Mary was able to pick up 
only one type of objects. After the development work Mary was able to pick up objects of 
different sizes and shapes using a best suitable manipulation strategy for each object.

A hand-eye camera system was added to MARYs manipulator and a 
transportation tray was added to the base of the robot. The outward appearance of 
MARY was enhanced with a new casing. The graphical user interface was developed to 
be more suitable for the elderly users by making it multimodal.

The user chooses the object to be fetched from a camera image using a touch panel 
display. The system calculates the size, the position, and the orientation of the object 
using digital image processing techniques. Finally the manipulator arm picks up the 
object and places it on a transportation tray.

The new functionalities were tested and increased usability was demonstrated.
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Tässä työssä kehitettiin robottijärjestelmää, jonka avulla voidaan noutaa ja 

kuljettaa tavaroita kotiympäristössä. Tutkimus tehtiin Kosuge & Wang Laboratoriossa 
Tohokun yliopistossa Sendaissa Japanissa. Työssä käytettiin Kosuge & Wang 
Laboratoriossa kehitettyä mobiilimanipulaattori tyyppistä MARY (Mobile Assistive 
Robot for You) -robottia.

Aluksi työssä selvitettiin koti- ja palvelurobotiikan tilaa ja ideoitiin toimintoja sekä 
tehtäviä, joilla robotti voisi tukea vanhusten tai vammaisten asumista kotona. 
Selvityksen perustella valittiin kehityskohteeksi pienten esineiden noutaminen. 
Robotin rakennetta, robotin käyttämää manipulointistrategiaa ja robotin 
käyttöliittymää tarkasteltiin kappaleiden noutamistehtävän kannalta.

Aluksi MARY kykeni poimimaan ja noutamaan yhden tietynlaisen kappaleen 
kerrallaan. Järjestelmäkehityksen jälkeen robotti kykenee käsittelemään lukuisia 
erikokoisia kappaleita käyttäen kullekin kappaleelle parhaiten sopivaa 
manipulointistrategiaa.

MARYn manipulaattoriin lisättiin kamera. Robotin runkoon rakennettiin tarjotin 
tavaroiden kuljettamista varten. Robotin kotelointia ja ulkonäköä paranneltiin. 
Robotin graafista käyttöliittymää kehitettiin multimodaaliseksi ja paremmin 
vanhuksille soveltuvaksi.

Käyttäjä vabtsee robottikameran kuvasta kuljetettavan kappaleen käyttäen 
kosketusnäyttöä. Robotti poimii kappaleen tarjottimelle, mitattuaan ensin sen koon, 
paikan sekä orientaation digitaalisesti kameran kuvaa käsittelemällä. Uudet 
toiminnallisuudet testattiin ja niiden todettiin parantavan MARYn käytettävyyttä.

2



Acknowledgements
I want to thank Professor Kazuhiro Kosuge for the possibility to do this work in his 
laboratory at Tohoku University, in Sendai, in Japan. I also want to thank Professor 
Aarne Halme from the Automation Technology Laboratory at Helsinki University of 
Technology for his help in organizing my trip to Japan. I am grateful to Panu Harmo for 
all the help and the advice that made this research possible, not forgetting all the staff 
involved in Terve Taas (Hello Helper) and Automaatio Avuksi (Assistive Automation) 
projects.

I’m grateful to the Sasakawa Association for the financial support and Hidenori 
Yabushita and Seiko Segawa from Kosuge & Wang Lab. for the help in practical matters. 
I greatly appreciate the help of Eriko Shibazaki and other staff at the Tohoku 
University’s International Office as well as Anneli Sinkkonen and the other staff at the 
Helsinki University of Technology’s International Office.

Finally thanks to my family and the staff of both the laboratories for the social support 
along the way.

Espoo, 14th December 2004

Tapio Taipalus

3



Contents
1 Introduction..............................................................................................................9

1.1 Home robots........................................................................................................ 9

1.2 What is a robot..................................................................................................10

1.3 Motivation and problem statement................................................................... 12

2 Service robotics.......................................................................................................14

2.1 Overview of service robotic research................................................................ 14

2.2 Challenges in service robotics...........................................................................14

2.2.1 Environment...............................................................................................14

2.2.2 Technology..................................................................................................15

2.2.3 Functionality..............................................................................................15

2.3 Required functionality of home robot................................................................ 16

2.4 Special Requirements for assistive home robots................................................ 18

3 Structure of home robot......................................................................................... 20

3.1 Manipulation robots and information robots................................................... 20

3.2 MARY (Mobile Assistant Robot for You)........................................................... 22

3.2.1 Hardware................................................................................................... 23

3.2.2 Software..................................................................................................... 28

3.2.3 Contributions to MARY............................................................................. 30

4 Manipulation strategy............................................................................................34

4.1 Background....................................................................................................... 34

4.2 Adaptive strategy...............................................................................................35

4.2.1 Approach to object......................................................................................35

4.2.2 Strategies for manipulation.......................................................................37

5 User interface (UI)................................................................................................. 48

4



5.1 Varying user skills, needs and control methods 48

5.2 Implementation of UI for local remote control............................................... 51

5.2.1 Implementation options..............................................................................51

5.2.2 Audio.......................................................................................................... 54

5.2.3 Video........................................................................................................... 57

6 Experiment.............................................................................................................62

7 Results.................................................................................................................... 64

7.1 Object extraction.............................................................................................. 64

7.2 Manipulation.................................................................................................... 65

7.3 UI.......................................................................................................................65

7.4 Overall system performance............................................................................. 66

8 Conclusions and future work.................................................................................67

9 Bibliography............................................................................................................ 70

Appendix A Schematic drawing of electronics interface circuit design 

Appendix В CD-ROM, source codes of the programs

5



List of Figures

Figure 1. Fictional robots, from left to right an from top to bottom, Hobby in 
“Forbidden Planet”(l956), David and others, Bender, R2D2 with 
C3PO and Sonny

Figure 2. Commençai home robots, Aibo and Automower

Figure 3 Design examples of information robots

Figure 4 MARY (Mobile Assistant Robot for You), home robot prototype

Figure 5 MARY with some main parts pointed out

Figure 6 A mecanum wheel, invented in Sweden 1970’s by Bengt Ilon, an 
engineer with the Swedish company Mecanum AB

Figure 7 Manipulator arm PA-10 by Mitsubishi Heavy Industries

Figure 8 System scheme of main parts in MARY

Figure 9 Laser range finder and body force sensor in old hardware
configuration

Figure 10 MARY’S software structure

Figure 11 Tray in MARY, arm in relaxed pose

Figure 12 Gripper with sensors and hand-eye camera

Figure 13 Manipulation strategies, grasping side ways from the shelve on left,
pushing large object on middle, grasping upwards from table on right

Figure 14 Free space measurement on tray, original picture on left, color 
extracted in middle, filtered, cropped and measured on right

Figure 15 Result of window matching based on correlation, original image from
right camera on top and selected search window in right lower picture
and search result from left camera picture in left lower picture

Figure 16 Measurement of object dimension from different distances and gripper 
fitting, first color extraction, then erosion/dilation processing and
measurements. Pictures on right side are taken from 10 cm higher
than pictures on left.

6



Figure 17 

Figure 18 

Figure 19 

Figure 20 

Figure 21

Figure 22 

Figure 23 

Figure 24 

Figure 25

Figure 26

Figure 27

Figure 28

Triangulation of object’s distance or height of camera from object 

Gripper fitting around measured object from COG 

Measurement process in image

Object delivery with arm and tray, relaxed pose on the left

Examples of GUIs for robot [ERI, Nomad], notice amount of 
information and way of presentation

Previous GUI of MARY

Indicative button for speech-recognition, inactive and active

Indicative button for speec-synthesis, inactive and active

Developed GUI, speech-synthesis active and speech-recognition 
inactive

Navigation GUI of MARY, from the upper image desired place can be 
defined and from the lower image desired path can be defined

Flow chart of scrollable selection on the left and tree like hierarchy on 
the right

Experiment setup, evaluation of manipulation strategy

7



Acronyms
COG Center Of Gravity

CPU Central Processing Unit

DOF Decrees Of Freedom

GUI Graphical User Interface

IEEE Institute of Electrical and Electronics Engineers

IP Internet Protocol

IR Infra Red

LAN Local Area Network

LED Light Emitting Diode

MARY Mobile Assistant Robot for You

OS Operating System

RGB Red Green Blue

RT Real Time

UI User Interface

USB Universal Serial Bus

VISCA Video System Control Architecture

WLAN Wireless Local Area Network

WYTIWYG What You Touch Is What You Get



1 Introduction

1.1 Home robots
Several universities and companies are developing robots for home use. The modern 
world has long been eagerly awaiting the arrival of robots into our everyday lives. Most 
people think that robots will naturally merge into our lives and become an 
indispensable part of our everyday routines [l]. This public opinion is clearly reflected 
in movies which focus on the future: “Modern Times”(l936), “Star Wars”(l977), 
“Alien”(l979), “Bladerunner”(l982), “Matrix”(l999), “Futurama”(l999), “AI”(200l) and 
“I, Robot”(2004) [2] (Fig. l). In turn such movies have also had dramatic impacts on 
forming the general public’s opinion about robots.

Fig. 1. Fictional robots, from left to right an from top to bottom, Robby in 
“Forbidden Planet”(l956), David and others, Bender, R2-D2 with 
C3PO and Sonny
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On the other hand, these movies also portray an image that the presence of robots in 
everyday life is just fantasy. This creates a general opinion that robots, or more 
specifically service robots, are a concept far from reality today. However, during the 
last 5 years companies have already been introducing real robots to consumer markets 
one after another [3, 4, 5, 6] (Fig. 2).

Fig. 2. Commençai home robots, Aibo and Automower [3, 6]

At present these robots are only capable of performing simple tasks. But the fact that 
people are buying them for their personal use at home is a proof that the home robot 
market is real [7]. Can one compare first mobile phones to multi-functions of today’s 
communication gadgets?

