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				RESEARCH AT CASRA

Applied, interdisciplinary, and holistic


			

			

				
				
				
			

				
				
			

				
				
				
				
				
				
				Our research goal is to strengthen security and facilitate the flow of goods and people at airports and other environments where humans and machines interact. Our applied and interdisciplinary research is conducted in close collaboration with end users, airports, and regulators. We analyze, evaluate, and design systems using a holistic approach by taking into account interactions between humans and technology.

Our main research areas are “human factors and performance”, “human-machine interaction and systems” and “cognitive and computational modeling”. We also have a strong record of accomplishment in national and international research projects including several EU projects. We provide our knowledge to society through publications in scientific journals and by contributing to conferences and expert groups.
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				HUMAN FACTORS And Performance
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				Performance of security screening depends strongly on human factors. Important determinants are pre-employment assessment, computer-based training, certification, and operational performance measurement.


			

				
				
				HUMAN FACTORS And Performance

Despite advances in technology, aiport security officers (screeners) are still indispensable in X-ray screening of passenger bags and other items. Our research addresses key topics of human factors and performance: pre-employment assessment, computer-based training, certification and operational performance.
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				Pre-employment assessment

Our research on X-ray screening has shown that not everyone has the potential to become a good screener. With our tests for selecting screeners, we can identify persons who have the necessary abilities before employing them. In our current research, we investigate whether different visual cognitive abilities are needed when operating single, multi-view and 3D imaging for X-ray screening of passenger bags.
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				Computer-based training

Computer-based training is very important to achieve and maintain good detection performance of X-ray screeners. In our research on training effectiveness, we could show that individually adaptive training using a large and representative image library is the key to success. In current research projects, we examine training challenges and solutions for operating multi-view and 3D imaging systems.
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				Certification and operational performance

Initial and recurrent certification of screeners is mandatory in airport security screening and in other areas. Based on several years of research, we have developed computer-based tests that are reliable, valid, and standardized. We have also conducted research on operational performance measurement using covert tests and threat image projection. Current research investigates potential impacts of new screening technology on certification procedures.


			

				
				
				
See related publications



			

			

				
				
			

				
				
				
				
				
				
				Human-machine interaction and systems
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				Performance in security screening depends on humans, machines and their interaction. In our research on human-machine interaction, we examine different X-ray image display technologies (e.g. 2D vs 3D imaging), automation to support X-ray screeners, and how security checkpoints could be improved as sociotechnical systems.


			

				
				
				Human-machine interaction and systems

Performance in security screening depends on humans, machines and their interaction. In our research on human-machine interaction, we examine different X-ray image display technologies (e.g. 2D vs 3D imaging), automation to support X-ray screeners, and how security checkpoints could be improved as sociotechnical systems.
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				X-ray image display technologies

Older X-ray machines show passenger bags only as a single view. Newer technology shows bags from two different viewpoints (multi-view imaging). The most recent technology is based on computer tomography, which provides 3D rotatable images. In our research, we compare different image display technologies and provide recommendations on how to improve human-machine interaction.
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				Automated threat detection in X-ray screening

Material based automated detection of explosives is the standard in hold baggage screening and increasingly used in cabin baggage screening. Shape based automated detection of other threats (e.g. guns and knives) are becoming available. In our research on automation, we analyze how to implement such systems for increasing human-machine system performance.
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				Improvement of security checkpoints

Security checkpoints can be regarded as sociotechnical systems where humans and machines interact with each other. We analyze current checkpoints using qualitative and quantitative methods. With 3D computer simulations and large amounts of data, we explore how to improve effectiveness, efficiency, and passenger experience  in security screening.
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				Cognitive and computational modeling
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				We use cognitive and computational modeling for understanding X-ray image difficulty and visual inspection as search and decision making. In earlier research, we used cognitive and computation modeling for face recognition and scene perception.


