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I. INTRODUCTION 

The airline industry, often regarded as the 

backbone of global connectivity, is intrinsically 

characterized by its complex operations and 

multifaceted challenges. With the dawn of 

globalization, airlines now cater to an expansive 

and growing customer base, making efficiency 

in operations paramount[1]. 

 

Several operational challenges plague the 

industry: 

 

A. Demand Fluctuations: The airline industry is 

notorious for its susceptibility to external 

factors. Events like global pandemics, 

geopolitical tensions, or economic 

downturns can significantly affect demand. 

B. Fuel Price Volatility: Fuel remains one of the 

largest expenses for airlines. Unpredictable 

price fluctuations can substantially influence 

operational costs and profitability. 

C. Regulatory and Compliance Pressures: Airlines 

operate in a heavily regulated environment, 

with policies that often vary by country. 

Navigating these regulations without 

compromising on efficiency or customer 

service is a considerable challenge. 

D. Operational Logistics: Managing large fleets, 

coordinating tens of thousands of daily 

flights, ensuring timely maintenance, and 

handling the intricacies of crew scheduling 

are Herculean tasks. 

E. Technological Integration: The need to 

integrate modern technology for better 

operational efficiency, customer service, 

and safety presents both an opportunity and 

a challenge, especially when interfacing 

with legacy systems. 

II. SIGNIFICANCE OF TIMELY AND ACCURATE 

INVOICE PROCESSING 

In the context of the airline industry, timely and 

accurate invoice processing is of utmost 
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importance and carries far-reaching 

implications: 

 

A. Operational Efficiency: Airlines coordinate a 

plethora of activities simultaneously, ranging 

from flight scheduling to maintenance. Any 

delay or inaccuracy in processing invoices—

such as those related to aircraft leasing or fuel 

suppliers—can lead to operational bottlenecks, 

negatively impacting service delivery and 

overall efficiency [2]. 

B. Cash Flow Management: The airline industry 

operates on tight margins and high overhead 

costs. Accurate invoice processing ensures a 

clear understanding of payables, thus enabling 

efficient cash flow management. Errors or 

delays can disrupt this delicate balance, leading 

to financial instability. 

C. Regulatory Compliance: Timely and accurate 

invoice processing is crucial to meet 

compliance standards. Regulatory bodies 

require accurate financial reporting, and 

discrepancies caused by invoice errors can lead 

to legal issues, penalties, and reputational 

damage. 

D. Vendor Relationships: Timely payments enabled 

by efficient invoice processing help maintain 

good relationships with vendors. On the other 

hand, delays or inaccuracies can erode trust and 

potentially affect negotiations on future 

contracts or discounts. 

E. Strategic Decision Making: Accurate invoice data 

feeds into larger financial analyses, aiding in 

strategic decision-making. Timely processed 

data allows airline executives to quickly adapt 

to changes in operational costs and make 

informed decisions. 

 

III. INVOICE SCENARIOS SPECIFIC TO THE 

AIRLINE INDUSTRY 

A. Ground Service Invoices in the Airline Industry 

 

Ground services are critical for smooth airline 

operations, right from the moment an aircraft lands 

until it takes off again. A wide array of activities 

take place during this time, resulting in ground 

service invoices. These invoices could detail costs 

associated with ramp services, passenger services, 

cargo and mail handling, aircraft servicing, security, 

and logistics and transportation within the airport 

premises. Accurate and timely invoicing for these 

services is key to operational efficiency, budgeting, 

fostering strong vendor relationships, and 

operational audits. However, their complexity, 

volume, and potential discrepancies pose 

considerable challenges[3]. 

 
B. Fuel and maintenance invoices 

Fuel and maintenance are another significant part of 

operational expenses for airlines. Fuel invoices 

generally include details such as the quantity of fuel 

uplifted, unit price, total cost, date, location, aircraft 

registration, and any applicable taxes or surcharges. 

Maintenance invoices, on the other hand, might 

cover costs for parts, labor, and services provided, 

detailing the type of maintenance, parts serviced or 

replaced, labor hours, costs, aircraft registration, 

and date of service. Both areas present challenges 

due to fluctuating prices, complexities in service 

agreements, and potential discrepancies in 

invoicing. Still, their accuracy is vital for financial 

accuracy, operational efficiency, regulatory 

compliance, budgeting, forecasting, and 

maintaining healthy vendor relationships[4]. 

