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Q. . Max.
No. Details Marks
Define computer graphics. Explain its applications in real life.
Answer:
Definition (2 Marks):

Computer Graphics is the branch of computer science that deals with
generating, manipulating, and displaying visual images using computers. It
involves techniques to create pictures and animations that make data easy to
understand and visually appealing.
Explanation:
Computer graphics include both 2D and 3D images created through software
and hardware such as GPUs, rendering tools, and display devices.
Applications in Real Life (4 Marks):
1. Entertainment and Gaming:
Used in animation movies, video games, and visual effects (VFX).
Example: Pixar movies and 3D game environments.
2. Education and Training:
Visual aids and interactive learning systems help students understand
complex concepts.
Example: 3D anatomy models for medical students.
3. Engineering and CAD (Computer-Aided Design):
Engineers use graphics for designing automobiles, buildings, and
mechanical parts.
Example: AutoCAD software.
4. Medical Imaging:
Visual representation of human organs using MRI or CT scans for
diagnostics.
5. Virtual Reality and AR:
Used for immersive visual experiences in simulations and gaming.
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What is animation? Explain types and principles of animation.

Answer:

Animation is the technique of creating the illusion of motion by displaying a
sequence of static images in rapid succession. It brings characters, objects, and
environments to life using computer graphics. Animation is extensively used
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in entertainment, education, marketing, and simulation to communicate
visually appealing content.
Types of Animation:
1. 2D Animation: Uses flat drawings or vector images; commonly used in
cartoons.
2. 3D Animation: Creates lifelike visuals using modeling and rendering
(e.g., Pixar movies).
3. Stop Motion: Involves photographing real objects frame by frame to
simulate motion.
4. Motion Graphics: Animates text or shapes for advertisements or digital
displays.
Principles of Animation:
1. Squash and Stretch: Adds flexibility and realism to objects.
2. Anticipation: Prepares the viewer for an action.
3. Timing and Spacing: Determines the speed and rhythm of movement.
4. Follow Through and Overlapping Action: Ensures smooth and natural
motion.
Together, these types and principles create engaging and believable
animations used across various industries.

Q.3

a) [llustrate the use of Augmented Reality in a practical application and
explain its working principle. (8 marks)
Answer:

Augmented Reality (AR) is an interactive technology that overlays digital
information such as text, images, videos, or 3D models on the real-world
environment in real time. Unlike Virtual Reality, which immerses users in a
completely digital world, AR enhances the existing reality by adding computer-
generated elements.

Working Principle of AR:
1. Detection and Tracking: Sensors, cameras, and GPS detect the real-world
environment and identify reference points.
2. Registration: The system aligns virtual content precisely with the physical
world using coordinates.
3. Processing: The AR software analyzes sensor data and computes how digital
objects should appear relative to the user’s position.
4. Rendering: The combined view of real and virtual elements is displayed on a
device such as a smartphone, AR glasses, or head-mounted display.
5. Interaction: Users can manipulate virtual objects using gestures, touch, or
voice commands.
Example:
Applications such as Google Lens and IKEA Place use AR to visualize products or
information directly in real-world spaces.

OR

b) Show different types of AR displays: visual, audio, and haptic. (8 marks)
Answer:

Augmented Reality (AR) systems use various types of displays to deliver
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immersive and interactive user experiences. These displays present digital
information through multiple sensory channels such as sight, sound, and

touch.

1. Visual Displays:
Visual displays are the most common type, presenting digital content
directly in the user’s field of vision. Examples include mobile phone
screens, smart glasses, and head-mounted displays like Microsoft
HoloLens. They project 3D images, videos, or information over real
objects, blending digital and physical worlds seamlessly.

2. Audio Displays:
Audio-based AR provides information through sound, enhancing
situational awareness. Using 3D spatial audio, the sound appears to
come from specific directions, guiding users without visual clutter.
This is useful in navigation and accessibility applications.

3. Haptic Displays:
Haptic AR involves tactile feedback to simulate touch sensations.
Devices like AR gloves or wearables produce vibrations or pressure,
allowing users to “feel” virtual objects.

Together, these display types make AR experiences more realistic, interactive,

and multisensory.

¢) Compare Augmented Reality and Virtual Reality with examples. (8

marks)
Answer:

Augmented Reality (AR) and Virtual Reality (VR) are immersive
technologies that blend digital content with human perception, but they
differ in purpose and experience.

Aspect

Definition

Environment

Hardware
Used

User
Interaction

Applications

Examples:

Augmented Reality
(AR)

Enhances the real world
by overlaying virtual
elements.

Real world with digital
overlay.

