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Report Project Fundamentals of Extended Reality

git repository: https://github.com/damir401/mazeVR

1) Introduction

We approached this project with two main objectives: discovering the process of
designing a virtual reality experience and learning the basic tools of Unity. We had at our
disposal a Pico G2 4K VR headset with a remote controller and both had 3 degrees of
freedom (the 3 axes of rotation). We were asked to start by fixing a problem of our choice
and try to solve it by proposing a VR application. For that purpose, we discussed in our
group the different advantages a VR app can have compared to traditional solutions and we
concluded that a sense of presence is a major game-changer when it comes to conveying
an experience. From there, we worked on the meaning of presence as it's a complex
concept and englobes different dimensions. Then, we decided to focus on the spatial aspect
of it and look for related problems.

In the following document, we will first walk through the different choices we made, then the
design process we took, and finally the details of our prototype.

2) Project Goal/Objectives

The goal of our project is to make the user discover and explore new places. Indeed,
a typical day for someone is to get up, go to work/school, come back, stay at home, and
sleep. One can get pretty tired and want to get out of its daily life. However, people mostly
live in small apartments in big cities and with nowhere to change their mind, especially since
the covid pandemic. That's why our objective is to make people do new activities and
discover new places without moving. These activities should be a vehicle for exploration and
succeeding in them should be easy so that they don’t overshadow the main goal of this
design, which is to give the user a sense of presence in a large world. To avoid constraining
this “presence”, the activities must not follow any linear logic and the user has to be able to
perform them in any order. We want to entertain them and to make them forget about their
problems and their real environment. In other words, “How can we make the user explore
while being entertained at home?”

3) Design (method and approach, possible design list)

To find our design we chose to make different scenarios and find solutions to our
problem. You can find below a few scenarios we thought about that are compatible with our
initial problem. We tried to include some “extreme user scenarios” as well, to force us to
think about more original ideas. That's why scenarios 3 and 4 represent only a small number
of our target users.
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Scenatrio 1:

The user is returning home after a long day of work. He’s exhausted and wants to take some
time to recover. He doesn’t have any series or movies to watch so instead he decides to play
a game. The game should be restful and not too complicated but still entertaining. He
should be able to take time to look around and be free to move in the virtual environment as
he pleases. Still, the game must have a goal, to make it fun to play.

Scenario 2:

The user wants to take a walk in a peaceful place. However, it's winter so it’s really cold
outside and it's not pleasant to walk in the cold. That's why he chooses to use VR instead.
His goal is to walk around and see beautiful landscapes.

Scenario 3:

The user is a person with a disability and can’t walk without assistance. Still, he wants to
move and have fun. To solve his problems, he chooses to use VR. The app should be
entertaining and fun. It should allow the user to forget about his handicap (here walking
problems). That's why the game needs to involve movement (in the virtual environment).

Scenatrio 4:

The user is old and can’t do a lot of activities. People around him want to find activities he
could do alone to keep him busy. The app should be simple enough to understand and
not demanding physically.

Our scenarios highlighted the importance of movement in lovely and vast
landscapes. That's why we focused on games with big or changing scenes. Moreover, it
should be entertaining but not too complicated. We thus thought about having some kind of
mini-games in our environment. We finally came up with 3 main ideas and 2 different
environments.

The first idea consists of walking in a pretty place (mountain, desert, sea,...), either
chosen randomly or by the user. To make it more entertaining and force exploration, we ask
the user to clean the place, by picking up trash objects in a limited time. The goal is to clean
as much as possible of the area. Below you can find some examples of what we were
thinking about for the different scenes
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The second idea is to create an escape game maze. Like a regular maze, the user
must find the exit, but to make things more engaging, we ask the user to win a certain
number of mini-games beforehand. At the beginning of the game, we give the user 3 images
in a precise order that he must memorize, and then we ask him to find them in the maze.
When he finds an image, he needs to complete a specific mini-game to obtain it. Finally,
when he collected the 3 images he must find the exit and place the 3 images in the right
order to completely escape and win. As for the previous idea, we focus on the exploration
process (the user must find the exit as well as images and thus explore more the maze).

An important aspect that we considered was to envision these mini-games as separate
worlds that expand the main universe (the maze) and add to it visually and thematically. This
mini-game mechanic allows us, the designers, to create cohesive gameplay between
different scenes with their unique game logic. We achieve this while still meeting our original
goal, as these independent worlds are a good way to evoke a sense of vastness that
effectively anchors the exploration part of the design.

A second aspect to consider is to make these mini-games adapted to 3D so that the user
doesn't lose immersion in the environment. The use of depth should be essential to the
mini-game which will motivate the user to move around the scene and to have a more active
role in shaping the experience.

The third idea is similar to the second one, as it takes place in a maze as well. This
time the user only needs to find the exit but the maze is full of traps. Monsters, light changes,
dead ends, the user will have to change direction regularly before finding the exit. Even the
maze itself changes regularly, to increase the exploration process. At the same time, some
places are accessible only through teleport portals, encouraging the user to explore different
environments.

All those designs are summarized in the sheets you can find below.
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4) Prototyping

To create our final prototype, we considered all our design ideas and selected and
merged the parts we found interesting while adding new ideas. We kept the maze idea, as
we thought the first idea would quickly be annoying. Still, we kept it as a mini-game idea
“Clean the area” which can take place in such environments. We also removed the images
and replaced them with portals. The reason is that we want users to take the game easily
and let them explore the maze freely. The portal mechanism keeps a coherent system of
teleportation between scenes as all portals behave the same, which enforces the continuity
between activities. That way, they still need to complete a precise number of mini-games but
they can choose the ones they want to complete and they don’t have to remember anything.
In case they lose the mini-game, they have multiple constraints added for the rest of the
game such as light changes, no more color indication in the maze...
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For the prototype, we divided the project into several sub-projects and we tried to go
as far as possible. Below you can find the different steps:

Create the labyrinth and move around in it

Create mini-games (at least 1 or 2)

Add areas to access the mini-games

Create a menu to restart/change settings/leave the game

Improve visuals of the different scenes and add sound effects

Add victory constraints and penalties for failing mini-games (time limit, traps, change
of light,...)

