GISHARDWARE

Hardware components

Computer hardware is one of the mogt difficult areas to maintain currency. It is a
technology that is constantly changing. This change brings to the user more computing power,
better access to data, superior output options, and lower costs. Many recal how we agonized
over the first computer purchase. If | buy now | know it will be out of date in 6 months.
Maybe | should wait until it becomes chegper. But the cycle never ends. Findly, we broke
down and purchased what we felt was the best system that met our needs at thetime. But now
we need more. More power, more storage, more auxiliary devices. Because computer
hardware is changing so rapidly, it should not be the overriding asset that is used when
evduating what kind of GIS we should develop.

There are a myriad of different types of computers in use today. These include
Supercomputers, mainframe computers, minicomputers, workstations, and personal computers.
This latter type dso has different kinds such as the desktop, notebook and Iaptop, pamtop, and
personad data assstant (PDA). The important criterion in selecting which computer should be
purchased, besides the obvious issue of cog, isits capability to handle the applications required
by the user.

Within a GIS the main computer components can be identified as the processng unit
and peripherd devices. The centra processing unit is where the computer operations are
performed. Periphera devices are those tools we use to input data, store the data, and output
the results of our andyss.

The centrd processing unit (CPU) is where the bulk of the work is done within the
computer system. It controls access to the computer and helps monitor security, compiles the
programs written in a high-levd language into machine readable form, controls the
communications between the periphera devices, performs system accounting and diagnostics,
and executes the program commands either in an interactive or batch processing mode.

CPUs can be classified as ether centraized processors or distributed processing units.
In a centraized processing unit there is one host processor that performs al of the processing
functions within the computer system. Didtributed processing systems have severd processing
units which perform some of the work ingstead of having the central processor unit handle dl of
thesetasks. An example of adigtributed processing unit is shown in figure 1.

Within the CPU lies the arithmetic and logic unit (ALU) and the control unit. These
contain the eectronic circuitry designed to process indructions.  Informetion is stored in the
ALU in regigers. These are temporary storage areas which contain not only the computer
ingructions but dso data These items are stored in binary digits A binary digit is a vaue
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dored in a base 22 As an example, our aithmetic is based on a base 10.

Figurel. Digributed computer system

To convert abase 2 to a base 10 is not that difficult. Letslook at an example for base 10 as
shown in figure 2. Lets look at the number 4,376. Working with a base involves taking that
base to a power. For base 10, take 10 to the power 0, 1, 2, 3, etc. Thisis shown in the first
line of the figure. The result of that arithmetic is shown in the second line. Thus, 10 to the
power 3 is 1,000, 10 to the power 2 is 100, etc. Note that any number taken to the zero
power isone. Now, Ssmply count how many thousands there are in the number, then how many
hundreds, tens and digits. Of course, with this Smple example, the number is 4 thousands, 3
hundreds, 7 tens and 6 unit digits. The answer is, as we would expect, 4,376. Now, | know
we do not count this way but it shows us a method of how we can convert from binary to our
base 10 number and vice versa

4376

10° | 102 | 10" | 100
1,000 | 100| 10 1
4 3 | 7 6 = 4,376

Figure 2. Base 10 numbering scheme.

Figure 3 shows the number 4,396. This time we are going to represent this in a binary
number (base 2). The computer stores dl valuesin abinary form. As before, take the base to
the power. Thus, 2 to the 12th power is 4096, 2 to the 11th power is 2048, 2 to the 10th
power is 1024, etc. As before, the base 2 to the power is given in the firg line while the
arithmetic value is shown in the second line. The number we want to convert is 4,396. We can
see that there is 1 4096 within 4396. Therefore, place a 1 in the third row under 2 to the 12th
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power. Subtract 4096 from 4396 and this leaves uswith 300. Two to the 11th power is 2048.
But we only have 300 left from our number. Thus, there ae no 2

4396 12

—4096 - 8
300

— 256 — 4

44 Q
- 32
12

212 211 210 29 25 27 26 25 24- 2-3 22 21 20
4096 | 2048 | 1024 | 512 | 238| 128| 64| 32| 18| 8| 4| 2| 1

Figure 3. Converting base 10 number to binary form.

to the 11th power numbers Ieft in our origind vaue so place a zero in the third row under the
11th power. As we can see, there are dso no values for the power 10 or 9 left so zeros are
placed in the appropriate column on the third row. Two to the power 8is256. Thisislessthan
our remainder vaue of 300 so a one is daced under that column and taking 256 from 300
gives us aremainder of 44. Looking at the vaues remaining in row 2, we see that 2 to the 7th
and 6th powers are both larger than 44 thus place a zero in those columns in row 3. Continue
the arithmetic. The result is that the number 4,396 can be represented in a binary form as
1000100101100.

