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ABSTRACT 

The application of automated identification of an item by the use o f  
machine readable methods i s  improving the accuracy and speed of data 
capture. Bar codes, optical character recognition, magnetic strips, and 
magnetic-ink recognition are all current machine readable methods which are 
used f o r  data collection. Bar code data collection i s  designed for 
repetitive identification of large numbers o f  items, locations, people or 
procedures in an active environment. 
real time inventory control, tracking, and point o f  sale applications. 
Magnetic strip coding is used for highly compact data identification on ID 
cards and on tags; the density of stored information can be greater than on 
bar codes and it has the added capability for updating the recorded 
information. However, magnetic code-identifiers are generally more 
expensive and may be degraded by stray magnetic fields. Optical character 
recognition is generally used today to capture documents for computer 
storage and recall. It has seen limited use for product identification in 
the retail sales industry. Magnetic-ink character recognition, though used 
widely in banking, has limited applications elsewhere owing to inherent 
limitations in the number of characters and in the sensing equipment. 

It i s  the most used technology for 

Bar code methods are currently experiencing a faster rate o f  growth 
than are the other technologies mentioned above. 
i s  on bar coding because of its popularity. The fundamentals o f  bar cod-ing 
are discussed and labeling and scanning techniques are presented. Bar- 
coding shows the most promise o f  the currently available techniques f o r  
labeling an item that may be exposed t o  harsh environments during its life- 
cycle. I n  many applications this includes labeling items that will be 
subjected to abrasion, exposed to corrosive and/or dirty, oily environment, 
and/or will experience high temperatures (e.g., jet-engine combustion 
chambers). 

The emphasis o f  this paper 

New, automatic data-collection techniques are being developed, 
The greatly utilizing microcircuits and compact-disk memory media. 

increased memory capacity of these systems will likely lead to 
identification in terms o f  definitive characteristics o f  the item. 





INTRODUCTION 

There is a need for information to be more timely and more accurate 
than ever before. 
of the different methods o f  labeling an item in such a way that it can be 
identified by an instrument (machine) in an automatic fashion. Included 
will be a discussion of the advantages and disadvantages o f  each o f  these 
machine readable methods, the types of equipment used and areas of 
application. An important consideration will be how well an identifier can 
survive under harsh environmental conditions. Automatic data capture using 
machine readable information improves efficiency, reduces data processing 
time and costs, eliminates excess handling thus reducing human error, and 
diminishes the problems of paper recorded information. 

The intent of this paper is to provide a general survey 

Machine readable information systems now allow factory workers 
and clerical personnel to quickly and accurately provide needed information 
at every strategic point during production, distribution, and sales. 

To facilitate the management of inventory, as well as to track the 
maintenance and reliability of components or parts, automatic data capture 
techniques, which remain functional throughout the life cycle o f  the 
components or parts, are being developed. 

The word identification as it is used in this paper may be defined as: 

a description and/or representation of one o r  more defin 
characteristics of an inanimate object or living thing a 
other data of interest such as time, location, and event 

Using this definition, we can arbitrarily divide machine 
identification systems into two general categories: 

tive 
ong wi 

readab 

h 

e 

(1) small memory systems, used mainly to represent a limited number of 
definitive characteristics. These systems include: 

a) bar codes - data encoded in alternating light and dark bars o f  
varying thickness. 

b) optical character recognition - machine identification of 
alphanumeric characters 

c)  magnetic ink recognition - use of a special ink to print 
numerical data which becomes magnetic upon passing through a 
magnetic field and then can be identified by the resulting 
magnetic pattern. 

d) magnetic strip - A coded message i s  programmed onto a strip of 
magnetic film attached to a special card. 

(2) larqe memory systems (microcircuits, optical memory cards) which 
are (or can be) used t o  describe and represent a larqe number of 



- 2 -  

definitive characteristics as well as other data; with optical 
memory cards the storage capacity is so great that the description 
of  definitive characteristics can encompass the origin, function, 
and nature of the item or individual; also, the listing of events 
associated with the item or individual can be virtually limitless. 

OVERVIEW OF COMMERCIALLY AVAILABLE NON-BAR-CODE SYSTEMS 

In this section we discuss three types of systems: Optical Character 
Recognition; Magnetic-Stripe Technology; Magnetic-Ink Character Recognition. 

@tical Character Recoqnition: 

Optical Character Recognition (OCR) is the process by which printed 
characters are machine-read by means of electro-optical instruments. In 
OCR, the characters to e read are arbitrarily divided into small areas, 
commonly called pixels. ! y 2  The light reflected from an illuminated pixel is 
sensed by a phototransducer. A particular character is identified by 
matching the characteristic bit map or shape pattern o f  ink-containing and 
non-ink-containing pixel s .  

One of the principal advantages of the OCR technique is that the human 
eye and the scanning device recognize the same symbol. Therefore, no 
printing redundancy is required to satisfy each on an independent basis. 
Also, many printing techniques are available to produce OCR documents. 
Included are typewriters, serial impact, and dot matrix printers as well as 
various printing press processes. Thus, the end user has a great deal of 
flexi ility. Characters can be encoded with a density of 10 characters per 
inch.$ The encoded data can be scanned in either direction: a right t o  left 
or left to right. 

The main disadvantage of OCR is that the physical size and shape o f  
each character must be very precise.2 
and vertically printed to satisfy very rigid specifications. 
disadvantage t o  OCR i s  that scanning with hand held devices i s  relatively 
difficult; operators must keep the scanner very straight. 
deviation can lead to a misreading. 
difficult it will be to retain operator efficiency. Difficulties in 
discriminating between similar characters (like 0 and 0) lead to n error 
rate of approximately one error for every 10,000 characters read.$ Although 
this error rate is certainly less than would be the case for manual data 
entry, it is greater than for other automatic systems. 

OCR characters must be horizontally 
Another 

Even a small 
The longer the data field, the more 
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The retail sales sector has been the largest user of hand held OCR 
scanners. However, success has been limited. Most users of this technology 
are now examining other alternatives. 
implement a coding system that is considerably more "user friendly." 

One of their key objectives is to 

Maqnetic-StriPe Technoloqy: 

bar codes. 
non-magneti c backgrounds analogous to bl ack bars on white backgrounds. In 
both cases information i s  recognized by the locations on recording media 
where there are either magnetic flux or black/white color changes. Just as 
with bar codes, information is recovered from magnetic stripes by sweeping 
read heads across coded surfaces and converting positional information into 
pulse-width modulated voltages. 
substitution error rate difference between the two technologies. I 

In some regards magnetic-stripe recording i s  conceptually similar to 
The magnetic strip contains magnetic areas structured against 

There is no inherent first read rate or 

Because magnetic materials are more homogeneous than most printing 
materials, information can be packed more densely on magnetic stripes than 
bar codes can be printed on conventional papers. 
can be scanned in either a right to left o r  left to right direction. 

