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Abstract 
 

Memory based illnesses, such as dementia, is a growing subject amongst the aging 

population. In order to improve the health care of the senior citizens, the University of 

Oulu has taken radical steps in the research for new technologies in the field. 

 

University of Oulu research has developed a telepresence-based monitoring system for 

elderly persons called Old Birds. The research done in this thesis concentrates in the 

virtualization of the caregivers interface, using client-server communication, calendar 

handling and time-simulation in order to handle senior citizens events, in order to 

validate the timing and coordination aspects. To tie the time-simulation to the movement 

of the senior citizens, this research continues the Old Birds project, and movement 

trajectory editing was developed further by refining waypoint system to be continuous 

and randomized. The artifact is constructed mostly by using techniques in Unity game 

engine, PHP scripting and SQL coding accordingly. 

 

In order to validate the research, a template scenario was created, that included all the 

created features, added to the Old Birds environment. The template scenario consisted 

of a bus trip from Oulu to Muhos. The technologies introduced in the scenario were the 

waypoint system, time simulation, point of interest stop points including the UI 

elements, a scene with a map and the calendar system. The template scenario was used 

by Carita Partanen, who successfully created a validation scenario, as part of one of the 

three validation scenarios in her own thesis, Community-level Social Activation of 

Elderly People Supported by ICT. 
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Abbreviations and terminology 
 

ASTS - Teleassistance for Seniors with Dementia for Safety, a project collaboration. 

 

CAD (Computer-aided design) - mostly used in association with design programs for 

buildings, utilities and real world applications. 

 

Caregiver - an unpaid or paid person that helps a senior citizen with disabilities. 

 

cCalendar - helper tools to simulate time in Unity. 

 

Cross-platform Application - An application that can be run, or can be compiled to, 

multiple platforms, such as Linux, Windows, Web and Android. 

 

Deltatime - term used in 3D programming, used to pace the updates of frames within a 

time frame. 

 

DSR (Design Science Research) - a research method used in information systems 

research. 

 

Gameobject - an object residing in the Unity coordination system. 

 

GPS (Global Positioning System) - provides location and time information through 

GPS-satellites. 

 

Groupware - software which is used to help a group of people to achieve common goals. 

 

Mesh - collection of shapes to form a bigger, complex 3D shape, without any other 

properties, such as textures. 

 

Old Birds - simulation application for caregivers for observing and guiding senior 

citizens. 

 

OSS (Open Source Software) - A computer software, which source code is made 

available through a licence, which provides rights to anyone to study, change and 

distribute. 

 

Prefab - collection of gameobjects, scripts, meshes, textures, properties etc. to form a 

complex instantiable object. Prefabs don’t have to be located in the scene, and can be 

instantiated in multiple scenes. 

 

Script - code file that can be assigned to a gameobject, to enhance its functions 

 

UI (User Interface) - An interface for an user, for limited controls over an application 

 

Unity - a cross-platform game engine, mostly used in the creation of games for PC, 

consoles, mobile devices and websites. 

 

VCS (Version Control System) - used in code file management to store every desired 

change of a project to a remote location. 
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VoIP (Voice over Internet Protocol) - devices use this protocol in order to move sounds, 

or voice between said devices. 

 

ViCrowd - An application for controlling human crowds in a virtual environment 

 

Waypoint - a point in a movement system in the definition of a path to follow. 
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1. Introduction 
 

This thesis was a part of the Academy of Finland funded Teleassistance for Seniors with 

Dementia – A Novel Concept for Safety (ASTS) project, which includes multiple thesis 

and doctoral works, and also SeGaBu, Serious Games Platform for Business and 

Education (Salomaa et al., 2015). 

1.1. Motivation 

 

Dementia is commonly seen as a disease, but it is not classified as one. It refers to a 

range of symptoms in the loss of memory and cognitivity, which affects people's 

behaviour and attitude towards life (Chapman et al., 2006). People with dementia are 

most oftenly over 65 years of age, but it is not included in the normal aging process of a 

human (DeMarco, 2012). 

 

According to Wimo et. al, in 2010, 35 million people suffer from dementia in the world, 

and the number of people with dementia will double every twenty years. Also in the 

studies by Olsson, 2014, at the time of Olssons writing, about 85 million people, or 17% 

of the total population of Europe was 65 years or older. Olssons projections show that 

by the year 2030, the percentage will go as high as 23%, and in 2060, the percentage of 

the citizens turned 65 or more will be 30%. This is 13 percentage point increase from 

2014 to 2060, which is means that there will be 120 million more people that have 

passed the age of 65. If the claims of Olsson will be correct, by the year 2060, almost 

third of the population of Europe will be in demand of new technologies and assistance 

methods, including the writer of this thesis. 

 

The main motivation of this thesis is to gain a new perspective on how to enable senior 

citizens enough in their daily activities to keep them at home rather than in institutions, 

and enable them to leave their home for simple activities, such as group journeys or 

simple enough job, for a better quality of life. 

1.2. Background 

 

The purpose of this thesis is to research and develop an activity simulation tool, 

including the simulation of time, to further experience the daily lives of elderly people. 

The tool developed in this thesis is based on an existing simulation game, which has a 

working name Old Birds. Old Birds has been iteratively developed through numerous 

exercise courses in the University of Oulu, and the version used in this thesis provided a 

3D visualisation environment and communication tool simulations for the use of a 

caregiver for older individuals.  

 

The aim is to add features, specific to scheduling of events for the older adults and a 

time simulation tied to the movement and scheduling of the individuals, and to answer 

to a question “how to control the timing and coordination aspects of simulated scenarios 

of elderly people activities?”, with the emphasization for a caretaker's viewpoint. This 

thesis is done partly in collaboration with Mr. Jitzhe Wang’s thesis “Smartphone shared 

calendar application for elderly people”. 
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1.3. Research questions 

 

The research objective of this study is to clarify the aspects on what kind of tools in the 

field of information technologies are possible to be integrated in a user interface of a 

caregiver application. The caregiver application is used in the guidance and coordination 

of elder individuals, through the technological devices that they can operate. This 

research will answer to the following question: 

 

● How to control the timing and coordination aspects of simulated scenarios of 

elderly people activities? 

 

This will hopefully give some more information for future researchers on how to 

construct the real guidance tool, so the caregivers can perform their tasks, related to the 

coordination and timing of elderly people's activities 

1.4. Research method 

 

Design Science Research (DSR) method is used in building and in evaluation of the 

research artifact, the activity scheduling simulator. Design Science Research is a popular 

method in the field of information processing sciences. It’s used to answer human 

related questions through two main processes; the research artifact and its evaluation 

(Hevner et al., 2004). The Design Science Research method is explained in chapter 2. 

The mentioned research artifact is evaluated by Jizhe Wang in his thesis “Smartphone 

shared calendar application for elderly people”, and tentatively in chapter 6, which 

utilizes a qualitative survey answered by Carita Partanen. 

1.5. Structure 

 

The structure of this thesis is mostly following the guidelines of Design Science 

Research, which is explained in the chapter 2. The third chapter will provide the 

literature basis on how and why the decisions were made in the construction of the 

research artifact. More detailed and technical information of the research artifact and its 

construction can be found in chapter 4. From the developed artfact a development 

scenario was created, which is explained in chapter 5, and validated in chapter 6. 
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2. Design Science Research (DSR) 
 

Design science is a research paradigm, where innovative design artifacts are created in 

order to solve human related problems and contribute new scientific data to the 

community (Hevner & Chatterjee, 2010). It was decided to use the informative 

definition by Hevners research in 2007 (see figure 1), to describe the DSR in three 

research cycles. These cycles will be defined as they were described by Hevner, and 

explained on how these cycles are used in this thesis.  

 

The Relevance Cycle connects the research project to the activities of the empirical 

environment. The Rigor Cycle is used to utilize the already acquired scientific 

experience and expertise in the project. The most important cycle, the Design Cycle 

iterates between building the design artifact, its processes and evaluation. The clear 

identification of all three cycles must and synergy between these cycles leads to a well 

done design science project. (Hevner, 2007) 

 

 
Figure 1. Design science research cycles (Hevner et al., 2007, figure 1, p2). 