 
C. In-flight catering and supplies 

Inflight catering and supplies significantly 

contribute to the flying experience, playing an 

essential role in an airline's service offering. Inflight 

catering invoices cover costs associated with 

preparing, packaging, and delivering meals and 

beverages to an aircraft. Inflight supplies invoices, 

on the other hand, specify each onboard item, its 

quantity, unit price, total cost, and applicable taxes. 

Challenges such as flight schedule changes, special 

dietary requests, and managing returnable items 

complicate the invoicing process. However, 

managing these invoices meticulously is vital for 

passenger satisfaction, financial accuracy, 

operational efficiency, inventory management, and 

vendor relationships[5]. 

 
D. Aircraft leasing and purchase invoices 

Aircraft leasing and purchase represent one of the 

most significant capital investments for airlines. 
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Leasing invoices detail the costs associated with 

renting an aircraft, while purchase invoices detail 

the costs associated with acquiring ownership. Both 

can present challenges, including alignment with 

contract terms, phased payments, and changes in 

specifications or delivery timelines. Nevertheless, 

the correct handling of these invoices is paramount 

for financial health, fleet management, compliance 

with contracts, budgeting, financial planning, and 

nurturing strong vendor and financier relationships 

[6]. 

 
E. Airport usage and gate rental invoices 

Airlines operate in a complex web of agreements 

with airports, resulting in airport usage and gate 

rental invoices. Airport usage invoices encompass 

costs such as landing fees, parking fees, and 

passenger service charges. Gate rental invoices 

detail the gate number, rental period, agreed rate, 

and any additional services provided. Challenges 

could include rate variations, gate availability issues, 

and ensuring accurate data capture for each flight. 

Despite these, accurate invoicing is crucial for 

operational efficiency, financial accuracy, strategic 

planning, regulatory compliance, and maintaining 

positive relationships with airport authorities. In 

conclusion, managing these various invoices 

efficiently is not only financially prudent but also 

plays a critical role in smooth operations and 

strategic decision-making in the airline industry[7]. 

 

IV. CHALLENGES IN TRADITIONAL INVOICE 

PROCESSING 

Traditional invoice processing, often characterized 

by manual data entry, paperwork, and human 

oversight, can present a myriad of challenges for 

businesses. The need to address these challenges is 

paramount in ensuring operational efficiency, 

financial accuracy, and regulatory compliance. 

 

Manual data entry is one such problem. This 

process is both time-consuming and fraught with 

the potential for human error. The repercussions of 

such errors are far-reaching, as they can lead to 

overpayments, underpayments, or even duplicate 

payments. These mistakes not only affect the 

company's bottom line but also require further time 

and resources to rectify. 

 

Paper-based invoicing presents another significant 

challenge. The reliance on physical paperwork 

makes the storage, retrieval, and tracking of 

invoices cumbersome and inefficient. The 

repercussions of such a system are severe, 

increasing the likelihood of invoices being 

misplaced, damaged, or not processed in a timely 

manner. 

 

Long processing cycles are another issue associated 

with manual invoice processing. These can result in 

delayed invoice approval cycles, which can 

subsequently lead to missed early-payment 

discounts or the imposition of late-payment 

penalties. Moreover, the absence of a centralized 

and digital system for invoice management can lead 

to limited visibility and tracking. This can create 

difficulties in tracking the status of an invoice or in 

generating analytical reports, hindering companies 

from effective cash flow forecasting and 

identification of process bottlenecks or 

inefficiencies[8]. 

 

Manual processes are also more susceptible to fraud, 

such as duplicate invoicing or over-invoicing. This 

vulnerability can lead to financial losses and 

potentially serious legal repercussions. Additionally, 

paper-based systems require substantial physical 

storage space and careful organization, adding to 

operational costs and posing challenges in 

accessing old invoices when needed. 

 

The inefficiency of manual systems extends to the 

resolution of discrepancies, which can be time-

consuming and involve sifting through copious 

amounts of paperwork. This can cause delays in 

payments and potentially strain vendor relationships. 

