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	Optimizing pharmaceutical productionMIKROTRON GmbH near Munich, Germany, develops, produces, and markets digital high-speed cameras, image processing components and high-speed recording systems for industry, research and development worldwide. 
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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. 

	[image: K:\High-Speed Videos\C_Original_Rohdateien\9 Rexam\009_1_J_0029.bmp]
	[image: K:\High-Speed Videos\C_Original_Rohdateien\9a Rexam\009_2_J_0045.bmp]

	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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Neue Software vereinfacht High-Speed Recording
Sehen, was sich dem Auge entzieht
Die neue VisualMARC Software bietet eine effiziente und intuitive Komplettlösung, mit der Anwender Hochgeschwindigkeitsvideos aufnehmen, wiedergeben und bearbeiten können. 

Hochgeschwindigkeitsvideos werden mit bis zu 200.000 Bildern pro Sekunde aufgezeichnet. In der Bewegungs- und Prozessanalyse eingesetzt helfen sie beispielweise das Abfüllen einer Injektionsspritze zu dokumentieren, 100 Etiketten pro Minute zu erfassen, die Flügelschläge einer Biene in gestochen scharfen Bildern festzuhalten oder den Golfschwung zu analysieren. Anwendung finden sie in der Fertigungs- und Prozessautomatisierung, Qualitätssicherung, in der Produktentwicklung und im Bereich Sport.
Die leistungsfähige VisualMARC Software der Mikrotron GmbH bietet einen klaren Arbeitsablauf, mit dem diese komplexen Hochgeschwindigkeitsaufnahmen durchgeführt werden. Sie wurde speziell für hohe Datenmengen, schnelle Übertragung und extremen Zeitlupen entwickelt. 
Die wesentlichen Merkmale
Zu den Highlights der Software zählt die einfache Triggereinstellung. Mit einem Klick legt der Anwender fest, wie viele Bilder jeweils vor und nach dem Trigger festgehalten werden. 
Die Wiedergabegeschwindigkeit der Videos ist frei wählbar. So kann die Drehbewegung einer Turbine 50x oder 100x langsamer abgespielt werden. 
In die Zeitleiste lassen sich Events einstellen, die beispielsweise jeden Takt einer Pressmaschine kennzeichnen und beschriften. 
Ein weiteres wichtiges Feature ist das Infofeld. Es wird als weiße Leiste in die Bilder eingestanzt und kann aus 13 verschiedenen Angaben, wie Zeitstempel, Bildrate oder Trigger Informationen, zusammengesetzt werden. 
Softwarepakete 
VisualMARC ist in zwei Versionen erhältlich. Die kostenlose Basisversion bietet alle Kamerasteuerungen für die Aufnahme und Wiedergabe. Die Advanced Version bietet viele zusätzliche Funktionen, die Aufnahme zu gestalten und einzelne Bilder und Sequenzen nachträglich zu bearbeiten. 
Kameraanbindung
Unterstützt werden die Kamerafamilien MotionBLITZ EoSens® mini1, mini2, Cube6 und Cube7. 
Weitere Informationen finden Sie hier: http://www.mikrotron.de/visualmarc 

Bild 1: VisualMARC_Screenshot_Camera-Control.jpg: 
[bookmark: _GoBack]Screenshot zu Funktionen der Kamerasteuerung. Links wird die Kamera, die  Region of Interest und der Trigger eingestellt. Das Livebild zeigt eine Flaschenabfüllanlage. Aufgenommen wird nur der Flaschenhals, um die passgenaue Koppelung der Maschine mit der Flasche zu kontrollieren. (Quelle: Mikrotron GmbH)
Bild 2: VisualMARC_Screenshot_Marker.jpg 
Screenshot zu den Einsatzmöglichkeiten der Marker. Das Video zeigt die Sitzschiene bei einem Crash Test. Die Bruchstelle wird markiert und beschriftet. (Quelle: Mikrotron GmbH)
	
	
	

	Die Mikrotron GmbH, 1976 gegründet, bietet vielfältige High-Speed-Imaging-Lösungen für anspruchsvolle Anwendungen in Industrie, Wissenschaft, Maschinenbau und Sport.
Das Unternehmen mit Sitz bei München entwickelt, produziert, vertreibt und vermietet Hochgeschwindigkeitskameras, Bildaufnahmesysteme, Software und Zubehör. Mithilfe von Zeitlupenaufnahmen optimieren Kunden ihre Fertigungsprozesse, verbessern Produktentwicklungen, gewährleisten die Einhaltung von Qualitätsstandards und untersuchen Bewegungsabläufe.
Mikrotron ist ISO:9001-zertifiziert und wurde im Jahr 2015 mit dem „Top Job“ Siegel ausgezeichnet.
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