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Definition of the Technology


The Massachusetts Institute of Technology provides the following definition of mobile computers:  “A person's computer should be worn, much as eyeglasses or clothing are worn, and interact with the user based on the context of the situation.  With heads-up displays, unobtrusive input devices, personal wireless local area networks, and a host of other context sensing and communication tools, the wearable computer can act as an intelligent assistant.”


Another term that is frequently  applied to this technology is Job Performance Aid or Electronic Performance Support System (EPSS).1  Gloria Gery coined the term Electronic Performance Support System to describe systems that provide task specific information, training, and assistance at the work site when most needed; while completing a task.  Embedded in this process of support is a new paradigm for learning whereby the focus is shifted from training/teaching to supporting/enabling individuals to learn while  completing work.  The power of an EPSS rests in the integration of the many existing educational/support technologies into one unified system directly tied into the tools used in performing the job.  Data transmission and retrieval (text, audio, video, graphics) are involved with these systems and specific interactive training sequences can be presented to encourage self-directed learning targeted for specific tasks.


MOBIle Databases, Interoperability, Computing, Knowledge (MOBIDICK) is an organization whose long term goal is to set up a research center for mobile computing and associated applications (http://www.ct.monash.edu.au/~mobidick).  This is to be achieved through successful grants and cooperative arrangements with industry leaders.  In 1966 they set up a repository of information on mobile computing. 

Mobile Computer Systems


General Features


Mobile Computer Systems consist of four primary subsystems:  input and output devices, system hardware, software and packaging.  Components of these subsystems include:


a.  Input and Output Devices:




1) Head-Mounted Display




2) Microphone- worn near mouth (traditional) or in the ear (via bone conduction) for  better recognition in noisy environments


3) Audio Device- headphones or earphone for sound capabilities




4) Joystick, Trackball, Keyboard


b.  System Hardware (current state-of-the-art):



1) Belt-worn 586 or Pentium based PC system with:




    -  8-32 MB RAM




    -  1.0 - 2.0 GB hard drive




    -   Type II and Type III PCMCIA 




    -   Flexible Circuit Boards and Solid State Technology for ruggedized 



         systems




2) Removable Battery Pack


c.  System Software:  The system will  have the ability to run most operating systems and  voice-recognition software.  It should be possible to run any PC-based  application on the platform.


d.  Packaging:



           1) Hard cases are used to resist the harsh physical shocks, environmental (moisture, salt), chemical (grease, oil, solvents) and electrical (electromagnetic) stress these systems must endure.



           2) Heat dissipation is an important design consideration.  A heat dissipation analysis may require changes to the design of circuit boards, hard drives, etc.  The recently developed process of Shape Deposition Manufacturing has created the opportunity to embed the electronics of mobile computers in a polymer composite substrate.  This material acts to protect the case and also dissipates heat.

           Cost


The price of currently available mobile systems varies greatly depending on the specific computer peripherals and included system capabilities.  A market survey conducted in conjunction with this white paper indicates cost can run as little as $5000 for a low-end system, to as high as $20,000 for a system that incorporates all of the latest available options and upgrades.  The high cost items in any type of mobile system are the CPU and the color, high resolution, head-mounted display.  Cameras and communication system peripherals were also high cost items.  The current demand for this technology is limited.  As the demand increases, and more vendors become available, expect competition to drive the cost down.


Vendor Product Summary

Because mobile computer systems are a relatively new product, and target specific niche markets,  many of the known systems are still in the prototype stage.  As of the completion of the literature review and World Wide Web search conducted in conjunction with this white paper, there are no known publications that have conducted and documented third party mobile product evaluations.


Table I summarizes the features and capabilities of six representative mobile computer systems. The data was obtained directly from the manufacturer in most cases.  It must be emphasized that the six products listed in Table I are representative of those available in the market place today.  What capabilities and features will be developed in the near future is uncertain.  One of the best recommendations that can be made when considering the various mobile computer products is to tailor the system for your specific application or requirement to maximize the effectiveness of the system.  System peripherals available vary so much that the system that satisfies a particular application will, in most cases, need to be customized.

Table I    Summary of Wearable Computer Products & Prototypes


Company/Product Name

Wearable Attributes
Company No. 1
Company No. 2 (Prototype)
Company No. 3
Company No. 4
Company No. 5
Company No. 6

General Description
Designed to be worn on user’s belt
Designed to be worn on user’s belt
Designed to be worn on user’s belt
Designed to be worn on user’s belt
wearable underwater computer  Mounted on divers air tank
Designed to be worn on user’s belt

Product Info. Updated
30 April 1997
15 May 1997
12 May 1997
14 May 1997
14 Jan 1997
12 May 1997

POC & Telephone 
Scott Brzezinski

703-631-6925
Dan Siewiorek

412-268-3372
Tony Laub

516-951-2700
David Dunn

612-921-6867
web@aims.gov.au


John Lontos

919-850-2511

CPU
586/133mhz

8-32 MB RAM

hard drive memory: 1.3-2.1 GB
486SX/33mhz + DSP

12MB RAM

420MB hard drive
586/133mhz

8-32 MB RAM

1.1GB hard drive
586/133mhz

8-24 MB RAM

520 MB hard drive
486/66mhz

8MB RAM


Pentium 133mhz

16-64MB RAM

Input/Output Options
voice, full-sized or miniature wrist worn keyboards; integrated trackball; serial, parallel i/o ports; floppy drive; 2 protected PCMCIA slots (type II or type III)
Voice, On screen Keypad, Pressure Pad

Type II, III PCMCIA

slots, GPS and wireless Ethernet transceiver
Voice, Trackball, Mouse, Joystick

Type II, III PCMCIA slots, integrated wireless to cellular device
Voice, Mouse, Key-board, Glidepoint

Type I, II, III PCMCIA slots

i/o ports; Phoenix BIOS
5 button KordPad tm
Type I, II PCMCIA slots, Mobile User Interface, RS232 and Serial or Parallel Link
voice, Mini keyboard

integrated pointing device

Type II, III PCMCIA slots

wireless/cellular

Battery
Nickel metal hydride (Ni-MH) and a lithium ion; 5-6 hrs of normal operation.
Nickel Metal Hydride

4-8 hrs of normal operation
Nickel Metal Hydride 4-8 hrs of normal operation
Nickel Metal Hydride  4-8 hrs of normal operation
Detachable NiCad battery pack  8hrs of normal operation
NiCad battery

4-6hrs of normal operation

Head- Mounted Display
Wt: 1.5 lb.

AMLCD Display
  - <1” diag. screen

  - VGA 640x480

  - 256 gray-scale

Earphone, Noise canceling micro- phone useable with eyeglasses 
Virtual Vision VHS Head Mounted 

640x480

Microphone
Wt: 8 oz

SVGA 1024x768

Monochrome offering 60:1 resolution, red on black  or  HUD monochrome LCD “see-through”
Wt: 8oz

COTS available

VGA 640x480 or

SVGA 1280x 1024 256 colors

Microphone and earphones
1 bit monochrome display, 720x280
Wt:  4oz

VGA monochrome active matrix LCD flat panel 

640x480

256 gray scale

Weight/size

(CPU & battery)


CPU:  2.0 lbs  
  7.0”Lx2.75”Wx4.25”D
Battery  2.0 lbs  


CPU:

5.8”Wx10.7”Hx        3.2”D

Total  4.0 lbs
CPU:  

4.7”Wx6.4”Hx2.6”D

Total  2.0 lbs
CPU:  2.0 lbs

12.5”Wx5”Hx1.3”D

Battery  1.0 lbs
CPU:

4.5”Lx2.7”Wx9.5”D

Total  8.8lbs
CPU:  2.0 lbs

4.5”Lx4.7”Wx2.7”D

Battery  1.0 lbs

 Speech Recognition Software
Verbex Speech Recognition/ Generator, Dragon Systems or IBM
Speaker-independent, 200-word vocabulary

