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Abstract

A Minimum Viable Product (MVP) proof of concept application was developed to investigate the viability of utilising Optical Character Recognition (OCR) for processing handwritten documents submitted to the DVLA. The application sought to implement serverless technologies to benefit from on demand scaling without the need to manage and provision hardware infrastructure. The project’s outcomes were assessed through the analysis of Character and Word Error Rates. The application achieved its aim of proving the viability of using OCR, with future improvements in accuracy being achievable to improve upon the MVP.
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[bookmark: _Toc151283505][bookmark: _Toc151890190][bookmark: _Toc153212325]Introduction 
Automation of repetitive processes is a crucial factor in efficiency and cost-effectiveness for organisations. This is particularly true in organisations such as the Driver and Vehicle Licensing Agency (DVLA). A large volume of forms, such as V10s (Application form for vehicle tax) and V62s (Apply for a vehicle registration certificate), are completed by hand by customers then sent to the DVLA to be manually processed. Although functional, the existing manual system for processing these forms may gain from efficiencies provided by Optical Character Recognition (OCR) services which have been trained extensively by large web services companies. Potential difficulties include during manual processing of forms (e.g. mis-typed characters), processing speed restrictions, as well as limitations in processing speed due to operational hours and staff capacity at DVLA and rising marginal costs from processing more forms when demand for services fluctuates.
The current processing procedure for forms which are sent to the DVLA requires the forms to be manually sorted into groups based on type (e.g., all V10s together).
This project seeks to improve the current process by developing an Application Programming Interface (API) which automates extraction of form data by utilising services provided by Amazon Web Services' and the DVLA's internal addressing API.

Interviews with clerks were arranged to better understand the workflow undertaken by them when processing V10 and V62 forms to implement the appropriate processing and controls within the API. These interviews will also seek to identify the current expectations for error rates and processing speed.


[bookmark: _Toc151283506][bookmark: _Toc151890191][bookmark: _Toc153212326]Hypothesis 
The key hypothesis of this project is that the implementation of an API utilising AWS Textract [1] and the DVLA's address API could result in improvements in the form processing system at the DVLA. The primary benefit expected prior to commencing the project is increased processing speed and therefore, increased volume of forms processed in comparison to manual entry, reducing potential customer waiting times (currently up to 4 weeks [2]).  Based on personal experimentation with Textract in preparation for this project, it is anticipated that the rate of errors in detecting handwriting correctly and grouping related handwriting together will be the central area where the benefits of manual input by clerks will shine through. A factor worth noting prior to commencing this project is that the DVLA accepts and processes forms which are completed in Welsh, which is not a language currently supported by AWS Textract [3] and therefore these documents would need to continue to be manually handled. However, if Welsh was supported in future, the API will be able to handle these documents too, providing further efficiencies for the DVLA.

[bookmark: _Toc151283507][bookmark: _Toc151890192][bookmark: _Toc153212327]Aims and Objectives 
[bookmark: _Toc151283508][bookmark: _Toc151890193][bookmark: _Toc153212328]Aim: 
The aim of this project is to automate and increase the speed of processing handwritten forms by developing an API that automatically extracts and cleanses data, prior to storing the extracted data within a database, while maintaining an acceptable margin of error. The acceptable error rate will be based upon the rates expected from manual entry by clerks. 




[bookmark: _Toc151283509][bookmark: _Toc151890194][bookmark: _Toc153212329]Objectives:
Develop a Java API that can process multiple form types and file formats and output data which adheres to models within the DVLA Data Dictionary.
The API should be capable of consuming and processing a variety of form types, rather than being designed to accept one specific form the DVLA processes. Users should be able to extract data from both V10 and V62 forms, as well as any other forms. By outputting the data in this format, the API will ensure that pre-existing DVLA systems can interpret the data correctly. The performance of the API will be measured by implementing logging of key performance indicators (KPIs), which will be processing times and error rates. The KPIs will be measured against those used within the departments where clerks manually process forms. This objective directly contributes to the aim of streamlining form processing at the DVLA.

Integrate AWS Textract for OCR capabilities.
The API will utilise AWS Textract [1], specifically the 'Form Data' feature [4] to extract text and data from documents. Success will be measured by comparing KPI logs against the DVLA’s standards for manual form processing. This objective will enable the documents to be analysed using OCR.

Integrate the DVLA address API for address verification.
The API will utilise the DVLA’s address API to verify addresses which have been extracted by Textract and then sanitised by this project’s API. Success will be measured based on address validity rates as this is a critical part of form processing at the DVLA.



Ensure low error rates and high processing speeds.
The project aims to achieve low error rates and high processing speeds. Success will be measured based on the error rates and processing times in comparison to those expected of, and achievable by, clerks. This objective is the primary objective of this project, to make the API as reliable and efficient as possible.

Ensure extensibility and scalability of the system.
The API will be designed to be extensible and scalable. Success will be measured by the API’s ability to handle increased volumes of forms and additional form types. To efficiently manage resources for this proof-of-concept report only two forms will be utilised initially as two forms will be sufficient to demonstrate the APIs ability to handle multiple form types. There were also data security concerns so access to live data was limited for this proof-of-concept report.

If the API is successful in demonstrating this concept, then the API can be expanded to incorporate additional forms and, if Welsh becomes a supported Textract language, multiple languages. This is important for future proofing the system and ensuring a wide range of possible use cases.

In selecting a programming language for the Cloud Development Kit (CDK) application and the associated AWS Lambda functions for the OCR project, Java was chosen due to familiarity with the language and on the assumption that serverless applications in the DVLA primarily use Java. It was later discovered that, although a significant portion of the DVLA’s codebase is Java, the language primarily used for serverless applications is in fact JavaScript. Having more personal experience with Java and typescript within the DVLA, the choice to use Java over typescript was again due to a higher level of familiarity with Java.
One of the main advantages of using Java for this application is the comprehensive integration options with services such as Textract, DynamoDB, and API Gateway and more. Moreover, Java's well-established collection of third-party libraries for handling JSON and other data formats such as Jackson [5] are indispensable for cloud-based OCR applications that demand high throughput and fast response times.
Java's exception handling mechanism provides a structured approach to error detection and management, crucial for building resilient cloud-based applications. This is especially valuable when dealing with the unpredictability of OCR data extraction when considering the fault tolerance required for a system processing official documents, such as V10 and V62 forms. 

For the CDK app, Java offers strong support for object-oriented design patterns, which is conducive to modelling the cloud infrastructure as code. The AWS CDK Java library allows for defining cloud resources in a familiar, strongly typed language, which enhances understandability and reduces the risk of deployment-time errors.
The use of Java would reduce the learning curve for maintenance and future development by other software engineers working within the DVLA, creating a robust, efficient, and maintainable OCR processing system.


[bookmark: _Toc151283510][bookmark: _Toc151890195][bookmark: _Toc153212330]Literature Review 
To understand the development and utilisation of OCR, this literature review briefly investigates the underlying technology behind OCR - Artificial Intelligence (AI) and Machine Learning (ML). Given the project’s focus on development of a serverless application, the review then focuses on cloud computing, and the current environment, exploring the options available to consumers, as well as the potential issues faced by consumers due to the structure of the services and the market itself.

[bookmark: _Toc151283511][bookmark: _Toc151890196][bookmark: _Toc153212331]Artificial intelligence
AI as defined by the International Organization for Standardization, is “[the] capability of a functional unit to perform functions that are generally associated with human intelligence such as reasoning and learning” [6]. These functions are achieved via combining prior knowledge, history of interactions (stimuli, observations, and past experiences), goals, preferences, and abilities [7]. 

The development and utilisation of AI has been discussed on an international basis, with the inaugural AI Safety Summit was held at Bletchley Park on 1-2 November 2023. This saw the bringing together of 150 delegates from government, industry, academia, and civil society [8]. The focus of the summit was to discuss frontier AI, which refers to AI models capable of performing a wide variety of tasks exceeding the current day AI models’ capabilities [9]. The summit resulted in numerous positive outcomes and plans. These included a higher level of collaboration between nations, an international board of experts tasked with producing a ‘State of the Science’ report on frontier AI, and increased government access, collaboration, and governance over corporate entities developing AI.

[bookmark: _Toc151283512][bookmark: _Toc151890197][bookmark: _Toc153212332]Machine learning
ML is a field within AI that provides computer systems with the ability to autonomously acquire knowledge and enhance their performance based on observed data, without the need for explicit instructions. ML utilises “context understanding, data curation, data modelling, and production and monitoring” [10]. By identifying trends, key factors, and anomalies from datasets, ML can enable AI to make informed predictions or decisions in areas such as credit card applications, albeit with varying levels of success [11].

OCR utilises pattern recognition algorithms, pre-processing techniques, segmentation methods, and ML algorithms to interpret the shapes and patterns of characters within images or documents [12] [13].

[bookmark: _Toc151283515][bookmark: _Toc151890200][bookmark: _Toc153212333]Cloud Services and Vendor Lock-in
As the cloud computing market grows with adoption becoming more widespread, understanding cloud service vendor lock-in becomes increasingly important. This section seeks to explain what vendor lock-in is, while also discussing the implications of it. To understand vendor lock-in, it is important to understand cloud services. Vendor lock-in refers to the technical and financial costs associated with transferring cloud services between cloud providers. To understand the landscape of cloud providers, their products, and how the issue of vendor lock in occurs, it is first necessary to understand the key components of cloud services.




When referring to cloud services, the primary services offered by Cloud Service Providers (CSPs) such as AWS, Google, Microsoft etc. include software-as-a-service (SaaS), infrastructure-as-a-service (IaaS), and platform-as-a-service (PaaS). The key features are illustrated in Figure 1.

[bookmark: _Ref151303961][bookmark: _Toc151283557][bookmark: _Toc151387921][bookmark: _Toc151890244][bookmark: _Toc152087709][bookmark: _Toc152317937][bookmark: _Toc153212384]Figure 1 Diagrammatic view of IaaS, PaaS, SaaS [14]

[bookmark: _Toc153212334]SaaS
Typically includes software packages such as email, calendaring, and office tools such as Microsoft 365. These services are pre-packaged, and often proprietary software written by the SaaS provider, for which their customers are on a recurring subscription either at a fixed rate per user/organisation or in line with usage of the service. The software offered is an all-in-one solution, the cloud provider manages the codebase, updates, bugs, server resource provisioning etc. [14].




[bookmark: _Toc153212335]IaaS
IaaS offers scalable computing resources on an on-demand basis, where fees are applied based upon resource consumption. IaaS offerings from CSPs typically include virtual servers, containers, networking, and storage. Customers of IaaS do not need to manage the underlying hardware and support systems [15]. There are a range of virtual servers available, for example minimal, shared-resource servers aimed primarily at hobbyists and learners for as little as £1 per month (Figure 2) from well-establish providers. Then for those who may want to throw caution to the wind, even cheaper offerings can be had by searching VPS offer aggregators [16].

[bookmark: _Ref150689604][bookmark: _Toc151283558][bookmark: _Toc151387922][bookmark: _Toc151890245][bookmark: _Toc152087710][bookmark: _Toc152317938][bookmark: _Toc153212385]Figure 2 Ionos - VPS Linux XS: 1 vCore CPU - 1 GB RAM - 10 GB SSD [17]

At the opposite end of the scale, CSPs also provide large-scale IaaS suitable for companies such as Spotify [18].

The CSP is responsible for acquiring and maintaining the infrastructure, enabling clients to focus on software installation, configuration, management, and data security. Supplementary services such as logging, monitoring, storage backups, and security services are often available from CSP, although alternatives do exist such as logging and monitoring tools Elasticsearch, Logstash and Kibana (ELK Stack) [19], metrics monitoring and visualisation services such as Prometheus [20], and off-site storage backup options such as Backblaze [21].

[bookmark: _Toc153212336]PaaS
PaaS is like SaaS and IaaS in that the procurement and maintenance of the hardware is the responsibility of the CSP. This project, utilising AWS CDKs to provision Lambdas, API Gateway, and DynamoDB, is an example of PaaS. The implementation requires no physical configuration or maintenance of the resources on which the application ran. The only configuration of resource capacity was configuration of the Lambda runtime resources and the DynamoDB capacity. In theory, PaaS appears to be an ideal approach for many organisations, allowing them to focus on the applications and services they are building and maintaining. They can also benefit from on-demand scaling [22], whereby the CSP will automatically allocate more resources to the applications as demand rises and falls. There are also opportunities to achieve cost reductions in some cases by reserving resource capacity [23], however, careful consideration is required when purchasing reserved capacity. It may be appealing to receive discounted rates, but to truly benefit, customers need to be able to reliably estimate their future capacity requirements. 