1.2 What is a robot

This brings us to the definition of a robot. Some think that a perfect robot is a perfect 
copy of a human being with at least the same capabilities. The perfect robot could also 
be descried as a machine which perfectly fulfills tasks assigned to it. Generally speaking 

robots are considered to be part of automation. And by definition automation relieves 
humans from tedious, monotonie, simple, heavy, and dangerous tasks. Also in some 
cases robots are used to replace manpower. But they can perform better than humans in 
many tasks achieving more consistent and more precise results in a continuous work 
process. More specifically, robots in this thesis refer to physical entities, capable of 
changing their position or position of other physical entities with internally generated 
control signals to actuators. Generation of controls can be based on internally measured
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states or externally fed states of a robot. For example, automatically stop a mobile robot 
before it bumps to the wall using laser range finder measurement or drive the robot for 
five meters.

Control basically distinguishes a robot from an expensive piece of metal and plastic. 
Control can be implemented in many different ways. The simplest way is just to control 
the power of each motor in a robotic device. This scheme does not really fit into our 
specification of a robot because the control signals are not internally generated. The 
next scheme is to give a target state for the robot arm and then control its motors to 
meet the desired state. This is rather a difficult and slow process for operating a robot, 
especially for a not very technically oriented person. This thesis focuses on more 
autonomous robots. For example, a specific task is assigned to the robot and the robot 
then finds out the desired endpoint coordinates by itself based on the assigned task.

Although robots could be used for many tasks today, they are not implemented in every 
possible case mainly because of the high purchasing cost and the expertise needed to 
implement the robots in a desired process [7]. One hurdle more is our dynamic world. 
Processes, where robots are used, have to be consistent and long lasting enough so that 
the financial turnover time (ROI, Return Of Investment) can be achieved before changes 
and new costs.

Traditionally a robot has to be programmed very specifically in order to be able to 
perform the desired tasks. Even small exceptions in robot’s environment or desired task 
could call for reprogramming of the robot by the operator. Robots should be able to adapt 
better to the changing environment. In order to make robots capable of adjusting to 
minor changes a much more complex program and program architecture with more 
sensory information is required.

From the hardware point of view problems often arise in mechanical and actuator 
design. In order to have good accuracy in in rapid movements, the structure has to be 
stiff enough not to oscillate or bend. This usually makes the robot structure quite heavy. 
The more complex the movements are the more motors need to be implemented. As a 
result the robot becomes even heavier. To be able to move the robot as fast as possible 
strong forces are required which again leads to bigger motors and consequently a 
heavier structure. Robot should also be able to manipulate some payload, not 
mentioning high precision gears, position sensors or power sources, which when added 
together makes robots clumsy and expensive.

Robotic research has tried for decades to overcome the problems described above. 
Several journals, conferences and university laboratories have been generated to work
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around these problems.

Continuous increase in computing power is workhorse for software development also in 
this field of science. Now we have the possibility to calculate effects of flexible structures 
on robot motion [8] and to have more developed control algorithms running even faster 
than simpler algorithms did before.

Pneumatic, hydraulic and electrical actuators and the materials used in robots have not 
developed as much as control theory and computing power. Still some promising 
technologies are rising on hardware level like power strings, piezoelectric motors and 
new ways of manipulation or locomotion [9, 10, 11, 12]. Only time will tell if there will 
be some new technology revolution in manipulation hardware or will the development 
be just evolution of current technology.

1.3 Motivation and problem statement
The industrial world is facing much greater challenges in the social sector than the 
above mentioned robotic challenges. This challenge is the ageing of the population [13]. 
Our target is to provide meaningful life for everybody even in spite of disabilities due to 
age, injury or handicap. The first solution is to provide personal care by other humans. 
For example a letter can be red aloud to person with poor vision. Next choice is to 
provide some device to compensate the disability. In our example we could give eye 
glasses to the person with poor vision. All problems can not be easily solved with any 
simple device. Sometimes disabilities are on cognitive level. So human help is needed. 
But there are less young people providing help while the number of ageing people 
needing help is increasing.

It is the motivation of the science of gerontechnology [14] and for number of robotic 
studies [15], including this research, to provide more sophisticated devices and methods 
to decrease care work needed from other people. The aim of robotic help equipment is 
not only to provide necessary help for survival, but to increase quality of life.

In this research a robot for fetching objects in home environment for a not technology 
oriented user, is studied. It is clear and that it is not reasonable to have robot only for 
fetching objects since the robot could perform many other tasks. These other tasks are 
considered, but not deeply studied, to keep scope of the work reasonable.

To study the fetching problem four central issues of service robotics are considered in 
their own chapters. They are functional requirements, structure, manipulation strategy 
and UI (User Interface) of a robot. To validate the study experiments are done and
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explained in experiment chapter. Finally results and future work are discussed in the 
last chapter.

Many closely related robotic issues are not included to narrow the scope of the study. 
These other issues are intensively studied elsewhere. Some examples of these issues are 
path planning, localization, safety and energy sources [16, 17, 18, 19].

To sum up, the purpose of this work is to find answers to the following question: “How 
can a service robot be made to fetch objects from open surfaces, such as table tops and 
shelves, in home environment?”
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2 Service robotics

2.1 Overview of service robotic research
Service robot is a robot that can serve us by doing some tasks for us, humans. These 
service robots can be found, for example, in mines, storage rooms, offices or homes. 
Sometimes “field robot” is used for service robot in outdoor environment. Variation of 
tasks that robots could do for us is wide. Unfortunately number and variety of tasks 
that one robot really can do today, is still quite limited. This is because development of 
home and service robots is still a young and complex research area involved with 
achievements from numerous sciences, traditionally separated in university world. This 
leads to biased research projects and so not a one robot combining all advances of 
research field exists. Typical for service robotics research projects is that they focus on 
one very specific robotic detail and thus projects are unable to construct functional 
system that really works how non technical user expects it to work. Descriptive is that 
The Technical Committee for Service Robots of the IEEE Robotics and Automation 
Society was founded only nine years ago 1995[20], Society tries to find common goals for 
dispersed research and push knowledge forward. Another hurdle is that research built 
on the results of previous research is very difficult. This is because previous research is 
usually based on very specific hardware, software and environment, which is difficult 
and expensive to duplicate.

2.2 Challenges in service robotics

2.2.1 Environment

Robots have been used in industrial production for long time. Service robots have been 
handling goods in large scale storages for some time. These robots are working in 
isolated environments Standardized safety regulations can be fulfilled easily, since 
humans are not allowed into the same space [18]. Humans in robot’s working area do 
not only create a safety risk, but they change the environment that the robot has to 
observe. In order for the robots to serve us in homes or offices, robots have to overcome 
these problems. Solution used in today’s home robots [3, 5, 21] is to keep robot small, 
light and somewhat robust to withstand collisions and minimizing kinetic energy or 
impulse to and from the environment.

Another issue with environment is how to model or describe the environment.
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Industrial robots have environment build for them: clear area where they can move and 
well defined contact points for manipulation. This kind of environment is easy to model 
for robotic use. In office or home modeling of environment is far more complex, 
especially if model has to contain information for different kind of tasks like where is a 
door, where is a door handle, in witch way door opens and how door handle should be 
manipulated or where is a trash bin, from witch direction trash bin should be 
approached and how full it is. Home robots, on the market today, assume environment 
to be more or less static and if modeled, it is basically simplified to a two dimensional 
map containing free area and occupied area.

2.2.2 Technology

Environment is not the only problem for service robots. As mentioned before, 
mechanical structure of a robot in it self is challenging, especially when different kinds 
of tasks are required. Same manipulator’s endeffecter is supposed to grip a newspaper, 
a plate of food or clothes, twist a screwdriver or clean [22, 23]. Then if we want to use 
robot in a different places, mobile robot should maneuver its way over obstacles starting 
from electric cables, carpet edges and door steps. On top of these mechanical problems 
robot has to have numerous sensors, communication interfaces and computing ability. 
All these parts together are creating robots functionality and requirement for energy. To 
be any way feasible to use, home or office robot should have operational time of several 
hours and autonomous refill of energy source. In this stage it should be clear that 
construction of home robot is not simple task and thus, with home robot’s clear need, it 
has challenged and fascinated researchers for years.

2.2.3 Functionality

As mentioned, today’s service robots are limited in the functionality and are often 
designed to fulfill just one task, like fetching a book, opening and reading it with camera 
[24, 25], vacuum clean floor[4], cut grass[6] or support in walking[26]. Some attempts to 
make multifunctional home robots are German Care-OBot [27] and Korean DOU-MI 
[28]. They are getting closer to a truly useful robot, but then are still quite far from 
commercializing.

From commercial or industrial research and development the strong attempt to build 
humanoid robots are likely to solve mechanical problems. Humanoid robot could provide 
flexible platform for home service task development in software level. And when we are 
able to fulfill several tasks, we come to more difficult question: “What home robot should
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do?” This is difficult because there is no one and correct answer. Desired tasks are based 
on individual needs. This work is focused on service and especially home robots for 
elderly or disabled users. From that point of view we can find some tasks that are 
commonly needed.

2.3 Required functionality of home robot
To find these tasks that robots should and could do interviews are done with elderly 
people, professional elderly care workers and family members of elderly people. Some 
study about service robots and these interviews and discussions have been done during 
TerveTaas"project[29], [30] and Automaatio Avuksi-project[3l](2000" ). Study also 
includes excursions to different elderly care institutions in Finland and in Japan. Some 
statistics of conducted care work could be found from [32, 33, 34]. The needed care work 
is studied from a case study about the home care for elderly [35], from study about 
physical care environment [36] and from study about development of ADL (Activities of 
Daily Living) [37]. Also [14] gave a good insight to the topic. Based on information 
mentioned above can tasks, that are needed and could be done or supported by robots, 
be found. Results are presented in Table 1.

