header for SPIE use 


Structural Integrity Inspection and Monitoring By Magnetooptic Sensors

Martin J. Dudziak


Silicon Dominion Computing, Inc. 

ABSTRACT

Non-destructive testing for cracks, fissures, fatigue stress, and corrosion has been demonstrated using eddy-current induced magnetic fields measurable by sensors with Faraday magneto-optic properties.  A novel class of such sensors has been developed, the MODE sensor, using Fe-Ga thin-films of the general form (R, Bi)3 (M, Fe)5012 with R= (Y, Lu, Tm, or other rare earth ions) and M = Ga or Al.  These films are characterized by very high uniaxial anisotropic field, Faraday rotation, absorption coefficient, and MO figure of merit, significantly improving sensitivity over previous thin film compositions.  These properties enable their use in highly compact portable or remotely operated devices and requiring either no eddy current or else brief microbursts of electric current rather than lengthy application of steady current in order to induce magnetic fields within observed structures.  A portable system for the testing of bridge structural components, fuel tanks, gas cylinders, and other metallic structures has been designed.  This apparatus makes use of a compact portable (wearable) computer into which video output from the MODE sensor unit received.  Using a conventional software interface the operator is able to view the sample structure in real time and to apply an array of image processing refinement techniques for improving the resolution of the image.  Images may be stored as a constant video stream or as a set of individual snapshots.  Additional features that enhance the utility of the system for mobile inspection tasks are discussed.  These include the incorporation of a pattern recognition training algorithm and library for operator-enhanced identification of structural defects and condition assessments, as well as the broadcast of image and location data via wireless link to a central server for distribution to consulting engineers and for access of Microstation-type CAD files via a web browser interface.

Keywords: Magneto-optics, sensing, bridge, structure, inspection, integrity, materials, defect, stress, non-destructive testing

1. INTRODUCTION

One of the barriers to the widespread use of nondestructive testing technologies for inspection and evaluation of structures in aircraft, bridges, ships, and pipelines (to name a few) has been the impracticality of obtaining fast, accurate, and efficient results in diverse and unstable environments.  Most NDT and NDI operations have traditionally been conducted under fairly controlled or at least scheduled circumstances – in the factory, laboratory, or under conditions where all the requisite equipment and personnel can be brought together even if this requires substantial systems planning and logistics for heavy equipment and power sources.  It has been a goal of the present research effort to develop technology that enables and supports rapid deployment and usage in a variety of environments including adverse weather conditions outdoors and under circumstances where the testing conditions constraint the operator physically.  There are many situations where it has not been practical to engage in even surface testing of structures such as aircraft fuselage, wing, engine housing, and control flap components because of the logistical problems in manipulating the aircraft or the test equipment.  Other constraints have been centered around the accuracy of the tests, be they ultrasonic, magneto-optic, or purely optical, and the demands both computational and human for proper and efficient interpretation.  Further complications arise due to the complexity of the engineering structure and the need to have access, at time of inspection, to detailed plans and drawings that are generally available only through a networked desktop computer or in hardcopy form.

Automating the process of certain structural inspections and tests is a matter than requires certain key improvements to the technology used in manual NDT/NDI operations, in addition to refinements in image recognition and other computational tasks applied to the data once collected.  There are three fundamental issues at stake in this respect for automated or semi-autonomous collection.  One is refinement of the sensing technology in order to obtain more accurate and in particular reproducible readings and to expand the range of surface types that can be examined.  The second is the development of sufficiently robust and lightweight sensing devices so that it is practical for the sensor to be operated as part of a lightweight and maneuverable assembly such as a crawler robot.  A third issue is the incorporation of adaptive intelligent features into the analytical portion of an inspection and testing system that can improve upon the recognition of defect features in such a way that can modify future (immediate or later) testing activity.  An intelligent mobile NDT system, with or without a human operator in the loop, could conceivably self-modify its behavior in moving along an exploratory track by assessing the probabilities for nearby contiguous defects (e.g., cracks, fissures, weak welds) and following the leads on likely defects in the vicinity of a currently assessed image.  A fast-response sensor and one that does not require a large power source, particularly in application of eddy currents that heat up both sample and sensor, will enable the collection of a larger array of data elements (images) that in turn can provide more breadth and continuity of sampling for both a human analyst or an automated expert system to use in assessing defects and other conditions of the sample.