Going from binary to base 10 is esser. Here, set up the table as shown in figure 3.
This time, we can fill it in completdy. Then amply add the vaues in row 2 that have aonein
row 1. Inour example,

4096
+256
+ 32
+ 8
+ 4

The computer main memory unit is designed to provide high speed access to the data
and program statements during execution of the program. This main memory is cdled core
memory, or more commonly random access memory (RAM). When we use our computers we
probably have experienced that the more RAM the faster the program executes. RAM holds
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the programs and data when the computer is in operation. The more memory, the more
programs one can run a the same time. On the other hand, if we try to extract data from an
auxiliary storage device, such as a disk, it takes longer to retrieve the required data thereby
increasing the time necessary to execute the command. A lot of computer processors utilize
cache memory. Thisisatemporary storage area where frequently accessed data and programs
are dored. These units are designed to maintain a high bit rate between the CPU and the
memory. Read only memory (ROM) stores the computer’s control information. Therefore it
will savethisinformation at dl times. One cannot write to ROM.

Data is moved between computer components on high-speed paths called buses. Data
travels over buses in a synchronous manner. A sequence of bits, representing one computer
word or part of a computer word, is tranamitted smultaneoudy. The informationcarrying
capacity of a bus depends on its width, or the number of bits that can be transferred
smultaneoudy. Buses vary in width depending on the design and sze of the computer.
Microcomputer bussestypicaly are 8, 16, or 32 bitswide.

Auxiliary storage devices

The main memory discussed above is not sufficient to meet our computer processing
needs. Thus, auxiliary storage devices or mass storage devices are used to store large volumes
of data that are accessible by the processor. These are peripheral devices and can be
categorizes as off-line or direct access. The most popular off-line orage medium is the tape
drive, dthough this is quickly changing today. It is off-line because the tape must be mounted
physically on the drive before the data can be read. Direct access storage devices alow users
to store and retrieve data directly without loading it form another source. The most populer is
the disk drive, either magnetic or optica.

Tape drives are usudly avallable in red-to-red or cartridge format. The main usefulness
of tape drives are for archiva storage and transport of large volumes of data or software. In
addition, they are often used to perform routine backups of data and software on disk drivesto
protect againgt loss in the case of disk failure. Tape drives are dso ardatively low-cost method
to store data off-line. The man problem with tape drives are that the data are stored in a
sequentiad manner therefore it has to be read from the beginning. As an andogy, look at the
tape cassettes that we may use for music. If we want to go to a particular song, the tape hasto
be advanced to that starting point. This B different than sdecting songs from compact disks.
Most tape formats do not permit updating of the data.

There are two classes of red-to-red tape drives: streaming or start/stop. These classes
are based on how the data is written to the tape. In the streaming method, datais written to the
tape without any physical gaps between files or records and without marks on the tape that
delimit files or blocks. In other words, there is no directory structure. Thisis very efficient and
fast for routine backups but is difficult to find where a particular data record exists. The
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dart/stop method puts a physicd delimitation between files and records. This is dower but
more efficient if a particular record is to be retrieved for processng because individua records
can be retrieved. Even with the emergence of newer technologies, research in applying tepe
storage continues. From a historical perspective, the adoption of a new technology must be 10
times chegper per bit for the same performance or have 10 times the performance for the same
cost.

While newer technologies exidt, tapes will remain, for the foreseegble future, an
important storage media. Part of this is because of the historical archival data that is aready
gored in tape format. Additiondly, it will remain important because:

“1) Magnetic tape sorage will remain sgnificantly less expensve than hard disk
dorage.  While lower cost per storage will be a continuing trend for al
technologies, it is expected that the cogt ratios will remain intact.

