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Abstract

Barcode technology presents management with rapid, timely and accurate information and provides quick turnaround times for customers.
Its popularity can be attested by its use in all the sectors of the industry. Ordinary barcode scanners are linked to personal computers and
hence render the scanner non-portable unless the scanner is connected to a notebook or palm-top computer. One class of portable barcod
scanners utilises wireless transmission technology, usually radio frequency, which faces problems of limited coverage and radio interfer-
ences. These devices often have a prohibitive price tag, as they comprise a handheld unit and a base station. Another type of portable scanner
has built-in memory units to store the data collected. However, the price is still high. In both cases, users cannot make use of their existing
non-portable scanners but need to replace them with portable ones. This paper describes the design of a low-cost portable adapter for
commercial barcode scanners. The portable adapter transforms any ordinary barcode scanner into a portable standalone data collector. |
essentially comprises an 8-bit microcontroller with a local memory module for storing the barcodes. A Liquid Crystal Display and keypad are
also integrated for error checking and correction purposes. Barcode information can subsequently be uploaded to the host computer via the
keyboard port or RS232 linkd 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction stocktaking. One way to overcome this problem is to plug
the scanner to a computer such as a notebook or palm-top
The use of barcodes is one of the most important devel- when on the move. This is cumbersome, as both the scanner
opments in retail automation, library automation and factory and the computer have to be moved about. Moreover, the
automation. In fact, its spectrum of use spans all industries effective reach of the scanner is limited by the length of the
from the traditional retail industry, to manufacturing and cable linking it to the computer.
warehousing, to postal and the health industry. Barcodes Another means to overcome this problem is to use porta-
are extensively used for product inventory control, retail ble wireless scanners (see example in Ref. [3]). Most of
management, supply and stocking purposes just to namethese wireless scanners make use of radio frequency (RF)
some applications. Its main advantage lies in its ability to for their transmission for larger coverage. A base station,
provide safe and rapid availability of information about a which is usually plugged to a computer, is required for
commodity, be it an article, a parcel or a product. It semi- communication with the scanner. They, however, come
automates the manual data collection process and eradicatewith a pricey tag of about US $1650 for an entry level
the element of human error in data entry. Given its popu- product as compared to ordinary non-portable scanners cost-
larity, newer forms of barcodes such as 2D barcodes [1] anding about US $150 each. In addition, wireless barcode scan-
colour barcodes [2] have been proposed. ners also suffer from limited range and radio interference
Most barcode scanners are, however integrated with problems. From the scanner manufacturer’s perspective, RF
point-of-sale equipment and are thus not suitable for stock scanners incur higher design and manufacturing costs, as
taking purposes where the operator has to bring the scannesuch wireless devices require approval by the Federal
physically to the warehouse or storeroom location. For bulk Communications Commission [4]. This cost is ultimately
items such as props or sets in a movie studio, it is near passed on to the customers. Other portable scanners with
impossible to move them to the fixed based scanner for built-in memory modules are priced from US $750 to US
$1350 depending on the type of scanner option purchased
* Corresponding author. Tel.:+ 65-7905638; fax: + 65-7920415. (refer to examples in Ref. [5]). Besides the cost factor, the
E-mail addresseiysoon@ntu.edu.sg (I.Y. Soon) common problem with using the above types of portable
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Fig. 1. Overall block diagram.

scanners is the need to replace existing non-portable onessame time, the microcontroller will also interpret the
Users have to discard their current scanners or they have tadbarcodes and displayed them on the Liquid Crystal Display
use a different scanner when on the move, thereby incurring (LCD) panel. This will allow the operator to visually check
undue costs. the barcodes for errors if required. If errors are encountered,
This paper proposes a portable scanner adapter, whichthe keypad will be used to perform the necessary correc-
can be attached to any barcode scanner and function as &ions. The other function of the keypad is to allow the opera-
standalone handheld unit. It is a low-cost solution based ontor to enter the quantity of the goods. When the data
the 8051 microcontroller. It is attached to a barcode scannercollection process is completed, the data stored in the
via the keyboard interface. The resultant portable scannermemory will be uploaded into the host computer via the
will have a local memory module of 64 kB for storing all the keyboard port Also there is an option for uploading using
barcodes scanned, which can then be uploaded at a conveRS232 link.
nient time to the host computer via either a RS232 link or a