SPHINX
Speaker-independent
AudioDrive For Windows or IBM Voice Development Dragon Systems
N/A
Speaker-independent IBM, ATT (Watson) and Verbex



Operating System Software
Windows 95, MS-DOS or Windows 3.1; UNIX is an option
DOS /UNIX
DOS/ WINDOWS

UNIX
Windows 95

Windows NT/UNIX 

LINUX
MS-DOS-6.0
DOS/ WINDOWS

Other Options
head-mounted camera toolkit; wireless communication options via PCMCIA and RF communication cards; two-way data communication via PCMCIA modem card.
Not a production system.  Configured with HMD and software for optimal use as a navigational aid
Head-mounted camera

wireless/cellular communication via PCMCIA cards, heads up display
Many COTS options available. Video Camera, GPS communication cards, MIL-STD-1553 interface
Submersible computer with expansion capability

HMD, KordPad, Type I, II PCMCIA

RS232 port
Digital I/O, Digital Multimeter, Ethernet

GPS, MIL-1553

Video Camera, PCMCIA cards

Cost
$ 7995
$8000
$10,045
$7000 to $12000
N/A
$ 7000 to $ 10000

3rd  Party comments

DARPA funded research





Author comments
Production
Prototype

Research Project
Production
Production
Prototype

Research Project
Production

AMLCD = Active Matrix Liquid Crystal Display 

BIOS = Basic Input Output System

COTS = Commercial Off The Shelf

DARPA = Defense Advanced Research Projects Agency

DSP = Digital Signal Processing

GPS = Global Positioning System

LCD = Liquid Crystal Display

RF = Radio Frequency

VGA = Video Graphics Array (SVGA = SuperVGA)

VHS = Video Home System

Potential Applications of the Technology

Maintenance


Maintenance tasks using mobile computing systems can involve a wide variety of objects such as tanks, aircraft, home systems, and utility facilities.  This technology allows the maintenance technician to access the needed technical material at the work site, leaving his/her hands free for maintenance actions.  Maintenance  personnel typically have a variety of problems trying to access and use technical information.  They may have to leave the work site to find a required manual.  If they fail to refer to the manual, they may attempt lengthy or complex procedures from memory and produce errors.  Once the manual is retrieved, the technician may have to find room within a cramped workspace to put a large manual.  Also, any attempt to climb onto equipment while holding a large manual might jeopardize safety.  Mobile computing technology alleviates or negates these typical problems.  With the use of video, pictures of the specific maintenance problem can be shared in real time with an expert who is not available at the worksite.  Voice communications enable the technician to discuss resolution of the problem with the expert.  This enables the knowledge of a few experts to be shared with many in the field.  The head-mounted displays (HMD) can present Interactive Electronic Technical Manual (IETM) information directly to the technician on-site.  The Global Positioning System (GPS) and Geographic Information System (GIS) tools can send the exact position of the tank/aircraft/technician back to those who can help.  The on-site technician can download information from the Internet and/or intranet (organization’s local area network) for the latest information.  According to the Centech Group White Paper, (The Centech Group, Inc.) the maintenance performed on the U.S. Marine Corps helicopter used by the President of the United States uses mobile computing technology.


The Intelligent Fault Locator (IFL) Project incorporates a) electronic technical manuals, b) an expert system that provides advice to less experienced maintenance personnel, and c) an interface to the AH-64A Apache’s MIL-STD-1553 data bus.  These features were all developed to be used on a notebook computer.  The research group explored the idea of using a hands-free computer system since some areas of the aircraft were difficult to access with the notebook computer.  They informally tested a hands-free system that incorporated all the features of the notebook computer and found it performed well.  When this system is plugged into the 1553 data bus, data from on-board sensors (temperature, pressure) can be accessed along with systems status and diagnostic codes to help facilitate troubleshooting and maintenance, while retaining a maintenance history of the platform.  For some tasks, where there was no room for the head-mounted display, the notebook computer was needed.   The project leader for IFL is Dave Stall (DSN 927-3025) at the Aviation Applied Technology Directorate, Ft. Eustis, VA.


The AEGIS Program Office has an ongoing mobile computer project with the objective of enabling sailors to access computer programs and displays anywhere on the ship via a two pound hands-free computer embedded into a vest.  The interface includes voice recognition, a mouse and small wrist mounted keyboard, and a miniature head-mounted display.  These hands-free computers have wireless LAN cards and up to 1GB of disk storage in credit card-sized PCMCIA cards.  An option to the system is inclusion of the GPS.  The first hands-free LAN access points were installed aboard the USS RENTZ in August 1996.  This system allows RENTZ sailors to access the ship's LAN from their mobile computer while at the job site.   Repair technicians can request remote supply, parts or technical data while staying at the repair site.


The USS PRINCETON and USS JOHN PAUL JONES are in the process of installing onboard mobile computer LAN access points to become hands-free beta test sites along with the USS RENTZ and the AEGIS Training Center.   The mobile computers will house IETMs (AEGIS Fire Control Transmitter IETM) to  help sailors perform their jobs faster and  more efficiently.  Requests for further information on the AEGIS Program Office’s mobile computer demonstration project can be sent to RUSSELL_JOE@hq.navsea.navy.mil.

Carnegie Mellon University has built three generations of mobile computers and is working to complete a fourth.  VuMan 2R is a ruggedized mobile computer.  It incorporates a new housing design to withstand shock, temperature, water, and dirt.  Its printed circuit board has some enhanced capabilities for input and power control.  VuMan 2R uses an input interface composed of a rotary dial and a single push-button.  These features provide speed and make it easy for a user to scroll through many options that may appear on the display screen.  A link is provided between VuMan 2R and a Logistical Maintenance Computer (LMC) so that results from vehicle inspection checklists can be uploaded for scheduling and planning.  VuMan is one of five devices now in field testing with the U.S. Marine Corps as part of the Maintenance and Repair Support System (MARSS) Project.  The MARSS Project is the first application of a complete, packaged system for all the mobile computing systems (or Tactical Information Assistants, as DARPA terms them).  A  bodyLAN-  a wireless LAN, housed in a thin undervest- will be worn by every Marine. The vest will eliminate redundant electronic components and link multiple systems (e.g. tanks, onboard computers, logistics stations) via a common standard.  Close contact with such an electronic device may have risks.  The Human Research and Engineering Directorate Command of the U.S. Army Research Laboratory, Aberdeen Proving Ground, Maryland, is looking into the health risks associated with Marines wearing the bodyLAN.

CMU is also developing a prototype system that uses voice interaction.  The Navigator2 incorporates a speech recognition system that is speaker-independent, has a 200 word vocabulary, and currently runs at about eight times real time.  A portable mouse is also available, in the event the speech recognition rate is low or speaking is undesirable.  The Navigator2 architecture is modular, so the hardware can be reconfigured based upon the application.  Example modules include the display, voice interaction system, global positioning system, and wireless communications system.  CMU is supporting the Navy on a communication and speech translation system project that uses voice interaction (or a pen) for the human interface.  Refer to page 12 of this paper (Communications) for more details on this project. Visit http://www.cs.cmu.edu/~wearable/darpa/  for more information on CMU.


MIT is developing “head tracking” capability into their mobile systems so that contextual information can be presented based on where the user is looking.  Overlay information can be presented, such as the location of specific parts of a system, on top of real world objects.  One contractor is using this idea to present  maintenance personnel an overlay of how wiring should look when done correctly.  Users can view this as they work to guide them in correct installations.