Table 1. Robotics in care work of elderly and disabled

Problem or 
difficulty Robotic technology 

or support 
available today

Robotic technology or 
support under research Examples of known 

solutions

Loneliness Entertainment 
robot [3] Emotion robot[38], 

information home 
robot[39, 40], intelligent 

home

Home nursing, day 
centers, TV, enhanced 

communication: Internet, 
email, mobile phone

Preparing Robotic
manipulator [41]

Intelligent home Food delivery, home 
nursing, ready made food, 

rood automat

Eating Feeding robots [42] Home nursing, easy to eat 
foods, special design for 

fork, spoon, knife or chop 
sticks

Medicine
dispensing

control
Intelligent
medicine

dispensers
Intelligent home, Home nursing, refilled 

medicine containers

Cleaning Floor cleaning [4], 
[5]

Window cleaning robot Cleaner, home nursing, 
vacuum cleaner, 

motorized window cleaner
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Problem or 
difficulty

Robotic technology 
or support 

available today
Robotic technology or 

support under research
Examples of known 

solutions

Shopping Internet shops 
with delivery

Shopping robot, 
Intelligent home aware 

of lack of products
Home nursing, delivery 

services, catalog shopping

Personal
hygiene

Bathing robot More easily accessible 
toilets, functional toilet 
seats, home nursing 
toiletry devices for bed, 

moveable toilet seat

Passivity Entertainment 
robot [3]

Home robot, Emotion 
robot

Day centers, therapy, club 
activities

Communicati 
on, (especially 
with mobile 

phone or 
email)

Information home robot, 
intelligent home Easy to use phones, 

simpler email programs

Walking or 
moving

Electric 
wheelchairs, 

power assisted 
bikes, power beds, 

body lifters

Robotic walkers, exo
skeleton robots, 

automated electric wheel 
chairs

Walking sticks, 
wheelchairs, walkers and 

rehabilitation training

Memory
losses,

dementia
Electrical diaries Information home robot, 

intelligent home
Reminder devices, notice 

boards, relatives and 
nurses, diaries

Reduced fine 
motoric skills, 

shaking 
hands

Robotic
manipulators with 

special UI
Automated robotic 

manipulator
Home nursing, easy to use 
objects: mugs, taps, door 

handles ...

Reduced
vision

Text to speech 
programs, 

speech-recognition 
programs

Text to speech programs 
and speech-recognition 

programs used with 
nomerobots

Eye classes, voice 
indicators in devices, 

indication with texture or 
position (Braille writing, 

grooves, switches ...)

Motion of the 
completely or 

partly 
paralytic 

limbs

One DOF 
rehabilitation 

devices
Multiple DOF 

rehabilitation devices or 
robots

Rehabilitation nursing, 
self powered exercising 

machines

Reduced
hearing

Speech-recognition
programs

Speech-recognition
robots,

Hearing devises (sound 
amplifiers), paper and 

pen, written information

Heart attack, 
epileptic fit, 

etc.
Teleoperated

cameras
Intelligent home, home 

robot Emergency buttons, home 
nursing

This table is not complete presentation, since it would require more intensive study and 
strict definitions and classifications. Table 1 only tries to give picture of research field in
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organized order. From the above information can be concluded that present home robots 
can be used for communication, handling of objects, environment and appliance control, 
and physical support for walking and standing up and sitting down. Service robots will 
not be the ultimate answer for all problems, but they can help people live more 
independently and longer at home. Living longer at home is also considered more 
desirable for the elderly people and for society around them, not needing to mention 
saved costs of care work. Now we just need a functional home robot, and that is what 
researchers all over the world are developing.

2.4 Special Requirements for assistive home 

robots

Functionality and performance are important aspects of home robots. Still they do not 
make a good home robot, especially for elderly. Other main issues are cost, usability, 
reliability and acceptance.

Costs of robots are high mostly due to small production numbers. A simple manipulator 
arm for wheelchair costs tens of thousands euros [43]. So it is clear that the user is not 
able to purchase it alone in most of the cases. Also it is difficult to market very 
expensive product to new markets and without long time references. To get the prices 
down mass production and large sales numbers are required. This means great 
investment with considerable high risk. On the other hand there is demand and 
markets are big enough, approximately 15-35% of population in western countries 
(when counting all people in need of some sort of assistance at home). Still there is only 
very few small companies like [41,42] on this market sector actually selling products on 
consumer level. For entertainment purposes there are few companies selling home 
robots starting from 1980’s [43]. I believe that these promises and high risks are reasons 
why many large companies like Mitsubishi [44], Sony [21], Fujitsu [40], Kawada [45] 
are developing products but not producing and marketing them (not forgetting the fact 
that they can’t deliver good enough product yet). They wait someone to try and open the 
markets.

If a robot is not easy to use it will not be used. And if robot is not used, people are not 
willing to pay for it. Tasks that robot does, should be truly useful and done reliable. For 
comfortable use robot should be as service free as possible. Misuse, malfunctions or 
other exceptions should not stop the robot. It should recover especially from bugs in the 
software level and other problems that can not be seen from outside of the robot.
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All these issues, cost, usability and reliability, effect to acceptance of robot, but there is 
other things involved like social status and change resistance. Everybody knows how 
some children want to wear glasses to look older and some older people don’t want wear 
them to look younger. The same effect is with all assistive devices, it is hard to admit 
that one is getting old and needs some help. The user could just feel in negative way, 
that he is somehow in different group than people without home robot. User can feel the 
robot as a threat or frightening and especially among older people just change 
resistance and fear of technology is stronger. Finally the user is not the only one to 
accept robot. Also relatives, care workers and financing people (county and state 
politicians) have to accept home robot.
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3 Structure of home robot
3.1 Manipulation robots and information 

robots

Home robots can be divided in to two groups: able to and unable to manipulate, in other 
words manipulation robots and information robots. Great difference between these two 
is size. Imagine that a robot needs to reach shelve at 220 cm and then place something 
on the floor. The manipulator arm have to be at least 110cm long as stretched out at 
110cm height. And when the arm have to be able to compensate small misalignments 
and manipulate objects, even larger dimensions are required. This makes manipulation 
robots big. This means also that physical dimensions and power output could be big 
enough to give physical support to humans like DOU-MI [28] and Care-OBot [46]. But 
size has limit, many authors claim that robot should be smaller than user like Asimo 
[47] or Wakamaru [44]. This gives psychological effect that user rules robot and 
physically smaller impulses in case of collision [18]. Main reason for required size is 
that our environment, home or office, is designed for people. Counter tops, handles, 
shelves, doors, etc are all designed for the human hand hanging from our shoulders 
around one and half meters from floor level. Also signs, desks, windows, lights, etc are 
designed for pair of eyes, situated slightly higher than where the arm is hanging. Thus 
a robot of human size and functionality is advantageous when operating in environment 
for humans.

Another approach is to design and build houses for robots or both robots and humans. 
Such a co-existence is proposed and will be tested in Wabot-house project [48]. 
Specialized building strategies for human-robot co-existence would increase building 
costs. Existing buildings will be used for decades and modifications to those would be 
even more expensive. It is more feasible to adapt robots to human environment than 
build completely new environments. However, I think that in the future house 
construction will have slight changes when the home robots become more common, like 
construction of the broadband connections to new buildings nowadays.

One approach would be co-operation of several specialized robots [49]: one robot 
working on the table top, one robot transporting objects from the table level to the floor 
level and one robot transporting objects on the floor level. Also the robot size can be 
decreased when comparing to previous approaches. This is maybe the most realistic 
approach when using today’s technology, but clear drawbacks are costs caused by
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multiple platforms (for ex. batteries, communication interfaces, processors) and error 
prone large system size with integration problems. Integration of robot to external 
systems is an open question without valid global standards. Standardization is slow 
since requirements for system are conflicting, like wide bandwidth, long distance in 
communication or low cost and low power consumption in system. This same problem 
exists in home networks [30]. Unfortunately many home robot research groups consider 
interfacing home robot to home automation (intelligent home) or home network trivial. 
Of course one can make a connection to, for example X10 home automation network, but 
there is many other home automation networks.

Somehow information about other devices in home network should be programmed and 
that can’t be done by elderly users. Still also I think that networking of home appliances 
and home robots is essential task in order to increase autonomous functionality of a 
robot.

If the robot does not have to manipulate anything, design of it is freer (Fig. 3). These 
robots are smaller than manipulation robots and thus more acceptable by users in home 
environment.

Fig. 3. Design examples of information robots

Information robot is built on a mobile platform. Structure of the platform is often round 
and with two driving wheels (two-wheel differential drive [50]) on sides so robot can 
turn on spot even in narrow places. This structure has simple dynamic model and is
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easy to build while moving any direction from any point. One drawback of this design is 
a bad maneuverability in rough terrain, but in home and office environment doorsteps 
and cables tend to be the biggest obstacles to cross. Stairs are impassable obstacle for 
most of the designs. Even for the bigger manipulation robots. So this has been selected 
for platform structure in many information robots over a car like structure with steered 
wheels and the other wheel configurations.

The main function of information robots is simply to gather and provide information in 
various forms. The most common sensors are camera, microphone, ultrasonic or 
infrared (IR) proximity sensor, buttons and bumpers. For information output most 
common devices are display, signal fights, speakers and “body” language. Body language 
is for example rubbing a feet of person by driving robot against it, in order to get 
attention. Information robot is often connected to internet and/or phone fine. So 
information can be sent and received from distant locations.

Other function is to transfer or “amplify” information. This can create an access to 
information channels like email or help to get otherwise inaccessible information. A 
information robot can remind about doctor’s appointment for a demented or inform 
about knock on the door for deaf. To increase usefulness of the information robot, 
sensors for smoke, carbon dioxide, fight, temperature and movement can be used. 
Because of the great amount of available information, research challenges are more in 
handling of the information than in mechatronical side. In the manipulation robots 
situation is different or even opposite.