A lack of integration with other financial software 

or tools in traditional systems may lead to data 

transfer inefficiencies, an increased chance of errors, 

and difficulties in financial consolidation [9]. 

 

There are also environmental concerns to consider. 

The excessive use of paper contributes to 

environmental degradation, increasing a company's 
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carbon footprint and potentially attracting backlash 

from environmentally conscious stakeholders. 

Regulatory and compliance issues may arise with 

manual systems, which may lack up-to-date 

compliance checks, thereby increasing the risk of 

non-compliance penalties and potential damage to 

the company's reputation. 

 

Given the breadth of these challenges, many 

companies are shifting towards automated invoice 

processing systems. Utilizing automation in 

conjunction with technologies such as Artificial 

Intelligence (AI) and Optical Character Recognition 

(OCR), these systems not only alleviate the 

aforementioned issues, but also bring about greater 

efficiency, cost savings, and improved vendor 

relationships[9]. 

V. OPTICAL CHARACTER RECOGNITION (OCR) 

Optical Character Recognition, commonly known 

as OCR, is a transformative technology that allows 

for the conversion of various document types - be it 

scanned paper documents, PDF files, or images 

captured by a digital camera - into data that can be 

edited and searched. 

 

In essence, the OCR process kicks off with the 

scanning of a document or snapping a photograph 

of it. Following the scanning phase, the image 

undergoes a process known as pre-processing, 

where its quality is enhanced to optimize the clarity 

of the text. This step might involve the removal of 

noise, contrast adjustment, or alignment correction. 

 

The subsequent phase is character recognition. 

During this process, OCR software meticulously 

scans the image to identify and isolate individual 

characters or clusters of characters. It leverages 

advanced algorithms to recognize these characters, 

considering their shapes, sizes, and relative 

positions. Once the characters have been recognized, 

a post-processing phase may ensue, where the 

results are verified against dictionaries or lexicons 

to rectify any misidentified words[10]. 

 

OCR has a vast array of applications. It's heavily 

used in data entry automation, where organizations 

leverage it to extract and input data from printed 

materials, thereby eliminating the need for manual 

data entry. Libraries and archives employ OCR for 

digital archiving, converting printed books, 

newspapers, and manuscripts into easily searchable 

digital formats. In the realm of mobile applications, 

OCR technology facilitates tasks such as real-time 

foreign language translation, business card 

information capture, and receipt scanning for 

expense tracking. It's also a crucial component in 

assistive technology, aiding visually impaired users 

by converting printed text into speech. 

 

The benefits of OCR are manifold. It promotes 

efficiency by minimizing the need for manual data 

entry, thereby expediting processes and reducing 

human error. Documents processed using OCR can 

be searched using keywords, which streamlines data 

retrieval. Moreover, the digital storage of 

documents substantially reduces the physical space 

required to store voluminous paper documents[11]. 

 

However, like any technology, OCR has its 

limitations. Its accuracy can be compromised by 

factors such as the quality of the original document, 

the quality of the scan or image, and the complexity 

of the text layout. Although modern OCR systems 

are designed to handle a wide array of languages 

and fonts, they might struggle with highly stylized 

fonts or languages featuring complex scripts. 

Furthermore, OCR, being primarily designed for 

text recognition, may have challenges extracting 

data from tables, diagrams, or other complex 

layouts. 

 
A. Evolution and AI: 

As advancements in AI and machine learning 

continue to shape the future, OCR systems are 

reaching new heights in terms of sophistication. By 

integrating AI, OCR systems are now equipped 

with enhanced capabilities to comprehend context, 

manage a wider array of fonts and layouts, and 

most notably, identify handwriting with far greater 

accuracy than traditional systems. In essence, OCR 

has emerged as a key technological asset, bridging 

the divide between physical documents and digital 

data, thereby facilitating a seamless transfer and 

storage of information in our increasingly 

digitalized era[12]. 
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AI has significantly enriched the landscape of OCR. 