Columbia University Computer Graphics and User Interfaces Lab  has a similar project, Knowledge-based Augmented Reality Maintenance Assistance (KARMA).  They use a head-mounted display to augment the user's view of the real world with additional information.  Graphics and text overlaid on the surrounding world could explain how to operate, maintain, or repair equipment, without requiring that the user refer to a separate paper or electronic manual.  Three dimensional trackers are used in conjunction with artificial intelligence to assist the user in accomplishing simple maintenance goals.  For more information on the Columbia University project, visit http://www.mcl.cs.columbia.edu/.


The Georgia Tech Research Institute Team (http://mime1.marc.gatech.edu/EPSS/), working in the Multimedia Manufacturing Education Laboratory, is developing an electronic performance support system- Factory Automation Support Technology (FAST)- that workers can use on the job, anywhere in a poultry processing plant.  The target users for the system are supervisory and maintenance personnel.  Research has proven that training is more effective when trainees have a chance to practice what they have learned.  Plant maintenance and management tasks occur too infrequently to reinforce training.   Real-time support can immediately provide workers with necessary information (equipment manuals, repair histories, emergency procedures), thereby supporting and reinforcing training.  Georgia Tech has been developing mobile computers for several years.  They have adapted a monochrome, head-mounted display to provide VGA quality color at a reasonable cost.  The addition of color would increase or expand the types of information that could be presented on the display at one time.  They have also incorporated a small hand-held camera that can be poked in and around equipment to send a picture of the desired part to a remote expert for consultation.  This implementation would be more flexible than a head-mounted camera.  A second FAST application is an educational performance support system to aid plant personnel in conducting water reduction audits.  The system will allow an employee to walk to various sites within the facility and use test points, audio, drawings, and video to measure water flow, adjust water valves, and calculate water use.  A paper, “FAST:  A Research Paradigm for Educational Performance Support Systems” is available at: http://mime1.marc.gatech.edu/mime/papers/edmedia2.html. 

Inspections


The Naval Special Warfare Command (NAVSPECWARCOM) located in Coronado, CA deploys Sea-Air-Land Commandos (SEALS) with the United States Special Operations Command (USSOCOM). The SEALS use a mobile computing system to conduct pre-mission equipment checkout.  During tests within a noisy environment, a single SEAL (following interactive voice guidance) was able to complete the equipment checkout significantly faster than was previously completed by two unaided SEALS. 


 Through the use of a digital camera and transmission of digital images, bridge inspectors can now capture structural deterioration during an inspection and share  views in real time with associates and clients.  Insurance agents can document property damage with digitized video to aid in rapid assessment, mitigation and payment.  One utility company is using two digital camera inputs to take one regular photo image and one thermographic image of boilers.  The thermographic image helps spot where repairs are needed before large problems develop.


The Air Force has been using mobile computers for inspecting the skin of KC-135 aircraft  for cracks and corrosion.  Initially, the Air Force used the Navigator2 system developed by Carnegie Mellon.  The location and type of each defect found are recorded on the mobile computer (using sketches of the aircraft as a location indicator).  This type of inspection usually requires the inspector to stand on a "cherry picker" or to wear a safety harness while standing on top of the aircraft.  The primary input method is speech; the secondary input modality, a joystick, provides two dimensional input useful for position/location information.  Field evaluations for aircraft inspection at McClellan Air Force Base indicated approximately a 20 percent savings in inspection time and a dramatically reduced inspection data entry time.  CMU is also working on a prototype system that could potentially be used underwater for inspection (Frogman).  The Frogman system uses a dial and buttons for input rather than voice. 

Presently, the Air Force is using a system with specially developed software for noise cancellation in high noise environments, including aircraft engine runups.  Technicians need noise cancellation to improve the accuracy of the speech recognition system when recording the type and location of aircraft discrepancies.  Initially the accuracy rate of the speech recognition system was low, around 72%.  They found that the use of  multisyllable words such as “select,” and the use of the phonetic alphabet for letters and numbers were very important in the improved accuracy of the interactive voice system.  Their system is currently in production and voice recognition performance has been measured with accuracy rates of 99.2%.  For more information on the Air Force’s mobile computer project, contact Marti Tittl at (916) 887-7428.  


The Australian Institute of Marine Science (AIMS) (http://www.aims.gov.au/wetpc/) has developed the WetPC(.  It is a full featured, mobile, underwater computer.  Compact and rugged, its head-mounted display can provide a diver with technical or scientific information such as text, maps, diagrams, digital-photos or even graphic animations of detailed engineering procedures.  The Mobile User Interface (MUI) enables a diver to use complex software while swimming.  The MUI has a five button chest mounted Kordpad( which interacts with on-screen graphic buttons, played like piano chords, which control software and hardware functions.  Applications for this technology include inspection and maintenance of bridges, pilings and marine research.

Navigation


The SEALs have used mobile computers along with military maps and/or air photos with GPS to provide navigation assistance.  The maps, which were typically 1:50,000-scale, were displayed on the head-mounted display, and voice was used to change scale and/or overlay information.  The SEALs location was shown on the map and updated at selectable rates.  The SEAL can then zoom out to see where he is in relation to the bigger picture.  A travel history can be stored for later playback along with time and date information.  Future possibilities for the system would include transmitting the information between several team members for coordinated navigation.  Also, the user could request an up-to-date overlay of the best proposed route to a particular objective.


Another option for navigation would include use of video.  It can highlight dangerous spots through a planned route if transmitted back to the troops by a scout or forward observer.

Reconnaissance


A mobile computing system can be outfitted with a video camera, GPS, and communication using radios to prepare on-site reports of conditions in hostile environments.  The information can be transmitted in real time to allow decision makers to plan more effective maneuvers for mission completion.  The SEALs used a mobile computer to perform reconnaissance during the Joint Warrior Interoperability Demonstration ‘95.  A digital photograph was taken, examined with the head-mounted display, enhanced by the SEAL, annotated with the current location and time (in text, symbols or voice) obtained by the GPS receiver, and transmitted via digital radio to designated locations.  Digital images can be transmitted to fellow SEALs, remote intelligence centers and command centers.  The process takes only a few minutes.  Many images can be compressed and stored on the hard drive for later transmission or use.


The Massachusetts Institute of Technology (MIT) demonstrated a Face Recognition  System several years ago.  A face database system, Photobook, demonstrated  the ability to search a database of 8000 faces in approximately 1 second on the equivalent of a high-end 80486 system, and returned the top 40 closest matches for a given face.  The system is surprisingly tolerant of lighting changes and facial hair differences.  In addition, the user can specify a combination of faces for the search.  This allows a “mugshot” application where a crime victim may be able to search “mugbooks” much quicker than ever before.  An experienced user can find a particular person in the 8000 face database within a few mouse clicks.  With the addition of face-finding software, this system is being adapted for use in mobile computing.  The goal is for the system to overlay names on the matching faces.  This technology may be adaptable for use in training military personnel in target recognition. 

Communications


Communications via Radio Frequency (RF), microwave signals, infrared transmission, cellular phone transmission or satellite signals can provide remote teleconferencing with officers in the field.  A west coast fire department is currently using this technology to track fire fighters in the field.  The fire chief uses it to track the location of his team when they are moving quickly in a hazardous environment.


