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Open Elective: AD-803 (B) Augmented & Virtual Reality

Prercquisite: Computer Graphics
Course Objectives

To understand the necd and significance of Virtual Reality. 7

To explore the concepts of Virtual reality and develop 3D virtual environments.

To understand the technical and engineering aspects of virtual reality systems.

To analyze various techniques for applying virtual reality.

To provide a foundation to the fast growing field of AR and make the students aware
of the various AR devices.
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Course Outcomes
After the completion of this course, the students will be able to:

1. Describe how VR systems work and list the applications of VR, along with the
geometric presentation of the virtual world and its operations.

Explain the concepts of motion and tracking in VR systems.

Design and implementation of the hardware that enables VR systems tobe built.
Describe how AR systems work and analyze the hardware requirement of AR
Analyze and understand the working of various state of the art AR devices.
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Syllabus

Unit I: Introduction to Virtual Reality, VR Basics, History of VR, VR paradigms,
Collaboration, Virtual reality systems, Representation; User interaction

The Geometry of Virtual Worlds, Geometric Models, Changing Position and Orientation,
Axis, Angle Representations of Rotation, Viewing Transformations, Chaining the
Transformations

Unit 1I: Motion in Real and Virtual Worlds, Velocities and Accelerations, The Vestibular
System, Physics in the Virtual World, Mismatched Motion and Vection

Unit III: Applying Virtual Reality, Virtual reality: the medium, Form and genre, What makes
an application a good candidate for VR, Promising application fields, Demonstrated benefits
of virtual reality, More recent trends in virtual reality application development, A framework
for VR application development

Unit IV: Augmented Reality, Terminology, Simple augmented reality, Augmented reality as
an emerging technology, Augmented reality applications, Marker detection, Marker pose,
Marker types and identification: Template markers, 2D bar-code markers, Imperceptible
markers: Image markers, Infrared markers, Miniature markers, Discussion on marker use,
General marker detection application

Unit V: AR Decvelopment & Applications, User interfaces, Avoiding physical contacts,
Practical experiences with head- mounteddisplays, Authoring and dynamic content, AR
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UNIT-2

1. Motion in Real and Virtual Worlds

Real World Motion Example:
In the real world, motion follows the principles of classical mechanics (Newton’s Laws). For
example:

e Driving a Car: When you accelerate, you feel pushed back into your seat due to
inertia. This happens because your body tries to resist the change in motion.

Virtual World Motion Example:
In the virtual world, motion is simulated. For example:

o Driving a Car in VR: You might feel like you are speeding up, turning, or braking,
but your body remains stationary. Only your vision perceives the motion, creating a
disconnection with your vestibular system.

Image Description:
An image could depict:

e A car driving on a real road, showing speed and motion.

e A VR user wearing a headset, seated in a chair, but experiencing a simulated car ride
in the virtual world.

2. Velocities and Accelerations
Example of Velocity and Acceleration in Real Life:

e Throwing a Ball: When you throw a ball, it has a velocity as it moves forward. If
gravity and air resistance act on it, the ball slows down and eventually accelerates
downwards due to gravity.

Example in the Virtual World:

o Virtual Roller Coaster: In VR, a roller coaster can accelerate (speed up) or

decelerate (slow down) while twisting and turning. This creates the sensation of

velocity and acceleration, even though your body remains still.

Image Description:
An image could show:

e A real ball being thrown in the air with arrows indicating velocity and acceleration.

¢ A VR roller coaster with visual indicators showing how speed and acceleration
change during the ride.

3. The Vestibular System



Explanation:
The vestibular system is located in the inner ear and is responsible for balance, spatial
orientation, and detecting changes in motion (like acceleration or head rotation). It includes:

e Semicircular Canals: Detect rotational movements.
e Otolith Organs: Detect linear acceleration and gravity.

Example:

e When you spin in a chair and suddenly stop, you may feel dizzy. This happens
because the fluid in your semicircular canals keeps moving, confusing your brain into
thinking you’re still spinning.