Adadot’s recent blog post [24] provides an insightful review of utilising AWS’s PaaS offerings, key takeaways include some benefits mixed with negatives. They found that deployment of functions and pre-deployment configuration was significantly easier, as well as scalability and reductions in initial costs in periods with low demand for resources. They did, however, encounter some negatives. Scalability was discovered to be finite, with AWS imposing limits to concurrency [25], optimisation of Lambda functions for variable execution payloads was complex, the configuration of Lambdas cannot be on a per-execution basis, resulting in over-paying for Lambda runtime resources in order to be able to handle the rare instance where the Lambda requires a high level of compute power. The limitations on execution times and invocation counts resulted in the need to split applications into smaller individual pieces than had originally been planned, resulting in the serverless resources quickly becoming complicated [24].
In conclusion, the Adadot team’s experience underlines that while PaaS offerings like AWS Lambda can offer significant advantages in certain scenarios, they also bring new challenges that must be weighed against the benefits. There is no ‘right’ answer across the board, the benefits and drawbacks will differ from organisation to organisation and from project to project. 

The dominance of certain CSPs, particularly Amazon Web Services (AWS), may be attributable to their early entry into the cloud services market. AWS launch its cloud services  first in 2006 [26], while Google launched AppEngine in 2008 [27], and Microsoft launched Azure in 2008 [28]. This enabled AWS to establish an early lead with a strong user base. This, in turn, has resulted in a vast level of information and resources being produced both by AWS and the developer community over time. This has resulted in a steady supply of new developers favouring AWS due to the expanse of resources compared to companies like Microsoft and Google. This skill base has likely influenced organizational inertia, where the embedded use of AWS services and the specialization of the workforce in these technologies deter companies from considering alternative CSPs. The combination of the above factors, and the already-mentioned offerings which accompany CSP infrastructure offerings such as logging utilities and developer tooling, results in even deeper ties to specific CSPs. The reliance on CSP-specific tooling, often in the form of SaaS, makes it even more difficult to switch, due to not simply being a shift in architecture of the core services – but the surrounding ecosystem of support too.
[bookmark: _Toc152087794][bookmark: _Toc153212468]Table 1 Compare AWS and Azure services to Google Cloud [29]
	Service category
	Service type
	Google Cloud product
	Google Cloud product description
	AWS offering
	Azure offering

	Operations
	Audit logging
	Cloud Audit Logs
	Log all user activity on Google Cloud.
	AWS CloudTrail
	Azure Audit Logs

	App modernization
	CI/CD
	Cloud Build
	Build, test, and deploy on Google Cloud serverless CI/CD platform
	AWS CodeBuild, AWS CodeDeploy, AWS CodePipeline
	Azure DevOps, GitHub Enterprise

	App modernization
	CI/CD
	Google Cloud Deploy
	Deliver continuously to Google Kubernetes Engine and Anthos.
	AWS CodeCommit, AWS CodeBuild, AWS CodeDeploy
	Azure DevOps

	Management tools
	Deployment
	Cloud Deployment Manager
	Create and manage cloud resources with simple templates.
	AWS CloudFormation, AWS Serverless Application Model (SAM), AWS Cloud Development Kit (CDK)
	Azure Deployment Manager



[bookmark: _Toc153212337]UK Crown Commercial Service & DVLA cloud-related spending
The UK Government’s Crown Commercial Service (CCS) oversees DOS (Digital Outcomes 6) and G-Cloud which are purchasing frameworks and agreements for digital skills and cloud services, respectively. Despite the limitations of the CCS dashboard visualisations, it is clear to see that the adoption of cloud-based services is on the increase, with £15.99bn (Figure 3) having been spent through the G-Cloud framework iterations and a further £6.04bn (Figure 5) being spent through the DOS framework between 2012/13 and 2023/24 (year to date).

The data (Figure 3, Figure 4, Figure 5, Figure 6) reveals increasing adoption of cloud-based services across the UK’s public sector. This trend not only signifies a shift in technology, but also suggests a growing dependency on a limited number of cloud providers. This has the potential for developing into cases of vendor lock-in. The concentrated usage of very few CSPs by the UK Government has not gone unnoticed, with specific reference from Ofcom voicing concerns over the matter.

[bookmark: _Ref150786200][bookmark: _Toc151283560][bookmark: _Toc151387923][bookmark: _Toc151890246][bookmark: _Toc152087711][bookmark: _Toc152317939][bookmark: _Toc153212386]Figure 3 Crown Commercial Service - Total G-Cloud spend 2012/13 - 2023/24 [30]


[bookmark: _Ref152531030][bookmark: _Toc153212387]Figure 4 Crown Commercial Service - Driver & Vehicle Licensing Agency G-Cloud spend 2012/13 - 2023/24 [30]

[bookmark: _Ref150786223][bookmark: _Toc151283562][bookmark: _Toc151387925][bookmark: _Toc151890248][bookmark: _Toc152087713][bookmark: _Toc152317941][bookmark: _Toc153212388]Figure 5 Crown Commercial Service - Total DOS spend 2012/13 - 2023/24 [30]
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[bookmark: _Toc151283564][bookmark: _Toc151387927][bookmark: _Toc151890250][bookmark: _Toc152087715][bookmark: _Toc152317943][bookmark: _Toc153212390]Figure 7 Crown Commercial Service - Driver & Vehicle Licensing Agency G-Cloud spend 2018/19 - 2023/24 (AWS, Google, Microsoft)


[bookmark: _Toc151283517][bookmark: _Toc151890202][bookmark: _Toc153212338]Vendor Lock-in
Given the above information regarding cloud services offered by CSPs, it is clear to the see the attraction of such services. It is worth bearing in mind, however, that the cloud services market is dominated by a very small collection of companies. 

Ofcom: Cloud services market study
Ofcom (The Office of Communications) published a Cloud services market study in which it investigated and outlined some concerns regarding the current state of the cloud services market within the UK [31]. The biggest concerns expressed within the report included egress fees, technical barriers, and committed spend discounts.

Egress fees are those which are paid to transfer data out of a CSP to an external location, whether it be another CSP or an in-house server. These fees vary between services and between CSPs, with factors such as the volume of data being transferred and the method of transfer both having an impact [32] [33] [34]. Customers with significant volumes of data can find themselves facing prohibitively expensive fees in the short term which may discourage them from moving, despite potential savings later by switching CSP.

Technical barriers refer to the intricacies involved in the configuration and running of the CSP systems, with each providing their own implementations and approaches to services. This makes it difficult to create a like-for-like configuration with another CSP without heavily investing both time and money in identifying the requirements that must be met prior to transferring and the process of re-launching services on the new CSP. 

Committed spend discounts are evident throughout the CSP ecosystem, whereby customers can achieve lower per-unit prices for services such as object storage. Long term seldom-used data can be stored for a smaller fee than data which is occasionally used, which itself is cheaper than data that is regularly used. It is worth noting though, that some storage options do provide SSD (Solid State Drive) storage of data which results in faster I/O operations which are necessary for more performant applications. Pricing on like-for-like storage mediums such as Hard Disk Drives varies based on how frequently they’re accessed. It can also be seen across various other services within the CSP’s offerings as seen in AWS’ savings plans offering up to 72% savings if customer commits to a one or three year hourly spend [35]. Alternatively, Google’s Compute committed use discounts offering up to 57% for machine types or GPUs and up to 79% for memory-optimised machine types [36]. While Microsoft’s savings plans for compute offers up to 65% savings for committing to hourly spends for compute services for between 1 and 3 years [37]. 

Of particular concern within Ofcom’s report is reports sent to Ofcom of limiting customers’ usage of their products within competitor CSP’s ecosystems – claiming that functionality is limited, licence fees increased and, most worryingly, reduced availability of security updates compared to running on Microsoft’s Azure. Ofcom continued to report that it was concerned with the above factors, stating that they limit customers’ access to lower prices and improved services, reducing competition and increasing the barriers to entry for Independent Software Vendors [31]. Ofcom was concerned enough by the findings that it referred the cloud services market to the Competition and Markets Authority (CMA) to perform further investigations to determine the impact of the cloud services market’s structure has and whether action should be taken to address it.

Competition and Markets Authority: Public cloud infrastructure services market investigation
According to the CMA’s Issues Statement [38], the cloud services market was worth £7-£7.5 billion in 2022, with AWS and Microsoft owning between 70-80% of the market combined. Google, the third largest market player, was trailing far behind with a share of 5-10%. 

At the time of writing this, the CMA is in the early stages of its investigation into the UK cloud services industry – making sure to clearly state that the document published is based solely on the evidence provided by Ofcom. The statements within the document do not represent any emerging opinions. The CMA states some hypotheses which it will aim to explore further and form a formal opinion.

The plans include the four main points outlined by Ofcom as well as investigating the profitability of AWS and Microsoft to determine if cloud service prices are greater than they could or should be if a competitive market was in operation.​
Their initial considerations have resulted in a series of potential actions which they could enact to disrupt the current Oligopoly which forms the cloud services market. 







Initial considerations for intervention in the market which are mentioned by CMA include multiple options for each of the points raised by Ofcom. Some of which include:
· Enhancing interoperability and portability, making it easier for customers to not only switch CSP, but also work across multiple CSPs simultaneously – adopting a multi-cloud approach (Figure 8).
· Capping fees on egress, limited the fees imposed on customers wishing to remove their data from CSP’s servers.
· Banning or adapting discount structures for committed spending.
· Prohibiting bundling of software with cloud services and enforcing version equivalence for software across cloud systems.
· Corporate divestiture, splitting the dominant companies up to increase competition.


[bookmark: _Ref150981940][bookmark: _Toc151283565][bookmark: _Toc151387928][bookmark: _Toc151890251][bookmark: _Toc152087716][bookmark: _Toc152317944][bookmark: _Toc153212391]Figure 8 Single cloud provider comparison with multiple cloud providers from Cloudflare [39]


[bookmark: _Toc151283518][bookmark: _Toc151890203][bookmark: _Toc153212339]Research and Development Methods 
[bookmark: _Toc151283519][bookmark: _Toc151890204][bookmark: _Toc153212340]Research
Due to this project's focus on quantitative data analysis, the research and development methods will be based on the positivist paradigm. The positivist approach, focusing on statistical data, works well for this project because it makes it possible to objectively analyse the data. This is in line with the project's goal of increasing the efficiency of form processing based on measurable factors like error rates and processing speeds. The scope of access to real data for testing this implementation is limited due to data protection laws and would therefore only be able to be fully tested and implemented in-house with the appropriate protections in place or by third party contractors under the same restrictions. It is for this reason that this project will use V10 (Figure 9) and V62 (Figure 10) forms only. Sections one and two of each form were identified as being the most relevant to this project given the volume of handwriting required and the complexity of the data being captured within them.
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The 'research onion' model (Figure 11), which provides an explanation of the stages of research methodology, will be utilised to structure the research process. The outer layers of the 'onion' represent the research philosophy and approach, which in this case are positivism and a deductive approach, respectively. The deductive approach involves developing upon existing data and hypothesis and then building upon them, which aligns with this project's aim of testing the hypothesis that a Java API utilising AWS SDK [40] and CDK [41] can streamline form processing at the DVLA.
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The data collection methods will involve both primary and secondary data. Primary data will be collected through the testing and implementation of the Java API, while secondary data will be obtained from existing literature and DVLA records. The data will be quantitative, focusing on measurable outcomes such as error rates, processing speeds, and the accuracy of data extraction and address verification success rates. The data analysis will involve statistical analysis of the collected log data to measure the success of the API. Furthermore, it will be used to identify areas for improvement in relation to data collected from the existing system or data generated while imitating the system, if such data is not available.
[bookmark: _Toc151283520][bookmark: _Toc151890205][bookmark: _Toc153212341]Development
The development method will be feature-driven, with a Kanban board used to identify and track specific pieces of work that need to be implemented in the codebase to achieve each release's requirements. The project will start with a Minimum Viable Product (MVP), with additional features added in future releases subject to time constraints. Data sanitisation will be implemented to ensure the security and integrity of the data. Security may be implemented through API authorisation and authentication management and appropriate logging to ensure confidential data is not output to log records. 
To summarise, the Research and Development methods for this project will involve a structured approach based on the 'research onion' model, with a focus on positivism and quantitative data analysis. The methods will allow for objective measurement of the project's success and provide valuable insights into the efficiency and effectiveness of the developed Java API.
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The above user stories (Figure 13, Figure 14) illustrate the intended outcomes of the project in terms of functionality, and the Kanban board details the actions required of the program to achieve the story’s intended purpose.

[bookmark: _Toc151890206][bookmark: _Toc153212342]Receiving and Preparing Documents
After receiving the documents, the application should ensure they are in a suitable format in adherence with AWS Textract's requirements. This may include assessing the quality of the documents and possibly adjusting scanned images to get the best results from the OCR process. Image enhancement approaches will be investigated and implemented, if time allows, to determine if they can positively impact the application’s performance in terms of successful data extraction rates.

[bookmark: _Toc151890207][bookmark: _Toc153212343]OCR Process
Use AWS Textract to convert the text in the documents into machine-readable format.

[bookmark: _Toc151890208][bookmark: _Toc153212344]Reviewing and Verifying Results
Review a sample of the OCR results to confirm the accuracy of the extracted text by comparing it to control samples. If there are significant errors, identify any patterns to correct them. The corrected text should be saved as well as the output, for the purpose of comparison between original and corrected data.