Naval Operations Medical Institute (NOMI) in Pensacola, Florida, has been instrumental in the development of a wearable computer used in communicating with non-English speaking individuals in military operations in Bosnia and Haiti.  The initial prototype instrument was developed by Commander Lee Morin of NOMI and used during Operations DESERT SHIELD and DESERT STORM in the early 1990’s.  Successive devices have been fabricated by Dr. Rasmussen and the NOMI staff with support from Carnegie Mellon.  The device consists of a belt-worn computer and a small hand held visual display.   The voice system is Dragon Dictate, which has been programmed to interpret (voice recognition) and pronounce (voice synthesis) phrases of several languages.  A user may program a number of statements which might be useful  in a particular situation and simply say “next” to prompt the computer to pronounce the series of words in the appropriate language.  Or, instead of using the next statement he/she might say “skip” to omit the next phrase in the series.  In noisy environments, a pen can be used to write the word or words to be spoken, or to activate other spoken phrases.  It is an extremely useful instrument, but does not replace translators.  For more information, contact Dr. Rasmussen at (904) 452-3385.
Target Recognition Assistance


The Land Warrior (LW) program is a first generation modular, integrated fighting system for dismounted combat soldiers.  Land Warrior Protective Clothing and Individual Equipment (PCIE) subsystem consists of the body armor and Load Carrying Equipment (LCE).  The Computer Radio Subsystem (CRS) is integrated into the Land Warrior LCE and contains a CARDIO processor module, a Flash Hard Drive, a GPS receiver, Memory Modules, and a Soldier Radio.  The CRS integrates the functions of the Weapon and Integrated Helmet Assembly Subsystems to increase the operational effectiveness of the soldier. 



Images from the video camera (mounted on the soldier’s weapon) or the Thermal Weapons Sight (TWS) are processed through the computer and displayed on the helmet-mounted display (HMD).  This provides the soldier the capability to observe and engage targets without being exposed.  For example, it is possible to shoot around corners of buildings.  Range and distance data determined by the Laser Range Finder/Digital Compass Assembly (LRF/DCA) is automatically added to digital messages such as the Call for Fire and Spot Report, as well as being displayed on the HMD.  The GPS provides the soldier’s location to the computer.  The soldier’s position is displayed on the HMD with a digital map, providing situational awareness information.  Digital messages can be loaded into the transmission queue, and when the net is free, it will transmit the message automatically.  The radios of the CRS provide both digital and voice capabilities to the Land Warrior.  Thus the computer enables the soldier to obtain more data about targets, his/her strategic position within the battle, and links him/her to the chain of command to further enhance direct communications.  Hopefully, the result of this type of system will be a more efficient soldier who experiences less confusing communications in the heat of battle.  For more information on the LW Program, contact Lt. Col. Pat Berger at DSN 835-7738.
Training


In October 1996, aboard USS PRINCETON, a demonstration was conducted to track an individual sailor’s level of damage control PQS training.  A mobile computer was used along with a network link to software that keeps track of the individual, completed tests, and certification level.  The next logical step for this technology may be on-line remediation and certification tests which can be completed aboard ship and recorded for future reference.  When  a sailor transfers, his/her training records and certification levels could be easily accessed and reviewed for training planning at the next command.  For further information, contact LT Rich Stakelum, COMNAVSURFPAC, at (619) 437-3245.

Field Data Collection/Surveys


Real time updating of maps is possible when GPS PCMCIA cards are used in conjunction with Global Information System (GIS) software.  This application can save time and money by using only one person wearing a computer (rather than a team of surveyors) with the GPS PCMCIA card installed and voice activated software.  Usually follow-up visits are required to validate handwritten survey information.  This system negates the need for follow-up visits.  Voice inputs may reduce errors that are typically induced by illegible handwriting on site or typos created during note interpretation.

Safety


Mobile computer systems could be used to deliver safety information and warnings to workers just-in-time.  As they work on a particular piece of equipment, the safety information could be presented before the worker accessed the technical or procedural information desired.

Medical


Medical care and patient records are two more areas where mobile computing can be effective.  Paramedics on site can use video to solicit expert advice from doctors and provide them a real-time view of critical patients.  Doctors can also use the technology to collect and record patient information that typically is provided via a lengthy transcription process.  This technology speeds the process of recording the information, so that it quickly becomes available for use by the doctor.  With the use of video and/or voice, the required medical facilities could be determined so that a soldier in the field could get immediate help upon arrival at the medical unit.


The Computer Science Division of Purdue University has a Mobile Environments for Telemedicine program that is exploring mobile computers as a potential means of providing isolated patients with sophisticated care through “telemedicine”, i.e. remote consultation with medical service providers and remote patient monitoring.

Disaster Response


When fire breaks out aboard ship, fast response is required to ensure the safety of the crew.  Mobile computers may be helpful in this area when combined with IR and low light video capabilities.  Thermal imaging cameras can be used to allow damage control personnel to see through smoke and locate personnel or hot spots.  This concept was  demonstrated in April of 1997 aboard USS PRINCETON in San Diego.  Point of contact for information about this demonstration is LT Rich Stakelum, COMNAVSURFPAC, (619) 437-3245.


A related initiative involves the use of streamed video to present pictures of the actual compartment where the fire or flooding is located to the mobile computer user.  Thus, as the user turns their head to find the correct valve to turn, the valve will be displayed when he/she is oriented in the correct direction.  The “Robot Eyes” system would then lead the sailor to the valve as they walk through the smoke-filled room.  This capability plans to use the NAVSEA Enterprise-Wide Network (NEWNET)- a high speed, T-1 data transmission network.  The hope is that NEWNET will provide MPEG2 streamed video on-line, running at 2.5Mbps and 768x480 pixels.  For more information on this initiative, contact Bob Johnson, Naval Sea Systems Command, at (703) 602-5544.


Video can rapidly alert decision makers to conditions as they unfold.  For example, video provided by a fire fighter wearing a mobile system could help supervisors call in the correct additional resources in a timely fashion, or redirect the efforts of other fire fighters to more effectively use available personnel.

Construction


The use of a mobile computer could make construction work flow more efficiently.  Supervisors can request data on availability of supplies, drawings/blue prints, or the status of various orders while they manage the work.  Workers at other sites could be contacted without leaving the work site.  Pictures of construction progress could be sent to headquarters to provide real-time status updates.
Human Factors Considerations


The following information on input/output devices is primarily taken from a workshop on mobile computers hosted by Boeing Aerospace on August 19-21, 1996.  The workshop was organized by David Mizell (Boeing), Tom Caudell (University of New Mexico), Zary Segall (University of Oregon), Dan Siewiorek (Carnegie Mellon University), and Thad Starner (MIT). The most appropriate input and output device will depend upon the tasks to be performed.  The following list covers typical input and output devices available:

Input Devices

1.  Speech technology -  Microphones with high output, wide bandwidth, and good noise cancellation are desirable:


Advantages


a.  Faster than a keyboard and mouse (especially when information is several layers down)


b.  Does not require use of hands 


c.  Can improve performance in hands-busy (maintenance), eyes-busy (inspection) tasks


Disadvantages

a.  When user is working with co-workers, a cue system is needed to let the computer

      know when the utterances are intended for the computer, vice the co-worker 



1.  Use of press to talk switch requires hand use 



2.  Use of  “bracket words” requires  some training

3.  High background noise levels can cause inaccurate word recognition and false

      inputs


b.  Behavioral states (e.g.  anxiety, stress) and task loading can affect human voice

                 characteristics and degrade interactive speech system performance


c.  Prompts are required when  assistance is needed to recall the appropriate procedures in

                            a given situation.  Interfaces must be developed to prompt users when the possible

                 vocabulary used by the system is beyond the user’s recall.

d.  Feedback must be presented to the user when spoken words are not understood (this

      takes up valuable display space)  

e.  Recognition rates of 95% mean  one error in 20 words.  Easy, quick ways to correct

      errors must be developed.

f.  Specifying a position in a two dimensional space is difficult.  A pointing device is

      needed for these tasks.

g.  When using a speech synthesis system, it can be difficult (or impossible) to interrupt

      the system while it is ‘speaking’ to handle emergency situations.

2.  Keyboards - Full size keyboards are cumbersome.  Chorded keyboards use fewer keys to input text.  Combinations of keys are used to indicate particular letters.  Some can be strapped to one hand or a wrist.


