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Core Concepts

This section focuses on fundamental principles and advanced concepts that an experienced
developer should master.

1. Explain the architecture and key innovations of the Vision Transformer (ViT) compared
to CNNs

Vision Transformer Architecture

Key components:

¢ Image patches: Input image is split into fixed-size patches (typically 16x16)

e Linear projection: Patches are flattened and projected to a lower-dimensional space
¢ Position embeddings: Added to maintain spatial information

e Transformer encoder: Self-attention layers process patch relationships

Advantages over CNNs:

Global receptive field from the start

Better at capturing long-range dependencies
More flexible in handling varying input sizes
Often requires less inductive bias

2. How would you implement an efficient real-time object tracking system?

Real-time Object Tracking Implementation

Key components:

¢ Detection: Use lightweight models like YOLO or SSD
e Tracking: Implement Kalman filtering for motion prediction
e Data Association: Hungarian algorithm for track-detection matching

def track_objects(detections, tracks):
predicted_states = kalman_predict(tracks)
cost_matrix = calculate_iou_matrix(detections, predicted_states)
matches = hungarian_algorithm(cost_matrix)
return update_tracks(matches, detections, tracks)

3. Describe your approach to handling class imbalance in a semantic segmentation
dataset

Class Imbalance Solutions

Multiple strategies:

¢ Weighted Cross-Entropy Loss: Assign higher weights to rare classes
¢ Focal Loss: Dynamically adjust loss based on prediction difficulty

¢ Data augmentation for minority classes

e Oversampling/undersampling techniques

def weighted_cross_entropy(predictions, targets, weights):
ce_loss = -weights * targets * torch.log(predictions)
return torch.mean(ce_loss)
4. How would you optimize a deep learning model for edge deployment?

Edge Deployment Optimization

Key techniques:



Model pruning: Remove redundant weights
Quantization: Reduce numerical precision
Knowledge distillation: Train smaller student models
Architecture optimization: Use lightweight blocks

def quantize_model(model, bits=8):
scale = (2**bits - 1) / (max_val - min_val)
quantized = torch.round(model_weights * scale)
return quantized / scale

5. Explain your strategy for handling occlusions in multi-object tracking

Occlusion Handling Strategy

Key approaches:

e Appearance modeling: Learn robust feature representations
e Motion prediction: Use Kalman filtering during occlusions

¢ Track management: Implement track hibernation

¢ Re-identification: Match tracks post-occlusion

def handle_occlusion(track):
if track.visibility < threshold:
predicted_state = kalman_predict(track)
track.hibernate()
return update_confidence(track)

6. How would you implement an attention mechanism for fine-grained image
classification?

Attention Implementation

Key components:

e Spatial attention: Focus on relevant image regions
e Channel attention: Weight feature importance
e Multi-head attention: Capture different aspects

def spatial_attention(features):
attention_weights = conv(features)
attention_map = sigmoid(attention_weights)
return features * attention_map

7. Describe your approach to unsupervised domain adaptation for semantic segmentation

Domain Adaptation Strategy

Key techniques:

¢ Adversarial training: Align feature distributions

¢ Self-training: Generate pseudo-labels

e Style transfer: Adapt image appearance

¢ Consistency regularization

def domain_adversarial_loss(source features, target features):
discriminator_loss = train_discriminator(source_features, target_features)
return -discriminator_loss # gradient reversal

8. How would you implement a self-supervised learning approach for video
understanding?

Self-supervised Video Learning

Pretext tasks:

Frame order prediction

Motion prediction

Temporal consistency

Contrastive learning between views



def temporal_order_task(video_clips):
shuffled_frames = random_shuffle(video_clips)
return predict_order(shuffled_frames)

9. Explain your strategy for handling scale variations in object detection

Scale Handling Approaches

Key techniques:

Feature Pyramid Networks (FPN)
Multi-scale training

Scale-aware heads

Adaptive receptive fields

def build_feature_pyramid(features):
pyramid_features = {}
for level in range(levels):
pyramid_features[level] = create_pyramid_level(features, level)

10. How would you implement an efficient video segmentation pipeline?

Video Segmentation Pipeline

Key components:

e Temporal consistency modeling

¢ Memory-efficient processing

¢ Feature propagation

¢ Keyframe selection

def propagate_features(keyframe_features, current_frame):
flow = compute_optical_flow(keyframe, current frame)
warped_features = warp_features(keyframe_features, flow)
return refine_features(warped_features)
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Data Structures and Algorithms

Questions in this section test your understanding of how to work with and manipulate data
efficiently.

