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The practical needs of the medical professional faced with critical care or emergency situations differ from those working in many environments where telemedicine and mobile computing have been introduced and tested.  One of the constructive criticisms of the telemedicine initiative has been to question what positive benefits are gained from videoconferencing, paperless transactions, and online access to patient record databases for the patient and the care provider alike.  Advanced technology can expedite search and retrieval tasks as well as the breadth and scope of what is available at a given time and place for a physician or nurse.  However fundamental questions need to be addressed for any new system regarding how it improves the process of doing medicine for the patient’s well-being and comfort as well as for the efficiency and cost-effectiveness of health care delivery.  With a goal of producing a positive answer to such questions an architecture for multipurpose mobile telemedicine applications has been developed for use by diverse groups of health care professionals with rapid conversion for user special needs and features.  The core technology is based upon a wearable personal computer with a smart-card interface and capabilities for speech, pen, video input and wireless intranet connectivity.  The TransPAC system with the MediLink software system was designed to provide an integrated solution to problems faced within a broad range of health care functions where mobile and hands-free or limited-access systems are preferred or necessary and where the capabilities of other mobile devices are insufficient or inappropriate.  In a research program originating in 1995, a broad study was initiated to determine what is functionally and economically practical for a variety of health care providers.  The initial focus was upon the EMR and ER environments in particular and grew to include also non-emergency bedside and at-home procedures, focusing upon the potentials for commonplace situations to evolve into critical-care and multiple-practitioner scenarios.  The results of physician, nursing, administrator, and patient interview surveys coupled with the maturity of both the Internet and compact wearable PC systems resulted in the TransPAC computer design and the MediLink application.  Structured and noise-resistant speech-to-text interfacing plus the use of a web browser-like display, accessible through either a flatpanel, standard, or headset monitor, gives the beltpack TransPAC computer the functions of a complete desktop including PCMCIA card interfaces for internet connectivity and a secure smartcard with 16-bit microprocessor and upwards of 64K memory.  The card acts to provide user access control for security, user custom configuration of applications and display and vocabulary, and memory to diminish the need for PC-server communications while in an active session.  TransPAC is being implemented for EMT and ER staff usage and will also enable data from one unit to be rapidly communicated to other MediLink-equipped  field computers.
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introduction

The first developments in telemedicine are historically associated with the early NASA space programs of the late 1960’s and early 1970’s as the need for real-time biomedical telemetry for astronaut monitoring directed the development of suitable technology and methods of interpretation.  In the last several years, the confluence of large-scale database technology, coupled with high-speed communications, data compression, and the overwhelming need to address larger populations with limited staff and resources has been a driving force for telemedicine applications in many medical institutions and regional provider networks.  Perhaps the most dramatic factors from the technology perspective have been the ability to provide more data, including large image files in lossless or low-loss compressed formats, 
 at speeds that are commensurate with the needs of physicians, nurses, and other health care practitioners.  However the increasing speeds and shrinking sizes of computing and telecommunications technology is in itself not a guarantee, nor even a strong convincing argument, that the elaborate and sophisticated techno-structure available today is improving health care management on a global or even regional level.  The technology may be enabling the environment and the mechanisms for many improvements but there are questions about the adequacy for many service sectors and population groups.  The fundamental question may be raised as to whether many of the telemedicine undertakings and initiatives are today as successful and further ahead as they could be, given the resources that have been employed and the energies expended by persons in the health care community at all levels – practitioners, administrators, and infrastructure support personnel.

The objectives of our consortium in the field of telemedicine since 1994 has been to identify the ways and means of improving the service and management of the medical process through sensible application of communications that will enhance response, diagnosis, treatment, and recovery.  The aim has been to do so through research and development of tools that are practical for the largest population of users and that can most readily and easily be converted – at the system integration level or by the user community – from one task to another.  There have been some guiding principles and examples for this strategy that have come not so much from the medical community as from computing science and contemporary hardware and software engineering.  The success of object-oriented software has enabled Windows applications development to proceed rapidly and efficiently in the employment of modular, reusable code for different applications, perhaps two orders of magnitude faster than a decade ago, considering all that would have had to be programmed and tested at a low level.  Moreover, at the cost perhaps of some individuality and variety in user interfaces and styles of programming, there are now some commonly accepted and expected standards for user interfaces and features within applications.  Certain things are almost always “there” in a Windows application, not only present somewhere but in a particular place within a menu or window framework.  This makes the learning curve faster and smoother for all users of new applications.