 

2.1. Relevance cycle 

 

The motivation behind design science research is to improve the environment by 

creating different design artifacts and processes behind them. The application domain 

can consist of people, organizational systems and technical systems that are in close 

interaction with each other. An important part of the application domain is to identify 

and represent problems and opportunities in an actual environment. The relevance cycle 

initiates the research project with application context with requirements and acceptance 

criteria for the evaluation phase. It also raises an important question to be answered for 

the researcher; does the artifact improve the environment and how can the improvement 

be measured? (Hevner, 2007) 

 

The collaboration between similar projects in the department of information processing 

sciences of Oulu university ensures the relevance of this project. The relevance is 

assured by multiple meetings with Professor Petri Pulli, where we discuss on which 

direction the development should be focused on. During these discussions, the 

researcher of this thesis acts as a technical expert who assesses on if the discussed idea 

is possible with my current skills and expertise. If the idea is not possible, the researcher 

should direct the idea to the more possible direction, with the mention of the tools can 

used, and the time that should be spent during the creation. The project should be field 

tested through a few demonstrations to new people, and hearing out their comments 

about it. 
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2.2. Rigor cycle 

 

Design science research provides a rigorous way for researching, through a large 

amount of theories and engineering methods. The knowledge base contains existing 

expertise, artifacts and processes in order to create cutting-edge new information for the 

research community.  

 

The main purpose of the rigor cycle is to provide existing research and other past 

knowledge, for the help of the researcher to receive new information from the research 

artifact. New data received through developing, studying and field testing the research 

artifact will go to the knowledge base, as an extension to the original research. The rigor 

cycle makes sure that the made research is not just an unnecessary iteration of existing 

processes, although even if theories create ideas, insisting that all design research should 

be grounded on existing theories can be unrealistic and even harmful. Identifying few 

good theories, for example through the relevance cycle, leads to a much better result. 

(Hevner, 2007) 

 

2.3. Design cycle 

 

The most important part of design science research is the design cycle. It consists of 

iterations between developing the research artifact and its evaluation. Feedback during 

the evaluation process is very important and creates new and exciting aspects for the 

researcher to further develop the artifact. The iteration process should be continued until 

the satisfactory requirements for artifact are achieved. The requirements are specified 

with theories and methods provided by the relevance and rigor cycles. (Hevner, 2007) 

 

While the design cycle is the most important phase, it’s also the most work demanding. 

It’s important for the researcher to define and examine the dependencies of the design 

cycle with the other two cycles while respecting its independence in the execution of the 

research, as both, the construction of the design artifact and its evaluation must be based 

on relevance and rigor. (Hevner, 2007) 

 

The artifact of this thesis, the activity scheduling simulator, was made through 

numerous iteration process in the design cycle. The evaluation was mostly in meetings 

with Professor Petri Pulli and Eeva Leinonen in the Oulu University. Most of the 

meetings also included other people related to the research area, for example doctoral 

students and other thesis workers. These sessions played a mandatory part in the design 

of the artifact, as Pulli can be described as the project lead in numerous ASTS related 

projects, and he knows exactly what is needed in the application domain. Next page 

cotains information on the date, participants and agenda of the meetings. 
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Date Participants Agenda 

4.2.2015 Petri Pulli, Eeva Leinonen Kick-off meeting 

20.2.2015 Petri Pulli, Eeva Leinonen 

Calendar design and feature 

decisions. Time simulation system 

requirements. 

27.2.2015 Petri Pulli, other evaluators 
Old Birds / GPS Android Demo 

and group evaluation. 

17.3.2015 

Petri Pulli, Jitzhe Wang, 

Aryan Firouzan, other 

evaluators 

Old Birds time simulation 

prototype demonstration. Calendar 

prototype demonstration. Waypoint 

system prototype demonstration. 

24.3.2015 Jitzhe Wang 

Cloud based server designing with 

Jitzhe. Shared calendar technical 

designs. Calendar design 

evaluation. 

7.5.2015 Petri Pulli  

Evaluation and progress meeting 

for the calendar and time system. 

Futher design. 

13.8.2015 Petri Pulli, Carita Partanen 
Evaluation of the calendar. 

Validation scenario requirements. 

25.8.2015 Petri Pulli 
Evaluation of the calendar and time 

system. Steering for all features. 

23.9.2015 Petri Pulli, Carita Partanen 

Demonstration of the validation 

scenario. Quidance for Carita to the 

usage of the scenario in her own 

thesis. 

18.3.2016 Petri Pulli Final evaluation of all the features. 

Figure 2. Design and evaluation cycle schedule.  



12 

 

3. Related research 
 

This section introduces the related research with a narrative literature review. First, the 

most related ASTS projects and some of their research papers will be introduced, and 

how they are associated in this thesis. After that, some of the studies on shared calendars 

will be reviewed and how timing systems can be implemented in a real time 

environment. Lastly, there will be a detailed implementation document of the main 

contruction tool used in (currently) all of the Old Birds projects. 

3.1. Earlier research projects 

 

At the time of writing, there are several master theses under construction, but there are 

others that have already been published, that are in close relation to this project. Much 

of the same technologies that were used in this thesis was also used by Raappana and 

Korvala, along with the built Old Birds environment, in their thesis “Open Visual 

Guidance System for Mobile Senior Citizen”. The said thesis continues the research 

made by Siitonen, (2011), Pulli et al., (2012) and Ponrasa et al., (2014). The open visual 

guidance system for mobile senior citizen project aims to research and implement 

services for senior citizen which provides more autonomous life for elderly citizen and 

reduces the workload of the caregivers. 

 

The ASTS thesis projects that were done simultaneously, but released before the writing 

of this project were Carita Partanens “Community-level Social Activation of Elderly 

People Supported by ICT” and Jizhe Wangs “Smartphone Shared Calendar Application 

for Elderly People”. Wang provided collaboration when implementing the calendar 

system to a live server distribution, and Partanen provided a validation scenario, that she 

created in her thesis, which used the tools created in this project. 

3.2. Groupware calendar systems 

 

In the year 1978, Peter and Trudy Johnson-Lenz proposed a term groupware to be 

“intentional group processes plus software to support them”, or a “computer-mediated 

culture... an embodiment of social organization in hyperspace". Simply put, a groupware 

is defined as a collaborative software, that is designed in some specific way to help 

achieve a common goal, by integrating co-evolving human and tool systems. (Johnson-

Lenz, 1990) 

 

Depending on the collaboration level, groupware can be divided into three categories 

(Casalino and Draol, 2009; Lotus Development Corporation, 1995): 

1. Communication; unstructured interchange of information. Some examples 

include phone calls, instant messaging, VOIP and other such technologies. 

2. Collaboration; interactivity in order to achieve a common goal through 

facilitating a rich collaborative environment. Visceral example could be voting. 

3. Coordination; adding the structure to the working system through complex 

interdependent work with the same goal. For example in an ice hockey game, 

the team has to achieve the winning goal through coordinating different jobs for 

each player.  
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Groupware applications need rich combination of different technologies. What makes 

groupware platform a lucrative approach in software development, is that it supports 

dynamic movement between and through the above modes. Groupware is not defined by 

features and functionality, but offers a platform which is represented with three primary 

categories. Object store; can be defined for example as a file cloud system like google 

drive, where said files can be housed and managed. Distribution and access model; such 

as a shared database between multiple applications and devices, where from users can 

easily locate and access information. Application development framework, like a 

representational state transfer (REST) application programming interface, which offers 

the under-the-hood functionalities of a program to a programmer without actually using 

the program itself. (Lotus Development Corporation, 1995) 

 

The infrastructure of a groupware application must take into consideration the 

integration of external sources, as the origin of the workgroup information is often 

external, for example relational databases that is used in the application. Platform 

independency is also considered as a critical matter in the implementation, along with 

the mobility of use. The programming technologies used in the application must be 

accessible from variety of devices, such as desktop and laptop computers. 

 

Groupware Calendar Systems (GCSs) appear simple to the user's eyes, but are very 

complex to implement. Traditional paper calendars are distinctively personalized as 

singly-user calendars (see single-user calendar in figure 3). GCSs are meant to replace 

these ordinary calendars and are managed in both ways, personally and socially, and 

they are required to be used simultaneously (see interpersonal communication in figure 

2). While shared across an online network and being able to be individually managed, 

GCSs allow various types of access for other users to either view or modify the said 

calendar. Other types of GCSs allows non-person entities to “own” a calendar, if for 

example a calendar is created for a specific place, such as a classroom. Therefore access 

can be administered for specific people to add or remove events to the classroom, or 

mark themselves as participants to other people's events. Many features can be 

developed for GCSs, for example the moderation of users rights for modifying, adding 

or viewing of a calendar. As a differentiation to other groupware applications, GCS are 

simple groupware that exclude complexities used in other collaboration supportive 

systems. (Palen, 1999) 

 

The socio-technical evolution part of the figure 3 supports Casalino and Draols (2009) 

theories coordination part of the groupware definition. This part is utilized in the 

technical designing of the shared database between the caregiver UI, done by me, and 

the senior citizen UI, done by Jizhe Wang. 
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Figure 3. Convergent perspectives (Palen, 1999). 