[bookmark: _Toc151890209][bookmark: _Toc153212345]DVLA Address API
Once the OCR process is complete, the text identified by Textract as address content can be cleaned and verified by sending API requests to the DVLA's Address API.


[bookmark: _Toc151283521][bookmark: _Toc151890210][bookmark: _Toc153212346]Ethical issues
For a project such as this, it is not possible to use real Personal Identifiable Information (PII) for testing the system while ensuring adherence with GDPR. It will therefore be conducted with mock-data for all fields other than addresses. To utilise the DVLA Address API, valid UK addresses will be used. Addresses used for testing will therefore be obtained from volunteers who will provide written consent. The key focus will be on obtaining a sufficiently sized sample of volunteers so that various handwriting styles can be tested across multiple forms.
To ensure a focused analysis, each form submitted for processing had only sections 1 and 2 completed. These sections were specifically chosen as they typically require the most detailed handwriting input from users, making them ideal for the initial MVP development and for evaluating the effectiveness of Textract in analysing complex handwritten data. Figure 9 displays a V62 form. The same approach will be implemented for V10 forms (Figure 10).
Automated processing of forms without appropriate safeguards and checks to verify the output of the processing could lead to negative impacts on the individuals who are unknowingly and perhaps unwillingly being subjected to automated processing. This would not only be unethical but would also be illegal. 

Article 5(1)(f) of the GDPR states ‘Processed in a manner that ensures appropriate security of the personal data, including protection against unauthorised or unlawful processing and against accidental loss, destruction, or damage, using appropriate technical or organisational measures’ [43]. With both ethics and the previously referenced law, implementing any automated data processing system such as this, would require comprehensive planning and safeguards. Any consequential decisions resulting from the system’s output should be made by a person with sufficient knowledge and qualification to make such decisions. 
[bookmark: _Toc151283522][bookmark: _Toc151890211][bookmark: _Toc153212347]Planning
The plan for this project is outlined in the following subheadings, although as with any project, obstacles and unforeseen delays may impact the timing of each stage. The initial plan of time for the project is visible in Figure 4.
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[bookmark: _Toc151283523][bookmark: _Toc151890212][bookmark: _Toc153212348]Pre-Implementation information gathering and planning
The pre-implementation stage will serve as the basis for the rest of the project. The initial stages will include establishing key points of contact within the DVLA from whom guidance, expertise, experience, and authorisation to access resources can be sought. Upon developing a sufficient depth of knowledge and data, the final user story map will be designed. It is predicted that the user story map is likely to be adjusted based upon gaining deeper knowledge of the existing systems. The final user story map will then be divided into releases, with an MVP being the minimum target deliverable in 28 days. The user stories will be based upon meetings with DVLA staff as well as processes and procedures already present within the DVLA. Planning of test data will be undertaken and verified with staff within the DVLA. Ensuring the test data is appropriate and represents the variety of forms, and accompanying issues, regularly processed by the DVLA will provide assurance to the final comparisons which will be made to evaluate this project’s performance.

[bookmark: _Toc151283524][bookmark: _Toc151890213][bookmark: _Toc153212349]Implementation
The implementation stage will commence once a sufficient level of information is present, and a viable user story map can be produced. The development of the API will begin at this stage based upon the MVP. The goal is facilitating the processing of V10 and V62 forms with no explicit indication as to the form type within requests made to the program. However, in keeping with the MVP, initial focus will be on a single form. The progress and subdivision of tasks will be tracked in a Kanban board hosted on JetBrains YouTrack [44].
Implementation of the codebase will require access to AWS and an API key to send requests to the DVLA address utility. Git [45] as well as GitHub [46] will be utilised for version management and progress tracking.
The UML diagram in (Figure 16) displays the high-level intended design of the project's implementation.
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[bookmark: _Toc151283525][bookmark: _Toc151890214][bookmark: _Toc153212350]Dissertation Writing
The ongoing process within this project will be writing the main dissertation, which will be based on analysis of the data gathered during the implementation phase. The analysis will cover error rates, processing times, and the precision of address verification and data extraction.

The application's success, or lack thereof, will be based upon the data analysis. The data analysis will seek to compare expectations, end results, and the pre-existing approach's performance. 
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[bookmark: _Toc151890217][bookmark: _Toc153212352]Information gathering
Meetings with managers within the Input Services Group teams revealed a variety of working methods across teams. Due to the variations across each form and its accompanying documents (if any), there is no universally applied target for processing speed and accuracy. There are, however, specific targets for teams processing each form. The direct comparison of this application’s performance with the processing of V10 and V62 forms is not possible based upon the limited form sections completed in the sample documents processed in this project (sections 1 and 2).

[bookmark: _Toc153212353]V10
During an interview, Aled E Rees (DVLA Operational Leader - Input Services Group) confirmed that forms being returned to customers have a target accuracy of 100% - this being where customers forms are returned with their supporting documents, rather than the original processing of application forms. Clerks have a processing target of 7.5 minutes per V10 form being processed. The processing is usually completed with multiple supporting documents, rather than an individual V10 form, which results in a varying amount of time required for each form. 

[bookmark: _Toc153212354]V62
During an interview, Kelly Cooper (DVLA Operations Leader - Vehicles Input | Input Services Group) stated that clerks have the following targets for processing V62 forms:
· 50 forms per hour if performing keying only
· 40 per hour if the form is submitted with a fee and/or supporting documentation
· 30 per hour for CAT C direct – whereby the vehicle has been salvaged by insurance, with the original V5c being destroyed as part of the salvage process
· 15 per hour for Post Office submissions CAT C
· 31 per hour for processing of rejected forms
Each of these processing rates are accompanied by an expected minimum accuracy of 98%.

[bookmark: _Toc151283529][bookmark: _Toc151890218][bookmark: _Toc153212355]AWS Technology Stack
The main project’s codebase was started 25/07/2023 and finished 18/09/2023, totalling 55 days from start to finish. The spring application began 30/09/2023 and finished 11/10/2023, totalling 12 days. Across the two main projects and the helper project, there were 60 unique days of git commits, spread over 117 days, indicating an obvious over-spend compared to the time budgeted in the initial Gannt chart which estimated 28 days (Figure 15). 

[bookmark: _Toc151283530][bookmark: _Toc151890219][bookmark: _Toc153212356]Design and Architecture
The following section outlines and explains the design of the serverless application regarding the AWS infrastructure and systems implemented. Each service is implemented with appropriate security policies and access to enable them to function while ensuring limited access to processes which are beyond the scope of their function.
Route 53: Facilitated the assignment of a custom domain and endpoint for the project.
API Gateway: Implemented using a REST API, chosen for API keys and rate limits features.
DynamoDB: Utilized for data storage of extracted text in a NoSQL database.
Lambda: Functions such as handleRequestFunction, validateAddressFunction, and dbEntityFunction were responsible for receiving and processing OCR requests and interacting with DynamoDB. 
IAM Roles and Policies: Custom roles like lambdaLogging, lambdaDynamo, and CombinedLambdaRole were defined to provide the necessary permissions for Lambda functions to interact with other AWS services like CloudWatch and DynamoDB.
CloudWatch Logs: Used for monitoring and analysing the application’s components’ logging activity.

[bookmark: _Toc153212357]Core structure 
The structure of the classes to which the extracted data is mapped to consists primarily of DVLA Data Dictionary classes. Those classes, along with classes designed to map the Textract response to, after appropriate manipulation of the key-value pairs, were nested within a ‘DocumentResponse’ class (Figure 17).

[bookmark: _Ref149905661][bookmark: _Toc151283574][bookmark: _Toc151387937][bookmark: _Toc151890260][bookmark: _Toc152087725][bookmark: _Toc152317953][bookmark: _Toc153212400]Figure 17 DocumentResponse class diagram
The usage of the DVLA Data Dictionary classes required the utilisation of multiple mapping class implementations to ensure the appropriate data was extracted from the forms and mapped to the correct object class. To ensure the mapping of Textract data could be achieved regardless of the form type being processed (either V10 or V62) without providing indication as to the form’s type, a collection of Regular Expression patterns was created, seeking to match the common substrings found for fields in each form (Figure 18). Due to slight inconsistencies in the wording in the forms, as well as inconsistencies in the text detection of form key fields’ text by Textract 
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[bookmark: _Toc153212358]Route 53
This service was provisioned within the AWS Console, not within the CDK Stack, Route 53 was used to assign a customised endpoint for API requests for the project. The decision to do so was to make usage of the API easier. Assigning a customised endpoint enables users to remember a simple URL rather than an auto-generated URL. An example of an auto-generated endpoint is ‘https://abc1def2gh.execute-api.eu-west-2.amazonaws.com/prod/’. The price of the selected domain name, through Porkbun Domain Name Registrar [47], was $7.58. Assigning the domain, and in turn, the subdomain, required assigning AWS’ nameservers to the domain and using Route 53 DNS [48].


[bookmark: _Toc153212359]API Gateway
API Gateway acts as the entry point to the serverless application, the key implementation decisions made include:
REST API
AWS offers either REST API or HTTP API endpoints, REST was chosen based on the desire to enforce usage of API Keys and to enforce rate limiting of requests. Neither of which are features offered by AWS HTTP API [49].
Single endpoint
Due to the limited implementation as a Proof-of-Concept MVP, a single endpoint was implemented as the API requests and responses remained uniform in format, requirements, source, and response.
API Key 
Utilised to ensure API requests could only be fulfilled if accompanied by a valid API Key, to reduce the risk of unauthorised requests being processed. Usage plan assigned to enforce request limits, the usage plan is assigned to the API Key, allowing for fine-grained control.
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[bookmark: _Toc153212360]Lambda Functions
Request Handler
The FileInputHandler function implements RequestHandler<APIGatewayProxyRequestEvent, APIGatewayProxyResponseEvent> [50]. Due to the FileInputHandler Lambda being an API Gateway Proxy Lambda, which is the recommended implementation of API Gateway and Lambdas if the API uses a single endpoint and invokes a single Lambda with that endpoint.
When implementing a Lambda as an API Gateway Proxy, the Lambda class must implement the RequestHandler Interface, the option to use custom request arguments is unavailable for proxy implementations. This is accompanied by the inability of the Lambda to asynchronously invoke other Lambdas. These limitations – as was discovered further into the development process, required additional planning and re-configuration of the application.
The inflexibility of the request structure resulted in needing to implement methods which extracted specific sub-sections of the APIGatewayProxyRequestEvent [51]. Likewise, the response object had to be an APIGatewayProxyResponseEvent [52]. Due to the implementation of API Gateway Proxy implementation, the FileInputHandler Lambda is not able to asynchronously invoke the AddressHandler Lambda. This issue could be resolved by implementing asynchronous processing via the use of AWS’ Simple Queue Service (SQS). Provisioning queues for processing tasks to be added to as well as Simple Notification Service for posting completion statuses of jobs to, which can be monitored by functions ready for further processing, as well as Dead Letter Queues for tracking failed form processing events.
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The original plan for the application was to send a document to the API, then perform the processing, and return the DocumentResponse (DR) POJO as the API Response. However, while developing the application, the impact of AWS Lambdas implemented using Java and their ‘cold starts’ [54] became very clear. These 'cold starts' in Java Lambdas are primarily caused by the Java Virtual Machine (JVM) initialization process, which involves loading Java classes and initializing the application context. Initially, each Lambda function was provisioned with 128MB memory, which, looking at the CloudWatch logs, was fully utilised every invocation. To reduce cold start times and improve performance, each Lambda was configured to run with 256MB of memory, which has improved latency and does not get fully utilised when the functions are invoked. Further Lambda performance improvements were sought, implementing Lambda SnapStart [55], which resulted in minor improvements. 
SnapStart, however, only applies when Lambda functions are manually published. This has resulted in inconsistent utilisation of SnapStart. When adjustments are made to classes other than the Lambda classes, for example utility classes, and CDK Synth and CDK Deploy are used to push updated code to AWS, the Lambda functions within AWS revert to using $LATEST as their version rather than a published, numbered version. This then results in the functions not making use of SnapStart. However, to be able to publish a numbered version of the Lambda, the Lambda class’s code itself must have changed since the last published version. This has resulted in unnecessary changes being made to the codebase simply to trigger AWS to allow publishing of a new, numbered, version of the Lambdas. A way was not found to automatically make API Gateway or Lambda functions point towards the most recently numbered version of the Lambdas they invoke. The only approach found is to manually update the Stack resources to invoke a specific version number, which seems unnecessarily time consuming, requiring manually finding the latest published version of each resource and updating the respective Stack class sections. The current approach has been to leave the default config to call the latest Lambda pushed to AWS, adjusting the Lambda code slightly, and then manually going into the AWS Console and publishing a new numbered version, which will be the default when invoked. A common approach to remedying the delays encountered with cold starts is the utilisation of provisioned concurrency [25], whereby Lambdas are configured to have “pre-initialized execution environments”. Provisioned concurrency, however, is not possible in conjunction with SnapStart [56].