Traditional OCR systems, while capable of 

identifying characters from images, often falter 

when confronted with words outside of their preset 

dictionary or lexicon. AI steps in to supplement this 

shortcoming by providing a contextual 

understanding, empowering the system to deduce 

the meaning of sentences and thereby minimizing 

word misidentification in complex or jargon-filled 

documents. Further, while OCR may falter when 

dealing with poor quality scans, unconventional 

fonts, or varied text layouts, AI-driven OCR models 

can handle these challenges with greater deftness, 

thereby ensuring higher recognition accuracy.  

 

Handwritten text, with its inherent variability and 

inconsistency, poses significant challenges for 

traditional OCR systems. However, with the 

integration of AI and deep learning, OCR systems 

are now better equipped to recognize and interpret 

handwriting by learning from a vast array of 

handwritten samples. More importantly, unlike their 

conventional counterparts that are bound by fixed 

algorithms, AI-powered OCR systems learn and 

adapt from their mistakes. This capability for 

learning enables them to refine their algorithms 

over time, thereby incrementally increasing their 

efficiency and accuracy[13].  

 

AI also significantly enhances the capacity of OCR 

systems to interpret complex layouts and non-text 

elements. For example, data extraction from tables 

or understanding visual elements like graphs, which 

is challenging for standard OCR, becomes more 

effective under AI, as it can identify patterns and 

relationships within complex document structures. 

Speed and real-time processing, often limited in 

traditional systems, get a boost under AI algorithms, 

thereby enabling real-time document processing, 

which is crucial for applications like instant 

language translation using mobile cameras. AI-

driven OCR systems can also handle a broader 

spectrum of languages and scripts with higher 

precision, which is especially beneficial for 

multilingual support[17]. 

 

Furthermore, advanced AI systems extend beyond 

just reading to comprehending the content's 

meaning. This semantic understanding paves the 

way for automatic content summarization or 

sentiment analysis. Thus, while traditional OCR 

systems have been pivotal in document digitization, 

the integration of AI has dramatically amplified its 

capabilities, pushing boundaries in data extraction, 

understanding, and utilization from documents in 

unprecedented ways[18]. 

 

Shifting our focus to the airline industry, 

developing a specialized AI-OCR solution for this 

sector requires an in-depth understanding of its 

unique needs and constraints. The airline industry 

deals with a high volume of invoices daily, 

originating from different areas like fuel providers, 

maintenance companies, in-flight services, and 

airport usage, among others. To effectively manage 

these, an AI-driven batch processing system that 

can handle large volumes of invoices 

simultaneously becomes indispensable. Moreover, 

with airlines operating globally, the OCR system 

should be designed to process and understand a 

variety of languages, including those with complex 

scripts or unique aviation-related terminologies[14].  

 

The paramount need for financial and regulatory 

accuracy in the airline industry necessitates 

integrating an AI validation layer that cross-

references extracted data with known values or 

databases, ensuring utmost accuracy and automatic 

flagging of potential discrepancies. Given the 

dynamic nature of airline operations, the OCR 

system needs to offer both batch and real-time 

processing capabilities. Moreover, given the 

sensitive nature of some airline invoices, security 

and data privacy become critical. The OCR solution 

should have state-of-the-art encryption and data 

handling protocols, complying with international 

data privacy standards[15].  

 

With airlines often using legacy systems for various 

functions, the AI-OCR solution needs to have a 

modular and API-first design, allowing seamless 

integration with existing enterprise systems. 

Beyond invoices, airlines deal with various other 

documents like airway bills, cargo documents, and 
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passenger manifests. Therefore, the OCR system 

should also be equipped to recognize and process 

these related document types, converting them into 

structured digital formats. In essence, an AI-OCR 

solution designed considering the specific needs 

and constraints of the airline industry can 

significantly enhance the efficiency, accuracy, and 

timeliness of document processing in this domain. 

 

VI. AI-OCR IMPLEMENTATION - TRAINING 

THE MODEL ON SAMPLE AIRLINE INVOICES. 

 

Building a complete AI-OCR solution for airline 

invoices requires a sophisticated infrastructure and 

a large annotated dataset for training. Below is a 

simplified example to give you an idea of how one 

might start training an AI-OCR model using Python 

and the popular deep learning framework 

TensorFlow. This code serves as a basic prototype 

and does not represent a fully operational solution. 

 
A. Data Preparation:  
To train the model, we need labeled data. Assuming 

we have images of invoices (invoice_images) and 

their corresponding textual content (invoice_texts), 

we'll split this data into training and validation sets. 