1. How would you implement an LRU (Least Recently Used) Cache with O(1) time
complexity for both get and put operations?

Implementation Approach:
An LRU Cache can be implemented using a combination of:

¢ HashMap for O(1) key-value lookups
e Doubly Linked List for O(1) insertion/deletion

class LRUCache:
def _init_ (self, capacity):
self.cache = {}
self.capacity = capacity
self.dll = DoublyLinkedList()

def get(self, key):
if key in self.cache:
self.dll.move_to_front(self.cache[key])
return self.cache[key].value

2. Explain the sliding window technique and provide an example of when you'd use it in
computer vision.

Sliding Window Technique:

The sliding window technique involves maintaining a subset of elements within a fixed-size window
that slides through an array/sequence.

e Time Complexity: Usually O(n) where n is input size
¢ Space Complexity: O(1) or O(k) where k is window size

def max_sum_subarray(arr, k):
window_sum = sum(arr[:k])
max_sum = window_sum
for i in range(len(arr) - k):
window_sum = window_sum - arr[i] + arr[i + k]
max_sum = max(max_sum, window_sum)
return max_sum

3. How would you implement a thread-safe circular buffer for image processing?

Thread-safe Circular Buffer:

Implementation requires:

e Mutex/Lock for thread synchronization
e Atomic operations for read/write pointers
e Condition variables for full/empty states

class CircularBuffer:
def _init_ (self, size):
self.buffer = [None] * size
self.size = size
self.head = self.tail = 0
self.lock = threading.Lock()
self.not_full = threading.Condition(self.lock)



4. Explain how you would implement a priority queue for real-time image processing
tasks.

Priority Queue Implementation:

Best implemented using a binary heap with the following characteristics:

¢ Insert: O(log n)
¢ Extract-Min/Max: O(log n)
e Peek: O(1)

class PriorityQueue:
def __init__(self):
self.heap =[]

def push(self, item, priority):
heapq.heappush(self.heap, (priority, item))

def pop(self):
return heapq.heappop(self.heap)[1]

5. How would you implement a custom hash table for storing and retrieving image
features?

Custom Hash Table Implementation:

Key considerations:

¢ Load factor management
e Collision resolution (chaining or open addressing)
e Efficient hash function for image features

class ImageHashTable:
def _init_ (self, size):
self.size = size
self.table = [[] for _in range(size)]

def hash_function(self, key):
return sum(key) % self.size

6. Explain the implementation of a trie data structure for efficient feature matching.

Trie Implementation:
Useful for:

¢ Prefix-based feature matching
e Pattern recognition
e O(m) lookup time where m is pattern length

class TrieNode:
def _init_ (self):
self.children = {}
self.is_end = False
self.feature_data = None

def insert(self, pattern, feature):
node = self

7. How would you implement a spatial index (R-tree) for efficient image region queries?

R-tree Implementation:

Key components:

¢ Bounding box calculations
¢ Node splitting strategies
¢ Query optimization



class RTreeNode:
def _init_ (self, bbox, is_leaf=True):
self.bbox = bbox
self.is_leaf = is_leaf
self.children =[]
self.parent = None

8. Explain the implementation of a disjoint set data structure for image segmentation.

Disjoint Set Implementation:

Used for:

¢ Connected component labeling
e Region merging
¢ Path compression optimization

class DisjointSet:
def __init_ (self, size):
self.parent = list(range(size))
self.rank = [0] * size

def find(self, x):
if self.parent[x] != x:
self.parent[x] = self.find(self.parent[x])