2.  MODE( Magneto-Optic Sensing and Imaging

Magneto-optic imaging and sensing for non-destructive testing and evaluation has been studied and implemented widely over the last decade in particular.  A number of applications have been demonstrated including aircraft structural assembly inspection and examination of pipes and tanks for corrosion. (4,5,6,9-12,19,20)  The field of magneto-optic materials is hardly new and Fe-Ga substrates have been studied since the 1970’s. (1,2,7,8)  Eddy current application has been the dominant source of magnetization for sample surfaces. (17)
Silicon Dominion has been working in a partnered research and  development program with MODIS Corporation, developers of the MODE magneto-optic detection and encoding technology.  This is based upon a field visualizing film (FVF) which consists of a transparent ferromagnetic layer of Bi-substituted iron-garnet grown by LPE technique on a non-magnetic substrate. (1,3,7,8) The FVF chemistry is characterized by the formula (R Bi)3 (M Fe)5O12.  The value for R can be one of several rare-earth ions (Y, Lu, Tm, Gd, Ho, Dy, Tb, Eu for example).  The variable M is generally Ga or Al.  Magnetic and magneto-optic properties of the FVF are determined by composition, growth conditions and post-epitaxial treatment. The specific Faraday rotation of 104 deg/(m and an absorption coefficient less than 103 / cm are available in a generic composition (Tm Bi)3 (Fe Ga)5O12.  High contrast domain structures can be easily observed using a polarizing microscope.  Figures 1 and 2 illustrate four sample images obtained with the MODE technology, all laboratory images made in ambient environments using sample materials (steel plates with defects (1) and microprocessor chip circuitry pads (2)) such as may be encountered on aerospace vehicles and satellite assemblies.

The magneto-optic layer or FVF is created by growing the epitaxial layer on the garnet substrate, deposited in a supercooled flux, containing a solvent of composition Bi2O3-PbO-B2O3 as well as garnet-formed oxides at a temperature range of 940K to 1108K.  By introducing a high level of Bi3+ ion substitution into the FVF a high MO figure of merit can be achieved, such that (= 2(F / ( > 10 grad/dB.  An important feature of the FVF of value for magnetic anomaly and variation studies, particularly where mechanical speed in scanning the sample may be required, is the high domain wall velocity (> 1000m/s) obtained in four types of films: (i) high-anisotropic-oriented films with Y and Lu composition, in the presence only of in-plane magnetic fields, (ii) films with Gd and Tm, with angular momentum compensation (AMC), (iii) films with Y, Lu, and Pr (orthorhombical magnetic anisotropy (ORMA), and (iv) films with Gd and Eu (both AMC and ORMA).

The images of defects in steel plates such as are shown in Figure 1 illustrate the refinement of the MODE thin film.  The plate is approximately 1.5 mm uniform thickness and the defects approximately 0.1mm to 0.2mm in depth.  The longitudinal scratch (upper side of plate, shown in the far right (optical) image) is < 0.1mm depth.  The defects on the lower side (shown in the middle (optical) image are, from left to right: (a) 2mm length, 0.1mm max. width; (b) 0.2mm max. depth; and (c) 0.6mm length, 0.2mm width, 0.1mm max. depth.   Typically the saturation magnetization is approx. 10 kG and for imaging without an applied eddy current an in-plane external magnetic field is applied with saturation @ 1.0 – 1.5 kOe.

By being able to image clearly defects originating on either side or inside the sample in one image, along with optically sensitive features, the composite image affords the NDT operator or an expert system the capability to make use of additional information pertaining to relative alignment and position of defects and critical other structural features.  

