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I

GAINS, FINDINGS AND CONCLUSIONS

The primary gains, findings, and conclusions of this study are as follows:

Gains and Findings

1. An "off the shelf' laser bar code reader was developed which successfully read
99.63Vo of the time under simulated weigh station operating conditions.

Laminating materials were identified and tested which extended the useful life
of standard bar codes to over five years (the anticipated life of a commercial
vehicle).

Successful installation of a prototype system at Irhi weigh station in West
Memphis, Arkansas. Train-ed weigh station personnel in the operation of the
system.

Developed a specialized communication system for data transfer between the
laser schnner dncl host computer utilizing ftre RS-+ZZ communications
interface.

Incorporated communication software between the developme.nt team.at the U
of A ancl the weigh station personnel. Utilized direct communication link
between the U of A and Lehi weight station.

Completion of software to support system integration between electronic
weigii-in-motion scales, bar cb'de scdnner, and 

-microcomputer data base.
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II. Conclusions
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1 The researchers resDonsibie for this report have no reservations as to the
technological feasibility of automatic v-ehicle identification (AVI) using bar
code technolog,v.

Barcoding is a cost effective, practical solution to accomplish automatic vehicle
identification at weigh stations. The AVI system developed employs "off the
shelf' existing technology. The hardware cost for each AVI station is
estimated to be less than $9000. The unit cost to bar code each vehicle is
estimated to be $0.80 (when conducted on a iarge scale).

This technolog-v may also be utiiized by surrounding states to reduce the
amount of timE, peisonnel and record keeping necessary to track trucks
traversing their siates. this ability to share information through computer iinks
will allow the states to increase the efficiency of each weigh station's operation
and increase the revenue by decreasing the amount of "wave throughs' when
the trucks back up along the highway.

A substantial amount of money can be saved by the trucking industry due to
the ease of truck registration using bar codes and having this registration
information available to other states on the computer system. There is also the
added savings of time and fuel because trucks which are legal do not have to
come to a complete stop at weigh stations only to have to restart because they
are within the itate's re'gulation"s. The enviroirment benefits clue to the
reduction in air pollutioh because the trucks do not waste fuei waiting in iine.

1



TABLE OF CONTENTS

Introduction

Background

Research Results

Summary of Technical Findings

. Emblem Materials

Hardware

Soft'ware

Database Integrity

Test Procedures

Readability Tests

Environmental Testing of Codes

Wash-Testing of Codes

Test Results

Effects of Minimum Bar Width vs. Readability

Effects of Speed vs. Readability

Effect of L,aminating Material on Readability

Research Work Completed

Weigh Stations Modifications

Bar Code I-abel Studies

Scanner Research

System Review and Analysis

Conciusion

J

J

9

t9

24

24

26

26

26

26

28

28

29

29

31

1

z

l- l_



Appendix

I.

II.

u.
IV.

V.

VI.

VII.

\IIII.

IX.

x.

BTRIEVE Calling Code

Data Structure

BTRIEVE Calling Code

LOADCODE.C Source Code and Flow Chart

AVGSTD.C Source Code and Flow Chart

Phase II Computing Equipment Specifications

Computer Interface Program

Design of Experiment and Test Data

I-aser Scanning Equipment Specifications

Samples of Vehicle Data

34

35

36

37

38

39

40

41

42

l-ra



Tables:

Time for 200 ft. of Travel

Upper Bounds of Nodes and File Sizes

Figures:

Testing Equipment

Electric Potential Generated by a Scan

Amplified Scan Signal to the Computer

System Operation

Relationship Between Sofnvare Files

Data Retrieval Times No Cache

Data Retrieval Times 4 section Cache

Data Retrieval Times 10 section Cache

Effects of Variables on the System

Diagram of the Wash-Test Set-UP

Bar Code Specifications

LIST OF TABLES AND FIGURES

13

10

5

6

7

11

15

18

2A

2t

25

27

30

I\/



INTRODUCTION

Background

In 1985 the Arkansas State Highway and Transportation Department along with other

state and federal agencies began funding project TRC-95: "Bar Code Reading of Trucks in

Weigh Stations." The goal of this project was to determine the feasibility of using bar codes

to track trucks as they pass through the weigh stations"

When a commercial vehicle pulls into a weigh station, the personnel at the station

visually check the side of the vehicle for a current sticker and halts the truck to weigh the

vehicle on the static scales. This process is slow and error prone because every state

requires their own stickers. If the vehicle does not have a current sticker or is over weight,

the personnel at the station then tells the driver over a loud speaker to pull over into a

parking area and come into the weigh station. The personnel at the weigh station now also

have the added responsibility of checking the paper work on the vehicle while weighing

other vehicles and checking for stickers.

Since every truck must stop to be weighed, a que of trucks builds up. When the que

backs up past the entrance of the weigh station and onto the highway, the trucks are allowed

to by pass the weigh station altogether. Drivers who are operating overweight vehicles,

whose paper work is not up to date or who do not have a current sticker on their vehicle,

will try to get past the weigh station at this time. This problem not only causes a safety

hazard, but aiso means lost revenue for the state in the form of fines not paid by the illegal

drivers.

This type of system also costs the owner/operators of commercial vehicles many

hundreds of doliars ayeat. Most trucking firms have two to three full time employees

whose only job is to keep up with the paper work required by each state their vehicles pass

through and to keep the stickers up to date on the vehicles. Also, because the vehicles have

ro stop at the weigh station, fuel is wasted slowing from highway speed, waiting in que, and

returning to highway speed.
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The current system is unsafe, inefficient, and wasteful in personnel and fuel for both

the state and the owner/operators of commercial vehicles. A system incorporating AVI

technology using bar codes ancl a weigh-in-motion scale would improve the current system

and benefit both the state and owner/operators.

Research Results

A four year research project conducted by the University of Arkansas at Fayetteville

an6 the Arkansas State Highway ancl Transportation Department determined that the use

of bar cocies is a feasible means of automatically identifying commercial vehicles. During

field testing, this system proved capable of providing a first time read rate of over 97Vo of-

the vehicles which passed by the scanner.

Results from Phase I through Phase III produced the following results:

1. Maximization of system hardware achieving a97%o first-pas read rate.

Z. Research produced a bar code emblem which will last the anticipated iife of
the truck.

3. Developecl a communi-cations sy-stemlinking the U.niversity of Arkalys
develofment team and the weigh station personnel. The communication
Jvstim attowed trouble shootin-g and supfort of the weigh station system via
phone lines.

4. Comp.iled a computer data base and developed the software for bar code
scanning and information storage.

This report details the results of research in the above areas, conducted between

December 1, 1986 and June 30, 1989. The research.effort was a joint program conducted by

the Arkansas State Highway and Transportation Department, the Center for Robotics and

Automation, University of Arkansas, Fayetteville in cooperation with the Federal Highway

Administration.
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SUMMARY OF TECHNICAL FINDINGS

In order to accomplish the goals of this project several areas of research had to be

conducted. Each area of research is discussed in detail below.

Emblem Materials

Investigation into materials which would be both durabie ahd accurate under adverse

conditions were required in order to get the quality of bar code necessary for this project.

A lamina and retro-reflective material that would last the estimated life of the vehicle

needed to be identified. Research included identifying plastic materiais that could be used

as protective sheeting for the bar codes. Tedlar and the Acryalr lamina were subjected to

2,400 hours of QUV testing (roughly the equivalent of 6tt, years of outdoor exposure). The

lamina showed no deterioration resulting from the weatherization testing. Tedlar was

selected as the final lamina material.

Hardware

The selection of adequate hardware was most important to the success of this project.

The whole concept is invalid without accurate scanning abilities and data collection

capabilities.

Scanner

The bar code scanner used in the project was a l-azer-Data Model 624 A.V.L laser

scanner. This scanner was chosen because it is packaged in a weather proof housing

designecl for A\{l use and has serial communication abiiity. The scanner comes with two

serial communication ports. The first is a command port which ailows the operator to

communicate with the scanner to program it and perform equipment checks. The second

port is used to send the ASCII characters representing the scanned bar code to the host

computer. Because the scanner could be programmed from the seriai port, reprogramming
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of the scanner and diagnosis of scanner problems were performed from Fayetteville using

Carbon Copy Plus software.

Modifications to the signal processing electronics and the housing unit of the laser bar

code reader, coupled with new materials used for the bar code emblem, produced an

accurate testing system. System testing was conducted in one of the Robotics Center's

laboratories, which was modified to simulate a truck passing a weigh station. A rotating

motion machine was designed and built to move codes past the scanner at speeds of up to

50 MPH (Figure 1). Banla of high intensity lights were installed to simuiate sunlight.

Reading at a distance of 84 inches (7 ft.) and at a speed of 35 MPH, under (simulated)

bright sunlight, the system successfully read 99.63Vo of the time (30 no reads in 8,888 tries).

The scanner was designed to be used where a wide scan angle or long reading range

was required. This scanner can work with a host computer system or operate in a stand

aione mode where the scanner will operate lane gates or lights.

A 2mW helium-neon laser is used to generate the laser beam necessary to retrieve

data form bar coded labeis. The beam is reflected off of an eight sided rotating mirror that

produces a 60" scan angle. The energy of the laser beam then exits the scanner and is

reflected off the bar coded labels and back to the scanner. A photodiode picks up the

reflected energy and the signal is then processed by analog circuitry and converted to a

digital signal. The digital signat is then decoded by the digital portion of the scanner and

converted to ASCII format. This ASCII string is then transmitted out the serial port to the

host computer.

The bar code scanner is set up to read retro reflective vehicie iabels. These labeis are

clesigned to return a high gain signal to the scanner. When the dot of the laser beam passes

over the bar code, the reflective energy of the beam is measured by a photodiode. When

the beam passes over a bar on the bar code, a low amount of the returned energ,v is

measured. Where the beam passes over where there is no bar, a high amount of returned

energy is measured. The returned enerry is then processed by the scanner and transmitted

to the host computer. (See Figure 2a and2b).
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Microcomputer System

A microcomputer system for retrieving and storing information was specified and

purclrasecl. The system is capable of storing the information necessary to process 467,000

vehicles, before having to access a larger host data base. A personal computer was chosen

as the base for the system because of the low cost and the amount of development software

available. Another reason for using a personal computer was the ability to upgrade the

hardware as faster ancl more powerful computers become available. When the original

system was installeci in Springclale, softrvare upgrades and monitoring were easily

accomplished because of the closeness of the weigh station to the University of Arkansas

Campus at Fayettevilte. In Phase II of the project, the decision was made to move the

system to West Memphis because of the large volume of truck traffic; Lehi Weigh Station at

West Memphis is the busiest weigh station in the state. The system was still able to handle

the upgrades and changes resulting from the dramatic increase in the input data of the new

location.