The encoded data field 

The magnet'c sensing elements used in the read units have a very small 
depth of fie1d.j This means that the scanning device must be in surface 
contact, or near surface contact, with the encoded data. This limitation 
precludes many applications that require the scanning of objects at a 
distance o f  several feet. For example, industrial applications that require 
the automatic tracking and distribution of cartons on conveyor lines cannot 
effectively use magnetic-stripe systems. 
also considerably more ex ensive than the paper media that can be used with 

Magnetically encoded media are 

competitive technologies. s 
Maqnetic-Ink Character Recoqnition: 

Magnetic-ink character recognition ( M I C R )  is used almost universally by 
banks for rapid sorting and recording of checks, deposit slips, and other 
transaction documents. The process uses a stylized numerical font and a 
special oxide ink for printing the customer's account number, the bank in 
which the account is held, and other coded data; the ink can take and hold a 
magnetic "charge" when passed through a magnetic field.1 
numeral i s  sensed by a reading head in the processing machine. 
from the reading head can trigger the sorting mechanism in the processor, 
and can also be used to punch cards, write on magnetic Scapes or disks, etc. 
The qualities of M I C R  which make this system especially attractive for 
banking are as follows: 

Each printed 
The signal 
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"The magnetic-ink character reading system is secure 
against most of the common types of defacement. Overprinting, 
dirt, or writing across the numbers causes no trouble. Embossing, 
Tor example, by a ballpoint pen, causes no difficulty, nor does 
wrinkled or sharply creased paper. Even though during the reading 
process close contact with the read-head is desirable, a layer of 
transparent adhesive tape over the numbers does not prevent 
desirable results. This means that torn checks can be repaired 
without detriment to the reading system. Imprinting with magnetic 
ink is highly durable and can withstand thousands of transits 
across the read-head with no impairment of the signal." (quoted 
from ref.4, pp. 146-147) 

The main disadvantages of MICR are: (1) the highly stylized font 
required to ensure character discrimination, (2) limitation to numbers 
and only about four other characters, (3) difficulty in scanning with hand 
held devices, and (4) a very shallow depth o f  field.3 

BAR CODE SYSTEMS 

Bar code systems are rapidly becoming the most widespread machine- 
readable identification techniques available for inputting data directly 
into computing systems. Most individuals encounter bar coding only in local 
supermarkets. However, bar-code systems are used for many other businesses, 
improving the data collection process by simplifying data collection 
procedures and increasing the accuracy of the data collected. To promote 
greater efficiencies in certain business operations, the U. S. Department of 
Defense (DOD) issued MIL-STD-1189 (in 1982) requiring a bar-code label on 
all items shipped to the U. S ,  Department of efense; this may effect as 
many as 50,000 companies acting as suppliers.! The auto industry, in 1983, 
joined forces to standardize bar-code labels on every item moved between 
organizati ns in their environment, a decision involving at least 25,000 
companies. % 

Bar Codes represent a true machine language. They are a printable 
machine language that reproduces the ones and zero bit streams that 
are the basic computer language.6 A "Bar Code" is nothing more than a 
group o f  parallel dark bars of varying widths separated by white spaces. 
Variations in the width o f  the bars and the spaces between them are used to 
encode different information. While many different bar-code formats have 
been proposed, the only difference between one coding scheme and another is 
their byte or cipher formats, i.e*, the way bits are organized into bytes. 

Two of the most used codes are "Code 39" (developed by Intermec 
Corporation) and "United Product Code" ( U P C ) .  The characters of code 39 and 
the UPC are shown in F i g s .  1 and 2 respectively. Code 39 can generate 43 
different Characters: 0-9, A - Z ,  -, ., $, 1, t, %, and space; an additional 
common character (*) is used at the start and the end o f  a bar-code string. 
Each character in code 39 i s  made up of nine elements: 5 bars and 4 spaces. 



- 3 -  

Three of the elements must be wide bars o r  spaces. 
encode a " l " ,  while the narrow bars and spaces encode a "0". 
s t a r t s  and ends with a b a r .  
Department of Defense. 

The wide bars and spaces 
Each character 

Code 39 has been adopted for  use by t h e  

The UPC coding log ic  u t i l i z e s  bars  and spaces whose widths are one, 
two,  th ree ,  and four times the width of the basic element (See f i g .  2 . ) .  
The UPC coded message i s  represented by a b i t  stream where each elemental 
space i s  a "0" and an elemental b a r  i s  a "1". Each character is  formed by 
ciphers o f  two bars and two spaces, where the to t a l  number of elements used 
i s  always seven. The UPC format i s  limited t o  12 ciphers (characters)  
divided in to  two halves of 6 ciphers each where the r igh t  hand cipher will 
have odd par i ty  and the l e f t  even par i ty .  
numerical characters 0 th rough  9 .  

Each ba r  coding format has i t s  pros and cons. I t  i s  d i f f i c u l t  t o  
discuss the advantages and disadvantages of bar codes without d ' s  u s i o n  of 

The UPC will support only 

a par t icu lar  code; however, some of the general advantages are:  LO 
(1) Bar codes a re  machine language, therefore ,  f a c i l i t a t i n g  

"communicating" with d ig i t a l  computers networks, and database management 
systems. 

( 2 )  Codes can be fu l ly  alpha/numeric in addition t o  other special 
characters .  
systems. 

The r e su l t  i s  f l e x i b i l i t y  in accord w i t h  exis t ing database 

( 3 )  When scanning bar  code, the chances o f  an erroneous character being 
entered i s  very low ( l e s s  t h a n  1 in lo6) .  

( 4 )  The encoded d a t a  f i l e d  can be scanned in e i t h e r  a r igh t  t o  l e f t  or 
l e f t  t o  r igh t  direct ion from distances varying from inches t o  f e e t .  T h e  
benef i t ,  f o r  example, i s  the a b i l i t y  t o  have a fu l ly  automated tracking and 
sor t ing system. Also, variable dens i t ies  can be employed. This becomes 
s igni f icant  when t rying t o  condense a l o t  of d a t a  in to  a small area or when 
t rying t o  read encoded d a t a  several f e e t  from the scanner. 

( 5 )  A w 
f l  exi bi 1 i t y  
special high 
can be used 
expensive of 
small . 

de var ie ty  of pr int ing techniques can be used, leading t o  g r e a t  
n terms o f  document s i ze ,  cos t ,  and system interfaces .  No 
cost medium i s  required t o  encode d a t a .  
o r  many applications.  Scanning devices rank among the l ea s t  
any technology. Therefore, capi ta l  investment i s  r e l a t ive ly  

S t a n d a r d  paper stocks 

I n  the pas t ,  the main disadvantage of bar  codes has been the lack o f  
industry standardization. B u t  the food industr ies '  adoption o f  the  United 
Product Code has served t o  catalyze the use o f  bar  codes. The pattern i s  
now being repeated i n  other industr ies  such as automobile and mi l i ta ry  
suppl iers .  
they are  n o t  readi ly  readable by humans. 
p r i n t i n g  b o t h  the b a r  code and standard characters on the labe ls .  