9. How would you implement a skip list for efficient feature matching?

Skip List Implementation:
Benefits:

¢ O(log n) average case for search/insert/delete
¢ Probabilistic alternative to balanced trees
e Simpler implementation than AVL/Red-Black trees

class SkipNode:
def __init_ (self, level, value):
self.value = value
self.forward = [None] * (level + 1)
self.level = level

10. Explain the implementation of a bloom filter for fast image feature matching.

Bloom Filter Implementation:

Characteristics:

¢ Space-efficient probabilistic structure
¢ No false negatives
¢ Configurable false positive rate

class BloomFilter:
def __init_ (self, size, hash_count):
self.size = size
self.hash_count = hash_count
self.bit_array = [0] * size
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System Design

These questions evaluate your ability to think about the bigger picture, including architecture,
scalability, and performance.

1. How would you design a large-scale image recognition system for a social media
platform?

Key Components:

Input Pipeline: REST API endpoints for image upload, validation, and preprocessing
Storage Layer: Distributed file system (like S3) for raw images

Processing Pipeline: Distributed queue system (Kafka/RabbitMQ) for async processing
ML Infrastructure: GPU clusters for inference, model versioning

Caching Layer: Redis/Memcached for frequent predictions

Architecture Considerations:

Use CDN for global image delivery
Implement circuit breakers for ML services
Deploy load balancers for horizontal scaling
Consider batch processing for efficiency

2. Design a real-time object detection system for autonomous vehicles

System Components:

Sensor Integration: Multiple camera feeds, LIDAR, radar fusion
Edge Computing: Local processing units for immediate detection
Processing Pipeline:

def process_frame(frame):
preprocessed = preprocess(frame)
detections = model.detect(preprocessed)
return filter_results(detections)

Failover System: Redundant processing units
Data Storage: Time-series database for telemetry

Performance Requirements:

Latency < 50ms
99.999% uptime
Fault tolerance for sensor failure

3. How would you implement a facial recognition system for airport security?

Architecture Overview:

Capture System: High-resolution cameras with IR sensors

Processing Pipeline: Multi-stage face detection and recognition
Database Design: Distributed graph database for relationship mapping
Security Layer: Encryption for biometric data

Implementation Considerations:

Use feature vectors for fast matching
Implement sliding window processing
Consider privacy regulations (GDPR)
Handle racial and gender bias



Scaling Strategy:
¢ Shard database by geographic region
¢ Cache frequent travelers
e Use GPU clusters for parallel processing

4. Design a video streaming platform with real-time object tracking

System Components:

e Streaming Server: RTMP/HLS protocol implementation
¢ Object Tracking: YOLO/SSD with tracking algorithms
e Storage: Hybrid approach (hot/cold storage)

Code Example:
class ObjectTracker:
def track(self, frame):

boxes = detect objects(frame)
return kalman_filter.update(boxes)

Scalability:
e Use microservices architecture
¢ Implement WebRTC for low latency

e Deploy edge servers for CDN

5. How would you design a visual search engine for e-commerce?

Core Components:

¢ Feature Extraction: CNN-based embedding generation
¢ Index Structure: Approximate Nearest Neighbor search (FAISS/Annoy)
¢ Query Pipeline: Image preprocessing and feature matching

Implementation:
def search(query_image):
features = extract features(query_image)

results = index.search(features, k=10)
return rank_results(results)

Optimization:
e Use product categorization
¢ Implement semantic search

¢ Cache popular queries

6. Design a system for automated quality control in manufacturing using computer vision

System Architecture:

¢ Image Acquisition: Industrial cameras with controlled lighting
¢ Processing Pipeline: Real-time defect detection
e Storage: Time-series database for trends

Implementation:
def inspect_product(image):

defects = detect defects(image)
return classify_severity(defects)

