The Use of Personal Computers
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By Arthur

Although computers are in wide use in plating and anod-
izing shops, often their capabilities are not well under-
stood. This review is intended to offer additional back-
ground in the potential of personal computers in metal
finishing and to suggest modes of operation perhaps ne
to many finishers.

The use of personal computers in the operation of m
finishing shops is well established. They are almost uni
sally used in the accounting, administration and sales de|
ments. In the shop itself, memory chips and solid g
controllers are widely employed for functions such as con
of the current output and bath temperature, as well a
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numbers and letters in various sizes and typefaces, as well as
graphs and images constructed as dot patterns from pictures
or other sources).

WWord Processing

This is one of the most familiar types of program, which, as
its name indicates, is intended to help the user manipulate text
etetb a form required for writing a memorandum or report,

V@iroduction process instruction sheets etc. The main require-
patént here is a willingness to learn how to use a keyboard to
tadater the text desired. Some of the popular programs have

tfakilities that allow scientific and mathematical symbols to

5 her displayed or even for a picture or diagram (a “graphic” in

recording and storing such data, but they are computeesnputer jargon) to be displayed along with text.

dedicated to a specialized function.

There are many areas where the advantages of comf
are often not being fully utilized by chemists, metal finish
technologists and production staff. Such personnel aly
have a need to store information for easy reference and
retrieval. With the ability of low-cost scanners to scan
store text in a readable form, there is much to be gaing
having data stored on computer instead of in the form of |
sheets from technical journals, suppliers’ literature an
card index form. In some quarters, people do not like u

Ubatbases
NBatabases have been in use for a number of years and there
e many types, so it is hoped that some examples will be

Iiekbful. While all of these store data, it is their ability to
2

D

focess and retrieve data that are important to the user.
in

PASPple  Databases
j_@he of the early databas#isat was used in conjunction with
SINB-DOS was Reflex™ and this has been used by the author

computers, often because computer people, like metal finighprovide several types of database. Figure 1 is an example
ers, have their own special jargon that must be learpggla way in which data were entered to build up a biblio-
Initially, this inhibits understanding until familiarity is a ~graphic database of papers containing data on anodizing and
quired. Computer programs, however, have become easig[d€ociated processes. The data are entered as a “record” that
use in recent years. The jargon is that they are “more Ugghtains a series of “fields.” Records can be retrieved from a

friendly.”

file by specifying those fields that may contain one or more

_Itis fairly widely k‘f‘OW” tha,t, in addition to the hardwargjnes 'of information. The program requires that the nature of
(i.e, the machine), “software” is needed. This enables| thgch field be entered because it will not perform mathemati-

that it will process and store in a form acceptable to the

S8frieval of information by using a combination of fields, also

The term “software” is a little misleading and is a historicah

term handed down from early mainframe computers. [T

software for personal computers is provided on discs
longer “floppy”) or as a CD-ROM (Compact Disc - Reg
Only Memory). Perusal of a vendor’s software catalog of
a bewildering array of choices. It is hoped that the acc
that follows will provide some help in understanding w
can be done with such software and to provide some in
tion of the application of such software in metal finishin

Operaing  Systems

Although it is necessary to have software available that|wj

Ch trieval by date or author and key words.
e

(BB:chized  Detsbases
PFollowing these developments, programs with quite sophis-

iﬁéﬁted and rapid retrieval possibilities became avaifable.

hat

lic#le: A.C. Anodizing of aluminium in phosphoric acid

J.Author(s): D J Arrowsmith, D A Moth and A Maddison

Journal Ref:  Trans. Inst Met Finishing 1987, 65, 38-44.

Key words: 5251 alloy Anodizing Electrolytes Phosphoric acid

Ntfrphology
stract: The authors have studied the growth of anodic coatings

enable information to be processed, all computers must

hg?(gZSl alloy using a 10% (vol.) phosphoric acid electrolyte at 25°C

a set of primary operating instructions. This is an operatipgl 10-60v. (rms). The morphology of the coatings was studied by
system, of which MS-DOS™ and Windows™ are the moskM. It was observed that there were basic similarities in coating
widely used on personal computers. With MS-DOS, text @g@wth to that seen in d.c. anodizing, but the balance between oxide
numerals can be entered and processed, but they are usémfivtion at the interface and oxide dissolution at the outer surface
displayed on the screen at the same size, so that the chgrisc#gcted by the extra time available for oxide dissolution during the
size of the screen display is fixed, although the characters &gfodic part of the cycle.

size of the printed output can be varied by the printér.