The core functionality of the FileInputHandler Lambda includes:
Extract the form title from the request body, this is assigned to the DR to enable identifying the file during analysis.
Validate the Base64 encoded file, which involves checking and, if necessary and possible, adjusting the input file to adhere to the parameters outline by AWS Textract [3]
Send the file to AWS Textract, then process the response object to generate key-value pairs of text for usage in mapping and analysis.
Invoke custom mapper class to map the extracted key value pairs to DVLA Data Dictionary objects based on mapping the concatenated string values of the extracted keys against predefined regex patterns aligning with text in the V10 and V62 forms.
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Address Handler
The original implementation planned for the Address Handler was to receive a DR POJO and extract the unstructured address, which had been populated inside the FileInputHandler Lambda. Then to query the DVLA Address Utility to validate the extracted Unstructured Address and obtain a Structured Address to store within the DR. During the development process, however, it was discovered that, due to the application being deployed within a personal AWS account rather than a being a DVLA service, the AddressHandler would not be able to send requests to the Address Utility. 
This resulted in the AddressHandler changing purposes slightly, now serving the purpose of populating only an UnstructuredAddress by calling the OrdnanceSurvey’s (OS) Places API [57], specifically utilising the ‘find’ query feature. An OpenAPI schema was not present within the OS’ developer resources, from which clients and models can be made, so the Java classes (Figure 23) used for mapping the OS response were created by using jsonschema2pojo [58].
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Due to the inability to query the DVLA Address Utility API from the serverless application, a second version of the application was produced, with the aim of retaining as much of the original codebase as possible to ensure consistency in processing.

This second version was a Spring Boot API which runs locally on a DVLA laptop and therefore has access to DVLA’s internal APIs, including the address utility. Due to the desire to retain as much of the serverless application’s structure as possible, the Spring API is not structured in a stereotypical manner. This is also partly due to the inexperience of using AWS’ ecosystem and not designing the serverless application properly, instead structuring it in a manner which would enable it to work.
This Spring application, having access to both the OS API and the DVLA API, was able to populate both Structured and Unstructured Address entities. The approach used full processing addresses involved extracting as much of an Unstructured Address as possible from the Textract response and concatenating the components into a single string which was comma separated based on the lines of the address. The comma separation was sent as a query parameter to the OS API, the decision to comma separate the address lines was based on the technical specifications written by OS to improve results [59]. The response from OS by default returns 100 records in the response, from which the ‘match’ value was extracted and compared, retaining the address object which had the highest match value. Following mapping the highest confidence address to an UnstructuredAddress, the UnstructuredAddress was then inserted into the request body for the DVLA API. This approach would not be suitable in a live environment without additional verification and validation, but for the purposes of this MVP, it was surprisingly accurate, with 7 unstructured address and no structured address errors across the 144 forms processed. An unexpected benefit of utilising the Ordnance Survey address API before the DVLA was discovered and that is the ability to query an address with either incorrect or incomplete post codes and still receiving a response with matches and confidence scores. Whereas the DVLA's API will not return a valid response to a query if the query does not already have a complete and accurate post code. This was beneficial for this project as the Textract extraction of post codes was somewhat unreliable in some cases, common mistaken characters included 1, I, 8, and E.

DBEntityHandler
DBEntityHandler Lambda was implemented with the approach of receiving a completed document response from the AddressHandler Lambda and then running validation against the control records already stored within a table inside DynamoDB. The initial comparisons were performed against a single V10 and a single V62 control record, which was an oversight. The comparison against control records should have excluded the Structured Address entity for forms processed entirely within AWS, while including it for comparison for forms processed by the Spring application. The logic involved in comparisons also proved to be insufficient over the course of development. As a result, the final analysis figures and summaries have been generated using alternative logic which was developed and run locally to reduce AWS fees. The Lambda-based logic was not fine-grained enough to support in depth analysis. This, however, remained in the Lambda’s supporting class as it is what was stored within DynamoDB for much of the process.

[bookmark: _Toc153212361]AWS DynamoDB
The original plan involved using a Postgres database within AWS’ RDS [60]. However, upon provisioning the database, having incorrectly understood the documentation, it was discovered that charges are applied immediately regardless of whether the database contains tables or data. So, the option was taken to utilise DynamoDB, one of AWS’ NoSQL offerings, which has a sufficient free tier for the purposes of this project [61]. This, however, came with its own challenges due to a lack of experience both with AWS and NoSQL databases.
Dynamo DB contained two tables, one of which contained control records which were used to compare extracted text to control documents and the other table contains records which contained the extracted text in the shape of document responses.
The ControlRecords table within DynamoDB contains 2 records amounting to a total of 1.7 kilobytes, with the DocumentResponse table containing 144 records amounting to a total of 6.1 megabytes at the time of writing.

[bookmark: _Toc153212362]IAM Roles and Policies
Security and Permission Management
The Principle of Least Privilege recommends providing the components of applications with only the permissions needed to complete the required tasks and no more [62]. With this in mind, each Lambda was given sufficient permissions to interact with one another, and other services, whilst limiting access to systems for which they had no legitimate use.

[bookmark: _Toc152317959][bookmark: _Toc153212407]Figure 24 Simplified Final AWS infrastructure
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[bookmark: _Toc151283532][bookmark: _Toc151890221][bookmark: _Toc153212363]Initial data collection and sample dataset collation / preparation
[bookmark: _Toc151283533][bookmark: _Toc151890222][bookmark: _Toc153212364]Source data
The documents used as raw input files consisted of eight V10 forms and V62 forms which were completed by a combination of male and female, as well as left and right-handed volunteers. The scanner used was an Epson XP-2100. Scanner settings were as follows: colour scan, 75 DPI resolution, A4 size, portrait orientation, in JPEG format. The same configuration was used for each form, ensuring consistency for all source material – allowing for reliable statistical analysis of the final outcomes.

Upon scanning the original 16 documents as JPEGs, eight transformation methods were applied to test each of the four file formats that Textract supports, as well as commonly used OCR pre-processing approaches.

A repository, separate to the OCR processing applications, was created for use in pre-processing and post-processing of the data. This included conversion of the JPEG files used as source files and analysis for errors and efficiencies upon completion of the processing.

The file manipulation performed as part of the pre-processing was implemented using the ImageUtil class’s methods visible in Figure 26.
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Method: convertImageFormat
This method takes an image file as input, reads it into a BufferedImage [63] object, and a new file in a parameterised format, in this case it was PNG and TIFF.

Method: createPDF
This method creates a PDF document utilising Apache PDFBox [64] by creating a PDDocument [65] followed by a series of related classes within which the JPEG input file is placed before saving. It is worth noting that the PDF produced is not a typical PDF in which the text data is embedded within the file, rather, the PDF is acting as a container within which a JPEG is placed. For a more balanced assessment of Textract’s PDF capabilities, the PDF versions would need to be originally created as PDFs.

These two methods and their output files, as well as the original scan files were used to test each of the four file formats supported by Textract [3].
A point of note, having retrospectively identified a discrepancy in the dimensions of the input images and the PDF files, is the difference between the PDF dimensions and the original source image. Investigation revealed the likely cause of this anomaly - A4 measurements used in ISO 216, which is adhered to in most countries around the world other than USA, Canada, and Mexico – has different dimensions to A4 U.S. Letter dimensions [66]. Apache PDFBox, unless explicitly instructed otherwise, will render a PDPage [67] with dimensions adhering to U.S. Letter (8.5 x 11 inches). Given the metadata obtained from the files as described later in this document, it displays dimensions of 612 widthPoints x 792 heightPoints which, when factoring in the standard 72 PPI (Points Per Inch), results in a total width and height of 8.5 x 11 inches (21.59 x 27.94 cm). The input forms stored as BufferedImage [63] at the time of metadata extraction, however, having been printed in the United Kingdom, using paper purchased in a retail environment in the United Kingdom, have dimensions of 620 x 877 pixels. When factoring the pixel dimensions with the scanner DPI settings discussed previously, the dimensions of the image files are (620 / 75 x 877/75) = 8.27 x 11.69 inches (21 x 29.70 cm).

Method: enhanceContrast
This method utilises OpenCV (Open Source Computer Vision Library), an open-source computer vision and machine learning library, which provides resources for multiple programming languages [68]. The method converts the input image’s colour space from BGR (Blue, Green, Red) to Lab, which separates the luminance channel (L) from the colour components [69]. It then applies Contrast Limited Adaptive Histogram Equalization (CLAHE) [70] to the L channel of the image to enhance the contrast saving the result as a JPEG.

Enhanced contrast can help distinguish text from the background, which is crucial for accurate OCR [71]. The CLAHE parameters were set with a tile height and width of 3. The settings for tile width and height determine the dimensions of the contextual regions, also known as tiles, where the process of histogram equalisation is implemented. Since the tiles are separate parts of the image and do not overlap, they are handled independently of each other. The utilisation of smaller tile sizes enables localised contrast enhancement, in turn reducing the potential for image distortion when processing significantly different regions of the image [72] However, it is worth noting that in the context of this project’s form processing, the likelihood of such distortion is comparatively lower than in other image processing scenarios. The utilisation of a clip limit in the CLAHE image alteration technique restricts the extent to which noise is enhanced in the output image [73].

Method: greyscale
This method converts a colour image to greyscale, again using OpenCV library.
A colour image contains three colour channels (Red, Green, and Blue), which means it carries three times as much information as a grayscale image that has only one channel. By converting to grayscale, the complexity of the data is reduced. This reduces the work required by OCR algorithms, enabling faster processing of forms [74]. This is particularly important for real-time OCR applications or when processing large batches of documents. In an organisation such as the DVLA, it is unlikely this process would be a real-time process where clients sending documents and anticipating responses immediately, it would likely be a batch processing job.



Method: enhanceSharpness
Initial blurring using OpenCV’s Gaussian blur [75] ImgProc.GaussianBlur(), which smooths out irregularities and reduces noise and texture in the image background. OpenCV’s Core.addWeighted() method is then applied which combines the original image with its blurred version obtained from ImgProc.GaussianBlur(), enhancing edges and details by increasing the weight of the original image (scaled by 1.5) and subtracting some of the blurred image (scaled by -0.5). This step effectively sharpens the image, making text features more distinct, making it more distinguishable for OCR.

Method: enhanceContrastWithCLAHE
This method enhances the contrast of a greyscale image using CLAHE with tile width of 20 and tile height of 20, offering a balance between local enhancement and noise control. This method also adopted an approach of doubling the images’ width and height. This decision was partially out of curiosity to investigate whether artificially increasing the size of the image had an impact, as well as attempting to increase the size of some handwritten text. Some instances of enlarging images prior to OCR processing has proven to produce higher rates of accuracy, particularly when source images are small or not well captured images such as receipts from Point Of Sale machines [76].

Textract documentation states “The minimum height for text to be detected is 15 pixels. At 150 DPI, this would be the same as 8 point font” [3]. The handwriting on some forms, for example the word ‘Street’, within v10_pa_an_m_r.jpeg falls below the limit set by Textract. By applying the following calculations to the handwritten text within the document, factoring in the standard conversion rate of pixels to points (72 points per inch) and Textract’s unique interpretation, which translates 15 pixels at 150 DPI to an 8-point font.
Textract’s pixel to point ratio (15 pixels at 150 DPI is equivalent to 8 points):


Conversion of Text height (6 pixels) from 75 DPI to 150 DPI:


Calculation of Point Size at 150 DPI Using the Pixel-to-Point Ratio:


Although without knowing the precise pre-processing, if any, that is performed by Textract during the OCR process, the optimum approach is an unknown variable with a potentially significant impact on the success of such a system. Given this uncertainty, this method was chosen as the one in which to attempt this, while leaving the remaining method outputs with uniform pixel dimensions.

Method: combinedEnhancement
The combinedEnhancement method combines the greyscale conversion, CLAHE contrast enhancement, and sharpness enhancement approaches from the other methods to test whether a combined approach can be beneficial in enhancing the accuracy and reliability of OCR results.




Method: getFileMetadata & saveMetadataMapToFile
These methods are used to scan the image and PDF files within the directory they are generated and stored in, extracting metadata from the files using either Java’s ImageIO [77] library or Apache PDFBox. The metadata is stored in a Map to serialise the entries into JSON to then save into a file, which was used further into the process when analysis the output data from the application. The metadata captured assists in analysis of outcomes and testing whether any of the approaches identified regarding pre-processing images has made a measurable impact, whether positive or negative.

The JPEG files used as source data in this project, having scanned at a resolution of 75 DPI, exhibit a lesser level of quality compared to the standards expected and allowed by Textract. The mean file size of the single-page images was roughly 459.45 kilobytes, a value far lower than the maximum file size limit of 10 megabytes set by Textract for document processing. Considering the file sizes, the usage of a lossy image format (JPEG), and the low DPI, it would be reasonable to state that the images’ quality could act as a detrimental factor in the precision of Textract’s OCR processing due to insufficient detail.