 

from sklearn.model_selection import 

train_test_split 

 

invoice_images = [...]  # List of paths to invoice 

image files. 

invoice_texts = [...]  # Corresponding list of invoice 

texts. 

 

# Split data into training and validation sets. 

train_images, val_images, train_texts, val_texts = 

train_test_split(invoice_images, invoice_texts, 

test_size=0.2, random_state=42) 

 

B. Preprocessing:  

Convert images to the same size, normalize them, 

and convert texts into sequences. 

 

import cv2 

import numpy as np 

 

def preprocess_images(image_paths): 

processed = [] 

for path in image_paths: 

img = cv2.imread(path, 

cv2.IMREAD_GRAYSCALE) 

img = cv2.resize(img, (128, 32))  # Resize to the 

desired input shape 

img = img / 255.  # Normalize 

processed.append(img) 

return np.array(processed) 

 

train_images_processed = 

preprocess_images(train_images) 

val_images_processed = 

preprocess_images(val_images) 

 
C. Model Architecture (Simple CNN):  
A simple model with convolutional layers. In 

practice, a more complex model like CRNN 

combined with CTC loss is used. 

import tensorflow as tf 

 

model = tf.keras.models.Sequential([ 

tf.keras.layers.Input(shape=(32, 128, 1)), 

tf.keras.layers.Conv2D(32, (3, 3), activation='relu', 

padding='same'), 

tf.keras.layers.MaxPooling2D((2, 2)), 

tf.keras.layers.Conv2D(64, (3, 3), activation='relu', 

padding='same'), 

tf.keras.layers.MaxPooling2D((2, 2)), 

tf.keras.layers.Flatten(), 

tf.keras.layers.Dense(128, activation='relu'), 

tf.keras.layers.Dropout(0.5), 

tf.keras.layers.Dense(len(set(''.join(invoice_texts))), 

activation='softmax')  # Number of unique 

characters in our texts 

]) 

 

model.compile(optimizer='adam', 

loss='categorical_crossentropy', 

metrics=['accuracy']) 

 
D. Training the Model:  
This step trains the model using the preprocessed 

data. Please note this is a very basic representation. 

For actual OCR, sequence-to-sequence models with 

attention mechanisms or transformers can be 

employed. 
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model.fit(train_images_processed, train_texts, 

validation_data=(val_images_processed, val_texts), 

epochs=10, batch_size=32) 

 
E. Predictions:  
Post-training, the model can be used to make 

predictions on new invoice images. 

def predict(image_path): 

img = preprocess_images([image_path]) 

prediction = model.predict(img) 

# Convert the predicted sequence back to text 

(simplest form, real implementation will differ) 

text = ''.join([chr(np.argmax(char)) for char in 

prediction]) 

return text 

 

invoice_path = "path_to_new_invoice.jpg" 

print(predict(invoice_path)) 

Note: This is a simplified demonstration 

 

VII. ANALYZING IMPACTS ON THE BOTTOM 

LINE: OPERATIONAL SAVINGS, REVENUE 

ACCELERATION, AND PROFITABILITY GROWTH 

 

 
A. Operational Savings: 

The implementation of the AI-OCR solution 

significantly reduces operational costs in several 

ways: 

1) Reduced Manual Labor: AI-OCR can process 

invoices faster and with fewer errors than human operators, 

reducing the need for manual labor and the associated costs. 

These savings can be significant, especially for larger airlines 

that handle thousands of invoices daily[16]. 

2) Minimized Error-related Costs: By increasing the 

accuracy of invoice processing, AI-OCR reduces the financial 

impact of errors such as overpayments, late fees, and 

regulatory fines.  

3) Decreased IT Costs: AI-OCR solutions are often 

cloud-based, which means airlines can save on the costs of 

servers, maintenance, and software upgrades.  

 
B. Revenue Acceleration: 

AI-OCR solutions can indirectly boost revenues: 

 

1) Improved Vendor Relationships: By ensuring 

invoices are paid accurately and on time, airlines can maintain 

good relationships with their vendors. This can lead to 

preferential pricing, improved service quality, and increased 

access to resources[19]. 