The circuit bonding pads shown in Figure 2 are in the internal layer of a standard smart card and are beneath a plastic and clear laminate layer.  In all cases of images shown in this study the distance from the sensor to the sample surface < 0.75mm.  It is suggested that individual smart cards and other circuits can be uniquely identified by this imaging techniques due to the unique signature or “fingerprint” of even standard chip packaging and circuit board techniques.  However, these novel applications depend upon there being an effective and rapid means of performing both the image capture and the analysis.
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Figure 1
MODE( Imaging steel plate by magneto-optics(left) 

 
      and ordinary light (middle and right)
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Figure 2
Magneto-optic imaging of 16-bit microprocessor lead pads

Figure 3 illustrates saturation magnetization properties of the MODE film [B(G)] and an iron platelet [B(Fe)] - the ratio of the anisotropy field H / B(G) increases over the normal distance z.  Next, figure 4 provides a schematic of the basic operation of magneto-optic imaging using a MODE thin film crystal sensor.  By incorporating the polarized light source into a fiberoptic delivery system, the packaging of a sensor unit can be sized down to a chip set incorporating CCD and control logic in one device and optics in a second hybrid device.  Video output is captured by a Winnov VIDEUM board and transferred by software into either .AVI files for video streams or into .JPG files for single-frame images.  

In the case of the MODE sensor, there are only modest variations in image features when there is some difference in the distance from the sensor surface to the sample.  However, for non-flat surfaces there is an alternative approach to modifying the entire scanner apparatus.  A flexible plasticine tape with embedded magnetizable particles is laid upon the convex, concave, or otherwise non-flat surface and a 10-30 kA current is applied to the sample for a duration of 10-20 ms.  This has the effect of creating a magnetization of the tape compound that is aligned with the domain structure of the sample.  The tape is removed and prepared for imaging with a conventional MODE scanner as if it were a flat steel plate or other sample on a workbench.  Figure 5 illustrates the method of conducting this imprint operation and Figure 6 shows result of such an image taken of a magnetic tape segment that had been applied to a nonflat copper plate approx., 0.5mm thick with defects on its undersurface.
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Figure 3
MODE( Saturation Magnetization Levels
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Figure 4
Basic operation of MODE( Imaging
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Figure 5
Basic operation of MODE( magnetic tape imaging

1. sample
2. defects
8. pulsed  current source
9. magnetic tape
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Figure 6
MODE( image of magnetic tape after test

2.1. MagVision( PROTOTYPE SCANNER

A laboratory workbench scanner has been produced which generates NTSC or PAL compatible video output from a magneto-optic imaging apparatus.  The basic design is illustrated in Figure 7 below.  The “rotatable analyzer” is replaceable with a micro videocam assembly and can be adapted with an objective lens for a microscope.  The solid housing can be a permanent magnet of varying strength (typically 5G) for enhancing the magnetic field of the sample as in imaging applications where the magnetic field of interest is affixed to a nonmagnetizable surface such as plastic or some insulator.  The minimal detection of the current scanner is @ 0.1 Oe but the theoretical limit of the thin film extends to 10-8 Oe.  A yellow-orange halogen lamp is used with a thin-film polarizer for the light source.
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Figure 7 Schematic of MagVision( Prototype Scanner
3. The TransPAC( MOBILE TESTING SYSTEM

The TransPAC system was designed in order to provide a field-ready, robust computer platform capable of handling one or more types of video-based scanners including the MagVision and commercial variants currently being implemented.  TransPAC is illustrated by Figure 8 which shows the operational scheme and organization of components.  At the heart is a standard wearable personal computer running Windows 95/98 and capable of being worn on the body or in a backpack or beltpack.  Several commercial models are available and the prototype TransPAC is being designed to accommodate more than one vendor’s product line in keeping with a philosophy of platform and product independence.





Figure 8 TransPAC( Functional Design
Two wearable PCs being used simultaneously in TransPAC prototypes are the ViA II 
 model, a beltpack unit, and the Mentis from Interactive Solutions (div. of Teltronics, Inc.). 
  Both are expandable to over 64 MB RAM and several GB disk with capability of both large-panel displays and headset eyepiece displays, plus docking stations for conventional keyboard and desktop use.  The principle inputs are by speech, pen, or through the desktop mode, keyboard and mouse.