In a professional setting such as the DVLA, where 10.2 million paper documents are processed annually [78], the use of industrial-grade scanning machinery would likely result in significantly improved accuracy due to higher quality source data. The increase in scanning quality enables a more accurate distinction between characters and the background, as well as among individual characters. This increased accuracy would provide a higher level of assurance regarding the accuracy of the OCR process. This is of great importance in organisations such as the DVLA, where data integrity is of paramount important due to the potentially significant impact it can have on individuals.

In brief, although the present dataset does not meet the level one would anticipate in an industrial environment in terms of image quality, it does display a relatively consistent level of outcomes which could be improved, given further improvements in input quality.
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Textract offers a variety of features to users to fine-tune the OCR process, most notably:

Basic Text and Handwriting Recognition: Extracting both printed and handwritten text from documents, separating them into individual words and complete lines [79]. It provides information such as bounding box coordinates and confidence scores for each detected block [80].

Form and Table Analysis: Form and Table Analysis involves the extraction of key-value pairs from forms, as well as the extraction of tabular data, while maintaining the relational context in the form of key-value pairs. For documents with structured forms, such as the V10 and V62 forms, specifically the sections of the forms relevant to this project (driver, vehicle, and address data), this service is better suited for data extraction than the basic text and handwriting recognition.

Custom Adapter Creation and Training: Custom adaptors can be created within the AWS Textract Console, uploading organisation-specific documents to train and test the adapter. This acts as an additional layer of training on top of the existing capabilities and training of Textract.

Training and Testing: For effective training, up to 2,500 training and 1,000 test documents [81] are recommended, significantly greater numbers than what was available during this project. Training documents are used to teach the adapter the patterns to recognize, while test documents are used to test the accuracy of processing once training is completed.

Annotation and Evaluation: To train a custom adaptor, the training dataset must undergo annotation and labelling, these serve as identifiers and pointers for the adaptor to identify and contextualise the contents of the documents [82].

AutoUpdate: Allows for automated retraining of the adapter, ensuring that the model evolves with the changing formats and layouts of documents [81]. In the context of V10 and V62 forms, the contents are unlikely to change. Any substantial change would likely be worthy of retraining the model and testing the new model as opposed to allowing for auto updating and risking the model veering away from a proven and known configuration.

Human Review: Limits can be pre-defined by users to trigger the requirement for humans to review the Textract data based upon an adjustable confidence score. This workflow is designed to ensure that there is an opportunity for a human to verify or correct the information before it is fed into downstream applications or databases [83].

Multi-Language Support: Despite Textract supporting multiple languages, Welsh is not within the list of supported languages [3], which is unacceptable in the context of the DVLA due to the requirement to process both English and Welsh forms. 
In summary, AWS Textract offers a variety of features within the Textract service, capable of handling a range of document types and formats. Its features facilitate the extraction and processing of data with high accuracy, supported by pre-trained and customizable machine learning models.

Given the above points, and the aim of this project being on speed and accuracy, but with limited sample data and limited scanning abilities, speed was focused on more so than accuracy. The initial approach involved utilising both form data and table data extraction, however, given the subsections of forms being tested, table data was deemed an unnecessary expense both in terms of speed and cost.
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Throughout the application, the use of environment variables was implemented to avoid hard-coding sensitive values such as external API URLs and keys. To send requests to the OS API, the AddressHandler Lambda required a URL and a private API key. To avoid including the details within the codebase, the Lambda was configured to retrieve the values from environment variables. The variables were populated within the default constructor of the class (Figure 27), ensuring that the URL and key were available and up to date each time the class was instantiated. Best practice for the usage of API keys and other sensitive secrets would be to use a service such as AWS’ Secrets Manager [84]. 

Environment variables were also utilised within the Stack class to provide Lambdas with access to other Lambdas which were either acting as invoker or invokee of other Lambdas, as well as being used to provide database table names (Figure 28). Utilising environment variables in this way, from the Stack class, it allows for faster development and easier maintainability. It acts as a single source of truth for values which need to be shared, rather than writing them across multiple classes, increasing the chance of missing one out as the size of an application’s codebase rises. 
 (
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DBEntityHandler
 lambda - environment variables
)
Logging was implemented using a LogUtil class, which was designed to ensure uniformity in logging formatting and messages.
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The TextractService class sends the file to Textract, which in turn returns an AnalyzeDocumentResponse [85]. This class is the Java equivalent of the JSON object that Textract returns. Instead of having nested elements, enabling easy identification, and linking of related text, the object is a flat list of Blocks [80]. The documentation provided for Java-based Textract interactions is limited, with an example that creates and prints a list of the block types [86]. Support for other languages is greater, with one python example being quite close to what was needed for this Java based project [87].

Cloning each of the resources linked to in Textract’s additional code samples [88] and then executing a command (Figure 29) Sloc, Cloc and Code: (SCC) [89] from within the directory they are cloned into reveals the vastly greater support in terms of example code implementations.
 (
scc
 .
/ --include-ext java,py,cs,ipynb,ts --sort code --no-cocomo --format html  >> stats.html
)
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	Language
	Files
	Lines
	Blank
	Comment
	Code
	Complexity
	Bytes

	Python
	163
	27,790
	2,017
	2,298
	23,475
	1,100
	1,031,707

	Jupyter
	30
	18,452
	0
	0
	18,452
	0
	64,060,558

	TypeScript
	28
	6,393
	590
	1,035
	4,768
	475
	229,601

	C#
	36
	2,303
	229
	220
	1,854
	235
	67,866

	Java
	11
	789
	160
	52
	577
	39
	30,813

	Total
	268
	55,727
	2,996
	3,605
	49,126
	1,849
	65,420,545


There were also instances where Amazon’s documentation provided the incorrect programming language in the example snippets (Figure 30).
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The shallow nature of this JSON structure results in the need to design a series of methods which iterates through and filters the content multiple times to associate related elements. Key-value pairs in the AnalyzeDocumentResponse [85] are not directly nested within each other; instead, they are linked by references to one another by their Block’s Id.
To correctly identify the type of form, either V10 or V62, without the API being explicitly told the form type, the getDetectedFormType (Figure 31) method was created. This was the result of noticing that each form has the form type and publication date printed on the pages at the bottom of the page. For V10 forms it was ‘V10-0122’, whereas for V62 forms it was ‘V62-0922‘.
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The method works in the following stages:
Null check: if analyzeDocumentResponse, which contains the Textract data, is null, it logs an error and returns null, indicating no data for processing.
Filtering Blocks: filtering the Blocks to focus specifically on blocks of type LINE.
Basic regular expression: For each line, it applies a regex pattern ("V[0-9]{2}-[0-9]{4}") to detect a specific form identifier format, which includes a 'V' followed by two digits, a hyphen, and four digits.
Finding the form type: by using Java’s Stream.findFirst() [91], the method exits upon finding the match, if present, rather than continuing to process the rest of the data.
Returning either the detected form identifier or null if there's no match.

For reference, the JSON returned by Textract for the file v10_ch_je_f_r_ORIGINAL was 16,447 lines in length, with the file v62_ch_je_f_r_ORIGINAL resulting in 25,778 lines of JSON.

This method and its execution could be altered – if it was included within the value text extraction methods, the form type could be extracted while already iterating through the response rather than having to re-process the entire response. The decision to keep the logic separate was to allow for further usage or adaptation if needs be in future iterations without impacting the value text extraction process.

The verbose design of TextractService arises from the flat form of the AnalyzeDocumentResponse. Each method, such as extractKeys() and extractValues(), is required to iterate through the block map, selecting relevant blocks, and then organise the corresponding data to generate coherent key-value pairs. 

The way Textract returns Key-Value Pairs, as lists of ids relating to individual ‘WORD’ blocks, results in the need to iterate through the JSON and build up complete keys and values [4] by concatenating the individual words.
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Normalization and Cleaning:
The CustomMapper class first normalizes and cleans the keys from Textract's output. This includes converting strings to uppercase, stripping spaces, and normalizing non-Roman characters, as seen in methods like toUpper(), stripSpace(), and normaliseNonRoman(). normaliseNonRoman() made use of Java’s Normalizer class [92] combined with the use of Normalization Form KD (NFKD) [93] due to its approach of normalisation using more direct character replacement without consideration of the context of the character being replaced in relation to surrounding characters.


Pattern Matching:
The FormFields class acts as a centralised source for regex patterns designed to match specific field names in the OCR response keys. The decision to implement Regular Expression patterns was made due to the desire to have a dynamic application that’s able to process the OCR results regardless of the form type and without explicit logic on a per-form-type basis. The differentiation between forms in some areas requiring mapping to the same Java fields necessitates the use of pattern matching.
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	Details being requested
	V10 phrasing/keys
	V62 phrasing/keys

	Vehicle Tax Class
	Tax class you are applying for: (For example, private or light goods (PLGI petrol car and so on.)
	Tax class: (for example Private/Light Goods, Petrol Car, Disabled)

	Address
	House number:
Post town:
Postcode:
	Full address:
Post town:

	Vehicle Registration
	Registration number (please write in the boxes):
	Vehicle registration number:



Additional validation could be achieved by making the forms uniform in wording, as well as ordering of queries. This allows for sequential checking of captured data to verify the correct data has been extracted from the correct sections. For example, by having each form ask for the Driver’s details in section 1, then ask for Vehicle details in section 2, as opposed to V10 asking for Driver details first, while V62 asks for Vehicle details first.
Given the notable errors extracting addresses from V62 forms, it could also prove beneficial to have the form’s fields be positioned in a way the handwriting (if written correctly) is always to the right and does not precede the end of the key’s text end on the x-axis.

The patterns and their matching with the text found in the forms is visible in Table 4, the matching (or lack) of the text on the forms does not always correlate to the text extracted from Textract though, due to the formatting of the keys detected.
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	Pattern
	Link

	BUSINESS_ORG_NAME
	https://regex101.com/r/Wc23bM/1

	HOUSE_NUMBER
	https://regex101.com/r/Q6jkQt/1

	POST_TOWN
	https://regex101.com/r/Oj08X4/1

	POST_CODE
	https://regex101.com/r/6XIXxi/1

	FULL_ADDRESS
	https://regex101.com/r/3p22Pz/1

	FIRST_NAMES
	https://regex101.com/r/Ehlc4M/1

	SURNAME
	https://regex101.com/r/oA6zO6/1

	MRS_TITLE
	https://regex101.com/r/xdXM2y/1

	MISS_TITLE
	https://regex101.com/r/PRfl7f/1

	MS_TITLE
	https://regex101.com/r/Mort4L/1

	MR_TITLE
	https://regex101.com/r/4g3epw/1

	OTHER_TITLES
	https://regex101.com/r/R7YPua/1

	DOB
	https://regex101.com/r/DflxZW/1

	EMAIL
	https://regex101.com/r/acbzND/1

	CONTACT_PHONE
	https://regex101.com/r/fkPHj0/1

	DRIVING_LICENSE
	https://regex101.com/r/MRj8yH/1

	COLOUR_PATTERN
	https://regex101.com/r/BIwWmB/1

	MAKE_PATTERN
	https://regex101.com/r/8rFi2e/1

	MODEL_PATTERN
	https://regex101.com/r/NwsZrq/1

	TAX_CLASS_PATTERN
	https://regex101.com/r/vgZ8WZ/1

	ENGINE_SIZE_PATTERN
	https://regex101.com/r/9pKXmI/1

	BUS_SEATS_PATTERN
	https://regex101.com/r/9UyBRI/1

	REGISTRATION_NUMBER_PATTERN
	https://regex101.com/r/GG0uxr/1

	VIN_PATTERN
	https://regex101.com/r/LqF63a/1



This approach, while accurate for most fields, requires improvements. There are repeated mistaken mappings for V62 forms, whereby the Pattern matches against one of the fields in the ‘Official use only’ form area. This has resulted in a value of ‘22’ being assigned to the DocumentResponse.vehicleDetails.engineCapacity. This error, however, is not reflected within the statistics produced further into this report. This is due to the logic applied in analysing the errors, as the logic compares the DocumentResponse against the respective ControlRecord by comparing the values within their JSON representations, based upon the two JSON entities keys matching. This approach to comparison logic, combined with the construction of the V62 ControlRecord entities excluding any fields within DocumentResponse.vehicleDetails, means that this error is not identified and included in the final statistics.

Field Population: 
The core of the mapping process lies in the findMatchesAndAssignValues() method (Figure 34). This method iterates over the key-value pairs and executes predefined actions, through the inclusion of a Consumer [94] in the method’s parameters. The inclusion of the Consumer in the method’s parameters enables versatile application across different contexts. The Consumer enables the application of differing mapping logic in each use. An example of such flexibility can be seen in DriverMapper.mapDriver() (Figure 32) and AddressMapper.mapUnstructuredAddress() (Figure 33).
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The use of Consumer Interface [95] in this context provides significant advantages. Each Consumer can contain unique logic for various data types, enabling dynamic field mapping based on a case-by-case basis. New patterns and actions can be implemented without needing to rewrite the method, making it adaptable to evolving data requirements and document formats.

