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Introduction
The manufacturing industry is the backbone of the global economy, 

producing goods and materials that power other sectors. Even though 

there have been advancements in manufacturing technology, such as in 

automation and robotics, the industry as a whole hasn't seen the same 

level of disruptive innovation as other fields, like information technology 

or finance. Many manufacturers still rely on traditional methods and 

legacy systems that can limit efficiency and adaptability.



One of the biggest challenges in manufacturing is maintaining high 

levels of productivity while managing costs. Manufacturers face 

pressures from global competition, rising material costs, and the need for 

quick turnaround times. Additionally, there is a growing demand for 

customization, which can be difficult to achieve with outdated protocols 

and processes.



Innovation, modern architectures, and best practices can address these 

challenges by introducing new ways to increase efficiency, reduce waste, 

and improve product quality. For example, by incorporating artificial 

intelligence (AI) and data analytics into their ecosystems, manufacturers 

can optimize operations, make the overall process more agile, predict 

maintenance needs, and streamline supply chains.



This e-book aims to provide a detailed roadmap for achieving these 

goals. We explore modern architectures, app development techniques, 

the importance of Continuous Integration and Continuous Deployment 

(CI/CD), and actionable advice on how to get started.
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Microservices vs. Monoliths: Adoption 
and Benefits in Manufacturing  

We will begin by exploring software architecture and the differences 

between monolithic and microservices architectures.

Introduction to Software Architectures  

Monolith architectures  

A monolith architecture is a single, unified software application where all 

components are interconnected and interdependent. This means that the 

user interface, business logic, and data access layers are all part of one 

large codebase.



For example, consider a basic production management software for a 

furniture workshop. The monolithic application implements everything 

within the same codebase, including order processing, material tracking, 

inventory management, billing, and production scheduling

The software architecture you choose forms the foundation of your 

manufacturing applications. Two primary types of architecture are 

monoliths and microservices.

Here are some defining characteristics of a monolith:

 All components are highly dependent on one another

 Updates require redeploying the entire application, even if only one 

component is changed.
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 It is easier to develop, deploy, and maintain initially. However, as the codebase 

grows and becomes more complicated, the development, deployment, and 

maintenance processes can become exponentially harder.

Microservices architectures  

A microservices architecture divides an application into smaller, 

independent services, each responsible for a specific function. These 

services communicate over a network, via APIs or any other 

standardized mechanism.



For example, consider a manufacturing system where separate 

microservices handle inventory management, production scheduling, 

quality control, and machine maintenance, all communicating with 

each other through APIs.

 All components are decoupled from each other and 

operate independently

 Each service can be updated or deployed independently. 

This means that if only one component is updated, you 

don’t need to redeploy everything

 Each microservice can be scaled independently as needed.

Defining characteristics of microservices architectures include:
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Benefits of Microservices for the Manufacturing Domain  

For manufacturers looking to innovate and gain a competitive edge, 

a microservices architecture is the obvious choice. Here’s why:

 The ability to scale individual microservices increases agility and reduces 

costs. Need to ramp up production? Simply scale the microservice 

managing your production lines

 Manufacturers can quickly adapt to changes in demand or production 

processes. For example, if a new product line is introduced, only the 

relevant microservice needs to be updated, and the rest of the system 

can function as is

 Smaller, focused codebases are easier to understand, debug, and 

maintain. For example, a microservice for machine monitoring would 

have a smaller codebase compared to a monolithic system that manages 

everything. This makes it easier for engineers to troubleshoot issues and 

implement improvements

 Since microservices operate independently, a failure in one service 

doesn’t bring down the entire system. For example, if the monitoring 

microservice fails, the inventory management and production 

scheduling services can continue to function

 Lastly, updates and new features can be deployed more frequently and 

with less risk. For example, a new algorithm for predictive maintenance 

can be implemented in the machine maintenance microservice without 

disrupting other services.
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Adoption Trends in the Manufacturing Sector  

Migrating from a Monolith to Microservices architecture  

Several big and small manufacturing companies are moving to 

microservices for increased productivity, efficiency, and fault tolerance. 