Advantages


a.  Enables textual input 


b.  Reasonable speed (50 wpm) is achievable


c.  Inexpensive, low power and low bandwidth requirements


d.  Can be made waterproof


Disadvantages


a.  Can’t be used if task requires two hands


b.  Training required for proficiency


c.  No pointing capability inherent in the device

3.  Pointing devices - joysticks, touchpads, trackballs, rotary dials or joypads


Advantages

a.  Can indicate a point in two dimensional space (map)


b.  Are intuitive 


c.  Faster than typing


d.  Can be made waterproof


Disadvantages



a.  Current devices are resource intensive and usually require a surface for positioning


b.  Inexact for precise coordinate specification


c.  Slow when used to provide a virtual keyboard

Output Devices

1. Head-Mounted Displays (HMD)

HMD are particularly suited to mobile computers used in applications requiring augmented or mediated reality.  HMDs come in many shapes and sizes and, like the mobile computer, must be tailored for the mission.  For example, HMDs can be used to overlay data on the world as actually seen; for full immersion in alternative visual experiences; or to enhance human visual capabilities by effectively providing infrared (IR), low light level (LLL), telescopic, or microscopic viewing capability.  DARPA is currently involved in a program to develop eyeglass-type displays that can be coupled with computational, storage, and wireless devices to make portable commercial and military information systems for a wide variety of applications (http://esc.sysplan.com/ETO/Displays/HMD/index.html).

The current state of the art HMD is a lightweight (approximately 11oz), full color display with VGA resolution and a fifty degree field of view.  These displays offer stereoscopic or monoscopic, see-through or opaque designs.  As of the writing of this paper, monochrome displays with a thirty degree field of view are the standard.  However, some systems can be special ordered with color displays.


When choosing a HMD, there are a few important issues to consider:


1.  Low power consumption is a must to maximize battery life.


2.  Small, comfortable, light weight, balanced head sets reduce fatigue.


3.  Displays must be rugged for every day use.


4.  Optics designed to be viewed as if you were looking at a distant object eliminate the 

     need to continually refocus the eyes, reducing fatigue.


5.  Head set quick disconnect cables provide safety when maneuvering.


6.  Head sets should be fully adjustable (accommodate either eye dominance, laterally, 
  
     vertically, different sized heads).


7.  Displays should be moveable (out of sight) when not in use, and they should 
     
  
     accommodate eyeglasses when in use.


Advantages

a.  Can be used without involving the hands


b.  Have reasonable resolution


c.  Are always accessible and can be totally private


d.  “See through” could be read by other than the wearer 

  
e.  Occluded provide privacy

f.  Possible to align the HMD output with that of the real world and provide computer

    augmentation of reality


g.  Head tracking capability available on some


Disadvantages
a.  Some devices are not effective in bright sunlight (One modification includes eye shades

     with two tints available to cut down interference from ambient light)


b.  Susceptible to dirt (One solid optic unit has been produced to get rid of dirt)

c.  Many do not easily handle scrolling (One contractor admitted they were trying to get

     away from Windows interface and develop one that was designed for voice interaction)


d.  Most displays are monochrome


e.  Weight and power consumption critical


f.  Image quality tradeoffs

2.  Flat Panel Displays

Advantages


a.  Relatively cheap and plentiful


b.  Available in full color


c.  Shareable (if  multiple people wish to look at display)


Disadvantages


a.  Require hands to hold them for output, storage place when not in use


b.  Glare, weight, resolution and size 


c.  Higher power consumption

3.  Aural  -  Earphones 


Advantages


a.  Allow communication between users


b.  Hands free


Disadvantages 


a.  Less effective in noisy environments


b.  No way to easily verify receipt of message

Peripherals


These devices work in conjunction with the mobile computer system:


a.  CD-ROM Drive


b.  Counter/timer


c.  Digital Multimeter


d.  Ethernet LAN kit


e.  Fax/Modem


f.  Cellular Fax/Modem


g.  Flash Memory


h.  Hard drives


i.  Global Positioning System


j.  Standard Interface Ports (IEEE-488 GPIB, MIL-STD-1553, RS-232, ARINC 429)


k.  Wireless LAN


l.  RF Communications


m.  SCSI adapter


n.  Analog/Digital Videocamera and Video Capture Card


o.  Wireless Keyboard


p.  IBM Voice


q.  Satcom Kit


r.  Bar code scanners


s.  Wrist mounted QWERTY Keyboard


t.  3.5” floppy


u.  thermal imaging camera

ERGONOMIC CONSIDERATIONS


The following characteristics are important for mobile computers to incorporate:


- Small (although there is a minimum useful size for input devices), lightweight, useful in hot and cold environments and have minimal cables (tangle on obstructions in the environment)


- Easy to get on and off


- Usable while standing, moving, and lying down- the position of the computer on the body should be variable depending on position of the user


- If embedded in clothing, then the clothing size needs to accommodate many sizes of people easily.


- Safety must be assured when using HMDs to interact with the environment.  Care must also be taken not to impact the HMD while working.


Safety is also an issue when wearing electromagnetic devices. As previously mentioned, the Human Research and Engineering Directorate Command of the U.S. Army Research Laboratory, Aberdeen Proving Ground, Maryland is researching human factor issues related to the bodyLAN system.  One design of the vest under review has flex cables running up either side of the chest, over the breasts, with plug-in connections from components to power modules.  The electromagnetic radiation affects of these cables is unknown. Lithium-ion batteries of 2.2 ampere-hours (at around 3.6 volts) are under review.  Touching a 1.5V household battery to the tongue induces little more than a relatively benign “buzz” shock.  Under certain conditions, however, batteries put into direct contact with the conductive bloodstream, as might happen in battle, could have more serious effects- including heart attacks. 


Additionally, the designers of the vest’s power supply naturally wanted to achieve the greatest possible energy density for the batteries.  Higher energy density batteries have greater explosive potential.  The environmental impact of equipping entire armies with batteries is another concern.  

Benefits of the Technology

Feedback from Users


 LT Rich Stakelum,  SURFPAC Fleet Representative, suggests the primary benefit of the mobile computer is that it makes needed information available at the job site.  The sailor can see the required information in conjunction with the equipment involved.  LT Stakelum also mentioned that mobile computing provides “just-in-time” training, when and where the sailor needs the information.  He also believes mobile computing, along with access to courseware on the net, is a way to provide sailors with the required training certification while they are aboard ship.


Senior Chief Bolduc (Naval Special Warfare Command, San Diego) reports that mobile computers provide advantages in performing pre-dive checklists associated with a manned submersible used in SEAL operations.  He indicates that mobile computers enabled a dramatic reduction in time and personnel needed for task completion.  An evolution which would normally take 3 or 4 divers an hour and a half to complete was accomplished by two individuals in only 45 minutes using the mobile computer.  For further information on this study, contact Senior Chief Bolduc at (619) 437-0839.
Studies


Griffin and Mosko (1988) performed a study where subjects were involved with multiple psychomotor tracking and listening tasks in an eyes- and hands-busy environment.  Their results indicated that the use of voice input, vice keypad entry of responses in the performance of dichotic listening and tracking tasks, resulted in significantly improved performance of the tracking component, when both tasks were performed in a dual or multi-task mode.  Thus, this study (representative of many others) indicates that the use of voice may improve performance when the eyes and hands are already busy.


CMU reported an empirical study of aircraft maintenance workers using wearable visual interfaces and collaborative systems to support troubleshooting and repair work.  Preliminary results suggest gains in coordination and ease of work when users have shared hypertext, video and audio capability with an assistant who is more experienced.  Thus, organizational expertise and corporate memory can be shared more quickly and easily with new or inexperienced workers.  Distributing expert knowledge seems to be one of the most beneficial results of using mobile computing.