There is, however, a basic design error in the code due to refactoring changes, the logic within each of the individual class-specific mappers was originally all contained within the CustomMapper class. Upon refactoring the methods into individual object-specific mappers, the findMatchesAndAssignValues() has remained in its original place. This results in the CustomMapper calling the individual mappers’ map methods, while simultaneously having those methods call the findMatchesAndAssignValues() in the CustomMapper.
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Final Object Assembly:
The final task performed by CustomMapper is embedding each of the mapped data dictionary Class objects into the DocumentResponse.

[bookmark: _Toc153212369]Deployment and Testing Challenges
Multiple challenges arose during the implementation of the project many of which are likely due to a lack of experience in deploying AWS applications, and a lack of knowledge of how AWS expects users to scaffold the applications.

AWS
Due to initial uncertainty of the project’s progress, logging levels were set to DEBUG, which was accompanied by an abundance of logging throughout the three Lambdas. This resulted in consuming the entire Free Tier S3 limit of 2,000 PUT requests per month [96] in a matter of a few days. Exceeding Free Tier S3 storage limit of 5GB per month due to constant iterations and rebuilding and deployment of the CDK application. Although, complete records of re-deployment numbers and log levels is not available due to periodic removal of data from AWS to reduce costs.
As discussed previously, the application’s pom.xml file was adjusted (Figure 35) to reduce the final size of the packaged JAR. 
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The benefits of configuring the Maven Shade plugin to exclude specific dependency packages is evident when investigating the zipped JAR file and the resultant unzipped directory, as AWS imposes size limits on Lambda packages of 50 MB (zipped, for direct upload) and 250 MB (unzipped). Prior to configuring the Maven Shade exclusions (Figure 35) the zipped JAR size is 129.1 MB, with the unzipped JAR’s size being 223MB, whereas upon implementing the exclusions, the sizes are 25.2MB (Figure 36 Figure 37) and 65.8MB respectively.
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Initial research and recommendations suggested that reduced Lambda package sizes and improved cold start timings could be achieved with Lambda Layers [97]. Although AWS does provide guidance and examples of implementing Lambda layers, they do state elsewhere that the use of layers in a compiled language such as Java may be less performant as potential compiler optimizations may be missed out on. The usage of layers is better suited to interpreted languages such as Python [98]. 

Textract – specific
[bookmark: _Toc152087746][bookmark: _Toc152317974]A common pattern found in the extraction of text from the forms was identified in V62 forms whereby the handwritten text for ‘Full Address’ was susceptible to incomplete extraction as a key-value set of text. Figure 38 displays a subsection of the V62 form where volunteers wrote addresses. Where a volunteer continues onto the line below ‘Full address:’, if they positioned the beginning of the text before the x-axis position aligning with the end of the key text (where the red and orange boxes meet), it would not be recognised as part of the key-value pair. It appears, from the samples used, that Textract only considers text within the orange subsection of the figure to be a valid area for the value text.
[bookmark: _Ref153212711][bookmark: _Toc153212421]Figure 38 V62 Form address subsection susceptible to OCR errors
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The colour palette chosen for the summary diagrams is based upon the primary and secondary colours within the DVLA’s ‘DVLA design guidelines - Interactive document December 2018’.
To present the following diagrams in a clearer view, the names of forms have been abbreviated. The abbreviations are explained in Table 5, note that the analysis includes what appears to be duplicate file names. This is due to needing to process the 144 forms twice, through the AWS serverless app and again through the Spring API. To differentiate between the forms processed by each app, the forms sent through Spring had ‘LOCAL’ appended to their name, which for the analysis below, was abbreviated to ‘L’ – no other changes were made. 
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	File name code
	ImageUtil method applied to file
	Abbreviated

	_ORIGINAL.jpeg
	copyOriginalFilesAcross() - copying the raw base files into the directory for processing
	O

	_COPIED_GREYSCALE.jpeg
	greyscale()
	CO_GR

	_COPIED                                 
	convertImageFormat() (converting to PDF)
	CO

	_CONVERTED                              
	convertImageFormat()
(converting to PNG or TIFF)
	CO

	_CONVERTED_enhancedContrast.jpeg       
	enhanceContrast()
	CO_EC

	_CONVERTED_enhancedSharpness.jpeg      
	enhanceSharpness()
	CO_ES

	_CONVERTED_combinedEnhancement.jpeg
	combinedEnhancement()
	CO_CE

	_CLAHE_clip_1_tile_20_20.jpeg
	enhanceContrastWithCLAHE()
	CLAHE



To provide further context to the data analysis to follow, a fraction of the metadata for a single person’s forms is displayed in Table 6. Appendix A contains the complete metadata dataset from the forms.
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	Form title
	Bytes
	Width
	Height
	Mime
	Page
	Width
	Height

	
	
	
	
	Type
	Count
	Points
	Points

	v62_ar_bu_m_r_CO.png
	783,301
	620
	877
	image/png
	
	
	

	v62_ar_bu_m_r_CO.tiff
	1,631,360
	620
	877
	image/tiff
	
	
	

	v62_ar_bu_m_r_CO_CLAHE.jpeg
	485,289
	1,240
	1,754
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_CLAHE_L.jpeg
	485,289
	1,240
	1,754
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_L.png
	783,301
	620
	877
	image/png
	
	
	

	v62_ar_bu_m_r_CO_L.tiff
	1,631,360
	620
	877
	image/tiff
	
	
	

	v62_ar_bu_m_r_CO_CE.jpeg
	254,083
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_CE_L.jpeg
	254,083
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_EC.jpeg
	248,416
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_EC_L.jpeg
	248,416
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_ES.jpeg
	236,088
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_ES_L.jpeg
	236,088
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO.pdf
	177,309
	
	
	application/pdf
	1
	612
	792

	v62_ar_bu_m_r_CO_GR.jpeg
	192,222
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_GR_L.jpeg
	192,222
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_CO_L.pdf
	177,309
	
	
	application/pdf
	1
	612
	792

	v62_ar_bu_m_r_O.jpeg
	176,455
	620
	877
	image/jpeg
	
	
	

	v62_ar_bu_m_r_O_L.jpeg
	176,455
	620
	877
	image/jpeg
	
	
	





[bookmark: _Toc151283541][bookmark: _Toc151890228][bookmark: _Toc153212371]Confidence Rates
[bookmark: _Toc153212372]Average Key and Value Confidence by MIME Type
Overall confidence rates provided by Textract were between 93.5% and 96.4% across keys (Figure 39) and values (Figure 40), with PDF. The confidence rates are the figures provided for each Block in Textract’s responses while extracting keys and values from the forms.

As discussed previously, the PDF documents are not what would typically be seen from PDF files due to the embedding of the scanned form as an image. The fact that the PNG, TIFF, and PDF files originated from the same JPEG sources is likely a major contributing factor in the results – the results are likely to have varied more had the four file formats been generated natively rather than converted from the same source files. The seemingly high levels of confidence displayed does not necessarily equate to equally high levels of accuracy in the overall OCR process, as is shown further into the analysis.

[bookmark: _Ref152531193][bookmark: _Toc152317975][bookmark: _Toc153212422]Figure 39 Average key confidence by MIME type

[bookmark: _Ref151715156][bookmark: _Toc151890283][bookmark: _Toc152087748][bookmark: _Toc152317976][bookmark: _Toc153212423]Figure 40 Average Value confidence by MIME type


[bookmark: _Toc151890284][bookmark: _Toc152087749][bookmark: _Toc152317977][bookmark: _Toc153212424]Figure 41 Average Key and Value Confidence for V10 Forms - AWS vs Spring

[bookmark: _Toc151890285][bookmark: _Toc152087750][bookmark: _Toc152317978][bookmark: _Toc153212425]Figure 42 Average Key and Value Confidence for V62 Forms - AWS vs Spring



Average Key and Value Confidence per Form (V10 and V62) for AWS and Spring
The subsequent sets of diagrams (see Appendix A) provide further insight into the V10 and V62 forms processed by the two apps.
Both the AWS and Spring apps demonstrated high OCR confidence across all forms. The AWS serverless app resulted in marginally higher average confidence scores for reasons that are not immediately apparent, given the uniform pre-processing and identical source files used in both apps. The higher confidence scores witnessed in V10 forms may be due to the forms having less overall content, allowing for greater visual separation of text, making the identification of individual keys and values easier.

[bookmark: _Toc151283542][bookmark: _Toc151890229][bookmark: _Toc153212373]Error Rates
WER and CER were lower than anticipated, given the source data. The overall performance of the applications is most reliably measured against the WER and CER, as these measurements both impact not only the reliability of the output, but the time required for manual intervention to amend errors.
While pre-commencement investigations revealed that DVLA clerks are expected to achieve a minimum accuracy of 98-99% across the course of their processing, the results in this area fall significantly short of that.

Character Error Rate: V62 forms appear to have a higher CER. This may be due to the density of text within the form being processed by Textract, making it more difficult to clearly identify individual characters (Figure 43).
Word Error Rate: V62 forms appear to have also suffered a worse WER, which would be expected given the results for CER (Figure 43).
MIME type: MIME type appeared to have very limited impact on the CER and WER across forms (Figure 44).
Most common Character errors: The number of character errors based on comparing the expected character in a position to the actual character produced results which could have been predicted – where the pairs identified are those with similar appearances i.e., ‘G’ and ‘O’, or ‘O’ and ‘D’. Although the method of comparison must be considered, as it was not using an algorithm such as Levenshtein distance whereby the error is calculated as the smallest number of actions required to return an incorrect character to the expected character [99]. 
AWS and Spring: OCR results from AWS and the Spring API showed differences in CER and WER for both V10 and V62 forms (Appendix B). These findings, much like the differences in confidence rates, are not immediately obvious.
Impact of dominant hand on CER and WER: Due to the limited sample size of forms and the majority of participants being right-handed, reliable in-depth analysis in this area isn’t possible. Visualisation of the dataset does show a variation, however there is no outright dominant hand which achieves lower errors across the board (Appendix B).

[bookmark: _Ref151123264][bookmark: _Toc151283598][bookmark: _Toc151387961][bookmark: _Toc151890286][bookmark: _Toc152087751][bookmark: _Toc152317979][bookmark: _Toc153212426]Figure 43 Average CER and WER by form type


[bookmark: _Ref151120145][bookmark: _Toc151283599][bookmark: _Toc151387962][bookmark: _Toc151890287][bookmark: _Toc152087752][bookmark: _Toc152317980][bookmark: _Toc153212427]Figure 44 Average Word Error Rate and Character Error Rate by MIME type


[bookmark: _Toc151283600][bookmark: _Toc151387963][bookmark: _Toc151890288][bookmark: _Toc152087753][bookmark: _Toc152317981][bookmark: _Toc153212428]Figure 45 Most common erroneous character pairs combined








[bookmark: _Toc151283543][bookmark: _Toc151890230][bookmark: _Toc153212374]Confidence vs Error Rates – All forms across AWS and Spring applications
To assess whether high Textract confidence rates correlate to low CER and WER, the statistics for both confidence and errors were plotted together to provide a direct comparison. The comparisons are based upon solely the values’ text (the handwritten sections) – as that is the primary focus of the project and is also the most susceptible to errors. Each point in the scatter diagrams represents a single document.
Looking at average confidence versus CER (Figure 46), although there is an overarching trend indicating higher confidence which can indicate lower CER, there is also a large distribution of datapoints which suggests inconsistencies are very much present.
When analysing average confidence versus WER (Figure 47), the findings are consistent with CER, again indicating that higher confidence scores are associated with a lower range of word error rates, yet with significant variability.
A further insight into the relationships between confidence and error rates is available in Appendix C. It seems reasonable to conclude that although Textract’s confidence may be an indicator as to the overall accuracy of the applications, it should not be relied upon as the sole indicator as to the reliability or accuracy of the project. There are multiple other factors at play which may impact the outcomes – namely the mapping logic and the error calculation logic itself.


[bookmark: _Ref151130297][bookmark: _Toc151283601][bookmark: _Toc151387964][bookmark: _Toc151890289][bookmark: _Toc152087754][bookmark: _Toc152317982][bookmark: _Toc153212429]Figure 46 Average Confidence vs Character Error Rate per Form - All Forms
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[bookmark: _Toc151890233][bookmark: _Toc153212375]Spending
The costs incurred during the development of the two applications built for this project amounted to $95.89 (see Appendix F for monthly and daily charges by service).

The vast majority of fees incurred were due to Textract usage, with 94.45% of the overall spend being attributable to Textract (Table 7). The seemingly high fees are not proportional to the number of raw documents that were being used. 16 forms were used, each of which was transformed into a further 8 more. Then of the resultant 144 forms, each had to be processed twice – once by the Spring API, and once by the Serverless application. That alone would require 288 Textract requests. A total of 2,027 requests were sent to Textract throughout the experimentation / learning and implementation phases of this project (Table 8), resulting in a cost for form of $0.0473 – although this does also benefit from AWS Free Tier capacity, skewing the prices slightly.

