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Section A: [ 40 Marks]

This section contains THREE questions; Answer any TWO questions from this section.


Question 1: [20 Marks]

Artificial Intelligence (AI) is finding widespread application in the field of Autonomous Vehicles (AVs), which are developing at a rapid pace. Perception, prediction, planning, and control are the key AI functions in major AV systems. 
									
1.1 Describe how weak AI facilitates perception, prediction, planning, and control functions in AVs. Your answer must include the definition of each function, the role of Weak AI in each area, and discuss the specific technologies used. Use the template given in Table 1 to provide the answers.                        [4x3=12 Marks]

Table 1: Key AI functions in AVs
	Function
	Definition 
(one mark each)
	Role of Weak AI
(one mark each)
	Technologies
(one mark each)

	Perception
	Perception involves using sensors and computer vision algorithms to detect and categorize objects in the vehicle's environment, such as roads, lanes, signs, traffic lights, vehicles, pedestrians, obstacles, etc.
	Weak AI algorithms process data from these sensors to identify and classify objects in the vehicle's vicinity. This includes distinguishing between pedestrians, vehicles, cyclists, road signs, lane markings, and other relevant elements
	Computer vision, sensor fusion

	Prediction 
	Prediction aims to anticipate the likely future motions of detected objects to inform the AV's decision making
	Weak AI predicts the likely paths and behaviours of other road users and obstacles to anticipate their movements and potential interactions with the AV
	ML models, probabilistic models

	Planning 
	Planning involves choosing vehicle behaviours and paths to execute based on the AV's perception and prediction
	Weak AI algorithms plan the AV’s route, lane changes, and moves based on the perceived environment and predicted future states
	Decision trees or rule-based system

	Control
	Control translates decisions from the planning stage into acceleration, braking, and steering commands to the vehicle's actuators
	Weak AI controls the AV’s movements based on the planned trajectory and real-time feedback from sensors to ensure accurate execution of driving commands.
	Feedback control, Adaptive cruise control


	
1.2  Imagine a self-driving car powered by Strong AI. How would its capabilities differ from those of current Weak AI systems? 					[4 Marks]
Any suitable answers that support the following ideas:  
· Adaptive learning and contextual understanding.
· Handling Unpredictable Situations
· Emotional and Social Intelligence
· Ethical decision making
· Continuous Adaptation to Dynamic Environments
A self-driving car with Strong AI would be able to handle complicated and unpredictable driving circumstances better than existing Weak AI systems because it would have adaptive learning, contextual understanding, ethical decision-making, and advanced skills. These developments would greatly improve autonomous vehicles' usability, safety, and efficiency.
1.3 Provide examples of complex driving situations where Strong AI would offer significant advantages.								[4 Marks]
   Any suitable example as below with explanation:  
· Intersection Management
· Adaptive Response to Weather Condition
· Navigating Unmapped Terrain
These advancements would significantly enhance safety, efficiency, and user experience in autonomous vehicles.
			
[bookmark: _Hlk159193930]Question 2: [20 marks]
Reinforcement Learning provides powerful methods for vehicle control in autonomous driving by enabling Autonomous Vehicles to learn from their environment through direct interaction. 
2.1 Discuss the basic principles of reinforcement learning that makes it suitable for vehicle control in autonomous driving?						[6 Marks]

The objective of RL is to find an optimal control command (e.g., change velocity, brake, or acceleration), by exploring the environment in an iterative manner. The environment is rewarding the AVs based on their current behaviour to correct their errors in the future.
Any suitable answer that supports:  
Agent-environment interaction - in RL the agent (AV) interacts with the driving context (environment) by taking actions and observing outcomes. The interaction is well suited for Avs as they constantly need to adapt to dynamic driving conditions. 
Reward based learning - The AV receives feedback in the form of rewards or penalties based on its actions (e.g., maintaining a safe distance yields rewards, while collisions result in penalties). This learning paradigm allows the AV to optimize its behaviour to maximize long-term rewards.  
Markov Decision Process - RL often models decision-making problems as MDPs, where future states depend only on the current state and action. This framework aligns with how AVs process and respond to current driving conditions to decide their next actions. 