The extension goes beyond software and user interfaces to hardware and systems as well.  By effectively designing a generic set of processes and tools that execute those processes, one can develop not a universal general-purpose machine but a set of components that can easily be customized to specific needs.  Such components, from one specific implementation to the next, can share enough in common (in terms of technologies but also from the standpoint of usage and training) to be easily understandable by different and specialized groups of users.  By employing “intelligent agent” models derived from artificial intelligence and expert systems development, one can reduce the amount of specialized learning and interaction between the human user and the computer.  In the case of mobile, remote, and certainly emergency medical functions, this is a critical ingredient for practicality.  The point of introducing new technology is to make the job of the physician, nurse, or emergency medical technician more effective for the benefit of the patient.  Many technology offerings in recent years appear to present more of a workload, more complexity, and more opportunity for error than they solve.

To mitigate the technology demand while providing better access to patient data and other health care providers during an “off-site” or “in-field” procedure has been the overriding goal in designing TransPAC and MediLink.

One area of health care where there have long been perceived needs for faster and improved quality of information exchange, and where the telemedicine field has been viewed as a possible avenue for major leaps forward, is in emergency medical response, in the field and in the hospital or clinic.  “Emergency” is used here in a very broad sense, referring not only to immediate life-threatening conditions that merit rapid transportation to a receiving hospital, but also conditions that may arise without expectation, including those that may be discovered or hinted-at during the course of a routine visit, and which bring about questions that can best be answered by either of two general situations: (1) having additional patient medical data from the past, such as records on file in a hospital or clinic database server, or (2) having dialogue and additional interpretation and heuristic advice from other medical practitioners that cannot easily be present at the patient site.  An architecture that can provide real-time voice functions plus real-time exchange of data in both directions, including video, with information security provisions for the benefit of both the patient and the provider, and which is moreover highly portable, minimally intrusive into the normal “script” of medical procedures, and cost-effective, is an architecture that can answer many of the current needs in medicine not being addressed by other systems.

1. The TransPAC( WEARABLE COMmunications SYSTEM

The TransPAC system is a full-function wearable PC capable of running the Windows95/98 operating system as a portable unit or as a desktop system.  It was originally designed in order to provide a platform for mobile engineering applications requiring real-time internet connectivity for transmission and reception of photos, video, CAD, and GIS data.  TransPAC is illustrated schematically by Figure 1 below which shows the basic organization of components.  The base hardware system is platform independent but in the prototype development TransPAC is built around a commercially available wearable PC unit. 
  This unit is capable of being worn on the body through a convenient beltpack, over the shoulder, or in a backpack or chest harness.  However, TransPAC is designed to accommodate other hardware platforms from other manufacturers that meet the same basic specifications for providing a fully wearable PC platform, and a future ultralight PC core unit is currently in the design stage,  specifically for TransPAC, which will provide a much smaller and lighter platform than any wearable PC currently on the market. 
 

The Mentis PC platform, illustrated in Figure 2 below, has a base system unit that contains the system board, hard drive, plus all PC card slots and interfaces including for peripherals (serial, parallel, mouse, keyboard, display) and for extended module packs that plus into the base unit.  This component measures approximately 14 x 19 x 3.8 cm, weighing approximately 1.9 kg.  A large heat dissipation plate handles cooling of the electronics which are based upon Tape-Carrier-Package technology from Intel.

The base system unit may be operated as a desktop with AC power unit through an adapter module or it can be entirely portable using a snap-on battery pack that attaches easily and quickly to the base unit.  This operation can be performed while the system is operational.  A third extension pack which snaps on between the base unit and the battery pack enables the user to have one or more removable I/O units – CD-ROM, DVD, tape, or additional hard drive.  These snap into the extension pack bay and communicate through connectors that link the top of the extension pack and bottom of the base unit.