3.2 MARY (Mobile Assistant Robot for You)
Most of the mobile manipulator robot research is focused on tasks that are simple to 
describe and to do with mobile manipulator [46, 51, 52, 53]. Mobile manipulator 
contains mobile base, usually wheeled, and manipulator arm often equipped with 
gripper. Many research groups utilize existing mobile platforms and manipulator arms 
to save hardware design efforts. This approach enables researchers to design and test 
real tasks in short time, but restrict design to the readily available hardware. Other 
design method is to start from the user requirements and desires. This requires often 
more resources that research groups can provide. Practical work in this thesis is 
conducted with a mobile manipulator, which is a prototype home robot made from a 
commercial mobile platform and an arm. The robot is called MARY.
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3.2.1 Hardware

Fig. 4. MARY (Mobile Assistant Robot for You), home robot prototype

MARY is constructed in Kosuge & Wang Laboratory, Tohoku University, Japan. MARY 
is a prototype home robot for research purposes (Fig. 4). A more specific description of 
the construction of robot can be found in the work by Shin Aizawa [54]. Main parts of 
MARY (Fig. 5) are a mobile base, a manipulation arm, and three computers from which 
two are onboard the robot
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Omnidirectional
camera

Hand-eye camera

Gripper
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Stereo camera

2 and 3

Tray
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Batteries
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Fig. 5. MARY with some main parts pointed out

are presented in the Figure 5. Mobile base is modified omnidirectional electric 
wheelchair with mecanum wheels. Wheel is also called to omnidirectional wheel, 
Swedish wheel, Stanford wheel and multi DOF wheel. Wheel is constructed from rollers 
on wheel rim with free rolling axis not perpendicular to wheel axis (Fig. 6).
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Fig. 6. A mecanum wheel, invented in Sweden 1970’s by Bengt Ilon, an 
engineer with the Swedish company Mecanum AB

When utilizing the mecanum wheels [55], base can move to any direction while 
maintaining its orientation. Drawback is that maneuverability of the mobile base in 
rough terrain is quite limited.

The other key part is a manipulator arm PA-10 (Fig. 7) manufactured by Mitsubishi 
Heavy Industries ltd [56]. The arm is attached up-wards on the top of platform to height 
of 0.80m.
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Fig. 7. Manipulator arm PA-10 by Mitsubishi Heavy Industries

The PA-10 has 7 decrees of freedom (DOF) and nominal payload of 10kg. Arm itself 
weighs 40kg, not including the control electronics, which are in a separate control box. 
The manipulator is equipped with a force/moment sensor (“IFS-90M31A 50T 50” by 
Nitta) and a gripper (“RH707” by Takano Bearing Co., Ltd.).

System of main parts is presented in Figure 8. Computer 1, running Windows XP OS 
(Operating System), is separate from the robot. A program for the computer 1 is 
designed for touch screen, but there are no restrictions for program to work with other 
pointing devices like a mouse. One computer, comp. 2, on-board is running event driven 
Windows 2000 OS and the other computer on-board, comp. 3, is running QNX RT (Real 
Time) OS. The computer 3 does lower level controls like control of manipulator arm and 
wheels or reads force sensor inputs. The computer 2 does higher level controls. It also 
processes images from several cameras mainly using IP-5000 image processing board. 
The computer 1 works as a GUI (Graphical User Interface) for robot utilizing 
speech-recognition and synthesis. GUI is presented more detailed in User Interface 
chapter. On-board computers are connected via Ethernet LAN (Local Area Network) 
and the robot is connected to same network with computer 1 via wireless local area 
network (WLAN) transceiver (“Wireless LAN AP -11 mini” by Corega).
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Fig. 8. System scheme of main parts in MARY

The commands from the GUI program are received by task process control program in 
computer 2. The process control program defines needed sub tasks and based on those 
gives commands to RT control program in computer 3, which calculates the needed 
power outputs and sends them to control box of the arm via ARCNET. Voltage controls 
to the wheel motors’ amplifiers via digital to analog (DA) converter board (“DA 12 6LC” 
by Contec). Wheels are equipped with encoders, which are red by a counter board on 
computer 3 to calculate wheel movements. Arm-joints have encoders. The joints’ 
positions are calculated in the control box. Th e position data is sent back to the 
computer 3 via ARCNET.

Other functional subsystem in the robot is a vision system. The vision system includes 
dual black and white cameras with pan-tilt functionality (“EVTG20” by Sony) forming 
stereo vision camera unit, black and white camera (“EVT370” by Sony) with 
ominidirectional mirror, and color camera (“QuickCam Express” by Logitech) next to 
manipulator arm’s endeffecter. The last camera is forming hand-eye system. The stereo 
camera is used for finding out the position of a selected object relative to robot. The 
omnidirectional camera is used for navigation. Color camera is used for measuring 
object dimensions from different angles, for gripping point selection and for gathering
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other information for manipulation.

The robot is powered with onboard lead acid batteries providing approximately two 
hours of intensive operation time. MARY also includes a tray for object delivery.

Before my work some testing has been done with a body force sensor and a laser range 
finder, but they are not utilized much in this work. The body force sensor is constructed 
from two parallel planes and six supportive links connecting the planes (Fig. 9). Links 
are used for measuring the linear force acting to them. The links are aligned in such a 
way that combining the measured information from links, forces and torques between 
planes can be calculated. It can work as an intelligent buffer and it is utilized as a 
walking support system with the same platform researched in the same laboratory [26]. 
Some testing has been done with laser range finder (“LMS-200” by Sick) for navigation 
and localization. In the current hardware configuration the laser range finder with its 
control computer is removed.

body force sensor 
-upper plane 
-links
-lower plane

laser range finder

Fig. 9. Laser range finder and body force sensor in old hardware 
configuration

3.2.2 Software

Overview of software system is described in Figure 10.
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Fig. 10. MARY’s software structure

Programs working together to realize robot’s functionality is a complex system 
including three different operating systems and multiple processes. Programs are 
programmed using Olanguage with OS specific function libraries. Also some function 
libraries for cards like IP-5000 were used.

The computer 1 has a program running GUI, WYTIWYG.exe (What You Touch Is What 
You Get), a socket client thread and loadable modules as modified DLLs (Dynamic Link 
Library) called WPIs (WYTIWYG Plug In). Fetch.wpi is loaded when fetching task is 
done and Omniv.wpi when navigation utilizing omnidirectional camera is done.

The computer 2 has a main program, Mary.exe, running with a socket server and a 
socket client running as threads. There is also a thread for communication with the 
cameras via VISCA protocol (Video System Control Architecture). VISCA is designed by 
Sony to control its cameras. Mary.exe loads modules containing functions for specific 
tasks as a modified DLL called MPI (Mary Plug In) in a similar fashion with WPIs.
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The control program, starting from functions in main.c, in computer 3 is connected to 
system with socket server running as a thread. Another process in the computer 3 is a 
command program, functions in cpc.c, for initialization and direct written commands 
from service computer via telnet connection. One thread from control program handles 
ARCNET communication and for an each control cycle is a new thread started.

Meaning of the WPIs and the MPIs is that they could be programmed separately and 
loaded when task related to WPI or MPI is needed.

Complexity of the system rises from the information flow which is not implemented in a 
standard or otherwise well documented and specified way. Basically reason for this is 
lack of the suitable standards and protocols in this kind of embedded system. This also 
shows clearly that there is a demand for software solutions to handle complex systems. 
Systems with a different kind of characteristics need to cooperate and possibilities for 
easier development, maintain and scalability should be created, like also recognized in 
[57] and [58].

3.2.3 Contributions to MARY

3.2.3.1 Initial functionality

When the work with MARY started it could fetch an object from a side view utilizing 
WYTIWYG GUI (Fig. 22). The arm approached the object from the side and object was 
gripped from the side. The object was delivered with the gripper. When the object was 
pulled by user it applied a force to a force moment sensor, in the wrist of the arm (Fig. 
12), and triggered then the gripper to open.

3.2.3.2 Hardware

On hardware side some modifications and additions are done

• tray with buffer switches
• driver board to interface with parallel port
• hand-eye camera
• optical object sensor for gripper
• soft touch senso or bumper for gripper
• chassing for robot
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Fig. 11. Tray in MARY, arm in relaxed pose

The tray measures 30cm times 40cm and is made from a 3mm thick aluminum sheet 
(Fig. ll). The purpose of the tray is to enable the transportation of multiple objects and 
the handling of objects that are too big for the gripper. It provides “closed” and fixed part 
to otherwise dynamic environment of the robot. Wire edges of the bumper switches can 
be seen just underneath the tray and they are connected to driver board. Functionality 
of these is explained in more detail in Manipulation Strategy chapter.

The schematic drawing of a simple driver board interfacing to the parallel port of 
computer 3 is presented in the Appendix A. The board has two relays driven to opposite 
states with one output signal from the parallel port. 5 volt and 2.5 mA output signal 
from parallel port is amplified by operational amplifiers. Relays control approximately + 
or — 12 V fed directly from batteries to open and close the gripper. The board also 
amplifies signal from an optical sensor and feeds it to the parallel port among signals 
from the bumper switches.
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The hand-eye camera (Fig. 12) is connected to USB port of the computer 2. The image is 
captured and saved from native Windows video stream. The color image is processed 
until binarized in computer’s CPU (central processing unit). The binarized image is 
processed in the image processing board. This is because image processing board can 
handle only grayscale images. Used image size is 320 times 240 pixels.

The optical sensor is based on an optocouple formed by an IR (infrared) LED (Light 
Emitting Diode) and a photo transistor. This is also included to the appendix A. When 
the IR light produces charge transmitters in the phototransistor’s base, opens a channel 
to draw the output voltage level to logical low. Without the IR light, when the object is 
blocking, the voltage level is kept on logical high. The signal is amplified for the parallel 
port input.

The touch sensor is formed from elastic resistive foam that keeps the switch electrodes 
separated. When the foam is touched it compresses and the electrodes contact. With this 
structure we can benefit from gentle elastic characteristics of foam contact while 
sensing the contact. Foam structure is also very durable against excessive touch forces.

Hand-eye camera

Force moment sensor 

Optical sensor 

Touch sensor

Fig. 12. Gripper with sensors and hand-eye camera
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To increase safety and acceptance of the robot an elastic chasing for the robot body was 
formed. Difference of the looks can be seen comparing Figures 4 and 5.

3.2.3.3 Software

The work with this system has been mainly in the software level and it is explained 
more in the following chapters. The work, not fitting under the following chapters, is 
explained here. And brief explanation of conducted work to point out what was done and 
what was existing already.