Virtual World Impact:
In VR, since your vestibular system doesn’t experience real motion, it can conflict with visual
information, leading to motion sickness.

Image Description:
An image could depict the inner ear’s vestibular system, highlighting the semicircular canals
and otolith organs.

4. Physics in the Virtual World
Example:

o Zero Gravity Simulation: In VR, you can experience floating in space, even though
real-world physics would normally keep you grounded.

e Collisions in Games: When objects collide in VR (like two cars crashing in a racing
game), physics engines simulate the impact, momentum, and force transfer.

Image Description:
An image could show:

e A virtual astronaut floating in space inside a VR environment.
e Two virtual cars colliding, with debris and force lines illustrating simulated physics.

5. Mismatched Motion and Vection

Mismatched Motion:
This occurs when visual information indicates motion, but the body doesn’t physically
experience it.

o Example: In a VR flying simulator, you may see yourself soaring through the sky, but
your body is stationary. This sensory mismatch can cause discomfort or nausea.

Vection:
Vection is the illusion of self-motion.



o Example: You are standing still in a train, but when the train next to you starts
moving, you might feel like you are moving instead. In VR, vection can enhance
immersion by making users feel as though they are moving through the virtual
environment.

Image Description:
An image could depict:

e A VR user standing still while wearing a headset but experiencing virtual motion (like
flying).

e A visual illusion showing vection, such as a stationary person on a platform next to a
moving train.

UNIT-3( Applying Virtual Reality)

Virtual Reality (VR) is a powerful medium that has evolved from experimental technology into a tool
with wide-ranging applications across different fields. In this unit, we explore VR's characteristics, its
forms and genres, what makes applications suitable for VR, promising fields, demonstrated benefits,
emerging trends, and a development framework. Below is a pointwise discussion of each topic,
enriched with examples.

1. Virtual Reality: The Medium

e Definition:
Virtual Reality is a computer-generated simulation that immerses users in a fully interactive
3D environment. Users experience VR through devices such as head-mounted displays
(HMDs), hand controllers, and sometimes motion-tracking systems.
Example: A user wearing an Oculus Quest 2 headset can walk through a simulated ancient
Egyptian temple and interact with virtual objects.
¢ Immersive Features of VR:
o Immersion: Creates the sensation of “being there.”
o Interactivity: Users can manipulate virtual objects or navigate environments.
o Presence: The feeling that one is truly “present” in the virtual world.

2. Form and Genre in VR

VR applications come in various forms and genres, each offering unique experiences.

e Forms:
o Simulation-Based VR: Used for training or realistic scenarios.
= Example: Flight simulators for pilot training replicate real cockpit controls
and physics.
o Interactive Storytelling: Users influence the outcome of the story by making
choices.
= Example: In “VR cinema,” users can experience immersive, branching
narratives.



o Social VR: Allows users to connect and interact with others in shared virtual spaces.
= Example: Platforms like VRChat, where users create avatars and socialize.
e Genres:
o Action, adventure, puzzle, educational, horror, and more.
= Example: “Half-Life: Alyx” is a popular VR action game, while “Wander”
offers virtual travel experiences.

3. What Makes an Application a Good Candidate for VR?
Some applications are better suited for VR due to specific characteristics of the medium.

e Criteria for VR-Suitable Applications:
1. Need for Immersion: Applications requiring deep user engagement and spatial
interaction.
= Example: Architectural walkthroughs, where users can explore building
designs before construction.
2. High-Risk or Costly Scenarios in Real Life: VR can simulate dangerous or expensive
environments for training.
= Example: Firefighting simulations allow trainees to practice emergency
procedures safely.
3. Enhanced Learning: VR improves comprehension through experiential learning.
= Example: Medical students practicing surgical procedures in VR labs.
4. Entertainment and Fun: VR offers highly immersive gaming and storytelling
experiences.
= Example: VR escape rooms where players solve puzzles in virtual
environments.

