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AI-powered Automated Line Clearance solution: 
a-eye clearance
Developed by SEA Vision and ARGO Vision, a-eye clearance is an automated smart line clearance solution powered by revolutionary artificial intelligence algorithms; a refined software to automatize pharma manufacturing procedures toward pharma digitalization.
What is line clearance?
Line clearance processes are crucial stages before production start-up, thus usually performed before every batch or product changeover on every pharmaceutical packaging line. The aim is to ensure that equipment and work areas are free/clean from any products or documents or residual material from a previous process, to avoid mislabelling or cross-contamination of finished products. Line clearance is not only important for maintaining safety, quality, and efficiency, but it is also a requirement of Good Manufacturing Practices within the pharmaceutical industry. It is stated in EU GMP Guidelines Part I, Chapter 5.50 and is performed following a process-specific procedure that includes typically 3 phases:
· Clearing phase: Physical removal of all the previous batch-related items, such as unused parts, labels and packaging. 
· Cleaning phase: Equipment Cleaning, disinfection and drying of all surfaces and equipment. 
· Checking phase: Cross check of the manufacturing area cleanliness and condition before the next process begins. 
How is line clearance usually performed?
Notwithstanding the importance of these phases, today they still require manual intervention by operators to perform specific paper-based tasks and activities, with consequent high risk of human error.
Line clearance procedure is in fact nowadays a time-consuming activity, usually manually performed by operators and a supervisor/quality manager, who fills and sign paper check list and manual reports. The instructions for line-clearance are very long documents that explain a complex step-by-step procedure that usually becomes even more complex with time, every time is added effort to prevent mistakes. Some companies use two operators at the same time to execute the procedure with a countercheck: they proceed with the control in opposite direction, manually filling two different checklists. Other companies realize complete and very long videos of the procedure. All these cautions do not assure the absence of errors but only increase the quantity of paper and video material to check in case of issue related to the line clearance procedure.
Ergonomics is another issue. Often the operators must control areas of the machine that are difficult to reach, assuming uncomfortable and risky positions. The manual execution of the procedure does not prevent human errors that are a frequent problem in the pharmaceutical industry: even if the procedures are correct, the failures due to a temporary lack of concentration of the operators are real and represents up to 40% of all the deviations.
Nowadays the market requires more frequent changeovers on the packaging line with a high number of small product batches. This increases the risk of a costly product recall for wrong products, labels and packaging entering the lines. Furthermore, with smaller batches, the time dedicated to the line clearance procedure increases and the efficiency of the process (OEE) is reduced.  
The solution for a smarter Line Clearance 
The need for greater safety and smoother processes is what drives SEA Vision's a-eye clearance technology. A complete solution that combines software and hardware components to ease, digitalize and automate the line clearance procedures on packaging lines, before a batch or product changeover according to the customer’s SOPs. 
Hardware: camera, sensors, scanners
Acting as a digital solution, a-eye clearance technology is capable of performing an automatic, accurate inspection of the packaging line work areas using cameras and sensors, highlighting anomalies and providing visual feedback for the operator in real-time. 

This enable to improve the operational efficiency and reduce the clearance and changeover times: the system overcome the human capabilities performing the controls even in low-lighting conditions or in difficult to reach areas and give the overall view of the whole line instantaneously. 
In addition to cameras and sensors, scanners are used to manually verify those operations that do not require cameras but which require managed and recorded control by the operator.
Some examples of the hardware used:
•
Industrial cameras for critical area inspection
•
Smart sensors for specific spot detection
•
Security cameras for production area inspection
•
Manual acknowledge system (scanning an ID code)
 

Each scene can be controlled by multiple cameras at the same time. The controls are combined for the best result.
New self-improving AI algorithms
This brand-new solution is driven by AI algorithms that are implemented with the purpose of automating the line clearance procedures, allowing to avoid errors and deviation, to record digital evidence of the process and to boost the OEE of production lines by reducing the time needed for changeover. 

Thanks to AI algorithms it is possible to overcome traditional limitations in terms of reflections, shadows and different lighting conditions – since the software can deeply understand the scene and highlight only the real issues, evaluating every critical area under the most different environmental conditions.
The software performs controls on the acquired image using Semantic Segmentation to build a highly pixel-wise accurate annotation map of every single scene component. The Data Augmentation method gives the possibility to multiply all the real data and gather a very wide quantity of comparable models based on few real images.
The system is therefore very smart and does not compare pixels but images, automatically recognizing out-of-place objects in different positions and light conditions.
The Artificial Intelligence algorithms automatically improves their-selves to react always better to the changes on the scene. 