The specifications for the current Mentis PC base system unit are summarized in Table 1 below:

	Feature
	Specification
	In Base Unit
	Optional

	CPU
	166 MHz MMX Pentium
	X
	

	
	200MHz MMX Pentium
	
	X

	Input/Output
	2 serial ports
	X
	

	
	1 parallel port (enhanced)
	X
	

	
	2 infrared ports
	X
	

	
	Keyboard (PS/2 style)
	X
	

	
	Mouse (PS/2 style)
	X
	

	
	Enhanced IDE
	X
	

	
	Floppy drive
	X
	

	
	Audio headset
	X
	

	
	External LCD display
	X
	

	DRAM
	32 MB to 128MB
	X
	

	Cache
	256K to 512K
	X
	

	BIOS
	Phoenix (Flash, 256K)
	X
	

	Video
	VGA, SVGA, XGA for CRT or LCD; color 16-bit (hi-color)
	X
	

	Sound
	Full duplex, 16 bit 44.1KHz sampling and playback
	X
	

	MPEG
	Full-screen, full-motion, up to 30 fps at all resolutions
	X
	

	Network
	32-bit PCI
	
	X

	PC Card
	1 Type II or 1 Type III slot
	X
	

	Hard Drive
	2.1 to 8GB enhanced IDE drive
	X
	

	Power Mgt.
	Full power mgt. Plus battery recharging circuitry
	X
	


Table 1 : Mentis Base System Unit Specifications

The uniqueness of the TransPAC with respect to basic user input and output is that it accommodates any form – keyboard, mouse, pen, touch screen, and voice – with the ability to be converted easily from one medium to another depending upon the user and the situation.  Moreover, multiple forms of communication and control by the user are possible in parallel, as described in Table 2, wherein different forms of input and display can be employed with one another in virtually any combination.  There is no requirement for extensive manipulation of software menus or configuration panels, nor of hardware reconfiguration, in order to switch protocols.

	Display
	Application Control

 & Command
	Data Entry
	User-to-User  Communications
	Internet / Intranet Access

	Headset LCD
	Voice
	Voice (special user-independent command vocabulary) 
	Cell phone
	Wireless modem

	6-in. flat panel

(wrist-wearable)
	Touch screen
	Voice (general vocabulary)
	Email
	Standard modem

	10-in. flat panel (universal-mountable)
	Pen (for screen)
	Pen
	Internet phone
	NIC and LAN

	Standard CRT
	Mouse
	Mouse
	Paging
	Prior downloads

	
	Wrist-worn keyboard
	Wrist-worn keyboard
	Fax
	Prior CD write

	
	Standard keyboard
	Standard keyboard
	Web postings
	


Table 2: TransPAC Communication and Control Protocols
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Figure 1 : TransPAC System Architecture

Several wireless modem designs are currently being evaluated for providing the main data communications link for TransPAC to the outside world.  These are discussed further in Section 4.  Once again, the governing design philosophy is to enhance user functions without overloading the user in learning, remembrance of special techniques and codes, special “four-hand” dexterity, a maze of plugs and wires, and all the other demands that often turn a great technological idea into an impractical albatross in the “field” (whether that be outdoors, in an ambulance, in the patient’s home, or in a hospital ward).  Therefore, when it comes to maintaining communications that for the medical user may be real-time voice or real-time video or database access, TransPAC combines multiple channels into one pipe, so to speak, and offers the user what they are accustomed to having, but simply smaller, faster, and with less gadgetry about which to be concerned, even though the complex circuitry and logic is physically present, albeit invisible to the average user.  A cell phone can be attached and used for voice communications, a wireless modem for the data, and either one or two lines can be dedicated to the tasks.
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Figure 2 : Basic Mentis Components

A lithium ion battery contained in the fore-mentioned battery pack that snaps into the base system unit or the extension pack will keep the system operational for upwards of 4 hours or in standby (power-saver) mode for upwards of 48 hours.  If additional peripherals are attached and running, drawing upon battery power, the operational lifespan is decreased.  However, in typical operations the unit can be repeatedly returned to either power-saver mode or to recharging with the adapter module after each use.