2.2 Explain, how does the exploration-exploitation trade-off reflect in Reinforcement Learning for autonomous vehicles, and discuss the strategies that can be used to balance this trade-off effectively?							[4 Marks]

Any suitable answer that supports:   
[bookmark: _Hlk160479568]In order to guarantee safe driving, AVs must explore new actions to discover new or better strategies while exploiting known or established actions. This trade-off is crucial, as too much exploration can lead to risky behaviours, while too much exploitation may prevent finding optimal solutions. Adaptive techniques that modify exploration based on the AV's confidence in its policy or the epsilon-greedy strategy, where the AV periodically tries new actions with a modest probability, aid in efficiently balancing this trade-off.
2.3. Describe the key elements of reinforcement learning and explain how these elements interact to ensure effective and adaptive driving in autonomous vehicles.
										        [10 Marks]
Any suitable answers that support the explanation of elements of RL in the context of AVs. Marks will be allocated for the explanation of elements with examples linked to AVs.
Agent (The Autonomous driving system) interacts with the environment through sensors to make actions for a safe and effective navigation.
Action (possible driving moves the AV can perform such as turning, accelerating, braking) 
Environment (Real world driving context)
States (Current situation of the vehicle and its surrounding) – information such as position, speed, lane marking, potential hazards, nearby objects etc.
Reward - Provides feedback based on the action taken, encouraging actions that lead to safe and efficient driving.
At each time step t, the agent receives some representation of the environment state. Based on this state, the agent selects an action. Selecting any action is based on the agent’s behaviour also called the policy. It tells the agent which actions should be selected for each possible state. As a consequence of each action, the agent receives reward and observes the next state.

Question 3: [20 Marks]
A company wants to implement an automated customer service system that can efficiently address the most common queries from customers. The system should be able to understand customer questions, provide accurate answers, and if necessary, forward more complex queries to human agents if necessary. 
3.1 Why is Natural Language Processing (NLP) considered  an effective approach for developing automated customer service systems?  Discuss how NLP handles specific aspects of customer service such as understanding customer queries and generating responses. Provide examples to justify your answer.		                  [4 Marks]

Any suitable answer as below: 
Natural Language Processing (NLP) enhances automated customer service systems by enabling computers to understand, interpret, and respond to human language.

NLP is excelled in interpreting the diverse customer query by analysing and understanding the human language.  NLP techniques like intent recognition can identify and understand the underlying purpose or intention behind a customer’s query. 
 For example, NLP techniques like text classification and sentiment analysis help systems classify customer queries and gauge customer sentiment, ensuring accurate and personalized responses.

NLP can generate appropriate and contextually relevant responses to customer inquiries by using language generation models. 
Example, Chatbots and virtual assistant can be built to translate inbound questions and responses from customers into other languages in real time. The Customer service departments can better comprehend customer sentiment with the aid of sentiment analysis. 

3.2 Several NLP methods such as named entity recognition, sentiment analysis and language translation play a significant role in enhancing interaction and service quality in a customer service system.  Explain the functionalities of these three methods and give an example of the application of these methods in a customer service system.          
  											[9 Marks]

Any suitable answer as below: Mark allocation - Explanation of three methods with example
Named entity recognition:  A method used to locate and classify named entities in text into predefined categories such as names of people, organizations, locations, dates, and other specific information. It helps in understanding the specific details and context within a text by extracting these entities.
Application: To extract entities such as person, organization, places, product names, and order numbers from a text.

Sentiment analysis: the process of identifying and categorizing the emotional tone expressed in a piece of text. It can classify text as positive, negative, or neutral, and can sometimes provide more nuanced emotional insights, such as detecting anger, happiness, or frustration.
Application:  to evaluate consumer feedback to find common topics of interest, uncover complaints, and monitor important patterns over time using sentiment analysis, the technique of finding and categorizing views expressed in text.