[bookmark: _Ref151153676][bookmark: _Ref151153670][bookmark: _Toc152087801][bookmark: _Toc153212474]Table 7 AWS charges by service group
	Service name
	Pre-tax charges ($)
	Taxes ($)
	Post-tax charges ($)

	Relational Database Service
	2.17
	0.43
	2.60

	Route 53
	1.00
	0.20
	1.20

	Secrets Manager
	0.40
	0.08
	0.48

	Secrets Manager Simple Storage Service
	0.44
	0.09
	0.53

	Simple Storage Service
	0.42
	0.09
	0.51

	Textract
	75.47
	15.10
	90.57

	Total
	79.90
	15.99
	95.89






[bookmark: _Ref151914799][bookmark: _Toc152087802][bookmark: _Toc153212475]Table 8 Textract service categories usage
	
Service
	Month
	Pages
	USD
($)

	$0 per page for first 100 pages for Queries processed
	Aug
	24
	0.00

	$0.07 per page for 
SyncFormsQueries TablesPagesProcessed in EU (London); [0 to 1000000] pages tier
	Sep
	1
	0.07

	$0.07 per page for 
SyncFormsQueriesTablesPagesProcessed in EU (London); [0 to 1000000] pages tier
	Oct
	2
	0.14

	PagesOfAnalyzeDocTablesorFormsProcessed: 
Free Tier: 0-100 pages, O USD
	AugSepSep
	29
	0.00

	PagesOfAnalyzeDocTablesorFormsProcessed: 
Free Tier: 0-100 pages, O USD
	Aug
	91
	0.00

	USD 15.00 per 1,000 Pages for 
AsyncTablesPagesProcessed in EU (London): 
0-1M pages tier
	Aug
	5
	0.08

	USD 15.00 per 1,000 Pages for 
SyncTablesPagesProcessed in EU (London): 
0-1M pages tier
	AugSepOct
	531
	7.98

	USD 50.00 per 1,000 Pages for 
AsyncFormsPagesProcessed in EU (London): 
0-1M pages tier
	Oct
	1
	0.05

	USD 50.00 per 1,000 Pages for 
SyncFormsPagesProcessed in EU (London): 
0-1M pages tier
	AugSepOct
	1,343
	67.15

	Total
	
	2,027
	90.57




[bookmark: _Toc151283612][bookmark: _Toc151387975][bookmark: _Toc151890300][bookmark: _Toc152087765][bookmark: _Toc152317993][bookmark: _Toc153212431]Figure 48 Textract page processing volume and costs

[bookmark: _Toc151283544][bookmark: _Toc151890231][bookmark: _Toc153212376]Billed Duration - Lambdas
The following data is based on logs generated by the FileInputHandler Lambda, with a focus on processing time via extracting the ‘Billed Duration’ value for each invocation. A more in-depth analysis would include each of the Lambdas – however the choice was made to focus on the FileInputHandler as that Lambda was both the starting and ending point in the processing of forms within the serverless application. With the focus being on speed and accuracy, the best measure of speed is the start and end of the entire document processing.

Where the data presented states ‘adjusted’, that is the result of trimming the data to remove records outside the Inter Quartile Range (IQR) (Table 9).

Note: v62_jo_ly_m_r_CO_CLAHE.jpeg – the billed duration of 29,000 milliseconds is the maximum limit that API Gateway allows for requests to wait for a response, which resulted in the FileInputHandler Lambda being configured to timeout at 29,000 milliseconds.

[bookmark: _Ref151139457][bookmark: _Toc152087800][bookmark: _Toc153212476]Table 9 Outlier records in Lambda billed durations
	Short form title
	Billed duration (ms)

	v10_ma_ta_m_r_O.jpeg
	15,599

	v10_pa_an_m_r_CO.pdf
	11,061

	v10_ow_sk_m_r_CO.tiff
	10,518

	v10_ow_sk_m_r_CO_CLAHE.jpeg
	16,164

	v10_jo_ly_m_r_CO_GR.jpeg
	13,149

	v10_ma_is_m_r_O.jpeg
	10,935

	v62_jo_ly_m_r_CO_CLAHE.jpeg
	29,000

	v62_lu_jo_l_r_CO_GR.jpeg
	10,999

	v62_jo_ly_m_r_CO.tiff
	12,305

	v62_ma_sn_l_r_CO_CE.jpeg
	10,915

	v62_lu_jo_l_r_CO.tiff
	15,153

	v62_ma_sn_l_r_CO.tiff
	11,688





The adjusted Billed Duration for processing V10 forms tended to be lower than that of the V62 forms, although only by 158.11 milliseconds (Figure 49). Additionally, the MIME type appears to have an impact on processing time, with TIFF and JPEG formats resulting in longer billed durations. JPEG files being the second highest average billed period is not in line with other statistics explored in this analysis (Figure 50).

[bookmark: _Ref151147548][bookmark: _Toc151283603][bookmark: _Toc151387966][bookmark: _Toc151890291][bookmark: _Toc152087756][bookmark: _Toc152317984][bookmark: _Toc153212432]Figure 49 Adjusted average processing time by form type

[bookmark: _Ref151147970][bookmark: _Toc151283604][bookmark: _Toc151387967][bookmark: _Toc151890292][bookmark: _Toc152087757][bookmark: _Toc152317985][bookmark: _Toc153212433]Figure 50 Adjusted average processing time by Mime type

The top 5 billed durations for both V10 and V62 forms show that a few forms have billed durations around 3 times higher than their respective form type’s average. This may be due to difficulty in processing the forms. The lowest 5 billed durations are almost half that of their respective form type’s average.

[bookmark: _Toc151283605][bookmark: _Toc151387968][bookmark: _Toc151890293][bookmark: _Toc152087758][bookmark: _Toc152317986][bookmark: _Toc153212434]Figure 51 Highest and lowest billed durations for V10 forms


[bookmark: _Toc151283606][bookmark: _Toc151387969][bookmark: _Toc151890294][bookmark: _Toc152087759][bookmark: _Toc152317987][bookmark: _Toc153212435]Figure 52 Highest and lowest billed durations for V62 forms



[bookmark: _Toc151283545][bookmark: _Toc151890232][bookmark: _Toc153212377]Processing times - Spring
Analysis of the Spring API’s processing time was achieved through basic logging of times within the controller method (Figure 53). This enabled tracking the overall time for processing forms from start to finish, including the API calls to both OS and DVLA Address APIs. The following analysis seeks to outline what, if any, impact is had when processing forms in their various mime types. It is worth reiterating the point that the source data was not of a high standard. Converting the JPEG files into formats such as PNG is not typically an approach that would be advisable, due to the source being a lossy format to begin with.
 (
Figure 
53
 Spring API: 
ProcessRequestController
.
processForm
()
)
PNG Files:
Both the longest and shortest PNG processing times were for V62 forms (Figure 54), going against the trend identified previously whereby the V62 forms have generally required more time to process.

[bookmark: _Ref151283497][bookmark: _Toc151283608][bookmark: _Toc151387971][bookmark: _Toc151890296][bookmark: _Toc152087761][bookmark: _Toc152317989][bookmark: _Toc153212437]Figure 54 Longest and shorted processing time per form - PNG format - Spring API

PDF Files:
PDF files appear to have had marginally longer minimum processing times, based on the fastest processing of a form being 6,807 milliseconds. This is likely due to the additional resources required throughout each stage of the process due to the larger volume of embedded data to process.
 (
Figure 
55
 
Longest and shorted processing time per form - 
PDF
 format - Spring API
)



JPEG Files:
Both the longest and shortest processing time for a JPEG is attributable to V62 forms which had the combinedEnhancement() method applied (Figure 56) – indicating perhaps the pre-processing was of lesser significance than other factors. The two volunteers who wrote on the forms have noticeably different handwriting, with the longer form belonging to the neater handwriting. 

[bookmark: _Ref151152341][bookmark: _Toc151283610][bookmark: _Toc151387973][bookmark: _Toc151890298][bookmark: _Toc152087763][bookmark: _Toc152317991][bookmark: _Toc153212439]Figure 56 Longest and shorted processing time per form - JPEG format - Spring API

TIFF Files:
TIFF images are typically used for high-quality graphics, although given the source file properties discussed, the TIFFs in this project are not of particularly high quality. The difference in processing times for these files might be influenced by their large file sizes.

[bookmark: _Toc151283611][bookmark: _Toc151387974][bookmark: _Toc151890299][bookmark: _Toc152087764][bookmark: _Toc152317992][bookmark: _Toc153212440]Figure 57 Longest and shorted processing time per form - TIFF format - Spring API

V10 and V62 Forms:
The overall processing times for V10 and V62 forms suggest that the processing time can vary significantly not just by file type but also by the specific form being processed. This would suggest that the content of the file being processed also impacts the processing. V62 forms contained more detail in terms of writing, both printed and handwritten, contributing to generally having a larger file size (see Appendix D), despite being scanned with identical configurations. The aggregate increases in processing time at each stage may account for larger variations in overall processing speed. 







[bookmark: _Toc151283547][bookmark: _Toc151890234][bookmark: _Toc153212378]Scalability and Future Improvements
[bookmark: _Toc151283548][bookmark: _Toc151890235][bookmark: _Toc153212379]Scalability
The application is scalable – as that is one of the key purposes of serverless applications and CSP’s services. As demand increases, provided limits have not been set within AWS console, AWS will scale the resources it provides in line with the application’s demand. Scalability, though, should not be embraced without due care and research into the costs attached, accompanied by analysis and improvement of the codebase and the environment the code runs in. There are definite opportunities for enhanced efficiency in the codebase, which should be implemented prior to scaling the project, ensuring maximisation of resource utilisation is achieved with minimal excess processing overhead and in turn excess spending. To ensure efficient scalability, it is vital that someone with a greater level of knowledge and experience in serverless applications was able to implement necessary improvements.

[bookmark: _Toc151283549][bookmark: _Toc151890236][bookmark: _Toc153212380]Future improvements
Codebase
Error handling
· The current approach to error handling and returning responses uses predefined ValidationError objects which are prepopulated with messages. Adjusting the parameters would enable their reuse while facilitating situation-specific details where additional context surrounding the error’s occurrence can be beneficial in log investigations. Beyond the initial checks for the API request body not being empty, and the subsequent check for the DocumentResponse’s ‘formType’ being populated, exceptions are caught and logged in a predefined format as can be seen in the LogUtil class. This is not best practice; it was intentionally implemented to aid analysis of the application and view faults in the application while running in the cloud due not having built a serverless application previously and spending significant time viewing logs in AWS console.
· Improve patterns for FormFields, the matching is incorrectly identifying fields and missing others in some instances.

Infrastructure
Asynchronous processing 
· The MVP’s aim was to achieve synchronous processing with a focus on assessing speed and accuracy. To implement OCR in the DVLA, asynchronous processing (Figure 20) would be the best implementation given the volume of forms processed and to facilitate processing multi-page files. 

Provisioned Concurrency
· Although provisioned concurrency was not used in this project due to using SnapStart, future work would benefit from performing a comparison between the two approaches to identify which offers the best cost and performance results. This would also require ensuring that the comparison is not subject to additional variables impacting performance such as changes to the codebase.

Alternative runtimes
· It has been pointed out, multiple times, by multiple individuals, from multiple organisations, that Lambdas are not typically written using Java. This is echoed across multiple websites too. To identify the most performant implementation, rewriting the application in alternative languages, of which there are currently seven natively supported by AWS [100], would provide insight into the most efficient runtime.
· As well as using different languages and their runtimes, the Lambda functions could be configured to run on ARM-based processors as opposed to x86, as they currently are.

Lambda Power Tuner
· Lambda Power Tuner is designed to invoke Lambda functions while incrementally adjusting the Lambda configuration, by utilising this tool, it would be possible to identify the optimum memory/power configuration [101].

Containerisation
· Given the unplanned development of the Spring API, it would be worth deploying the Spring API as a docker container to assess whether there are any cost or performance advantages of implementing the system as a containerized app or not.

Native compilation
· Due to AWS supporting custom runtimes for Lambdas, tools such as Quarkus [102], Micronaut [103], and Spring [104] could be used to compile the Lambdas into native executables, removing the cold start delays caused by the JVM. As a result, applications can be compiled into native executables. The existing codebase (including the spring application) could be adapted to enable compiling it into native executables.
· Spring and Quarkus do not appear to have guidance specifically for developing AWS CDK apps within their documentation at the time of writing. A third-party example using Quarkus is available on GitHub [105].
· Micronaut has documentation for building AWS CDK applications, as well as configurable dependencies in its project initialization tooling. For example, building an AWS CDK application with API Gateway, ARM architecture, and Lambdas based on GraalVM, packaged with Gradle can be configured [106].
· Each of the three tools listed rely upon GraalVM as their underlying compilation [107] tool. GraalVM can compile the functions into native executables prior to deploying them, which means the JVM isn’t needed to perform Just In Time compilation and therefore removing the cold start time required to get the environment ready to run.

