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1. Project Execution
The Intelligent Imaging Sensors (I-ImaS) project aimed to produce an adaptive x-ray imaging system for healthcare, homeland security and industrial quality assessment. The system consists of Intelligent Imaging Sensors, combined with state-of-the-art in digital radiographic imaging with a unique feedback mechanism which is able to optimise the image acquisition procedure for a given set of dose and time constraints. The ability of these sensors to carry out on-line data processing gives rise to adaptive imaging, i.e. the ability to alter the exposure settings on a region-by-region basis in order to optimally extract important diagnostic information from suspicious areas of the object under study. In this project application of the I-ImaS technology has been focused on mammography and dental radiology; these areas correspond well to the strengths of the consortium. 
WHY MAMMOGRAPHY? - Breast cancer is the cause of death of almost 130000 women in Europe each year (28% of total female cancers). Nearly one cancer in eight is breast cancer in the European Zone. An improvement on conventional mammography techniques will lead to superior early breast cancer detection, resulting in increased survival rates.
WHY DENTAL IMAGING? - Dental radiography is a proven technique for the detection of pathology in the hard tissues of the maxillofacial structures (bones, teeth). Optimal Contrast is strongly dependant on imaging task (caries detection requires high contrast whereas bone defects require low contrast). Adaptive imaging would therefore allow both imaging tasks to be carried out simultaneously.
Mammographic imaging was chosen as, although current x-ray mammography techniques are good, there could be improvements made which would lead to superior early breast cancer detection, resulting in increased survival rates.

Dental radiography also exhibits areas where improvement could be made, specifically when imaging hard and soft tissues simultaneously, where both tissues must be seen with sufficient contrast to observe areas of interest such as caries and bone defects.

The I-ImaS system differs from conventional imaging systems in that, rather than uniformly exposing and acquiring the image, it instead optimizes the exposure conditions at all points in the object and redistributes the dose to the most suspicious regions for contrast enhancement using a dual line scan technique.  To this end, the system is unique and has recently been patented.
The work was carried out by a team of radiologists, physicists, engineers and computer scientist from 9 different institutions.
1.1
Project Objectives 
The overall aim of the I-ImaS consortium was to design and develop intelligent imaging sensors and evaluate their use within an adaptive imaging system.  There were eight objectives, described below, to be met on the way to achieving this goal.  The first three objectives were completed in the first year of the project; objective 4 was finished during the second year of the project, and the end of the final reporting period saw the completion of the remaining four objectives.
	Objective
	Comments

	1
	Identifying the requirements for an intelligent imaging system.
	Achieved through the use of a European wide survey of end users

	2
	Isolating the features/statistics that identify pathology in mammographic and dental images
	Achieved through the creation of a well characterised image database and subsequent analysis of the images using both local and global operators

	3
	Translation of the results of the above objectives into code that could be incorporated into a new APS
	Achieved by splitting the processing between hard-wired on-chip facilities and an FPGA within the DAQ system.

	4
	Design and simulation of the I-ImaS sensor based upon the output of objective 3.
	The chip was split into an analogue front end and a digital back end. Two versions of the front end were produced in order to assess different approaches.

	5
	Manufacture and test the I-ImaS sensors
	The I-ImaS chips were produced in the second year of the project.  These were fully tested before selection of the best ones which then underwent scintillator attachment in order to achieve x-ray sensitivity suitable for a medical x-ray imaging system.

	6
	Design and build a suitable DAQ system
	Two DAQ cards were built; a single sensor version for I-ImaS sensor evaluation and a highly complex, multi-sensor card for the prototype I-ImaS system.  The latter was delivered towards the end of year three hence limiting some of the work towards objective 8.

	7
	Design and build an I-ImaS imaging system based on the new sensors
	A full prototype system was built, creating a dual line scan real time adaptive imaging system.

	8
	Evaluation of the I-ImaS system
	A non-ROC evaluation of the capabilities of an intelligent imaging system was carried out for mammographic and dental imaging.


