
Learning outcomes:

➢ Data Visualization for Engineering:

▪ Real-time data visualization and customization for reports

Lecture 7



Real-Time Basics

▪Real-time data visualization is the process of displaying data as it is 
collected, with minimal delay. This means that as soon as new data 
enters the system, it's reflected in the visual reports you're monitoring.

▪ The advantage of real-time updates is that they allow you to track 
changes instantaneously, which is essential for time-sensitive 
decisions. 

▪ Imagine monitoring social media engagement during a live event or 
stock market fluctuations; real-time data visualization tools enable you 
to see the impact of each moment and adjust your strategies 
accordingly.



Dashboard Design

▪An effective dashboard is one that not only updates in real time but 
also presents data in a clear and actionable way. 

▪When designing a dashboard for dynamic reporting, consider which 
key performance indicators (KPIs) are most important for your goals. 

▪Your dashboard should prioritize these metrics and display them in an 
easy-to-understand format. 

▪Visual elements like graphs, charts, and gauges should be used to 
represent data in a way that highlights trends and outliers. This ensures 
that you can quickly interpret the data as it changes and make decisions 
on the fly.



Customization Options

▪ Flexibility is key when it comes to tailoring a data visualization tool to 
your specific needs. 

▪Customization options can range from the ability to choose different 
chart types to the creation of entirely bespoke visualizations. 

▪ This level of personalization is crucial for ensuring that the tool can 
grow and adapt with your business requirements. It also means that 
you can set up the visualizations to match your company's branding, 
which is important for consistency when sharing reports externally.



What is Real-time Data Visualization?

❑ Real-time data visualization is the process of presenting data visually 
in real time, allowing users to monitor and analyze data as it is being 
generated and processed.

➢Real-time data visualization is more than just data points and lines on 
a graph, though. It builds upon the promise of real-time analytics, in 
which the freshest data can be filtered, aggregated, and enriched in a 
matter of milliseconds and accessed with very minimal latency while 
serving a highly concurrent set of requests.

➢Real-time data visualization plays a vital role in helping businesses 
and their customers identify trends and respond quickly to changing 
circumstances, and its power has been proven across a broad swath of 
industries and use cases.



➢Data and engineering teams are obsessively focused on revenue-
generating real-time data pipelines, converting data captured in event 
streams into real-time analytics that can be embedded back into 
products. By building new products and features that leverage real-
time visualizations, businesses are able to capture new segments of the 
market and reduce churn through better customer experiences while 
also offering premium features that command higher price points.

➢Put simply, real-time data visualization makes companies and their 
customers faster, decisions more informed, and actions more effective. 
By harnessing the power of real-time data analytics into easily 
consumable visualizations, businesses gain an edge that they simply 
don’t have when their data isn’t fresh.

https://www.tinybird.co/blog-posts/real-time-analytics-a-definitive-guide


Real-time data visualization needs real-time analytics

▪Real-time data visualization goes hand in hand with real-time 
analytics. We can’t generate real-time visualizations if we don’t have 
the infrastructure to ingest streaming data quickly, serve queries on it 
with low latency, and do so at scale.

▪Without speedy ingestion, our visualizations are based on stale data. 
Without low-latency queries, dashboards take too long to load and 
update, and without scale, we can’t have as many visualizations as 
we’d like on our dashboards.



Benefits of real-time data visualization

➢Faster decision-making

We can now react quickly to changing situations and make decisions based on 
up-to-date information.

➢Improved customer experience

Organizations can use real-time data to instantly personalize user experiences 
and react to trends. By leveraging real-time dashboards, organizations can 
spot and act on trends as they happen, creating timely and relevant user 
experiences.

➢Early problem detection

Real-time data visualization serves as an early warning system, allowing us to 
identify issues or anomalies as soon as they emerge. This proactive approach 
enables us to address potential problems before they escalate into significant 
concerns.



Best practices for real-time data visualization

▪ The following best practices ensure that you stay ahead of the competition 
and achieve greater success while visualizing real-time data. They are not 
just best practices but also key best practices:

• Preparing and cleaning data: Before visualizing real-time data, you must 
ensure that the data is clean, accurate, and well-structured. These can 
demand you carry out data cleansing, normalization, and transformation, 
among other things.

• Designing effective visualizations: You must ensure that visualization is 
effective—that is, it should be clear, concise, and easy to interpret. Your 
visualizations should also be tailored to the audience and the specific use 
case.



• Ensuring data security and privacy: While you are visualizing real-time 
data, you should know that it might involve working with sensitive data that 
may be subject to privacy regulations. So, you must ensure that data 
security and privacy are taken into account at all stages of the process.