Aside from the NDT/NDI applications, the TransPAC is very much of a conventional portable PC for data collection or other types of field work but with speech and smart card security options built into the design (cf. Section 4). For NDT/NDI there are two additional components – the MagVision NDT Scanner set and the MagVision NDT Tools software application.  

3.1 MagVision NDT Scanner

This set of two hardware plug-in modules consists of a sensor and video capture module which has a changeable scanner unit similar to that illustrate in Figure 7 above, and a pulsed current generator module.  The scanner module enables the user to change the actual sensor wafer element in order to afford either optical and magnetic imaging or only magnetic imaging, to modify the size of the sensor and the magnification of the video image, and to modify the strength of an external magentic field if one is used for nonmagnetic and non-current-driven applications.  The objective of the multiplicity of scanner features is to provide versatility for the end user.  One TransPAC system with several attachments can serve for many different jobs in the field and enables the technician to try different techniques on the same sample while still at the inspection site.

The pulsed current module serves to provide a variable amplitude and variable duration current pulse that is applied to nonmagnetic surfaces being imaged.  It’s power supply is independent from the TransPAC while the control is driven by the user through the PC using a handheld infrared control.  This affords the benefit of synchronous PC-centered control of the generator and current application while maintained electrical separation of the devices for safety and electronics sensitivity considerations.

3.2 MagVision NDT Tools

MagVision NDT Tools is a Windows 95/98 application that provides complete test event logging with image processing capabilities and a built-in database from which records and tables can be rapidly uploaded to a server or another PC on a LAN or by modem after work completion.  Figure 9 provides an illustration of the Verite image comparison module that enables a user to rapidly compare visually and with onboard automatic comparison the features of an image just taken with the TransPAC and one that is from a previous test or else a master template used to help determine both defect features in the sample being imaged and also calibration of the scanner system.
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Figure 9 Verite( Image Comparator Application
The operator has the capability of viewing a maximum of four separate images that can derive from either the active scanner,

disk file, or internet sources.  Any one image can be compared with another by using a variety of user-configurable algorithms built in to the application – edge enhancement, area texture analysis, Fourier, Gabor, wavelet, and neural network tools are available for use with the image as a whole or for a user-selected rectangular region.  The primary use of this tool is to enable the operator to rapidly isolate and identify interesting features and to bring out highlights in images while the NDI operation is ongoing.  With additional features, described in Section 4, the user can maximize the opportunity to investigate other regions of the observed structure, whether the system is (as at present) purely under manual control and manipulation or being run by an autonomous agent as in a surface crawling robot.

4. SPEECH, SECURITY, CADD, and ONLINE ENHANCEMENTS

Most wearable personal computers have the capability for a keyboard interface and also a pen-based input.  This may suffice for many conventional data collection tasks.  However, to make the imposition that an NDT/NDI technician operating in potentially adverse and dangerous conditions outdoors and with the concern for correct placement of the MODE scanner and the pulse current generator must use a handheld type of keyboard or tablet is inappropriate given the alternatives.  With recent and current in-the-field magneto-optic and ultrasonic NDT equipment, more extensive positioning and arranging has been necessary, mitigating the issue of rapid hands-free command operation and repetitive sequencing or images, but with the compactness of the MagVision components, as low as 3 in. by 3 in. and under 8 oz. weight, less cable, it becomes desirable to have as compact and easy to use a field computer as possible.

TransPAC uses a complete speech-to-text-to-database command interface that supplements rather than replaces the pen/keyboard/mouse channel.  This speech interface provides for a trained vocabulary of approximately 100 words that are speaker-independent and resilient to external noise and in particular speaker accent, tone, and volume variations and also non-verbal noise such as that from operating machinery.  The software is used within a widely-accepted transportation data collection product for highway and urban roadside asset data collection 
 and has demonstrated the rigors of tests with variable speakers and noise levels.