Aclditi onal Hardware Requirements

The scanner has an RS-232 serial communications port. The distance involved

between the scanner and host computer, required additional communication equipment

rvas required for the system to operate.

The distance from the host computer to the scanner is about 1000 feet, the RS-232 is

unable to transmit this distance, so RE-422was chosen as the communication protocol.

Aiso the RS-422 has better noise immunity and the protocol allows the cable to run at least

1000 feet. The scanner itself was unable to support RS-422 so a circuit was designed to

convert the RS-232 signal to RS-422. This circuit was instalied on the scanner side of the

communication cable. A simiiar circuit which converted RS-422 back to RS-232 was

instalied on the pC sicje of the cable. The scanner converter is powered by the scanner while

the circuit at the PC sicie of the system uses the PC power supply'
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During Phase II the following list of minimum requirements for hardware was determined:

1. An IBM PC-AT compatible micro-computerwith VGA monitor, and 80-MB
hard disk, 1.2-MB floppy, 1.44 MB floppy, 2 serial ports, and a parallel port.

2. An internalz4}} baud modem.

3. Bar code scanner with serial communications.

Softrvare

The use of "off the shelf' software was utilized whenever possible and then

customized for the bar code applications. To tie the hardware together into a working

scanning system, a number of programs had to be written to interact with the data base and

scanner. The following is a list of the minimum software requirements:

1. Communications software to communicate with the scanner.

2. Data input screen using a windowing system.

3. A real time data retrieval code that displays bar code information on a screen.

4. A menu to tie the system together.

5. Report generating software.

Communication Sofware

The software used to communicate with the scanner is an interrupt driven function

written in assembler. A 1K circular buffer stored the information sent from the scanner.

This information is the character representation of the bar code plus a carriage return as a

post amble character. Tests performed in the iab determined that there were no overflow

problems with the 1K buffer running at 9600 baud or with processing information from

vehicles with speeds up to 30 MPH. The source code for these functions is provided in

r\ppendlx I.

Data Input Software

The data input program was written using C Windows Toolkit by Magna Carta

Software. This software helped the programmer set up windowing and data entry screens.

It provided functions to allow only certain types of data to be entered into the data entry
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fields and functions for data entry fields editing. The Toolkit was used in the data entry

program, the menus, and the report generating Programs.

Bar Code Retrieval Softrvare

The current version of the bar code retrieval software was designed to display the bar

code information to the screen. This was done because the system was not to be connected

to the lane control lights or the weigh-in-motion scale

Determining Real Time - The plans for the weigh station required that the over head

Iane control lights be a minimum of 200 feet from the weigh in motion scale. The scanner

was placed at rhe same location as the weigh in motion in scale (Figure 3). This meani that

the program would have at least the time required for the vehicle to ffavel200 feet to

determine if the vehicle was legal or not. Table L list shows how many seconds a vehicle

takes to travel 200 feet at different speeds.

?q

30

1C

40

AE1J

50

55

60

5 .45

4 .54

3.90

3.41

3.03

) '7 1

2.48

) )'1

Table 1.
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The total system is limitecl by the weigh in motion scale. The scaie cannot read

reliably over 40 MPH necessitating the vehicles to slow down to at least 40 MPH or to enter

the weigh station. This means the program has at least 3.41 seconds to do five major

operations:

1. Scan and transmit bar code to the micro-computer'

2. Search clatabase for bar code and retrieve the information.

3. Based on weight and information the database determines the vehicle's
legality.

4. Determine if vehicle is legal based on information in database and weight.

5. Activate the lane controi iights to tell driver either to bypass or pull over at
weigh station.

Weight determination and the bar code scann was done in parallel on separate

processors. The weigh-in-motion system and bar cocle scanner then send the information to

the micro-computer via serial lines. The time required to do this is negligible compared to

the disk access time. Defining the vehicles legality is a simple and quick comparison

operation done by memory with out any I/O. Activation of the lane controi lights was rlone

rvith digital I/O boards and requirecl little time. Searching of the database for the bar code

required the longest time, abou t2.27 seconds at 40 mph or two thirds of the time.

Btrive and B-Trees - To make this operation as fast as possibie and to speed up

development time, the decision was macle to purchase a database record manager instead of

rvriting one from scratch. Btrieve by Noveli was chosen because of ease of use and low cost.

Btrieve is based on the B-tree file inclexing system developed by R. Bayer and E.

McCreight in 1971. B-trees allow for low retrieval costs because the tree is automatically

baianced during the insertion and deletion operations. To determine the costs of retrieval

in the s)'stem, a few terms must first be defined:

Node: The node of a B-tree consists of keys, pointers to other nodes, and 
.

ait, point.rs. The keys are used in cohparison routines to determine if
th. riouested kev is in the node or if the-search should continue to
anothe'r node. Ifthe requested key is in the node, the pointer to the
data is used to retrieve the data. Ii the key is not in the node, the search

continues to a node on the next level'
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Order: The order of a B-tree, d, is the Node size. The Node will have between
d and 2d keys and data pointers and between d + L and 2d * 1 node
pointers.

Height: 
ffi,i,':t'lt3t LB lH';*i;:T,1i,ri'#n'ffiili,','lJsi'i,i#ii,Hi
insert operation or a concatenation during a delete operation. The
height also shows the ma,rimum number of levels the search has to
traverse to find a key.

The retrieval costs for B-trees have been shown to grow as the logarithm of the

number of keys, n. The formula to determine the worst case cost of retrieval is:

h s lo96 ((n+ 1)/2).

The following table (Table 2) shows the upper bound of the number of nodes

retrieved in the worst case for various node sizes and file sizes:

File Size (records)

r- 03 104 r- 05 L 06 107

Node size L0

50

100

150

Table 2

As can be seen from Table 2 the number of nodes to be retrieved to find an entry

do not increase significantly as the file size increases. As the number of disk accesses are

reduced the faster the information can be found in the database and loaded into memorv.

4 5 6 7

3 3 4 4

2 z J 4

2 2 3 _) 4
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BTRIEVE allows multiple files per clatabase and multiple keys per file. A B-tree is

maintained for every key in a file. This means data entry into the data base is slow because

every time an entry is markecl in a file, a B-tree must be balanced for each key. This tells

BTRIEVE where the keys are in a file ancl what type of keys exist. BTRIEVE requires a

data clescription file for every file to be used in the database. This file is in ASCII and tells

BTRIEVE how many, the location and type of keys in the file. The data description file

aiso tells BTRIEVE the record length of the data structure and the page buffer size for the

file. An example of one of the data structures used in the data retrieval program and its

data description can be found in Appendix II.

A copy of the TSR calling code is provided in Appendix I. The source code for the

data structures, defines of Btrieve operations, and strings for error codes used in the data

base programs can be found in the file btrieve.h included in Appendix III'

Retrieval Software - The clata base is made up of a number of files. These files

contain related information ancl are all maintained by the Btrieve Record Manager. The

foliowing is a list of these files ancl a short description of each:

Main database fiie. Contains information on each truck in the system.

This fiie logs the vehicle as it goes past the scanner. The bar code, time,
date, and ldcation of the scan is stored.

Bacl Read.db This file holds the entries made by the operator at the weigh station' If'-- 
; ffi ;di pisses the scanner and does not read, the operator would
enter ii," Uir Code manually. the bar code, time, date,-and location of
the entry is stored.

Comment.db This file can be used to store any information about the truck that is not
storabie anywhere else. This fili: was used to store the weather at the

time the bar code was applied to the vehicle'

Flas.db This file can be used to flag the bar code if the vehicle must be stopped,
..g.1fii*u, siolen, need to-get a messag^e to the driver, etc.. It contains

a start date, and end date, and a reason for the flag'

Owner.db This file contains the owner information such as address, phone, name,

etc..

Truck.db

Daily.db

Manufact.db This file contains the names of the vehicle makes.

Color.db This file contains color names.

The relationship between these files is shown in Figure 4 on the following page
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To retrieve the information in the clatabase, the process followed these five steps:

1. Retrieve recor<i from truck.ctb based on bar code received from scanner.

Z. Retrieve record from owner.db based on the owner number in the record

retrieved from truck.db'

3. Retrieve colors from color.db based on the color numbers in the record

retrieved from truck.db.

4. Retrieve record from manufact"db based on the vehicle make number in
the record retrieved from truck.db'

5. Finally, retrieved record from flag.db, if any, based on the bar code'

These steps load the required information into the reiated data structures in the memory'

As discussed before, these are the steps that required the longest time to accomplish' To

determine just how long these steps took verses the fiie size, the code which accomplished

these operations was taken out of the code written for the project and a timing program was

written around it. A copy of the flow chart and code for this program' loadcode'c, can be

found in Appendix IV.

The program loacJcode.c produced a clata file every time 1000 new entries were made

to the database and the timings were taken. Every data file has the following format:

"Number of Entries",40000
"Number of Reads",1000
"AB 1 86",2 1 7 5087,217 5097,76
" Av7 53",217 5 103,217 5 130,27

until 1000 scans were recorded.

The first iine recorded the number of entries in the database. The second line was the

number of random reads from the database and the rest of the data file lines were similar.

These iines contained the bar code retrieved, the start time in hundredths of seconds, the

encl time in hundredths of seconds, and the differences of the two times'

These times were obtained by using the DOS interrupt 2C which returns the hours,

minutes, seconds, and hundredths of seconds since midnight. The hundredth of seconds

were not true hundredths since the system clock was only updated 18.2 times a second. This

gave a true resolution of only 0.05495 seconds per clock tick.

- 16-



Even though the numbers generated by the system clock were not true to the

hundredths position, the calculation of the average retrieval time was used. Any final

numbers derived form the data were truncated to the tenths position before being used in

any decisions about the system.

After the load.c ran and 150,000 entries were entered into the database, the data files

created by loadcode.c were run through another program, which calculated the maximum,

minimum, and average retrieval times for each of the 1000 entries. Also the standard

deviation and variance for each of the 1000 entries were calculated. The flow chart and

source code for this program, avgstd.c, can be found in Appendix V.