Reliability:
e Implement redundant systems

¢ Use anomaly detection
e Regular calibration checks



7. How would you implement a real-time crowd monitoring system?

Architecture Components:
e Camera Network: Distributed camera system
¢ Processing Units: Edge computing for initial processing
¢ Central System: Aggregation and analytics
Implementation:
def analyze _crowd(frame):
density = estimate_density(frame)
flow = calculate_flow(frame)
return assess_risk(density, flow)
Scaling:
¢ Implement map-reduce for processing
¢ Use time-window aggregation
¢ Deploy distributed alerts

8. Design a system for automated document processing and OCR

System Components:
¢ Input Processing: Document scanner integration
¢ OCR Pipeline: Text detection and recognition
e Storage: Document database with search
Implementation:
def process_document(image):
text regions = detect_text(image)
return extract_text(text regions)
Optimization:
¢ Use layout analysis
e Implement language detection
e Cache frequent documents

9. How would you design a real-time video analytics platform?

Core Components:
¢ Ingestion Layer: Video streaming endpoints
¢ Processing Pipeline: Frame extraction and analysis
e Storage Layer: Time-series and object storage
Implementation:
def analyze stream(video_stream):
frames = extract frames(video _stream)
return parallel_process(frames)
Scaling:
¢ Use stream processing
¢ Implement batch analytics
¢ Deploy distributed processing

10. Design a medical imaging analysis system for healthcare

System Architecture:

¢ DICOM Integration: Medical image format support
¢ Processing Pipeline: Multi-modal image analysis



¢ Security: HIPAA compliance measures
Implementation:
def analyze_scan(image):

preprocessed = normalize(image)

return detect_anomalies(preprocessed)
Considerations:

e Implement audit logging

¢ Use secure data transmission
¢ Deploy redundant storage
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Coding and Debugging

This section presents practical coding challenges and questions about debugging techniques.

1. How would you implement a real-time object detection pipeline using OpenCV?

Key Components:

¢ Image Acquisition: Capture frames using cv2.VideoCapture
¢ Preprocessing: Resize, normalize, and convert color spaces
¢ Detection: Use pre-trained models or custom CNN
¢ Post-processing: Non-max suppression, tracking

def detect_objects(frame):
blob = cv2.dnn.blobFromIimage(frame, 1/255.0, (416, 416))
net.setlnput(blob)
detections = net.forward()
boxes = process_detections(detections)
return apply_nms(boxes)

2. Explain how you would implement image segmentation using watershed algorithm.

Implementation Steps:

¢ Preprocessing: Convert to grayscale, remove noise
¢ Marker creation: Find sure foreground/background
e Watershed application: Apply algorithm

def watershed_segment(img):
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
ret, thresh = cv2.threshold(gray, 0, 255, cv2.THRESH_BINARY_INV + cv2.THRESH_OTSU)
markers = cv2.watershed(img, markers)
return markers

3. How would you optimize a CNN-based face detection system for real-time
performance?

Optimization Strategies:

¢ Model Compression: Quantization, pruning
e Hardware Acceleration: GPU, CUDA optimization
¢ Pipeline Optimization: Frame skipping, ROl processing

def optimize_detection(model):
quantized_model = torch.quantization.quantize_dynamic(
model, {torch.nn.Linear}, dtype=torch.qint8

)
return quantized_model

4. Implement a function to perform histogram equalization on an image.

Implementation:

def equalize_histogram(img):
if len(img.shape) == 3:
ycrcb = cv2.cvtColor(img, cv2.COLOR_BGR2YCrCb)
ycreb[:,:,0] = cv2.equalizeHist(ycrcbl:,:,0])
return cv2.cvtColor(ycrcb, cv2.COLOR_YCrCb2BGR)
return cv2.equalizeHist(img)

5. How would you implement feature matching between two images using SIFT?



Steps:

¢ Feature Detection: Extract SIFT keypoints
¢ Description: Compute descriptors
¢ Matching: Use FLANN or BFMatcher

def match_features(imgl, img2):
sift = cv2.SIFT create()
kpl, desl = sift.detectAndCompute(imgl, None)
kp2, des2 = sift.detectAndCompute(img2, None)
matches = cv2.BFMatcher().knnMatch(desl, des2, k=2)