4. Promising Application Fields

VR is making a significant impact in various fields, with applications extending beyond
entertainment.

e Healthcare:
o Example: VR therapy for treating phobias, anxiety, and PTSD through exposure
therapy.
o Example: Physical rehabilitation using VR to guide patients through exercises.
e Education and Training:
o Example: VR history lessons allowing students to explore ancient civilizations.
o Example: VR military simulations for combat training without real-world risks.
e Architecture and Real Estate:
o Example: Virtual property tours that allow potential buyers to explore homes
remotely.
¢ Manufacturing and Engineering:
o Example: Automotive companies use VR to test car designs before building physical
prototypes.
¢ Entertainment and Gaming:
o Example: Immersive VR games like Beat Saber, which combine action and rhythm.



5. Demonstrated Benefits of Virtual Reality
VR offers numerous benefits across different applications:

¢ Enhanced Learning and Retention:
Immersive learning experiences improve understanding and memory retention.
o Example: VR science labs where students conduct virtual experiments.
e Increased Safety:
Reduces risks in high-stakes training scenarios.
o Example: VR-based firefighter or pilot training minimizes real-world dangers.
e Cost Savings:
Virtual simulations reduce the need for physical prototypes and training equipment.
o Example: VR prototyping in automotive design saves time and resources.
¢ Improved Accessibility:
VR experiences can be designed to accommodate people with disabilities.
o Example: VR applications for wheelchair users offer new ways to explore virtual
worlds.

6. More Recent Trends in Virtual Reality Application Development
The VR landscape is rapidly evolving, with several key trends shaping its future:

¢ Wireless VR Headsets:
Devices like the Meta Quest 2 offer untethered VR experiences, improving mobility and ease
of use.
e Social VR and the Metaverse:
Platforms like Horizon Worlds emphasize social interaction and user-generated content.
e Artificial Intelligence (Al) Integration:
Al-powered virtual characters, adaptive content, and intelligent NPCs enhance user
immersion.
e Haptic Feedback and Wearables:
Advances in haptic technology allow users to “feel” virtual objects.
o Example: Haptic gloves providing tactile feedback when touching virtual surfaces.
e Extended Reality (XR):
XR combines VR, augmented reality (AR), and mixed reality (MR) to create seamless virtual-
physical experiences.
o Example: XR training simulations where users interact with both real and virtual
objects.

7. A Framework for VR Application Development
Developing successful VR applications requires a structured approach.

¢ Identify Objectives:
Define the purpose and goals of the VR application.
o Example: Is it meant for training, entertainment, education, or therapy?
e User-Centered Design:
Focus on creating an intuitive and comfortable user experience.
o Example: Design navigation systems that minimize VR motion sickness.



Prototype and Test:
Develop prototypes and gather user feedback to refine the experience.
o Example: Test different locomotion methods, such as teleportation or smooth

movement.

Leverage VR-Specific Features:

Utilize VR’s unique capabilities, such as 3D spatial audio, room-scale tracking, and haptic

feedback.

Iterate and Improve:

Continuously update and enhance the application based on user feedback and technological

advancements.

Virtual Reality is a dynamic and transformative medium with applications across a wide range of
fields. By understanding its forms, genres, promising application areas, and development
frameworks, developers can harness VR’s full potential to create immersive, engaging, and
impactful experiences. The ongoing trends and technological advancements in VR continue to push
the boundaries, offering new possibilities for both developers and users.

UNIT-4

Augmented Reality (AR) enhances the real world by overlaying digital content such as images,
sounds, and 3D objects onto the user's view. AR is rapidly evolving and expanding its applications
across fields like entertainment, education, healthcare, and manufacturing. This unit discusses AR
terminology, types of AR, its emerging status, applications, marker detection, marker types, and
general uses of markers. Each topic is discussed pointwise with examples.