There was a point, about 2 times per data file, where the ending time was less than the

starting time when the data generated by loadcode.c was inspected. When the subtraction

was made to determine the time difference, a very large number was returned because of

the unassigned values. It was decided that this problem occurred at a point when the clock

value rolled over, so these large numbers were not included in the calculations, Avgstd.c was

written to watch for these numbers and to perform any operations without them.

The timing tests were run on a20Mhz 386 based system with a 180 Megabyte ESDI

hard disk, 4 Megabytes of memory and a VGA color video. The system was run using

MSDOS 4.01 so the hard disk could be set up as one logical hard disk and the database files

could grow as needed.

The first set of timing runs were made with no disk cache and with Btrieve working in

the normal mode. This mode did some error checking during the read and write

operations. The graph in Figure 5 shows the average times and maximum times for the

database as it grows. As can be seen from this graph, the maximum times were above five

seconds and the size of the data base reached 140,000 entries, with the average time

remaining below one second. This was determined to be too slow and faster access times

were needed.

-17 -
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To improve performance to an acceptable level, two things were done; the data base

files were opened in the accelerated mode and a software hard disk cache was used. When

the data base files were opened in an accelerated mode, no error checking took place

during the read and write operations. The buffer was not written to disk until a record not

in the buffer was requested by the program. This factor had little effect on read operations,

but increased the time between disk write operations. The software cache, PC-CACHE

included with PC-Tools Deluxe was used and set to read 4 sectors ahead.

The graph in Figure 6 shows the average and ma.ximum times for this set of timing

tests. The maximum access times were reduced to 1.9 seconds for the maximum number of

records with the average access time being less than 0.8 seconds. To determine if the times

woulci improve with a larger cache, a 10 sector look ahead cache was used. The graph in

Figure 7 shows the results. There were no significant improvements from a 4 sector to a L0

sector look ahead cache.

The system delivered for Phase II contained the above data base design with a 4

sector look ahead cache. Further studies were conducted to see if even faster retrieval

rimes were possible.

The approach taken this time was to create a key only file that consisted of only legal

bar codes. The same timing tests were run on this file and the results showed an

improvement over the system delivered. With no cache, the maximum retrieval time was

around three seconds whiie the average was around .8 seconds. With a 4 sector cache, the

maximum times were down around .3 seconds with an average around .1 second.

Database Integrity

Database integrity and recovery are major problems concerning database users. If a

system crashed or program failure were to occur while the program was updating the

database, the database would be in an inconsistent state. Invalid access paths could

possibiy be introduced which would make data retrieval impossible. In the case of multiple

file databases, an update to the database acting on the more than one file, couid Ieave one

file updated while the remainder was not.
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After the system or program is restated, some attempt must be made to return the

database to a consistent state. The usual method is in remove any incomplete up<lates to the

database that were in progress when the systems or program failed. Then what to remove

from the database is determined using a log file which is usually kept describing the action

about to take place. This file is written to before any update is made to the data base. This

form of database recovery is called transaction processing.

Transaction processing uses a logical unit of work called a transaction consisting of a

number of database updates. All of the updates need to be executed for the database to be

in a consistent state. Transaction processing guarantees that if a transaction is interrupted

by a failure, all of the updates in the transaction would be undone. Btrieve uses two levels

of transaction processing to keep the database in a'consistent state.

Btrieve creates a pre-imaging file for each file in the database to protect individual

Insert, Update, and Delete operations. Before Btrieve writes a change to a file page on the

disk, a copy of the file page is written to a pre-image buffer. When the buffers become full

or the operation is ended, Btrieve first writes the pre-image buffers to the disk and then the

data base buffers.

If a system or program failure were to occur during the write operation to the

pre-imaging file, the database file would not be corrupted. If a failure occurred during

the write operation the database file, the file page would be copied from the pre-imaging

file when the file was first opened after the failure.

The pre-imaging of operations only works on individual files. To obtain a higher level

of data integrity, transactions may be used. Btrieve supplies two commands, Begin

Transaction and End Transaction to bracket operations into a transaction. When a

transaction is specified by these commands, all operations in the transaction must be

completed or Btrieve will automatically remove all operations performed during the

transaction. Even though transactions processing will protect the database from svstem or

program faiiures, it will not protect the database from a media failure. Making backups on

a regular basis is stiii the only method that will protect the database from a media failure.



TEST PROCEDURES

During previous studies numerous factors were founcl to influence the reacl rate of the

bar code system. These variables can be grouped into one of four categories:

1. Factors effecting the laser scanner, i.e. power, scan rate, housing unit for the

scanner, etc.

Z. Factors effecting the bar cocle, i.e. size of the printed btr code (min. bar
width), width of-code, type of backing material, type of lamina, etc.

3. Factors concerning the environment, i.e. the intensity of sunlight present, angle

of sunlight, rain, snow, fog, etc.

4. Factors affecting the truck with the applied bar code, i.e. the speed of the
truck, distance fiom the scanner, amount of dirt on the code, etc.

In orcler to quantitatively evaluate the multiple factors affecting the system read rate,

a scientifically designed experiment was conducted. Factors influencing the read rate were

evaiuatecl and priortized. The following variables were iclentified and tested: Minimal Bar

\\/idth, Type of Lamina, Size of Code, Skew Placcment of Emblem, Speed of 'Truck", and

Distance Betrveen Scanner and Code.

A rotating fixture was clesigned, built, and used to simulate various truck speeds.

Figure 1 shows the configuration of the rotating device and its interface to the test

computer.

A computer program was developed to record the speed of the rotating arm and

accept inputs from the bar code reacler. A photodetector sensor attached to the test device

sent a puise to the computer upon each successive revolution of the arm. Additionaily, the

sensor sent a scanner enable pulse to the bar cocle reader (signaling the scanner to begin

reading). The interface of a AMD9513 counter/timer board with the personnei computer

allou,ed the calculation of the speed of the rotating arm. Once the bar code reader

received the enable pulse it signaiecl the test computer of a good read or a bad read. In this

fashion various independent variabies were tested as to their effect upon the dependant

variable - percent good reads.
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Readability Tests

Figure 8 graphically shows the effects of the variables which most effected the system,

e.g. distance between scanner and code, speed of code, and minimum bar width.

The plots are based upon 62,0O0 test runs:
a) 15500 samples of lamina 1 - 60 mil codes
b) 15500 samples of lamina 2 - 50 mil codes
cj 15500 samiles of lamina 1 - 60 mil codes
d) 15500 samfles of lamina 2 - 50 mil codes

It should be notecl that the original design of experiment called for the testing of three

types of lamina and three sizes of bar codes e.g.40,50, and 60 mil (minimum bar width).

Preliminary testing determined the read rate of the 40 mil code was below 70Vo at a

distance of seven feet. Therefore the 40 mil code was rejected. Similarly, one of the three

lamina materiais chosen for the study did not pass the 1000 hour advanced weatherization

test and was eliminated from further consideration.

Special bar codes with no laminating material were printed and tested. The results of

the test provided relevant data concerning the effects of laminating material vs. read rate.

Environmental Testing of Codes

The bar code emblems produced for this project were tested in an environmental

testing chamber to determine the long term effects of weathering upon the various

Iaminating materials.

Mr. George Green section head of the Chemistry I-aboratory, Material and Research

Division of Arkansas State Highway Department was responsible for the environmental

resting. The machine in which the codes were tested is a QUV Accelerated Weathering

Tester, which is made by Q-Panel Co. The testing method is the one recommended in

ASTM G53. The test invoives a continilous cycle of lights on or off and condensation on or

off:

1. Four (4) hours of UV Lights ON, Condensation OFF, unit temperature at 60
deg. C.

2. Four (4) hours of Condensation ON, UV Lights OFF, unit temperature at 50
deg. C.

3. Repeat the rycie, continuously.
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Test codes were exposed at intervals of 250, 500, 750, and 1000 hours each. Upon

removal from the QUV tester the codes were inspected for signs of material deterioration

and tested for readability. As mentioned previously, one of the three test lamina did not

successfully pass the 1000 test.

Wash-Testing of Codes

Figure 9 is a block diagram of the wash-test set-up designed and built to simulate the

repeated washings commercial vehicles are subjected to. The wash test was comprised of

placing the test bar code in a solution of commercial truck wash detergent and repeatedly

activating an air cylinder with a brush attached to its end. All three test codes successfully

passed 10,000 repetitions of this test with no visible damage.

TEST RESULTS

Effect of Minimum Bar Width vs. Readability

1) The read rate of the 50 mil bar codes was greater than 95Vo at distances less
than seven (7) feet and speeds of up to twenty five miles per hour.

2) The read rate of the 60 mil bar codes was greater than 98Vo at distances less
than eight feet and speeds up to twenty five miles per hour.

Effect of Speed vs. Readability (tested at 7 feet)

1) The 60 mil bars were readable at speeds up to 45 MPH (read rate above 97Vo)

2) The 50 mil bars were readable at speeds up to 20 MPH, however at higher
speeds the read rate dropped rapidly.