6. Implement a function to remove perspective distortion from an image.

Implementation:

def remove_perspective(img, points):

width = max(np.linalg.norm(points[0] - points[1]),
np.linalg.norm(points[2] - points[3]))

height = max(np.linalg.norm(points[0] - points[2]),
np.linalg.norm(points[1] - points[3]))

dst_points = np.float32([[0,0], [width,0], [0,height], [width,height]])

matrix = cv2.getPerspectiveTransform(points, dst_points)

return cv2.warpPerspective(img, matrix, (int(width), int(height)))

7. How would you implement semantic segmentation using a U-Net architecture?

Key Components:

e Encoder Path: Convolution + pooling
¢ Decoder Path: Upsampling + skip connections
¢ Output: Pixel-wise classification

def unet_block(in_channels, out_channels):
return nn.Sequential(
nn.Conv2d(in_channels, out_channels, 3, padding=1),
nn.ReLU(inplace=True),
nn.Conv2d(out_channels, out _channels, 3, padding=1),
nn.ReLU(inplace=True)

)

8. Implement a function to perform template matching with multiple scales.

Implementation:

def multi_scale_template_match(img, template, scales):

best match = None

for scale in scales:
resized = cv2.resize(template, None, fx=scale, fy=scale)
result = cv2.matchTemplate(img, resized, cv2.TM_CCOEFF_NORMED)
_, max_val, _, max_loc = cv2.minMaxLoc(result)
if best_match is None or max_val > best_match[O0]:

best match = (max_val, max_loc, scale)

9. How would you implement a custom loss function for facial landmark detection?

Implementation:

class LandmarkLoss(nn.Module):
def __init_ (self, weight_map):
super().__init_ ()
self.weight_map = weight_map

def forward(self, pred, target):
I2_loss = torch.sum((pred - target) ** 2, dim=1)
weighted_loss = [2_loss * self.weight_map
return torch.mean(weighted_loss)



10. Implement a function to perform image stitching using homography.

Implementation Steps:

¢ Feature Matching: SIFT/SURF
¢ Homography Estimation: RANSAC
e Warping: Perspective transform

def stitch_images(imgl, img2):
kpl, desl = detect features(imgl)
kp2, des2 = detect features(img2)
matches = match_keypoints(desl, des2)
H = cv2.findHomography(src_pts, dst_pts, cv2.RANSAC, 5.0)[0]
return cv2.warpPerspective(imgl, H, (width, height))
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Behavioral Questions

These questions assess your soft skills, problem-solving approach, and how you work in a team.

1. Tell me about a challenging computer vision project you led and how you overcame
technical obstacles.

Situation: At my previous role, we needed to develop a real-time object detection system for a
manufacturing client with strict accuracy requirements (99%+) and performance constraints (30+
FPS).

Task: | was tasked with leading a team of 3 developers to design and implement this system within
4 months.

Action: I:

¢ Implemented a custom YOLOV5 architecture with modifications for our specific use case

¢ Set up an automated data pipeline for continuous model training

¢ Introduced TensorRT optimization for inference

e Established weekly progress reviews and validation metrics

Result: We delivered a system achieving 99.3% accuracy at 35 FPS, exceeding client expectations.
The solution reduced defect detection time by 75% and is now used across multiple production lines.

2. Describe a situation where you had to make a difficult technical decision between
competing CV approaches.

Situation: Working on a facial recognition security system, we faced performance issues with our
existing CNN-based architecture.

Task: | needed to evaluate whether to optimize our current solution or switch to a transformer-based
approach.

Action: I:

Conducted thorough benchmarking of both approaches

Created a decision matrix comparing factors like accuracy, latency, and maintenance costs
Organized technical discussions with stakeholders

Built proof-of-concept implementations

Result: We chose to adopt a hybrid approach, using transformers for feature extraction and our
existing CNN for classification. This improved accuracy by 15% while maintaining acceptable latency.