TransPAC has several modifications that set it apart from the basic Mentis or any other wearable or portable PC.  These include the availability of more than one speech interface component for both speaker-independent command and control (navigation) of menus and forms-driven data entry that is derived from a speech-to-text-to-database software toolset previously developed and rigorously tested in the transportation engineering field.  There is also for speaker-tailored voice recognition to be used in custom note-taking and document composition, kept separate from the former in order to limit both the scope of training as well as the possibilities for errors in speech recognition of basic keywords and command paths.  There is a third form of speech processing, available for the navigation of Interactive Manuals that can be used for training or reference.  These Manuals are documents composed in a web-type framework, with active links accessible through voice, mouse, or pen response, leading the user to documents consisting of multimedia content – text, graphics, animation, or full-motion video.  The Interactive Manuals are created through the RTMEditor software and accessed through the RTMNavigator.  Both software applications are tools developed by Interactive Solutions, producers of the Mentis hardware platform, and are in the process of being customized for use in the TransPAC.  

In addition there is employed within TransPAC a unique feature bv which a microprocessor-based smart card provides simultaneously user access control and security plus the ability to pack densely compressed patient and session information including URL and database record reference links.  These speech and smart card features are described in Section 4 and the overall functional diagram of the TransPAC is illustrated in Figure 3.














Figure 3 TransPAC( Functional Design
2. MediLink( Application

MediLink is the main application that runs on the TransPAC under Windows95 and Windows98, for medical applications.  It is designed to be a common application useable by an emergency medical technician operating under adverse time demands and spatial constraints including physical and temperature constraints that may be faced at highway accident scenes, industrial locations, mines, at sea, or in the air.   A MediLink system, for instance, equipped with a full Interactive Manual for standard cardio-vascular, childbirth, and other common emergency conditions and placed on every commercial passenger aircraft, could help to save lives and limit the dangers of emergency flight re-routing in order to respond to onboard situations.

MediLink’s main screen is shown in Figure 4 below.  All functions operate in the background of a main window that is the “workspace” for both data input and ouput over the internet and locally.  The application makes use of common browser technology to keep most interaction steps and sequences familiar to the way common browsers such as Internet Explorer and Netscape Navigator operate.

Writing Pad

The main application window is the Writing Pad that can be used to produce ordinary handwritten text and sketch graphics that are stored as a set of pages in a predefined folder on the PC as Windows BitMap (.BMP) images, or a collection of text and graphic objects that are stored with reference locations on the coordinate space of the Pad.  Upon storage the bitmapped portions are also automatically compressed using Multi-Resolution Seamless Image Database (MrSID) wavelet compression to enable rapid transmission if so desired.  The Writing Pad pages can be processed on a receiving server or desktop “base station” using software that extracts character-stream image data and performs optical character recognition on the text, converting it into a standard ascii text file, one per page or else one text file for all pages in a given session.  The main .SID or .BMP files remain unaltered with graphics and character script, and a user can subsequently cut-and-paste graphic regions into other documents using any standard image editor such as Microsoft PhotoEditor or ImageComposer.  Most of the elements in the Writing Pad space are, however, text boxes (bound or unbound) and pictures that have been dragged and dropped from elsewhere (e.g., online patient record, or data acquisition device.)

The main menu has several key functions that the user can activate at will, and all of these are intended to be voice-activated.  Some selections are familiar to the typical PC user and this is intentionally so in the design, in order, once again, to minimize special training.  TransPAC is more like the ordinary desktop PC than it is not, and in fact it can be used as a regular desktop for virtually any PC operation.  With a keyboard, mouse, and standard CRT display, the main difference between the TransPAC and the typical desktop is that the former occupies only approximately 30% of the footprint and less than 8% of the volume of the typical mini-tower desktop.

Sessions

MediLink operates with patient sessions.  A session is a collection of tasks that may involve several different applications and files, all tied together with one common denominator – a particular patient whose Patient-ID is the connecting link.  The Patient-ID originates in a hospital or clinic database or it is assigned by the MediLink operator as a new ID which subsequently may be processed to match up with a standard ID such as a social security number.  The Patient-ID, if supplied from a hospital database in the instance of a physician or nurse using MediLink to conduct home visits, nursing home rounds, etc., will be entered first into the Active Session Card, the 16-bit smart card that contains all start-up data about the patients, tasks, services, and other requirements that the user will want prior to starting a set of rounds and visits (cf. Section 4).