Effect of Laminating Material on Readability

Tests on bar codes with different lamina indicated that the read rate is independent of

the lamina type studied.
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/* owFT */
pos it ion=5 0
length=1
dupl icates=Y
modi fiabLe=y
type=string
alternate=n
nuI1=y
value=2 0
segment=n

pos ition=5 1
length=1
dupl icates=Y
nrodif iable=Y
+-ype=string
alternate=n
nr ' ''l 'l =rt.I
val"ue=2 0
segment=n

As can be seen from the data description file, Btrieve

only cares about the keys themseLves. Any other data stored

in the record, is saved in the data file on a byte by byte

basis and it is up to the programmer to us the correct data

structure to retrieve and save the data '

The Btrieve Record Manager is }oaded into memory as a

Termina"e and Stay Resident (TSR) program and is called via

a interrupt call using the calling seguence provided by

Br-rieve. The following is a sample caII with a description

cf the parameters:



position=3 3

1 ength=2
dupl icates=y
modi fiable=y
type=binary
alternate=n
nuIl=y
value=0
segment=n

pos ition=3 5
Iength=2
dupl icates=Y
modi fiable=y
type=binary
alternate=n
nrr'l f =rr-I
value=0
segment=n

position=3 7
length=2
dupl icates=Y
modi f i-able=y
type=b j-nary
alternate=n
nui ]=y
--^1..^-Avcl.,j-L,tC-tJ

segment=n

position=3 9
I ength= I 1
dupl icates=y
modi. f iabl e=y
type=string
:'l 1.arnai.a=n
*'.1 '1 

-rr
vaLuelz o
segment=n

/* Make */

/* color L x/

/* color 2 */

./* Ap_l,ic */



position=2 1

1 ength=2
dupl icates=Y
modi f iabl e=Y
type=binary
aLternate=n
nuI I =y
value=0
segment=n

position=23
I ength=2
dupl icates=Y
modi f iable=y
type=binarY
alternate=n
nuI 1=y
val-ue=0
segment=n

pos ition=2 5
I ength=2
dupl icates=Y
modi fiabl e=Y
*.ype=binary
alternate=n
nuI 1=y
value=0
segmenr-=n

pcsition=27
I ength= 6
.l'ih'1 i 

^a'F6c=nuupr;v9 uuJ

*oai f iabl e=n
type=str ing
= I rarnrla=n

nuL l=n
segiment-=n

/* VIDN */

,/* M_YEAR

* Own Num

Bar Code */



t,.

pos ition=5
I ength=4
dup)- icates=Y
modif iabl e=y
type=binary
alternate=n
nul1=y
value=0
segment=n

pos ition=9
Iength:4
dupl icates=y
modi fiabl e=y
type=binary
a l- ternate=n
nu1 1=y
value=0
segment=n

pos it ion= 1 3

1 ength=a
dupl icates=Y
modi fiabl e=y
type=binary
= I *arn=.Fo:n

nui f=y
value=0
c aanani- =n

pos it ion=17
i ength=4
A'rn'1 i 

^al-6c=\tqqPr J
modi f iabl e=y
'.ype=binary
: ll-arrei-a:n
nt:'l I =rr.I
-.-:..^_n

s egrnent=n

/* AHUTED */

,/* AFTED */

/* owFED */

/ * }IMPED



I

srruct truck_struct (

record=5 5
variabl e=n
i,ev-tJ

page=4 09 6

pos it j-on=1
I ength=4
CupI icates=Y
moCifiabl-e=y
'!ype:binarY
= it-a-n>lo=nq- eu4
nrr'l 'i :rr:
..^1..^-nVdaUE-V

segment=n

DATA STRUCTURE

struct mth-yr-st.uct FHUIED; /i tcd llighr'lay Usc lax Expiration Date' */

struct mth_yr_strucr AHUTED; /r Arkansas Highnay use Tax Exp. Date. t/

struc! mth-yr-struct AFTED,' /r Arkansas Fue[ Tax Exp' Date' r/

struct mth-yr-struct outED; ,/t overHcight Exp Datc' t/
struct mth-yr-struct IIMPED; /r Nazardous Hateriat Date' r/
int vlDl.l; /* Owncr Vehicte ld Nundrer' '/
int M-YEAR; /i Hodet Year t/
int oxn-Nr,rn; /r ouner Ntrmber, Poinler to Or'ner inlo */

char Bar-Codet6l; /" 8ar code char. r,/

int Hakc; /* Hodcl nurnber, Pointer to Hake' *'/

int Colorl ; /' Cotor'l nunbcr, Pointer to cotor info '/
int Col.or2; /* Cotor2 nurbcr, Pointcr to color info r/

char Ap-Lictl1l; ,/* Apportioncd Liccnse r/
char OUFI; /t Over[eight TYPe '/
char IIHPT; ,/* llazardous Hat. Type */
char statc[3] ; /* Statc Hcre Registcrcd' */

char App; ,/* Is ticcnscd Apportioned t'l

) Truck_Data, *t_Ptr;

DESCRIPTION FILE

Record Length in bYtes.
No variable Iength records "

Number of keYs.
buffer page size in bYtes-

/* FHUTED */
Position in data structure-
Length in bYtes -

Allows duPlicate keYs.
Keys are modifiable after
Binary tYPe data -

No alternate collating sequence '
There is a nuII character.
Nuil character value.
Not a segmented keY.

entered.



RESEARCTI WORK COMPLETED

This project was conducted in accordance with the Procedural Manual Fot

Transportation Research Projects and under the terms of the Basic Agreement. The

proposed plan of work was to proceed in four different areas:

A. Weigh Station Modifications
B. Bar Code Label Studies
C. Scanner Research
D. System Review and Analysis

Following is a detailed description of the work completed with comments on the

timing, problems encountered, and suggestions for additional study.

A. Weigh Station Modifications

1) Define system hardware requirements - Task l00o/o complete, performed as

planned.

2) Write specifications for microcomputer and lid_c_gmputer - Task 100Vo
complete performed as planned (see Appendix VI).

3) Write software to support system integration between electronic' weigh-in-motion scaids, baf code scan-ner, and microcomputer data base -
Tas-k 100 Va complete (see Appendix VII).

4) Installed microcomputer and trained weigh station personnel in its use - Task
1.00Vo complete.

B. Bar Code Label Studies

1) Design experiment to determine the signific-ance of the.differing variables
associated'with the reacling of codes - iask l\OVo complete. Aipreviously
noted the significant variables identified were: minimum bar width, speed of
code, and distance between code and scanner. Appendix VIII contains a copy
of this experiment.

2) Find new lamina - Task 700Vo complete, but two week delay was experienced
in the completion of this task due to difficulty locating a supplier of the lamina
material.

3) Test lamina in AHTD UV tester - Task 100Vo complete.

4) Test lamina for resistance to multipie washings - Task 100 % complete. Test
codes were subjected to 10,000 washings without physical deterioration.

s) Determine most effective bar code symbology for reading outdoors - Task
700Va complete. The difficulties encountered around the complexity .

associated with developing a device which would safely generate speeds up to
35 MPH in a laboratory. There were also associated probiems of "capturing"
and analyzing this data in a timely manner. A suitable device was designed and
buiit.
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6) Determine material specifications for production of bar codes - Task 7004/o

complete.
i) Writ'i specifications for bar cocles - Task t00Vo complete, specifications

conceliing the size, type of printing, and the symbology of codes are complete
as shown in Figure 10.

C. Scanner Research

1) Develop a laser for system operation in direct sunlight - work completed as

planned.

Z) Write functional laser and bid specifications - Task 100 Vo comPlete, as' 
planned (see Appendix IX). r , .,.-3) ifnalvze ieactadiiitv of test cocles to determine system readability - Task L00Va

- ' co*6lete. The firit set of test bar code emblems were rejected due to poor
qilifty. ;"rreiting the quality problem and reprinting the codes delayed this
task by six weeks.

D. System Review and AnalYsis

1) Comprehensive review ancl analysis of data collected - Task 100Vo complete,
as planned.

2) concluct a survey to determine the.r.esponse of tJulFTg companies to the
concept of bar c6cle vehicles identification - Task 3pVo.cy.nP.lete, ietters were
formuiated, and trucking firms identified. Due to the initiation of the
controversiirt Weigir-Diitance Tax during the time this task was to be
iompieteO, tlgc\ io.ppanies were not coitacted to avoid having this system

assocl atecl with the "w-eigh-distance" ta:<ing.

3) Determine which variables most affect the operation of-the system - Task
tOOn io;1.11Dlete, extensive indoor testing was- completed. Operating under the
pi"-i* ti,'ot a .bct" maximized for read-ability indbors (under simulated
butrioor con<iitions) would read correspondingly well outdoor.

4) Developed communications interface for scanner data transfer - Task 700V0'/ 
.orrpfeL.-a-[S-+ZZ interface was integrated to the scanner and computer for
data'transfer and scanner control.

5) Adoption of communication software package to aliow control of the computer
atth'e weigh station by the computer located at the center.
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CONCLUSION

In conclusion, the investigation of this research project in providing quantitative data

concerning the readability of successful implemention of a bar code reading system of

trucks at weigh stations was achieved by the following objectives:

1) Maximization of system harclware to achieve above a95Vo first-pass read rate.

Z) Research to provicle a bar code emblem which will last the anticipated life of
the truck.

3) A communication system for linking a remote site- and main computer data' base was adapted from commercially available software.

4) Participating trucks were bar coded and the corresponding codes were
incorporated into a data base.

5\ An interactive clata base software package was developed for accessing the
truck data base in an efficient manner.

The first objective was reachecl by making two modifications to the laser scanner: a)

improving the optics of the scanner which processes the signal reflected back from the bar

codes, and b) installing a "snout" onto the housing in which the laser was contained. These

moclifications hacl the effect of decreasing the signal to noise ratio encounterect by the

scanner in sunlight. The percent of good reads for the system (in bright sunlight) was

increased f.rom75Va to over 99Vo.

The seconcl objective was reached by conclucting research on new materials for the

bar code emblems. A new base material was identified and tested. This retro-reflective

material read well and dispiayecl adequate durability characteristics. New laminating

materials were identified and tested. Two of the laminating materials passed

comprehensive advanced weatherizatibn and wash tests. Tediar was the finai

lamina selected. Testing showecl the lamina did not effect the readability of the codes'

To meet objective three we chose Carbon Copy an "off the shelf'software. A special

program was written to customize the software to aliow remote communications with the

bar code scanner. Not only did this method allow us to retrieve and analyze the data from

the trucks passing through the Lehiweigh station in a timely manner, but also aliowed us to

dou,nloaci upclated software as neecied and to trouble shoot scanner problems and

reprogram whenever necessary.

-3 1-



Bar codes were installed on trucks from Silica Transport, Inc., ABF, Pam Trucking,

Carco Trucking, Soloman Brothers and U.P.S. to meet objective four. The corresponding

information from the codes was incorporated into the data base. Examples of the type of

data collected are included in Appendix X.

BTRIEVE, a low cost file indexing system which allows multiple files per database

and multiple keys per file was used to meet objective five. The software package has

database programming capabilities which allowed a very user friendly program to be written

in order to simplify the training necessary for the weigh station personnel.