keyboard port. 2.1. Microcontroller

An 8-bit microcontroller (8051/8751) is used as the brain

2. System design of the system. The 8051 microcontroller is suitable for the

application as it is low-cost and most of the interfacing

The overall system design is shown in Fig. 1. The required is with 8-bit peripherals. The 8051 microcontroller
barcodes scanned by the attached scanner will be down-also supports serial communication thus rendering it suita-
loaded to the memory through the microcontroller. At the ble for accepting serial data from the scanner as well as
reproducing the serial data for uploading to the computer.
There are four ports (Ports 0—3) available for use in the
8051 microcontroller. Port 0 and Port 2 are used to interface

Ports Functions with the external 64 kB RAM unit. Port 0 is used to multi-
plex between the 8-bit data bus and the lower 8-bits of the

Table 1
Input—output port assignment of the 8051

Port 0 8-bit data bus multiplexed with lower 8-bit address bus . .
(RAM interface) P address bus. Port 2 is used by the microcontroller for the

Port 1 data port for the 8255 PPI upper 8—bi.tS of the address bus. . o

Port 2 upper 8-bit address bus (RAM interface) Port 3 is used mainly for serial communications and

Port 3 serial communications & 8255 PPI controls controlling the 8255 programmable peripheral interface
3.0 receive Line (PPI). The first two pins on Port 3 (Ports 3.0-3.1) are
3.1 transmit Line d f ial icati Port 3.0 is th
39 scanner clock input/output used for serial communication purposes. Port 3.0 is the
33 8255 PPI chip select receiving (RXD) line for reading serial data from the scan-
3.4 8255 PPI address AQ interface ner while Port 3.1 is used as a transmit (TXD) line for
35 8255 PPl address Al interface downloading to the computer. Port 3.2 is used to read the
3.6 read signal to RAM scanner clock during scanning and to generate the clock
3.7 write signal to RAM

signal for the keyboard input during downloading. Port
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Fig. 2. Schematic of the 64 kB external RAM.

3.6 and Port 3.7 generate the external read (RD) and write2.2. Memory module

(WR) signals respectively for the external RAM and the

8255 PPI. Port 3.3 is used to chip select the 8255 PPl Fig. 2 shows the schematic of the external RAM used to
while Port 3.4 and Port 3.5 are connected to the A0 and store the barcodes scanned. A 64 Kbyte RAM which is
Al pin of the 8255 PPI. The remaining port, Port 1, is sufficient for 5000 13-bit barcodes is chosen for the system.
used as a data port for the 8255. Table 1 summarises thean address latch 74373 is used for latching the lower

function of each of the 8051 ports. address lines (AO-A7).
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Fig. 3. Interface between the keypad and the PPI.




220 1.Y. Soon et al. / Microprocessors and Microsystems 23 (1999) 217-223

RS e ) ‘ PO
nu\v__—_ll PCl [T R O 0
E | P2 D2 Pl
LCD | | D2 P12
1 | !
t | DY PLd
DISPLAY ol | pBo i 2051
— DS | PLS
o8l par 8255 PP 1
D6 PLO
i D82 PB2
i D7 P17
DB2 PB3 - —
s i
DB4 PB4
a0 | P34
B3 PBS
Al P3s wol
DB6 PB6
WR P36 il o
DB7 PB7 h
RD 7 G o Vs T

Fig. 4. Interface between the LCD and the 8051.