In the computer 1 the most significant change was implementation of a 
speech-recognition and a speech-synthesis. Instructions to the user were also a new 
feature and it was implemented using the speech-synthesis. Appearance of graphical 
user interface was changed and the implementations of some functionalities were 
changed as explained in the user interface chapter. A one small addition was a 
configuration window where, for example, IP-number of computer 2 could be defined.

The computer 2 is handling all image processing. All color image processing was 
programmed for this work since color camera was utilized here. This means that the 
functions to fit the manipulator around the object and measurement of the free space on 
the tray from hand-eye camera image were done here. The object size measurement was 
programmed here in more reliable and accurate way. The computer 2 handles also 
control of the high level commands and logics for the functionalities. Logics for the 
intelligent manipulation strategy were programmed here.

For the computer 3 several small functions were done. From which functions to control 
the arm joints with an additional angle, like “move joint-3 10 degrees more”, or to 
control the parallel port were the most used in this work.
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4 Manipulation strategy

4.1 Background

The ability and the performance of the robot are often compared to a human or some 
other animal. Also design of the robots is often inspired by the insects, the humans or 
the nature in some other ways [59, 60, 23]. This is justified since in the evolution lies 
the experience of thousands of generations and it has formed a solution to many robotic 
problems and the manipulation is one of them. When speaking about the home robots, 
these nature inspired manipulation methods would also be more feasible or natural for 
the user. In the attempts to imitate the nature a one important thing is still often 
skipped with slight interest. It is difference between a muscle or the ligaments and a 
motor or the shafts. The movements and the mechanical solutions in the nature are 
based on the muscle that actuates linearly for a limited length. On the other hand the 
motor produces a torque instead of a linear force and does that for an unlimited number 
of rotations. The motor structure is mechanically hard and static and the muscle is soft 
and gives flexibility. Of course there are solutions to form the linear motion from the 
motor or have clutches, breaks, springs and dampers, but all of these are included in the 
structure of muscle. The characteristics of muscle motion could be imitated [60, 61] but 
the weight and the size are far from the muscle. Other solution is a liquid or a gas piston, 
which has the same limited linear motion than the muscle and some other 
characteristics of the muscle. The control and the energy source are more complex to 
provide with the pistons than with the motors and especially the electric motors. 
Another great difference from a view point of control is that the motors are easy to equip 
with an accurate position sensor and the humans can’t sense the position of the joints 
directly. This difference does not mean that the muscle is a superior effecter but it has 
the characteristics different from the today’s effectors. The development of the evolution 
is based on the characteristics of the muscle and the nerve system. This should be 
considered more carefully in the comparisons.

What is superior with the humans compared to the today’s technology is the handling 
and the gathering of information from the physical environment. The humans can 
navigate and localize themselves. We can filter and store only the relevant information 
from the flood coming to our retina and eardrums every second. I think that the most 
significant ability is to recognize the objects and the surrounding environment in a 
3-dimensional (3D) space from the multiple glues with an amazing speed. For the 
manipulation not only recognition of the object is important, but the information how

34



different kind of objects should be manipulated is even more important. Lifting a knife 
from the handle, lifting the classes so that the lenses won’t get scratched or lifting a 
class of water without spill are learned skills. We learn new skills and improve the old 
skills all the time. Not mentioning the creativity to grip the prior unknown objects or 
the know objects in a new way from a right point and with a right grip by adapting the 
prehensile postures or the grasp taxonomies [23]. The ability of the human to 
approximate and reason the information about the object’s characteristics, like weight, 
friction, elasticity, temperature, stiffness or mechanical strength, just by looking at it 
in its environment is marvelous. Try to approximate with the computer how, for 
example, a pencil or a chalk bends and breaks when bent just by glancing it. The exact 
model, how humans do this, is still undiscovered. Thus only the external effects of the 
human thinking and control could be imitated in the robotics, like force control [62, 63, 
64, 59] or grasping point selection [23, 65].

Most of the research in the object manipulation, especially in the service robotics, is 
concentrated on grasping the object from an optimal place, direction and force. 
Unfortunately the objects are not floating in the air allowing us to approach those from 
different directions. The home environment is designed mainly for the manipulation 
from a case specific direction, like the kitchen table or the countertop from top, and the 
shelves from side and the work desk, where you sit next to the desk, from slanted. Using 
this information the motion planning and the grasp planning can be simplified. The 
concentration only on the grasping is also limiting the possible solutions. For a human, 
wrapping fingers around the object is only one way to manipulate. If the object is too big 
for grasping, it is slid or rolled or just both hands are used providing a gripper opening 
of almost two meters for an average adult. Or imagine using gravity like in handling of 
a big plate or furniture by supporting it from under. If the object is still too big, too small 
or too many, a human can use simple tools like a rope, a tweezers or a tray. The 
possibilities of the environment can also be used, like when cleaning the table and 
wiping crumbs over the edge of the table to the open palm. This flexibility in the object 
handling is not just because the mechanics of the human hand, robotically still 
unmatched [66], but because the even more unmatched creativity of the human mind 
and the humans’ effective usage of the learned skills.

4.2 Adaptive strategy

4.2.1 Approach to object

The research problem was to fetch the objects in the home environment. The idea in this
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system is that the user manipulates the objects by him or her self using the robot. So 
the user specifies the wanted object by the changing needs. Otherwise the system would 
be programmed to, for example, bring a breakfast coffee and a morning paper in the 
specific time and place every day without actual commands. MARY can be remotely 
navigated to the proximity of the object as defined in [54]. In the proximity of the object, 
object is selected, picked and transported back to the user.

The first problem in the object manipulation is to identify and localize the object. Over 
the years many ways to autonomously detect the object has been presented. The robot 
can have model from the environment with the locations of objects, but updating that 
model could be tricky in the normal home environment. Some dispensers or stacks could 
be used to have fixed position for the fetched objects, like the name card holder in 
Care-o-bot [46]. Barcodes or other visual tags are also used, but this requires marking 
and or placement of every object so that the tags could be read with a laser scanner or a 
camera. Maybe the most promising technology would be the RFID (Radio Frequency 
IDentification) tags [67] that are planned to be placed from the pavement to a sausage 
package. These tags could have a great amount of data about the objects in a machine 
readable form, readable from a distance. Unfortunately the antennas for reading the 
tags can’t yet provide an accurate enough position information for the manipulation. 
Other popular options are the 3D scanning with the stereo camera or the laser range 
finder and the object recognition from a camera image. The combination of these two is 
used in Care'O'bot [27], but the system tries to find a taught object automatically from 
predefined locations. The object recognition, when in the range of sensor, is hard to the 
today’s autonomous systems leave alone searching for the object around the house. We 
wish to select an arbitrary object in arbitrary locations and it seems that the human 
selecting the object from the camera image is the most effective in this task. The camera 
image is already in a human readable form and easy to comprehend by the elderly user 
and that is why the human selection is used in this system. This also guarantees that 
the user gets exactly what he wants and not, for example, a light soda bottle instead of a 
regular. The object selection is explained more carefully in the user interface chapter 
next.

In this research assumptions are used, like the humans do, to simplify the manipulation 
strategy. First the object selection is done from the camera image, which can guarantee 
in some level that the space between the object and the camera is free. Placing the 
manipulator close and lined with the camera and approaching the object location, table 
or shelf, from the designed direction, like descript before, we can assume an obstacle 
free path for the manipulator. This makes the defining of the path very fast compared to 
the case where you measure whole environment. After measuring whole environment it
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is needed to find the obstacles with the obstacle free path and possibly a right approach 
direction for the manipulator [41, 68, 69] which is a slow and an error prone process. Of 
course this proposed method is based only on an assumption and the touch", force 
sensors and the fed current to motors are used to detect collisions. Anyhow even with 
the different manipulation strategy the same collision detections are used since no 
sensor is 100% reliable and the home environment is dynamic. With the current 
hardware of MARY even better safety could achieved with the image processing. With a 
known position and a shape of manipulator in the image, the manipulator could be 
cancelled out. The rest of the picture could be examined with motion detection 
algorithm. This would be a computationally heavy task and just a supplementary force, 
touch or human motion (IR) sensors could be used. Naturally to be safe to use in the 
home with the elderly user, this robot should have better ways to detect the collisions. 
But as stated before, this is just a prototype for testing. A parallel gripper is used 
because of many reasons. First it was already installed to the robot. Second, the 
complex gripper or hand would increase the complexity and the error probability of the 
system. Third, this kind of hand configuration is durable and cheap and so a very likely 
selection for the first commercial or clinical test versions. Fourth, selection of the object 
size is easy to rule and thus usable in this experiment. And finally the effectiveness 
depends more from the skill to use capabilities than from the number of possible 
capabilities, like the simple forklifts can show [70].

4.2.2 Strategies for manipulation

To find the different kind of manipulation strategies the adaptability of a human was 
used so that the human operator was trying to manipulate the object with used gripper 
(Fig. 13). Three manipulation strategies were selected: Gripping from side in upright 
position from shelves. Gripping from top around of approximated the thinnest part of 
object on table. Approaching object from top and sliding object with pushing it from the 
side on table.

37



Fig. 13. Manipulation strategies, grasping side ways from the shelve on left, 
pushing large object on middle, grasping upwards from table on right

To select which manipulation strategy to use a fuzzy logic could be used. Variables are 
position of the robot relative to the desk or shelve and the height of the object position 
compared to standard desk height (50cm). If we can’t be sure enough the user is 
prompted.

Before trying to get anything the robot checks how much space there is available on the 
tray. This is done by the image processing, color extraction explained shortly, using a 
known color of the tray (Fig. 14).

Fig. 14. Free space measurement on tray, original picture on left, color 
extracted in middle, filtered, cropped and measured on right

The tray is filled starting from left and in the software presentation of the tray the 
object occupies area for whole width of the tray. This is not the optimal use of the tray,
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but makes the modeling simpler with an arbitrary object shapes.

4.2.2.1 Object on shelf

After the object selection its position is measured with the stereo camera using a 
window matching (Fig. 15) and the trigonometry. The manipulation strategy is then 
selected based on the measurement. In the window matching a specified small window 
(image from the right camera), smaller than the target image (image from the left 
camera), is compared in different places of the target image. The place with the greatest 
correlation is selected as a matching window.