-JZ-
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Note:

Hicrosoft c version 3,0 intcrlace to thc

I t r i cve Record l',lanager, vers i on 4

if conpiting for the IOrr ot trLtr memory modct, rcmove

lhe corments surrounding the fottoHing dcfinition. 'l

LlloOEL means 32'bit pointcrs in usc

makc sure this constant is not conmentcd if
cornpiI in9 f or l'{S vindots

#def ine tHmEL 1

#define ulXDoUS 1

#define
#Cefine
#define
#definc
#define
#define
#def i nc

BTR-ERR 20 /t rccord manogcr not startcd t/
BTR_INT 0x7B /r Btrieve intcrrupt vcctor r/
BTR2_INT 0x2F /r mutti'user interruPt vector */
BTR_VECToR BTR-INT * 4 /r offset for interruPt *,/

BTR_oFrsET 0x33 /r Btrievc offset uithin segmcnt */
vARIABLE_ID 0x6176 /' id for variabte lcngth rccords ' 'va' */'

_2FCOOE 0xAB00 /r function code for int 2F to btricve 1/

/'?tocld is used {or cormunicating rith thc l'tuIti Tasking Version of './
/* Strieve. It contains thc proccss id rcturned from BHutti and shoutd */

/' nor bc changed once it has been sct. */
*/

8'rRV (OP, POS_BLK, 0ATA-BUF, 0ATA_LEN, XEY_BUt, XEY_NUH)

inr 0P;

char PCS_BLK [];
char DATA_BUF [] ;

i nr rDATA_LEII;

char KEY_BUF [];
i nt KEY NUH;

(

srrrc: REGVAL ( int Ax, Bx, CX

staiic unsigned P.ocld = 0;

s!atic char l'tULTl = 0;

static char vSet .0;

s:ruc: SEGREG ( short ES, CS,

/i initiatizc to no Process id r/

/* flag sct to true if HuttiUscr *,/

/r flag sct to true i{ chcckcd version r/

, DX, SI, DI, CY; ) REGS;

SS, DS; ) sREcS;

structurc passed to Btrieve Record Hanagcr r/

/* cal Iers data buffer offsct '/

/" cat Iers data buf{cr segment */

St.UCt BTRI EVE-PARI'IS

char *BUF_0FFSET;

#if ndef Ll'1O0EL

i nt BUF_SEG;

#end i f



REGS.AX = OX35OO + BTR-INT,'

fi fdcf UlNDovS

int86 (0x21, &REGs, SREGs); /r check

#etse
int86x (0x21, &REGS, 8REGS, &SREGS);

#crd i f
if (REGS.Bx l= BTR-0FFSET)

return (8TR_ERR);

)

for btrieve being loadcd '/

Read scarDcnt registcrs and initiatizc segmcnt port of addresses to

user's data segmcnt.

segread (&SREGS);

#iindef LHOOEL

xDATA.BUF-SEG : xOATA.CUR-SEG = XDATA.FCB-SEG =

XDATA.KEY-SEG = XDATA.STAI-SEG : SREGS.SS,'

#end i {

Hovc user parametcrs to XDATA, the btock *herc Btricve cxPects thcm.r,/

XOATA.FUNCTIOTI = OP;

XDATA.STAT_0FFSET = ESTAT;

XDATA. FC8-OFFSET = POS-BLK;

XDATA.CUR-OFFSET = POS-BLX + 38;

XDATA.BUF_otFSET : DATA-BUF;

XDATA.BUF-LEN = rDATA-LEN;

XDA'iA.KEY_oFFSET = KEY-8UF;

X3A]A.KEY-LENGTH = ?55;

XDAIA.KEY_I,IUHBER = KEY-HUH;

X)AiA.xrACE-lD : vARIABLE-10;

,/' usc max sincc uc don't knoH */

Hake cat t to the Btrieve Record Hanager

REGS.Dx = (i;t) &XDATA; /'parameter btock is expccted to be in Dx */

SRECS.DS = SREGS.SS;

ii (IHULTI)

#ifcef UIHDOuS /" if txnutti not loadcd, catI Btrieve */

Jnt86 (8TR-INT, &REGS, &RE6S);

#else

int86x (ETR-lllT, 8REGS, tREGS, &SREGS);

#erd i f
elsc
{ /* catl hnutti */

uhite ('1 )

(

REGS.AX : 1; /* assume no p.oc id obtaincd yet r,/



inI BUF-LEN,.

char'CUR-OFFSET;

di f rdef LH@EL

int CUR_SEG;

#erd i f
char rFCB-OFFSET;

#iirde{ Ll.tooEL

i n! FCB.SEG;

#erd i {

i nt FUHCT I ON ;

char IXEY-OFFSET;

#i frdef LHOOEL

i nt KEY_SEG;

#erdif
char KEY_LENGTH;

char KEY-NUHBER;

int rSTAT-oFFSET;

#i fndc{ LHOOEL

int STAT_SEG;

#end i f
int XFACE-ID;

) XDATA;

,/r tength of dato br.rf fcr r/
/'user Position btock offsct'/

,/r user position btock segment a/

/r offset of disk FCB t/

,/* segment of disk FC8 */

/r requested function r./

/t offset of uscr's keY buffer t/

/* segmcnt of user's key buffer t/

,/r tcngth of uscr's key buffer r/
/r key of refcrence for rcquest */

,/r offsct of status Yord */

/* scament of status l'rord */

/r tanguagc ident i f i er */

int STAT = 0; /t status of 0tricvc catI r/

Check to see thal thc Btrieve Record Hanager has becn startcd' i/

i{ (lvsct) ,/t if we don't knoH version of Btrievc yct r/

(

VSet = 1;

REGS.AX = 0x3000; /* check dos version *'/

#if def UIltDOLls

intB6 (0x21, &REGS, &REGs);

#eIse

int86x (0x2i, &REGs, &REGs, &SREGS);

#endi i
i{((REGS'Ax&0x00FF)>=3)/iifDosversion3orlaterr/
(
REGS.Ax = -ZFCODE;

#ifde{ UINDOUS

int86 (BTR2-INT, EREGS, &REGS); /'is hnulti Ioaded? "/
#etse

int86x (BTR2-lNT, 8REGs, &REGS, &SREGS);

#end i f
HULTI : ((REGS.AX & oxFF) ==tH',)i /r if at is t't, EnuIti is toadcd *'/

)

)

i{ (!r{ur-Tl)
/* if UnuLti not tooded */



if ((REGS.BX: Procld) != 0)

REGS"AX : 2;

REGS.Ax += 
-2FCO0E;

#i fdef ulND09S

int86 (BTRz-lNT, 8REGs, &REGs);

#etse

,rr if He have a proc id */
/* tet I b.fl(rl' I i that t/

/r catI brutti r/

int86x (BTR2-tNT, 8REGS, &REGS, SSBEGs);

#erdi f
.if ((REGS.AX & 0x00FF) == Q) lreak; ,/a if catl ras processed *./

# i lrdef lJl NDOIJS /r by bmrt t i , I eave I oop t/

REGS.AX=0x0200;,/*ifrnrttitinkadvancedisloaded,itril,l*./
int85x {0x7F, 8REGS, &REGS, AsREGs); /r it Hitt suitch processes r/

#erd i f
)
if (Procld == 0) Procld = REGS.BX;

)

*DATA_LEN = XDATA.BUF-LEH;

return (STAT );
)

/* rcturn status */
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BT_STATUS = BIRv(GET_NEXT,POS_8LOCKS[CoLoRl,c_ptr,sizeof(Cotor_Data),8f8_ptr->Key_inr,0);

BT STATUS: Return status code from BTRV caII.
A non-zero return vaLue means an
error occurred during processing of
the BTRV call.

GET NEXT:

POS_BLOCKS [ ] :

COLOR:

c_ptr:

sizeof ( ) :

&KB_ptr->Key_int :

0:

A sample operation.
operations can
btrieve. h.

Used by Btrieve
positioning pointers

Pointer to

Key number

tro concain
for each file.

A
be

atr
in

Iist of
found

Defined in btrieve.h as 5

Pointer to data structure to store
color information.

Size of data structure were color
data is stored.

area holding key va1ue.

for operation.
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BTRIEVE.H Source Code
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/,rrrrrrrittrrtllt**iillt*tttltt*l*t**l*tt*tilttt*tttt*lt*t**lt*tfttt***i**t*i/

lr FitenarDe: btrieve.h Programcr: Gary !'loodbridge */

/* Description: This file is to be used sith AHTD softlare for reading and */

/* scanning bar codes. This fite provides gtobal variabtes tl

/" and data structures used in retreiving data frorn database */

lt Requires BTRIEVE driver. */

t/ 
t t t t trta*t a*iittttt*ttt*ttt**ti*tttttti*ti*at**tal*lt*

/t BTRIEVE code for l'ticrosoft C. */#incIude
#inctude
#incIude
#inctude
#incIude

trmscxbt rv. c,
<string.h>
<stdI ib.h>
<dos. h>

<c type. h>

/* Function PrototYPes. t/

int tlLE-OPEl,l(); /t OPens att database fites. r/

int FILE-CL0SE(); /* Ctoses aIt database filcs' */

char rError-Code(),' /t Returns Error messege base on current status. */

/r The fot toring are BTRIEVE opcration codes r/

#def i ne OPEN

#define CLOSE

#define INSERT

#define UPDATE

*define 0ELETE_DB

#def i ne GET_E0

#de{ i ne GET_NEXT

#det i ne GET_PREv

#def i ne GET_CRET

#def i ne GET_GE

*def i ne GET_LT

#def i ne GET_LE

#def i ne GET_F I RST

#de{ine GET_LAST 13

#dei i ne CREATE

#de{ i ne STAT

#oei i ne EXTEHD

#deiine SET_0lR

#define GET_DIR

#de{ine BEGIN_TRAN

#oe{ i ne END_TRAN

#def i ne ABORT_TRAN

#Ce{ i ne GET_POS

#def i ne GET_D I RECT

#define STEP_DIRECT

#def i ne STOP

#Cefine VERSION

#def i ne UNLoCK

#def i ne RESET

#define SET olJN

0

'l

?