Table 1: Summary of the eight I-ImaS objectives.
1.1.1 Objective 1 – Identifying the requirements for an intelligent imaging system
This objective was met through the work carried out as WP2 of the project.  An end user survey was conducted in order to identify the characteristics of ideal imaging systems for mammography and dental imaging in the eyes of the end-users: radiographers, radiologists, clinical scientists and medical physicists.  The analysis of the survey allowed this objective to be fully met, giving conclusions to be fed into work towards all following objectives.
1.1.2 Objective 2 – Isolating the features/statistics that identify pathology in mammographic and dental images
WP3 of the project focussed on the achievement of objectives 2 and 3.  A database of mammographic and dental images was obtained and then analysis performed on these images in order to assess the statistical parameters which distinguish areas of interest from the ‘normal’ background image within these radiographs.  The aim was not to make a diagnostic decision but more to identify regions in the object that warranted an enhanced investigation. Only relatively simple statistical measures on the recorded data need be considered as complicated data analysis could not be implemented in the real-time analysis technologies available to the consortium for construction of the system.  This objective was met within the scope and needs of this project.
1.1.3 Objective 3 – Translation of the results of the above objectives (1 & 2) into code that can be incorporated into a new APS
Objectives 2 and 3 were very closely related in terms of the expertise required to produce the results.  A satisfactory group of statistics for identification of interesting regions in the images were identified and these were then transformed into steering algorithms, i.e., computer code that controlled how the imaging system should adapt in order to enhance image recording when a suspicious region had been identified.  These algorithms were fully evaluated off-line and installed for on-line use in the FPGAs supporting the I-ImaS sensors. Due to time constraints, on-line use of the algorithms underwent limited evaluation. The results from objectives 1 & 2 were translated into steering algorithm code and thus this objective was principally achieved.
1.1.4 Objective 4 – Design and simulation of the I-ImaS sensor based upon the output of objective 3
The design effort of the sensors was managed under WP4.  This was completed satisfactorily during the second year of the project, with two sets of full device specifications sent to the silicon foundry and the devices being delivered to the consortium at the mid-point of the project.  Two versions of the I-ImaS sensor, with different approaches in critical parts of the design were produced for evaluation; one designed by CCLRC and one designed by SINTEF. This objective was fully met.
1.1.5 Objective 5 – Manufacture and testing of the I-ImaS sensors
The two sets of sensors (CCLRC and SINTEF designs) were manufactured by the mid-point of the project and electrical, optical and x-ray testing began.  This testing, originally scheduled to end in the second year of the project, extended into the third year.  The results of the testing formed the deliverables for WP6. During the testing phases it was clear that the CCLRC designed sensor gave superior performance and hence it was adopted for the I-ImaS system. This objective was fully met.
1.1.6 Objective 6 – Design and build a suitable DAQ system
This objective relates to WP7 of the project.  An I-ImaS DAQ system – the IDAQ – was designed during the second and third project reporting periods.  This objective was achieved in two stages: firstly a board capable of supporting a single sensor and secondly a fully functional, multi-sensor card for incorporation the I-ImaS prototype. The first card was delivered in the second year and enabled a full evaluation of sensors and a simulation of the I-ImaS system using a single sensor. The second card, due to its complexity, arrived late in the third year and thus limited the time it could be used for evaluation. This objective has been reached in terms of a suitable DAQ hardware being designed and built; however the accompanying firmware for this hardware requires further implementation in order to reach a fully functional on-line I-ImaS system.
1.1.7 Objective 7 – Design and build an I-ImaS imaging system based on the new sensors
Adaptive imaging requires that the exposure conditions are altered in real-time in response to the steering algorithm commands from the I-ImaS sensor. To achieve this with a single X-ray source required the beam to be split into two separate fan beams that scanned the object. The first beam was used to analyse the content of the object being imaged (scout beam) and the second beam modulated, through the steering algorithm, to provide the enhanced imaging conditions (I-ImaS beam). Modulation of the beam was achieved via an array of variable attenuation filters that rapidly responded to the local conditions (Figure 3).  At each scan point the beam filters move to a position calculated according to the control data derived from the scout view. Communication of these controls to the micro-positioners holding the filters is done via the IDAQ with verification via full data-logging and system-wide feedback (figure 4).  All components for the system were built and tested and this onbjective was fully met.



1.1.8 Objective 8 – Evaluation of the I-ImaS system
Evaluation of the I-ImaS concept has been undertaken at two levels. Firstly the individual sensor performances have been evaluated and images created to demonstrate the image quality that can be obtained. Secondly the performance of the system to create I-ImaS images, i.e., images that have had adapted exposure conditions applied, has been evaluated using both DAQ systems. Due to limited time available to use the full, multi-sensor IDAQ card, real-time I-ImaS images have not been created. However, despite this it has been possible to compare I-ImaS images created off-line with conventional images. Significant dose savings for equivalent diagnostic information has been shown in these images. This objective has been met but further work is continuing by several partners to establish the full potential of the final I-ImaS system.