The other  disadvantage sometimes c i ted  f o r  bar codes i s  t h a t  
This i s  overcome i n  many cases by 

( I n  f a c t ,  
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CHAR 

1 
2 
3 
4 
5 
6 

. 7  
8 
9 
0 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
19 
R 
S 
3" 
U 
V 
W 
X 
Y 
Z 

e 
Space * 
s 
I 
+ 

PATTE R N 

ammi a m  

% 

ORNL-QWG 87.6626 

BARS 

10001 
01001 
11000 
001 01 
10100 
01100 
ooo11 
10010 
01010 
001 10 
10001 
01001 
11000 
001 01 
10100 
011 00 
00011 
10010 
01010 
001 10 
10001 
01001 
11000 
001 01 
101 00 
01100 
00011 
10010 
01010 
001 10 
10001 
01001 
11000 
001 01 
10100 
01100 
00011 
10010 
01010 
001 10 
00000 
00000 
00000 
00000 

SPACES 

0100 
0100 
0100 
0100 
0100 
0100 
0100 
0100 
0100 
0100 
001 0 
001 0 
001 0 
001 0 
001 0 
001 0 
001 0 
001 0 
001 0 
001 0 
0001 
0001 
000 1 
0001 
000 1 
0001 
000 1 
0001 
0001 
0001 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1110 
1101 
101 1 
011 1 

Figure 1 .  Code 39 Character P a t t e r n s  
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RIGHT CAPHER CHARACTER 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

START + STOP 

LEFT CIPHER 

0 0 0 1 1 0 1  1 1 1 0 0 1 0  

0 0 1 1 0 0 1  1 1  0 0 1  1 0  

0 0 1 0 0 1 1  1 1  0 1  1 0 0  

0 1  1 1  1 0 1  1 0 0 0 0 1 0  

0 1  0 0 0 1 1  0 1 1 1 0 0  

0 1 1  0 0  0 1  1 0 0 1 1  1 0  

0 1 0 1 1 1 1  1 0 1 0 0 0 0  

0 1  1 1 0 1 1  1 0 0 0 1  0 0  

0 1 1 0 1 1 1  1 0 0 0 1  0 0  
,: :*:;.::.: ... :.:.>:. ....,....... :.:..,;a &?$ .:.:.:.:.:.:.::~~~ ....... %$ .. .,,..,,... ..... .......................... 

0 0 0  1 6 1  1 1 1 1 0 1 0 0  
.:.:.: ....... 
............. .............. 
$y< :A::. C E N T ER 

1 0 1  0 1  0 1  0 

Figure 2 .  The UPC Character Patterns 
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MIL-STD-1189 s p e c i f i e d  t h a t  ba r  codes must have "human-readable 
i n t e r p r e t a t i o n " ,  i . e ,  a lphanumeric c h a r a c t e r s  p r i n t e d  above o r  ( p r e f e r a b l y )  
below t h e  ba r  code.) 

Technica l  Cons ide ra t i ons :  

The bar-code scanning process i s  b a s i c a l l y  s imple.  A l i g h t  beam 
i s  sh ined  o n t o  t h e  s u r f a c e  o f  t h e  encoded media. 
p r i n t e d  ba rs  and spaces, t h e  l i g h t  i s  e i t h e r  absorbed (by t h e  b a r )  o r  
r e f l e c t e d  (by t h e  spaces) and t r a n s m i t t e d  back t o  a " l i g h t  d e t e c t o r "  
(See F i g .  3 ) .  As t h e  r e f l e c t e d  l i g h t  i s  detected,  an analog s i g n a l  i s  
generated which i s  t hen  conver ted  t o  a square wave p a t t e r n  o f  h i g h  and low  
v o l t a g e s .  The square wave p a t t e r n  i s  t hen  d i g i t i z e d  and decoded u s i n g  a 
computer. F i g  3 r e p r e s e n t s  t h e  process o f  scanning t h e  number "1" i n  code 
39. 

As t h i s  l i g h t  crosses t h e  

The sensing t ransducers  commonly used t o  d e t e c t  t h e  r e f l e c t e d  l i g h t  i n  
ba r  code scanners a l l  have t h e i r  maximum s e n s i t i v i t y  i n  t h e  r e d  t o  i n f r a r e d  
s p e c t r a l  r e g i o n  (700 t o  960 nanometers) .5 It would be i d e a l  i f  t h e  energy 
f rom t h e  l i g h t  source used t o  i l l u m i n a t e  t h e  b a r  code peaked a t  t h e  same 
f requency as t h e  peak s e n s i t i v i t y  o f  t h e  sensor. 
t h a t  r e d  o r  i n f r a r e d  l i g h t - e m i t t i n g  d iodes (LED) and r e d  o r  i n f r a r e d  l a s e r s  
a re  used as t h e  i l l u m i n a t i n g  l i g h t .  

It i s  f o r  t h i s  reason 

Most l a s e r  scanners used t o  scan bar-code 
hel ium-neon gas which l a s e s  a t  633 nanometers.g I f  a l a b e l  i s  t o  be 
b o t h  l ase r -scanned  and wand-scanned d u r i n g  v a r i o u s  stages o f  i t s  u s e f u l  
l i f e ,  a wand should "see" t h a t  l a b e l  i n  a manner s i m i l a r  t o  t h e  way a l a s e r  
views t h e  s i t u a t i o n .  Cons ide r ing  t h e  v a r i a b l e s  o f  i n k  r e f l e c t i v i t i e s  and 
LED emiss ion e f f i c i e n c i e s ,  p l u s  t h e  cons tan t  633 nanometer l a s e r  wavelength,  
many hand-held wands now on t h e  market operate a t  around 700 nanometers. 
Whi le  t h e  r e f l e c t a n c e s  o f  most i n k s  a re  n o t  e x a c t l y  t h e  same a t  b o t h  633 and 
a t  700 nanometers, t h  se wavelengths a re  c l o s e  enough t o  a l l o w  reasonably  

messages a r e  based on 

r e 1  i ab1 e performance. E 
T h i s  l eads  t o  t h e  i s s u e  o f  t h e  i n k  used i n  p r i n t i n g  b a r  codes. Here t h e  

c r i t e r i o n  i n v o l v e d  i n  choosing bo th  i n k s  and background m a t e r i a l  i s  one of 
r e f l e c t i v i t y .  Some i n k s  (and dyes) have low r e f l e c t i v i t i e s  ( t h e y  absorb t h e  
i l l u m i n a t i n g  l i g h t ) ,  whereupon they  l o o k  l i k e  ba rs  (which i s  t h e  o b j e c t i v e ) ,  
w h i l e  o t h e r s  have h i g h  r e f l e c t i v i t i e s  and l o o k  l i k e  background. 
U n f o r t u n a t e l y ,  many i n k s  do n o t  absorb r e d  o r  i n f r a r e d  l i g h t .  
background must be chosen t o  maximize t h e  d i f f e r e n c e  i n  r e f l e c t i v i t y  i n  t h e  
633 t o  700 nanometer s p e c t r a l  r e g i o n .  An i d e a l  i n k  should absorb more than  
85% o f  a l l  o f  t h e  633-700 nanometer li h t  w h i l e  t h e  background should 

I n k s  and 

r e f l e c t  85% o f  t h e  i l l u m i n a t i n g  l i g h t .  s 
A v e r y  impor tan t  f a c t o r  i n  b r - code  technology i s  t h e  s p o t  s i z e  o f  t h e  

l i g h t  e m i t t e d  f r o m  t h e  
t h e  narrowest  p r i n t e d  ba r  o r  space t o  t h e  spo t  o f  l i g h t  i s  t h e  key t o  
successfu l  read ing .  Both should be approx ima te l y  t h e  same s i z e .  I f  t h e  
l i g h t  spot  i s  c o n s i d e r a b l y  l a r g e r ,  t hen  t h e  decoding process w i l l  be 

The r e l a t i o n s h i p  between t h e  w i d t h  o f  



OANL-DWG 87-6628 
lLLUMINATIO> 

-----* LIGHT 
RECEIVER Y -  SCAN 

ANALOG SCANNER OUTPUT 
SIGNAL OF REFLECTED 
LIGHT 

0 0  SQUARE WAVE 
DIGITAL SIGNAL 
CODE 39-NUMBER "1" 

0 1  WHITE 
DATA 

BLACK 
DATA 

1 1 0 0 0  

Js 
COMPUTER - DATA BASE 

I 
co 

I 

F i g u r e  3. Bar Code Reading System for  the  Number " I "  i n  Code 39. 
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d i s t r ac t ed  by s igna ls  from neighboring bars or spaces. I f  the l i g h t  spot i s  
t o o  small ,  voids o r  specks can cause misinterpretat ions.  Also, the aperture  
in the wand t h a t  accepts re f lec ted  l i g h t  must be no  l a rge r  t h a n  the  width of 
the smallest  b a r  being read. I f  the  aperture i s  too small ,  i t  may de tec t  an 
ink speck and erroneously report  i t  as a narrow bar. 