A dynamic HTML page is created and updated during the entire session process, so that when a provider is finished with a given patient session, this main page contains all the links to all other documents created or modified during the session.  A new session instantiated by the user generates automatically the following:

· new folder on the hard drive, c:\medilink\newsession

· new dynamic HTML session page, c:\medilink\newsession\new_session.htm
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Figure 4 : MediLink Main Application Screen (‡ - cf. Section 7)

The user fills out requisite patient information and during the course of the session generates new files either directly from the TransPAC and perhaps through data acquired from attached instrumentation (e.g., EKG, ultrasound), or through downloads from an internet or intranet server.  All files that are saved during a session, unless specifically noted otherwise by the user, are automatically part of the new (current) session. When the session is saved on hard drive or via the internet on a server, the folder “newsession”, now automatically renamed after the identified patient (e.g., “jgsmythe-243-67-9631”) contains the session header “new_session.htm”, now automatically renamed also after the patient (e.g., “jgsmythe-243-67-9631_session.htm”) and a variety of forms, images, notes, URLs, etc. that have been compiled, created, modified, and downloaded by the medical practitioner as part of his or her duties in the session.  Figure 5 below illustrates the data flow.  The user is freed of about 90% of the headache tasks of managing and manipulating file and folder names.

The Writing Pad was described above and it constitutes the most generic and commonplace interface for the medical professional, the equivalent of the paper notepad for making any form of notes during a patient session.  If it can be done with a pen, it can be saved and later processed – or simply printed in exact replica form.    The advantages of the wavelet compression algorithms for Writing Pad page bitmap-portion storage are to enable not only fast transmission to a waiting server but to enable anyone to zoom and view the document at multiple scales.  The wavelet methods enable image reconstruction that eliminates many of the problems with zooming that are difficulties for JPEG and other formats.  Writing Pad was designed to provide some of the features found in applications like Microsoft Word as well as Adobe PhotoShop and even the archetypal Microsoft Paint, for the benefit of the user who wants to PUT things onto a blackboard and WRITE notes.  Simple.  Direct.  Plain.









Figure 5 : Session Data Flow and Data Structure Buildup (‡)

Body Map

The Body Map is another application feature of MediLink.  It operates as a browser that brings up a series of overlaid image maps each of which pertains to a system or layer of the human body.  The user can set the parameters of the Body Map to be oriented to all generic anatomical and physiological systems or only to certain ones pertaining to the patient of the current session.  In the former case, all possible links to different anatomical systems will be displayed or reachable through page navigation, by mouse/pen or voice command.  Once at a terminal link level, the user can activate a search of the patient medical records for those records – in database form format or as images, notes, reports, etc. that are maintained as separate files – which exist for that patient.  In the latter case, only those links for which there is data existing for the given patient of the current session will be displayed as active links.  All of this activity is managed “behind the scenes” by the MediLink software and its gateway to different ODBC compliant databases (Microsoft Access and Oracle being the most common and for which MediLink is initially targeted).

A very early prototype of the Body Map is shown in Figure 6, using an image map that originated in the web-based medical informatics system, CommonHealthNet. 
 By either mouse/pen click or verbal command, the user can activate one of the particular links that are displayed.  If the cardiac system is selected, then a dynamic web page will appear in the Body Map browser window showing a list, of text and icons, for all accessible records and files pertaining to the cardiac system for the specified patient (X).  The requisite indexing operation is performed at the database server level when each new record is added for (X) and no special search procedure is required of the MediLink user when accessing records in this manner.  Similarly, activating the link for neurology would produce a different page of dynamically generated text and icon links, although clearly some records and files could appear through both paths.  This is not the only interface method that a user can employ to get patient information, but it is one of the most direct and visual, reducing entirely the need for the user to think and search about file names, folders, query expressions, and other computer terminology that detract from the process of performing medicine and healing, the true business at hand.
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Figure 6 : MediLink Body Map (prototype)

The Data Table, Reference, and Internet services are other means that the medical professional can employ to obtain patient data, communicate with other professionals on a case, or enter new data into the system.  The Data Table provides a standard form which can be customized to suit the needs of any given institutional patient database format.  An example is provided in Figure 7 below.  Using the form, the practitioner can rapidly browse through lists of files, records, or folders according to established set categories.  The emphasis is upon minimizing the search, deliberation, and decision-making process steps wherever possible.  Naturally this requires substantial coordination on the data server end of the channel connecting MediLink to the medical histories, images, and other data objects.  However, the bulk of the task is accomplished through standard software gateways that exist on the MediLink side for connecting to Oracle, SQLServer, or Access databases through the web.  It is a matter of configuration and demands less change on the part of hospital or clinic database administrators than may at first be imagined.  What serves for data access also serves to allow the user to make new records, submit notes (including Write Pad not pages), and enter photos or biomedical instrumentation results into a patient database.