Windows™ is a graphical environmenmg(, it can display Fig. 1—Example of a simple bibliographic database entry.
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As an example, one of thésemployed a card format dé- The programs used for expert systems are usually devel-
signed for bibliographic databases and incorporates sooped from “Expert System Shells’d,, they are a framework
useful rapid search and retrieval capabilities, but could| maithin which the expert can organize the relevant expertise in
handle graphics. Another database with slightly fewer seactuser-friendly” form). They are therefore highly dependent
facilities embodied an extra command whereby PCX grapm the capabilities of both the expert and the programmer
ics could be displayed, although its graphics abilities welbecause the basic computer law, “garbage in, garbage out”
limited. More recently, programs have become availakddways applies. To take into account the varying levels of
whereby scanned text and graphics can be included in g @anchputer literacy in the many metal finishing shops, expert
format? This permits a wide range of text formats, colors arsystems must be “user-friendly” so that they can be readily
graphics to be displayed, so that most current programs amneerstood and used by most finishers.

now based on use of the Windows™ operating system;The principle of most logic-based expert systems so far
whereas the earlier programs were originally developed fiteveloped is that the user is presented with a series of
use with the MS-DOS™ operating system. questions that appear on the computer screen to which a yes
or no answer is required. Depending on the answers given,
the expert system will provide a solution to the problem
A useful facility that can be incorporated into databases fsed. In compiling the expert system, the expert draws up a
word processing programs is knownhggertextThis is a| number of rules that are logical deductions from the answers
facility whereby a word or “string” of characters can [pgiven by the user. The rules constructed are based on the logic
marked in a simple, predefined manner. When so marked, fpemise:

of the file that has been programmed to form a hypertext link. If and , then
pages or If or , then

Additionally, hypertext links can be formed between text &
graphics in a similar manner. This provides an impresgilfe the aluminum has been etched

instantaneous cross-referencing to related data. It is ¢spead has a “galvanized” appearance

cially useful if an expert system needs to be linked toaad the alloy is 6063 and contains more than 0.05% zinc,
supplementary database. then(Rule): The appearance is a result of the zinc content of
the alloy.

Spreadsheets offer a “user-friendly” way of entering data Tie development of a rule-based Expert System for identify-
rows and columns to enable arithmetic operations on the féig. defects in electroplated nickel deposits, based on the
In addition to numerical data, provision is made for text tg B&0ve principles, has been described by Schachareeyer
entered as row or column headings. Data so entered ca@lgé The principles of applying such logic-based expert
displayed as graphs or bar charts. Spreadsheets are frequéMgiems to electroplating has been discussed by *Hills,
supplied as part of software packages installed in the ¢adthough the details of the system have not been published.
puter by the suppli€¥ They are normally abbreviated verMatthews'>**has described expert systems developed for
sions of the full original software program, so there is [tfide selection of coatings on metals to meet specialized tribo-

possibility that they do not incorporate some of the featii@gical and corrosion-resisting properties. Other expert sys-
the user might desire. tems are in use, but remain unpublished because the develop-

ers rightly regard them as containing their proprietary exper-
Use of Spreadsheets in SPC tise, which is often specific to their own shop. It should be

One of the main attractions of spreadsheets is that once @&&e€ in mind, however, that such expert systems also have
has been entered it can be processed and displayed or pritfidgations. .

out in a readily understood form (e.g., as a control chart for! he principal limitation of such expert systems is that they
Statistical Process Control [SPC] purposes). An interestifffiuire a specific answer. With process problems in metal

papef has been published describing the use of a spreadsHBEING, it is not always possible to answer “yes” or “no”
for control of chemical additions to a zinc plating line. | With 100 percent certainty, because conditions at the time the

In this connection it is desirable also to evaluate tHoREPblem occurred may not be known precisely. On the other
programs dedicated to use of the spreadsheet format fi8Rd. there are expert systems in which a series of questions
SPC® A recent paper has reported on the use of one of thB¥/ be asked and a probability computed as to the correct-
programs for SPC of anodizing electrolytes and of anpdl€SS Of the answer obtained by the expert system analysis.

coating thicknessés. Some expert systems allow the user to enter a probability
factor into the answers given to questions, but this means the
Logichased  Expett  Systems user is supplying part of the expertise!

Expert system research began in the early 1950s, but it was
only in 1964 that the “DENDRAL” expert system was pub= = : i i
lished by researchers at Stanford University. This programi€ term “artificial intelligence” (Al) is applied to those
regarded as the prototype of subsequent expert systems. [itigds of computer science dedicated to producing computer
used to interpret mass spectra data for chemical analysis.|[ff@grams and hardware that attempt to simulate human
only been during the last decade that commercially vi ibqgelllgenpe.Worklnthls field dates back more than 40 years,
systems have begun to appear. The quality of expert sy +Oithe widespread use of computers and the development of

is variable, however, depending on the skill of the programnﬂé}WGV_fUL |0W-_COSL deS_k_-t_Op computers has greatly :_;timu-
and the intended use of the system. lated interest in Al. Artificial intelligence is a broad field,
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however, covering many different activities, so it is o
those areas of Al that seem relevant to metal finishing
will be considered. These are:

1. The fundamentals of logic-based expert systems.

2. “Fuzzy” systems as a part of an expert system.