Figure 5: The I-ImaS system showing the wedge filters and the sensor array mounted on the IDAQ card
1.2 Contractors involved


The consortium consisted of nine partners(see Table 2). Expertise in radiology, sensor design, X-ray physics, digital electronics, micro-mechanics and medical image computing was provided by six university departments, two research centres and one SME.
	
	Contractor
	Abbreviation
	Expertise
	Project Responsibilities

	1
	University College London
	UCL
	Ionising radiation detection and imaging
	Coordinator + WP2 & 8 leader

	2
	Academic Centre for Dentistry, Amsterdam
	ACTA
	Dental radiology
	WP5 leader

	3
	ANCO S.A.
	ANCO
	Mechanical design
	WP9 & 11 leader

	4
	Council of the Central Laboratory of the Research Councils
	CCLRC (STFC)
	CMOS sensor design
	WP4 leader

	5
	Research Academic Computer Technology Institute
	CTI
	Image analysis and processing
	WP3 leader

	6
	Imperial College of Science, Technology and Medicine
	IC
	DAQ design
	WP7 leader

	7
	Stiftelsen for industriell og teknisk forskning ved Norges Tekniske Hogskole
	SINTEF
	Digital electronics and image analysis
	WP6 leader

	8
	University of Ioannina
	UoI
	DAQ & communications
	

	9
	University of Trieste
	UoT
	Imaging & evaluation
	WP 10 leader


Table 2: The nine partners in the I-ImaS consortium showing their expertise and responsibilities
1.3 Work performed, methodologies and approaches employed
The work for the I-ImaS project fitted into three phases: system design, system manufacture and system testing.  The tasks for the project were grouped into Workpackages, each of which effectively grouped together tasks relating to a specific area of the system; thus certain WPs cover all three phases of the project. WP1 oversaw the project coordination and management and WP11, the dissemination and exploitation aspects relating to the project.  WPs 2, 4 and 5 relate solely to the design phase and WP10 to the testing phase imaging. However WPs 3, 6, 7, 8 and 9 cover aspects of design, manufacture and testing.

A Gantt chart indicating the distribution of effort and the interplay between the WPs is shown on the previous page.  The red lines indicate the project status at the end of the first and second years.  The green areas indicate work that continued into the third reporting period, despite originally being timetabled for completion before the commencement of the final period.
1.3.1 Phase 1 – System design
In order to create an intelligent imaging system, the basic requirements for such a system that would be considered ‘perfect’ or ‘optimal’ by the end-users needed to be ascertained by the project partners.  This was done by means of administering a survey of end-users, the results of which were used as the basic design criteria for the system designs. All consortium members participated in ensuring that all areas of end-users were covered. Approximately 500 survey forms were distributed throughout Europe to radiologists, radiographers and clinical scientists. 100 forms were returned and analysed. 
The key result of the survey identified non-optimal contrast resolution in important parts of the image to be the limiting factor in current diagnostic x-ray procedures. Therefore the I-ImaS system was designed such that it would search the imaged site for potentially suspicious regions and then adapt the exposure and acquisition parameters in order to observe that region more clearly. A further important result was the desire to maintain dose levels at current values or lower. The combination of these requirements meant that radiation dose needed to be redistributed; more dose in poorly defined, suspicious areas, less in other areas.  With this criterion in mind, the consortium set to designing the system, with experts in specific areas taking responsibility for those areas: CCLRC and SINTEF for sensor design; SINTEF and CTI for system ‘intelligence’; IC and UoI for DAQ and electronic communications design; ANCO for mechanical component design, and UCL, ACTA and UoT – the end user oriented partners holding responsibility for the geometry and imaging parameter decision making processes.  Inter- and intra- group communication played a highly important part of the design process in order to ensure that all individual component designs were compatible with each other for ease of system construction further into the project.  This communication continued throughout the project, facilitated by phone meetings, physical meetings, regular e mail contact highlighting schedules, short term visits between partner laboratories and interim reports from all partners where necessary. The major achievements were:
· A end-user led design for an intelligent imaging system was developed