 

Even if there is a vast amount of GCSs available in the knowledge base of internet, the 

UI design of a calendar for a specific use is a challenge. In their research, Kelley and 

Chapanis found out that even for simple paper format calendars, there were over 150 

unique published formats for calendars (Kelley and Chapanis, 1982). Most calendars are 

based on “views”, that include either daily, monthly or weekly formats. There are also 

many different variations of views that user shorter time span, for example an hourly 

format. Calendars that are tailored for some specific use may include event-only or 

group-deadline views. Those types of calendars allow little additional space for 

information recording. (Palen, 1999). 

3.3. Time simulation 

 

To simulate the behaviour of senior citizens in a crowded place, like in the centrum of 

Oulu, it is important to research the virtual human crowds simulations. Musse and 

Thalmann (2001) released a paper on the Hierarchical Model for Real Time Simulation 

of Virtual Human Crowds. The paper describes a ViCrowd model which aimed to 

simulate different types of autonomy in crowds. The idea of the model was to present 

possibilities of generating simulations with various levels of realism, such as scripted, 

reactive and guided behaviour, and to research which types of compromises were to be 

applied for the said levels. The paper was more concentrated in emergency situations, 

rather than the normal day-to-day behaviour of humans. 

 

Tello, 2012, explains the importance of delta-time in animations. Delta-time is vastly 

used in any game development projects, and is used in controlling frame rate of a game 

in relation to the rendering speed. It is also used to adjust the movement speed of the 

gameobjects. The formula to achieve timed movement is rather simple: 

 

 distance = speed * deltatime 

 

Where distance is the numbers of pixels to move in a single frame, speed is the pixels 

per second and delta is the time, in seconds that has passed since the last frame. Delta-
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timing prevents faster or slower hardware to render the game in optimal speed, with 

adding or skipping frames, depending on the hardware capabilities. (Tello, 2012) 

3.4. Unity game engine 

 

As a part of constructing the design artifact, an urban environment must be present to 

visualize the behaviour of objects, such as the movement of elderly people. 

Architectural and urban design is about visualization and materialization, and is so 

crucial part of the design, that two- and three-dimensional graphics play a mandatory 

role in its stages. Architectural visualization is a term that refers to the communication 

tools, or media, that the architects use to communicate ideas to other architects, or to the 

clients. (Indraprastha & Shinozaki, 2009) 

 

Even if Unity 3D is considered as an engine for games, it is widely used in other 

purposes (Lv, et al., 2013; Indraprastha & Shinozaki, 2009; Harpstead, et. al. 2013). 

Researching and virtualization of different kind of environments seems to be a popular 

usage of this particular tool. Developing a 3D virtual environment, for example, of cities 

comes easy with the help of Unity 3D, thanks to it’s variety of model importing and 

manipulation capabilities. Input and output of data and interaction between the 

environment and the user is an essential part of the engine, through its 3D editor views. 

In comparison to CAD (Computer-aided Design) tools and GIS (geographical 

information system), Unity is more equipped with 3D tools and navigation system 

intended to build an environment with better user experience (Indraprastha & Shinozaki, 

2009). 

 

The 3D models that are used in Unity 3D are most commonly constructed in a third-

party modeling software, suchs a Maya or Blender. Without texture data, the 3D-models 

show as white, blank, objects, so the textures are also drawn and mapped through those, 

or some other third-party software. Unity 3D provides some simple shaped meshes, such 

as rectangles and squares, but they are not enough to provide assets to a detailed city. 

(Indraprastha & Shinozaki, 2009) 

 

As the older version of Old Birds have been made with Unity and the developer had 

previous experience on it from project 2 course, and some work experience, it was not 

deemed necessary to change the current engine of the Old Birds. 

3.5. Version Control System 

 

Version control system (VCS) offers easy access to project source codes from 

distributed environments. VCS typically saves every committed change, author, date 

and description of each new version. This makes it possible to retrieve, or revert, to an 

older version of the same project without data loss. VCS were originally made to work 

with plain text files, but more sophisticated systems have been made to work with 

different file types. Most of the 2008 open source software (OSS) projects uses 

SubVersion as their version control system, which offers a variety of useful tools. 

(Kussmaul, 2008) 

 

Selecting the necessary tools for to maintain a code project takes some evaluation. First, 

one has to identify the requirements and preferences of the project. Some requirements 

may include language support, licensing options and technologies, such as hardware, 
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operating system, programming language and database. Second, one need to identify 

and assess the candidate tools from the variety of tools available. Identifying the number 

of core developers in the project plays a big part in the tool selection. Third, the best tool 

candidates need to be evaluated in more detail; which has more vast documentation, 

peer support (forums, blogs etc.), maintainability (is the tool easy to install and does it 

work properly) and lastly, testing the original requirements that one has made. 

(Kussmaul, 2008) 

 

As the time of writing, there was no available VCS set-up in the servers of the 

department of information processing sciences. As there was a risk to lose time to 

unexpecteded loss of data, it was decided that an individual VCS should be set up. As 

proposed by Kussmaul, requirements for the VCS were identified accordingly. The first 

was usability. The VCS should be easy to learn and it was concidered as a big plus if the 

developer has previous experience on it. The second important criteria was the price. If 

it’s not necessary to pay for a VCS, then why should one. It was private repository and 

was supposed to be installed only for the duration of the project. Third, a remote server 

repository was required, in order to access the data from multiple locations. These three 

portential options were assessed; Concurrent Version System (CSV), Git and 

SubVersion. After some interned researching, a free hosting site was not found for CSV. 

Git has a very reliable and easy accessible website for all the Git projects, but it is not 

free for a private repository. That left the SubVersion, for which after some research, a 

free hosting site was found, known as Assembla.com. As the developer also had some 

previous experience on SubVersion, the choice was easy to make. 
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4. Construction of the scheduling tool 

4.1 Unity 3D 

 

The main tool in constructing the artifact was Unity 3D, which is an editor used mainly 

in creating games, but can be extended to basically everything in computer sciences. 

The editor allows quick playing, testing and editing which makes the development 

process fast. Importing external files or content objects (e.g. models, textures, audio or 

scripts) is made easy with the asset importing function. Unity supports 3D package 

importing for the most 3D applications. It also has an online asset store, including free 

and paid assets for people to use in their game projects, which can save a lot of effort 

when developing a game. With Unity, it is possible to publish a game in multiple 

platforms. Currently, there are 23 different platforms that Unity extends to, including 

mobile, consoles, Windows and Linux. (Unity 3D, 2016) 

 

Unity editor uses behaviour scripts as it’s basis. Behaviour scripts are assets with code, 

that can be attached to any gameobject that is created via the 3D editor tools, and are 

used to control the behaviour of any given gameobject. The scripts can be programmed 

with languages JavaScript, C# and Boo, and since Old Birds 2.0 was transferred from 

JavaScript to C#, the artifact is also constructed with C# language.  (Unity 3D, 2016) 

 

Already gathered experience and familiarity in Unity 3D programming played a big part 

in the choosing of the research artifact.  

4.2 Introduction to the Old Birds 2.0 environment 

 

The simulation platform, working name Old Bird, was started as a student project in the 

University of Oulu, consisting of the basic simulation environment including models 

such as birds, the house of Marjatta (see figure 4), map of Oulu and the interiors of 

Stockmann store complex (Firouzian & Nissinen, 2013). All of these were wrapped in a 

single scene. There was also a basic movement system done solely by scripting, by 

moving character pixel by pixel.  

 

Old Birds 2.0 was also a student project of a different course, done by four people 

including the writer of this thesis, who worked as the main programmer of the platform. 

The main task of the project was to include new features to the environment (Ponrasa et. 

al. 2014). 

 

One feature was a movement simulation for a senior from her house to Stockmann 

complex. The movement system in the first Old Birds was design with low level 

programming of 3D translations of the character models, which was not practical 

enough for further development, which resulted the main programmer to make more 

sophisticated waypoint mechanism (see sub-chapter 4.3). Also, in the first version, all 

the locations, Marjatta’s house, Oulu city and Stockmann, were created in a single Unity 

scene. For further practicality reasons, the locations were refactored to their own scenes. 
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Figure 4. Marjatta’s house. 

 

Other features included a communication tool to simulate the contacting of one or 

multiple seniors at the same time. This could be done by either calling or texting. The 

UI controls were implemented with the currently legacy UI system (figure 5). Those 

features were not changed in the implementation of the time scheduling system. 

 

 
Figure 5. Old Birds 2.0 communication tools. 

4.3 Waypoint mechanism 

 

When we started creating Old Birds 2.0, we moved from the primitive pixel-by-pixel 

movement system to a more sophisticated waypoint system. The waypoint system is a 

script that controls the movement of the birds through multiple waypoint prefabs, which 

can be placed anywhere in the scene (see figure 6). 