2) Enhanced Cash Flow Management: Faster invoice 

processing can provide a more accurate real-time view of an 

airline's cash flow, enabling better financial decision-making 

and investment planning. 

 

C. Profitability Growth: 

The combination of cost savings and revenue 

acceleration results in increased profitability: 

1) Direct Impact: The direct savings from reduced 

Labor costs, lower error-related expenses, and minimized IT 

overhead contribute to profitability. 

2) Indirect Impact: The indirect benefits, such as better 

vendor relationships and improved cash flow management, 

can lead to long-term sustainable growth in profitability.  

3) Scalability: As airlines continue to expand, the 

scalability of AI-OCR solutions means that profitability can 

increase without a corresponding rise in operational costs. 

 

VIII. INTEGRATION WITH OTHER 

TECHNOLOGIES: ENHANCING AI-OCR WITH 

BLOCKCHAIN FOR FURTHER SECURITY AND 

EFFICIENCY 

 

While AI-OCR provides immense value in the 

digitization and automation of invoice processing, 

integrating it with other transformative technologies 

like Blockchain can further enhance its potential. 

Blockchain, with its focus on security, transparency, 

and immutability, can offer significant synergies 

with AI-OCR solutions[20]. 

 
A. Key Benefits of Blockchain Integration: 

 

1) Enhanced Security: Blockchain's decentralized 

structure ensures that all transactions are cryptographically 

secured. Once an invoice is processed using AI-OCR and 

added to the blockchain, it becomes immutable. This security 

level significantly reduces the risk of fraudulent 

transactions[21]. 

2) Transparency and Traceability: Every transaction 

on the blockchain is recorded chronologically and is visible to 

all participants. This transparency ensures that all parties 

involved in invoice processing, from vendors to financial 

departments, can trace any invoice's history, making dispute 

resolutions simpler and faster[22]. 
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3) Automated Smart Contracts: Smart contracts can 

automate many of the contractual obligations related to 

invoice processing. For instance, upon successful verification 

of an invoice through AI-OCR, a smart contract could 

automatically release payments, ensuring timeliness and 

reducing manual intervention. 

4) Inter-organization Collaboration: Blockchain can 

enable secure data sharing across different organizations. 

Airlines often deal with multiple external partners, such as 

catering services, maintenance firms, and fuel suppliers. 

Shared blockchain platforms can streamline interactions, 

ensuring consistency and security in transactions [23]. 

B. Implementation Considerations: 

1) Integration Complexity: Combining AI-OCR with 

blockchain requires a robust technological infrastructure. 

Airlines need to ensure they have the necessary expertise and 

resources for seamless integration [24]. 

2) Cost: While blockchain can offer long-term cost 

savings, the initial investment required for infrastructure and 

integration can be significant [25]. 

3) Change Management: Employees and vendors need 

to be trained and familiarized with the new system. 

Transitioning to a blockchain-supported process may require a 

change in business processes and workflows. 

4) Case Application: Imagine an airline receiving an 

invoice for aircraft maintenance. The AI-OCR system scans, 

digitizes and verifies invoice details. Once verified, the 

invoice data is added to the blockchain. A smart contract is 

triggered, which cross-references the maintenance work's 

contractual terms and, if everything aligns, automatically 

initiates the payment. Throughout this process, all actions are 

recorded transparently on the blockchain, ensuring traceability 

and reducing the chances of disputes. 

 

IX. CONCLUSION 

In the constantly evolving realm where digital 

transformation is no longer a luxury but a necessity, 

the aviation industry must embrace innovative 

solutions to remain competitive and efficient. By 

integrating technologies like AI-OCR and 

blockchain, airlines can revolutionize traditional 

processes, making them more streamlined, secure, 

and transparent. 

AI-OCR's capabilities in digitizing and automating 

invoice processing pave the way for faster, more 

accurate operations, directly impacting the bottom 

line with operational savings and revenue 

acceleration. When further bolstered by 

blockchain's inherent security, transparency, and 

automated capabilities, the combined solution can 

offer an unmatched level of efficiency. 

 

For airlines, this isn't just about cutting costs or 

speeding up mundane tasks. It's about reshaping the 

very backbone of operational workflows, building 

trust with vendors and partners, and ensuring that as 

the business scales, the processes evolve and adapt 

without compromising on efficiency or security. 