Pri n t e r s  : 

S t a n d a r d  pr in t ing  and photographic processes can be used t o  produce 
high qua l i ty  bar code l abe l s .  
resolut ion l abe l s  with dens i t i e s  of u p  t o  17 characters  per i n c h . j  B u t ,  
there  a re  major cos t  cons t ra in ts .  
media can be qu i t e  high unless substant ia l  volumes in s ing le  batch s i zes  a re  
associated with a given production run. 
done by the user ,  long lead times may be encountered and advance planning 
and coordination a re  required.  A l s o ,  the  encoded l abe l s  must be inventoried 
and control led l i k e  any other  product component adding t o  the t o t a l  
inventory cos t .  

conjunction with bar-code graphics packages. They serve per fec t ly  well fo r  
many b a r  code appl icat ions in f ac to r i e s ,  shops,  o f f i ces ,  and s to re s .  I t  
provides f o r  complete document f l e x i b i l i t y  and can produce f u l l  pages of 
data  with graphics and rotated (horizontal  and v e r t i c a l )  bar code pa t te rns .  
Also, small t i c k e t  sized media can be pr inted.  However, most d o t  matrix 
p r in t e r s  cannot p r i n t  the high- ens i ty  (300dpi),high-resolution l abe l s  
necessary in some appl ica t ions  . f  Laser pr in t ing  has not seen la rge  sca le  
use y e t ,  b u t  i t  meets most o f  the  primary requirements including densi ty ,  
qua l i t y ,  format f l e x i b i l i t y ,  and speed.$ 
requires  capi ta l  investment subs tan t ia l ly  grea te r  than f o r  d o t  m a t r i x  
p r in t e r s .  

Either process can produce small h ' g h  

The cost  f o r  each piece of b a r  coded 

Since production i s  general ly  n o t  

Inexpensive dot matrix p r in t e r s  a re  the most widely used pr in te rs3  in 

Unfortunately, l a s e r  pr in t ing  

Readers : 

There a re  two primary types of scanners. These a re  hand held "wands" 
and fixed posi t ion scanners. The more common type, hand held scanners, a re  
known as "1 ight  pens. 'I With properly encoded media successful scanning wi 11 
usually occur on the f i r s t  pass. However, i f  there  a re  a s e r i e s  of voids or 
specks, then mult iple  attempts may be required.  
depth of f i e l d ,  typ ica l ly  n o t  exceeding 40 mils (.040 i n c h e s ) . ! ~ ~  The t i p  o f  
the  pen should be o f f  the  surface of the encoded media by no more than t h i s  
dis tance t o  achieve successful scanning. This i s  just  enough t o  provide 
ease of scanning as well a s  the a b i l i t y  t o  scan t h r o u g h  protect ive material 
such as c l ea r  p l a s t i c  o r  laminates. 

Because o f  the  in t ens i ty  and nondivergent nature o f  l a s e r  l i g h t  beams, l a s e r  
l i g h t  can be used t o  read b a r  codes a t  a d is tance.  For instance,  codes in a 
hazardous area can be scanned t h r o u g h  a g lass  p a r t i t i o n .  Laser scanners can 
a l so  "read" t h r o u g h  p l a s t i c  wrap and de tec t  poorly printed bar code more 

Light pens ha e a l imited 

Fixed posi t ion scanners commonly use a l a s e r  as t h e i r  l i g h t  source.li 
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accurately than hand-held wands. The a b i l i t y  t o  make many scans (cross 
through multiple t racks)  over encoded media in search of a val id  pattern 
with a s ing le  operator motion i s  a prime fea ture  of l a s e r  scanners. The 
l a s e r  s anners used in supermarket checkout lanes make hundreds o f  scans per 
sec0nd.f Also, s ince the beam i s  very t h i n ,  the  height of the bar-code can 
be very small. Recent y small hand-held l a s e r  scanners have been developed 
and are  in common Generally, the l a s e r  scanner i s  f a s t e r  than the 
l i g h t  pen and can read higher resolution codes. However, l a s e r  readers are  
l a r g e r ,  heavier,  and qui te  a b i t  more expensive. 

s i z e  and densi ty  of the b a r  code, encoded media 3an be read from very close 
range (inches) on u p  t o  approximately four f e e t .  This makes i t  very easy 
f o r  an operator,  as  well as providing the capabi l i ty  f o r  automatic tracking 
and sor t ing  systems. 

Laser scanners have an excel lent  depth of f i e l d .  Depending upon the 

Decoders : 

Both wands and l a s e r  scanners a re  connected by cable t o  a small decoder 
box which i s ,  i n  turn, connected t o  a computer. The dec der box contains 
e lec t ronic  controls  and converts bar code t o  ASCII code.g Most decoders 
can read and convert a var ie ty  of b a r  code schemes, such as Code 39, UPC, 2 
of 5 ,  and Codabar. The associated e lec t ronics  on most uni t s  a l so  enable 
the reader t o  scan code upside down, r i g h t  t o  l e f t ,  o r  l e f t  t o  r i g h t .  

Several companies manufacture decoder boxes t h a t  plug i n t o  the PC's 
keyboard p o r t  and can receive input from both the keyboard and a b r code 
reader so t h a t  data  can be inputted a l te rna te ly  from bo th  sources.$ I n  many 
inventory s i t u a t i o n s  there  i s  a need t o  move around t o  gather da ta ,  i n  
which case a battery-powered, hand-held computer may be cal led f o r .  After 
co l lec t ing  data  w i t h  the hand-held computer, i t  can cable the d a t a  t o  a 
l a r g e r  computer. Several companies s e l l  bar code readers attached t o  two- 
way radio systems, so t h a t  bar ode data  can be transmitted and read 
ins tan t ly  by a l a rger  computer. 5 

Once bar code has been decoded t o  ASCII, the computer can' 1 t 'nguish 
i t  from keyboard data  or  any other data  i n  the  computer system. !,412,S Any 
software, such as a database management system, t h a t  works w i t h  keyboard 
data will  work w i t h  b a r  code da ta .  Specific bar  code application will  be 
discussed i n  the  next section. 
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SOME BAR CODE A_F111_LICATIONS 

A number o f  so f tware  packages have been developed and marketed f o r  
s tandard  b a r  code a p p l i c a t i o n s .  BARSOFT ( s o l d  by ASAP Systems, Soquel, Ca.) 
i s  a database management system t h a t  can be used f o r  i n v e n t o r y  c o n t r o l ,  work 
t r a c k i n g ,  q u a l i t y  o n t r o l ,  warehouse and shipment c o n t r o l ,  and p roduc t  
w a r r a n t y  t r a c k i n g . 5  
Gatos, Ca.) which can be used f o r  i n v e n t o r y  t r a  k ing ,  shop o rde rs ,  work 

Another package i s  DART 5 (marketed by H i l l b l o m ,  Los 

c e n t e r  schedul ing,  r o u t e  c o n t r o l ,  and s h i p p i n g .  5 
The U n i v e r s a l  Product  Code i n  g r  c r y  s t o r e s  ( p o i n t - o f - s a l e  

a p p l i c a t i o n )  i s  a p a r t i c u l a r  success. P 7 f  Numerous o t h e r  appl  i c a t i o n s  o f  ba r  
code techno o y i s  spread across i n d u s t r y  i n  p r o d u c t i o n  and/or i n f o r m a t i o n  
management. f 7 F 1 7 g  Some s p e c i f i c  a p p l i c a t i o n s  a re  d iscussed i n  t h e  
f o l l o w i n g  s e c t i o n s .  