· A 1.5D sensor with data processing capability off-chip on FPGAs

· A dual-beam scanning design enabling beam modulation via micro-mechanical positioning of beam filters
1.3.2 Phase 2 – System manufacture
System manufacture began at the latter part of the first year of the project, with orders being placed with suppliers and designs for system components being sent to sub-contracted manufacturers.  At this point project timescales became reliant on external suppliers, some of which did not deliver according to their original quoted schedules.  Sensors were manufactured on time but scintillators arrived 3 months late thus making X-ray tests later than planned. This delay was not a problem. All the mechanical components for beam control and system scanning were integrated by one partner and were delivered on-time. The single sensor test-DAQ was developed on-time and enabled optical and X-ray tests of the sensors and simulation of the full I-ImaS system to be completed early in the third year. However, a major delay was experienced with the full-system DAQ , the IDAQ. This highly complex DAQ for the full I-ImaS system, capable of simultaneous data collection from up to 20 sensors along with real-time implementation of the system intelligence, was delayed by at least three months. This delay required additional effort by the partners involved in this task to ensure the full IDAQ system was available by the closing stages of the project. Despite this, the full system integration commenced later in the third year of the project than originally anticipated.  The integration of many individual components (scintillators, sensors, DAQ, mechanical control, PC GUI, x-ray tube, beam modulation system) is a significant task; nevertheless, groundwork regarding the communications between every component of the system was carried out by the consortium throughout the second year of the project, and thus the physical integration of components when they were delivered to one site became straight forward. The major achievements were:
· Sensors with X-ray imaging performance exceeding current clinical requirements

· A state-of-the-art DAQ system with intelligent feedback for X-ray control

· An X-ray beam modulation and scanning system with sub-pixel resolution

· A patent to protect the I-ImaS IPR
1.3.3 Phase 3 – System testing
Individual system components were tested at the time of their delivery to the consortium in order to ensure their conformance and reliability.  In the case of the system sensors, many sensors were produced in the CMOS engineering production run and thus these were tested in order to select those with the best possible performance for use in the system.
The late delivery of some of the system components, and thus the late system integration, reduced the time available for the full system testing and fine-tuning. This problem was mitigated by the use of the single sensor DAQ to both test sensors and to simulate the full I-ImaS system, albeit with off-line intelligence.  These tests demonstrated that all design criteria had been met in terms of image recording and that I-ImaS images could be created. Matching individual sensor images into a fully stitched, high quality image was a further requirement for system evaluation. Use of the single sensor and multi-sensor DAQ systems for I-ImaS system evaluation took place took place in the last three months of the project. A considerable increase in project effort by those partners involved in evaluation was required at the tail end of the project. The major achievements were:
· A fully integrated I-ImaS system

· Sets of conventional and I-ImaS images created for a range of phantoms and tissues

1.4 End results

The project results have all constituted project deliverables.  The principal results are:

