successful commercial networking ventures. He is cur-
rently the Chairman of Com?21, Inc. which develops
switching and cable modem technology to deliver
Internet services to home users.

Today’s distributed, packet-switched Internet repre-
sents an ongoing tribute to Paul Baran’s networking
ideas. It 1s a rather wonderful 1rony that Baran’s Cold
War—inspired work now serves as the basis for a net-

work that allows so many nations to communicate.
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Bar Code Scanner
G bar code scanner is a device that reads bar codes,

which are chains of black and white stripes
printed on packages. Bar codescanners are used at
supermarket checkouts and in portable devices: for
example, to encode address information on packages
sent by express mail. The nearly ubiquitous black-and-
white codes and the computerized devices that scan
them have become icons of the digital age.

Bar codes were invented by Norman Joseph
Woodland and Bernard Silver at Drexel University in
the late 1940s. They filed for a patent on 20 October
1949. Woodland used binary stripes of two different
colors in an attempt to create something like the Morse
code. In order to be able to scan the code in any direc-
tion, the prototype used circular patterns. The first bar
codereader was built by both mventors in 1951, but 1t
was bulky and consumed too much power. Unable to

develop the bar code into a product, they sold the patent

Number system character | |
| Identifies the item by catagory Calculated automatically
(e.g., grocery-, drug-, and health- | from the preceeding
‘ related items) | 11 digits

\\ I',|I | f.

1 g4 3328354630

ﬁJ | \\ __

Check digit

Item’s identification
number

Manufacturer
number | |

= L &

Center guard bars
Divide the two halves of the code

Ezample of a bar code.
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to Philco 1n 1962, and Philco later sold 1t to RCA, a cash
register and computer company.

The first working bar code scanner was built by
Computer Identics, a company cofounded by David
Collins, a former employee at Sylvania. Collins origi-
nally proposed the idea of developing bar code readers
to Sylvania, but they refused and Collins decided to
start Computer Identics. Using low-power lasers, he
was able to use light sensors to read bar code strips. The
first industrial scanners were installed 1n 1969.

Meanwhile, in the same year, members of the
Grocery Manufacturers of America and the National
Association of Food Chain met to discuss an “interindus-
try product code.” RCA started working with representa-
tives from the grocery industry to solve the problem of
reading merchandise labels at checkout. At the time
RCA was the main producer of cash register machines,
so bar code scanners were a natural extension of its
product line. In 1971, RCA demonstrated a version of
Woodland and Silver’s bar codes, again using the circular
patterns. However, IBM, which had hired Woodland a
few years before, asked him to develop a better system,
and under his leadership, the Umversal Product Code
(UPC) was born. In 1973, IBM’s UPC was selected by the
grocery industry as the standard for product labeling, and
the following year the UPC Council was formed.

The UPC code counsists of a set of decimal digits
coded using seven bits. A one is represented by a
black stripe, a zero by a white stripe. The stripes are
printed one after the other, without spacing. What to
the eye look like wide black stripes, in the bar code
actually correspond to several black bars printed
together. The UPC-Symbol A code is shown i the
accompanying table.

A UPC frame contains the code for “101” at each
end of the frame and the code for “01010” exactly 1n
the center. Digits coded to the left of center use the
left binary code, and decimal digits coded to the right
use the right binary code (see the figure for an exam-
ple). One code is the complement of the other: The
left code uses an odd number of ones, the right code
an even number. By checking this, 1t is easy for the
scanner’s software to interpret the bar code in the
proper direction and thus obtain the correct product

number. One of the decimal digits encoded 1s a check

UPC-Symbol A Code

i left binary code Right binary code

95’

E 0 0001101 1110010
bg 0011001 00110
2 0010011 1101100
tEss 0111101 1000610
4+ 0100011 1011100
5 (0110001 1001110
6 0101111 1010000
7 0111011 1000100
8 0110111 1001000

19 0001011 110100

The UPC-Symbol-A code.

digit, which 1s used to test the consistency of the
mformation obtained.

Simple bar code scanners consist of a light pen, which
1s moved across the black and white stripes. The reflected
light 1s converted into an electrical signal that is the
binary equivalent of the stripes. Supermarket bar code
scanners, on the other hand, work with low-power lasers.
Laser rays are sent through a rotating mirror, working in
conjunction with fixed mirrors, and hit the code bar
from different angles. The reflected light, along the
same path of the laser ray, is captured by photo sensors
and analyzed. The black stripes do not reflect light, the
white stripes do. An embedded microprocessor does the
decoding and delivers the final reading.

John Woodland was awarded the National Medal of
Technology 1n 1992 by US. President George Bush
(1924— ). Today, many different types of bar codes have
been developed for diverse applications. They have

even been used to tag insects in the wild.
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