The voice stream along with other sensor data including an optional laser range finder, GPS, and digital camera is input along with the video data stream from the MagVision scanner module into a data recording application that organizes the respective elements into a record structure.  This record structure undergoes an automatic quality assurance test which can optionally include the audio feedback, through headset earphones, of all speech input and all record field data for operator approval.  Once manually or automatically approved, the record data including NDT images and any on-site real-time interpretation is output into an Access database for future use including direct uploading to a server.

The roles of the GPS and laser range finder depend upon the NDT application.  For certain outdoor inspection tasks (aircraft, tanks, pipelines, ships, bridges, highway poles, transmission towers) it may be necessary to reference the location of the test and the artifact/structure being imaged.  A variety of GPS units with as much as sub-meter accuracy may be employed with TransPAC.  One such system is the Trimble Pro XRS 1m real-time or post-process 12-channel GPS/DGPS receiver and antenna which is typically worn by the operator in a convenient backpack with no interference to physical movement or the operation of the TransPAC and the MagVision modules.

The TransPAC display capability includes three options – a standard flat-panel screen that can be worn with a harness allowing full frontal large-scale viewing during operation, a flat-panel screen with flexible hose attachments that enables the display unit to be placed in a convenient location on a vertical or horizontal pile or strut, and a headset eyepiece display capable of the same full 800x600 resolution as the flat-panel displays.  The former two approaches require a VGA cable running from the main TransPAC computer whereas the headset unit has a cable for video and two-way audio that will not interfere with operator hand or foot mobility.

The role of the 16-bit 16K microprocessor smart card within TransPAC is twofold.  First it serves as a compact and reliable form of access security for the system, identifying the operator and thereby setting up all access parameters for online network or internet linkages while the TransPAC is being used on an inspection assignment.  The issue of security and traceability is of paramount importance from the larger-scale systems engineering and business process perspective in that a widely-deployed, operator-intensive NDT/NDI activity puts more weight and responsibility on the persons doing the tests and demands more accountability than activities which heretofore may have depended upon special planning and a special team of experts.  As the operation of MODE-based NDT/NDI becomes more ubiquitous, the risks of human organizational error increase and this form of security, already built into TransPAC for other applications, 
 is an apt response.  Currently the TransPAC has an industry-standard PCMCIA Type II interface for the smart card device.  The card remains in the unit during all times of operation.

There is a second role to the smart card, again one of enhancing the system of operation.  The 16K of application-accessible memory on the card is divided into two sections: (1) Upload and (2) Download.  The Upload section acts as a memo pad for instructional data and pointers for the operator regarding the specific testing assignment at hand.  It stores the URLs of reference CAD files that may need to be accessed by the operator while performing tests in the field.  These can be obtained through either modem, LAN, or more often that not, wireless connectivity over the internet to a central server.  TransPAC is designed to interface with Bentley Systems’ ModelServer Discovery, an application expressly designed for managing the retrieval and use of Microstation and other CAD format files over intranets and the commercial internet.  However, TransPAC will also interface to any standard web server that will provide natively or through plug-ins JPEG, CGM, SVF and other format files for display, without application interaction, on a web browser provided as part of the the TransPAC software suite.

This capability of accessing a CAD file that is either already loaded onto TransPAC’s hard disk or else obtained ad hoc during a task via the internet allows the NDT technician to have a remarkably more versatile control over how tests are performed.  The capabilities of the MagVision MODE technology and the TransPAC wearable PC are complemented by the open-endedness of the operation.  If it is necessary to refer to a particular structural design of an aircraft or bridge assembly while performing the inspection, it is only a matter of seconds away.  LAN-based access tests show a response time averaging 5 sec. for drawings obtained via ModelServer Discovery.  Wireless connectivity is approaching common dial-up speeds and is sufficient for small drawings and subsets of larger plans and maps.  