3

1
q

7

B

9

10

11

12

/t Gct

15

lo
17
ta

19

2A

?1

?2

?3

2\
25

?6

?7

28

?9

,/* open f i te r/

/r Ctose fite r/
/* lnsert nert record into fite */

/* Change current record in fite t/

/' Detete record in file r/
/r Get record equal to key i/
/* Get next record from fite *,/

/* Get previous record from fite */

/* cct record greater than key r,/

/* Get record greater than or equal to key */

/r Get record tess than key */

/* Get record less than or equal to key *,/

/' Get first record in fite */

[ast record in f ite *,/

/* create fite r/

/* Retrieves the information about fi Le */

/* Devides f i Ie betr,reen tr.lo IogicaI drives t,/

/' Change current directorY r/

./r Get current directory */

/r Begin transaction section ol code */

/r End transaction section o{ code */

/r Abort transaction section of code i./

,/* Get cu.rent fi te position i/

/* Get record at current fi[e position r/

/* Get next record at fite position */

/t Remove Record tlanager from memory */

./r Return Version number */

/* Untock record previousty tocked r/

/* Re[ease atI rcsources hetd by station */

,/r Set ouncr of f il.e r/



#define CLEAR_OHN 30 /* Cleor o!,ner of fite r/

fottoning defines set fitenamcs to h.rffer arrays r./

0 /* Truck.db */
1 /' Fl,ag.db t/
2 /' state.db r/
3 /' Daily.db r/
1 la Hanufact.db */
5 /' Cotor.db r/
6 lr Oener.db r/
7 /* Honth.db r/
I /* Bad_read.db r/
I /, Coflment.db r/

#def i ne

#def i ne

#define
#def i ne

#define
#def i ne

#define
#def i ne

#def i ne

#def i ne

/r The

TRUCK

FLAG

STATE

DAILY

T{ANUFACT

COLOR

OIJI{ER

}IONTH

BAD-READ

co{HE}rT

,/r The fottor,ring are error strings for btrieve based on return status r/
char ERRoR_CODESt99l t50l = (rr 1: lnvatid Operation",

" 2z llO Errortr,

" 3: Fite Not open",

" 4: Key Not Found",
,' 5: Dupticste Key Vatue",

" 6: Inval id Key Nmbert',
r' 7: 0ifferent Key Nud)ert',

" 8: Invatid Positioning",
r' 9: End of tite",
"10: I'lodifiabte Key Vatue Errorrr,

"11: lnvatid File Name't,

"12: Fite not Foundtt,

"13: txtended Fi Ie Errorrr,
r'14: Pre-lmage Open Errorr',

't15: Pre-lmage l/0 Errorr',

"16: Expansion Errorrr,

"17: Ctose Error"

"18: Disk Futt",
"19: Unrecoverable Error",
"20: Record Manager Inactivet',

"21: Key Euffer Too Shortrr,

"22: Data Bu{fer Length Error",

"23: Position Block Length",

"24: Page Size",

"25: Create I/0 Error",
"26: Nunber of xeysr',

"27: lnvalid Key Position",
"28: Inval id Record Length'r,
,'29: lnvatid Key Length",

"30: Not a Btrieve Fi Ie Name",

"31: Fi Ie Atready Extended",

"32: Extend I/0 Error",
il??. il

J).

r'34: lnvatid Extension Name",

"35: Directory Errorrr,

"36: Transaction Enror",

"37: Transaction is Active",



"38:
',39:
r40:
[41:
rrlr?:

"43:
tt 1.1 i
r45:

"46:

"48:
"49:
,,50:

rr51:

,r52:

rr(?.

,,54:

,,55:

1,56'.

t,57:

r(4.

,'59:

"60:
tt61 :
tt62:
,,63:

'r64:
,,65:

,,66:

,t67:

,,68:

"69:
r'70:

',71 :

t'722

ttV ,

171:

,t75 i

t,7 6:
,r77:

,'79..

'r80:
rtQl.

'r82:

"gJ:
IQ/ .

"95:
,r86:

l'87:
raa,

r'89:

Transaction controI Fite I/0 Errortr,
End,/Abort Transact ion Errorrr,
Transaction l.lax Fi tes",
Operat ion Not Al touedr',

I ncorptete Acceterated Accessrr,

lnvatid Data Record Addressrr,

ltut t Key Pathr',

Inconsistent Key Flagslr,

Access Denied",
ttaxirnnr Opcn Fi Iesr',
Invat id Atternste sequence Def inition",
Key Type Errorrr,
Orrner Alresdy Setrr,

lnvaI id Ounerl,

Error Uriting Cacherr,

Invatid lnterface",
Variabte Page Errorr',
Autoi ncrement E rrorr',
lncorptete lndex'r,

Expanded l.lemory Errorrr,
'cornpression Buffer Too shortt',
Fite AIready Exists'r,

ll

lt

ll

Conftict",
Lock Error'r,
Lost Positiont',
Read outside lransaction",
Record in Use'r,

Fite in Use",
Fite Tabte Futt",
Handte Tabte Futt",
Incompatibte open l.lode Errorr',
Name Errort',



Device Futt",
Server Ertor'i,
Trsnsact i on FuI t ",
lncompatibte Lock Type",

Permission Errorrr,

char POS_BLOCKS[l0l t1281, /r Position btocks used by Btrieve, 1 per fite. r./

B_coEt7l , lr Gtobal Bar code variable. */
col,orl!211, cotor2t21l, /* Gtobat strings for colors. */
datestring[9], monthstring[4], yearstringf6T, la strings used to hotd date, abreavated months and

years. r/
*slash_ptr; ,/* GtobaI char pointer. t/

x

tr

lt

I

Demo Errorrt);

,,90:

"91:
,r92:.

,r93:

r,94:

t,95:

rt96:

,197:

rt98:

'r99:

int BUF_LEHGTH[10],

BT-STATUS,

correct=0,
qui t=0;

/r Bufler Iength for each fiIe. */
/* Status returned by Btrieve catt. t/

/* used for correct response to questions. t/
/" Used to exit loops. */

struct mth_yr_struct (

strucI truck_struct (

int l.lonth,' /r l.lonth 1 - 12 */
int Year; /* Year 1980 - r,/

/r Data Struclure for truck.db fi te" */

struct mth_yr_struct FHUTED; /t Fed Highuay Use Tax Experation Date. */
struct mth_yr_struct AHUTED; ,/t Arkansas Highway Use Tax Exp. Date. */
struct mth_yr_struct AFTED; /t Arkansas tuet Tax Exp. Date. */
struct mth_yr_struct oUFED,' ,/t 0verweight Exp Date. */
struct mth_yr_struct HI'IPED; /r Hazardous |tateriaI Date. *,/

int VIDN; /r onner Vehicle Id Nrinber. */
i nt H_YEAR ; /r l.lode I Y ear * /
int olrn_Num; ,/* onner Ntrnber, Pointer to olrner info */
char Bar_Code[6); /' Bar code char. */
int Make; /* llodet nr,.rnber, Pointer to t{ake. t/
int Cotor'l; /* Cotorl nunber, Pointer to color inlo "/
int Cotor2; /r Cotor2 nr.rnber, Pointer to cotor info */
char Ap-Lict1'll; 7* ipportioned License r/
char OUFT; /r overHeight lype */
char HMPI; /r Hazordus Hat, Type r/
char state[3] ; /* State Here Registered. r/
char App; /r Is Iiccnsed Apportioned */

) Truck_Data, *t_ptr;

,/' Data Structure for Dai Ly.db */



struct dai Iy_struct (

srruct f Iag_struct (

char Bar-Codet6l; /* Bar Code */
unsigned char hour; /r Time the vehicte l,ent past reader. */
unsigned char minute;
unsigned. char second;

unsigned char day; lt Oate the vehicte Hent past reader. */
unsigned char month;

unsigned int year;

int tocation; ,/* Location of scanncr. t/
) Dai ty_Data, *dJrtr, 8ad-Read-Data, *br-Ptr;

/* Data Structure for Ftag.db */

char sDate [9] ;
char EDate f9l ;
char Bar_Code [6] ;
char Reason[51];

) Ftag_Data, rf_ptr,'

/t Start Date r/

/* End Date t/
/* Bar Code * I
/i Description of

/r Data Structure {or l.lanufact.db r/

flag */

/' Code for l'lanufacture */

/* Make name. i/

siruct manufact struct (

struct color_struct (

struct oHner struct t

int man_code;

char Name[31];

) Man_Data. im_ptr;

int oHn_Num;

char llame [21) ;

/' Data S!ructure for Co[or.db */

int C_Codc; /r Cotor Code */
char Color[21]; /r String for cotor */

) Color_Data, rc_ptr;

/' Data Structure for owner.db r/

,/* OLrner Number r/
,/r Name of Onner */

/* Provide for 2 address. */
char Addrtzl t31l; /* Strect addrcss */
char Cityt2) t21l;
char State[2] [3];
char Zipt2) [11);
char Phone[2] [15];
char Ext t2l t5) ;

) oHner_Data, *o_ptr,'

(r



stnuct coflrnent struct (
/r Data Structure for Cofircnt"db r/

char Bar_Code [6] ;
char Comentl [81];
char Coilrent2[81];

) Cofinent_oata, rcon_ptr;

/' Bar Code t/
,/1 Tro Lines of corments */

/r Key hotder for database catls t/
union key_buf_union (

char Key_Char [1 1) ;
int Key_int;

) KEY_BUF, rKB_ptr;

struct dost ime_t 1.1_r ime; /r Structure used for getting syst€fl time. t/

/t Structure used to save time. */
struct savetime (

uns i gned char hour,'

uns i gned char mi nute,'
unsigned char second;

) s_t ime;

struct dosdate_t date, fi te_date; /r Used to get system date. */

/* Structure used to save date. t/
struct savedate (

unsigned char day;
unsigned char month;

unsigned int year;

) s_date, f_date;

/* This function opens a[ [ database fi Ies. r/
FILE OPENO

/' Open truck.db */
BT.STATUS = BTRV(OPEN,POS-BLOCKSTTRUCK],t-Ptr,&BUF-LENGTHTTRUCK],''trUCK.db'".1);

ir(81_STATUS != 0) fplintf(stderr,'rError opening fil.e truck. Status = Zs.\n",Error_Code());

/" Open flag.db t/
B]-STATUS = BTRV(OPEN,POS-BLOCKSTFLAG],f-Ptr,&BUF-LENGTHTTLAG],"fIA9.db",.1);

ii(BT_STATUS l= 0) fprintf(stdenr,"Error opcning fite ftag. status = 7.s.\n",Error_Code());

,/* Open dai Ly.db t/
BT-STATUS = BTRV(OPEN,POS-BLOCKSTDAILY],d-Ptr,&BUF-LENGTHIDAILY],''dAiIY.db'".1);

if(BT_STATUS != 0) fprintf(stderr,"Ernor opening fite daity. Status = 7.s.\n",Error_Code())

/* Open manufact.db */
8T_STATUS = BTRV(OPEN,PoS_BLoCKSIHANUtACTI,m-ptr,&8UF_LENGTHIIIANUFACT),Imonufact.db",-1);



if(BT_STATUS != 0) fprintf(Stderr,"Error opening fite manufact. status = zs.\n'!,Error-code());

/r OPen color.db */
BT_SrATUS = BTRV(OPEN,POS-ELOCKSICOLORI,c-Ptr,&BUF-LENGTHtCoLORl,"cotor.dbt'.'1);

if(BT_STATUS l= 0) fprintf(stderr,"Error opening fite cotor. Status = Zs.\n",Error-Code());

/* OPen onner.db r/
BT_STATUS = BTRV(OPEN,POS_BLOCKSIOJNERI,o_ptr,&BUF-LEIIGTHtoUNERl,r'o|,ner.db",'1);

if(BT sTATUs != 0) fprintf(stderr,l|Error opening fite opner' status = 7.s.\n'',Error.Code()),.