Smartphones, tablets, Al
glasses (e.g., HoloLens).
User sees and interacts
with both real and virtua
objects.

Education, interior
design, retail, medical
visualization.

Virtual Reality (VR)

Creates a completely
simulated 3D environment.

Fully digital and immersive

VR headsets and controllers:
(e.g., Oculus Rift).

User is isolated from reality
and interacts only within th
simulation.

Gaming, training
simulations, therapy, and
architecture.

e AR:IKEA Place app showing furniture in real rooms.
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e VR: Flight simulators used for pilot training.
Thus, while AR augments the real environment, VR immerses the user in a
completely virtual one.

OR

d) Explain the process of marker-based tracking in AR applications. (8)
Answer:

Marker-based tracking is a fundamental technique used in Augmented Reality
(AR) to align virtual objects with real-world positions using predefined image
patterns called markers.

Process Steps:

1. Marker Detection: The AR device’s camera captures an image
containing a distinct black-and-white pattern or QR code that acts as a
marker.

2. Image Processing: The software identifies the marker within the
camera’s frame using computer vision algorithms.

3. Pose Estimation: The system calculates the position and orientation
(pose) of the marker in 3D space.

4. Registration: Virtual content is aligned and anchored precisely on top
of the marker.

5. Rendering: The combined real-world view with virtual overlay is
displayed in real time.

6. Interaction: Users can move or rotate the marker to view the virtual
object from different angles.

Example:
AR applications like ARToolKit and Vuforia use marker-based tracking for
interactive educational and marketing experiences.

Q4

a) How does Simultaneous Localization and Mapping (SLAM) support AR
applications? (8 marks)

Answer:

Simultaneous Localization and Mapping (SLAM) is a key technology in
Augmented Reality (AR) that enables devices to understand and map their
surroundings while keeping track of their position in real time.

Support in AR Applications:

1. Spatial Understanding: SLAM helps AR systems detect surfaces,
walls, and objects in the physical environment, allowing accurate
placement of virtual elements.

2. Localization: It continuously tracks the device’s location even when
GPS signals are weak, ensuring stable virtual overlays.

3. Mapping: SLAM constructs a 3D map of the environment using
camera and sensor inputs, essential for object anchoring.

4. Real-Time Updating: As users move, SLAM updates both the map
and device position simultaneously, avoiding lag or drift.

5. Applications: Used in AR frameworks like Google ARCore and
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Apple ARK:it to enable object placement, navigation, and gaming.
In summary, SLAM enhances AR experiences by providing accuracy,
stability, and real-time interaction with the real environment.

OR
b) Illustrate the working of a Virtual Reality system by applying its key components
in a practical scenario. (8 marks)

Answer:

Virtual Reality (VR) is an immersive technology that allows users to experience and
interact with a computer-generated 3D environment that simulates reality. VR
isolates users from the physical world and provides sensory experiences through
visual, auditory, and haptic feedback.

Key Components of VR System:
1. Input Devices: Capture user actions, including controllers, data
gloves, motion sensors, and tracking systems.
2. Output Devices: Provide sensory feedback such as Head-Mounted
Displays (HMDs), headphones, and haptic devices.
3. VR Engine (Software): Responsible for real-time rendering, physics
simulation, and environmental interaction.
4. Tracking System: Detects user head and body movement to adjust the
display view dynamically.
5. 3D Environment: The virtual world created using 3D models,
textures, and lighting.
Together, these components create a seamless, interactive, and immersive
virtual environment where users can explore, learn, or train in simulated
conditions.

¢) Describe the architecture of a Virtual Reality system. (8 marks)
Answer:

The architecture of a Virtual Reality (VR) system consists of several interconnected
components that work together to create an immersive digital environment.
1. Input Layer:
This includes devices like sensors, gloves, and controllers that capture user
actions such as movement, gestures, and orientation.
2. Processing Layer:
The core of the system — it handles 3D modeling, physics simulation, tracking,
and rendering. The VR engine processes real-time data to update visuals
according to user actions.
3. Output Layer:
Displays the generated virtual world through visual (HMD), auditory
(headphones), and tactile (haptic devices) feedback.
4. Application Layer:
Includes specific VR programs or simulations for education, gaming, or
training.
Flow:
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User input — Processing engine — Output display — Continuous feedback
loop.

Diagram (recommended for marks):

A simple block diagram showing data flow between these layers enhances
clarity.

Thus, this architecture ensures real-time interaction and immersive experiences
in a virtual 3D space.

OR

d) Illustrate how haptic feedback enhances VR experience. (8marks)
Answer:

Haptic feedback is the technology that simulates the sense of touch in Virtual
Reality (VR) environments. It enables users to feel virtual objects, textures,
and forces through vibration, pressure, or motion.