2.3. PPI by four columns. It is interfaced directly with a 74C922

} . keypad encoder as shown in Fig. 3. The keypad encoder
The 8255 PPl is used as an interface to the LCD panel asp|ays an important role as it converts a key switch closer

well as the keypad module. The 8255 is used to expand theyg jts 4-pit nibble equivalent. The keyboard scan rate and
number of available ports and is programmed as mode Ogehounce period can be controlled by altering the oscilla-

The 8255 PPI has three 8-bit 10 ports A, B and C. Port Ais output of the keypad decoder is connected to the port A of
used to interface with the keypad detection signal. Fig. 3 the 8255.

shows the details of the inter-connection between the
keypad and the PPIl. PAO—PA3 are connected to pins A, 2 5. Liquid crystal display
B, C and D, respectively, of the keypad decoder to acknowl-
edge a key-press, and pin PA4 is connected to the data A single line, 16-character alphanumeric dot matrix LCD
available pin of the keypad decoder to receive signals unit is used. It is self-contained and incorporates a CMOS
when a key is pressed. The other three pins of Port A remainmicroprocessor and all the supporting devices such as char-
unused. acter generator ROM and display drivers. The module
Port B is used to interface the microcontroller and the utilises a 5x 7 dot matrix format with a cursor and is
LCD unit. Data is sent from Port 0 of the microcontroller capable of displaying the full ASCII character set plus up
to the data port of the LCD. The detailed interface between to eight additional user programmable custom symbols. The
the PPI and the LCD is shown in Fig. 4. displays are virtually burden free to the microcontroller.
Port C is used for LCD control. PCO is used to select the Internal registers can store up to 80 characters and all updat-
register in the LCD while PC1 is controlling the read/write ing and refreshing are done internally. Software develop-
line of the LCD. PC2 enables the LCD control panel. Table ment is greatly eased by simple instructions.
2 summarises the port assignment of the 8255 PPI.
2.6. Power supply

2.4. Keypad module _ _ _ _
Four AA Nickel Cadnium batteries are connected in

The keypad used is a 16-key miniature telephone type series to produce a supply voltage of 4.8 V which is sulffi-
which is basically a switch matrix comprising four rows ciently close to 5V for our circuit. They are rechargeable
and easily available. They can store sufficient charge to
power the scanner and the portable unit for a duration of
up to 3 h which is sufficient for most purposes. The battery
Ports Functions unit can be recharged during downloading of data. A battery
low warning indicator is incorporated to alert the user when

Table 2
Input—output port assignment of the 8255 PPI

Port A keypad interface :
AO_A4 keypad inputs the battery charge is low.
A5-A.7 Unused
Port B LCD panel data lines .
Port C LCD panel control lines 3. Software design
C.0 LCD panel internal register
select line The software design as shown in Fig. 5, is essentially a
c1 LCD panel read/write control continuous repetitive flow of processing cycles. Upon acti-
gé—CJ "Ucnzs‘g”e' enable vation of the portable adapter, an initialisation is performed

on the 8255 PPI and the LCD. The repetitive cycle
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Fig. 5. Overall system flowchart.

comprises a polling to check for activation of any inputs,
either via the keypad or via the attached scanner. The adapwindows of the LCD are correctly formatted. It then clears
ter then reads from the appropriate devices accordingly. If the entire display and is ready for operation.

an input is detected from the scanner, the scanned barcode

will be displayed on the LCD and stored inthe memory unit. 3 5 Keypad read

If the inputs are via the keypad, the software will respond
according to the commands issued. Details of the keypad The keypad modules provide users with a selection of
commands are given in Section 3.2. The cycle then repeatsactions to be taken. Functions supported includes the
itself. The entire software therefore comprises the following uploading of barcodes from the proposed portable adapter
five essential modules as shown in Fig. 5.

3.1. Initialisation

Initialisation to the LCD is done to ensure that the display

to the host computer, clearing of the 64 kB RAM upon
successful uploading, entry of scanned items quantity and
deletion of the last read barcode.

This module performs initialisation for both the 8255 PPI 3 3. Memory storage
and the LCD when the portable adapter is activated. The
8255 PPI is set to operate in mode O, i.e. simple input—
output without handshaking. In this mode, the PPI ports store the scanned barcode in its internal RAM, process and
functions as level-sensitive inputs or latched outputs.