/* open bad-read.db t/
BI-STATUS = BTRV(OPEX,POS-BLOCKSTBAD-READ],bT-PtT,&BUF-LENGTHTBAD-READ],''bAd-TCAd.db'',.1);

if(8T-STATUS r= 0) fprintf(stderr,"Error opening fite bad-read' status = Zs'\nrr'Error-Code());

/* 0pen conment,db r/

BI-STATUS = BTRV(OPEN,POS-BLOCKSTCOI''IMENT],COM-PIT,&BUF-LENGTHTCOHHENT],IICOTMCNI.db.,,'1);

ii(BT-STATUS != 0) fprintf(stderr,r'Error opening fite coment. Status = 7"s'\n",Error-Code());

/* This function closes a[ [ database fi tes' */

F I tE-CLOSE O
(

,/t Ctose truck.db t,/

BT_STATUS = BTRv(CLOSE,POS-BLOCKSITRUCKI,t-ptr,&8UF-LENGTHITRUCKI,T'truck.db",0),'

if(BT_sTATUS != 0) fprintf(stderr,"Enror closing fite truck. status = 7s.\n",Error-Codc());

/i Close fLag.db r/
8.i-STATUS = BTRV(CLOSE,POS-BLOCKSTFLAG],f-PtT,8BUF-LENGTHIFLAG],I'fIAg.db..,O);
jf(BT_STATUS r= O) fprintf(stderr,'rError closing fite fta9. Status = 7"s.\n",Error-Code());

/r Close daiLy.db r/
B'I-STATUS = BTRV(CLOSE,POS-ELOCKSIDAILY],d-PtT,8BUF-LENGTHTDAILY],I'dAitY.db",O);
jf(BT_STATUS r= O) fprintf(stderr,r'Error closing fite daily. Status = 7"s.\n!',Error-Code());

/r Ctose manufact.db t/
BT-STATUS = BTRV(CLOSE,POS-BLOCKSTI.IANUFACT],M-PtT,&BUF-LENGTHTI.IANUFACT],'.MANUfACt.db,',0);

'if(Bl STAIUS != 0) fprintf(stderr,"Error ctosing fite manufact' Status: %s'\n'r'Error-Code());

/'CLose cotor.db r/
BT-STATUS = BTRV(CLOSE,POS-BLOCKSICOLOR],C-PtT,&BUF-LENGIHTCOLOR],"COIOT.db,,,O),'

'ii(6i STATUST= 0) {printf(stderr,r'Error ctosing fiIe cotor. Status = 7.s.\n",Error-Code());

/r Ctose ouner.db */
tsT_STATUS = BIRV(CLoSE,POS-ELOCKS[OUNERI,o-ptr,&BUF-LENGTHIoUIIERI,'rorner.db",0);

if(BT_STATUS != o) fprintf(Stderr,"ErrOr ctosing file owner. status = 7.s.\n",Error-Codc());

/' Close bad-read.db ',/
8T-STATUS = BTRV(CLOSE,POS-BLOCKSTBAD-READ],bT-PtT,8BUF-LENGTHTBAD-READ1,',bAd-TCAd.db'',0);

if(BT_STATUS != 0) fprintf(stderr,rtError ctosing fite bad-read. Status = 7"s.\nr',Error-Code());

r.

)



/r ctose cofircnt.db r/
BT_STATUS = BTRV(CLOSE,POS_BLOCKStCOttMENTl,com_ptr,&BUF-LEIIGTl{[CO.tllENT],rrco.rnent.dbr"0);

if(BT_SIATUS r= 0) fprintf(stderr,',Error ctosing fite cofiment. Ststus = Zs.\n",Error-CodeO)i

/t This Function returns a pointer to a string cont8ining the r/
/, E?fol l.lessage for the status code returned from Btrieve cal[. l/

char tError_Code( )
(

char rerror_ptr;
error_ptr = ERROR_COoESIBT-STATUS-11; /r Uses gtobat BT-STATUS determine address" i/
return(errorJtr);

)

9

)



Appendix IV

LOADCODE.C Source and Flow Chart

-J O-



/rrrtrr**rtr*rrrt*rtrtrrrtrrrrrrrltrrlrtlt*tt*tt*ttttttt**tttt*t*t**ttttttt/

/a progtafi name: Loadcode.c Programer: Gary Uoodbridge rl
/t Purpose: This program toads dr-nnrry infornotion into a database 8nd then r/
/* times the retreviat process. 1000 records are added at a timer/

/* ard then 1000 random reads are made from the fite. '/
/i timeing information is stored in a data fite specified by the *,/

/' user. ' /
/tt t t* tttt*tttt tt**tttt**rrltttttt*ti*irf*tllt**i*t*i*it*t**tt*i*t*ra1*r*t* /

#i nctudecstdi o.h>

#incl,urde t'btrieve.h" /* Used to access data base pointers. */

,/I FUNCTION PROTOTYPES *,/

void Loadcode(void); /* Loads dr-nrny information into data structures. r/

int SaveCode(void); /* Saves data structures to data base fitcs. */

/r This function generates a Random offest into a data file' r/

unsigned tong int GenRoffset(unsigned Iong int, unsigned Iong int);

/* This function counts and saves bar codes in lSCll fite. t,/

unsigned tong int GetCountSaveBCOOES(FILE *);

/r This {unction is used to get bar code from ASCII fite. t/

void GetBCodeKey(unsigned Iong int, FILE t);

void GetBcodelnfo(); /* Retreives bar code in{o from data base. r/

ma in( )

(
char f irsttr.rol,ets[3), /* Used uhen generating dlnnny bar codes. Starting *,/

/* bor code tetters. t/

tasttHolets [3]; /* Ending bar codc tetters. r/

int x, /* Used as general counter. r,/

rV, /* Used as return vatue fnom functions. */

rcsk; /" Used when creating data fite names' Nunber of K t/

/i records in data base. *,/

unsigned long int range=O, ,/* Nurnber of records in data base. t/

rnv.,Jtti , /r Random Huttipt ier. Used to generate */

/* random number offset. r/

searchs=1000, /i Number of random searchs to t/

/r do on data base. */

XI, ,/r General counter. */



hsec_stime, /r starting time in '100 th's of secords. r/

hsec-etime, /' Ending tinre in 100 th's of seconds. */

hsec-dtime, ,/t Difference time in 100 th's of secords. t/

offset; /r offset into Asclt fite. r/

FILE rcodesfp, /r Used !o store barcodes in ASCIT format. */

*ASCfp; /r Used to store timeing information. t,/

struct dostime_t stime, /t Start time data structure. */

etime; /r End timc data structure. t/

char fitenametl3l; /* String used to hotd fite name. */

/* r *r*i*****r*t* r* * ltttl***** tt t*t t*tt*t ttt*ttliti**r**tttt***t1* /

/* The fotlo*ing pointers are used by Btrieve to load dats into t,/

/* data structures for each fite. Defined in btrieve.h. */
tt*trr*tttri*tt*/t

t_ptr = &Truck_Data; /r Pointer to truck data structure. *,/

d_ptr = &Dai[y_Data; /r Pointer to daity data st,'ucture. t/

{_ptr = SFtag_Data;

m_ptr = &l,tan_Data;

c_ptr = ECoLor_Data;

BUT-LE}IGTH IO]

BUF-LE}iGTH t1]
8UF-LEHGTH t3]
BUF-LENGTH t4]
BUF-LENGTH t5]
BUF-LENGTH I6]
BUF-LE}JGTH [8]

BUF-LE}IGTH t9]

/* Pointer

/'Pointer

,/r Pointer

to {[a9 data structure. */

to make data structure. */

to cotor data structure. */

o_ptr = EO*ner_Data; /* Pointer to oHner data structure. r/

bi_Dtr : SBacj_Read_Data; /r Pointer to bad read data structure. */

com_ptr : Scorrnent_Data,' /* Pointer to cofinent data structure. */

KB_ptr = &KEY_BUF; /r Pointen to key data structure. */

/r*** *t*rr*ttr*** tt t t t*tt*r**t**li

/r The {ottorling statements specify the tength of buffer *,/

/* for Btrieve for each data structure. */

/tr*tt**t*ttita*ti**t*tttttt*t*tttt**t*t*t*t*tt*lti*t***** /

= sizeof(Truck_Data);

= sizeof(FIag_Data);

= sizeof(Daity_Data);

= sizeof(Han_Data);

= sizeof(CoIor_Data);
= sizeof(orner_0ata);
= si zeof (Bad_Read_oata) ;

= s i zeof (Conment_Data) ;



/t open database fites. Code in btrieve.h r,/

/* This next section of code gets the firSt tlo tetters of bar code sequence. */

/t Bar codes used in this Project have a 5 character format of *,/

,/t 2 characters and 3 digits. */

fprintf(stdout,trEnter beginning first tuo Ietters of Bar codes: rr);

f gets( f i rsttuotets,3, stdin) ;
fftush(stdin);

/r Uant to be sure characters entered are a'2'l
Hh i Le( ! ( ( i satpha( f i rstteotets tol ) ) && ( isatpha( f i rsttHotets t1l )) ))
(

/r This toop litI continue untiL vatid codes are entered" i/

fprintf(stdout,'rEnter beginning first teo Ietters of 8ar Codes:rr);
f gets({i rsttlrotets,3,stdin) ;

first$rotetstO.l : toupper(firsttuotetstol),' /r Convert chsracters to */
fjrsttwoIets[1] = toupper'(firstlHotets['l]); ,/r upPer case. */

system(rrstartup" );

F I LE-OPENO;