7. Add scores and a multiplayer mode

ook owd -~

In parallel to steps 3 to 7, we wanted to continue creating new mini-games. With the
time we had, we managed to go until the 3rd step. We knew we wouldn’t be able to finish
every part of our prototype because it's a really big game but our goal was to at least finish
the first three steps and then go as far as possible. Hence, we met our objective. It would
have been great to be able to do the 4th step as it can be a problem not to be able to leave
the game. That's why we added a button at the beginning of the maze, even though it
shouldn’t be part of the final prototype.

In terms of work-sharing and distribution, we used GitHub to have access to others’
work and exchanged the device every week so that everybody could test the project. We
distributed the work by scene, meaning one person was taking care of one entire scene.

We encountered many problems with GitHub. We had some struggles at the
beginning of the project but finally, we managed to make the sharing work completely.

5) Final version (app description and user guide)

As a final version of this project, we implemented a VR game. It's divided into one
main scene/universe (the maze) and two mini-games/worlds (PipePuzzle and Differences).
A portal system links the main scene to the others and no special order is needed to solve
the mini-games. Text hints exist in each scene to indicate what should be performed. We
present here the different elements used in the game:

Portal

Blocked Portal Active Portal
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Text Hint

Exit Button

MainScene (maze) Differences PipePuzzle

The game starts by placing the player in the entrance (corner) of a randomly
generated maze where two portals are randomly created in two separate areas. The maze
layout changes every 30 seconds. And from each side of the maze there is a light source
with a specific color (red, blue, green, gray). These colors are a sort of indication to
understand direction inside the maze. When the player finds a portal, (s)he can activate it to
teleport to the mini-game world. There, the player finds a blocked portal that can only be
activated when the puzzle is solved, only then, (s)he returns to the spot on the maze where
they exited. After completing both mini-games, the maze disappears and on the opposite
corner to the entrance, the player can find a door leading to a gold island (reward).

Both implemented mini-games are 3D immersive versions of the classical game
puzzles. PipePuzzle extends the pipeline game genre. The player must complete the
pipeline by inserting the appropriate pipe boxes. Differences is an implementation of the “find
the differences” genre. The player must throw away the outliers existing in the second room.

We decided to keep a coherent control system between scenes to avoid confusing
the user. Due to implementation issues, we worked on this prototype with two casted rays
(curved for teleportation and portal activation and straight for object interaction).

In this game, the player can perform the following actions :
- teleport using the trigger button.
- pick/drop an object (pipe box or piece of furniture) using the primary 2D button.
- activate a portal using the trigger button.
- exit the game by clicking on the “exit game” button with the trigger
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6) Conclusion & perspectives (self-criticism and planned
improvements)

Issues related to the design process:

Although the mini-game mechanic was a powerful tool to expand the game universe
and easily bestow a sense of vastness, it's hard to keep track of that initial design problem
when creating these separate worlds and we can easily divert off the track especially in the
case of this final prototype since it only has 2 mini-games, so, they can thematically eclipse
the general tone of the game. This would be less of an issue if we had a large number of
small and fast mini-games.

General implementation issues:

Some improvements can be done to our prototype. First, as previously mentioned,
we didn’t manage to implement the complete prototype (as our project was really big). Thus,
the main improvement would be to finish it. Also, we focused more on the global app to have
an idea of what the game would look like in terms of gameplay. That's why we didn’t focus
on “prettiness”. It could be interesting to have some pretty textures on the maze’s walls as
well as more realistic portals, to increase the presence of the user. Moreover, our app faces
a major problem. When changing scenes, the headset and controller don’t recalibrate,
meaning that if you change scenes looking up, the next scene will appear above you. The
same goes for the controller, where you need to find the “origin” of the controller, place
yourself in this direction and recalibrate using the home button each time you change
scenes. That's why one improvement would be to correct this issue. Finally, we didn’t
manage to implement the menu so we used simple buttons and texts instead. We should
remove them and replace them with the right design.

Issues related to the MainScene:

For this implementation, we used a simple maze generation algorithm where we flip
randomly a cell (while taking into consideration its neighborhood to calculate the flip
probability). This algorithm is fast but does not ensure that a path exists to each portal. The
fact that the maze changes make it very likely that a path will appear in the following minute.
This moving maze feature is actually an original design idea to make the exploration less
about memorizing cells and more like a fun experience. That being said, we could avoid this
issue by using a classic maze generation algorithm.

Issues related to the PipePuzzle mini-game:

Our final version does not take into consideration the rotation with which the box is
inserted. As long as it's the correct pipe type, the insertion is performed. An improvement
was envisioned but was not implemented before the deadline. The main idea is to define a
metric (the norm of a difference between two quaternions) that asserts whether two rotations
are close enough or not and to check this before handling the collision.Also, inserting boxes
is still a tedious task. Although this drives more movement in the scene, it's a cognitively
demanding task and we need to avoid any mental load in our game. This can be avoided by
enabling the user to change the distance between the hand and the selected object.
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Issues related to the Differences mini-game:

For the moment, we only take into consideration outliers as differences but we could
expand our implementation to color or size variations, position, ... Also, we only created a
static scene but we could generate the scene randomly to have various arrangements.