Defense L o g i s t i c s :  

I n  1976, t h e  Department o f  Defense (Dol l )  e s t a b l i s h e d  a committee 
c a l l e d  L o g i s t i c s  A p p l i c a t i o n s  o f  Automat ic Marking and Reading System 
(LOGMARS) t o  s tudy  t h e  a p p l i c a t i o n  o f  ba r -cod ing  t o  a i d  i n  keeping t r a c k  o f  
t h e  tremen ous numbers and v a r i e t i e s  o f  p a r t s  and assemblies t h a t  t h e  m i l i -  
t a r y  buys. !! 

I n  January 1982 LOGMARS i ssued  t h e  t e c h n i c a l  p u b l i c a t i o n ,  
MIL-STD-1189, d e f i n i n g  t h e  s tandard DoD b a r  code symbols f o r  mark ing 
m a t e r i e l ,  c o n t a i n e r s ,  and documentation. LOGMARS a l s o  r e v i s e d  packaging 
requi rements t o  i n c l u d e  b a r  code markings on a l l  packages coming i n t o  t h e  
m i l i t a r y  s t o c k  system. I n  September 1984, a r e v i s e d  document, MIL-STD- 
1189A, was issued.  These documents s p e c i f y  t h e  3 o f  9 ba r  code (Code 39 
shown i n  F i g u r e  1 and d iscussed on pages 5 and 6 ) ,  w i t h  human-readable 
p r i n t e d  c h a r a c t e r s  appear ing j u s t  below t h e  b a r  code, b u t  w i t h o u t  t h e  s t a r t  
and s t o p  a s t e r i s k s .  

The a p p l i c a t i o n  o f  LOGMARS bar  coding technology has been s u c c e s s f u l l y  
t e s t e d  i n  a DoD-wide documentat ion t e s t  t h a t  i n c o r  o r a t e d  b a r  code tech -  
no logy  i n t o  s h i p p i n g  and r e c e i v i n g  documentat ion.  1B 

LOGMARS techno logy  i s  a l s o  used i n  suppor t  o f  t h e  M a r i t i m e  P r e p o s i t i o n  
Ships (MPS) Program. Through t h e  use o f  ba r  code l a b e l s  a f f i x e d  t o  
P r i n c i p a l  End I tems ( P E I s )  and c o n t a i n e r s ,  t h e  Marine Corps i s  a b l e  t o  
t r a c k  t h e  movement o f  equipment f o r  beach/port  o p e r a t i o n s .  
t o  t h e  PEIs and c o n t a i n e r s  a re  scanned each t i m e  t h e  equipment changes 
l o c a t i o n .  T h i s  d a t a  i s  t r a n s m i t t e d  t o  a microcomputer,  t h u  p r o v i d i n g  

Labels  a f f i x e d  

update d a t a  t o  t h e  M a r i t i m e  Dec is ion  Support  System (MDSS). l o  
Two r e l a t i v e l y  new Mar ine Corps LOGMARS e f f o r t s  concern b a r  coded c l o t h  

l a b e l s  and l a s e r  e t c h i n g  o f  smal l  arms. The c l o t h  l a b e l s  would be a t tached  
t o  t e n t s ,  f i e l d  j a c k e t s ,  c o l d  weather c l o t h i n g ,  NBC (Nuclear ,  B i o l o g i c a l ,  
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Chemical) protect ive gear,  e t c .  The laser-etched system would be used t o  
control and t rack p i s t o l s  and other small weapons;* the etched bar  code 
would n o t  be supplemented by human-readabl e characters .  

Manacrement of Work in Proqress: 

The need fo r  sound, e f f ec t ive  work i n  progress (WIP) planning and 
management can be addressed by: 
t o  WZP w i t h  a l l  necessary resources; (b) accurate and f a s t  feedback o f  
progress and hold-ups in to  the f rward planning cycle and t o  t r i gge r  
correct ive action when required.?l  To maximize the accuracy and feedback 
speed of WZP achievement information, i t  was necessary t o  move away from 
conventional data col lect ion techniques and use machine readable documen- 
t a t i o n  and label ing of WIP. 
systems have demonstrated t h a t  they can provide a cost  e f fec t ive  and r e s i l -  
i en t  means of d a t a  capture and t h  microcomputer can be used t o  highlight 

( a )  good forward planning t o  re lease work 

Bar code "point of operation" feedback 

hold ups  and delays immediately. If 

Postal Service: 

The U. S .  Postal Service has chosen a horizontally oriented clocked 
code fo r  automated mail sor t ing.  
Z i p "  in the lower r i g h t  hand corner of the envelope. 
envelopes move i n  the direct ion of t h e i r  l o n g  axis t h r o u g h  a sor t ing system 
where such movement i s  referenced t o  each envelope's lower edge. 
clocked code i s  used, one photosensor reads the lower clock t r ack  as an 
envelop i s  moved by a read s t a t ion ,  while a second photosensor 
simultaneously reads t h e  upper information track. 
system i s  t h a t  there i s  only one shot a t  reading each Bar-Zip as the 
envelopes go zipping past .  
f a i r  precision in re la t ion  t o  an envelope's lower edge t o  be sure t h a t  b o t h  
clock and information tracks l i n e  up with t h e i r  appropriate read heads. 
Clocked codes such a s  t h a t  used by the postal service are r e s t r i c t ed  t o  a 
few tasks.  

Figure 4 shows an example w i t h  the "Bar- 
In  t h i s  appl icat ion,  

When the 

A disadvantage of t h i s  

Further, such a Bar-Zip must be printed w i t h  

*The application of a s imilar  scheme i n  the c iv i l i an  sphere might have very 
important ramifications.  
subsequent "fencing") of small arms and r i f l e s .  