 

In essence, as the aviation landscape grows more 

complex, solutions like AI-OCR, especially when 

integrated with technologies like blockchain, will 

play a crucial role in determining an airline's ability 

to soar above the competition. The future of the 

airline industry hinges on harnessing the power of 

technology to overcome challenges and unlock new 

avenues of growth and profitability. 

 

X. REFERENCES  

 

[1] S. Pournader, M. Shirole, M. Cleeve, B. Ferrer, 

"Demystifying the role of Blockchain in airline 

operations," Journal of Air Transport Management, 

2021 [2] S. Hochreiter and J. Schmidhuber, "Long 

short-term memory," Neural computation, vol. 9, no. 

8, pp. 1735-1780, 1997. 

[3] I. Goodfellow et al., "Generative adversarial 

nets," in Advances in neural information processing 

systems, 2014, pp. 2672-2680. 

[4] C. Szegedy et al., "Going deeper with 

convolutions," in Proceedings of the IEEE 

conference on computer vision and pattern 

recognition, 2015, pp. 1-9. 

[5] G. Hinton, L. Deng, D. Yu, et al., "Deep Neural 

Networks for Acoustic Modeling in Speech 

Recognition," IEEE Signal Processing Magazine, 

2012. 

[6] T. Mikolov et al., "Distributed representations 

of words and phrases and their compositionality," in 

Advances in neural information processing systems, 

2013, pp. 3111-3119. 

[7] K. He, X. Zhang, S. Ren, and J. Sun, "Deep 

residual learning for image recognition," in 

Proceedings of the IEEE conference on computer 

vision and pattern recognition, 2016, pp. 770-778. 

http://www.ijetjournal.org/


  International Journal of Engineering and Techniques - Volume 7 Issue 5, 2021  

ISSN: 2395-1303                                       http://www.ijetjournal.org                           Page 9 
 

[8] J. B. Rocha, D. C. Fernandes, and P. O. S. V. de 

Melo, "Survey of blockchain application in the 

aviation industry," IET Cyber-Physical Systems: 

Theory & Applications, 2020. 

[9] Y. LeCun, Y. Bengio, and G. Hinton, "Deep 

learning," Nature, vol. 521, no. 7553, pp. 436-444, 

2015. 

[10] N. Papernot, P. McDaniel, X. Wu, S. Jha, and 

A. Swami, "Distillation as a Defense to Adversarial 

Perturbations Against Deep Neural Networks," in 

2016 IEEE Symposium on Security and Privacy 

(SP), 2016, pp. 582-597. 

[11] L. Breiman, "Random forests," Machine 

learning, vol. 45, no. 1, pp. 5-32, 2001. 

[12] J. Schmidhuber, "Deep learning in neural 

networks: An overview," Neural networks, vol. 61, 

pp. 85-117, 2015. 

[13] D. Silver et al., "Mastering the game of Go 

with deep neural networks and tree search," Nature, 

vol. 529, no. 7587, pp. 484-489, 2016. 

[14] M. I. Jordan and T. M. Mitchell, "Machine 

learning: Trends, perspectives, and prospects," 

Science, vol. 349, no. 6245, pp. 255-260, 2015. 

[15] E. L. Allwein, R. E. Schapire, and Y. Singer, 

"Reducing multiclass to binary: A unifying 

approach for margin classifiers," Journal of 

machine learning research, vol. 1, no. Dec, pp. 113-

141, 2000. 

[16] S. J. Pan and Q. Yang, "A survey on transfer 

learning," IEEE Transactions on knowledge and 

data engineering, vol. 22, no. 10, pp. 1345-1359, 

2009. 

[17] N. Zohdy, I. F. Moawad, and M. A. Kamel, 

"Blockchain for Aviation: Use Cases and 

Implementation," Journal of Advanced 

Transportation, 2020. 

[18] A. M. Turing, "On computable numbers, with 

an application to the Entscheidungsproblem," 

Proceedings of the London mathematical society, 

vol. 2, no. 1, pp. 230-265, 1937. 

[19] M. D. Zeiler and R. Fergus, "Visualizing and 

understanding convolutional networks," in 

European conference on computer vision, 2014, pp. 

