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Al for Quality Control: From Computer Vision to Predictive Analytics

Description

Quality control is a crucial part of the manufacturing process. In recent market trends, where
businesses have become more competitive, it is not only a matter of meeting quality, but it also has to
do with reputation, customer satisfaction, efficiency, and profit. Nonetheless, the current method of
quality control is becoming less effective in meeting the demands of current production processes.

These are manual inspection processes, which are rather cumbersome, prone to mistakes, and simply
do not scale well. Rule-driven automation systems might help speed this process along, but these are
rather rigid systems that do not handle changing defects well. With the rise in production needs and, in
some ways, the complexity of the product, such systems are simply not viable.
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This is the kind of scenario that Al in quality control is revolutionizing. By combining computer vision,
machine learning, and predictive analytics, Al enables more intelligent, faster, and more accurate
quality control. Beyond merely identifying product defects after they happen, Al-based platforms also
allow businesses to predict issues with product quality and optimize production performance.

According to a study by McKinsey, the defect rate can be reduced by 50% by the application of Al in
guality control, with a resultant cost reduction of 20-30%.

What is Quality Control with Al?

Quality control, as far as Al is concerned, pertains to artificial intelligence technology that observes and
verifies the analysis of quality observations to optimize the manufacturing and industry process. In this
traditional concept, the process follows predefined rules and procedures. In the case of artificial
intelligence, it learns from observations and improves with time.

Definition and Scope

To summarize, the quality control process utilizing Al leverages the data from images, videos, sensors,
and manufacturing systems to:

Flaw detection

Identify anomalies

Predict quality issues

Improve inspection operations
Optimization
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This process takes place at various stages of production, ranging from raw material checks to the final
validation of the final products.

Core Al Technologies Used in Quality Control

It is achieved through the collaborative use of some Al technologies to support intelligent quality control:

e Computer Vision: provides the capability for computers to “see” and analyze the data.

e Machine Learning: Learns patterns from previous data regarding the quality.

e Deep Learning: Deals with difficult defect patterns and visual variations. Predictive analytics
might be able to foretell defects or processing irregularities before they occur.

e Edge Al: This technology makes real-time inspection possible right at the production line.

How Computer Vision Works in the Inspection Process

Computer vision technology takes pictures or videos of the products as they move along the production
line. The images or videos are processed by a deep learning model that has been trained to identify
any defects, inconsistencies, or deviations from the required standard.

Although this technique is referred to as template matching, in reality, it involves matching the input
data with the patterns that have been learned; hence, any variation in lighting, position, or texture can
be coped with.

Image and Video-Based Defect Detection

By utilizing high-resolution cameras, Al is capable of detecting:

e Skin cancer
e Surface irregularities
¢ Lack of color consistency

Video inspection will have an addition of analyzing temporally to help in identifying problems existing in
movement, assembly, or packaging.

Common Use Cases of Computer Vision for Quality Inspection
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In most sectors, computer vision is widely applied to quality inspection tasks.
Al models are excellent at identifying defects on the surface of the fruit, such as:

e Scratches
e Cracks

e Dents

¢ Discolour

Most of the defects listed above are difficult to detect by a human inspector, especially when operating
at a high speed.

Dimensional Accuracy and Alignment Checks
The dimensions and positioning are measured accurately by the computer vision system. They verify if

the components meet the required dimensions to be assembled correctly. It is very beneficial in the
automobile, electronics, and aerospace industries.

Product Sorting & Grading

Al vision systems can categorize goods on the basis of shape, size, color, or any other attributes. This
helps in categorizing, packaging, and grading, which further reduces human intervention.
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Moving Beyond Detection: Predictive Analytics in Quality
Control

Though detection of defects is important, that alone is a reactive process. This is where Predictive
Analytics carries the process of quality control forward by predicting potential problems much before
they actually happen.

What Predictive Analytics Means to Quality

Predictive quality control uses past production and quality data with the intention of accurately
predicting any possible quality defects or production process deviations. It enables organizations to act
proactively before the occurrence of any defect rather than reacting to an existing defect.

Detecting Trends Using Past Records of Emotions

The machine learning models leverage past quality data to identify hidden trends related to the
variables temperature, pressure, machine parameters, and defect rates.

It is relatively easy to identify early warning signs related to quality loss with this knowledge.

Predicting Defects Before They Occur

With predictive analytics, patterns that precede serious defects can be identified to enable the following
to occur:

e Early Intervention

¢ Lower scrap and rework

¢ Yield enhancements

e Improved process stability

The proactive strategy involves quality control in decision-making as an integral function.
How Al Enables Predictive Quality Management
Al holds potential for successfully scaling up the quality management accuracy through:

Anomaly Detection through Machine Learning Models

The ML models are continuously observing production data for anomalies, which are slight deviations
that could potentially indicate new issues in quality. The models keep up with the processes in order to
be accurate.