Language translation: The process of transforming spoken or written language from one language to another is called language translation. 
Application:  to automate the process of providing answers to customer queries in a 
diverse range of languages
3.3  Explain the main advantages of NLP applications in customer-focused industries.
											[5 Marks]				
Any answer that supports the concepts of improve customer satisfaction, reduced response time and cost, and improved operational efficiency. 
NLP-powered chatbots and virtual assistants can handle customer queries instantaneously, significantly reducing the time customers spend waiting for responses. This automation ensures that simple inquiries are resolved quickly, freeing human agents to focus on more complex issues.
By providing timely and accurate responses, NLP technologies enhance the overall customer experience. Sentiment analysis helps in understanding customer emotions, allowing for personalized and empathetic interactions that can boost satisfaction and loyalty.
Automation of routine tasks through NLP reduces the workload on human agents, leading to more efficient use of resources. It also enables businesses to handle a higher volume of customer interactions without proportional increases in staffing.		
3.4 Explain how ensemble learning can be beneficial for improving Natural Language Processing (NLP) tasks in customer service systems. Provide a basic example to illustrate the concept.								[2 Marks]
Any suitable answer as below: 
By merging predictions from several NLP models, ensemble learning improves customer service systems and produces more accurate and reliable outcomes. For instance, ensemble approaches can combine named entity recognition (NER) to detect crucial information like product names or concerns, and sentiment analysis to comprehend customer emotions in a customer care chatbot.



Section B [35 Marks]

Question 4: [35 Marks]

You are tasked with developing a CNN for classifying objects captured by an autonomous vehicle’s front camera. In real time, the CNN must correctly identify and classify a wide range of objects, including cars, people, traffic signs, and obstructions. For the network to be deployed in a setting with resource constraints, your design must guarantee that it is reliable and effective.

4.1 Figure 1 shows an example of a CNN architecture for image classification. Explain the key five building blocks of CNN.					[10 Marks]
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Figure 1. Example of CNN architecture (Source: Alzubaidi et al., 2021)

Any suitable answer that supports the following points:  
1. Convolutional Layer: The most significant component. Contains a collection of convolutional filters and the input image is convolved with these filters to generate the output feature map. Accepts an input image of size W X H X D, requires four hyperparameters such as number and size of filters/kernels, strides and padding.  Kernel is the basis for the local connection and share similar parameters, bias and weight to generate k feature maps. 
2. Pooling layer:  Its function is to progressively reduce the spatial size of the representation to reduce the number of parameters and computation in the network, and hence to also control overfitting. The Pooling Layer operates independently on every depth slice of the input and resizes it spatially, using the MAX operation. Accepts a volume of size W X H X D, requires two hyperparameters namely filter size and strides. 
3. Activation Function (non-linearity):  Mapping the input to the output is the core function of all types of activation function in all types of neural network. The input value is determined by computing the weighted summation of the neuron input along with its bias (if present). This means that the activation function makes the decision as to whether or not to fire a neuron with reference to a particular input by creating the corresponding output. Sigmoid, Tanh, ReLU, Leaky ReLU and Noisy ReLU are the common activation functions used in a CNN. 
4. Fully Connected Layer: Commonly, this layer is located at the end of each CNN architecture. Inside this layer, each neuron is connected to all neurons of the previous layer, the so-called Fully Connected (FC) approach. It is utilized as the CNN classifier. It follows the basic method of the conventional multiple-layer perceptron neural network, as it is a type of feed-forward ANN. The input of the FC layer comes from the last pooling or convolutional layer. This input is in the form of a vector, which is created from the feature maps after flattening. 
5. Loss function: These are utilized in the output layer to calculate the predicted error created across the training samples in the CNN model. This error reveals the difference between the actual output and the predicted one. 