2) The volumetric dendty of tape storage relaive to other storage technologies
will, for fundamenta reasons, dways be alarge ratio.

3) With each advance in technology, the demand for data storage incresses.
Improved storage devices enable rew applications that previoudy were not
economical and thus, in turn, leads to increased demand for additiona storage.

4) Software-managed automated removable media storage libraries continue to
evolve and will be common for dl gpplicaions. With this in place, optimaly-
desgned tape dorage devices will provide a continuum of sorage
characterigtics dong with semiconductor memory, hard disk and optica disk
storage.

5) Although dgnificant advances in eectronic data transfer communication
networks can be expected in the next decade, because of band width limitations
and telecommunication cods, data interchange via physcd transport of
removable media volumes will remain the most economica procedure for many
applications™

How efficient are tapes? The Nationa Storage Industry Consortium (NSIC) arrived at
a bit dengty of 6 Gb/in?. By increasing the number of layers, storage of up to 12 TB can be
redlized in a 34807 form factor cartridge. Current limitations to track density include: substrate
ingability, tracking, mechanicd misaignments, mechanica tolerances, media defects, and media
intrinsic SNR®. If developments continue, storage costs of 1¢/GB are possible.

Magnetic disk are probably the most used system of storing data today. While it does
not have the storage capacity of optical disks and it is dower than the solid state memory in the
computer, it offers the best combination of data access speed and capacity. Magnetic disk
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dored data by use of magnetized fidds on the disk surface. An dectromagnetic head
subsequently reads the data. Data are stored in tracks and sectors on a rotating disk. Itisa
random access medium in that the reader can jump form track to track to accessthe data. The
downside is that this media is subject to corruption by stray magnetic fields that can affect the
direction of the magnetized fidlds, and by head crashes, which involve the actua collapse of the
read/write head onto the magnetic surface. In addition, the diskettes can be bent or lost. The
typica disk holds up to 1.44 million bytes of data. Zip and jazz drives are higher capecity
storage devices that are dmogt as fast as some hard disk drives. A single diskette can hold up
to 1 GB of data

There are three main disk drive interfaces® The Enhanced Integrated Drive Electronic
(EIDE) interface that is used with many PCs. Thisisalow cost gpproach costing about $7/GB.
The Smal Computer System Interface (SCSl) is primarily found in the workstation and server
systems. The costs are about 2-3 times that of the EIDE interface. The Universa Serid Bus
(USB) and the IEEE 134 Firewdl interfaces are being introduced for the low-end market. At
the high end, for supercomputers and high-performance workgtations, the fibre-channd driveis
generdly used.

Optica disk technology is advancing and offers more storage capability than is found in
magnetic disks. WORM (Write Once Read Many) disks are crested by burning smal
impressons onto the disk usng high-powered lasers. The lasers create a pattern of pits or
bubbles, representing the stored data, on a highly reflective surface sandwiched between two
layers of plastic. A low-powered laser is used to read the binary data by measuring the
reflection of the laser light beam off the reflective surface (see figure 4). Since lasers can be
used to focus on very smal aress of the disk, this gives this medium the cgpability of high
gorage. While the performance is not as good as magnetic disks, its storage capabiility is very
high. It isgood for storing datawhich is read frequently, but not updated, such as video images.
Thismediaisided in ddivery of thefind product from alarge project.

Data detection
Top of disk ﬂ Plost]
_—~— Plastic

7\ /N /\ /N Dye—pclymer film (bubbles)
or Tellurium (pits)

Plastic

Figure4. WORM Optical disk.
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There is a new technology that is beginning to find more use in persona computer
systems and this is re-writable optica disks, or sometimes caled erasable optica disks. Two
technologies are mogt often used: magneto-optica and phase change. The magneto-optica
utilizes a cross between magnetic and optical storage. Magnetized fields are used to store the
data while lasers are employed to read that data. It is beyond the scope of this class to delve
into the theory of these technologies. Table 91 gives a comparison between different mass

media Although dated, it does give a measure of comparison from the time this paper was
published.

Tablel. Evaluation of peripheral devices.