3. Neural networks as an expert system.

Coderation  of Prabebiies

To a degree, some of the objections can be overcom
introducing probability factors into the rules derived from
logic-based approach. Most metal finishing problems
from a combination of several factors. For examplej
defect in bright nickel-chromium plating known as “whi
wash” {.e., white areas with a clearly defined edge) can be
result of the following factors:

. High brightener and/or high leveler content.

. High nickel content in the drag-out tank.

. High pH in the nickel solution.

. Low nickel anode area in automatic plants atthe end g
nickel section before the work leaves the tank.

. Alow sulfate content in the chromium plating bath.

. High initial current density when work enters the ch
mium plating bath.
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It is not necessary for all these features to be present fg
defect to occur. In developing an expert system for iden
ing defects in nickel-chromium plating, the user could
asked to apply numerical values for each of these constit
and the system compiler could develop rules that w
evaluate the probability of a combination of bath constitu
giving rise to the defect.

“Fuzzy” Systems as aTool for Handing Uncertainty
The incorporation of “fuzziness” and “fuzzy” logic in co
puter programs is a relatively recent development. The
cept of “fuzziness” refers to vagueness rather than prob
ity. The use of “fuzzy” logic embraces a computatio
approach thattakes into account subjective judgments.
such as “poor throwing power,” “ductile deposits,” “h
coatings” etc. are frequently used by metal finishers, bu
not accurate definitions; such statements are “fuzzy.” Th
of data, such as plating bath analyses, to trigger acti
correct bath conditions involves “fuzziness,” because
bath conditions may have changed by the time change
implemented unless linked with automatic process con
In probabilistic systems, the logical operator AND
performed by multiplying the variables. With fuzzy log
AND takes the value of the smallest variable. With prob
listic systems, OR is performed by adding the value of
variables, but with fuzzy logic, OR takes the value of
largest variable. When using the operator NOT, both pr
bilistic and fuzzy systems perform NOT by subtracting
variable from the largest possible value of the variable.
When investigating problems in metal finishing, ther
often a lack of accurate data about the conditions that
vailed when the problem occurred. The logic-based e

systems referred to above tend to ignore the uncertaintig:

the conditions that applied during the operation of a ba
the given time under production conditions. This leads
degree of mistrust of expert systems by practical
finishers. Fuzzy systems can take these uncertaintie
account. For those wishing to read further, Ref. 16 off
more detailed introduction to the subject.
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hijeural Networks

ti@t the types of program that fall within the definition of
“artificial intelligence” is one that employs neural networks.
The concept of “neural networks” is based on simplistic
models that have been developed to explain the function of
the human brain. The concept is that the brain receives an
input signal from the nervous system, which is then pro-
cessed via a neuron (Fig. 2) to give an output to the nervous
espgtem. Even very simple nervous systems involve a number
hef neurons. For example, when a nerve is stimulated (e.g., a
riseger touches something hot), input signals are received by
tineurons in the brain; these are referred to as input nodes (Fig.
e3). These signals are processed by the brain, which passes it
tthee information on to one or more neurons forming output
nodes. In this example, the neurons process the signal and one
output tells us that the object is hot, while another triggers a
reflex reaction so that the finger is instantly removed from the
hot item. There may also be another output signal which,
from training and experience, tells us to turn off the heat
f gource.
To simulate this process using a personal computer, there
must be a means of imitating the process by which the brain
raeceives a signal from its input neurons. In so doing, the
computer remembers these inputs and forms connections
between the various inputs, which then become the outputs
r{ine, the conclusion drawn and the action taken as a result of
ifthe information processed). The ability of the brain to build
he a series of responses to external signals and events is
dartswn as “learning.” It is evident that using a computer, there
uttlist be a means of imitating the process of the brain when it
nts
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learns from the input neurons and forms the connectigemples for analysis are taken in the morning and results
between the different signals which form the outpat, ¢he | reported in the afternoon. For example, in a three-shift shop,
action or logical conclusion drawn from this information).the zinc content, the brightener content etc., may have fallen
Now the human brain is far more complex than any neumltside control limits by the end of the night shift. With
networks program and has developed the capacity to leanobugh suitable data entered, it should become possible with
how to manipulate numbers, leading to the elaboratiop ridural networks to predict the future consumption of these
mathematical theory and its practical applications. In appifems during the next 24-hr period after analysis and to
ing computer-based artificial intelligence, it has been pasaintain far closer composition limits than would be other-
sible to incorporate “fuzzy” logic into neural networks ptowise possible. Such data can also be used to operate dosing
grams by (1) incorporating fuzzy logic in the neural netwpdevices etc. if suitable feedback loops can be created. In
algorithm, (2) interfacing the algorithm with complex fuzggleveloping such programs, there is always a need for mean-
systems, or (3)using fuzzy sets to train the network. ingful data. Itis not simply a question of using measurements
The most widely used neural network is the Back Propagd-one parameter to develop the control algorithm. Data on all
tion Neural Network (Fig. 4). A simple input-output prograrthe related factors are needed, such as throughput per day,
is quite limited in its ability to recognize more than thdrag-out losses, number of ampere hours of current passed
simplest of patterns. To overcome this, he input nodes ate. The more data available, the greater the probability of the
treated as one “layer” of data, which is then processed yiayatem'’s learning the correct control response to the input
second “hidden” layer of nodes to the output layer.