The Internet services within MediLink per se are to enable the practitioner to access more than just the resources of a given hospital intranet or database system.  The intent is that in a dialogue with other health care providers connected by cell phone, radio link, or internet, the user can have at his or her disposal whatever may be needed that is a resource accessible through the web.  This could include reference materials or live video feeds – for instance, to demonstrate a technique to be performed with a patient.  Not everything may be in the manual and sometimes a demonstration of technique is in order.  With wavelet compression of video it is possible to obtain relatively real-time full-motion video over a high-speed modem connection, or reduced 8-15 fps streaming over a fast wireless modem link.  Without question this type of communications demands that there be a sufficient network in place for supporting and maximizing the bandwidth, but even over a standard telephone connection the performance for general non-video transfer is adequate for most conceivable applications, especially if the real-time voice dialogue is handled through a cell phone and not also loaded onto the requirements of the TransPAC and its modem.

The Reference feature of MediLink is a dynamic, self-indexing note system that the user can build on the TransPAC hard drive, with online links to intranet or internet resources, as a personal or group medical help system.  It is designed to be a growing compendium of commonly accessed notes and documents, generated by the user as well as drawn in from outside sources, about techniques, pharmaceuticals, case histories, etc.  It can be accessed in the usual manners – mouse, pen, keyboard, voice.
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Figure 7 : MediLink Data Table (prototype)

3. Imaging, speech, security and OTHER ENHANCEMENTS

4.1 Imaging

Figure 8 provides an illustration of the Verité image comparison module that is one of the Tools available in the MediLink application.  Verité was designed as a specialized image comparison and recognition tool to be used for real-time high-resolution work with images in multiple formats and itself incorporates both compression and recognition algorithms, the latter being drawn principally from neural networks and conventional image processing.  A pen input scheme is currently being designed to enable a user to select regions of interest in two images that are side by side as shown in the example of figure 8 and to make comparisons visually and with software functions.  For instance, two possible tumor regions or lesions may be compared – patient MRI (today) with patient MRI (six months previous) or patient MRI (recent) with other known case image(s).

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, 
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Figure 8 : Verité( Image Comparator Module
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 medical procedure is ongoing.  Once again, the tool can be used with new images that have been acquired at the point of current medical service, and this is not limited to images that are already in some large database.

A simple example illustrates the value of having in-field, real-time analytical tools for image comparison.  Consider a victim of acute anterior wall myocardial infarction who is being cared for first by EMT, then in a small hospital or clinic ER, then in an ICU, then moved to a larger regional hospital for bypass surgery.  During any time interval of interest, ranging from a few hours after onset to the entire period from t0 (last visit to physician) to t5 (pre-surgery) there may be benefits from viewing two or more EKG readings together, side by side.  It may difficult to manage physically to obtain the desired EKGs at a moment’s notice, and especially difficult to work with them as physical pieces of paper.
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Figure 9 : 2-day Interval EKG, Acute Myocardial Infarction (‡)
However, consider that all these EKGs have been input (direct-digital or by scanning) into a database.  Using MediLink, the physician can call up arbitrary EKGs and drag-and-drop them into the Verité windows, set up as two or four to the screen, as shown in Figure 9 above.  Interactive testing windows can be moved over two or more images and a comparison of signal patterns can be generated, with graphical results visible to the user in the “base” window of choice.  In Figure 9 two comparison regions are being employed simultaneously, indicated by red and blue dashed-line boxes.  In the final release version of Verité, the user will be able to obtain a pop-up table comparing selected regions by histogram analysis, wavelet, FFT, Gabor, and other measures and also will be able to overlay one signal segment over another for visual comparison of similarities and differences.