 

Each of the waypoints have to be under a gameobject that can be assigned to a 

individual movement script, which has to be assigned to the target that uses the 

waypoints. The waypoints have to be named with the waypoint string and a number 
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suffix, for example waypoint1 and waypoint2, so the script knows the order of the 

movement. The naming order does not matter in the randomized movement mode. 

 

The waypoints were made as a prefab, that consisted of a blank gameobject. The 

gameobject was assigned a simple script that enabled a gizmo feature of the object and 

had some other information about the waypoint, for example a speed multiplier, which 

controlled the movement speed of the birds from current waypoint to the next. Gizmo is 

defined in Unity, as an object that can visually be seen in the editor, but not in-game 

(Unity Technologies, Gizmos, 2016). This makes it possible for the developer to place 

invisible objects that are tied to different functions, such as in this case, the movement 

of the birds. Other example of gizmo usage in this thesis can be seen in figure 7, where 

the red zones mark the places where the birds’ movement should never go. At some 

point the developer used colored line gizmos, from birds to every waypoint, to see if the 

path is walkable. 

 

 
Figure 6. The waypoints seen as black circles in editor mode. 

 

 

The goals to achieve with the renewed waypoint system go as follows: 

 

 Gameobjects AI follow waypoints without determined pathing The waypoints 

should be stored in the history of the time simulation, for rewinding and forwarding 

purposes 

 There should be an easy way to assign waypoints to the gameobjects 

 There should be a way to restrict the movement between waypoints 

 

 

In this thesis, the waypoint system was elevated to the use of randomized waypoints. 

The waypoints did not need any order and had to be named as “waypoint” and placed 

anywhere in the scene. The objects that were assigned an individual movement script 

had an option to use either the individual, ordered waypoints or use the randomized 

waypoints (figure 7). In this case, the moving objects are the birds. 
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Figure 7. Randomized waypoint system. 

 

To simulate simple movement in the city area, a pathing logic needed to be created so 

the objects wouldn’t e.g. go through buildings. As seen in figure 6, blocking objects 

were created (the red gizmo blocks, called non-walkable areas). When the script was 

raycasting a path from waypoint a to to the waypoint b, it checked whether there was a 

non-walkable area between these two objects. If there was, it would randomize a new 

path from the last touched waypoint to a new waypoint (see figure 8). All the waypoints 

are stored into an array, in order to manipulate the simulated time, by rewinding, 

stopping or forwarding it. The time simulation system is explained in more detail in 

chapted 4.4.  
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Figure 8. Flow chart of the waypoint randomization algorithm. 

 

 

4.4 Calendar 

 

The main task in process of answering the research question was to build a calendar 

system, which allows the caregiver to control events of individual or multiple seniors. 

The events may vary from simple grocery store shopping to more complex tasks, like 

traffic control. The goals to achieve with the calendar system are: 

 

 The events should be easily distributed between systems 

 Events can be read from a database 

 Events can be saved to a database 

 Events can be modified in a database 

 The calendar should be tied to the games simulated time 

 The calendar UI should be easy to use and clear 

 

At first the idea was to use a cloud server as the basis of sharing the event information 

with multiple devices, but as the developer started building the system, it was clear that 

a simple SQL Server would be sufficient in order to share the event information 

between systems. Clients (in this case, a mobile phone application) would connect to the 

database every time they needed updated information about the events, that were 

handled in the calendar of the caregiver. 
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Platform independency is a key in order to ensure universal use of a groupware product 

(Casalino and Draol, 2009; Lotus Development Corporation, 1995). As seen in figure 8, 

the communication between the server and the clients. A simple php-script was made to 

offer a set of functions for the clients to access the database securely and platform 

independently. The php file can be considered as a simple API, which contains SQL-

injection prevention code, alongside with functions to fetch and apply data to the 

database correctly. To access the db.php, a hashed key is needed, which is known only 

by the developers of the mobile and caregiver software, as it is hard coded into the Unity 

scripts. For security, the key should be changed with a time interval.  

 

 
Figure 9. Server-client communication. 

 

The database contains the basic information that is needed by the calendars. Each event 

has a starting and ending time, date, location, the type of the activity that is going to 

proceed and a reminder time in minutes. The waypoint alarms are explained in chapter 

5, as they are related only to the development of the bus scenario. The database 

infrastructure supports multi-user data handling, but the caregiver UI is currently not 

designed to control multiple caregivers’ data at the same time. 

 

Even if the Old Birds 2.0 system contained features that were created with the legacy UI 

system, the developer decided to create the calendar and other UI features with the new 

Unity 3D UI development tools, which were introduced in Unity 4.0. The tools were 
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easy enough to handle in order to create a complex calendar system (see figure 10), but 

trying to create a prefab of the calendar, it got complicated as the calendar UI 

gameobject contained so many scripts and associations to other gameobjects. When 

creating a new calendar from the prefab, a great deal of time was used to connect every 

piece of the UI objects to the right places, so in time, the developer decided to just copy 

the whole scene, and delete all other unneeded objects from it. 

 

 
Figure 10. The calendar UI. 

 

Google Calendar acted as an inspiring effect on the layout of the calendar UI. The week 

layout is currently the only layout, including previous/next week's viewing and quickly 

getting to the current week through the “today” button. The week view of the calendar 

sufficed, as there is only a limited time to build the artifact. Perhaps in the future 

development, there could be a similar way to view the calendar as the Google Calendar, 

with day, week and month views. It was surprising how many not-so-visible features a 

simple calendar could have, for example, a standard 24-hour clock was used, which 

means that the calendar is suitable only for users living areas that use the standard. It 

wouldn’t be hard to change the time localization, but it was deemed unnecessary for the 

purpose. 

 

Other features that were implemented in the calendar included highlighting of the 

current simulated date and time, and creating of events by dragging from starting time to 

the ending time.  

 

When creating or modifying an event, an editor window will pop-up (see figure 11). The 

pop-up UI has a short description for each field that are to be filled. These descriptions 

are shown before the user has started editing the text area of the field. When clicking the 

save (or change) button, the algorithm will contact the database through the db.php (see 

figure 8) and add a new event with provided functions. After that, all the events are 

refreshed and loaded back from the database. 
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Figure 11. Editor pop-up window. 

4.5 Time simulation 

Time simulation can be difficult to implement and tie together with multiple things in a 

game environment. My goals in the time simulation feature go as follows: 

 

 Should be tied to calendar 

 Should be tied to the waypoint system 

 Should be able to rewind and forward the simulated time 

 Should be able to pause the simulated time 

 

“When animating objects with JS, it is important that objects animate at the 

same speed, without being affected by varying frame rates. In the early days of 

video games, the speed of some programs was dependent on the speed of the 

computer processor. An object would move across the screen a certain number 

of pixels every frame. If the processor could only run a game at 15 frames per 

second (fps), and an object is programmed to move 10 pixels to the left every 

frame, said object will move at 150 pixels per second (pps). But what if a 

different processor can run the game at 60fps? The object would move at 

600pps! That's way too fast! "How can I fix this?", you ask?” - Dan Tello, 

Senior Front-End Developer  

 

The answer is delta-timing. In mathematics, delta means “difference”. With delta-time 

the game logic keeps track of time passed since last frame, and syncs it with the correct 

game speed. In order for the calendar system to work and somehow simulate the event 

system, some kind of time simulation needed to be added to the environment. The 

simulation needed to have it’s own timing system apart from the real time. Since there 

were no frame-based animations in the simulation, such as birds flapping their wings, it 

was not necessary to control the whole delta-time of the simulation. However, the Unity 

engines delta-time was used in controlling the movement and rotation speed of the game 

entities and also the simulated clocks speed. The time simulation is implemented with a 

cCalendar plugin that is found in the Unity Store, and it is tied to several components in 

the environment, as it can be seen in figure 12. 
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Figure 12. Time controller relevancy to other components 

 

All gameobjects have an attribute for speed and rotation that is set up in the Individual 

movement script, and those attributes are either added to or subtracted from with a 

multiplier given by the user through the time controller (see figure 12). The randomized 

waypoint system handles it’s behaviour through the simulated time, in a way that if the 

time is going backwards, it will randomize new waypoints and add them in the back of 

the memorized waypoints, instead of adding them to the front. This way the waypoint 

system doesn’t break when the time is rewinded and the recording system plays 

correctly. The caregiver calendar uses simple ways to implement the features of the 

cCalendar objects, provided by Anthony Smith and offered for a small price in the Unity 

Store. The purpose if the cCalendar is to keep track of the simulated time, so it can be 

manipulated by current, real time. The highlighted day in figure 9, the current day, will 

change when the cCalendar date changes, so the caregiver can track the next events 

more clearly. 