1.4.1 End User Survey
This was completed in the first year of the project and constituted Deliverable 6.  Results have also been published in the Journal of Dentomaxillofacial Radiology and the proceedings of the 2004 IEEE Nuclear Science Symposium and Medical Imaging Conference.
1.4.2 Full system and sensor design
The system and sensor designs formed Deliverables 13 and 14.  Details of each have since been published, and the system design is covered by a U.S. Patent.  The know-how gained by all members of the consortium during the design and planning phase of the project will be invaluable in future work.
1.4.3 IDAQ
The IDAQ is a custom-built Data Acquisition system for the I-ImaS project.  Its design specifics formed Deliverable 22 and the DAQ itself, Deliverable 23.  It is capable of obtaining data from 20 sensors simultaneously, whilst applying basic statistical processing of the data from 10 of the sensors, before passing these results through a steering algorithm and sending the results of this to the mechanical control systems for the I-ImaS system.  The ability to complete all these processes means that the IDAQ is a highly complicated, large electronics card which required significant  effort in the design and testing phases.  The production of this cutting-edge technology, which will find many uses in further applications, has given the entire consortium a deep insight into DAQ design and manufacture processes.
1.4.4 Beam modulation/movement system
The intelligence built into the I-ImaS system works to modulate the x-ray beam incident on the second row of sensors in a dual-line-scan radiography set-up.  This modulation is carried out by placing custom made step-wedges into the x-ray beam to attenuate its intensity by nominal values of 20, 40, 60, 80 and 100%.  Each step-wedge covers the area of a single I-ImaS sensor, and thus, especially in a divergent beam geometry, the alignment of the system’s mechanical components becomes integral to the data quality obtainable with the system.  The main design restriction placed upon this system was the ability to scan across an entire breast section in just a few seconds using a step-and-shoot approach.  This has been achieved by using state-of-the-art piezoceramic actuator technology, producing a system with microsecond and nanometre precision.
1.4.5 Intelligence algorithms
The integral premise of this project was to create an imaging system with internal feedback that would change the acquisition parameters across an image as that image is formed, thus creating on-the-fly regional automatic exposure control.  In order to do this, the statistical parameters in mammographic and dental images that are associated with regions where the exposure needs to be tailored to were analysed through use of an image database.  A short list of appropriate statistical measures for the two imaging modalities was drawn up and a detailed analysis made (Deliverables 8 & 9).  The prime candidates for the statistical measures were then used as the inputs into the system’s intelligence – a steering algorithm which outputs ideal attenuation levels to the mechanical step-wedge control system.  These algorithms were developed early in year two, kept under constant review as knowledge about the system was obtained and concluded towards the end of the project. Papers from this work have been accepted for presentation at conferences during 2007 and 2008.
1.4.6 Full I-ImaS system
The full system combines the scintillator coupled sensors, IDAQ, intelligence algorithms, mechanical systems and a user PC into one package forming an x-ray imaging system capable of real-time on-the-fly regional adaptive exposure control.  This laboratory prototype system was completed in the latter stages of the project, protected by a U.S. Patent, and then introduced to U.K. based end-users and industry in a project Open Day on 21st May 2007.
1.4.7 Test tools
A novel imaging system requires novel test tools in order to calibrate the system and assess its long-term stability.  This system creates unique problems associated with the tiling of sensors to form a continuous strip detector and also in terms of the assessment of the accuracy of intelligence implementation.  Therefore a range of tools have been designed for calibration, registration and alignment purposes and, more specifically, a unique phantom has been designed which will assess the intelligence implementation within the system. These phantoms form Deliverable 29 and have been presented at conferences during 2007.
1.4.8 I-ImaS images from the system evaluation
Evaluation of the I-ImaS system was carried out in several stages with the majority of the work taking place in spring 2007. Figure 8 shows typical conventional images of the two tissue types considered in the I-ImaS project. These images are made up of a set of individual sensor frames stitched together to form the full image as shown. The definition and quality are equivalent to current imaging standards. 

I-ImaS images, those including adaptive processing, were formed of a range of breast tissue and dental samples and x-ray imaging test objects. Figures 9,10 & 11 show typical examples of I-ImaS images compared to their equivalent image taken in a conventional mode. With each I-ImaS image the dose map indicates how the steering algorithm has chosen to distribute the exposure to ensure maximum enhancement of features within the tissue samples.
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Figure 9: A comparison between conventional and I-ImaS image of a breast tissue sample. The I-ImaS image was created with a 5% increase in total absorbed dose but subtle features difficult to see in the conventional image are enhanced in the I-ImaS image. In the dose map white areas indicate high exposure and black low exposure.
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Figure 10: A comparison between conventional and I-ImaS image of a jaw tissue sample. The I-ImaS image was created with a 25% reduction in total absorbed dose but the diagnostic information of the conventional image is still retained in the I-ImaS image. In the dose map white areas indicate high exposure and black low exposure.
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Figure 11: A comparison between conventional and I-ImaS image of a breast tissue sample. The I-ImaS image was created with a 35% reduction in total absorbed dose. The diagnostic information in this particular example remains unchanged. In the dose map white areas indicate high exposure and black low exposure.

It can be seen that the flexibility of the I-ImaS technology allows different trade-offs between image quality, total dose and dose distribution to be used. Although outside the scope of the I-ImaS project, the consortium partners will continue to investigate how these trade-offs should be used.
1.5
Impact of results on the state of the art and research sectors.

During the lifetime of the I-ImaS project there has been no commercial development in adaptive X-ray imaging beyond that seen at the project conception aside from literature on a line-scan system that is capable of modification of the line-scan speed dependent on image statistics.  The use of CMOS APS sensors in medical x-ray detectors is still a highly original concept.  Therefore it can be concluded that the I-ImaS system and principle is at the forefront of medical diagnostic imaging and has taken the state-of-the-art a step forward.

The individual components of the I-ImaS system have all been designed to the top end of industry standards, with the IDAQ especially being a cutting edge achievement with respect to its capabilities and sheer size.  Therefore, all components have the long term potential to be of great use in their respective research areas.