4.2 Speech

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.  Commands include both single words and phrases, and include amongst the vocabulary the following elements (besides menu items):

Go Up, Go Back, Go Down, Next Page, Go Ahead, Previous Page, Stop, Take Photo, Take Video, Take Temp, Take Pulse, Take Pressure, Take Ultrasound, Enter Prescription, Cancel, New, Old, List, Undo, Zoom In, Zoom Out, plus a user-modifiable set of standard diagnostic and prescriptive codes.

All of these are intended to be speaker-independent and use a different speech algorithm than the generic speech tool for data entry, also included in the repertoire of MediLink tools.  The latter requires individual training and is intended for when the medical practitioner wants to make extended notes or document entry by speech.  Its functions are quite similar to those of many commercial speech recognition tools.

4.3 Global Positioning

For certain remote or emergency contexts, it may be necessary to engage the use of a global positioning system or GPS.  TransPAC is designed to accommodate any one of several units, and the command speech interface software is already established to handle GPS inputs.  The role of the GPS depends upon the medical application.  For certain outdoor inspection tasks it may be necessary to reference the location of the patient and other objects.  This could be the case in several accident or disaster related situations.  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 other modules.

4.4 Security

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 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 medical 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 mobile computing and paper-free documentation 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 and its removal would constitute a security violation for which MediLink could, if desired by the hospital administrators and physicians, shut itself down automatically to prevent data security violations.

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 files, generally large (> 1 MB) files that may need to be accessed by the operator while performing procedures in the field.  These can be obtained through either modem, LAN, or more often that not, the wireless connectivity over the internet to a central server.  TransPAC is designed to interface specifically 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 MediLink software.

This capability of accessing a large MRI or Ultrasound file that is either already loaded onto TransPAC’s hard disk or else obtained ad hoc during a task via the internet allows the care provider to have a remarkably more versatile control over how tests are performed.  If it is necessary to refer to a particular x-ray or MRI image while performing a procedure, 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 has come of age for the purposes needed by mobile medicine.  Operators can make annotations to an image file for reference by other real-time or at a future date.  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 session 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 MediLink application writes the record into its onboard database.  This encapsulation includes a time stamp, location information, and a compressed-text summary of the recorded information about the action performed by the care provider but without any actual large text or image data.  This encapsulation record has a format similar to that shown in Table 3 below.  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 transaction 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 a colleague or expert who may be evaluating the tests and procedures done in the field on a real-time basis.  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 the hospital or clinic.  An evaluating physician could easily browse through this data to ascertain if all tests were performed and if additional data should be collected, 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 3 --- Basic Data Structure with IDEA Prototype

4. applications for emergency and remote-site medicine

Equipped with MediLink on the TransPAC, a medical practitioner has the basic toolset for enhanced communications between any remote, in-the-field site where either scheduled or unscheduled (i.e., emergency) treatment may be necessary, and resource centers that can be reached through standard and cellular communications for voice telephony and data transfer.  The practical usage may be illustrated through the following scenario.

Patient MK lives in a small village approximately 50 km from a regional hospital (A) equipped for full birthing services.  The roads are secondary quality and there are poor driving conditions.  Her family physician lives in another town 30 km equidistant to MK’s home and to the hospital.  Her obstetrician lives 30 km from the hospital and 80 km from MK’s home.  A smaller clinic with ER facilities is 25 km away.  MK is in her 32nd week of pregnancy and has been experiencing a variety of discomforts that increase to the point of concern for her health and that of the fetus.   MK has been advised to maintain bed rest at home and to avoid any unnecessary or strenuous movement including travel by automobile.

MK experiences a fainting spell and her neighbor dials 911 for emergency assistance.  Upon arrival the EMT has concern about the best procedure to follow since there are several mitigating factors, the treatment of one possibly causing aggravation and life-threatening danger for the fetus.  Immediate movement may be ill-advised.  It is believed possible from initial examination that MK is going into labor and there is concern over the position of the fetus in the birth canal.

The TransPAC is in the EMT vehicle, normally in a docking station cage where it can be used within the vehicle.  With the TransPAC set up in the home at MK’s bedside, an EMT can record all data that is being collected from the patient, including not only electronic data but verbal responses as well.  All of this information can be made available real-time or “VNRL” (very-nearly real-time) to the obstetrician and/or family physician or their most available staff assistant.  The EMT can use the MediLink phone service to make the call directly to one of the physicians. 