• Choosing the right visualization tool: There are several real-time data 
visualization tools available, each with its own strengths and weaknesses. 
The next chapter will empower you with information on how to choose a 
tool that fits your specific needs and requirements, as this is important.



Real-time data visualization tools

❑ There are several real-time data visualization tools available. Each 
has its own strengths and weaknesses. The following are some of the 
popular data visualization tools that update in real-time:

• Apache Kafka: Apache Kafka is a distributed streaming platform that 
allows you to process real-time data. Though it doesn’t provide 
specific data visualization tools, it provides you with a high-
throughput, low-latency platform for processing streaming data, which 
you can use to build your own real-time data visualizations.

• Tableau: Tableau is a user-friendly data visualization tool that 
supports real-time data processing and visualization. It allows you to 
connect to a wide range of data sources and create interactive 
visualizations in real time.



• Grafana: Grafana is an open-source data visualization and monitoring tool 
that you can use for real-time data processing and visualization. It allows 
you to create interactive dashboards and alerts based on real-time data.

• Kibana: Kibana is an open-source data visualization tool, which you can 
also use to process and visualize real-time data, and create custom 
dashboards and alerts.

• Microsoft Power BI: Microsoft Power BI is a cloud-based business 
analytics service that supports real-time data processing and visualization. It 
allows you to create interactive dashboards and reports that can be shared 
with others.

• Splunk: Splunk is a data analytics and visualization tool that supports real-
time data processing and visualization. It enables you to monitor, search, 
analyze, and visualize machine-generated data in real time.

• Databricks: Databricks is a cloud-based data processing and analytics 
platform that supports real-time data processing and visualization. It allows 
you to create and deploy machine learning models in real time.



Strategies for Effective Real-Time Data Visualization

❖Data Collection and Integration

❑ Real-Time Data Sources

Real-Time Data Visualization relies on various data sources. These sources include 
IoT devices, social media feeds, financial market data, and sensor networks. Each 
source provides continuous streams of data. This constant flow enables businesses 
to capture up-to-the-minute information. Real-time data sources ensure that 
visualizations reflect the most current state of operations.

❑ Data Integration Techniques

Effective Real-Time Data Visualization requires robust data integration techniques. 
Businesses must aggregate data from multiple sources into a unified system. 
Techniques such as ETL (Extract, Transform, Load) processes, API integrations, and 
data warehousing facilitate this integration. Proper data integration ensures 
consistency and accuracy across visualizations. This approach enables 
comprehensive analysis and informed decision-making.



❖Visualization Techniques

❑ Choosing the Right Charts

Selecting appropriate charts is crucial for Real-Time Data Visualization. 
Different types of data require different visual representations. Line charts 
excel in showing trends over time. Bar charts compare categorical data 
effectively. Scatter plots highlight correlations between variables. Choosing 
the right chart enhances clarity and comprehension. This selection ensures 
that stakeholders can quickly grasp key insights.

❑ Interactive Dashboards

Interactive dashboards elevate Real-Time Data Visualization. These 
dashboards allow users to explore data dynamically. Features such as drill-
downs, filters, and tooltips provide deeper insights. Users can customize 
views to focus on specific metrics. Interactive dashboards support real-time 
tracking of performance indicators. This functionality empowers users to 
make data-driven decisions swiftly.



❖Performance Optimization

❑ Data Processing Speed

Optimizing data processing speed is essential for Real-Time Data 
Visualization. Fast data pipelines ensure timely updates to visualizations. 
Techniques such as in-memory computing and parallel processing enhance 
speed. Efficient data processing minimizes latency. This optimization enables 
immediate insights and quick responses to changing conditions.

❑ Scalability Considerations

Scalability is a critical factor in Real-Time Data Visualization. Systems must 
handle increasing volumes of data without compromising performance. 
Cloud-based solutions offer scalable infrastructure. Horizontal scaling adds 
more servers to distribute the load. Vertical scaling increases the capacity of 
existing servers. Scalability ensures that visualizations remain responsive as 
data grows. This capability supports long-term business growth and 
adaptability.



Challenges of real-time data visualization

❑ While real-time data visualization offers several benefits, there are also 
common challenges that need to be addressed. Here are some of them you 
might face while visualizing real-time data:

• Data quality: Real-time data visualization relies on accurate and high-
quality data. Poor data quality can lead to inaccurate or incomplete 
visualizations.

• Scalability: Real-time data visualization can involve massive amounts of 
data, which can be challenging to process and analyze in real time.

• Security: Real-time data visualization requires robust security measures to 
protect sensitive data from unauthorized access.

• Complexity: Real-time data visualization can be complex and requires 
specialized skills and knowledge to implement and maintain.
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