One of these could be t o  de te r  t h e f t  ( and  
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Nuclear Industry: 

Numerous routine, but crucial, in-service equipment inspections are 
required at operating nuclear power plants. Data from these inspections 
must be collected and reduced to a permanent record status in 
manner. One example is Wyle laboratories TRISIC-PLUS System.l$ This system 
combines a database management system for Backing the Jn-Service Inspection 
of Components with a bar-code data collection unit. 
application of this system the examiner utilizes a portable, 
environmentally-sealed data collection unit in the field which provides 
visual prompts and allows visual inspection results to be entered via bar 
code laser scanner and alphanumeric keyboard entry. The examiner first 
confirms the identification of the part by using a laser scanner attached to 
the data collection unit to read the bar code symbol tagged to the part to 
be inspected. The bar code identifies the part to the data collection unit 
which, in turn, prompts the examiner through the inspection procedure. 
Examination results are entered by pressing response keys or simply 
1 aser-scanning a response menu. Alphanumeric information regarding 
anomalous conditions or other comments can also be entered via the 
keyboard. 
transferred to the plant‘s TRISIC database which i s  operated on an IBM PC-AT 
or compatible system. 
collection unit into the PC’s serial port, upon which the database is 
updated. 

timely 

During a typical 

After a series of exams, the results can be automatically 

The transfer i s  accomplished by plugging each data 

Other A m 1  i cations : 

A new application combines bar code labels, polymer chemistry, optics, 
portable microcomputers, and telecommunications to provide a convenient, 
reliable method for monitoring thermal history of temperature-sensitive 
items. Polymers that change color on exposure to different temperature are 
attached to the bar code label. 
same time that the bar code is read. Previously determined time-temperature 
toler nce curves are used to calculate the remaining shelf life of the 

The spectral changes are observed at the 

i tem. jE2 

A bar-coded Automatic Tool Inventory Central and T cking System 
(ATICTS) has been developed for Todd Pacific Shipyards.!! The system aids 
in an efficient flow of t o o l s  to the right people at the right time, it 
expedites tool transfers, and simplifies the monitoring of tool inventories. 

BAR CODE LABELING TECHNIQUES FOR USE IN LIFE-CYCLE TRACKING 

A primary benefit o f  automatic identification systems i s  timely, 
accurate data capture. 
the maintenance, as well as to monitor the reliability o f  components or 

To facilitate the management o f  inventory, to track 
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pa r t s ,  i t  i s  des i rab le  t o  have bar code label ing systems which a r e  func- 
t ional  throughout the  l i f e - cyc le  of the  component o r  par t .  
ca t ions  th i s  includes items t h a t  have been subjected t o  abrasion, exposed 
t o  corrosive and/or d i r t y  o i l y  environment, and/or experienced high tem- 
peratures .  A spec i f i c  example might be the combustion chamber of a Naval 
j e t  engine which may have sustained temperatures up  t o  l l O O ° C  a s  well a s  
having been exposed t o  a s a l t  water mist. 

In many appl i -  

For op t i ca l ly  read systems the  u t i l i t y  of a bar code message i s  de te r -  
mined by the bar space cont ras t  r a t i o .  
a d i f fe rence  i n  r e f l e c t i v i t y  of a t  l e a s t  40%;9 t h i s  i s  referred t o  a s  the 
"pr in t -cont ras t  r a t io . "  
component i s  used, the  label material and p r i n t i n g  methods w' l l  vary. Paper 
and ink l abe l s  a r e  l imited t o  temperatures below about 45°C.3 Wi th  a c l e a r  
p l a s t i c  laminate covering, the  label can be protected from d i r t  and grease.  
Bar code l abe l s ,  impact-printed on a polyester mater ia l ,  have been used i n  
nuclear power p lan ts  where they were exposed t o  high humidities a s  well a s  
t o  temperatures of about 100°C. l2 Pre-fabricated,  bar-coded metal t ags  a r e  
made b The Pannier Corporation (451 Pannier Building, Pit tsburgh, PA 
15212)15 f o r  a var ie ty  of indus t r ia l  appl icat ions:  s t e e l  tags  f o r  general 
purpose appl i c a t  i on where the temperature does not exceed 25OoC; a1 uminum 
tags  f o r  corrosion res i s tance ;  and "heat r e s i s t an t "  s t a i n l e s s  s t e e l  t ags  f o r  
appl icat ions u p  t o  1093OC ( 2 0 O O O F ) .  

corrosion and chemical res i s tance ; lS  these  tags  showed good res i s tance  t o  
o i l ,  but only moderate es i s tance  t o  gasol ine.  Independent t e s t i n g  led t o  
the  following resu1ts : l5  the  t a g s ,  a f t e r  800 hours exposure t o  simulated 
outdoor conditions ( u l t r a v i o l e t  i r r ad ia t ion  and 40-50% r e l a t i v e  humidity), 
showed only s l i g h t  darkening of i t s  white background; when exposed f o r  720 
hours t o  a 5% s a l t  spray solut ion,  t he  coating could be scratched w i t h  a 
f ingernai l  and the  ink was s l i g h t l y  l i g h t e r  but the  label was s t i l l  
l eg ib l e ;  twenty (20)  temperature cycles o f  20 hrs a t  15O0C followed by 4 
hrs a t  -4OOC produced only a s l i g h t  darkening of color .  

Most ystems require  maintaining 

Depending on the environment where the pa r t  o r  

According t o  the  Pannier Corp the  coated aluminum tags  have good 

A white ceramic-coated s t a i n l e s s  steel  tag has been developed by 
Pannier Corp. spec i f i ca l ly  for  high temperature appl icat ions,  with the bar 
code impaft-printed w i t h  special  i n k  s t a t ed  by Pannier t o  be good t o  1 0 9 3 O C  
(200OOF). 
bench-scale laboratory oven. 
s l i g h t  darkening o f  the white coating a f t e r  10 hrs. However, a t  1093OC 
(2000°F) the  tag f a i l e d  a f t e r  only 2 hrs. 
tag became b r i t t l e  and had ro l led  up  a t  the  edges (probably as  a r e s u l t  o f  
s in t e r ing  and c rys t a l l i za t ion  within the  a l loy ) .  The white coating had 
darkened t o  a l i g h t  tan  color  and the  ink faded s l i g h t l y .  Although the  bar 
code was s t i l l  l eg ib l e ,  i t  was useless  a s  a machine-readable i d e n t i f i e r  due 
t o  the  de te r iora t ion  of the  s t a i n l e s s  a l loy .  

Tests were conducted a t  O R N L  by placing a bar-coded tag  i n  a 
A t  5OOoC (93Z°F), the  tag  showed only a 

The "heat r e s i s t a n t "  s t a i n l e s s  

Other solut ions t o  the problem o f  finding a s a t i s f ac to ry  high- 
temperature-resis tant  label ing method have been proposed. 
methods can be used t o  engrave ( p r i n t )  bar codes on metals. \  Pr in t -cont ras t  

aser-etching 
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ratios o f  40% may be difficult to achieve, but there are ways around this 
problem. For instance, bar codes printed on aluminum and steel have been 
read with off-axis, laser-driven illumination, in instances where their 
print-contrast ratio would otherwise have been much less than 50 percent.l 

I f  
the bars o f  a bar code message are either raised above or engraved below a 
background surface, an appropriately designed force-sensiti e reader will 
detect the pattern much the same as an optical system does.! This tech- 
nique has been compared to running (banging) a stick along a picket fence.l 
The "picket fence" can be read with units containing piezoelectric or 
magnetostrictive elements without concern for optical print contrast. 
Examples of applications of this technique are: bars die-struck on engine 
blocks, raised-ciphered serial numbers on tire sidewalls, las r engraved 

Another possibility is through the use of mechanical read heads. 

tracks, and even printed labels (if the ink i s  thick enough.) f 

ADVANCED IDENTIFICATION SYSTEMS 

Identification o f  Etchinq on Metal Parts via Infrared Sensinq: 

A new method i s  under development by Lockheed, Marietta, Georgia, in 
which an inf red ( I R )  system reads part numbers etched electrochemically on 
metal parts.\;$ The method, called the Positive Parts Marking System, is 
reported to be ''saving money by reducing labor and material costs associated 
with constant rematching o f  parts that have become separated from their 
paperwork."" With this system, markings electrochemically etched on 
aluminum can be differentiated from unetched metal even after parts have 
been painted and the markings are no longer visible to the unaided eye. 