Media Date Primary Secondary Backup Distribution Maximum Cost per
Introduce Storage Sorage Capacity Mb.
d
Hard Disk 1974 Excellent Inappropriate Good Inappropriate 1.2Gb $4.50-10.00
CD-ROM 1985 Inappropriate Excellent Inappropriate Excellent 600 Mb <$0.01
WORM 1985 Poor Good Poor Poor 2.4 Gb $0.10-0.25
Mag-Opt 1988 Poor Excellent Good Good 1Gb $0.13-0.34

Newer technologies include the digitd versatile disk (DVD). These are generdly read-
only devices tha are becoming common in the storage of high-quality movies. There are
writable DVD devices in development.

A very excditing computer development is the introduction of the persond digital assistant
(PDA). These are basicdly portable computers. They employ very friendly interfaces with the
programs. Many include other applications like address and agppointment books, web
browsers, and smdler versions of Microsoft Office gpplications like MS Word and Excdl.
They can be ather directly connected to regular computers for data transfer or connected using
wirdess communications. There are many who fed that the trend will be in Java-based
sysems. These systems are having a Sgnificant impact in the GIS arena. Some of the current
systems are described by L. Grahan? and include OnSite by Autodesk, ArcPad 5.0 by ESRI,
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FeldSmart by MapFrame Corp., iMap by Sokkia, and SoloCE and Ranger by Tripod Data
Systems. An example of OnSite and ArcPad are shown in figures 5a and 5b.

One input device actudly involved collecting the data in the field and this is surveying
indrumentation. Also included in this category are globd postioning system (GPS) receivers
even though not al of them can be classfied as survey grade receivers. The surveyor generdly
collects data usng eectronic insrumentation called total sations. These instruments will record
the angles and distances measured in the fiedd. This information is downloaded into the
computer and using coordinate geometry, coordinates of the features can be determined.
Usudly the output is amap for the client showing dl of the important features on the Ste. Totd
stations require setting up the instrument on a tripod over survey monuments.  The process of
setting the instrument up and measuring the angles and distances requires a specidized
technician who understands something of the survey process. Using GPS recelvers, features
can aso be recorded within the receiver and downloaded onto a computer.  Since the receiver
gores the coordinates, processng is minimized in the computer.  In both instances, attribute
information can dso be collected in the fidd. The accuracy of survey data is probably the
highest of al the data input methods, on the order of a couple of centimeters in relative
postioning. But it is a labor intensve and time consuming process. GPS data is very
economical and have been used to locate features in a number of GIS's. The accuracy of
receivers depends on the instrument being used. The technology is capable of measuring very
accurately, down to the millimeter range and lower. But, this instrumentation is only used for the
most demanding type of work such as crustd motion. Most receivers used in GIS data
collection are sub-meter indruments. They provide high productivity and maintan some
semblance of accuracy. While these receivers report accuracies below a meter, these are
based on dtatisticd results at about the 68% level. This means that some values can bein error
by more than ameter. On the other hand, practica results have shown that most of the time the
receivers are much better than the reported accuracies made by the manufacturers.

Photogrammetric workstations are one of the workhorses in GIS data collection. We
have reviewed the concepts of photogrammetry in the first two lessons and, hopefully, can see
that this technology has alot to offer those building a GIS.  Right now, the mapping processis
dill a labor intensve operation. Y, it is ill very economicd and offers a high degree of
accurecy over alarge area. There are promising developments on the horizon. Thereisalot of
research and development into extracting features from imagery. In some indances this is
dready in operational mode. But more needs to be done. Nonetheless, many geographic
information systems have darted with a good base mgp derived from photogrammetric
methods. Also, there is an increasing utilization of digita orthophotos in these sysems. With
new satdllites offering meter-leve resolution and other types of developments, photogrammetric
workstations will probably grow in importance as a primary data collector for GIS.

Digitizing an existing map is another very popular means of entering data into a GIS.
There are two basic methods of digitizing: stream digitizing and point digitizing (figure 6). When
digitizing, the map is placed on a digitizing tablet/table. The operator uses a cursor which
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congsts of a cross-hair and a series of buttons. The cross-hair is placed over the point and the
appropriate button is depressed. This records a set of coordinates based on the digitizer
coordinate system. In a point mode, each important point is manualy digitized by the operator.
With gream digitizing, the operator begins by digitizing the first point and then follows the
feature with the cursor. The digitizer will automatically record the coordinates of the festure
either based on dstance traveled or based on time. As an example of the latter, the digitizer
may record a fegture every 3 seconds.  With distance as the criterig, the digitizer may
automatically record every time the digitizer moves a hdf inch from the last point collected.