1. Terminology in Augmented Reality (AR)

Understanding AR requires familiarity with key terms:

Augmented Reality (AR): Technology that superimposes virtual objects onto real-world
environments.
o Example: Pokémon GO overlays virtual Pokémon onto real-world streets through a
smartphone camera.
Augmented Virtuality (AV): A blend of AR and VR where real-world elements are integrated
into a mostly virtual environment.
o Example: A virtual meeting with real-time video feeds of participants embedded in a
virtual space.
Mixed Reality (MR): A continuum where real and virtual worlds merge, allowing interaction
between physical and digital objects.
o Example: HoloLens, where users can interact with 3D holograms while maintaining
awareness of their real environment.

2. Simple Augmented Reality

Simple AR refers to basic applications that overlay 2D or 3D digital content without extensive
interaction or complex processing.

Features:
o Requires minimal hardware, such as a smartphone or tablet.



o Displays static or animated images, text, or videos on real-world surfaces.
e Example: QR code-based AR that displays product information when scanned with a
smartphone.

3. Augmented Reality as an Emerging Technology

AR is still evolving, driven by advancements in Al, machine learning, computer vision, and
hardware like AR glasses.

e Emerging Trends:
o AR Glasses: Devices like Magic Leap and Microsoft HoloLens offer hands-free AR
experiences.
o Allntegration: Al enhances AR’s ability to recognize objects and deliver personalized
content.
o Web-Based AR: Users can access AR experiences directly through web browsers,
eliminating the need for apps.
e Example: AR-based navigation apps provide real-time directions by overlaying arrows onto
the user’s view of the road.

4. Augmented Reality Applications
AR is used in various fields to enhance user experiences and improve efficiency.

e Healthcare:
o Example: AR-based surgical tools provide real-time guidance to surgeons during
operations.
e Education:
o Example: AR apps let students explore 3D models of the human body or historical
monuments.
e Retail and E-Commerce:
o Example: Virtual try-on apps allow customers to see how clothes, glasses, or makeup
will look on them.
¢ Manufacturing and Maintenance:
o Example: AR overlays guide technicians through complex machinery repair steps.
e Entertainment and Gaming:
o Example: AR games like Pokémon GO and AR filters on social media platforms.

5. Marker Detection

Markers are visual cues (such as images or patterns) that AR systems use to detect real-world
surfaces and align virtual content with them. Marker detection is a crucial process in AR.

e How It Works:
o The AR system uses a camera to capture real-world scenes.
o Image recognition algorithms detect the marker and calculate its position and
orientation (pose).
o Virtual content is then displayed in alignment with the marker.



6. Marker Pose

Marker pose refers to the position and orientation of a marker in a 3D space, which is essential
for accurate AR content placement.

e Pose Estimation Process:
o The system analyzes the size, angle, and distance of the detected marker.
o ltuses this data to calculate the marker’s 3D coordinates relative to the camera.
o Example: In AR-based interior design apps, the pose of a floor marker helps position
virtual furniture correctly.

7. Marker Types and Identification
Markers are categorized based on their design, visibility, and purpose. Common types include:
a) Template Markers

e Definition: Simple markers with predefined patterns stored in the AR system’s database.
e Example: A square black-and-white grid marker used in AR gaming to trigger virtual objects
like 3D chess pieces.

b) 2D Bar-Code Markers

¢ Definition: Markers with encoded information (like QR codes) that trigger specific AR
content.

e Example: QR codes on museum exhibits that display additional information or 3D models
when scanned.

c) Imperceptible Markers
Markers designed to be less intrusive or invisible to users. Types include:

¢ Image Markers: Natural images (like logos or posters) used as markers.
o Example: Movie posters triggering AR trailers or behind-the-scenes content.
o Infrared Markers: Invisible markers detected by infrared cameras.
o Example: Infrared markers in AR headsets used for precise room-scale tracking.
e Miniature Markers: Tiny markers that can be embedded in everyday objects.
o Example: Markers on AR-enabled toys that enhance interactive play experiences.