It is not necessary to incorporate a full application such as Microstation SE (a Bentley Systems product) onto the TransPAC.  Operations could include making annotations to a CAD file (this would require having a product like Microstation SE on the TransPAC) but the alternative is simpler.  A user makes use of reference points that are accessible in tabular form to the operator and can be entered, through the speech interface, into the transaction database recording all inspection activity.  The reference points are read by the operator from the TransPAC display and appropriate entered verbally (or by pen input) into the data record for each imaging task.

Whereas the Upload section of the smart card memory serves to bring useful data to the operator during a task, the Download section is reserved for transaction recording that will preserve on the card with without possible erasure 
 during a session.  Each inspection record that is entered into the database on the TransPAC with images, location data, operator comments, and so forth, has an encapsulated summary record created at the time the MagVision NDT Tools application writes the record into its Access database.  This encapsulation includes a time stamp, location information, and a compressed-text summary of the recorded information about the inspection without the actual image data.  This encapsulation record has a format similar to that shown in Table 1 below and each transaction record will on average occupy less than 50 bytes due to the encoding scheme employed that uses one-byte and two-byte codes for a variety of words and strings.  There is only one primary transcation record (PTR) per work session.  Numeric data is accommodated by integer and real representation.  Future smart cards will have additional memory of upwards of 64K for Upload and Download purposes.

There are two main purposes underlying the Download operation of encapsulated data.  First this provides a secure record of the work performed which cannot be altered on the smart card once entered, except by an optional override that itself stamps the smart card with a recording of that override.  This is for data security and consistency.  Second this offers a fast-track access for an engineer or other expert who may be evaluating the tests done in the field on a real-time basis.  As an example consider the inspection of aircraft on the tarmac in between flights.  A fast and concise record of what was inspected can be gained by anyone connected via a network to a server receiving the primary transaction and transaction content records from the inspector’s smart card once it is entered into the reader at a base station or field office.  An evaluation engineer could easily browse through this data to ascertain if all tests were performed, if additional images should be taken, and if the aircraft should be cleared or held, even before examining in detail the images collected.  Such a quick review could determine if it is necessary to look at all images, or which ones should be reviewed or forwarded.  

PTR (Primary Transaction Record)

FIELD
VALUE

Unique key
alphanumeric string

User-ID
alphanumeric string

TCR Field List
alphanumeric string; field pointers separated by delimiters

Jobstart
date/time

Jobend
date/time

optional other task-defining fields
(optional)

TCR (Transaction Content Record)

FIELD
VALUE
CONTENT

PTR key
alphanumeric string
pointer to the associated PTR record

file list
linked list; e.g. (see below)
(link/field ID + file pointer + locator in file)

 ---
link/field1
text memo in MEMO.XXX, loc 001

 ---
link/field2
still photo in PHOTO1.YYY

 ---
link/field3
text memo in MEMO.XXX, loc 002

 ---
link/field4
sketch in DRAW01.ZZZ

 ---
link/field (n)
video clip in VID01.XXX





Table 1 --- Basic Data Structure for TransPAC Access Card

This emphasis on the NDT/NDI systems engineering process is made because of the perceived need to obtain more frequent and accurate tests on various forms of structures and equipment, particular such devices as aircraft that may be subject to strenuous physical abuse through a single flight after even a complete and rigorous test was performed.  The speed and efficiency of doing more, faster, in NDT and NDI is afforded by the MODE technology and the TransPAC architecture, coupled with other recent advances in database, server, and hardware technology.  Overlooking the so-called “business process” of an engineering discipline has often been the problem faced by industries and organizations when the technology has leaped forward but the communications and decision management process has not had time to adapt.  In structural NDT there is a great opportunity to make more effective use of the technology in order to have safer aircraft, bridges, pipelines, and other devices, but now there must be increased attention on how to integrate the tech power with the people in the appropriate decision-making places.