Here are two examples:



General Electric (GE) adopted a microservices architecture for their Predix 

platform, which is used for industrial IoT applications. This allowed GE to 

offer more flexible and scalable solutions to their manufacturing clients.



Siemens uses a microservices-based approach in their MindSphere platform 

to provide digital solutions for manufacturing and supply chain 

management. This enhances the platform’s interoperability, maintainability, 

and scalability.

Migrating from a monolithic architecture to a microservices-based one can 

be a complex process, especially for manufacturing companies that rely on 

stable and efficient operations. However, the benefits of increased 

scalability, flexibility, and resilience make it a worthwhile endeavor. 



Here is a step-by-step guide on how to go about the migration:

 Analyze your existing monolithic system to understand its structure, 

dependencies, and performance bottlenecks. Define the goals of the 

migration, such as improving scalability, reducing downtime, or enabling 

faster updates

 Develop a detailed migration plan that outlines the phases, timelines, and 

resources required.
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 Assemble a cross-functional team with expertise in software 

development, operations, and manufacturing processes

 Choose a non-critical part of your monolithic system to migrate first. 

This can be a specific functionality like inventory management or a 

reporting module. Break down the selected component into smaller, 

independent services. Develop, test, and deploy these microservices 

in a controlled environment. Use the right set of technologies, like 

Docker for containerization, and Kubernetes for orchestration, to best 

manage and maintain your microservices

 After the first quick win, identify and prioritize the next set of services 

to be migrated based on their impact and dependencies. Each 

migration should be tested thoroughly to ensure that it doesn’t disrupt 

existing operations

 Decouple the data associated with each service. Implement a strategy 

for data synchronization and consistency across microservices. Next, 

implement an API gateway to manage and route requests to the 

appropriate microservices. Choose an appropriate communication 

protocol based on your needs, such as RESTful APIs, gRPC, or 

messaging queue

 Continuously monitor the performance and health of your 

microservices using dedicated tools like 

 Gradually decommission parts of the monolith as their functionality is 

fully replaced by microservices.

Site24x7
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Building Modern Apps: Digital Tools for 
Manufacturing Processes   

Legacy systems and manual processes are no longer enough to compete in 

today’s highly competitive manufacturing market. Manufacturers need to 

embrace digital transformation and modern technologies to stay ahead of 

the competition.

Benefits of Modernization in Manufacturing  

  can be used to gather real-time data and insights 

across different aspects of manufacturing. This allows for better 

decision-making, improved resource allocation, and proactive 

problem-solving

 Digital tools can automate repetitive tasks, optimize production 

workflows, and minimize downtime. This leads to faster production 

cycles and higher output

 Modern apps can integrate with sensors and AI-powered systems to 

automate quality checks, identify potential defects early on, and ensure 

consistent product quality

 Modern applications allow for more agile responses to changes in 

demand, production schedules, and supply chain disruptions

 By optimizing operations, reducing downtime, and increasing 

throughput, modern apps can lead to significant cost reductions.

Modern applications
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What are the Key Areas for Modernization 
in Manufacturing?  

There are several manufacturing functions that can benefit from 

modernization. For example:

Inventory management: Get real-time inventory visibility, refine 

stock levels, and predict future needs.

Production planning and scheduling: Analyze real-time data from 

machines and inventory to optimize production schedules and 

resource allocation, as well as predict potential bottlenecks.

Quality control: Machine vision systems and AI can help automate 

inspections, identify defects in real time, and improve overall 

product quality.

Modern Apps and Technologies for Manufacturers  

Now that we've established the importance of modernization in 

manufacturing, let's explore the cutting-edge applications and 

technologies that are revolutionizing the industry.

Supply chain management: Connect with suppliers and logistics 

providers in real time to track inventory levels, improve delivery 

schedules, and respond quickly to disruptions.
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Cloud-based Solutions  

Mobile Applications  

Cloud-based solutions offer manufacturing companies scalable and flexible 

tools to streamline operations, improve collaboration, and enhance data 

security. For example, serverless platforms like  can be used 

to deploy, manage, and scale microservice applications without the need to 

configure infrastructure.