8. Discussion on Marker Use

Markers play a crucial role in AR by providing reference points for aligning virtual content with
real-world objects.

¢ Benefits:
o Improved tracking accuracy.
o Reduced computational load due to simplified object recognition.



e Challenges:
o Markers can be visually intrusive or difficult to detect under certain conditions (e.g.,
poor lighting).
e Future Directions:
o Development of markerless AR that uses Al-based object recognition instead of
physical markers.

9. General Marker Detection Application
Marker detection has practical applications in various domains:

e Retail: AR mirrors use markers to overlay virtual clothing or accessories on customers.

e Education: AR textbooks with image markers enhance learning with interactive 3D models.

¢ Manufacturing: AR-guided assembly lines use markers to display real-time instructions and
quality checks.

e Entertainment: AR board games use markers to trigger animations and virtual elements on
the game board.

Augmented Reality is an exciting and rapidly evolving technology with applications in multiple fields.
Understanding AR’s terminology, forms, applications, and marker-based systems is essential for
leveraging its full potential. As AR continues to advance, trends like Al integration, web-based AR,
and markerless tracking will further enhance its capabilities and impact.

UNIT-5

AR Development & Applications

Augmented Reality (AR) development is an essential area of study as it defines how AR
applications are designed, implemented, and used in real-world scenarios. This unit
discusses AR user interfaces, practical experiences with head-mounted displays (HMDs),
dynamic content authoring, AR applications and future trends, design principles,
technology acceptance, and specific areas where AR can be effectively applied. Each topic
is explained pointwise, with examples to clarify key concepts.

1. User Interfaces in AR

User interfaces (Uls) in AR are designed to ensure intuitive interaction between users and
augmented content. These Uls must balance usability and immersion.

e Types of AR User Interfaces:
o Touch-Based Interfaces: Users interact with AR content via smartphones or tablets.
= Example: In AR apps like IKEA Place, users can drag and drop virtual
furniture into real-world spaces.
o Gesture-Based Interfaces: Cameras track users’ hand gestures to manipulate virtual
objects.



= Example: Microsoft HoloLens uses hand gestures for selecting and resizing
3D objects.
o Voice-Controlled Interfaces: Users give voice commands to control AR applications.
= Example: AR navigation apps allow users to ask for route guidance hands-
free.
e Challenges in AR Ul Design:
o Avoiding information overload (too many virtual objects can clutter the real-world
view).
o Ensuring accessibility for users with different physical abilities.

2. Avoiding Physical Contacts in AR

AR applications can reduce the need for physical contact by enabling touchless interactions.
This feature gained prominence during the COVID-19 pandemic.

e Applications and Benefits:
o Touchless Payment Systems: AR-based systems allow users to make payments
without physical interaction with screens or devices.
= Example: AR-enabled payment kiosks display virtual payment instructions
that users can follow by scanning QR codes.
o Virtual Buttons and Controls: Users can interact with holographic buttons using
gestures instead of touching physical surfaces.
= Example: Hospitals use AR interfaces to control medical equipment in sterile
environments without physical contact.

3. Practical Experiences with Head-Mounted Displays (HMDs)

Head-mounted displays (HMDs) are wearable devices that place AR content directly in front
of the user’s eyes, offering immersive and hands-free AR experiences.

e Types of HMDs:
o Optical See-Through HMDs: Users see the real world through transparent lenses
with virtual overlays.
= Example: Microsoft HoloLens provides holographic instructions for factory
workers assembling complex machinery.
o Video See-Through HMDs: Real-world scenes are captured by cameras and
augmented on the display.
= Example: AR headsets used in medical surgery show real-time augmented
data, such as heart rate and 3D scans.
e Challenges:
o Motion sickness or discomfort due to prolonged use.
o Limited field of view in some HMDs.