Fig. 15. Result of window matching based on correlation, original image from 
right camera on top and selected search window in right lower picture 
and search result from left camera picture in left lower picture

In the case of sideways manipulation for shelves the object’s size is approximated and 
checked if the gripper fits around the object in horizontal axis. The gripper is moved and 
opened next to the object and the object is approached directly from the side. The 
gripper is moved until it is in position of the object or the wrist force sensor detects the
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contact. The gripper is closed and the object can be moved. This strategy is explained in 
more detail in [54].

4.2.2.2 Object on table

In the case of object on the table, the robot and the tray are moved next to the table. It is 
assumed that a navigation system can take the robot roughly to the proximity of the 
table and the bumper switches are used to bring the tray next to the table edge. The 
tray is already fixed to the same level with the table. If the home environment contains 
many table heights, the tray could be adjustable.

The manipulator arm with the hand-eye camera is moved over the object. Then a new 
picture is taken from a top view and the object is extracted. An assumption that the 
color and the texture of the tabletop are more or less uniformal is used for the object 
extraction. The object is assumed to be around the center of image and the background 
in the corners of image. The background color is sampled from the corners of the image 
and averaged component wise! red, green and blue (RGB). The averaging is done with a 
spherical volume around the average color in an RGB-space. The thresholding is done 
then to binarize and extract the object as seen in the first two picture pairs in the Figure 
16. This was done in the computer 2’s main CPU. Using another color representation 
like the HSI [71] or the CIE L*a*b* can the extraction quality be increased. The system 
provides the image in the RGB format and changing that is computationally costly, 
especially when the results with the RGB are good enough. The binarized image is 
filtered with the erosion and the dilation processes using the image processing board. 
The results can be seen from the second and the third image pair in the Figure 16. The 
filtered image is then checked if there are multiple objects and in such a case user is 
asked to define the object from a top view.

There are many ways to extract the object from the image, like snakes after edge 
detection [72], histogram filtering, edge detection and filtering [73], 3D extraction from 
multiple images or background cancellation from an environment model and a known 
position, but selected method seemed to be computationally fastest and robust enough 
for use (Fig 16).

While this image processing is running on the computer 2, the computer 3 is moving the 
arm 10cm higher. After object extraction the object dimension are measured in two 
directions crossing the center of gravity (COG) as seen in the last image pair of Figure 
16.
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Fig. 16. Measurement of object dimension from different distances and gripper 
fitting, first color extraction, then erosion/dilation processing and 
measurements Pictures on right side are taken 10cm higher than 
pictures on left.
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This was done to have an extra measurement from the position of the object. A 
triangulation was used as proposed in [72] to define the distance of object from two 
images. The images were taken from two different places with a know declination 
(10cm) along the optical axsis (Fig. 17).

Fig. 17. Triangulation of object’s distance or height of camera from object

Here f is focal length of the camera, h is distance to from camera to the object, d is the 
displacement between images, 10 cm in this case, x and x’ size of the object image and X 
the size of object it self. This distance h is calculated as

x_
h "/

X _ x 

h — d~f

(la)

(lb)

h = (lc)

We know that x and x’ are the same object we can get h even without knowing f or X. 
The distance h is needed especially to scale the pixels to meters and to know, for 
example, the width of gripper in pixels.

The main direction for measurement is in a principle axis of inertia and the other
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direction is perpendicular to this axis. The axis is found using function library of image 
processing board. The usage of these directions can be seen from Figures 16 and 18. In 
the Figure 16 we get two independent sets of x and x’ for equation (l).

Now with known distance to object, gripper is fitted around object’s center of gravity to 
find if gripper fits and what would be central point for gripping (Fig. 18).

Fig. 18. Gripper fitting around measured object from COG

The measurements are done with the Bresenham line algorithm developed in 1962 in 
the IBM laboratory. The basic algorithm applies only from 0 to 45 degrees, so use of the 
algorithm is divided to eight sectors.

int loop = o;
int x, yi
int dx, dy;
int incx, incy,"
int balance."

if (x2 >= *xl) //right half plane, octants 1,2,7 and 8
{

dx = x2 - *xl," 
incx = i;

}
else //left half plane, octants 3,4,5 and 6
{

dx = *xl - x2i 
incx = -l;

}
if (y2 >= *yl) //upper half plane (lower in image co-ordinates), octants 1,2,3 and 4
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dy = y2 - *yl; 
incy -1;

else //lower half plane, octants 5,6,7 and 8

dy = *yl - y2; 
incy = -i;

}

x = *xi; 
y = *yi;

if (dx >= dy) //octants 1,4,5 and 8
{

dy «= i; 
balance = dy - dx; 
dx «= i;

while (x != x2)
{

loop ++; 
if (loop > 5000)
{

MessageBoxC NULL, "Algorithm 
bitmapOpe.cpp/LineSearchO.",
MB_OK IMBJCONWARNING );
CloselmgO;
return - i;

}
//check pixel value 
ReadPixeKx, y, &pix); 
if (pix = colour) break; //point found 
else 
{

pix = (char)255;
WritePixel(x,y, colour);//mark checked pixel

if (balance >= 0)
{

у += incy; 
balance ■= dx;

}

balance += dy; 
x += incx;

}
*xl = X,"

*yi = y;
}
else //octants 2,3,6 and 7
{

dx «= i; 
balance = dx - dy," 
dy «= i;

while (у != y2)
{

loop ++; 
if (loop > 5000)
{

error in 
"Error!",
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}

MessageBoxC NULL, "Algorithm error in 
bitmapOpe.cpp/LineSearchO.", "Error!", 
MB_OK IMBJCONWARNING ); 
CloselmgO; 
return -l;

}

//check pixel value 
ReadPixeKx, y, &pix)," 
if (pix == colour) break; //point found 
else 
{

pix = (char)255,"
WritePixel(x,y, colour),'//mark checked pixel

if (balance >= 0)
{

X += incx,' 
balance -= dyi

}
balance += dx,' 
y += incy;

}
*xi = x;
*yi=y>'

The object is searched from the image along descript axis starting from the edge of 
image going towards COG of the object (Fig. 19).

COG

object
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Fig. 19. Measurement process in image 

Now x for equation (l) is found easily from

x = ^(xa ~хвУ + (Уа ~УвУ • (2)

The line search is also used in the gripper fitting (Fig. 18) with set of lines where the 
lines are as long as the gripper is wide. If the gripper fits, the object is gripped and 
moved to the free space on the tray. In s case of too big object it is checked that if the 
object fits even on the tray. If the object still fits on the tray, it is slid with a movement 
vector crossing COG towards the edge of the free space on tray. On the edge of the tray 
direction is changed directly to the tray.

As mentioned before, picking the objects up from a floor level is desired task, but 
impossible with current arm configuration. Still this manipulation strategy for table 
applies almost directly to the floor level picking up task.

4.2.2.3 Object delivery

Delivery of the object is important and often a belittled part of the object manipulation 
in the research topics of the service robotics. Often the object is handed to the user with 
the gripper after a successful grip. In this case, there is always a safety risk caused by 
the moving arm. Another safety risk is an extracted arm that can dilate the robot 
dimensions and thus affect to navigation. When turning on the spot, the endeffecter far 
from the turning axis, it can have fast unexpected movements from the user’s point of 
view. This is one reason why the tray is proposed in this work as a delivery tool. Another 
issue is a so called relaxed pose where robot arm is in special position. In the relaxed 
pose the arm is hanging so that it looks like relaxed, at least as much as the robot hand 
can look relaxed (Fig. 20) .

Fig. 20. Object delivery with arm and tray, relaxed pose on the left
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This makes the robot friendlier and decreases mentioned safety risks. It could be even 
more feasible if the arm could be folded inside the robot. All the robot movements are 
following a bell shaped speed curve to make the movement of the robot arm, not only 
soft for the mechanics, but feasible for the human to see as proposed in [60].
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5 User interface (UI)

5.1 Varying user skills, needs and control 

methods
The role of the UI in the home robot could not be highlighted too much especially with 
the elderly users. It defines how much, how efficiently and how pleasantly the robot is 
used. The role of the UI is to transfer the user’s control commands to an understandable 
form for the robot and to provide information from the robot in a human understandable 
form. The home robot UI is a tool for controlling the functions of the robot and an 
intelligent environment, for communication with another people and for communication 
with the robot. Communicating with the robot can have entertaining effects as well as 
therapeutic effects [74, 75, 38, 76]. A well designed UI can adapt to the user making the 
usage more efficient and pleasant [77, 53]. This could help in a general UI paradox: 
Usually an effective UI is a hard to learn in beginning and an easy-to-use UI tends to be 
ineffective in extensive use. The UI should not adapt only to the skill level of the user, 
but it should also adapt to the user’s needs and intentions. Different cathegories of 
home robot users with various needs and skills are listed in Table 2.
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Table 2. User characteristics from home robots’ point of view

User group Characteristics

Standard Used to use home electronics and open to new technology, can fully
“normal” user use own body and most of user interfaces are designed for these,

overall users with all control levels, Example: Average citizen

Standard elderly Used to use home electronics and afraid of new technology, can use
user all body functions but with reduced effect, usual problems with

seeing and hearing, psychological barriers not admitting to be old,
usual in-situ users

Standard Used to use home electronics and open to new technology, some
“disabled” user body function is not working and used to compensate that with

technology, usual nvsitu users

Standard “care Used to use home and hospital electronics but not more advanced
person” user technology, knowledge of patients’ or customers’ problems and

solutions for those, usual remote user of home robot with full access
to robots functionality.

Standard “friends Used to use home electronics and open to new technology, willing to
and relatives” help patients or customers but don’t have all knowledge how to,

user usual remote user of home robot with limited access to robots
functionality.
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The user groups in Table 2 are exemplary. They show that there are needs for different 
UI designs for different users. Another noteworthy aspect at the home robot UI is its 
four level control hierarchy:

• Tool kind of control

> UI is physical part of robot. Controlling is done there where the robot is.