 

 
Figure 13. Time simulation controls 

 

There are several options for the user to control the simulated time. The normal play 

buttons will play the time in a real time in either direction, backwards or forward. The 

double play buttons will double the current speed in either direction, and adds the 

multiplier marker to the yellow panel, to indicate how many times compared to the real 

time the time is simulated. The formula used in the speed control of gameobjects is the 

movement speed multiplier, which is either divided with two or doubled every time the 

buttons are pressed, multiplied by deltatime.  
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5. Validation 
 

As the tools were finished, in order to validate the research, we discussed with Professor 

Pulli with several options of a template for a validation scenario. The idea was to create 

a scene in Unity, with appropriate tools to build a bus trip scenario, where a group of 

senior citizens travel to a sightseeing spot near Oulu city and back. The reason for the 

conclusion was Carita Partanen’s thesis topic, where she took an actual trip with the 

seniors, and researched the behaviour of the seniors during their sightseeing travels with 

qualitative and empirical methods. It was decided that a bus trip from Oulu to Muhos 

was to be implemented, as it suited the basic needs for the template implementation. 

Even though the calendar system played a big part in the construction phase of this 

thesis, there was no need to modify it at all for the template scenario. It still worked as 

intended with the time simulation system in the new scene. 

 

As seen in figure 14, the scene contains a bus, which uses the same individual 

movement script as the birds in the Oulu scene. The model for the bus was found on 

free-to-use model archives in the internet, but importing was not as easy as it could have 

been. The model did not contain any textures, so it was decided that materials should be 

created for each part of the bus models meshes, and color them individually. There was 

a possibility to create the texture by hand in, for example, Blender 3D, but it would have 

been more time consuming and not necessary, as the location of the meshes were in 

correct places, resulting in the ease of material assignment. 

 

 

 
Figure 14. The bus model in the Oulu surroundings map 

 

The assignment of the individual movement script enabled a variety of settings for the 

movement behaviour of the bus. The movement and rotation speed were easily 

controlled through the Unity’s inspector view (see figure 14). Those two properties can 

be customized, for example, for different kinds of cars. In the current scenario, where 

the acting gameobject was a bus, the turning speed was modified to be rather slow. As 

in for the waypoints, as usual for the behaviour of the script, they were placed under a 

single gameobject with numerization (waypoint1, waypoint2, etc.), for the movement to 

work as intended. That parent gameobject was then assigned to the determined path slot 

in the individual movement script. Other attributes of the script were visible, but view-

only, for debugging purposes. 
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Figure 15. Individual movement script controls for the bus model in the Unity inspector 

view. 

 

As the individual movement script controls the default properties of the bus, they can 

also be controlled through the enhanced waypoint script, which is assigned to each 

waypoint gameobject. The properties are changed individually, and do not affect the 

other waypoints in the scene.  The current state property (figure 14) of the individual 

movement script has a list containing two states values, either MOVING or STOPPED. 

The values of the list can be changed through the waypoint script (figure 15). Stop point 

property indicates whether the bus should stop, and the current state of the bus should be 

changed to STOPPED, when the corresponding waypoint is reached, and the stop time 

in minutes controls the time on how long the bus should be stationary on that point. The 

time is tied to the simulated time system, and can be rewinded and sped up through the 

controls mentioned in chapter 4.5. As seen in the code below, every update-cycle the 

logic calculates the current simulated time in tc (time controller) and substitutes it from 

the leaving time timestamp. If it has passed, the state of the moving gameobject set to 

MOVING and the current waypoints point of interest scripts hide-method is called, 

which hides the current point of interest prefab from the UI. 

 
if (currentState == MovementStates.STOPPED) { 
    if(tc.getCurrentDateTime() >= leaveTime) { 
  currentState = MovementStates.MOVING; 
  if(nextWp.gameObject.GetComponent<PointOfInterest>() != null) { 
   nextWp.gameObject.GetComponent<PointOfInterest>().hide(); 
  } 
    } 
} 
 

The above code snippet is a part of the movement logic of the bus and visibility logic of 

the point of interest UI object. 
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Figure 16. The waypoint controls in the Unity inspector view. 

 

The waypoint properties in figure 15 also contain speed controls for the gameobject 

reaching the point. The change speed point checkbox should be checked if the speed 

should be changed. Upon reaching the waypoint, the individual movement script checks 

the change speed with value of the waypoint script, and multiplies the current speed 

with the value. The speed changing property comes in handy, for example, when speed 

limits are implemented. 

 

When developing the map for scene, a real time map was first considered that can be 

changed and moved to a location for the developers need. A ready-made script was 

found for the purpose named Google Maps for Unity, and some time was spent in 

implementing the feature, but it decided to be excluded, since the map was not visible in 

the editor, only the play mode, which made the accurate placement of the waypoints 

nearly impossible. The map in figure 17 is a screenshot, taken through google maps 

website of the Oulu-Muhos area. 

 

The waypoint objects can be seen in the figure 16 as small black dots along the road to 

Muhos. There are more waypoints placed in the curves to make the rotation and 

movement smoother. Two waypoints were placed at the same place, one for each point 

to navigate to the destination and one for the way back. 
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Figure 17. Editor view of the map for the template scenario. 

 

By assigning the developed point of interest script to a waypoint, the scene developer 

can assign certain features to a stop point. The figure 17 demonstrates a point of interest 

script assigned to the last waypoint, located in Muhos. The point of interest scripts 

purpose is to pop up a message when the waypoint is reached by the gameobject that has 

the waypoint. 

 

 
Figure 18. The Unity inspector view of the point of interest script properties. 

 

With the image, text and the developed GUI prefab, the scene developer can easily 

construct a quick info message, that pops up when the gameobject reaches that point 

(see the example in figure 18). The point of interest script also contains a feature, that 
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searches the gameobject it is assigned to for an audio source. If the audio source is 

attached to the gameobject, the script plays the sound at the same time as the pop up is 

shown. For the template, a simple text-to-speech sound was generated to read the text of 

the info message. For clarification, any sound can be placed to the game object, not just 

text-to-speech. As was explained in the chapter 4.4, the database model includes a table 

for the waypoint alarms. The point of interest script adds the played sound name and the 

time played to the database, so the mobile application can poll the database if there are 

any sounds that should be played, within a certain time limit. This feature can be used in 

the Jizhe Wang’s mobile application thesis, if necessary. 

 

 
Figure 19. Pop-up info message and an image generated with the point of interest script 

properties and the GUI prefab. 

 

5.1. Scenario 

 

In order to validate the research, Partanen used the template scenario and it’s features to 

construct a simulation of her bus trip with the senior citizens. An email questionnaire 

was prepared to get input on how the scenario suited her needs and what could be done 

to make the tools better. The questions and initial answers can be found in the appendix 

B. Additional information in observation of the validation, I’ve used some information 

from the Partanen’s, 2016 thesis. 

5.2. Usability 

 

When answering the survey questions about the usability of the simulation scenario, the 

participant felt that the tools were “quite easy to use, I think that if there is enough time 

it would be easier”, which I interpreted that there still was room for some 

improvements. The participant had done her own interviews for her own thesis, 

according to the scenario created using the tools created. She mentioned that one of the 

interviewees noted that the information message pop-up was not big enough, and could 

have, for example, filled the whole screen. I think this is a good suggestion, as there 

would be a lot more room to expand the information about the stop points. Currently, as 

seen in figure 19, there are only few rows of room for the information text. 
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Figure 20. Partanen’s implementation of the scenario (Partanen, 2016, figure 8, p. 35). 

 

 

The placing of the waypoints to the map plane was easy enough, after a small learning 

curve. If there would have been enough time, the tools would have been built with more 

sophistication and easy of use, as there is a lot of useful tricks and tools in the Unity that 

were not researched on this project. The configuration of the waypoints also needed 

some learning, but from previous experience, it was done through the inspector (see 

figures 15 and 17), which saved some time on the implementation. 

 

We had a quick briefing and tutorial about the tool usage with Partanen, after the 

construction phase of this research was deemed done. As the developer of the tools, it 

was uncertain if the function of the tools was explained in correct detail. During the 

third of three evaluation scenarios in her thesis, Partanen (2016), explained the usage of 

waypoints and other tools clearly. This means that the tools were understood well, and 

used correctly, further indicating that the usability and the learning curve of the tools 

were better than expected. 

5.3. Findings 

 

When the participant used the created tools for the validation scenario, she found a few 

anomalies, or defects. The first time she tried to use the stopping waypoint for the bus, 

the info wasn’t popping up at all. At the time, we had an email conversation about fixing 

this problem, and we figured out together, that the cause was a missing audio source. 

The script threw a nullpointerexception, and forced the usage of an audio source. This 

was a clear defect in the script, as the info message should be able to shown without 

attaching any audio in it. 

 

Another problem was with the time simulation. If the speed was either slowed down or 

sped up, the sounds that were attached to the stopping points had no change in speed, 

causing the sound to play way overdue, when simulating the stopping time. The 

participant did not figure out the problem herself, and left it as is.  