Consider that the EMT has a portable fetal heart monitor at the patient site.  The exact image pattern of the data acquired can be transmitted directly to a web server site that is at the hospital, thence accessible to the obstetrician or her on-call assistant, while being visible to the EMT on the TransPAC display. Other recorded data (e.g., MK’s pulse, blood pressure) can be streamed via the internet without distracting interaction steps by the EMT.  The only element that is clearly not reproducible (and the value here of course is immensely important) is the actual physical content – touch, sight, smell, etc. – that can only come from the remote physician and the patient being literally in the same room.  However, the EMT is personally there and can describe things in answer to the right questions from the obstetrician or the family physician, and those questions can be more intelligently tailored and phrased given the direct access to so much more data through the MediLink connection.

In this example scenario, a portable ultrasound may also be present.  The video image taken by the instrument is input directly to the TransPAC and compressed by the wavelet algorithms into nearly lossless streams that encode one or more video clips.  These can be automatically transmitted as “clips” over the internet connection, aided significantly in speed if the TransPAC can be plugged in to a standard phone line and use a PCMCIA standard modem; otherwise the wireless link will suffice at approx. 24K – 28.8K bps.  One further feature of the TransPAC is the seamless “invisibility’ for making and breaking connections – the user does not need to get involved in reconfiguring anything about the network, modem, or dial-up features.  This is all programmed in advance and through the data that is on the user smart card, the Active Session Card.

The monitor and ultrasound data, in the hands of the obstetrician as things are proceeding, can assist in the evaluation and decision process.  It can mean a difference between an emergency trip to the nearest hospital, or a further bed rest and a home visit by the obstetrician.  Even while enroute in the ambulance, real-time fetal heart monitor data transmitted to the consulting physician can aid in determining whether to take MK to the nearest clinic, suitable for critical emergencies, or to the more distant hospital for a guided labor and natural birth. 

5. future directions

TransPAC and MediLink have been designed and both are in the implementation and testing stages.  Custom-tailored systems based upon the Mentis and ViA platforms along with some components of MediLink are being developed for clients.  A survey concerning the use of different elements found in the TransPAC and MediLink designs within the global medical community is planned for 1999, and availability of MediLink, Version 1.0 for beta testing is targeted for the second quarter of 1999.  There are several studies that can be performed to evaluate the effectiveness of the TransPAC-MediLink system in particular for emergency medicine, military medicine, home health care, travelers’ medical emergencies, and rural medical practice.  It has been an aim of the present undertaking to lay the groundwork for a collaborative project involving medical practitioners from several disciplines and regions, worldwide.  The aim of this project will be to evaluate the use of such mobile technology under diverse population and cultural conditions in order to refine the functions and the devices, including both hardware and software, for more convenient and practical use by the maximum number of medical professionals.
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� � HYPERLINK mailto:tkoval@visi.net ��tkoval@visi.net�, (804) 329-8704, (804) 387-9538


� � HYPERLINK mailto:mdudziak@silicond.com ��mdudziak@silicond.com�, (804) 329-8704, (804) 387-9539


� Foremost are wavelet and enhanced JPEG techniques, but also ePIC and JBIG


� The Mentis, from Interactive Solutions, a division of Teltronics, Inc. (www.teltronics.com/is)


� The basis of the TransPAC core hardware is a technology developed by Silicon Dominion Computing, Inc. that makes use of conductive polymer inks for circuit board design and which enables a high-density of three-dimensional circuit layering.  Entirely RAM-based for memory and involving no hard drive, this core unit is essentially a thin-client machine that will weight less than 1 lb. (without battery or peripherals) and be extremely unobtrusive when worn in a beltpack or chestpack configuration, with microphone, speakers, and display built directly into the core unit.


� The image in Fig. 6 was produced for the CommonHealthNet web site and not for MediLink, therefore there are several variations, but it is presented only as a conceptual illustration and testing tool.


� 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 transportation and plant engineering, automotive service and inspection, and inventory control


� Override is possible but it inserts a record of the override action 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
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