4.2 Calculate the output dimension of an input image of size, 128 X 128 x 3 with a convolutional layer parameter of 32 filters of size 3, strides 1 and padding of 1. 
											[5 Marks]
Equation  ; substitution of correct values ; Correct answer 




=128;   =128;    

 



Therefore, the output dimensions 128×128×32


4.3 In the context of autonomous vehicles, discuss the functional benefits and practical advantages of pooling layers in terms of dimensionality reduction and translation invariance.										[6 Marks]

Any suitable answer that supports the concepts as below:

Dimensionality Reduction: Pooling layers reduce the spatial dimensions (height and width) of the input feature maps, thereby decreasing the number of parameters and computational load in the subsequent layers.  
For instance, a 2x2 max pooling with a stride of 2 reduces each dimension by half.

Translation invariance: This reduction helps in managing the complexity and resource requirements, making the network more feasible for real-time processing in autonomous vehicles.
Pooling layers contribute to making the CNN invariant to small translations or shifts in the input image. This means the network can recognize objects in different positions within the frame, which is crucial for autonomous vehicles as they need to identify objects regardless of their exact location in the visual field.For example, max pooling captures the most prominent feature within a pooled region, thus preserving important information even if the object's position slightly changes.

4.4 Explain the roles of depth, stride, and padding in CNNs and how these parameters specifically influence the performance and behaviour of CNN-based perception systems in AVs.									[9 Marks]			

Any suitable answer as below: 
Depth: number of filters in the network and determines the number of feature maps. It allows to capture wide range of input features. For instance, in an AV, different filters might specialize in detecting various objects like pedestrians, cars, traffic signs, and road markings. This diversity is crucial for the AV to understand complex driving scenes and make informed decisions. Greater depth helps the network understand and adapt to diverse and challenging driving conditions, such as differentiating between a pedestrian and a cyclist, or detecting objects in different weather condition.
Stride impacts how detailed the output feature map is. Small strides capture fine details, which is crucial for tasks like lane detection, while larger strides reduce the computational load by summarizing information. Small strides ensure that the network captures the intricate details of lane markings and road textures, whereas larger strides might be used in initial layers for general scene understanding.

Padding:  It allows the convolution operation to maintain or control the spatial dimensions of the output feature map. The volumes would shrink slightly after each CONV if the CONV layers didn't zero-pad the inputs and only carried out legitimate convolutions, which would cause the boundary information to be "washed away" too soon. Maintaining the original dimensions helps the AV consistently identify objects and features at the same scale throughout the network, which is crucial for tasks like distance estimation and object tracking.

4.5 In the domain of motion planning for Autonomous Vehicles (AVs), traditional optimization models such as Dijkstra's algorithm or A* have been extensively used to compute paths that satisfy certain constraints. However, recent advancements in Convolutional Neural Networks (CNNs) have demonstrated their superiority in handling more complex and dynamic scenarios in motion planning. 
Give specific examples of how CNNs perform better than traditional approaches in real-world AV scenarios such as managing real time processing and adapting to dynamic surroundings, to illustrate the benefits of utilizing CNNs for motion planning in AVS.									[5 Marks]


Any suitable answer as below: 

Traditional model such as Dijkstra's algorithm or A* are rely on optimization models and are slow in vast areas making them unsuitable for real time execution. Also causes challenges in analysing perception information in order to recognise obstacles and predict the right action. In the context of Avs, it is important to analyse the perception information to navigate safely by finding efficient paths in terms of time and distance. 

Leveraging the parallel computation capabilities of modern GPUs, CNNs can process and analyse large volumes of data rapidly, enabling real-time decision-making. In a busy urban environment, CNNs can quickly process high-resolution camera feeds and LIDAR data to identify the optimal path through traffic, whereas traditional methods might struggle with the computational load and fail to react swiftly to changing conditions.


Traditional models require predefined rules and often need reconfiguration to handle new or unforeseen situations. They lack the inherent flexibility to adapt to dynamic changes in the environment without extensive reprogramming.
In scenarios where the AV must navigate through rapidly changing conditions, such as merging into heavy traffic or avoiding sudden obstacles, CNNs can leverage learned behaviours to make quick, adaptive decisions. Traditional methods would need to compute new paths repeatedly, potentially leading to delays.
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