developed by the program. These corrections, based onRbeences
errors in the outputs, propagate back through the network viaReflex™, Borland International Inc., Scotts Valley, CA.
the hidden nodes during training. As training progresse tlgels‘guafe';!me;l”v SQ'T\leTC" Ch'scafgoé”aﬁog%”l-m
H P F . Intformation Please ™, [exassolt, Cedar Hill, .

amount of erro.r is minimized or e“mme.lted' . 4, Cardbox™, Cardbox Software Ltd., London W1R 6LP, U.K.

Some of the input d_ata may.be teChmca”Y more Impor| a@t For example, QPRO™, Borland International. Inc., Scotts Valley, CA.
than other data and will be weighted accordingly. To do this, For example, Microsoft Office™, Microsoft Corp., Redmond, WA.
the Weighting must be “back propagated" via the |aye of. M.R. Eckstein & C.P. BowerBJat. and Surf. Fin 82, 132 (May 1995).
hidden nodes to the input Iayer thereby Changing Forexample, SPC Expert, Quality Software Designs Inc., Kettering, OH.

. “ 5 e? A.W. Brace,Proc. Aluminium 2000 Conference (Cyprus,27)161,
values. When this has been done, the “learning” of these e a'sii Modena, Italy.

associations is stored in the appropriate computer files angoiss. schachameyet al, Electroplat. and Met. Fin76(10), 25 (1989).
then available for use. 11. AW.D. Hills, Trans. Inst. Met. Fin.68, 92 (1990).

When asked to solve a pr0b|em, the program essen Id‘l?%/ C.S. Syan, A. Matthews & K.G. Swi_Surf. Eng, 2(4.1), 249 (1986).
compares the data entered by the expert with that enteredhy-:S- Syan. A. Matthews & K.G. SwiSiurf. & Coatings Technol33,

Vi
the user and computes an answer. As will be discusse 05 (1987).
follow-up paper, a significant advantage of neural netw
systems is that they will provide an output in answer |
problem.

It must be understood that because the program is bas
the mathematics of probability, it can never guarantee b
100 percent correct. In fact, the probability factor displa
by the program will normally lie between 0.10 and 0i99,(
between 10 and 90 percent correct). By this conventig
value of 0.51 or greater indicates the probability of
answer’s being correct. Obviously, the larger the nume
value displayed, the greater the probability that the answ
correct. Another attraction of the neural network approad
that it allows more than one problem to be analyzed sim
neously.

For a detailed discussion of neural networks and artifi
intelligence, the reader is referred to Refs. 17 and 18,
present purposes, it should be noted that an understand
the theory of neural networks is not needed by metal finis
if they propose to use one of the programs available com
cially. A subsequent paper will describe the use of acom
cial progran® in developing an expert system for identifyi
defects in anodizing.

Poend  Apdcdios . o Neud Newalks © Med Fehig
A potential metal finishing application for a neural netwo
expert system is in control of bath composition, which shq

WX 8A. Matthews, K.G. Swift & A. RobinsorExpert Systems in Surface
ork Engineeringin Surface Engineering and Heat Treatmenstitute of
0 a Materials, London, U.K., 1992.

15. A. Matthews, K. Swift & P. Robinsorkinishing (UK) 17(10), 26

1993).

e,gff’ . KoskoNeural Networks and Fuzzy Systems - A Dynamical Systems
€INg Approach to Machine IntelligencBrentice Hall Inc., Englewood Cliffs,
yed NJ, 1992.

17. P.H. WinstonArtificial Intelligence 2nd Ed., Addison-Wesley Publish-
n ing Co.

1@ J.L. McClelland & D.E. Rummelhart & the EDP Research Group,
t_he Parallel Distributed Processing & Exploration in the Microstructure of
ical Cognition Vol. 1, Foundations, M.I.T. Press, Cambridge, MA, 1987.
et9s NeuroShell™, Ward Systems Group Inc., Frederick, MD 21701.

B A.W.Brace, to be published.
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