Other benefits of cloud services include:

Catalyst AppSail

Mobile apps are a great way to improve productivity and decision-making 

on the factory floor and beyond. For example, you could have apps for 

inventory management and maintenance tracking.



Some of the far-reaching benefits of mobile applications are the following:

 They can be accessed from anywhere with an internet connection

 They reduce IT infrastructure costs, as you only have to pay for the 

resources you use

 Leading cloud providers offer advanced security measures and compliance 

certifications to ensure your sensitive data remains safe.

 Workers can complete tasks on the go, submit reports, and respond to 

alerts quickly

 Managers can monitor operations remotely and adjust in real time using 

mobile dashboards and control interfaces

 Reduced need for paperwork and manual data entry leads to fewer errors 

and increased efficiency
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Full-stack development platforms like  simplify the process 

of building mobile applications using cutting-edge technologies like Flutter.

Catalyst by Zoho

Internet of Things (IoT) Integrations  

Digital Twins  

Internet of Things (IoT) integrations involve connecting sensors, devices, 

and equipment to gather real-time data. This enables manufacturers to 

monitor and control processes more effectively. For example, RFID tags and 

GPS sensors can track the location and movement of raw materials, works-

in-progress, and finished goods throughout the manufacturing facility and 

supply chain.



Here are some additional benefits:

Digital twins are virtual replicas of physical assets, processes, or systems 

that enable manufacturers to simulate and test operations in a virtual 

environment. For example, digital twins of production lines can be used to 

simulate workflows, identify bottlenecks, and optimize throughput and 

resource utilization.



Here are some reasons to incorporate digital twins into your 

manufacturing ecosystem:

 By analyzing data from IoT sensors, manufacturers can predict equipment 

failures before they occur and reduce downtime

 IoT data provides insights into production inefficiencies, which enables 

manufacturers to optimize workflows and resource utilization

 Continuous monitoring of product parameters using IoT sensors helps 

maintain consistent product quality.
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 Analyze production processes in a virtual environment, without any risk of 

disrupting physical operations

 Provide immersive and interactive training experiences for operators and 

maintenance personnel

 Simulate and optimize supply chain operations to reduce lead times, 

inventory levels, and logistics costs.

 Reduced latency allows for near-instantaneous communication between 

devices and systems

 With 5G-enabled AR devices, technicians can receive remote assistance, 

access digital manuals, and overlay instructions on machinery

 The greater reliability and network capacity of 5G networks ensures 

consistent connectivity, even in crowded industrial environments.

5G Networks  

5G networks offer manufacturers high-speed, low-latency connectivity, 

which is often a precursor for the adoption of other advanced technologies 

like IoT and cloud apps.



Here are some benefits of using 5G networks in manufacturing setups:

Success Stories of Modernization in Manufacturing  

Let’s look at how real-world organizations are leveraging modern 

technologies for better business outcomes.

© 2024, Zoho Corporation Pvt. Ltd. All Rights Reserved. 11



Boeing, the aerospace giant, leverages a multi-cloud strategy with Azure, 

AWS, and Google Cloud to optimize data management and workloads. The 

company also uses digital twins to test their systems “hundreds of times” 

before rollout.



Ford, the automobile manufacturing titan, replaced its (30-year-old) legacy 

systems and processes with a cloud-based service parts management 

platform to enable real-time access and interoperability.



Bosch, a renowned engineering and tech company, uses AI in its 

manufacturing processes to improve product quality, boost efficiency, and 

reduce administrative workload.

Continuous Integration/Continuous 
Deployment (CI/CD) in Manufacturing  

In the fast-paced world of manufacturing, agility is everything. The best way 

to remain agile and continuously deliver innovative products is to implement 

. These are 

software development practices that automate the processes of integrating 

code changes, testing them, and deploying them to production 

environments.

Continuous Integration (CI) and Continuous Deployment (CD)

Why is CI/CD Important in Manufacturing?  

For manufacturers, CI/CD offer a multitude of benefits:

Faster time to market: With frequent, reliable updates, manufacturers 

can introduce new features and functionalities to their production 

systems quicker. This gives them a competitive edge.
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Increased efficiency: Automated CI/CD pipelines streamline repetitive 

tasks, reducing manual effort and freeing up resources for more 

pressing activities.