The reading apparatus consists of an infrared ( IR)  detector, a computer 
monitor, a coolant (at present, liquid nitrogen) and a table with crosshairs 
for aligning the part number under the detector. Presumably, the difference 
in thermal conductance between etched and unetched aluminum, when the part 
is in contact with liquid nitrogen, i s  the basis by which the IR sensor 
detects the difference. 

The marking apparatus consists of an electrochemical etching machine, a 
computer for generating the identification stencils, and a letter quality 
printer that reproduces the part or reference number on a dye-impression 
stencil. 

As of September 1986, Lockheed was only applying the process (i.e., 
electrochemical etching and IR identification) to sheet metal parts, but 
they plan to apply the method t o  extrusions and t o  machined parts. 
has applied for a patent on the system. 

Lockheed 
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Large-Memory Media: "Smart" Cards ; Optical Memory Cards 

This section of the report  deals with automatic ident i f ica t ion  systems 
w i t h  large memories thereby permitting much more description of d e f i n i t i v e  
c h a r a c t e r i s t i c s  and h i s tor ica l  (events, times, locat ions)  data of an item or 
an individual.  

"Smart" C a r d s l 7 9 l 8 , l 9  

A typical "smart" card i s  a conventional c r e d i t  card with a wafer t h i n  
one-inch diameter s i l i con  integrated c i r c u i t  embedded i n  the  p l a s t i c  (see 
Fig. 5 ) .  Smart cards can be divided in to  two catagories:  storage only 
cards,  and storage plus logic  cards. Currently, 80 percent of a l l  smart 
cards produced are  f o r  information storage only. This type of smart card 
uses the chip solely t o  s tore  information. 
storage with a microprocessor and program s teps so t h a t  the card can 
communicate w i t h  another microprocessor in an electronic  in te r face  device, 
such as a point-of-sale  terminal. The integrated c i r c u i t  has three par t s :  

The storage plus logic  combines 

( a )  a gigpproceSspr  which executes programs t o  monitor the use o f  
memory, authenticate users and val idate  t ransact ions;  

(b) a memow ( f o r  data storage) with two main securi ty  features:  (b.1) 
no external paths t o  the memory; ( b . 2 )  EPROM (erasable 
programmable read-only memory) w i t h  f loa t ing  gate c i r c u i t r y ;  
attempts t o  read the memory (say, w i t h  an electron microscope) 
will  discharge the f loat ing gate ,  thereby clear ing the memory; 
the chip also contains two other types of memory: a non-volati le 
read only memory (ROM) containing the operating system and other 
permanent information; a v o l a t i l e  random access memory (RAM) used 
f o r  s tor ing intermediate r e s u l t s  o f  calculat ions by the central  
processing uni t s .  

( c )  a wstem i n t e r f a c e  t h r o u g h  which power i s  provided and data i s  
t ransferred when the card i s  inserted i n t o  a reader.  The reader 
provides the physical and e l e c t r i c a l  contact f o r  the read/write 
function. I t  serves as a communication l i n k  between the card and 
a cont ro l le r  (personal computer, dedicated computer, e t c . ) .  

Placing the integrated c i r c u i t  (chip) i n  the upper l e f t  hand corner 
allows the combination of the new smart or chip technology w i t h  the more 
conventional technology o f  magnetic s t r i p e  and embossing. The chip i s  on an 
area of the card t h a t  i s  stressed l e s s  frequently. More than one chip could 
be used b u t  p u t t i n g  two chips in a se t t ing  t h a t  endures as much physical 
s t r e s s  (bending, torque, extreme temperatures and sp i l led  l i q u i d s )  as a 
c r e d i t  card does would more t h a n  double the chances of f a i l u r e .  The 
e l e c t r i c a l  connector between the chips would be especi a1 l y  vu1 nerabl e .  
environment in which the smart card 's  microcircuitry must operate places 
very t i g h t  constraints  on the chip design. 
thinner than s t a n d a r d  s i l i con  chips,  0.011 inch as compared t o  0.015 inch. 

The 

F i r s t ,  the  embedded chip must be 
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contain an embedded ch ip .  The ch ip  contains a 
microprocessor and several kinds of  memory. The 
c h i p  communicates w i t h  other machinery through 
eight metal contacts on the f ront  o f  the card. 
Magnetic s t r i p s  and embossing can be used a l o n g  
with the c h i p  i f  desired. 
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Second, the area of the chip should be as small a s  possible  t o  minimize 
physical s t r e s s  when the card i s  bent. Third, the chip should be able t o  
operate in an e l ec t ron ica l ly  "noisy" environment: f o r  example, a c r e d i t  card 
must be able  t o  function even when i t  i s  near other  e lec t ronic  devices such 
a s  cash r e g i s t e r s .  Fourth, i t  must use as  l i t t l e  power as possible  and 
f i f t h ,  i t  should be inexpensive t o  manufacture. 

The microcircui t  in today's smart cards have a memory o f  8 ki lobytes ,  
over 50 times the  memory capacity of standard magnetic s t r i p e  cards .  

Smart cards may become common in the very near fu ture .  
t e s t ing  them in p i l o t  programs in Columbia, Maryland, and in Palm Beach, 
Florida as successors t o  conventional magnetic s t r i p e  cards .  The t e s t ing  
has focused on potent ia l  appl icat ions as  fraud-proof c r e d i t  cards o r  
personal-entry keys t o  e lec t ronic  cash networks. 

Mastercard i s  

Another t r i a l  appl icat ion area has the  noble purpose of reducing 
governmental paperwork and red tape.  U. S. farmers f i l l  o u t  (and  the U. S .  
Department of Agriculture processes) some 400,000 s ix -pa r t  forms per year.  
To t e s t  a way of reducing t h i s  burden, the U. S .  Department of Agriculture 
has d i s t r ibu ted  smart cards t o  300 peanut and tobacco farmers in three  
Georgia counties t o  simplify two things:  rapid information exchange between 
buyers, s e l l e r s ,  and Federal o f f i ces  administering loan and subsidy 
programs; automatic updating of information as deals  a re  s t ruck .  

I n  t h i s  p i l o t  study, each time a farmer de l ivers  a load t o  market, he 
i n s e r t s  h i s  own smart card in to  a reader on a personal computer, i t s e l f  
connected t o  a central  processing mainframe, The farmer keys in h is  secre t  
i den t i f i ca t ion  code and t e l l s  the computer how much produce he is 
del iver ing.  The PC records the t ransact ion,  updates the  data  on the smart 
card,  and t ransmits  i t s  own s to re  of information t o  Washington once a day. 
Federal records can thereby be checked against  data  s tored on the smart 
cards when they are  relinquished a t  the  end o f  the  harvest season; the  
farmer can scan h i s  own records a t  any time he has  access t o  a PC.  I f  the  
t r i a l  proves successful ,  i t  could lead t o  a d i s t r ibu t ion  of smart cards t o  
50,000 peanut and tobacco farmers and perhaps half  a mill ion more l a t e r  on. 

