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How high-speed imaging provides a unique approach to process optimization

Production and packaging of pharmaceutical goods has always been a challenging task. While cost constraints and efficiency requirements push the limits of production and machine speeds, the whole industry is under tight control to ensure safe and sterile medication. High-speed imaging provides an effective and reliable way to improve production and to remain compliant with global regulations of aseptic processing and packaging. 

One aspect of the production process is the packaging of powder and liquids in glass syringes, bottles and phials. Glass is a perfect material in terms of inert chemical properties and protection from environmental impacts. On fast running packaging machines, however, the material can break. Broken glass creates small glass chips that can fall into the machine and even worse into the medication. 

The medicine is of course rendered useless by this event and needs to be safely disposed. For many production lines in the pharmaceutical realm this not only means stopping the production line but effectively disposing of the complete production lot. Before restarting production a complete clean and sterilization of the machine is required. The hardest task is to prove to the authority’s supervisor that the cause has been eliminated and that it is safe to start production again. 

A straightforward approach is high-speed surveillance of critical mechanical components within the machines. Played in slow motion the high-speed videos unfold the process, millisecond by millisecond. They show exactly when and where the glass cracks and eventually breaks providing a solid starting point for comprehensible and straightforward solutions on how to restore the machines back into production. 

High-speed videos can also be put to good use before disruptions occur. The slightest production deviation can be monitored in full detail, bringing quality management to a higher level. 
Frame-Rate Requirements
High-speed is necessary wherever cycle times of less than one second make movement too fast for the human eye to perceive. High-speed refers to the number of frames per second. Movies are filmed and played at 24 fps. High-speed cameras by Mikrotron GmbH deliver between 250 and 200.000 fps. This frame rate capacity makes it possible to resolve in time even the fastest moving components in production systems. 

The automated filling of a syringe, for example, is sometimes a matter of mere 500ms. This process, however, is prone to error. Syringes are not located on the nozzles correctly and crack or break; fluid leaks coating the sides of the syringe; air voids cause spring-like compressions in the fluid forcing an extended force length; the fluid is not filled to the required height or overflows. The issues that can arise are as multiple as their causes. 
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	To ensure that the pump mechanism of the automated syringe filling machine works correctly, high-speed videos were recorded using a Mikrotron MotionBLITZ EoSens® mini1 camera. 


	Video Left: 
Frame Rate: 1,421 fps
Resolution: 1,280 x 362 px
Recording Time: XY
Video Duration: 527 ms

	Video Right:
Frame Rate: 10,654 fps
Resolution: 160 x 176 px
Recording Time: XY
Video Duration: 56 ms



Resolution Requirements
The second important feature of the system needs to be a resolution big enough to cover larger areas and still be able to differentiate the moving parts or to see the interactions clearly. Minimal errors in pick-and-place operations, for example, can lead to costly stagnation. Depending on the size of the plate springs and their quantity, the resolution requirements vary. Supervising a single 10mm small plate spring requires a resolution of XY. When, however, it is not clear which plate spring is causing the trouble and an entire row of 20 plates needs to be monitored, the required resolution is XY. 
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	Monitoring the mounting of a plastic half shell (left) requires a lower resolution than monitoring the ejection of a work piece from a compression mold (right). Both videos were captured at the Rexam Pharma GmbH in Neuenburg, Germany, using a MotionBLITZ® Cube3. 


	Video Left: 
Frame Rate: 920 fps
Resolution: 800 x 558 px
Recording Time: XY
Video Duration: 157 ms

	Video Right: 
Frame Rate: 500 fps
Resolution: 1280 x 1024 px
Recoring Time: XY
Video Duration: 267 ms




Recording Time Requirements
For real life applications the recording time is a critical factor as it cannot always be insured that a recording time of 5 to 10 seconds contains the required information or that the trigger can be applied successfully during this time. A recording loop of 15 minutes has been proven to be sufficient for most applications. In the language of high-speed imaging these types of systems are referred to as long time recorders (LTR).

As each machine or production or packaging process has some cycles which are known to be critical or have failed in the past it makes sense to install the surveillance LTR system there. The system will then constantly record the process in a loop until it is stopped by a trigger coming from the machine control or from an operator. A trigger coming from the machine control can be an empty valve detected by the machine or an automatic standstill. Alternatively an operator can stop the recording once he notices a broken ampoule or spilt syrup. Depending on the system, the MotionBlitz® LTR by Mikrotron, for example, records for up to 8 hours in a continuous loop. This constant buffer function gives the operator enough time to detect the error, perform whatever action is required and then stop the recording.