Automated quality control: Automated testing throughout the CI/CD 

pipeline helps identify and fix issues early. This leads to more reliable 

and consistent production environments.

Reduced costs: Catching errors early through automation minimizes 

the need for costly rework and production downtime.

₹

Enhanced innovation: CI/CD fosters a culture of experimentation and 

rapid iteration, allowing you to explore new ideas and release evolved 

versions of your products more efficiently.

Best Practices for Implementing CI/CD in 

Manufacturing Setups  

Here are some guiding principles to follow when implementing CI/CD in 

manufacturing environments:

 When selecting a full-stack development platform for application 

development, opt for comprehensive solutions that offer built-in 

support for CI/CD

 Begin by implementing CI/CD for a non-critical system and gradually 

expand its use as your team gains confidence.
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 Use a reliable version control system like Git to track changes, revert to 

previous versions if needed, and ensure code traceability

 Automate as much of the software development and deployment 

process as possible to streamline workflows and minimize human error. 

Tools like Travis-CI make this easy to achieve

 Develop a comprehensive testing and deployment strategy that 

includes running unit tests, integration tests, and end-to-end tests 

before release rollout.

Real-World Examples of Companies Using 
CI/CD in Manufacturing  

 Tesla uses CI/CD practices extensively in the development and 

deployment of software updates for their vehicles

 Toyota also utilizes CI/CD pipelines to automate the testing and 

deployment of software for their manufacturing processes and quality 

control systems.

 It can be a complex and time-consuming process to integrate modern 

technologies with existing legacy systems.

Practical Steps and Considerations

The path to modernization is exciting, but it’s not without its challenges. 

Here’s a look at some of these challenges, along with best practices around 

how to navigate them:

Challenges  
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 Resistance to change from employees accustomed to traditional 

methods can hinder the adoption of new technologies

 The transition to a more technology-driven environment might require 

upskilling the workforce or hiring new talent with specialized skill sets

 Adoption of cloud-based solutions, AI, and IoT technologies may raise 

concerns about data security and privacy

 Modernization initiatives require investment, and measuring return on 

investment (ROI) may be challenging.

Best Practices to Overcome Challenges and Sustain Innovation  

Here are some best practices that can help overcome the 

aforementioned challenges:

 Secure support from senior leadership early in the journey to drive 

modernization initiatives and ensure alignment with business goals

 Choose easy-to-use development platforms that don’t pose a 

significant learning curve to your team members, such as 

, and offer extensive documentation and reliable support to ensure 

a smooth transition

 Begin with a pilot project to test the waters and gain valuable insights 

before performing a large-scale transformation

 Provide comprehensive training to employees to help them adapt to 

new technologies and involve them in the modernization process

 Implement changes incrementally to minimize disruption and allow for 

gradual adjustment.

Catalyst by 
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 Track the impact of your modernization efforts using relevant metrics. 

Analyze the results to identify avenues for improvement and 

demonstrate the value proposition of innovation

Implementation Roadmap for Modernization 
Success in Manufacturing  

Here’s a comprehensive implementation roadmap that avoids common 

challenges and incorporates the above-mentioned best practices.

 Conduct a comprehensive assessment of your current manufacturing 

systems, infrastructure, and processes

 Identify areas for improvement and prioritize modernization efforts 

based on impact and feasibility

 Define your success metrics and establish a timeline for 

implementation

 Build a cross-functional team with expertise in manufacturing, IT, and 

business strategy

 Create the necessary documentation that will guide the journey that 

follows. This may include a detailed project plan, use cases, user 

stories, technical specifications, data migration plans, testing scripts, 

and training materials.

Planning and Assessment  
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 Evaluate the compatibility of existing systems with modern architectures 

and applications. For example, does a cloud-native database integrate 

with the legacy inventory management system that can’t be replaced

 Develop a strategy for integrating new technologies with your legacy 

infrastructure. This may involve data migration, API development, or 

system modernization efforts

 Ensure data integrity and consistency across all systems throughout the 

integration process.