			

				
				
				Cognitive and computational modeling

We use cognitive and computational modeling for understanding X-ray image difficulty and visual inspection as search and decision making. In earlier research, we used cognitive and computation modeling for face recognition and scene perception.
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				Automated X-ray image difficulty estimation

Prohibited items are more difficult to recognize when depicted from unusual viewpoints, when superimposed by other items and when placed in visually complex bags. We have developed algorithms that estimate image difficulty resulting from these image-based factors.
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				Visual Inspection

Visual inspection has been investigated in different areas and described as visual search and decision making. In our research, we have shown that such a two component model of visual inspection can also be applied to describe the task of X-ray screeners.
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				Processing of faces and natural scenes

Faces have different components (eyes, nose, mouth, etc.) with a specific spatial relationship (configural information). In our research, we have investigated how such information is processed in upright and inverted faces. We also investigated how people process visual information of natural scenes in order to categorize them and evaluate scene typicality.
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				Publication Database

We provide our knowledge to society through publications in scientific journals and by contributing to conferences and expert groups.
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		Human-Machine Interaction and Systems	Improvement of Security Checkpoints	Riz à Porta, R., Sterchi, Y., & Schwaninger, A.	2022	How realistic is threat image projection for X-ray baggage screening?	Sensors 2022, 1-15. 	Link
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		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Yang, J., & Schwaninger, A.	2011	Yang’s iris illusion: External contour causes length-assimilation illusions	Japanese Psychological Research, 53(1), 15-29. doi:10.1111/j.1468-5884.2010.00455.x	Link
		Cognitive and Computational Modeling	Visual Inspection	Drury, C.G., Ghylin, K.M., & Schwaninger, A	2007	Large–scale validation of a security inspection model	Proceedings of the International Conference on Contemporary Ergonomics (CE2007), 17-19 April 2007, Nottingham, UK (pp. 209-214). London: Taylor & Francis	Link
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		Human Factors and Performance	X-Ray Image Display Technologies, Automated Threat Detection in X-Ray Screening	Hättenschwiler, N., Mendes, M., & Schwaninger, A.	2019	Detecting bombs in X-ray images of hold baggage: 2D versus 3D imaging	Human Factors, 1-17. doi:10.1177/0018720818799215	Link
		Human-Machine Interaction and Systems	Improvement of Security Checkpoints	Kuhn, M.	2017	Centralised Image Processing: The Impact on Security Checkpoints	Aviation Security International, 23(5), 28-30	Link
		Human-Machine Interaction and Systems	Automated Threat Detection in X-Ray Screening	Hättenschwiler, N., Sterchi, Y., Mendes, M., & Schwaninger, A. 	2018	Automation in airport security X-ray screening of cabin baggage: Examining benefits and possible implementations of automated explosives detection	Applied Ergonomics, 72, 58-68	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Wallraven, C., Schwaninger, A., Schuhmacher, S., & Bülthoff, H.	2002	View-based recognition of faces in man and machine: Re-visiting inter-extra-ortho	2nd international Workshop on Biologically Motivated Computer Vision, Tübingen, Germany, November 22-24, 2002. Lectures Notes in Computer Science, 2525, 651-660	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Schwaninger, A., Lobmaier, J., & Collishaw, S.M.	2002	Role of featural and configural information in familiar and unfamiliar face recognition	2nd international Workshop on Biologically Motivated Computer Vision, Tübingen, Germany, November 22-24, 2002. Lectures Notes in Computer Science, 2525, 643-650	Link