4. Authoring and Dynamic Content

Dynamic content authoring involves creating AR content that can be updated and customized
in real time.



e Static vs. Dynamic AR Content:
o Static Content: Fixed content that remains unchanged.
= Example: A virtual dinosaur displayed on a museum exhibit remains in the
same pose.
o Dynamic Content: Content that adapts based on user input or real-world changes.
= Example: AR sports apps that overlay live match statistics, such as player
speed and score updates.
e Tools for AR Content Creation:
o Unity and Unreal Engine: Popular platforms for developing interactive 3D AR
experiences.
o Vuforia and ARKit: Frameworks for adding AR functionality to mobile apps.

5. AR Applications and Future Visions

AR has already transformed several industries, and its potential for future applications is
immense.

e Current Applications:
o Healthcare: AR aids in surgical navigation, physical therapy, and medical training.
= Example: AR-guided surgery helps surgeons visualize internal organs and
blood vessels during operations.
o Retail: Virtual try-on apps let customers see how clothes, makeup, or furniture will
look before purchase.
= Example: L'Oréal’s AR app allows users to try on virtual makeup in real time.
o Education: AR enhances learning by making abstract concepts tangible.
= Example: AR anatomy apps let students explore 3D models of the human
body.
e Future Trends and Visions:
o AR inthe Metaverse: Blending AR and VR to create persistent virtual worlds where
users can interact socially and professionally.
o Wearable AR Devices: Lightweight AR glasses may replace smartphones in the
future.

6. How to Design an AR Application
Designing a successful AR application involves several key steps:

1. Identify the Application’s Purpose:
o Clearly define the problem the AR app aims to solve.
o Example: An AR tourism app might aim to enhance sightseeing experiences by
overlaying historical information on landmarks.
2. Select the AR Platform and Hardware:
o Choose suitable tools based on the app’s requirements.
o Example: Use ARKit for iOS apps or ARCore for Android apps.
3. Create User-Friendly Interfaces:
o Ensure intuitive navigation, minimal cognitive load, and responsive controls.
4. Incorporate Marker-Based or Markerless AR:
o Decide whether the app will use physical markers (e.g., QR codes) or markerless
tracking (e.g., SLAM-based).
5. Test and Optimize for Performance:



o Address common AR challenges like motion tracking accuracy, lighting variations,
and device compatibility.

7. Technology Adoption and Acceptance

The success of AR applications depends on user acceptance and the ease with which the
technology is adopted.

e Factors Influencing Adoption:
o Perceived Usefulness: Users are more likely to adopt AR if it provides clear benefits.
= Example: AR shopping apps enhance the online shopping experience by
reducing uncertainty.
o Ease of Use: Simplified interfaces and minimal setup improve user experience.
o Social Influence: The popularity of AR features (e.g., Instagram filters) can drive
wider adoption.
e Challenges:
o Privacy concerns (e.g., AR apps collecting real-time location data).
o Cost of AR devices and hardware.

8. Where to Use Augmented Reality

AR can be applied in diverse domains to enhance user experiences, improve productivity, and
solve real-world problems.

e Healthcare: AR improves diagnostics, surgery, and patient education.
o Example: AR vein visualization tools help nurses locate veins for injections.
¢ Manufacturing and Maintenance: AR provides step-by-step instructions for assembling or
repairing machinery.
o Example: Boeing uses AR to guide workers during airplane wiring assembly.
e Retail and E-Commerce: AR lets customers visualize products in their environment before
purchase.
o Example: AR furniture apps allow users to see how a sofa will fit in their living room.
e Education and Training: AR enhances experiential learning by making abstract concepts
more tangible.
o Example: AR chemistry apps let students explore 3D molecular structures.
¢ Entertainment and Gaming: AR adds immersive elements to games and social media.
o Example: AR filters on Snapchat and Instagram create fun and interactive user
experiences.

Augmented Reality is reshaping industries by bridging the gap between the digital and physical
worlds. Understanding the development process, user interfaces, practical applications, and future
trends is crucial for leveraging AR’s full potential. As AR technology continues to advance, it promises
to unlock new possibilities for innovation, efficiency, and user engagement.