818-833. 

[20] O. Russakovsky et al., "Imagenet large scale 

visual recognition challenge," International Journal 

of Computer Vision, vol. 115, no. 3, pp. 211-252, 

2015. 

[21] R. A. Yeh, C. Chen, T. Y. Lim, A. G. Schwing, 

M. Hasegawa-Johnson, and M. N. Do, "Semantic 

Image Inpainting with Deep Generative Models," in 

Proceedings of the IEEE Conference on Computer 

Vision and Pattern Recognition, 2017, pp. 5485-

5493. 

[22] V. Badrinarayanan, A. Kendall, and R. Cipolla, 

"SegNet: A deep convolutional encoder-decoder 

architecture for image segmentation," IEEE 

transactions on pattern analysis and machine 

intelligence, vol. 39, no. 12, pp. 2481-2495, 2017. 

[23] L. Sifre and S. Mallat, "Rigid-motion 

scattering for image classification," Ph.D. 

dissertation, Citeseer, 2014. 

[24] R. Girshick, J. Donahue, T. Darrell, and J. 

Malik, "Rich feature hierarchies for accurate object 

detection and semantic segmentation," in 

Proceedings of the IEEE conference on computer 

vision and pattern recognition, 2014, pp. 580-587. 

[25] Y. Bengio, A. Courville, and P. Vincent, 

"Representation learning: A review and new 

perspectives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijetjournal.org/


  International Journal of Engineering and Techniques - Volume 7 Issue 5, 2021  

ISSN: 2395-1303                                       http://www.ijetjournal.org                           Page 10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijetjournal.org/


  International Journal of Engineering and Techniques - Volume 7 Issue 5, 2021  

ISSN: 2395-1303                                       http://www.ijetjournal.org                           Page 11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

[1] S. M. Metev and V. P. Veiko, Laser Assisted 

Microtechnology, 2nd ed., R. M. Osgood, Jr., 

Ed.  Berlin, Germany: Springer-Verlag, 1998. 

[2] J. Breckling, Ed., The Analysis of Directional 

Time Series: Applications to Wind Speed and 

Direction, ser. Lecture Notes in Statistics.  

Berlin, Germany: Springer, 1989, vol. 61. 

[3] S. Zhang, C. Zhu, J. K. O. Sin, and P. K. T. 

Mok, “A novel ultrathin elevated channel low-

temperature poly-Si TFT,” IEEE Electron 

Device Lett., vol. 20, pp. 569–571, Nov. 1999. 

[4] M. Wegmuller, J. P. von der Weid, P. Oberson, 

and N. Gisin, “High resolution fiber distributed 

measurements with coherent OFDR,” in Proc. 

ECOC’00, 2000, paper 11.3.4, p. 109. 

[5] R. E. Sorace, V. S. Reinhardt, and S. A. 

Vaughn, “High-speed digital-to-RF converter,” 

U.S. Patent 5 668 842, Sept. 16, 1997. 

[6] (2002) The IEEE website. [Online]. Available: 

http://www.ieee.org/ 

[7] M. Shell. (2002) IEEEtran homepage on 

CTAN. [Online]. Available: 

http://www.ctan.org/tex-

archive/macros/latex/contrib/supported/IEEEtr

an/ 

[8] FLEXChip Signal Processor (MC68175/D), 

Motorola, 1996. 

[9] “PDCA12-70 data sheet,” Opto Speed SA, 

Mezzovico, Switzerland. 

[10] A. Karnik, “Performance of TCP congestion 

control with rate feedback: TCP/ABR and rate 

adaptive TCP/IP,” M. Eng. thesis, Indian 

Institute of Science, Bangalore, India, Jan. 

1999. 

[11] J. Padhye, V. Firoiu, and D. Towsley, “A 

stochastic model of TCP Reno congestion 

avoidance and control,” Univ. of 

Massachusetts, Amherst, MA, CMPSCI Tech. 

Rep. 99-02, 1999. 

[12] Wireless LAN Medium Access Control (MAC) 

and Physical Layer (PHY) Specification, IEEE 

Std. 802.11, 1997. 

 
 

 

 

http://www.ijetjournal.org/