		Cognitive and Computational Modeling	Visual Inspection	Schwaninger, A.	2002	Visual cognition	AIRPORT, 2002(3), 20-21	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Graf, M., Schwaninger, A., Wallraven, C., & Bülthoff, H.H.	2002	Psychophysical results from experiments on recognition & categorisation	Information Society Technologies (IST) programme, Cognitive Vision Systems - CogVis (IST-2000-29375)	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Schwaninger, A., Wallraven, C., Schuhmacher, S., & Bülthoff, H.H.	2003	News on facial views from humans and machine	Journal of Vision, 3(9), 837-837	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Schwaninger, A., Ryf, S., & Hofer, F.	2003	Configural information is processed differently in perception and recognition of faces	Vision Research, 43, 1501-1505	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Schwaninger, A., Carbon, C.C., & Leder, H. 	2003	Expert face processing: Specialization and constraints	Development of face processing (pp. 81-97). Göttingen: Hogrefe	Link
		Human Factors and Performance	Computer-Based Training	Schwaninger, A.	2003	Training of airport security screeners	AIRPORT, 2003(5), 11-13	Link
		Human Factors and Performance	Pre-Employment Assessment	Schwaninger, A.	2003	Screener evaluation and selection	AIRPORT, 2003(2), 14-15	Link
		Human Factors and Performance	Certification of Screeners	Schwaninger, A.	2003	Reliable measurements of threat detection	AIRPORT, 2003(1), 22-23	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Schwaninger, A., Wallraven, C., & Bülthoff, H.H.	2004	Computational modeling of face recognition based on psychophysical experiments	Swiss Journal of Psychology, 63(3), 207-215	Link
		Human Factors and Performance	Certification of Screeners	Schwaninger, A., Hardmeier, D., & Hofer, F.	2004	Measuring visual abilities and visual knowledge of aviation security screeners	IEEE ICCST Proceedings, 38, 258-264	Link
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		Human Factors and Performance	Computer-Based Training	Schwaninger, A., & Hofer, F.	2004	Evaluation of CBT for increasing threat detection performance in X-ray screening	The Internet Society 2004, Advances in Learning, Commerce and Security (pp. 147-156). Wessex: WIT Press	Link
		Human Factors and Performance	Computer-Based Training	Schwaninger, A.	2004	Computer based training: the enhancement of human factors	Aviation Security International, 2004(2), 31-36	Link
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		Human Factors and Performance	Certification of Screeners	Schwaninger, A., Hardmeier, D., & Hofer, F.	2005	Aviation security screeners visual abilities & visual knowledge measurement	IEEE Aerospace and Electronic Systems, 20(6), 29-35	Link
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		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Hayward, W.G., Rhodes, G., Winkler, C., & Schwaninger, A.	2005	Own-race face effects in processing of configural and component information by Chinese observers	Journal of Vision, 5(8), 534–534	Link
		Human Factors and Performance	Pre-Employment Assessment	Hardmeier, D., Hofer, F., & Schwaninger, A.	2005	The X-Ray Object Recognition Test (X-Ray ORT) – a reliable and valid instrument for measuring visual abilities needed in X-ray screening	IEEE ICCST Proceedings, 39, 189-192	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Collishaw, S.M., Hole, G.J., & Schwaninger, A.	2005	Configural processing and perceptions of head tilt	Perception, 34, 163-168	Link
		Cognitive and Computational Modeling	Processing of Faces and Natural Scenes	Vogel, J., Schwaninger, A., Wallraven, C., & Bülthoff, H.H.	2006	Categorization of natural scenes: local vs. global information	Proceedings of the 3rd Symposium on Applied Perception in Graphics and Visualization, ACM Press, New York, USA, 33-40	Link
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		Human-Machine Interaction and Systems	X-Ray Image Display Technologies	Schwaninger, A.	2006	Threat image projection: enhancing performance?	Aviation Security International, December 2006, 36-41	Link
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We have a strong record of accomplishment in national and international projects including several EU projects.
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				Target Recognition using Artificial Intelligence (TRAI)