> Hardware connections without communication delay

> Example: Manus arm [41]

• Local remote control

>• UI separated from robot

> Wireless communication directly to robot or trough a small network without 
significant communication delay

> Example: Care-OBot [27], MARY

• Long distance remote control

> UI usually integrated to existing hardware with other main functionality, 
example a mobile phone.

> Communication channel combines different technologies. Significant and 
variable communication delays possible.

> Higher level of commands and some automated functions needed

> Example: Vacuum cleaner controlled via internet or via mobile phone [78]

• Autonomous robots

> UI is not essential part of robot

У Predefined automated functions and independent decision making

> No commands or commands on very general level, execute specific actions or 
behaviors as reaction to some event -> teaching and commanding instead of 
programming and controlling or “driving”

> Example: Robotic entertainment robot Aibo [3], smart elevator door

This work concentrates on home robot with “standard elderly” users and with “local
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remote control” UI. The UI is designed for a single elderly user of MARY. With “local 
remote control” elderly users could use the robot whenever there is a need. The “tool 
kind of control” would be mentally burdensome for the elderly user. The long distance 
remote control could be implemented easily on top of the working “local remote control” 
scheme. The fully autonomous robot for this task is still unreachable with the current 
technology and knowledge.

5.2 Implementation of UI for local remote 

control

5.2.1 Implementation options

The UI for the home robot is often realized with the well defined and widely know 
standard computer input and output devices like a keyboard, a mouse, a display and a 
speaker including a software support from the operating system [79]. Easy-to-use 
interface is often considered to be a GUI (Graphical User Interface) over console type 
text input interface (Fig. 21).
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Fig. 21. Examples of GUIs for robot [80, 81], notice amount of information and 
way of presentation
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From the Figure 21 we can see that GUI does not necessarily mean the easy-to-use UI 
especially for elderly user. Much data is presented in numeric form without a crisp 
feedback or cues what the data they prefers to. The GUIs in Figure 21 utilize tabs, 
menus, windows, buttons and other familiar GUI elements for the computer users.

Unfortunately the computer is still so new device that the senior citizens are generally 
unfamiliar with them and the ailments brought with age, like shaking hands, decreased 
vision and perceiving problems, makes the use more difficult. This is why also a 
different kind of input interfaces has been presented.

• Hand gestures

• Voice inputs

• Touch screen input

• Eye gaze tracking

• Face and facial expression tracking

Hand gestures [82, 71, 83], voice inputs [84, 85, 86, 87, 53] and touch input [28, 85, 46] 
are the most popular Voice and touch are also used in MARY. The eye gaze and the face 
tracking are researched as input methods, but not yet implemented so much for real 
robots [88, 89, 90, 91, 92]. Worth of mention is that, the eye gaze tracking requires often 
specific devices mounted on the user making it awkward to use.

There are many other input methods, mainly designed for seriously handicapped. These 
require a special hardware and user training and thus are somewhat impractical for the 
“general use” home robot. Already commercial solutions of these methods are discussed 
shortly in [93].

For the output the computer displays and speakers are the most used. An audio output 
from the speakers can be a speech and beeps or other sound effects. The display can 
provide information from a text and pictures to an animated face [94] or a 
visualization of the sensor readings instead of the plain numbers. The robot can show 
gestures using its actuators like by following the user with a gaze of camera or just by 
spinning around from happiness. There are even robots providing a facial or other 
impression with actuators designed only for that [95, 96]. The touch output is an 
effective but a risky approach. It is realized only with harmlessly small robots and 
indirectly with force feedback control in the tele-robotic installations and the robotic 
walking helpers.

My work to develop the UI for MARY is based on previous easy-to-use [54] GUI (Fig.
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22).

Fig. 22. Previous GUI of MARY

The goal of this development was to reduce the abstraction level of system to the user, to 
avoid a visual overload to the user, to make the usage more intuitive and natural. For 
this the speech input and output was implemented in order to make the usage easier 
with multimodality and increase the “personality” of the robot. Some kind of personality 
makes the robot more acceptable. Also some changes, to meet mentioned goals, in the 
appearance of robot and in its functionality, as described in previous chapters, were 
made.

5.2.2 Audio

Because still unsure and delayed speech-recognition the high level commands and the 
step-wise low level commands are used instead of the real time low level commands. For 
example, when driving the robot into an elevator with the real time low level command 
“move forward” and “stop” it would be difficult to reliably stop before the back-wall of 
the elevator. The emphasis of speech input is not to control the robot only with the 
speech but enhance the UI with the multimodality. This is because of the limitations of
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the today’s speech-recognition. Complete and natural speech-control would need a 
natural language interpreter and it would be just impractical. It is much easier to point 
the object from picture with a finger than describe: “Left, more left, there, no up, back, 
right...”

The speech-recognition is activated using the touch input or calling the robot. The 
activation is indicated with a button that also can be used to control the activation (Fig. 
23).

WAIT
Fig. 23. Indicative button for speech-recognition, inactive and active

To make the usage more intuitive, spoken instructions are given after activation and a 
delay without the control actions. The activation and other actions are indicated also 
with speech. If the speaking robot is too noisy, the speech can be cut down with a voice 
command or an indicative button (Fig. 24)

(i
SPEAK

v

QUIET
Fig. 24. Indicative button for speecsynthesis, inactive and active
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The problem in voice commands is the command word selection. There are many ways 
to express same task: ”Have a seat.”, ”Sit down, please.” or “Please” and point out empty 
chair. And using just a one word can be tricky because of the synonyms. This is why 
“correct” words are used in instructions and visual cue text under buttons. Also some 
synonyms are accepted, but the increasing number of recognized words will decrease 
the reliability of the recognition. This is why, for example, in the action confirmation the 
recognition decision is made only between “yes” and “no” to make it reliable.

The speech system is realized with Microsoft Speech SDK 5.1 (Software Development 
Kit) which is free to download from Microsoft’s web page with its documentation [97]. 
This was selected among other commercial and open source solutions Via Voice and 
Open Mind Speech [98, 99] because UI was realized in Microsoft Windows environment 
and so the native system would more likely work seamlessly. Also SDK 5.1, when 
selected, was a quite resent release so it has most likely the latest results from the 
speech-recognition research. Technically system integrates to UI application with COM 
interface (Component Object Model). The system doesn’t need teaching from the user 
although if done, it can improve recognition result. The recognition is based on the 
recognition of phrases and syllable kind of sounds. So recognition engine does not try to 
compare heard words but syllables and it is using words and phrases to decide heard 
syllables from candidates using hidden Markov models. This context relation in 
recognition leads to the reasonable better results than with the older methods. The 
natural changes in speech, tone, speed, pitch, intonation and etc., does not have such a 
great effect and the system is partly user independent. Drawback is that the provided 
recognition engine is somewhat closed system including only English, Chinese and 
Japanese. Modifications are hard to make, even though the system has plenty of 
functions for trimming and even a third party recognition engine could be implemented. 
Without modification the other languages are hard to realize, but a successful testing 
using words from the unsupported language including only the same syllables as some 
of the supported languages was done. Still this workaround limits some of the intuitive 
and natural words from use and the closed system prevents from finding the more 
effective workarounds.

Another disadvantage with this speech-recognition system, and with all the others, is 
that usually the elderly people do not articulate clearly, can have some physiological 
problems in a sound generation and even use the “old” words or dialects that are not 
understood while having difficulties in using the “new” words for the control. In this 
sense it could be reasonable to use the speech-recognition system with taught words and 
voices, but I think that the benefits of the used system with the independency of the 
natural changes in the speech are grater than its drawbacks and I believe that the
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recognition engines in near future or already existing engines can overcome these 
drawbacks, for example with a more suitable syllable library. In limitations of the scope 
of this work I did not do a wider search for other engines and their implementations to 
the system.

The speech-synthesis or TTS (Text-To-Speech) feature is included in SDK 5.1. It 
contains three different speech “personalities” two male voices and a one female voice 
named conveniently “Mary” which was also used in this work. A speed of the speech can 
be adjusted and the speech has some intonation. Even tough the speech is well 
understandable; it is easily recognized to a synthesized speech. In this case that is 
almost a feasible feature since it indicates that the speech is created by a machine and 
not by a real person. Otherwise it could be confusing for the elderly people.

The reliable speech-recognition requires also a good sound quahty and this requires a 
good microphone and a silent environment. In the most cases, including this, 
microphone is close to the user’s mouth in order to have a better signal to noise ratio. 
The speech-recognition is used simultaneously with the synthesis, so to avoid the 
disturbances headphones are used.

5.2.3 Video

The developed GUI works for manipulation and driving of MARY (Fig. 25).
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Fig. 25. Developed GUI, speech-synthesis active and speech-recognition 
inactive

Separate view for the navigation was basically left as it was since the navigation itself 
needs more development (Fig. 26).
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Fig. 26. Navigation GUI of MARY, from the upper image desired place can be
defined and from the lower image desired path can be defined

The task selection was changed from scrollable window to a tree like logical structure 
based on the buttons (Fig. 27). This way the user makes the selection from fewer options 
and thus the presented information and the risk for the information overload can be 
reduced.
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Fig. 27. Flow chart of scrollable selection on the left and tree like hierarchy on 
the right

The text cues for buttons were enhanced with icons and the left-right camera selection 
button and the centralizing button were removed because of their small benefit to the 
overall system functionality. As mentioned, the keywords for speech-recognition were 
presented. The background and color theme was made more peaceful. For the 
manipulation task the coordinates of the object was removed as confusing information 
for the elderly users. For the manipulation only one button was used, due to changed 
manipulation strategy. All these changes were motivated by the goals mentioned earlier. 
Many times the same command can be given with touch and voice. This kind of 
alternative solutions makes the UI more usable.

The usage of the UI is based on the user’s inputs with touch and voice. The user can 
select the object, from the video window providing a real time image from MARY, by 
drawing a rectangle around the object with touch. After the selection the system tries to 
find the object. If the image processing is successful, it is visually indicated with the 
button and the user can attempt to get the object on tray with the voice or the touch 
command. The manipulation processing after that is described in the previous chapter.
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The successfulness of manipulation is then prompted to the user while the 
follow the whole process from the video stream.

user can
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6 Experiment
In the experiment new manipulation strategies were tested. This means manipulating 
objects on the table. First the image processing and the manipulation strategy selection 
and then the motion and the functionality of robot were evaluated. Figure 28 shows 
used experiment setup.