2. Dissemination and Use

The I-ImaS consortium is currently in discussion with a subsidiary company of UCL, UCL Business Ltd, regarding the continuation of the exploitation of the results of this project, namely the full I-ImaS system.  The system is covered by U.S. patent and representatives from industry have shown preliminary interest in the technology. The Open Day held at UCL in May 2007 created interest from at least three commercial companies that are currently being pursued by UCL Business Ltd.
Continued use of the I-ImaS system will be made for further research activities at several of the laboratories in the consortium. The developments in sensor technology, data acquisition and adaptive control will lead to further research applications and assist in other currently funded projects.
3.1
Publications for dissemination
All publishable results from the project are available on the project website at 
www.i-imas.ucl.ac.uk
There is a public access site containing the following information;

· An overview of the project

· The project consortium

· EU funding information

· Downloadable list of publications

· Downloadable flyer and presentation for Open Day (May 2007).

A list of all publications and disclosures relating to the I-ImaS project is given in the table below:

	Title
	Type
	Primary Author
	Place Published
	Date Published

	The I-ImaS Project. End-User Driven Specifications for the Design of a Novel Digital Medical Imaging System.
	Poster & proceedings paper
	A. Galbiati, UCL
	IEEE NSS & MIC – International scientific conference in Rome
	October 2004

	I-ImaS End User Survey
	Conference Poster Handout
	A. Galbiati, UCL
	IEEE NSS & MIC 2004
	October 2004

	End-user survey of Digital Sensor Characteristics.  A Questionnaire Study
	Conference Paper
	G. Li, ACTA
	Journal of Dental Research
	May 2005

	CMOS Active Pixel Sensors: design for scientific applications
	Abstract
	R Turchetta, CCLRC
	Unknown
	May 2005

	A 1.5D sensor for high resolution scanning
	Powerpoint presentation
	A. Fant, CCLRC
	RAL Microelectronics Open Day
	28th June 2005

	I-IMAS: a 1.5D sensor for high resolution scanning
	Poster and abstract
	A. Fant, CCLRC
	PSD7 – Scientific conference in Liverpool
	September 2005

	I-ImaS – Giving Medicine A Better Image
	Colour Flyer
	UCL
	CER 2005 – European Union Conference in Brussels, open to public
	November 2005

	IDAQ – Intelligent Data Acquisition
	Colour Flyer
	IC
	CER 2005
	November 2005

	I-ImaS Intelligent Imaging Sensors
	Poster
	J. Leaver, IC
	SET poster competition at House of Commons
	November 2005

	Advanced Data Acquisition For Intelligent Imaging Applications
	Abstract
	J. Leaver, IC
	SET poster competition at House of Commons
	November 2005

	I-ImaS Intelligent Imaging Sensors
	Powerpoint presentation
	M. Metaxas, UCL
	CER 2005
	November 2005

	End-user survey for digital sensor characteristics: a pilot questionnaire study
	Journal paper
	G. Li, ACTA
	Dentomaxillofaci-al Radiology
	May 2006

	Preliminary Results From The I-ImaS Project
	Presentation & abstract
	J. Griffiths, UCL
	UKRC 2006
	May 2006

	Intelligent Imaging Sensors:

System development and preliminary results

	Abstract & paper distributed in conference pack
	R. Longo, UoT
	IWDM 2006
	June 2006

	CMOS Monolithic Active Pixel Sensors (MAPS): development and future outlook
	Conference presentation
	R Turchetta, CCLRC
	15th International Workshop on Vertex Detectors
	September 2006

	Adaptive Imaging Using the I-ImaS X-Ray Imaging System
	Oral presentation & conference proceedings
	M. Noy, IC
	IEEE NSS & MIC
	November 2006

	A Multi-Element Detector System fof Intelligent Imaging: I-ImaS
	Poster presentation & conference proceedings
	J. Griffiths, UCL
	IEEE NSS & MIC
	November 2006

	I-IMAS: A 1.5D sensor for high-resolution scanning
	Journal paper
	A. Fant, CCLRC
	Nucl. Instr. Meth. Res. A
	January 2007

	A Scanning System For Intelligent Imaging: I-ImaS
	Conference presentation & paper
	R. Longo, UoT
	SPIE Medical Imaging Conference
	February 2007

	I-ImaS: Intelligent Imaging Sensors
	Presentation
	R. Speller, UCL
	Open Day presentation, available on project website.
	May 2007

	I-ImaS: Intelligent Imaging Sensors
	Flyer
	J. Griffiths, UCL
	Open Day and project website
	May 2007

	A 1 ½D CMOS Image Sensor for X-ray imaging
	Conference presentation & paper
	R. Turchetta, CCLRC
	2007 International Image Sensor Workshop
	June 2007