				 

	
Description

	
The project “Target Recognition using Artificial Intelligence” (TRAI) evaluates chances and risks of AI systems for the automated detection of prohibited items in X-ray images (APIDS). Currently, first such systems are commercially available. These systems have a big potential to increase security in aviation. However, it is still unclear how well they actually perform for different threats and how the interaction between APIDS and security officers should be designed for optimal security and efficiency. TRAI aims at providing answers to these questions.


	
Co-Funding

	
Federal Office of Civil Aviation and University of Applied Sciences and Arts Northwestern Switzerland (FHNW)


	
Scope

	
Switzerland


	
Start

	
2021





			

				
				
				ROBUST RISK BASED SCREENING AND ALERT SYSTEM FOR PASSENGERS AND LUGGAGE (TRESSPASS)
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Description

	
The overall scope of TRESSPASS is to modernize the way security checks at border crossing points (BCPs) are held out. TRESSPASS imports the idea of risk based security checks and proposes an analytic framework for modelling risk as well as a systematic approach of quantifying risk, based on a set of indicators that can accurately be measured across all four tiers of the Integrated Border Management. Once these indicators are accurately estimated from available data collected from background information, sensors and applications, the risk for each traveler is reliably calculated, based on the four-tier risk management approach introduced in TRESSPASS. Based on this risk, the system then adjusts the number and types of security checks required for each traveler, congruent with the associated risk, in order to maintain a desired security level while optimizing security. Special attention is paid in maintaining a level of mutual trust between the security process and the traveler throughout the entire screening process. Extensive simulations will be used to first test the proposed approach before implementing and validating it in three different pilots covering all three modalities: land, maritime, and air. For more information see: https://www.tresspass.eu/


	
Co-Funding

	EU Horizon 2020 Programme, Grant Agreement No. 787120
	
Scope

	
Europe


	
Start

	
2018





			

				
				
				OSARP Training Study
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Description

	
Computer-based training for X-ray image interpretation is mandatory for airport security screeners and is used at airports all over the world. Current training systems are focusing mainly on visual knowledge, i.e. what objects are forbidden and how do they look in an X-ray image. A useful addition for the recognition of bombs in X-ray images of hold luggage could be so called On-Screen-Alarm-Resolution-Protocols (OSARP). In OSARP training, the screeners learn how to use certain rules for optimal X-ray image interpretation and certain heuristics for a better decision process.


	
Funding

	X-ray manufacturer, FHNW
	
Scope

	
Hold baggage screening at an international airport


	
Duration

	
2017 – 2018
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				We have a strong record of accomplishment in national and international projects including several EU projects.


			

				VIEW FULL LIST OF PROJECTS
			

				
				
				 

Selected projects:


			

				
				
				
				
				
				Threat Image Projection for Remote Cabin Baggage Screening (RCBS)
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Description

As part of the project “Threat Image Projection for Remote Cabin Baggage Screening” (RCBS) current strengths and weaknesses of different RCBS systems are evaluated based on scientific methods. Further questions are addressed either in a laboratory setting or in scientific field studies at airports and there will be improvement measures determined.

Co-Funding: Federal Office of Civil Aviation Switzerland

Scope: Switzerland

Start: 2016


			

				
				
				ROBUST RISK BASED SCREENING AND ALERT SYSTEM FOR PASSENGERS AND LUGGAGE (TRESSPASS)
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Description

The overall scope of TRESSPASS is to modernize the way security checks at border crossing points (BCPs) are held out. TRESSPASS imports the idea of risk based security checks and proposes an analytic framework for modelling risk as well as a systematic approach of quantifying risk, based on a set of indicators that can accurately be measured across all four tiers of the Integrated Border Management. Once these indicators are accurately estimated from available data collected from background information, sensors and applications, the risk for each traveler is reliably calculated, based on the four-tier risk management approach introduced in TRESSPASS. Based on this risk, the system then adjusts the number and types of security checks required for each traveler, congruent with the associated risk, in order to maintain a desired security level while optimizing security. Special attention is paid in maintaining a level of mutual trust between the security process and the traveler throughout the entire screening process. Extensive simulations will be used to first test the proposed approach before implementing and validating it in three different pilots covering all three modalities: land, maritime, and air. For more information see: https://www.tresspass.eu/

Co-Funding: EU Horizon 2020 Programme, Grant Agreement No. 787120

Scope: Europe

Start: 2018
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Description

Computer-based training for X-ray image interpretation is mandatory for airport security screeners and is used at airports all over the world. Current training systems are focusing mainly on visual knowledge, i.e. what objects are forbidden and how do they look in an X-ray image. A useful addition for the recognition of bombs in X-ray images of hold luggage could be so called On-Screen-Alarm-Resolution-Protocols (OSARP). In OSARP training, the screeners learn how to use certain rules for optimal X-ray image interpretation and certain heuristics for a better decision process.

Funding: X-ray manufacturer, FHNW

Scope: Hold baggage screening at an international airport


Duration: 2017 – 2018
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