General


Some of the other benefits of mobile computers can be summarized as follows:

-  Reduces the time it takes to retrieve information and transmit information.  During maintenance of a vehicle or aircraft, for example, this means an increase in terms of readiness.  Whenever very costly operations are being performed and thousands of dollars are expended every few minutes, time savings in retrieving information can translate to large dollar savings.


-  Decreases cost of retrieving and transmitting information.


-  Decreases the number of false removals and reduces the destruction of serviceable components.


-  Allows technicians to work hands-free while having access to information.  This can increase productivity.  This is especially important in environments that require workers to use gloves due to extreme temperatures.  A notebook computer would require the worker to remove the gloves.  Cramped environments that would not allow the use of a notebook computer can accept the mobile.


-  Brings the expert right into the situation (video and communications) to decrease the time it takes to decide on a course of action.


-  Increases the quality of maintenance training information.  Up-to-date information can be presented from a variety of sources and distributed over the world wide web.


-  Some head-mounted displays are viewable in direct sunlight where other computer screens are not.


The International Symposium on Wearable Computers (ISWC) is the first annual conference on mobile computing.  It will be held October 13-14, 1997 in Cambridge, Massachusetts.  The conference is in cooperation (pending) with the Institute of Electrical and Electronics Engineers (IEEE) and the Association for Computing Machinery.  The purpose of ISWC is to bring together researchers, product vendors, research sponsors, and other interested persons to share information and advances in mobile computing.  The conference will include presentations, exhibitions, and poster sessions.

Limitations of the Technology

Software Technology


Due to limitations in size and weight, and subsequent limitations in battery consumption, a typical mobile computer has a slower CPU and less disk and memory capacity than an ordinary PC.  Some of these factors can be overcome by incorporating wireless networks, however this increases the complexity of the system.  The addition of a transmitter, receiver and network software can introduce distinct limitations (bandwidth, latency, unreliability).  More research is needed in the area of distributed mobile applications. 


Hands-free operation requires a unique, sophisticated user-interface.  There are few developers working in this area and the availability of tools to create voice interactive interfaces is limited.  Nontraditional interfaces, like voice interactive interfaces, lack standardization and require the user to develop new skills.


Mobile computer hardware configurations are changing and evolving rapidly.  Rapid prototyping techniques have been developed for hardware system design and test.  However, the same is not true for the software that must accompany the hardware.  Sometimes incompatible hardware platforms can be used requiring redesign of the software.  To reduce the overall development time of the system, co-design methods are needed for rapid prototyping  and test of software and hardware.

Display Technology


The development of the displays is progressing in terms of resolution and visibility in different ambient light conditions.  However, most current systems do not support high resolution displays.  Many of the currently available systems will only support monochrome displays.  It is questionable whether the typical HMD can provide effective viewing of large format, graphically displayed information (e.g. drawings that typically require several pages to be folded out to view).   

Security 


Security is an important area of concern which requires planning in order to design a system that will meet the users’ security needs.  Briefly, some of the risks involved are:  1) confidential documents falling into unauthorized hands; 2) interception of private or confidential information sent by a remote user to a server; 3) information about the web server’s host machine leaking through allowing outsiders to potentially break into the host machine;  and 4) outsiders executing commands on the host machine due to bugs in the software.  For the military mobile computer user, it would be important that communications with other mobile users and headquarters be secure so that enemy forces could not intercept strategic information.  In the area of telemedicine, there is a need to develop the software environments and applications for exchanging medical information and animated images in a secure way.  Encryption devices can be used, but they generally slow data transmission rates.  Private Industry (banking institutions, health care organizations, etc.) may be the first to offer a solution to web security concerns.


There are several web sites that offer security information about the web.  The Rutgers University Network Services site (http://www-ns.rutgers.edu/www-security/www-security-list.html#about) is a good place to start since it lists working groups and organizations that deal with security issues.  There is also the World Wide Web Security FAQ  site (http://www-genome.wi.mit.edu/WWW/faqs/www-security-faq.html), another good site to explore security issues.

Voice Recognition


Voice interfaces are still under development in several areas.  Faster pre- and post-processors are being developed to increase the recognition rates and accommodate larger vocabularies.  For applications where accurate recognition is critical (e.g. use in battle for targeting, reconnaissance, damage control), voice technology cannot guarantee 100 percent recognition.  Many factors influence recognition (ambient noise, stress level of the user, presence of smoke, voice dependent or independent systems).  Griffin and Williams (1987) conducted a study in which subjects learned to perform a tracking task and state the numbers 0 through 9.  Subjects’ responses were recorded and their voice characteristics compared, during the single tracking and multi-task environments.  In essence, with the increased task loading, subjects’ speech became higher in pitch, louder, and they spoke more rapidly.  These changing speech characteristics partially explain why machines exhibit lower speech recognition performance in behaviorally difficult or intense situations.  If the critical words in a message are not correctly recognized immediately, the user may not have time to repeat the message.

Feedback from Shipboard Use

Discussions with LT Stakelum covered the following limitation areas:


-  Battery life needs to be longer, especially when wireless LAN capabilities are used.  This essentially cuts the battery life in half.  Faster processors also reduce battery life.


-  Batteries need to be ‘hot swapable’ so that work is not interrupted.  Low battery indications need to be available to the user.


-  Head sets need to be lightweight enough to wear comfortably for 4-8 hours.


-  When a ship is at sea using satellite links, the net is only available for 4-5 hours.

Projected Advances


Mobile computers must be designed to accommodate new technologies arising from the rapidly developing PC industry.  The design strategy for mobile computers must maintain compatibility with the state-of-the-art commercial PC technology, including processors, buses, peripheral interfaces, software operating systems, drivers and applications.  This approach will avoid obsolescence and capitalize on commercial-off-the-shelf (COTS) technology in the most effective way.


Current systems tend to favor slower 486 or 586 processors.  The power requirements for the fast Pentium processors demand additional battery capacity.  The tradeoffs between processor speed and battery life must be considered when purchasing a system.  The use of peripheral devices such as video cameras requires faster processors.   As battery technology improves faster and smaller systems will become available.  Faster, lighter, smaller systems that use less power and cost less tend to drive the design of the mobile computer.


The need to use several peripheral devices concurrently, such as GPS, video cameras, removable hard drives, and RF communications packages, impose physical restraints on the size and weight of the mobile computer.  As these peripherals become smaller and multi-function peripherals become available, systems will again become smaller and lighter.


COTS voice recognition software development is in its infancy.  As this technology becomes more advanced, it will allow for more dynamic hands-free operation.


Field Emission Display (FED) panels are being actively pursued as a potential replacement for LCD displays.  FEDs use less power and have wider operating temperature ranges.  It is not yet known if these systems will be rugged enough for mobile computer use.  Research is also being performed on display technology that would project an image directly on the retina of the eye.


As bandwidth technology improves, data transmission rates will increase.  Applications that work with wireless networking to allow personnel remote access to information while mobile and hands free, would become even more efficient.  


Advanced, color, head-mounted displays with integrated video cameras will provide real time, wireless, high fidelity, video conferencing for remote, technical assistance.  Thermal imaging cameras will allow enhanced vision in smoke or low light situations.


Future uses for mobile computers, as they become more capable and lighter weight, are virtually unlimited.  They could become intelligent assistants that not only augment the user’s memory, but also aid the user in gathering pertinent information for problem solution, or point the user to information related to the task at hand.  In this case the computer would be monitoring the user’s activities.  For example, the computer could interrupt the user while he is enroute to an appointment to receive an urgent e-mail message.  Mobile computers could keep track of interesting bits of information the user had read in various places over time.  Then, when the user is composing a paper on a related topic, the computer could alert the user about  files he/she should consult for related information.  Automated recall is superior to human recall, especially when a period of years is involved.