3. Tell me about a time when you had to optimize a computer vision model for production
deployment.

Situation: Our team had developed a semantic segmentation model that was too resource-
intensive for edge devices.

Task: | needed to optimize the model to run on mobile devices while maintaining 90%+ of its
accuracy.

Action: I:

Applied model pruning and quantization techniques

Implemented knowledge distillation using a smaller student network
Developed custom data augmentation strategies

Created an automated benchmarking pipeline

Result: The optimized model achieved 95% of original accuracy while reducing model size by 80%
and inference time by 60%.



4. Share an experience where you had to debug a complex computer vision pipeline in
production.

Situation: Our production CV system started showing degraded performance during specific lighting
conditions.

Task: | needed to identify the root cause and implement a robust solution while minimizing system
downtime.

Action: I:

Implemented comprehensive logging and monitoring
Created synthetic test cases for various lighting conditions
Developed an automated testing framework

Introduced adaptive preprocessing steps

Result: We identified and fixed the issue within 48 hours, improving system reliability by 30% and
implementing proactive monitoring to prevent similar issues.

5. Describe a situation where you had to balance research objectives with practical
business constraints.

Situation: Our research team wanted to implement a state-of-the-art multi-modal vision
transformer, but we had strict deployment deadlines.

Task: | needed to find a compromise between innovation and practical implementation.
Action: |

Created a phased implementation plan

Identified core features vs. nice-to-have improvements

Set up parallel development tracks
Established clear success metrics

Result: We successfully deployed a hybrid solution that met business deadlines while incorporating
key innovative features, leading to a 25% performance improvement.

6. Tell me about a time when you had to mentor junior CV engineers.

Situation: Our team expanded with three junior engineers who had limited computer vision
experience.

Task: | was responsible for getting them up to speed while maintaining project momentum.
Action: I

Created a structured learning path

Organized weekly deep learning workshops

Implemented pair programming sessions
Developed practical coding exercises

Result: Within three months, all junior engineers were contributing independently to production
code, with one leading a successful model deployment.

7. Share an experience where you had to handle stakeholder disagreements about CV
implementation approaches.

Situation: Different departments had conflicting requirements for a video analytics system.

Task: | needed to reconcile varying technical approaches while maintaining stakeholder satisfaction.
Action: I

Organized cross-functional workshops

Created detailed trade-off analyses

Developed proof-of-concept demonstrations
Established clear evaluation criteria

Result: We reached consensus on a modular approach that satisfied 90% of requirements while



staying within budget and timeline constraints.

8. Describe a situation where you had to improve the data pipeline for a CV project.
Situation: Our training pipeline was causing significant delays in model iteration cycles.
Task: | needed to optimize the data processing workflow while ensuring data quality.

Action: I

Implemented parallel processing for data augmentation

Created automated quality checks

Developed caching mechanisms
Introduced streaming data loading

L]
]
L]
]
Result: Reduced training preparation time by 70% while improving data quality metrics by 25%.
9. Tell me about a time when you had to integrate computer vision with other systems.
Situation: We needed to integrate our CV system with an existing ERP and quality control system.
Task: | was responsible for designing and implementing the integration architecture.
Action: |
Designed RESTful APIs for system communication
Implemented message queuing for async processing

Created fallback mechanisms

°
[ ]
°
¢ Developed comprehensive integration tests

Result: Successfully integrated three systems with 99.9% uptime and reduced manual data entry
by 90%.

10. Share an experience where you had to handle failure in a CV system gracefully.
Situation: Our facial recognition system occasionally failed during high-traffic periods.

Task: | needed to implement robust error handling and degradation strategies.

Action: |

Implemented circuit breakers and fallback mechanisms

Created automated failover procedures

Developed comprehensive monitoring
Established clear incident response protocols

Result: Reduced system downtime by 95% and improved user experience with graceful degradation
patterns.
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