IoT and Sensor Data Integration
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Artificial intelligence-based quality systems: These systems utilize data collected through 10T sensors,
machines, and production equipment. This real-time data provides more clarity regarding operating
conditions and their effect on quality.

Predicting Failures of Equipment and Process Deviations

Predictive models can predict:

e Wear and Failure of Equipment
e Process Drift
e Trends in the degradation of quality

It allows maintenance and process adjustments before any defects occur in the production process.

Key Benefits of Al for Quality Control
Implementing Al technology in quality control brings tangible advantages in operations.

Minimizing the Number of Defects and Rework

Unlike the human inspection process, Al uses more effective methods of defect identification and
defect prevention.

Efficiency in Production
The real-time inspection and predictions reduce downtime and help production run more fluidly.
Reducing Waste and Minimizing Operating Expenses

By eliminating defects and optimizing processes, Al can offset material waste, labor, and inspection
costs.

Uniform and Scalable Standards of Quality

The Al technology has one set of rules for all products and all locations, and works well even with
varying levels of volume and complexity.

Challenges in Implementing Al for Quality Control

However, there are challenges encountered when it comes to the application of Al technology in the
area of quality control.

Quality and Availability of Data
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Al requires enormous amounts of high-quality data. Inconsistent, incomplete, or poorly labeled data
sets might constrain the capabilities of the model.

Accuracy of the Model and Training Needs

The development of good models requires extensive training. Models that are not properly trained will
result in either false positives or missed defects.

The Integration within The Newest Manufacturing Systems

In general, the integration of Al solutions with the older manufacturing systems, PLCs, and MES
platforms can be extremely complex and requires a lot of planning.

Best Practices for Adopting Al in Quality Control

However, the key to applying Al in quality control is to follow an integrated and stepwise strategy as
opposed to embracing its full application from the outset. In this regard, organizations that embrace Al
as one of their capabilities over time, as opposed to one-off solutions, appear to be performing better.

Begin with High-Impact Use Cases

And they need to begin with a clear understanding of the problems that will have the biggest business
impact, such as high defect volumes, costly rework, or customer complaints.

Page 7
https://lwww.practicallogix.com



PRACTICAL LOGIX
155 N Lake Ave Pasadena CA 91101 | +1 626-217-2650 | info@practicallogix.com

Ensure Data Readiness and Governance

How good an Al model will be depends on its data. Organizations would therefore need to make sure
that their data is correct, properly labeled, and reflects actual production environment conditions.
Proper data governance, traceability, etc., will also make an Al model more reliable and compliant.

Use the Human-in-the-Loop Approach

A quality control process via Al should rather supplement human knowledge than replace it. The
quality engineers analyzing the Al model’s judgments are able to develop an element of trust and even
fine-tune these models.

Future Trends in Al-Powered Quality Control

The quality of Al in the field of quality control is increasing at a very fast pace, and some of the trends
listed above will shape the usage of the technology in the future.

Edge Al Real-Time Inspection Solution

Edge Al ensures that the quality inspection process takes place directly at the production line, without
the need for cloud connectivity. It, in addition to that, reduces latency and ensures real-time defect
recognition in environments that are bandwidth-constrained.

Self-Learning Quality Systems

In the coming years, more Al models will be capable of learning automatically through the input of the
latest information and, simultaneously, will be continually enhancing the models of defect predictions.
There shall be little human interference in such learning models, and accuracy will be achieved.

Conclusion

Atrtificial intelligence for quality control represents a paradigm shift from reactive quality inspection to
proactive quality management. Blending computer vision with predictive analysis helps organizations
not only point to defects in a real-time process but also predict potential quality problems before they
occur.

Ranging from defect rate reduction to cost of operations, consistency improvement, and efficiency
enhancement, Al quality control makes a tangible contribution to various sectors. But to achieve
success in the Al quality control implementation process, it starts with the appropriate selection of use
cases to ensure the readiness of data to continuously enhance models of Al.

Page 8
https://lwww.practicallogix.com


https://www.practicallogix.com/the-impact-of-ai-on-qa-automation-accelerating-time-to-market-and-improving-quality/

PRACTICAL LOGIX

155 N Lake Ave Pasadena CA 91101 | +1 626-217-2650 | info@practicallogix.com

Being one of the best web development agencies, we help companies in planning the development of
the Al-driven solution for quality control, with their requirements taking precedence. Using either
computer vision or an analytics solution, our professionals can transform the process of quality control

into an advantage.
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