 

As the scenario required some expertise in Unity usage, the participant also felt that the 

placement of the map image to the map plane was hard at first. After some time spent on 

the investigation of Unity mechanics, the participant managed to place the map image 

properly. 
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5.4. Suggestions for future development 

 

The participant was asked a few questions on how to improve the tools. One suggestion 

was to use more sounds, like background noises for example, eating. However, the 

participant was unsure if those noises could bring any additional value to the scenario. 

Another useful feature, according to the participant, was an user interface inside the bus, 

as the scenario developed by the interviewee included events that were actually 

happening inside the bus. This matted was discussed at the design and evaluation 

meetings, including Prof. Petri Pulli, Eeva Leinonen and Carita Partanen herself, but the 

development of the bus user interface was to be assigned to some other thesis worker, 

thus it was not included in this thesis. 

 

One suggestion was that there could have been some pedestrian movement or traffic on 

the road and nearby the bus, or some other minor movement, as it was interpreted, for 

the scenario to be more alive. Simple movement, such as senior citizens moving in or 

out of the bus, could have had brought more value to the scenario. 

 

When the participant was asked about the calendar system, she said the she did not use 

the calendar system. However, the overall thought of the interviewee was, that “(The) 

simulation was good enough”, which was interpreted that there wasn’t an actual need 

for the calendar system in this individual case, but could bring value to the future 

development of the system. There was also a mention, that the “overall sightseeing 

mechanism was good and easy to use”. 

5.5. Assessment of the goals 

 

In the beginning of the impementation of the new tools and features, different goals 

were set up for each part of bigger features. Figure 21 demonstrates these goals and 

their assessment.  

 

 

Goal description Feature Status 

 

Gameobjects AI follow waypoints 

without determined pathing The 

waypoints should be stored in the 

history of the time simulation, for 

rewinding and forwarding purposes 

 

Waypoint 

system 

Achieved, validated by 

Partanen 

 

There should be an easy way to assign 

waypoints to the gameobjects 

 

Waypoint 

system 

Achieved, validated by 

Partanen 

 

There should be a way to restrict the 

movement between waypoints 

 

Waypoint 

system 

Achieved, validated by 

Partanen 

 

The events should be easily distributed 

between systems 

 

Calendar Achieved, validated by Wang 
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Events can be read from a database 

 

Calendar Achieved, validated by Wang 

 

Events can be modified in a database 

 

Calendar Achieved, validated by Wang 

 

Events can be deleted in from database 

 

Calendar Achieved, validated by Wang 

 

The calendar should be tied to the 

games simulated time 

 

Calendar Achieved, needs user testing 

 

The calendar UI should be easy to use 

and clear 

 

Calendar Achieved, needs user testing 

 

Should be tied to calendar 

 

Time 

simulation 
Achieved, needs user testing 

 

Should be tied to the waypoint system 

 

Time 

simulation 

Achieved, validated by 

Partanen 

 

Should be able to rewind and forward 

the simulated time 

 

Time 

simulation 

Achieved, validated by 

Partanen 

Figure 21. Assesment table of the set goals. 

 

 

All of the set goals were achieved. Partanen used the validation scenario to test the core 

features of the new Old Birds environment. There were also some extra features that 

were implemented, which were not planned ahead, such as the enhanced gameobject 

controls in the waypoint system, as well as the point-of-interest system. Those two 

features were concidered as nice-to-have, and were only meant for enhancing the 

existing waypoint system and the experience on the validation scenario, thus there were 

no goals set and were excluded from figure 21. The calendar was validated for its 

technical aspect by Wang, and the UI usability goals were achieved through evaluation 

and demonstration meeting comments, and hopefully it will go through user testing in 

the future. 
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7. Discussion  
 

As proposed by Kussmaul (2008), the VCS was carefully chosen according the criteria. 

During the implementation phase between design and evaluation cycles, an account was 

created to Assembla.com and the Subversion was used to control the project files. It was 

often discussed that the department of information processing sciences should have it’s 

own maintained VCS server, where all the Old Birds projects should have their own 

branches that can be cloned from the trunk repository, which would act as the main 

project. This way the maintainability of the projects could rise a lot, and the cherry-

picking of different kind of features from different Old Birds projects would come easy, 

without the need to hard-pick certain parts of the code and try to implement it to your 

own. This matter has been discussed with a colleague, and it seems that, at the time of 

writing, the implementation of version control systems is an ongoing matter. 

 

There were many features that the researcher would have liked to have implement, but 

as it is well known, coding is very time consuming. A login system for the caregiver 

could have been done, with maintained database model and other individual data for 

caregivers, such as restricted calendars. There also should have been a database model 

to maintain each individual senior citizen, or a bird, that contains all the necessary 

information to achieve better coherency, for example, between the mobile application 

and the caregiver application. Luckily, there are multiple theses in process or done, 

which have been developed to this state (Wang, 2016; Partanen, 2016; Raappana & 

Korvala, 2015). 

 

As for the waypoints, it was noticed that there could have been a fixed speed value 

changer in addition to / instead of the multiplication property. This could potentially be 

easier to use with the roads speed limits. Unity has a framework for building UI controls 

in it’s own editor. An easier editor for the waypoint placing could have brought some 

ease of use, when creating new scenes with complex waypoints, but as for now, the 

current manual system sufficed. 

 

The database for the sound information was left a bit simple, and there could be, for 

example, a storage website for all the sound files, so the caregiver application and the 

mobile application could play the same sound with some available, open source 

streaming technologies. As it turned out in the interview process, the usability for the 

implementation of the sound system could have been made better. 

 

As the calendar system was not used by the developer in the validation scenario, it could 

be enhanced with additional features, that could be used in a larger variety of scenarios 

built in association with the other tools implemented. As it was mentioned in the 

interpretation of the interview, the calendar can be of some use for the caregiver, but it 

was not seen as usable in the individual scenario that was created. In the design and 

evaluation meetings held, we discussed about tying the calendar to the bird movements, 

and considered an implementation where there would have been a simple job for a 

senior citizen. This job could have been marked to the calendar, and the corresponding 

bird could have started moving towards the job taking place, for example trafficking or 

such. However, as the current features to be implemented was sought to be enough 

work, all the features were tied to each other through the time simulator (figure 12), but 

acting on events was put aside.  
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There were also discussions about the interiors of the bus and an user interface to be 

implemented in that scene, it was also sought that the implementation was going to be 

excluded from this project, since it was introduced in a late phase of the design and 

development cycle, and was to be assigned to some other thesis work. Despite the UI of 

the calendar system was not used in Carita Partanens validation process, Jizhe Wang 

used the shared data of the calendar in his own mobile application, during his research. 

This proves that the calendar system is useful in the end-user point of view, if we do not 

consider the provided caregiver UI, which will hopefully have a continued research with 

intesive user testing. 

 

When this project escalates from simulation to the real world, the GPS is tied to the 

scenarios. The caregiver coordinator can see the real-time movement of the senior 

citizens in, for example, the map of Oulu, and the movement of the bus. The GPS 

coordination and real-world tracking has already been done by multiple former or 

current students in the University of Oulu, for example, in the thesis by Raappana and 

Korvala (2015). The future work could include the GPS-coordinates for the waypoints, 

which are tracked through a mobile device. These waypoints could also be marked 

through a mobile device to have additional information about them, using the point of 

interest system that was developed.  
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8. Conclusions 
 

As for the DSR-cycles for this research, they worked out great. The constant meetings 

kept the project on the right course. They also clarified what other projects are being 

done in similar subjects, simultaneously, which prevented work overlapping. Those 

other projects also provided valuable information to this research, through opening 

different kind of insights, and adding limitations to which directions this thesis shouldn’t 

be going. Two of those theses projects, Jizhe Wangs and Carita Partanens, were also 

giving value to this research through collaboration during (Wang) and after (Partanen) 

the construction phase. 

 

The subject of implementing ICT in the remote-guidance of elderly people caretaking is 

relatively new. The alarming birth rate and the current, long life expectancy implies that 

these studies grow more important every year. In order to give viewpoints to further 

research, this study has proven to be very relative. Even if the UI and UX seems to be 

somewhat primitive in the initial Old Birds environments, the point was to motivate 

other researchers to get new ideas on how to construct a working environment for 

caretakers, in order to enhance the quality of elderly people lives. This is not the first 

and not the final research done for the Old Birds, as it will continue to develop and grow 

in the hands of the information processing students and other researchers. 