Solution Requirements
Once the video is recorded it can be visually inspected to see what caused the production error and to fix it. When at Rexam Pharma GmbH insulin syringes were damaged during filling, a high-speed recording provided clear evidence of cause and effect. The grabber was opening too early. The syringes were not positioned correctly. The video demonstrated how many milliseconds the grabber was lagging behind and the machine was reprogrammed accordingly. 

A further step is to use software to analyze motion. Motion analysis can help detect slight movements, erratic behavior and to locate discrepancies.

The findings can also be used to run an internal statistical analysis , 

The Rexam Pharma GmbH also used high-speed videos cooperate with the machine manufacturer to improve the system and to show a before/after comparison to the authorities to achieve the approval in order to ramp up production again.


Every machine can clog up and it is crucial that the reasons are found fast and are properly eliminated. A visional channel with the right parameters to enable an analysis and the ease of use in integrating options and recording time can help restart production faster and improve the yield significantly over time. 
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Mikrotron Presents Advanced Machine Vision Cameras
Mikrotron showcases its new family of high–resolution high–speed CoaXPress® cameras at the Boston Vision Show 2016: EoSens® 25CXP+ and EoSens® 12CXP+ 

Unterschleissheim, 2 May 2016  –  Mikrotron GmbH (www.mikrotron.de), worldwide leader in digital high-speed cameras, image processing components, and high-speed recording systems for industry, research and development will present its new line of extremely compact high-resolution CoaXPress® machine vision cameras at the Boston Vision Show 2016, held from 3 May to 5 May. 
EoSens® 25CXP+ and EoSens® 12CXP+ are powered by an advanced OnSemi PYTHON CMOS sensor and offer 70% more sensitivity over the previous generation of 25 Megapixel CoaXPress® cameras. The CXP+ camera models are based on a unique, robust and compact design (80 x 80 x 66 mm) and are engineered for use in rough environments. The fanless design guarantees vibration-free operation.
Both camera models have a global shutter, an extraordinary photo-sensitivity of 5.8 V/lux*s @550nm, and come with a 4-channel CXP-6 CoaXPress® V1.1 interface, transmitting data at speeds up to 25 Gigabits per second in real time.
EoSens® 25CXP+ offers 80 frames per second at 5,120 x 5,120 pixel resolution. EoSens® 12CXP+ offers 165 frames per second at 4,096 x 3,072 pixel resolution. Windowing down the image resolution further increases the frame rate up to 765 frames per second for 1,024 x 768 pixel resolution.
The high resolution of the camera models, combined with advanced image processing algorithms, give a perfect image quality and allow, for example, to capture even the smallest details of components in PCB assembly in high speed. Due to their outstanding performance and functionality, the new camera models meet the requirements for the most demanding tasks in all areas of application. They are ideally suited for all classical machine vision applications, for event analysis in research and development, and for high-speed shootings in military and aerospace.
The new CXP+ product family, as well as other Mikrotron advanced machine vision and recording cameras, will be demonstrated, together with the latest machine vision products from our sister company Tattile, at the Boston Vision Show 2016, Tattile booth #1023.
Images
mikrotron-eosens-cxp+-conformity: The EoSens® CXP+ series is GenICam and EMVA 1288 compliant, enabling easy integration into existing systems. (Copyright: Mikrotron GmbH)
mikrotron-eosens-cxp+-robotics: The EoSens® CXP+ high-speed cameras provide real-time data and live feedback to guide robots as they go through programmed sequences of operations. (Copyright: Mikrotron GmbH and iStock.com/microgen)
mikrotron-eosens-cxp+-manufacturing: The EoSens® CXP+ camera series is suited for a wide variety of machine vision applications, such as assembly verification in the automotive industry.  (Copyright: Mikrotron GmbH and iStock.com/zhuzhu)
mikrotron-eosens-cxp+-pcb-inspection: The EoSens® CXP+ offers 4,096 x 3,072 pixel resolution at 165 frames per second, capturing even the smallest details of components in PCB assembly in high speed.  (Copyright: Mikrotron GmbH and iStock.com/lizalica)
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	Mikrotron GmbH, established in 1976 and located outside Munich, Germany, provides a full range of high-speed imaging solutions for challenging applications in industry, engineering, science and sports. 
The company designs, produces, distributes and rents high-speed cameras, image recording systems, software and image processing components. Mikrotron's slow-motion recording enables customers to optimize manufacturing processes, improve product design, revolutionize quality management and analyze motion.  
Mikrotron is ISO:9001 certified and Mikrotron is ISO:9001 certified and in 2015 was awarded the "Top Job" quality seal for its excellent human resource management.
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