Utilise AWS Constructs
· A library of pre-configured constructs is available for use with AWS CDK for multiple languages [108]. These constructs provide users with optimised configurations and cross-service integrations, reducing time spent configuring resources. This resource was avoided to produce this MVP to gain a better understanding of the underlying systems and configurations of AWS CDK. However, in future implementations, it would be faster and easier to make us of these resources. Examples of constructs relevant to this project include API Gateway and Lambda [109], and Lambda and DynamoDB combinations [110].



Personal 
To an inexperienced developer such as myself, the deserialisation of the Textract response seems inefficient or perhaps unintuitive, but there may be better approaches, something which would be worth investigating for further development. 
Upon completion of this project, the Kanban board usage provided a good starting point and rough plan for the tasks ahead. It was, however, lacking in detail and did not factor in any variables encountered along the development process. This was due to inexperience in this domain – the Kanban board and accompanying git branch lasted for 6 weeks.


[bookmark: _Toc151283550][bookmark: _Toc151890237][bookmark: _Toc153212381]Conclusion and Recommendations
In conclusion, this project has demonstrated the proof of concept for enabling automation within the DVLA’s document processing. The potential benefits to implementing such a solution would be experienced by both the organisation and its customers. The organisation could benefit from an increase in processing capacity due to the ability to process forms continuously throughout each day, without the limitations of standard working hours. Based on adjusted processing speeds of 5,242.12ms for V10 forms and 5,400.23ms for V62 forms (Figure 49), this could result in processing 16,482 V10 forms per day and 15,999 V62 forms per day (24 hours). Although this calculation does not consider the time required to scan or pre-process the forms in any manner and does not factor in the time required to amend errors in the form data extraction. These forms would still require manual review by people to ensure the accuracy of the data being processed.

Customers would benefit by the same gains in processing capacity as their forms would be processed at a faster rate. It is evident that while OCR systems can predict their performance confidence, other factors including form layout, content complexity, individual user's handwriting, internal application business logic, input format and pre-processing have a considerable impact on the final OCR accuracy. Understanding the various factors involved in achieving successful outputs is essential for developers and users of OCR technology to understand the limitations and capabilities of these systems in real-world scenarios.

Ultimately, the project has proven the viability of OCR in enhancing the DVLA’s ability to process paper forms, and has highlighted the importance for manual review of automation of OCR tasks.
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Appendix E – Spring Controller processing time (
Figure 
81
 
Processing time per V10 form - Spring API
)
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Appendix F - Spending

[bookmark: _Toc152087792][bookmark: _Toc152318020][bookmark: _Toc153212466]Figure 83 Total AWS spend - split by service and month
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public static final Pattern FULL_ADDRESS = Pattern.compile( regex: ".*(FULl).*(address).x", CASE_INSENSITIVE);

public static final Pattern FIRST_NAMES = Pattern.compile( regex: "First name[s]2", CASE_INSENSITIVE);

public static final Pattern SURNAME = Pattern.compile( regex: "Surname", CASE_INSENSITIVE);

public static final Pattern MRS_TITLE = Pattern.compile( regex: "Hrs", CASE_INSENSITIVE);

public static final Pattern MISS_TITLE = Pattern.compile( regex: "Miss", CASE_INSENSITIVE);

public static final Pattern MS_TITLE = Pattern.compile( regex: "Ms", CASE_INSENSITIVE);

public static final Pattern MR_TITLE = Pattern.compile( regex: "Hp", CASE_INSENSITIVE);

public static final Pattern OTHER_TITLES = Pattern.compile( regex: ".xOther.xtitles.x", CASE_INSENSITIVE);

public static final Pattern DOB = Pattern.compile( regex: ".%(Date).*(birth).x", CASE_INSENSITIVE);

public static final Pattern EMAIL = Pattern.compile( regex: ".*email.xaddress.x", CASE_INSENSITIVE);

public static final Pattern CONTACT_PHONE = Pattern.compile( regex: ".phone.*number.x", CASE_INSENSITIVE);

public static final Pattern DRIVING_LICENSE = Pattern.compile( regex: "driving licence number", CASE_INSENSITIVE);

public static final Pattern COLOUR_PATTERN = Pattern.compile( regex: "Coloun", CASE_INSENSITIVE);
public static final Pattern MAKE_PATTERN = Pattern.compile( regex: "Hake", CASE_INSENSITIVE);

public static final Pattern MODEL_PATTERN = Pattern.compile( regex: "Model', CASE_INSENSITIVE);
public static final Pattern TAX_CLASS_PATTERN = Pattern.compile( regex: "Tax class", CASE_INSENSITIVE:
public static final Pattern ENGINE_SIZE_PATTERN = Pattern.compile( regex: "engine size|CC", CASE_INSENSITIVE);

public static final Pattern BUS_SEATS_PATTERN = Pattern.compile( regex: "A.xhow.many.xseats.*\\?$", CASE_INSENSITIVE);

public static final Pattern REGISTRATION_NUMBER_PATTERN = Pattern.compile( regex: "[Vehiclg]?.Registration.x[number]?", CASE_INSENSITIVE);
public static final Pattern VIN_PATTERN = Pattern.compile( regex: "(VIN|chassis|frame).*[Anumber]", CASE_INSENSITIVE);
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©= DBRecordValidator

@ % compareDocumentResponseToControl(DocumentResponse, Docume

©= DBEntityHandler

@ & saveDocumentResponse(DocumentResponse): boolean

(@ & fetchControlRecord(String): Optional<GetitemResponse>

(@ % handleRequest(DocumentResponse, Context): Boolean

@ @& initialiseDynamoDbClient(): DynamoDbClient

(@ & processRecord(DocumentResponse, GetltemResponse): boolean
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saveMetadataMapToFile(File, String): void
processFilesInDirectory(String, String, String, String, FileProcessor
convertimageFormat(File, String, String): void
enhanceContrastWithCLAHE(File, String, double, int, int): void
combinedEnhancement(File, String): void
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public AddressHandler() {
String osApiKey = System.getenv( name: "0S_API_KEY");
String osMCUrl = System.getenv( name: "0S_M_C_URL");

this.osAddressService = new 0SAddressService(osApiKey, osMCUrl);
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Function dbEntityFunction =
Function.Builder.create( scope: this, id: "dbEntityLambdaFunction")
.code(Code.fromAsset(JAR))
.handler("com.myorg.lambdas.DBEntityHandler: :handleRequest")
.functionName("dbEntityFunction")
.role(dynamoLambdaRole)
.environment(
Map.of(
k1: "CONTROL_DOCUMENT_RESPONSE_TABLE",
controlRecordsTable.getTableName(),
k2: "DOCUMENT_RESPONSE_TABLE",
documentResponseTable.getTableName()))
.runtime (Runtime.JAVA_17)
.timeout (Duration.seconds( amount: 30))
.memorySize(256)
.currentVersionOptions(
VersionOptions.builder()
.description(String.value0f(System.currentTimeMillis()))
.build())
.tracing(Tracing.ACTIVE)
.build(Q);
addVersionToLambda(dbEntityFunction);
validateAddressFunction.grantInvoke (handleRequestFunction);
dbEntityFunction.grantInvoke(validateAddressFunction);

handleRequestFunction.addEnvironment ("ADDRESS_HANDLER_ARN", validateAddressFunction.getFunctionArn());
validateAddressFunction.addEnvironment("DB_HANDLER_ARN", dbEntityFunction.getFunctionArn());
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4 N

public String getDetectedFormType() {
if (analyzeDocumentResponse == null) {
logUtil.logError( object: "analyzeDocumentResponse is null");
return null;
}
Optional<String> formIdentifier =
analyzeDocumentResponse.blocks() .stream() Stream<Block>
.filter(block -> block.blockType().equals(BlockType.LINE))
.map(Block: :text) Stream<String>
.filter(text -> text.matches( regex: "V[0-9]1{2}-[0-9]1{4}"))
.findFirst();

return formIdentifier.map(formId -> formId.split( regex: "-")[0]).orElse( other: null);

| 4
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void mapDriver(Driver driver, Map<String, String> keyAndValuePairsFromDocument) {

Map<Pattern, Consumer<Map.Entry<String, String>>> formPatternMap =

new HashMap<~>();

formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.
formPatternMap.

put(FIRST_NAMES, entry -> driver.setFirstNames(entry.getValue()));
put(SURNAME, entry -> driver.setlLastName(entry.getValue()));
put(MRS_TITLE, entry -> driver.setTitle(Driver.Title.MRS));
put(MISS_TITLE, entry -> driver.setTitle(Driver.Title.MISS));
put(MS_TITLE, entry -> driver.setTitle(Driver.Title.MS));
put(MR_TITLE, entry -> driver.setTitle(Driver.Title.MR));
put(OTHER_TITLES, entry -> driver.setTitle(Driver.Title.OTHER));
put(DOB, entry -> driver.setDateOfBirth(entry.getValue()));
put(EMAIL, entry -> driver.setEmailAddress(entry.getValue()));
put(

CONTACT_PHONE, entry -> driver.setPhoneNumber(customMapper.stripSpace(entry.getValue())));

customMapper.findMatchesAndAssignValues (keyAndValuePairsFromDocument, formPatternMap);
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void mapUnstructuredAddress(
UnstructuredAddress unstructuredAddress, Map<String, String> keyAndValuePairsFromDocument) {
Map<Pattern, Consumer<Map.Entry<String, String>>> formPatternMap = new HashMap<~>();

formPatternMap.put (BUSINESS_ORG_NAME, entry -> unstructuredAddress.setLinel(entry.getValue()));

formPatternMap.put(
HOUSE_NUMBER,
entry -> {
if (unstructuredAddress.getLinel() null || unstructuredAddress.getLinel().isEmpty()) {
unstructuredAddress.setLinel(entry.getValue());
} else {
unstructuredAddress.setLine2(entry.getValue());
+
B
formPatternMap.put(
FULL_ADDRESS,
entry -> {
if (unstructuredAddress.getlLinel() == null || unstructuredAddress.getLinel().isEmpty()) {
unstructuredAddress.setLinel(entry.getValue());
} else if (unstructuredAddress.getLine2() == null
|| unstructuredAddress.getLine2().isEmpty()) {
unstructuredAddress.setLine2(entry.getValue());
} else if (unstructuredAddress.getLine3() == null
|| unstructuredAddress.getLine3().isEmpty()) {
unstructuredAddress.setLine3(entry.getValue());
+
B;
formPatternMap.put(POST_TOWN, entry -> unstructuredAddress.setlLine5(entry.getValue()));
formPatternMap.put(
POST_CODE,
entry -> unstructuredAddress.setPostcode(customMapper.stripSpace(entry.getValue())));
customMapper.findMatchesAndAssignValues(keyAndValuePairsFromDocument, formPatternMap);
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protected void findMatchesAndAssignValues(Map<String, String> keyAndValuePairsFromDocument,
Map<Pattern, Consumer<Map.Entry<String, String>>> formPatternMap) {
for (Map.Entry<String, String> entry : keyAndValuePairsFromDocument.entrySet()) {
for (Map.Entry<Pattern, Consumer<Map.Entry<String, String>>> patternActionEntry :
formPatternMap.entrySet()) {
if (patternActionEntry.getKey().matcher(entry.getKey()).find()) {

patternActionEntry.getValue().accept(entry);

successfullyMappedKeys.add(entry.getKey());

break;
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<plugin>
<groupId>org.apache.maven.plugins</groupId>
<artifactId>maven-shade-plugin</artifactId>
<version>3.2.2</version>
<configuration>
<createDependencyReducedPom>false</createDependencyReducedPom>
<filters>
<filter>
<artifact>x:*</artifact>
<excludes>
<exclude>software/amazon/awscdk/**</exclude>
<exclude>org.junit.jupiter:**</exclude>
<exclude>org.mockito:**</exclude>
<exclude>org.assertj:**x</exclude>
<exclude>*x/test/*x</exclude>
</excludes>
</filter>
</filters>
</configuration>
<executions>
<execution>
<phase>package</phase>
<goals>
<goal>shade</goal>
</goals>
</execution>
</executions>
</plugin>
<plugin>
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@PostMapping(produces = MediaType.APPLICATION_JSON_VALUE) &
public ApiResponse processForm(@RequestBody DocumentRequest documentRequest) {
long start = System.currentTimeMillis();
logUtil.infoWithPlaceholders(
INFO, messageWithPlaceholders: "API call received, formTitle: {}, Time: {}", documentRequest.getFormTitle(), start);
response = processRequestService.processDocumentRequest(documentRequest);

long end = System.currentTimeMillis();
logUtil.infoWithPlaceholders(
INFO,
messageWithPlaceholders: "API call processed, ID: {}, Duration: {}ms",
...variableNumberOfArguments: documentRequest.getFormTitle(),
end - start);
return response;
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