 

To answer the research question on “how to control the timing and coordination aspects 

of simulated scenarios of elderly people activities?”, I’ve established through the DSR 

design, rigor and relevance cycles, that the artifact created in this thesis proved to be a 

good way to simulate movement, timing and scheduling of the senior citizen 

movements. The thesis was extended for validation purposes to a bus trip scenario tools, 

which provided the needed mean to create purposeful scenarios. After the validation, the 

individual testing the artifact deemed that the tools were simple and good enough for 

such usage. As the artifact was made by one man, when provided with a full team of 

developers, Unity and all other mentioned tools provide excellent platform for the 

simulation of elderly people activities. 

 

As there rose many subjects for the future of the project in the discussion chapter, 

hopefully the activity simulator continues to develop in further researches. As it is 

implied, that the actual construction phase is very time consuming, it is suggested that 

the future development should be more organized. With the adaptation of scrum, or 

other project management methods, to the research methods used in this thesis could 

reduce the time consumed in the construction phase significantly. This, or course, 

demands that there are more developers per project. As it is a standard in any bigger 

software projects, the VCS should be implemented. Hopefully, for the future developers, 

there would be a core repository for all the versions of Old Birds, ran by either the staff 

of information processing science department, or the students themselves. 
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citizens 
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Pentti Kaiteran katu 1, 90570, Oulu, Finland 

 

ABSTRACT 
  

New technologies helps researches to think in a new way. How new technologies can 

help senior citizens from memory illnesses? This paper introduces a web application 

tool to fill the gap of the health care and tehnology. The prototype has isometric view as 

an environment and is designed like a computer game. It helps caregivers to monitor and 

trace senior citizens locations. Caregiver can also give instructions for the senior citizens 

by calling or sending a message. The communication will be much easier with the 

communication tool and it will also help senior citizens with their daily tasks. 

Caregivers can use the application to access their health profile. We also have developed 

a new smart glasses simulation and the idea of the smart glasses is to guide the senior 

through the specified route. The paper concentrate on providing a new system which can 

help and support memory illness senior citizens with their daily lives. 

  

INTRODUCTION 
  

According to official statistics of Finland (2014) the amount of elderly people is 

growing quickly and the number of aging people is 83 percent of the total population. 

The percentage of elderly people will be double or more than double by year 2050 

(United nations 2002). The aging is not a full reason for the causing memory disorders. 

Many factors for example genetics and neural degeneration have a part in causing 

memory disorders (Rodrigue, Kennedy & Park, 2009). Memory loss can disrupts daily 

life for example some forgets important dates or events, some may have trouble to 

follow familiar recipe or driving to a familiar location and other may lose track of dates 

(Kopelman, 2002).  

 

In this paper we discuss about smart technologies and services which supports senior 

citizens in their daily tasks. When the society and technology is progressing at fast 

speed, how could we provide this new technology to aid senior citizens suffering from 

memory disease or some other hindrance that affects in their everyday lives. One of the 

answers is to produce new kind of systems, which can be used to help the senior citizens 

in their everyday tasks. Furthermore these new systems could be used to help the 

caregivers in their job of taking care of the elderly people. The Old Birds is a project 

concerning elderly people with a condition, which affects in their performing in their 

daily lives. It is a computer made simulation, which can be used to gain knowledge 

about senior citizens doing their daily tasks. The new knowledge can then be used to 

construct different kind of aiding systems to help them getting along with their everyday 

routines. The Old Birds interface also gives a possibility for the caregivers to take care 

of these older citizens. The prototype which is presented in this paper provides 

caregivers a smart tool for tracing and taking care of senior citizens remotely. It allows 

caregivers to monitor senior citizens current location and also the detail of health 
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condition. Also relatives of senior citizen or memory illness patient can also participate 

in caretaking. The tool that is presented in this paper can be a solution to this issue. 

  

As the environments differ, so a simulation is good way to illustrate a senior citizen 

walking into a grocery shop, or making a coffee in the kitchen for example. The system 

produced, like the Old Birds, can be also used to keep track of a senior if she/he gets lost 

in his/her way to the grocery shop, or give guidance in some specific task, like making a 

coffee. Furthermore, with the modern day technology it’s even possible to keep track of 

the elderly people’s health condition, wirelessly. More sophisticated systems can be 

produced, like smart glasses, which for example can be used to guide the elderly citizen 

to his/her destination. Of course the system can also be used to enrich the elderly 

people’s social life, which is very important aspect. The system offers a solution to see 

if the senior falls down or gets hurt. This way the help is always near when the senior 

citizen needs it the most. 

  

Yamamoto et al. (2010) describes in their studies about smart services among the 

elderly people. The amounts of working aged population are growing fast in Finland. It 

doesn't seem so realistic that there would be enough caretakers to fulfill the elderly 

needs or problems in the future. Also the amount of the illnesses caused by ageing for 

example dementia is also increasing. There is an urgent need for the technology to be 

improved. The social health care sectors need urgently new technologies which can 

support the functional ability of the elderly people. The authors of the paper have been 

developing a ubiquitous technology for the elderly people who are suffering from 

various degrees of memory problems. They also describes that the purpose of the system 

is to motivate and to help with elderly people's daily activities and to maintain social 

communications. The system can be controlled by tapping the surface and this allows 

the elderly people to use the system without learning new control methods. 

  

Pulli et al. (2012) have studied the safety navigation of senior citizens in their studies. 

The concept of smartphone-based navigation with easy-to-use functionality is dedicated 

to senior citizens and for their relatives. The system should be designed to use outside of 

the home environment to ease and to support the elderly people's life. The safety is for 

outdoor activities of senior citizens can be preset by virtual safety borders. The borders 

can be determined in advance by people in charge for example caregivers and relatives. 

Relatives and caregivers can observe and follow up movements of senior citizens via 

interfaces. These kind of proper interfaces can provide users browsing opportunities, 

abilities to see, review pictures and videos taken by senior citizens mobile cameras and 

abilities to communicate with the senior citizens. This will give a feeling of safety. 

  

Ikeda et al. (2011) have studied about a smart kitchen system for supporting memory 

lost elderly people in cooking by remote supporter. The remote supporter could get 

visual and verbal feature of the system to help the demented elderly people. There can 

be many places in the kitchen were even best camera cannot cover it. The kitchen is also 

a complex environment to be monitored or controlled by a single method. Also remote 

supporters cannot know the kitchen environment well. Two elderly people participated 

in a test for making coffee in an unfamiliar place; the system gave them some 

instructions for making coffee. The instructions were given step by step and they were 

allowed to ask help from remote assistance, both participants succeeded to do their task 

by asking some questions from the remote assistance. 

  

The tool of this paper is based on the work of Yamamoto et al. (2010), Pulli et al. (2012) 

and Ikeda et al. (2011). The game engine runs the 2.5D environment in a web 
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application. Also the primary tool is GPS device which records the data of senior 

citizen’s location. We added the communication tool as a new feature to the project. The 

communication tool allows the caregiver to make a single or multiple call to contact 

senior persons (Figure 2). Also to ease the communication in situations for example to 

remind the senior person what to buy from the shop is created the texting interface 

(Figure 4). Caregiver can call the senior citizens to remind about some forgotten tasks 

and also the caregiver can send a message to senior citizens (Figure 2 and Figure 4). 

Caregiver can also get necessary information about the senior citizens by moving the 

mouse on to the avatars (Figure 1). The main idea of Old Birds avatar is to avoid 

privacy issues and to make the application more interesting for the caregivers. The 

avatars are designed cartoonish style and they demonstrate senior citizens inside and 

outside views (Figure 1). The models of avatars are for both genders and different color 

options so that caregiver can recognize different avatars easily. We have also made the 

smart glasses simulation where is the scene of the Oulu city. The smart glasses 

simulation allows the user to see the map of Oulu as well as the bird’s moving (Figure 

5). We felt also necessary to improve the movement system of Old Birds 1.0. The old 

movement was slow and not so intuitive. For the result to improve movements we 

created a waypoint system to make the movement much easier and the senior character 

can move in the Unity 3D environment where ever it needs to move. 

  

  

  

Senior citizens in the smart environment 
  

There is all kind of users in the smart evironments still among all kind of smart 

environment's users, elderly people are the group whose needs and wishes are not 

cosidered properly. Thatswhy there should be more mobile services that could be 

helpful in elderly environments. QFD is a customer-driven tool to implement the total 

quality management. It is important that the system is easy to use; senior citizen's family 

can also condier the safety and cost of these services. The system should be evaluated 

with different field's experts such as architecture, healthcare, medical technology, 

biochemistry etc. (Pulli, Zheng, Antoniac, Hickey, Manninen & Martikainen, 2007). 

  

The concept of the smart home is promising and a way of improving home care for the 

elderly and the disabled in allowin greater independence and preventing social isolation. 