Enhancement in VR:

1. Realistic Interaction: By providing tactile feedback, users can sense
object surfaces, improving immersion.

2. Improved Learning and Training: Haptic gloves and exoskeletons
help in medical or technical training by mimicking real physical
interactions.

3. Enhanced Presence: The sense of touch makes users feel truly present
in the virtual environment.

4. Error Reduction: Physical sensations guide users in precise actions,
improving accuracy in simulations.

5. Example: In VR surgery simulators, doctors feel resistance while
using virtual tools, enhancing realism.

Devices Used:

Haptic gloves, vests, or controllers (like Meta Quest Touch).

Thus, haptic feedback bridges the gap between physical and virtual worlds,
making VR experiences more immersive and lifelike.

Q.5

a) Demonstrate the application of different input interfaces used in Virtual
Reality systems by explaining how they capture user interactions. (8 marks)
Answer:

Input interfaces in Virtual Reality (VR) systems allow users to interact naturally with
the virtual environment by capturing gestures, movements, or commands.

1. Position Trackers: Detect the position and orientation of the user’s head or
body to adjust the view in real time.
2. Data Gloves: Equipped with sensors to capture finger and hand movements
for manipulating virtual objects.
3. Handheld Controllers: Used to navigate, select, or interact with objects in the
VR world.
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4. Eye-Tracking Systems: Monitor where the user is looking, enabling gaze-
based interaction.

5. Voice Recognition: Allows users to control or command the VR system using
speech.

6. Motion Sensors: Detect movement and translate it into corresponding virtual
actions.

These interfaces ensure accurate input capture, enhancing immersion, realism,
and user engagement in virtual environments.

OR

b) Explain interactive techniques such as body tracking and hand gesture
recognition. (8 marks)

Answer:

Body Tracking:

Body tracking is a technique that monitors the movements and posture of a user
in real time using sensors, cameras, or motion capture suits. It allows users to
move naturally within the virtual environment, with actions like walking,
jumping, or leaning mirrored digitally. Devices such as Microsoft Kinect or
HTC Vive trackers are commonly used. This technique enhances immersion
and enables realistic interactions in gaming and training applications.

Hand Gesture Recognition:

Gesture recognition allows users to interact with virtual elements using hand
movements instead of traditional controllers. Cameras and sensors detect
gestures such as pointing, grabbing, or waving. The system interprets these
gestures into commands for manipulating virtual objects. Devices like Leap
Motion and Meta Quest use this technology.

Both techniques make interaction intuitive and natural, reducing dependency on|
physical input devices and improving user experience in VR systems.

¢) Write a short note on the GHOST (General Haptics Open Software
Toolkit). (8 marks)
Answer:

The General Haptics Open Software Toolkit (GHOST) is a software development
toolkit created by SensAble Technologies to facilitate the development of applications
that integrate haptic (touch-based) feedback with 3D graphics environments. It
provides programmers with APIs and libraries to build interactive applications that
combine both visual and tactile sensations.

GHOST is designed to work with haptic devices such as the PHANTOM haptic
interface, allowing users to feel and manipulate virtual objects as if they were
real. It supports collision detection, force feedback rendering, and 3D object
modeling.
Key Features:

e Provides a real-time haptic rendering engine.

o Enables creation of virtual surfaces with physical properties like
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hardness or texture.
e Supports object manipulation and interaction through touch.
o Compatible with OpenGL and C++ for easy integration.
Applications:
Used in medical simulators, CAD modeling, education, and virtual training,
GHOST enhances realism by merging physical sensation with digital
interaction, making VR experiences more immersive and natural.

OR

d) Compare different models of input and output interfaces in Virtual
Reality. (8 marks)

Answer:

Virtual Reality (VR) systems rely on input and output interfaces to enable users to
interact with and experience the virtual environment. These interfaces differ in
purpose—input captures user actions, while output delivers system feedback.

Aspect Input Interfaces Output Interfaces
Capture user’s motion, Provide sensory feedback
Purpose gestures, or voice to interact (visual, auditory, tactile) to
with the system. immerse the user.
Data gloves, motion sensors, Head-Mounted Displays
Examples eye trackers, controllers, voici(HMDs), speakers, haptic
input. gloves, or vests.

Converts real-world actions Converts digital information
Functionality into digital commands for  into sensory experiences for the
simulation. user.

Direction of

Data Flow From user to VR system. From VR system to user.

Enables control and navigatio Enhances immersion and
within the VR world. realism.

In conclusion, both input and output interfaces complement each other to create
an interactive and immersive VR experience, allowing seamless
communication between the user and the virtual environment.

User Experienc