	CMOS Monolithic Active Pixel Sensors (MAPS): developments and future outlook
	Journal paper
	R. Turchetta, CCLRC
	Nucl. Instr. Meth. Phys. Res. A
	Submitted September 2006

	Adaptive Image content-based exposure control for scanning applications in radiography
	Conference presentation & proceedings
	H. Schlerud, SINTEF
	ACIVS and Lecture Notes in Computer Science
	To be presented August 2007

	Preliminary images for an adaptive imaging system
	Conference paper
	R. Longo, UoT
	EFOMP Congress and Physica Medica
	To be presented September 2007

	A Multi-Element Detector System for Intelligent Imaging: I-ImaS
	Journal paper
	J. Griffiths, UCL
	IEEE Trans. Nucl. Sci.
	To be submitted August 2007


3.2
Publishable results from the final project plan for using and disseminating knowledge
The single fully protected result from this project is the complete prototype I-ImaS imaging system.  Some results, due to their nature as software etc can not be protected, and are therefore also publishable.

3.2.1
An intelligent x-ray imaging system utilising a dual beam scan in conjunction with step wedge filters for modulation of the trailing beam using feedback from the first beam

Description of result
A prototype I-ImaS imaging system has been constructed for mammographic and dental imaging.  The system operates in line-scan step-and-shoot mode to apply ‘intelligence’ algorithms to data gleaned from an image taken using a first (scout) x-ray beam.  This then dynamically modifies the x-ray beam imaged by the second (I-ImaS) sensor.  The modification of this beam is realised by the utilisation of a dynamic, variable thickness beam filtration system based on  Aluminium and Perspex composite step filters that can be moved across the beam in real-time to provide five different levels of attenuation.  The main advantage that this result offers in comparison to current imaging systems is the unique possibility of region specific optimisation of the image acquisition parameters in real-time in order to gain the best possible image of an object for any given does constraints.
 Possible market applications
The currently designed prototype system has been aimed at dental imaging and mammography.  Both are areas of diagnostic radiography where it is considered that there is room for improvement in terms of image contrast and quality.  The I-ImaS system offers this capability.  Alternatively, only minor modifications to the design would be required to tailor the system to either security or industrial imaging applications.

Stage of development

This project has developed a laboratory prototype intelligent imaging system which is capable of showing proof of principle.  In order to take the concepts to their final fully clinical setting, the next stage of development would be to create pre-clinical trial versions of the system.

Collaborations sought/offered


During the second year of the project, Cefla Dentale, an Italian dental equipment manufacturing firm approached the I-ImaS consortium enquiring about the project.  The company decided that at its current level of development, the I-ImaS system would not be immediately suitable for them to take on, however they have remained in contact with the consortium and are interested in future results from the system.

The consortium has sought input from the major radiology equipment manufacturers in Europe and Philips Medical have recently made enquiries following the successful Open Day held by the project consortium in May 2007.

Collaborator details

The I-ImaS project has now reached a stage of development where a prototype proof of principle system is available.  In order to take this further, collaboration partners in the field of diagnostic radiology, especially mammographic or dental imaging, are required.  It is hoped that these partners could provide the necessary support to take I-ImaS to a pre-clinical prototype, with a view to finally marketing the I-ImaS systems to the healthcare arena.

Intellectual property rights granted or published


The I-ImaS consortium filed a patent covering the design of and principles behind the system in May 2007.

Contact details

For further information, the contact is the project coordinator:

Professor Robert Speller

Department of Medical Physics and Bioengineering

University College London

U.K.
3.2.2
Knowledge requirements leading to design of an imaging system
Description of result
A Europe-wide end-user survey was carried out during this project.  The survey, which was available in both paper and electronic format, was completed by radiographers, radiologists and medical physicists.  The aim of this survey was to obtain a true picture of the requirements that the end-users of the medical x-ray imaging system feel are important in aiding diagnosis.  The results of this survey were then taken into account when designing the I-ImaS imaging system.  The knowledge and experience in system design gained by the consortium offers an insight into useful imaging equipment design.
 Possible market applications
The I-ImaS consortium see the main market application of this result as either basic consultancy on imaging system design, or in the creation of a piece of software to aid suitable imaging system designs for those with less experience.

Stage of development

The consortium has the knowhow and knowledge in this area, however this has not yet been exploited as consultancy or in the design of suitable design software.