The memory module allows the microcontroller to first

filter the barcodes according to the instruction from the
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Table 3
Summary of comparison

Cost Portability User acceptability Versatility
Proposed adapter UsS $15 unlimited range wide user base extremely versatile
Portable scanner (non-RF) US $500 to US $1000 unlimited range narrow user base versatile
Portable scanner (RF) From US $1900 upwards limited range narrow user base versatile
Ordinary handheld non- US $120 onwards- cost not portable/ wide user base versatile
portable scanner of computer unlimited

Range if linked
to portable PC /
limited Reach

keypad. The processed signal is then passed saved in thd.2. Portability

external RAM. Data is stored sequentially in the RAM. - ]
From the portability perspective, the proposed adapter

3.4. Display has unlimited range as it is a standalone unit in the true
sense of the word. It is likewise for the non-RF portable

Upon initialisation, the LCD will display the scanned scanner. The RF based scanner suffers a limited range, as
barcodes read by the attached scanner. The barcodes ari¢ has to be within the base station’s coverage. As for the
read from port B of the PPI as routed by the microcontroller. ordinary handheld scanner, in itself it is non-portable. When
linked to a portable computer, it enjoys unlimited range as

3.5. Serial communication both the scanner and the computer can be moved together.

Thi dule | ible for th ial icati However, there is a constraint on reach as imposed by the
is module is responsible for the serial communication .\ linking the scanner to the computer.

that takes place during the scanning operation (between the
attached scanner and the proposed adapter) and the upload; 3 (jger acceptability

ing operation (between the adapter and the host computer).

For interface via the keyboard port, the keyboard-input  Both the proposed adapter and the ordinary handheld
clock needed to synchronise the transfer is generated byscanner enjoy a wide user base and hence good user accept-
this module. For transfer via the RS232 link, the clock ability. This stems from the fact that users can make use of
generation module will be inactivated. their existing scanners without having the need to purchase
new ones, unlike the case of the portable scanners. Users
therefore do not need to adapt to new scanners and can reap
the benefits of portability as well as familiarity with existing
scanners. Moreover, for the RF version, an additional base
station has to be purchased.

4. Evaluation

To highlight the merits of the proposed adapter, a
comparison is made with commercially related products.
The four factors used in the comparison are namely, cost,4 4 Versatility
portability, user acceptability and versatility. The commer-
cially related products used in the comparison are handheld The proposed adapter is considered the most versatile as
portable scanners [5] which do not make use of RF technol- it can support all types of barcode scanners with keyboard or
ogy and those portable ones using RF technologies [3]. In RS232 interfaces. In other words, it can support barcodes of
addition, comparison is made with ordinary handheld non- all specifications.
portable scanners. The summary of the comparison is tabu- The portable scanners and the handheld non-portable

lated in Table 3. scanners are versatile as the built-in readers are usually
designed to support a few common types of barcodes.
4.1. Cost However, compared to the concept of use adopted in the

roposed adapter, the proposed adapter is more universal in

In terms of cost, the proposed adapter is the cheapest as i he support of the various types of barcodes

can be linked to any existing scanner without additional

components. Other portable scanners incur the additional
cost of a built-in reader. Moreover, for the RF type of porta- 5. Conclusion

ble scanners, a base station has to be purchased to commu-

nicate with the handheld device. The ordinary handheld This paper has presented a new concept of making ordin-
scanner is considered extremely expensive as it requires ary barcode scanners portable through the use of a low-cost
portable computer to be attached to it to render it portable. portable adapter. The portable adapter is developed based
The scanner on its own is certainly cheap. on the 8051 microcontroller and it can be linked to any
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handheld barcode scanner via a keyboard interface or g
RS232 link. It has a 64 kB RAM to store the scanned
barcodes and these data can later be uploaded to the hog
computer.

In comparison with commercially available portable
barcode readers, the proposed adapter is low cost, and
enjoys an unlimited range. Given the nature of use of the
adapter, it is totally portable and is very versatile being
capable of supporting all types of barcode specifications.
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As it can be attached to any scanner, it enjoys a wide user
acceptability since users do not need to make new invest-

ments on RF base station, portable computers or new scanf

ners.
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