Mobile computers could also provide access to virtual expertise.  By having an expert in a given field gather important reference material together in specific files, these files could then be accessed by users who need assistance, without having to contact the expert directly.  The expert could collect useful articles, text book references, and knowledge gained from years of experience in these files and have them organized such that a search on a particular topic could present the relevant information to the user seeking help.  More people could be served in this fashion than a system which requires contacting the expert personally.  For more information on possible mobile computer applications visit the Boston University WWW site at http://cs-www.bu.edu/students/acm/lecturers/thad.html.
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Glossary of terms

Active Matrix Displays - A type of flat-panel display in which the screen is refreshed more frequently than in conventional passive-matrix displays.  The most common type of active-matrix display is based on a technology known as TFT (thin film transistor).  The two terms, active matrix and TFT, are often used interchangeably. 

Bandwidth - The amount of data that can be transmitted in a fixed amount of time.  For digital devices, the bandwidth is usually expressed in bits or bytes per second (bps).  For analog devices, the bandwidth is expressed in cycles per second, or Hertz (Hz).

BIOS - Pronounced "bye-ose," an acronym for basic input/output system.  The BIOS is built-in software usually placed on a ROM chip that determines what a computer can do without accessing programs from a disk.  On PCs, the BIOS contains all the codes required to control the keyboard, display screen, disk drives, serial communications, and a number of miscellaneous functions.

Central Processing Unit (CPU) - The CPU is the “brains” of the computer.  Sometimes referred to simply as the processor or central processor, the CPU is where most calculations take place. In terms of computing power, the CPU is the most important element of a computer system.

Defense Advanced Research Projects Agency (DARPA) - The central research and development organization for the Department of Defense (DoD).  It manages and directs selected basic and applied research and development projects for DoD, and pursues research and technology where risk and payoff are both very high and where success may provide dramatic advances for traditional military roles, missions and dual-use applications.

Digital Signal Processing (DSP) - Refers to manipulating analog information, such as sound or photographs that have been converted into a digital form.  DSP also implies the use of a data compression technique.

Ethernet - A local-area network (LAN) protocol developed by Xerox Corporation in cooperation with DEC and Intel in 1976.  Ethernet uses a bus topology and supports data transfer rates of 10 Mbps. The Ethernet specification served as the basis for the IEEE 802.3        standard, which specifies the physical and lower software layers. Ethernet employs a media access control mechanism called CSMA/CD (Carrier Sense Multiple Access with Collision Detection) and employs a "bus" topology using coaxial cable operating at 10 Mbps.  There is no central controller and all devices have equal status.  With CSMA/CD each device which is sending or receiving has the entire line capacity to itself.  Ethernet allows a device to transmit at any time, first having listened to ensure that the line is not already busy.  It is still possible that two devices can start transmitting simultaneously, so Ethernet devices are equipped with "Collision Detection".  If a collision is detected by a device, it simply stops, listens again and re-transmits when the line is free.  The CSMA/CD access method is one of the most widely implemented LAN standards.   A new version of Ethernet, called 100BaseX (or Fast Ethernet), supports data transfer rates of 100 Mbps. And a proposed standard, called Gigabit Ethernet will support data rates of 1 gigabit (1,000 megabits) per second.

Flash Memory - A non-volatile memory that "remembers" data stored in it, even without power (or backup batteries).  A special type of EPROM (Erasable Programmable Read Only Memory) that can be erased and reprogrammed in blocks (blocks are groups of bytes, usually in multiples like 4k, 16k, etc.) instead of one byte at a time.  Some modern PCs have their BIOS stored on a flash memory chip so that it can easily be updated if necessary.  Such a BIOS is sometimes called a flash BIOS.

GB - Gigabyte

Geographic Information System (GIS) - A very simple way of defining GIS is that they are electronic maps.  GIS allows the user to define layers, or levels, that generally contain related types of information.  For example: a GIS could have a level that had all of the hydrology for a circumscribed part of the world, or a level that had contour information of the same part of the

world, or streets, vegetation types, geology, archaeology, biology and so on.  If you envision each of these "thematic" levels on mylar, and overlaid the hydrology, archaeology, and contours, you would then see the relationship between water resources, physiography, and archaeological sites.  By entering basemap data (contours, political features, Township, Range, Section lines, etc.), and then importing data from GPS (Global Positioning System) into the GIS, resource management researchers have a powerful tool for analysis.

GlidePoint Touchpads - A touchpad designed to replace the computer mouse and related pointing devices.  Without requiring contact pressure, the finger manipulates the screen cursor by simply gliding across the surface.  Tapping the surface serves the same purpose as clicking the button on a mouse.  A touchpad provides all the functions of a mouse, and more.  A mouse reports relative motion, i.e., its change in position, while touchpads can also report the absolute position of a finger or a handheld pen-like stylus.  This supports the signing of electronic documents, simple sketching, and a host of exciting future applications.  Additionally, a "Z" factor relating to finger contact pressure is available.  These characteristics give the glidepoint touchpad an intelligence potential and capability beyond that of the mouse.

Global Positioning System (GPS) - A satellite-based device that records x, y, z coordinates and other data using global positioning.  GPS devices can be taken into the field to identify an individuals global position while driving, flying, or hiking. Ground locations are calculated by signal from satellites orbiting the Earth.  GPS devices play a significant role in geographic data collection. 

Head Mounted Display (HMD) - State-of-the-art system worn on the head consisting of optics that present visual information to the user.  Miniature display technologies generate images either monocular or binocular.  High resolution VGA displays are the standard. 

Infrared Transmission - Wireless computing is one step closer to broad industry acceptance thanks to a new infrared data-transfer standard.  The Infrared Data Association (IrDA) has expanded the existing protocol to accommodate transfer speeds of 1.152 and 4 megabits per second (Mbps), a significant improvement over the 115-Kbps rate of IrDA 1.0.  At these faster speeds, infrared (IR) data transfer is a viable option for PC-to-PC transfer, printing, and, most

important, network access.  Mobile computers with an IR port can access a network via a beam of light.  Windows 95 ships with drivers that preserve data from loss or corruption if the

connection is interrupted.  All infrared transfers share a few key benefits, such as bi-directional data exchange.  And unlike radio-frequency devices, which broadcast data and are subject to interference, IR devices are secure in that they require a direct line of sight.  The drawbacks:  IR transfers are effective at distances of up to only one meter, and the one-to-one connection means that only one notebook can be connected to a network access device at a given time.  Multiple connections are possible sequentially, meaning that any number of notebooks can access the same IrDA device in succession.

Local-Area Network (LAN) - A computer network that spans a relatively small area.  Most LANs are confined to a single building or group of buildings.  However, one LAN can be connected to other LANs over any distance via telephone lines and radio waves.  A system of LANs connected in this way is called a wide-area network (WAN). 
Most LANs connect workstations and personal computers.  Each node (individual computer) in a LAN has its own CPU with which it executes programs, but it is also able to access data and devices anywhere on the LAN.  This means that many users can share expensive devices, such as laser printers, as well as data.  Users can also use the LAN to communicate with each other, by sending e-mail or engaging in chat sessions.  There are many different types of LANs, token-ring networks, Ethernets, and ARCnets being the most common for PCs.  Most Apple Macintosh networks are based on Apple's AppleTalk network system, which is built into Macintosh computers.   The following characteristics differentiate one LAN from another: 

Topology:  The geometric arrangement of devices on the network.  For example, devices can be arranged in a ring or in a straight line. 

Protocols:  The rules and encoding specifications for sending data.  The protocols also determine whether the network uses a peer-to-peer or client/server architecture. 

Media:  Devices can be connected by twisted-pair wire, coaxial cables, or fiber optic cables.  Some networks do without connecting media altogether, communicating instead via radio waves. 