All under the yudoo suite: workflow and other benefits 
The solution uses the power of yudoo 4.0 software suite and allows digitalizing the clearing and cleaning phase and to automate the checking phase by detecting in real-time the anomalies for each critical area. 
With yudoo, each customer can easily create specific and dedicated workflows that include all the necessary phases, actions, and information: the paper-based SOP (standard operating procedures) are digitalized into yudoo. All the deviations caused by improvised human decision are avoided thanks to a defined and repeatable workflow.
Compliance with the SOP are therefore improved: the use of a computerized system that records in an audit trail file each access and operation performed gives complete evidence that the SOPs have been correctly followed and evidence that the line is completely clear. 
Automation features
At Interpack 2023, the application will be demonstrated on a Marchesini Group RLF800 high-speed rotary labelling machine, which features additional complexities compared to the previous machine shown at the Achema exhibition, thus taking a step further in technological innovation.  

In fact, the system implements new advanced automation features for the management of line clearance operations on machines with articulated mechanical configurations such as RLF. The system includes automation libraries that allows to coordinate the movement of the mechanical parts of the machine before the images acquisition. This feature grants a complete control of all the machine surfaces, even on covered and hidden areas. The immediate advantages are the reduction of the number of cameras that are needed and the harmonization of the interactions between the operators and the machines.  

All begins with an accurate analysis with 3d models.
Each project starts with a specific evaluation of the impact of the line clearance processes, to fit each customer’s specific need. 
This procedure is done on existing or new lines in different ways:
· For existing lines:  the machines are physically analyzed in their structure and modified where is necessary to have a better and clear view of the working area.
· For new lines: the machines can be digitally analyzed thanks to a complete 3d model, and they can be optimized for line clearance even before their manufacturing, to reach the highest quality and benefits.
Then, after the optimization of the machines, is possible to establish the critical areas to be controlled and choose the specific hardware to be used to guarantee the best coverage and guarantee the best results. 
The 3 phases of Line Clearance procedure:
1 - Clearing phase
During the clearing phase, the operator is guided through a step-by-step procedure to check and remove all the previous batch-related items. This procedure helps the operator and is repeated for each control point. Each operator’s progress and action are digitally recorded.
2 - Cleaning phase
During the cleaning phase, the operator is helped by a step-by-step guided procedure. Each operator’s progress and action is digitally recorded.
3 – AI Powered automatic checking phase
The final phase of line clearance is the checking phase. Smart clearance offers an automatic procedure based on the use of the best detection tools. The user-friendly interface allows to have everything under control. Red triangles help the operator highlighting the detection points that have an anomalous status in a visual map shown on display. In this way, the operator is alerted and can see the exact detection point on the map, watch the latest image acquired and check the instructions to easily solve the issues preventing human errors that can occur in this phase. 
Smart document system
To help the operator carry out all phases, a-eye clearance provides the Smart Document System, a set of manuals, pictures, and videos that the operator can consult for precise instructions on how to perform each single action, exactly at the moment which it needs. This aspect strengthens usability even by non-expert operators, thus making the customer more independent, and reducing training hours. Increase ease of use.
Other benefits
The system is always active and helps the operator in different ways: during format changeover, the system highlights the missing and misplaced components, helping the operator to don’t forget details; during the production it evaluates in real-time the product presence, and it highlights out of place elements. Everything is always under control.

The smart functions add value to the data
A-eye clearance is not only a complete solution to speed-up and safely execute all the phases of line clearance process but is also an extraordinary tool able to elaborate all the recorded data and to give extra information/insights about your production line. It includes Business Intelligence dashboards, containing comparative and statistical analysis on different production batches. An example: changeover time of different line clearance processes can be deeply analysed in order to understand how to improve and reduce this time, increasing productivity.
At batch end, the system provides an automated QA report including detailed information for each phase and action. This increases the overall quality of the reports, that includes digital evidence of the events. Every information collected during line clearance phases is digitally recorded and can be used for customized reports. 
Web accessibility and flexibility 
The web interface can be shown on web browser on multiple devices: PC, smart display, tablet, smartphone. This allows high flexibility of use on the production lines / plants and the maximum comfort for the operator and supervisors. User access is regulated for maximum security.
Pharma specific validated system
The system is specifically designed for pharma market and is compliant with all the regulations of the pharmaceutical industry, with user access regulated by the directives of the FDA 21 CFR part 11 regulations. All events are registered in an audit trail file. Software development is Gamp 5 compliant.
Paper-less solution
All the procedures are digitalized and the needed reports are automatically filled in digital formats. This helps to reduce the quantity of paper travelling back and forth on the line, reduces the space needed for physical archives, and helps the environment.
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