Smart homes includes sensors, actuators and biomedical monitors. The advantages and 

disadvantages as well as a modern society, are discussed (Chan, Campo,  Estève & 

Fourniols, 2009). Jacelon and Hanson (2013) have describes that smart environments 

are developed to support elderly adults aging. The design of contributions of the older 

users have not been explicated. The findings of designing and developing systems for 

smart environments indicates that older adults are open to living in technically advanced 

environments if doing so would imporove their quality of life and help them stay in their 

own homes and to improve the smart homes. 

  

Technological innovations are increasing in globally competitive business 

environments. Firms and other organizations use Technology Roadmapping for 

supporting research and development of future technologies and products that could 

sustain a advantage of competitive.  (Lee, Phaal & Le, 2013). 
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IMPLEMENTATION 
  

In this section, we describe the design and implementation process of the application. 

The section explains how we have used the resources from the older version of the 

project, and what we have changed or added in it. 

  

  

  

Old Birds 1.0 
  

The older version of the project was a Unity 3D project, which included readymade 

features. These features included 3D models of the birds, buildings, furnitures and the 

indoors of Stockmann. There were some scripts for a basic movement of Marjatta, the 

red bird, but it was decided that these scripts were insufficient and had to be replaced 

with a better system to save time in the future implementation of simulations. Old Birds 

1.0 also introduced a citizen information box that appeared on top of the birds when the 

user mouse overs them. The feature contains information of the senior such as age, 

medical information, living status, memory status and technology skills. This feature is 

still used in Old Birds 2.0. The application environment is carried out with a 2.5D 

isometric environment simulation, in both Old Birds 1.0 and 2.0. (A monitoring tool to 

support remote caretaking of senior citizens, 2013) 

  

The basic structure of the Old Birds 1.0 Unity project did not meet the qualifications of 

the Old Birds 2.0, so we did a major reconstruction of the project. All the JavaScript 

scripts were translated and rewritten into C#, and the simulations were transferred to 

their own individual scenes. The scenes were Marjattas house, Oulu city and 

Stockmann. The Old Birds 2.0 also lacked in documentation, as there were zero 

comments on the code and some of the function names were in foreign language. 

Because of this reason, it took some time to re-engineer the code. The new project 

includes extensive documentation of the project code, and the code is rigorously 

commented. 

  

Old Birds environment 
  

Old Birds environment is done with 2.5D isometric simulation because using isometric 

view instead of 2D is considered as a part of future project. The environment is divided 

to home, map and city environment. In the home environment is designed to look like a 

real home decoration. The walls of the home environment are transparent walls because 

the user of the web application can monitor the senior citizen through the walls. The 

design of the environment is important to the caregivers because nothing should block 

the visibility when the caregivers are monitoring the elderly persons (Figure 7). The 

map view shows the caregiver where the avatars are located and the map of the city is 

designed with 2.5D view (Figure 1).  The city environment shows the most important 

buildings in the city (Figure 4). 

  

Information box 
  

The information box will appear every time when moving the mouse over each avatar. It 

contains health and personal information about the senior citizens and in the current 

version of the application the following information is included: age, medical 
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information, living status, and status of memory and also senior citizens technology 

skills (Figure 1). 

  

 
Figure 1: Information box appearing when the mouse is over the chosen avatar 

  

Caregivers communication tool 
  

A new feature was added to the project, which allows the caregiver to contact the 

seniors through a caregiver communication tool. The tool allows the caregiver to call or 

text a senior person through a simulated situation (Figure 2). This tool is useful in 

situations where a senior is in need of assistance, for example if she/he is lost, hasn’t 

moved in a while or their relatives are worried about him/her. 

 

 
Figure 2: Making a call to a senior through the communication tool 

  

The caregiver communication tool also allows the caregiver to make a call to many 

seniors at once (Figure 3). This allows the caregiver to contact groups of seniors for 

example in a situation where an announcement has to be made. In a situation where a 

storm is approaching, the caregiver can contact all the seniors outdoors and tell them to 

go home or the nearest shelter. The green outline around the birds in figure 1, 2 and 3 

indicates that the bird is selected for a call. The birds are also shown as a list in the 

caregiver communication tool. The right hand side GUI is a simulation of the seniors 

phone (Figure 3). In a situation where a senior is demented and might not recall that 

he/she has a caregiver, we’ve implemented a simulated picture of the caregiver in the 

seniors phone, when a call is answered. 
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Figure 3: Making a call to multiple seniors 

  

The texting interface (Figure 4) allows easy communication in situations where the 

senior might not be in immediate need of assistance, but could for example need a 

reminder of the groceries he/she needs to buy. The seniors phone is simulated in the 

answering of calls as well as answering a text message (Figure 4).  Caregiver can make 

a call and text message to multiple seniors. This is a useful tool for the caregivers 

because they can give instructions anytime and anywhere to the senior citizens. 

  

 
Figure 4: Text messaging to a senior 

 

Smart glasses for senior navigation 
  

To more enhance the simulation of technology in development in the department of 

information processing in the University of Oulu, we developed a scene with where a 

senior uses smart glasses. The idea of the smart glasses is to guide the senior through a 

specified route to a place where he/she needs to be. There are four different LED lights 

in each lens of the glasses that indicate the direction where the senior needs to go 

(Figure 5). 

  

 
Figure 5: The smart glasses simulation 

  

The smart glasses simulation is done in the Oulu city scene, where the user can see the 

map of Oulu as well as the birds movement. There is a first person view with the glasses 

in the upper right corner of the picture to simulate the flashing LED lights. 

  

Waypoint system for character movement 
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We felt it necessary to improve the movement system of Old Birds 1.0 dramatically. 

The old movement system was hardcoded in the scripts, which was not intuitive and was 

slow to implement. A waypoint system was created to make it easier to create new 

simulation where the senior character needs to move in Unity 3D environment. As 

shown in figure 6, it is easy to place the waypoints for the character to follow. The 

waypoints are the black dots, which are only shown as gizmos in the scene editor, and 

not the actual simulation. 

 

 
Figure 6: Moving a character using the waypoints 

 

The waypoint system is used in both, the smart glasses and Marjattas Stockmann visit 

simulations. The scene changing, for example from Marjattas house to Oulu city scene 

is done through a trigger. When Marjatta touches the trigger (Figure 7), the scene is 

automatically changed to a scene defined in the trigger object. 

 

 
Figure 7: Changing the scene through a trigger 

  

CONCLUSIONS AND FUTURE WORK 
  

New technologies gives a hope for many issues and this papers web application tool fill 

the gap between the health care and technology. In the future the waypoint system 

should be enhanced with new features. These features could include an editor tool where 

the developer could click on the ground to add a new waypoint which would 

automatically be assigned to the wanted character, rather than copying a waypoint object 

and assign it manually. The waypoints could also make the character go faster, slower or 

even stop for a while. In the future it is also important that the avatars are modified with 

a new look. The smart glass interface should be designed futher and also the smartphone 

application for the communication tool should be also provided with a new design. 
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Appendix B. Validation email survey for Carita Partanen 

 

Technically speaking, did you encounter any problems during the implementation of the 

bus trip scenario? If so, what solutions did you use to fix the problems? 

 

When the bus stopped in the waypoint, it did not show the info about waypoint. I don’t 

remember how I fixed it but I asked it for you. Another problem was that if speed of the 

time was speed up, waypoint voice was not speed up. I did not have time to fix it. Also 

putting the map in the layout was quite hard for me in the beginning. 

 

Was the tools in the template scenario easy enough to use? Did you come up with some 

ideas on how to improve the general usability of the features? 

 

It was quite easy and I think that if there is enough time it would be easier. During my 

interviews, one interviewee said that it could be easier to people with disabilities if 

waypoint info table could be bigger, like whole screen. 

My scenario included events that happened in the bus and it could be next thing to do.  

 

Did you use the event calendar in the scene? Did the database model work / did you use 

it in order to save / modify / delete events? Was there any problems in the calendar 

system? How would you improve the created calendar system? 

 

I did not use the calendar 

 

What did you think about the general layout of the scene elements? Did UI elements 

overlap with other UI elements or the gameobjects too much? Was the space used 

efficiently? Was there anything that you would add or remove in the UI? 

 

Bus indoor UI could be useful . Also something that could show movements that are 

minor, like moving back to bus or moving to different house which is nearby. 

 

Were the waypoints easy enough to place and configure? Was there anything missing or 

incoherent?  

 

I think waypoints were easy to place and configure when noticed how it should do. 

 

Did you use the sightseeing mechanisms of the waypoints? Was there anything you 

would add or remove in order to make the usage easier and better? Did you attach 

sounds to waypoints? If you did, was the implementation satisfactory? How about the 

text and images? 

 

Backround noise, like noises of eating could be nice but I don’t know could those noises 

bring anything useful. Overall sightseeing mechanism was good and easy to use. 

 

How did you feel about the time simulation system in the scene? Did it work as one 

could have hoped? 

 

Simulation was good enough.  
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