LANs are capable of transmitting data at very fast rates, much faster than data can be transmitted over a telephone line; but the distances are limited, and there is also a limit on the number of computers that can be attached to a single LAN. 

Liquid Crystal Display (LCD) - A type of display used in digital watches and many portable computers.  LCD displays utilize two sheets of polarizing material with a liquid crystal solution between them.  An electric current passed through the liquid causes the crystals to align so that light cannot pass through them.  Each crystal, therefore, is like a shutter, either allowing light to pass through or blocking the light.

LINUX - A freely-distributable implementation of UNIX that runs on a number of hardware platforms, including Intel and Motorola microprocessors.  It was developed mainly by Linus Torvalds. Because it's free, and because it runs on both PCs and Macintoshes, Linux has become extremely popular.

MB - Megabyte 
Microwave Signals - An electromagnetic wave used to transmit data with a wavelength ranging from approximately one millimeter to one meter.  This region is between infrared and short wave radio wavelengths.
Personal Computer Memory Card International Association (PCMCIA)-  PCMCIA is an organization consisting of some 500 companies that has developed a standard for small, credit card-sized devices, called PC Cards.  Originally designed for adding memory to portable computers, the PCMCIA standard has been expanded several times and is now suitable for many types of devices.  There are three types of PCMCIA cards.  All three have the same rectangular size (85.6 by 54 millimeters), but different widths. 

Type I cards can be up to 3.3 mm thick and are used primarily for adding additional ROM or RAM to a computer. 

Type II cards can be up to 5.5 mm thick. These cards are often used for modem and fax modem cards. 

Type III cards can be up to 10.5 mm thick, which is sufficiently large for serving as portable disk drives. 

Peripheral Devices - Any external device attached to a computer. Examples of peripherals include printers, disk drives, display monitors, keyboards, and mice. 

QWERTY Keyboard - Pronounced kwer-tee, refers to the arrangement of keys on a standard English computer keyboard or typewriter. The name derives from the first six characters on the top alphabetic line of the keyboard. 

RAM - An acronym for random access memory, a type of computer memory that can be accessed randomly; that is, any byte of memory can be accessed without touching the preceding bytes.  RAM is the most common type of memory found in computers and other devices, such as printers.

Resolution - Refers to the sharpness and clarity of an image.  The term is most often used to describe monitors, printers, and bit-mapped graphic images.  For graphics monitors, the resolution signifies the number of dots (pixels) on the entire screen. For example, a 640-by-480 pixel screen is capable of displaying 640 distinct dots on each of 480 lines, or about 300,000 pixels. This translates into different dpi (dots per inch) measurements depending on the size of the screen.  For example, a 15-inch VGA monitor (640x480) displays about 50 dots per inch.  Printers, monitors, scanners, and other I/O devices are often classified as high resolution, medium resolution, or low resolution.  The actual resolution ranges for each of these grades is constantly shifting as the technology improves.
Radio Frequency (RF) - A transmission frequency used by radio stations, and in the range which radio waves may be transmitted 10 Khz to 300,000 MHz.
ROM - An acronym for read-only memory.  This is computer memory on which data has been prerecorded.  Once data has been written onto a ROM chip, it cannot be removed and can only be read.

RS-232 - IEEE Standard that defines three types of connections: electrical, functional, and mechanical.  It is the most commonly used interface for the data-transmission range of 0-20 Kbps/50ft (15.2m).  It employs unbalanced signaling and is usually used with 25-pin D-shaped connectors (DB25) to interconnect Data Terminal Equipment (DTE) computers, controllers, etc., and Data Communications Equipment (DCE) such as modems and converters. Serial data exits through an RS-232 port via the Transmit Data (TD) lead and arrives at the destination device’s RS-232 port through its Receive Data (RD) lead.  Serial data transmission is the most common method of sending data from one DTE to another. Data is sent out in a stream, one bit at a time over one channel.

SCSI - Abbreviation of small computer system interface. Pronounced “scuzzy”, SCSI is a parallel interface standard used by Apple Macintosh computers, some PCs, and many UNIX systems for attaching peripheral devices such as disk drives and printers to computers. 
SCSI interfaces provide for faster data transmission rates (up to 40 megabytes per second) than standard serial and parallel ports.  In addition, many devices can be attached to a single SCSI port, so that a SCSI can be an I/O bus rather than simply a parallel interface.  Although SCSI is an ANSI standard, there are many variations of it, so two SCSI interfaces may be incompatible.  For example, SCSI supports several types of connectors.  While SCSI is the only standard interface for Macintoshes, PCs support a variety of interfaces in addition to SCSI.  These include IDE, enhanced IDE and ESDI for mass storage devices, and Centronics for printers. One can, however, attach SCSI devices to a PC by inserting a SCSI board in one of the expansion slots.  Many new high-end PCs come with a SCSI built in.  Note, however, that the lack of a single SCSI standard means that some devices may not work with some SCSI boards.  The following varieties of SCSI are currently implemented: 

-SCSI:  Uses an 8-bit bus, and supports data rates of 4 Mbps. 

-Fast SCSI:  Uses an 8-bit bus, and supports data rates of 10 Mbps. 

-Ultra SCSI:  Uses an 8-bit bus, and supports data rates of 20 Mbps. 

-Fast Wide SCSI:  Uses a 16-bit bus and supports data rates of 20 Mbps. 

-Ultra Wide SCSI:  Uses a 16-bit bus and supports data rates of 40 Mbps.

Speaker-Independent - Speech recognition systems that will respond to any users voice regardless of dialect or tone are said to be speaker-independent.  Older generations of speech recognition systems were generally speaker-dependent.  These systems had to be trained to each individual’s voice characteristics for useful speech recognition. 
Streaming Video/Audio - A new class of intelligent, integrated media servers that deliver interactive, real-time, high quality MPEG-1, MPEG-2, and H.263/G.723 video and audio streams to clients via networks.  This system will ultimately replace the method of “downloading video clips” which uses large amounts of local storage (not required by streaming video solutions).

SVGA - Short for Super Video Graphics Array (VGA), a set of graphics standards designed to offer greater resolution than VGA. There are several varieties of SVGA, each providing a different resolution, 800 by 600 pixels, 1024 by 768 pixels, 1280 by 1024 pixels, 1600 by 1200 pixels. 
All SVGA standards support a palette of 16 million colors, but the number of colors that can be displayed simultaneously is limited by the amount of video memory installed in a system.  One SVGA system might display only 16 simultaneous colors while another displays the entire palette of 16 million colors.  The SVGA standards are developed by a consortium of monitor and graphics manufacturers.

UNIX - A popular multi-user, multitasking operating system developed at Bell Labs in the early 1970s.  Created by just a handful of programmers, UNIX was designed to be a small, flexible system used exclusively by programmers.  Although it has matured considerably over the years, UNIX still betrays its origins by its cryptic command names and its general lack of user-friendliness.

VGA - Abbreviation of video graphics array, a graphics display system for PCs developed by IBM.  VGA has become one of the de- facto standards for PCs.  In text mode, VGA systems provide a resolution of 720 by 400 pixels.  In graphics mode, the resolution is either 640 by 480 (with 16 colors) or 320 by 200 (with 256 colors).  The total palette of colors is 262,144.

VHS - Short for video home system, a trademark for an electronic system for recording video and audio information on video cassettes. 
Windows NT - An advanced version of the Windows operating system. Windows NT is a 32-bit operating system that supports preemptive multitasking.  There are actually two versions of Windows NT: Windows NT Server, designed to act as a server in networks, and Windows NT Workstation for stand-alone or client workstations.

Wireless Local Area Network - A LAN utilizing radio transmission of voice, data, and images to interconnect mobile users.  These systems rely on transportable high speed reliable radio frequency communications in an area typically a few kilometers in radius. 
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