® Cursor

ooo

oog Point digitizing

Stream digitizing

Figure6. Point and stream digitizing.

The advantage of point digitizing istheat al of the important points are measured whereas
with stream digitizing, some might be missed since the operator is only passvely collecting point
data. For features that are pretty straight, only the beginning and ending points need to be
collected, dthough it is good practice to collect another point in the middle. Therefore, less
points are collected. The disadvantage is that the operator needs to make the decison as to
whether a point is important or not. No two operators will identify the same points dl of the
time. The basic philosophy in favor of stream digitizing is that the operator will probably trace
the feature faster when the feature is straight and will be required to dow down when they are
complex features, thereby collecting more data and ensuring the fegture is adequately identified.
After the digitizing is completed, the coordinates need to be transformed to red-world
coordinates usng some type of transformation, such as an affine trandformation.

Scanning dso offers an economica means of collecting data for a GIS.  Scanners can
be classfied as flai-bed scanners or drum scanners.  In ether case, the scanner senses
vaiationsin reflected light from the map surface. Any marks on the hard copy, indluding stains
or wrinkles, that exceed a given threshold of contrast between the mark and the background
media will be encoded. The resault is a raster data set containing showing the fegtures on the
map. Sometimesthis raster datais converted to vector form for aparticular GIS application.
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Flat-bed scanners utilize a table where the document is laid. Then a scanning head is
moved aong both the x and y directions over the document. In a drum scanner, the document
is mounted on a cylinder that rotates while the scan head moves horizontally across the cylinder.
The disadvantage of the flat-bed plotter is that it takes up a lot of space and it is generaly
dower to perform the scanning. The advantage is that it is more accurate. The drum scanner
may dip as the drum rotates thereby creating an error. It is much faster though and the error
rateis small with today’ s technology. It also occupies less space which may be an issue.

The last type of scanner is a line scanner. Here, the operator places the cursor on the
feature and the scanner will autometicaly follow the line. This type of scanner requires alot of
operator interaction because there may be problems when lines intersect (the scanner may not
know whereto go). The line scanner is not often used today.

Conclusion

There are alot of other issues dedling with computer hardware that are not included in
this lesson.  Again, it is important to redize that hardware is congtantly changing and it is
important for someone within the organization to keep track of these developments as the GIS
matures. The one given is that the hardware that is used at the beginning of a GIS development
process will not be the same in five years (or less). It is aso important to recognize that with
data input, there are numerous processng steps that may be needed. For example,
transforming the data to the coordinate system used in the GIS. Maintenance of the graphic
record within the GIS will require decisons as to what needs to be changed to fit new data to
the old.

Additional Readings
White peper entitted “Mobile Computing” by MapFrame, Avalable a

http:/Amww.mapframe.com/wp.htm.  There are two white papers listed. Read the first one on
mobile computing.

“A Guide to the Centrd Processng Unit and Its Architecture’ by Alex Pascoe, avalable a
http://ssbris.ac.uk/~ap7371/assgn.html.

The PC Technology Guide — Scanners, available at
http://www.pctechquide.com/18scanners.htm.

Digtributed Computing, available a
http://Mmwww.ncgi aucsh.edu/~good/newwhitepaper.html .

“Feld Note: Extending a GIS into the Field”, by N. Ryan, J. Pascoe, and D. Morse, available
a
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http://mwww.cs.ukc.ac.uk/research/infosys'mobi comp/Fi e dwork/Papers CA A 98/M obileGI S.ht
m

“ArcPad: Mohbile Mapping and GIS’, and ESRI White Paper, available at:
http:/Aww.esri.convlibrary/whitepapers/arcpad lit.html

Endnotes

! Gniewek, J. and Vogel, S. “Influence of Technology on Magnetic Tape Storage Device Characteristics”,
http://esdis-it.gsfc.nasa.gov/M SST/conf1995/B1 4.html, accessed 07/12/00.

2 The IBM-3480 was the first cartridge tape drive recording system.
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