Fig. 28. Experiment setup, evaluation of manipulation strategy

Unfortunately the localization of robot is not developed enough, so system testing could 
not be done completely. Simulated values were used for the position of robot relative to 
the furniture. The used color extraction method was tested with two different kinds of 
backgrounds, green paper and newspaper, and 4 different objects:

• Fork

• Plain CD'case

• Medicine bottle

• Varicolored bowl
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In the main test the different objects are placed on the table using a fixed point. The 
point is fed as a simulated user input to the system. The measurements were done after 
each attempt from the saved images from different phases of the process and from 
variables shown to user during the test process. The testing took two days with 40 
attempts. A set of images in a successful attempt are presented in the Figure 16.

Due to the mentioned limitations of speech-recognition, UI was realized and tested only 
in English. The system was tied to the laboratory in Sendai, Japan, so elderly natural 
English speakers were difficult to find. Instead of the elderly people three young adult 
English speakers were used to evaluate speech-recognition and other functions in UI by 
observing UI usage. A virtual environment was programmed to simulate MARY in the 
UI computer. The UI could be tested with elderly people in the natural home 
environment. But it was found that the virtual system did not describe the real world 
system well enough, especially without the real the robot and it was still difficult to find 
suitable subjects. Also it has been noticed in another research and by my personal 
experience that an analytical data gathered from the elderly people is not reliable.

The overall system functionality was proven by experiments where the users got three 
different objects with the three different manipulation strategies in the home kind of 
environment. The medicine bottle from shelve and the bowl of food and a banana from 
the table. Some of the experiment was recorded with video camera.

The object delivery was designed to do with arm in “relaxed” pose using tray instead of 
handing over with arm. No experiment was done to evaluate effect of this method and it 
is not even necessary since benefits are so clear.
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7 Results
7.1 Object extraction

The object is found and measured. An independency of extraction process from the 
background texture is good. This was recognized with the main test and also in 
functionality testing with various backgrounds. Errors in the color representation in the 
different illumination and with different cameras have a remarkable effect. The results 
of the main test for 10 measurements with each of the test objects (fork, medicine bottle, 
bowl and CD-case) using two backgrounds (green paper and news paper) are presented 
in Table 3.

Table 3. Results of main test for image processing

Object Found* Distance
correct (+/-

5cm)*

Gripper fitted
to correct

place*

Gripper fitting
correct*

Fork 8 4 6 5

Medicine bottle 9 1 9 8

Bowl 10 4 10 9

CD-case 10 5 10 10

*times from 10 tests

Found means that measured object was found from the background. Distance was 
measured as described in the manipulation strategy chapter. Measurement was done 
56cm from a table surface. The fitting place of the gripper was correct when it was done 
from a right direction to proximity of a real COG of the object. The gripper was fitting 
correctly when result of fitting was realistic and not, for example, mixed because of 
noise in image after filtering.

From the table we can see that the stainless steel fork camouflaged well into the 
newspaper. The profile of the medicine bottle from top-view was quite small, and this is 
seen especially in the bad results of the distance measurement. With smaller objects

64



there are fewer pixels presenting them and the misalignment of just a few pixels makes 
a remarkable difference. Generally it can be said that with this object extraction method 
the proposed distance measurement is not reliable enough to use. The edge of the 
extracted object is too vague for this kind of measurement. There is also a minimum 
dimension for the object and it is ca one centimeter from used distance. Too small 
objects would be discarded as a noise.

7.2 Manipulation

Adapting the manipulation strategy based on the information about the object is proven 
to be a working concept. It makes the UI simpler and use of the endeffecter efficient for 
the elderly or another non-specialist operator. Some problems were found with the 
contact to the table surface when pushing the object. Sometimes a tablecloth was pulled 
by the arm while pushing the object. The solution was to lift the arm up a bit after 
contact to the surface, but then very low profile objects like magazines, papers and disks, 
could not be manipulated. On the other hand it could be assumed that the elderly people, 
needing this much care, does not have the tablecloths to make the cleaning easier.

The only problem in the usage of the tray was that the full tray with dark or light 
objects was affecting to the automatic brightness control of the camera and thus to the 
sensed background color. Still a serious error, that the full tray would have been 
recognized as an empty one, never occurred during the circa 300 measurement tests or 
experiments. The strategy of the objects’ order on the tray was working well. The 
drawback was that the usage of the tray area is not optimal, but optimal filling of the 
tray would be very sensitive for small misalignments.

7.3 UI

In the preliminary testing of the UI it was clear that the written cues for the control 
words are needed. The UI is found better than the previous and other robot GUIs in 
means of intuitiveness and easiness of use. The usage was very easy, but a bit 
frustrating in long run because low operation speed of robot. In order to get the usage 
more pleasant the robot operation should be faster so, that the operator doesn’t have to 
wait so much between the commands. Other solutions would be to increase or to 
decrease the autonomy of the robot. Increasing to a fully autonomous or to 
single-command-per-task level would be desirable.

For speech-recognition and -synthesis performance was satisfactory, but headphones 
with microphones were a bit cumbersome to use. The speech from loudspeakers, on the
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other hand, disturbs the recognition and the microphone needs to be placed anyway 
close to the mouth to get a good signal to noise ratio.

7.4 Overall system performance

The system stability on the software level was weak. The stability together with the 
program complexity made the robot unreliable. On the hardware level there were no 
significant problems. From the known defects, maybe lag of automatic batteries’ voltage 
level supervision was the most bothersome. Otherwise system was working as expected 
and described if exceptions in software did not occur. The system clearly showed that 
the improvements made to the system increased usability of the robot for elderly users.
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8 Conclusions and future work

In this thesis current state in the home and service robotics was studied. Based on 
study some new functionalities for the home robots were designed, implemented and 
briefly tested in the home robot prototype MARY. The research with the home robot 
raised same problems that other research projects have found with similar tasks: The 
control software has to be divided to different processors, usually with real time 
operating system and with other operating system for user interface. Also development 
of the moderately wide software, with functions having very various requirements, has 
to be well managed. The home robot should be a part of the home environment and be 
remotely usable. The manipulation of arbitrary objects is difficult because of the 
limitations of the mechanical structures, the control strategies and the sensory 
technology to recognize the object.

This work differs from the other research in this field in the manipulation strategy 
selection, in the usage of tray and in user interface. In the manipulation strategy, 
knowledge of the home environment was used and arbitrary objects were manipulated. 
The tray was used as part of the manipulation process to reduce the hardware 
complexity and to deliver multiple objects safely. The robot was actually controlled with 
user interface designed for an elderly user and functionality of the robot was designed to 
make the user interface easier.

An answer to the research question is that with a current technology the objects on open 
surfaces in the home environment can be manipulated by elderly user using a robot, but 
not reliably and safely enough for the independent real use. Objects too close to each 
other, without a clearance for the gripper, or piled up will create problems for the 
autonomous manipulation. Also the home robot would still be a far more expensive than 
a personal nurse. There were no other projects working with exactly same problem. The 
mobile manipulator robots like Care'O'Bot [46] or Hermes [53] were designed for 
similar use, but currently with a more limited manipulation and a more advanced 
navigation. In [67] task to clear objects from a kitchen table to a tray was conducted. 
Here prior information about the objects was programmed, the kitchen table was 
instrumented, a separate wall mounted camera was used, the robot was not mobile and 
the tray had fixed positions for the objects. Also in [100] prior knowledge about the 
object was used and the system could deliver only one kind of objects. Even tough the 
object was a trayi the robot could not place anything on the tray.
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Similar to our research problem and more advanced tasks are done with a manually 
controlled robotic Manus [41] arm, attached to wheelchair. Manus is designed to be 
operated by the disabled people, who can’t control their arms, but they can be 
psychologically more capable in the robot control than the elderly people. When 
comparing to MARY, Manus is tied to the wheelchair, next to the user, and to the local 
control interface.

In the future some more tasks should be programmed like cleaning of the table or the 
window and develop manipulation to open doors or drawers. This could increase 
possibilities to get the objects and to navigate. The fetching function could be developed 
further to get the objects from the floor. For MARY the navigation should be developed 
to more autonomous. There are heaps of other things to develop in the home robots and 
many of the current solutions could be done better. But these mentioned tasks are a 
reasonable continuation for this system. In general development of the more 
sophisticated systems requires a more consistent research results with a more 
consistent software and hardware solutions. I see that one of the greatest problems is 
the difficulty to build on the previous work done on this field. Many companies have 
realized this too and try to sell their own robots and software development 
environments. These commercial solutions are usually too limited for the innovative 
usage of new technologies.

MARY is now a prototype and does not represent reasonable expenses for the home 
robot even just in a component level. Also the robot structure is clearly on a prototyping 
stage and several changes should be made to make it closer to the home robot: The robot 
arm can not reach to the floor, the mobile base can not move very well on uneven 
surfaces, the robot is too high to fit in from a regular door and would hit the lamps 
hanging from the ceiling, the software can’t recover from errors or exceptions and 
system is not aware about the battery voltage. These are just few, but maybe some of 
the most cost effective, problems to solve in order to improve the home robot. Fixing 
some of these changes is not a great effort by it self, but all together it is a great 
workload.

Although MARY is a prototype robot, some results of this research could be used in the 
real applications. Ideas in UI like object selection, appearance or usage of voice could be 
adopted. The manipulation strategies, the usage of tray and the object extraction by 
local color sample are also usable technologies. These are more or less independent from 
the used hardware or software and thus usable in the other home robots and naturally 
also for the general users instead of just the elderly. The principles of the strategies can 
be used also in outdoor environment. The experiences from used hardware setup can be
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used as a reference for other studies. Generally this work is nothing revolutional in the 
field of home robots, but hopefully a one small step further on one of the paths along the 
long roads to the realization of home robot in the everyday use.
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