 Develop comprehensive testing procedures to ensure the functionality, 

performance, and security of new systems. For example, you can use 

 for testing automation

 Conduct pilot tests and user acceptance testing (UAT) before full 

deployment

 Roll out changes gradually, starting with low-risk areas and expanding to 

critical systems.

Catalyst SmartBrowz

 Implement monitoring tools to track performance, detect issues, and 

gather feedback

 Establish key performance indicators (KPIs) so that the output/success of 

the modernization efforts can be quantified.

Integration with Existing Systems  

Testing and Rollout  

Monitoring and Continuous Improvement  
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 Continuously review and enhance processes based on the data and 

feedback received.

Emerging Trends and Technologies  

Finally, we will explore emerging trends and technologies that are set to 

bring about significant transformations in the way companies 

manufacture, test, quality assure, and deliver products.

AI and Machine Learning in Manufacturing  

Here’s a glimpse into how AI and machine learning can 

disrupt manufacturing:

Predictive maintenance: Intelligent ML models can process sensor 

data to predict equipment failures before they occur. For example, a 

pump manufacturer can use ML to analyze sensor data and predict 

failures based on patterns like increased vibration, decreased 

pressure, and changes in flow rate.

Optimized production planning: AI algorithms can optimize 

production schedules based on demand forecasts, resource 

availability, and other factors. This maximizes efficiency.

Personalized manufacturing: Machine learning can personalize 

production processes based on individual customer requirements. 

This allows manufacturers to cater to niche markets and offer more 

customized products.
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Demand forecasting: AI and machine learning algorithms can 

analyze historical sales data, market trends, and external factors to 

forecast future demand for products. This helps manufacturers 

refine inventory levels, production schedules, and supply chain 

operations to meet customer demand, while minimizing excess 

inventory and stockouts.

Product design and development: AI can be used to generate 

design variations, analyze performance simulations, and enhance 

product features. For example, engineers can input design goals and 

constraints into AI-powered design tools, and the tool can then 

generate multiple design alternatives based on those parameters.

Interested in getting started? Check out  and 

—user-friendly, no-code services that can be used to quickly 

create, optimize, test, and deploy ML models for manufacturing use cases.

Catalyst QuickML Catalyst Zia 

AutoML

IoT and Industry 4.0  

Here are some exciting trends and innovations that we 

expect to emerge in the IoT and industry 4.0 spaces:

Edge computing and fog computing:  As the number of connected 

devices continues to explode, traditional cloud-based data 

processing may prove to be inefficient.Edge computing and fog 

computing offer solutions by processing data closer to its source, 

which enables faster response times and real-time decision-making 

at the factory level. 
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Augmented Reality (AR) and Virtual Reality (VR): AR and VR 

technologies have the potential to transform multiple aspects of 

manufacturing. For example, AR can provide remote workers 

with visual assistance for maintenance tasks, whereas VR can be 

used for immersive product design, prototyping, and worker 

training simulations.

Autonomous Mobile Robots (AMRs): AMRs are intelligent robots 

that can navigate factory floors without human intervention. 

These robots can perform tasks like material handling, product 

inspection, and machine tending, increasing efficiency and 

worker safety. In the future, we can expect AMRs to become a lot 

more prevalent.

Additive manufacturing (3D printing): 3D printing allows for 

on-demand production of complex parts and customized 

products. This technology, integrated with IoT and AI, can 

transform supply chains and enable flexible, just-in-time 

manufacturing processes.
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The manufacturing sector isn’t stagnant by any means. 

Manufacturers are constantly evolving, adopting new technologies 

and processes to boost efficiency and quality. However, many still 

grapple with significant challenges, such as supply chain disruptions, 

rising operational costs, and increasing customer demands.



These challenges, along with several others, can be solved by 

modernizing the manufacturing processes with digital technologies, 

intelligent applications, and scalable architectures. We hope that this 

e-book has served as a roadmap for your journey towards a thriving 

manufacturing future.



Need further help or guidance? Reach out to us for a free 

personalized consultation, available for a limited time.

Conclusion

Schedule a free consultation
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