For mi l i t a ry  l o g i s t i c s  appl icat ions,  the use of microcircui ts  i s  in an 
ear ly  (conceptual design) s tage.  (As would be expected, the program already 
has an acronym, MITLA, which stands f o r  Microcircuit  Technology in Logis t ics  
- Applications.)  An obvious l o g i s t i c s  appl icat ion t h a t  would use current ly  
ava i lab le  smart-card technology would be in the tracking of mater ie l .  One 
can imagine smart cards attached t o  equipment assemblies (such a s  a i r c r a f t  
engines) as  a subs t i t u t e  f o r  log books. 
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A not-so-obvious application would be in conjunction with new- 
generation automated t e s t  equipment (ATE) .  Present ATEs are  s ingle  purpose, 
i . e . ,  a d i f f e ren t  ATE i s  used fo r  checking printed c i r c u i t  boards in 
communication gear ,  in tanks,  i n  a r t i l l e r y ,  in air-defense systems and so 
fo r th ;  projected ATE would be used f o r  t e s t ing  c i r c u i t  boards across many 
weapons systems. In t h i s  appl icat ion,  the microcircuit  i d e n t i f i e r  would be 
attached t o  the  c i r c u i t  board and the read/write unit  would be par t  o f  the  
ATE. 

Thus f a r ,  an impediment t o  more wide scale  use of 8k-b i t  smart cards 
has been t h e i r  production cos t ,  current ly  about  $5 per card (versus $0.50 
per card fo r  the conventional magnetic s t r i p e  card) .  However, Mastercard i s  
confident t h a t  with mass production, the cost  will decrease t o  $1 per card. 

Optical Memory Cardsz0 

In  t h i s  section we discuss a system whose function goes beyond the 
storage and re t r ieva l  of ident i f ica t ion  information; indeed, t he  main 
function i s  in the d i s t r ibu t ion  o f  information. The system i s  based on a 
p l a s t i c  card holding a s t r i p e  of op t ica l ly  r e f l ec t ive  material ( s imi la r  t o  
t ha t  on a compact d i sk)  through which one can s to re  and d i s t r i b u t e  d ig i t a l  
information such as numerical d a t a ,  t e x t ,  graphics,  and voice. The s t r i p e  
i s  composed of metal r e f l ec t ive  layers  in to  which d ig i t a l  information os 
burned with a l a s e r .  Cards are current ly  avai lable  w i t h  typical storage 
capac i t ies  of 1 or 2 megabytes (2MB).* The present design i s  f o r  spots or 
p i t s  on the opt ical  surface t o  be 5 microns i n  s i ze ,  b u t  the spot s i ze  in 
the fu ture  w i l l  be decreased t o  3 microns, thereby yielding more t h a n  lOMB 
capacity.  To r e i t e r a t e ,  t h i s  massive storage capacity i s  (or will be) held 
on a wal le t -s ized p l a s t i c  c r ed i t  card. 

*This much memory on a wal le t - s ize  card i s  t ru ly  impressive. Two MB 
capacity would correspond t o  about 600 single-spaced typewritten pages, 40 
l i n e s  per page, 70 characters per l i n e ,  10 b i t s  per character ,  including 2 
for  "overhead" ( s t a r t ,  stop, checking, and other control purposes). 

The  media fo r  optical  memory cards i s  manufactured exclusively by the 
Drexler Technology Corporat ion (2557 Charleston Road, Mounta in  View, CA 
94043 (415/969-7277)). Orexler markets the cards under the  trademark, 
Lasercard. The company has concentrated i t s  resources on the development 
and large sca le  manufacturing o f  the media i t s e l f  and invested only so f a r  
in to  the development o f  user hardware and systems t o  demonstrate the media's 
potent ia l  and t o  a t t r a c t  l icensees .  As of mid-1986, there  were 22 Lasercard 
l icensees ,  half being Japanese companies (including some high-tech g ian ts :  
Canon, Sha rp ,  Toshiba, Matsushita); there are 4 U. S.  l icensees:  Honeywell, 
N C R ,  Wang, and Blue Cross of Maryland. 
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All optical memory cards are 
prerecorded. User equipment 

(a) readers which simp 

preformatted by Drexler whether or not 
is expected to be of three types: 

they are 

y retrieve prerecorded data; these wou d be 
relatively inexpensive, as low as $200; such readers woul' have 
either a halogen lamp or high-intensity LED light source with 
either a photodetector or a charge-coupled device (CCD)  array; 
this equipment would be capable of reading entire tracks one at a 
time, and would almost certainly be connected to a computer, 

(b) simple read/write equipment for encoding unique data onto each 
card; this equipment would cost $500-$1000 and would include a 5 
milliwatt semi-conductor diode laser operating in a direct-read- 
after-write (DRAW) recording process, (in fact, Canon will supply 
up to 60,000 read/write units to Blue Cross of Maryland for $41.3 
million, indicating that the average cost to Blue Cross will be 
very close to $700 per unit) , 

(c) equipment for making low volume duplicate cards 
would be used to produce under-500 copy runs of 
quick turn around and complete data input secur 
is expected to cost $10,000 or more. 

which in 
pub1 i cat 
ty; such 

turn 
ons with 
equipment 

The application areas under development by Lasercard licensees encompass: 

1. publishing/education/software 
2.  office automation 
3, medical information systems (especially personal medical history and 

4 .  cashless transactions 
5. government/defense (listed for Elbit Computers Ltd, an Israeli firm) 

types of insurance benefits authorized) 

Another application, not presently being developed, but in a conceptual 
stage, would be a "super" driver's license. Besides the conventional 
identification information (including photo) the super license might contain 
( t o  quote two Drexler employees, R. B. Barnes and L. J. Kilty, from a 
presentation they made to the American Association o f  Motor Vehicle 
Administrators at the International Driver License/Driver Control Workshop, 
Reno, Nevada, March 1986) "a portable and personal database segmented into 
independently secure digital files dedicated to specific issues o f  interest. 
These might include: 

Emergency Medical Information 
Other Biometric Identifiers as required 
Additional Family Member Identification (Spouse, Children, Other 

Information Relating to ElderlylHandicapped Drivers 
Automobile Insurance Information 

Dependents) 
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Personal Driving History 
Welfare Benefits Authorization 
Other State Benefits Authorization”. 

Transponders and Surface Acoustical Wave Device16, 21 

Radio frequency transponders (RFT) and surface acoustical wave (SAW) 
systems are similar in function and applications to the “Smart” cards. 
are small credit card size devices containing microchips which are powered 
by external radio frequency transmission or surface acoustical waves. 

They 

Central to the RFT is an integrated circuit encased in a card (or tag) 
and capable of storing 8 kilobytes of information. 
is stored in a lithium niobate crystal. The amount o f  information i s  
limited to only 10 bytes in SAW systems. 
antenna which absorbs energy when exposed to a radio-frequency transmission 
(in the case of RFT) or a surface acoustical wave (in the case sf SAW). 
This energy i s  used to power the cards which then transmit a signal. 
coded information carried in the signal i s  received and deciphered by a 
reader-decoder. The cards can be read at distances of several feet. In 
addition the RFT cards can be fitted with read/write capabilities. 
the cards do not have to be seen or physically contacted to transmit data, 
RFT and SAW are suitable for applications in which the cards may become 
coated with dirt, grease, or paint. Both RFT and SAW are relatively 
expensive among the automatic identification technologies. At present, 
their high cost currently limits these devices to special applications such 
as automotive body and paint shop carriers, rail cars, and over-the-road 
trai 1 ers . 

In SAW the information 

Both types of cards contain an 

The 

Because 
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