Collaborations sought/offered

No specific collaborations have emerged in the duration of the project.

Collaborator details

The ideal collaborators for this work would be those which require detailed knowledge on imaging system design and construction for mammographic and dental imaging with the views of the end-users in mind. 
Intellectual property rights granted or published


The results of this survey have been published by the consortium.
Contact details

For further information, the contact is the project coordinator:

Professor Robert Speller

Department of Medical Physics and Bioengineering

University College London

U.K.

3.2.3
System for performing content based on-line image analysis and image stitching and reconstruction

Description of result
Work has been carried out to analyse the textural features present in mammographic and dental images that can be assigned to areas of an image requiring further inspection.  Much knowledge has hence been gained by the project consortium on textural feature functions and combination schemes for designing on-line image processing related to automated image quality assessment for medical images, along with experience of designing a closed-loop control module for on-line beam regulation and dynamic modulation.
In conjunction with this work, the final I-ImaS images are formed from a series of images obtained from small sensors.  These must be both spatially stitched together, as well as the scout and I-ImaS row images being combined.
 Possible market applications
The algorithms developed for this work are easily transferable to general imaging applications, including those that may wish to include automated mechanisms for lesion and suspicious area identification.
Stage of development

Work for the intelligence based algorithms has been specifically tailored to mammographic and dental images thus far.  The image reconstruction and stitching algorithms can be used for any tiled detector system.
Collaborations sought/offered

No specific collaborations have been made or sought
Collaborator details

Collaborators would be in the imaging industry and seeking solutions for image regulation and stitching with an emphasis on final image contrast and quality.

Intellectual property rights granted or published

The specific results used in the prototype I-ImaS imaging system are covered in the system’s patent.
Contact details

For further information, the contact is the project coordinator:

Professor Robert Speller

Department of Medical Physics and Bioengineering

University College London

U.K.

3.2.4
IDAQ: FPGA based, highly configurable digital electronics board

Description of result
The IDAQ is a state-of-the-art highly configurable electronics board designed specifically for this project.  It is a potentially general purpose board for electronic acquisition of digital data with online basic analysis and feedback.
 Possible market applications
The board will be mainly of interest to the scientific community.
Stage of development

The consortium 
Collaborations sought/offered

The board has been designed and three have been manufactured.  Testing has indicated certain reliability issues regarding the quality of these first boards, but these are expected to be significantly reduced with any further manufacture.
Collaborator details

The board would be most suitable to those seeking configurable DAQ systems.

Intellectual property rights granted or published


Electronics boards are not patentable, but are covered by copyright.
Contact details

For further information, the contact is: 

Professor Geoff Hall

High Energy Physics Group

Blackett Laboratory

Imperial College

U.K.

3.2.5
The motion Control System

Description of result
A bespoke motion control system with hardware components from selected commercial companies controlled by a software interface designed by ANCO.
Possible market applications
The construction of bespoke highly precise systems will appeal to x-ray imaging manufacturers, image acquisition equipment specialists and the metal/plastics industries.
Stage of development

A bespoke system was designed and constructed for the I-ImaS system.  During this the consortium gained significant knowhow into the procedures and consideration involved, as well as becoming knowledgeable about the current state-of-the-art technologies and their commercial availability.
Collaborations sought/offered

No specific collaborations are sought.  The project’s industrial partner, ANCO, are interested in making and marketing these systems.
Collaborator details

ANCO would be the prime collaborator in this circumstance.

Intellectual property rights granted or published


This result is not protected and consists of experience and knowhow.

Contact details

For further information, the contact is: 

Dr Fotis Psomadellis

ANCO S.A.

Athens

Greece.

Figure 12: Commercial interest being shown at the I-ImaS Open Day in May 2007





Figure � SEQ Figure \* ARABIC �8�: Conventional images of  the lower jaw and a breast tissue sample created using the I-ImaS sensors.





Figure � SEQ Figure \* ARABIC �7�: I-ImaS system at the Open Day





Figure � SEQ Figure \* ARABIC �6�: Gantt chart showing the work performed and when it was undertaken





Figure � SEQ Figure \* ARABIC �4�: Feedback loop between sensor array and X-ray beam modulation





Figure � SEQ Figure \* ARABIC �3�: Micro-positioners and wedge filters of the I-ImaS beam





Figure � SEQ Figure \* ARABIC �2�: The multi-sensor DAQ card





Figure � SEQ Figure \* ARABIC �1�: CCLRC sensor with a scintillator bonded on top
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