5. INTELLIGENT SENSORS and autonomous applications

The design presented in previous sections for the MODE-based MagVision NDT scanning and the TransPAC computer by which it is employed is a design based upon the premise of manual but interactive operation.  There are many applications where a semi-autonomous or automated system would be beneficial.  These include repeated testing of aircraft fuselage and wing sections, oil and gas pipelines, (18,19,20) and testing on space vehicles and future space station or colony structures. (13,14)  There are also needs to perform scheduled and ad hoc testing of bridge structures, highway poles (lighting, signals, signs), and transmission towers for electricity distribution, telecommunications, and broadcast.

Crawling robots have been studied for highway pole inspection (24) and such devices as the Infometrics crawler or the POLECAT-I designed by the Virginia Transportation Research Council team (24) could be accommodated to handle a MagVision scanner unit as well as the standard video camera currently employed.  Similar robot crawlers have been studied for aircraft and hazardous material tanks but there is the additional navigational problem due to surface curvatures and having to attempt operations where the slippage problem becomes severe.  However, the very fact of using magnetic force to maintain crawler stability offers some interesting possibilities for employing the magnetic fields introduced into a surface for performing the MODE imaging.  This has not yet been investigated experimentally and is the subject of a current joint project between Silicon Dominion Computing and MODIS Corporation.

Without question there are opportunities for semi-autonomous, human-guided NDT/NDI inspection using crawler type robots with sensors attached and also for autonomous operations.  Because of the sensitivity and variable configurability of the MODE thin film technology, it is possible to introduce the concept of built-in sensors using fiber-optic networks and strategically placed sensors throughout a large structure such as a bridge, aircraft, or spaceship.  The use of fiber-optic delivery magneto-optic imaging for biomedical applications has been explored by Davis et al (15, 16) and the topic for engineering has been discussed by the author and colleagues elsewhere. (13,14,25)  All of these applications require more intelligence and automation to be built into the sensor and the pre-processing functions of the computer, be it a TransPAC unit or a new alternative.  Such functions are particularly needed for correction of problems in the image intensity and detail that may be the result of slippage of the sensor relative to the observed surface, and this is a task that can be performed using an additional DSP component that measures and evaluates the quality of the image being obtained.

Look-ahead functions can also assist a mobile inspection device, with or without a human operator, by predicting likely follow-on regions where cracks and defects may extend beyond the current imaging area.  This is classical image processing coupled with rule-based or fuzzy logic algorithms such as have been used in many other applications such as roadtracking and even pavement crack analysis.

A further area for embedded intelligence within the NDT/NDI apparatus is in modulation of the pulsed current that may typically be the source of the magnetization for the image to occur.  Given the pulsed current method developed with the MODE technology, it is possible to snap several pictures, as it were, repeatedly over a period of seconds , and to determine what is the optimal current strength and duration given the nature of the structure and the quality of the images being generated.  This task is computationally again mainly an issue of image comparison and table look-up and can be embedded as a microprocessor routine that is onboard the scanning apparatus if not in the host field computer.  Further work on this is being conducted by the research team and is in conjunction with development of improvements to image resolution using the Verite component of the MagVision NDT Tools software.
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Work completed and Active Session Card time-stamped and ready for upload through BASE station
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In-field data collection process; data processed on PC and stored on Active Session Card
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Task dataset loaded onto Active Session Card in Base Station PC
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� author contact address: 3413 Hawthorne Avenue, Richmond, VA 23222, (804) 329-8704, mdudziak@silicond.com





� For further information on the ViA II contact ViA Inc. at � HYPERLINK http://www.flexipc.com ��www.flexipc.com� or 1-800-353-9472


� For further information on the Mentis and MentiSoft contact Teltronics at � HYPERLINK http://www.teltronics.com ��www.teltronics.com� or 1-800-486-7685


� VoCarta by Datria Systems, Inc.  For further information refer to � HYPERLINK http://www.datria.com ��www.datria.com� or contact Datria Systems, 7211 S. Peoria St., Englewood, CO 80112


� primarily in health care (bedside and home visits), automotive service and inspection, and inventory control


� override is possible but it inserts a record of the override that cannot be erased by the card user and only after authorized transcribing of the card session data can this be cleared for future use