,/t Hoka system catt to toad BTRIEVE. */

/* This section of code does the same thing but gets the

/* tlro letters of bar code run.

fprintf(stdout,rtEnter Iast first tHo Ietters of Bar codes: ");
i gets( [ asttr,roI ets,3, stdi n) ;

{ftush(stdin);

Iast */

/* lJant to be sure characters entered are a'Z tl
vh i t e( ! ( ( i sa t pha( [ ast$JoIets t0] ) ) && ( i sa l,pha( [asttrotets t1] ) ) ) )

(

/* This toop gitl continue untiI vatid codes are entered. */

fprintf(stdout,rtEnter Iast first tlro tetters of Bar Codes:tr);
{ 9ets ( l as t tHot ets,3, std i n);

)

lasttHoIets t0] = touppen( [asttHoLets [0] ); /* Convert char. to upper case. *,/

las:tuoLets [1] = toupper(LasttHoIets[1] );

/r This places in the fite name hop many 1000 entrys there t/

/* are in the data fi Le. */
fprinti(stdout,rtEnter beginning K number: ");
, scanf ( s td i n, tt'H/.r ctt, P,t csk) ;

fil.ush(stdin);

srarB(inp(64)); /r Seed random number generator lith reat time cIock tick. */

/r This toop is executed untit firsttyoIets is greater than IasttHotets. i/

)



ehi te(strcrp(f irsttuotets, Iasttrotets) <= 0)

(
for(x=0;x<1000;x++) /r This toop generates 1000 barcodes aM stores them in database' t/
(

sprintf(tjtr'>Bar-Code,"7.sz03d\0t',firstteotets,x); /r Ptace bar code in r/
/r truck data structure. */

spr i ntf ( com-pt r'>Ba r-code, ttl.s103d\0t', f i rstteoI ets, x); /i Ptace bar code in t/

/r coment data structue' *,/

{printf(stdout,r'Us\n",t-ptr->Bar-Code); /r Display barcode to screen' r/

Loadcode(); /r Ptacr more dr'mny info in dat8 structures' r/

rv = SaveCode(),' /t Save dunmy info to database. t/

if(rv == 18) x = 1000; /r if diskfuLt, exit Ioop. t/
)

{ctose(codesfp); /* l'take sure fite pointer is free.. r/

codesfp = fopen(ttbcodes.dattr,rrPtt); ./* Open fite to store Iist of barcodes. r/

if(codesfp =; NULL) /r Disptay error nessage if trnabte to oPen fite. */
(

fprintf (stderr,ttError opening f i te bcodes.dat.\n");

)

etse
(

sprintf (f i Iename,"t7dk.prnrr,rcsk++); /r create f i tename. i,/

fctose(ASC{p); ,/r Make sure fi te pointer is free. */

ASCfp = fopen(filename,"ut'); /r open fiIe for Hrite.'/

if(ASCfp == IIULL) /* Displ'ay error message if unable to oPen fite' */
(

fprintf (stderr, rrError opening f i te 7.s.\n",f i Iename),'

,)

else
(

searchs = 1000; /* Set number of random searches. */

range = GetCountSaveBCOOES(codesfp); /t count and save bar codes in ascii

codesfp = fopen("bcgdes.datt',"r'r); /* open fite to read bar codes. t/

if(codesfp == NULL) /r Displ.ay error message if unabte to open fite.'/
(

{printf (stderr.r'Ernor opening f i te bcodes.dat.\ntr);

q

f i te. r/



etse
(

fprintf(ASCfp,"ZcNurber of Entries%c,7tu\n",34,34,range); /i Urite info to data fite. r/
f pr i nt f ( ASCf p, I'Zcxur{rer of Reads7.c, Zl u\n[, 34, 3/,, searchs ) ;

rrru[ti = (range / 32767) + 1, /r Figure Random Huttiptier */
/r The rardom nunbcr generator generates o ntmber */
/t betgeen 0 and 32767. gecause the nunber of bar t,/

/r codes nitt be greater than32767, a ruttiPtier nust r/
/t used to retreive a bar code from the entire range of r/
,/t bar codes. '/

srand( inp(54)); /r Seed random nwber generator from time ctock. */

/* This toop uitI perform 1000 random retreviats on data base */

/r and tine them. */
f or(x1=0; x1 <searchs,'x1++)
(

/r uant to be sure random offset is uithin fite. */
/* 6 is tength of 5 character bar code ptus NULL char. i,/

uhi Le((offset = GenRoffset(rm,rtti,range)) >= rangei6) ()

GetBcodeKey(offset,codesfp); /* Get key vatue from ASCII fite. *,/

_dos_gettime(&stimc); /r Get start time. r/

cetBcodelnfo(); /r Get lnformation from data base. */

_dos_get t i me( &et i me ); /r Gct ending time. t/

/* Convert start time to hundreds of seconds. r/
hsec_stime = ((unsigned Iong int)(stime.hour r 360000))+

((unsigned tong int)(stime.minute r 6000))+
((unsigned Iong int)(stime.second * 100))+
( (unsi gned tong int)(stime.hsecond));

,/' Convert end time to hundreds of seconds. r/
hsec_etime = ((unsigned Iong int)(etime.hour t 360000))+

((unsigned tong int)(etime.minute r 6000))+
((unsigned Iong int)(etime.second * '100))+

( (unsi gned Long int) (et ime.hsecond) );

/r Figure difference. */
hsec_dtime = hsec_etime' hsec_stime;

/i Print info !o data fi Ie, */
fprintf(ASCfp,t'?.c%s7.c,7.1u,%[u,%lu\n",31,t-ptr'>Bar-code,34,hsec-stime,hscc-etime,hscc-dtime);

/* Print search number and barcode to screen, */
fprintf (stderr,"Zlu 7.s\n",x'1,t_ptr->Bar_Code);

)



)

firsttpotets[1]++; /r Incremen! [etter sequence. */

if(firsttHoletstll == 91) /r If tast of 2 letters is greater than 2 */
(

firsttuotets[0]+*; /. increment first Ietter and set last to A. *./

firsttrotets[1] = 65;

)

FILE_cLosE(); /r Ctose atI database fites. t/

fcLose(codesfp); /t CIose asci i fi tes. t./
fc I ose(ASCfp);

system("stop"); /i Untoad Blrieve from memory. i/

exit(0); /r Clean exit. *7

void LoadCode() ,/t This function loads data structurcs Hith dumy info. r/

t_Ptr->FHUTED.ttonth = 0;
t_ptr'>FHUTED.Year = 0;
t_prr->AHUTE0.ltonth = 0;

t_ptr->AHUTED.Year = 0;

t_ptr->AFTED.Honth = 0;
t_ptr->AFTED.Year = 0;

t_ptr'>oUFED.Honth = 0;

t_ptr->ouFED.Year = 0;

t_ptr->HHPED.l,lonth = 0,'

r_ptr->HHPED.Year = 0;

r_prr->VIDN =.1231;
r_prr->t{_YEAR = 1990;

t_ptr'>oHn_llun = (rand()/6553) + 1; /r Genenate random onner nunber. r/
i_Dtr->l{ake = rand()/1310; /* Generate nandom make nunber. *,/

:_ptr->Cotorl = rand()/2017; /r Generate randon color nunbers. */
:_p:r. >Coio12 = rand() /?01,7 ;
spr int f ( t_pt r- >Ap_L i c, "P 1'1 11- 116"; '
:-Ptr->0UFT = 'Y';
t_ptr->HHPT = 'Y'.
spr i nt f ( tJct r- >state, I'AR\0" );
t_ptr->AFE) = 'Y' '
corn_ptr->cofinent1 [0] = ,\0,;
com_ptr->Cofiment2 [0] ='\0' !

)

int SaveCode() /r This function saves the dunmy data to data base. r/

7

)

)
)



,/r Save coflnent info to comrnt.db. t/

BI_STATUS = BTRV(INSERT,POS_ELOCKStCOf'lllENTl,com-ptr,sizeof(cortnent-Dat8)'com-ptr'>Bar-Code'0);

if(BT-sTATUs) /t If there is an error. r/
(

fprintf (stderr,rrError in saving coilnent f ietd'\nr');

Error-Code(); /r Disptay error based on 8T-STATUS' */

)
else
(

/r Save truck info to truck.db. r./

8T_STATUS = ETRV(INSERT,POS-BLOCKSITRUCKI,t-ptr,sizeof(Truck-Data),t-ptr'>8ar-Code'8);

if(BT-STATUS) /r !f there is an error. r/
(

fprintf(stderr,r'Error in saving truck f ietd'\nrr);

Error-Code(); /r Disptay error based on BT-STATUS' */

)
)
return( BT_STATUS ) ;

/* This function generates a fite that hotds atI the bar codes in the data base' t/

/r lt also counts those bar codes. The fite is used to generate random access to*/

/r the data base based on bar codes. r/

unsigned Long int GetCountSaveBCODES(FILE *1p 1* file pointer to dats fite.*,/)
(

unsigned long int count=O; /* Used to count bar codes' r/

/r Get the first bar code in data base. r/

BT_STATUS = BTRV(6ET-FIRST,POS-BLOC(StTRUCK],t-ptr,sizeof(Truck-Data),t-Ptr->B8r-Code'8);
whiLe(!BT-STATUS) /r Loop untiI end of fite. r/
(

count++; /* Count bar code. i/

fHrite(t-ptr'>Bar-Code,sizeof(t-ptr->Bar-Code) ,1,til; /t Urite bar code to fi Ie' "/

,/r Get next bar code in database. */

BT_STATUS = BTRV(GET_NEXT,POS-BLOCKStTRUCKI,t-ptr,sizeof(Truck-Data),t-ptr->8ar-Code'8);

)

fctose(fp); /r Ctose data fi Ie. r/

fprintf(stderr,"Finished key count.\n"); /r Disptay info message to screen' */

return(count); /r Return nunrber of bar codes in data base. *,/

)

)



unsigned tong int GenRoffset(unsigned Iong int rmutti, /i Randon ruttiptier. *7

unsigned tong int range /'NLnber of bar codcs in data base' *./)

(

unsigned tong int randnun; /r random ntfiber. */

randnun = range * 6; /i Set to maxirnm nurber. */

phi te(rardnr,rn >= (range * 6), la Generate rardom ntmber in range of f i Le. r./

(
rardnun = lunsigned tong)((tong)rand())i ,/* Generste random nulber. */

rardnur = randnur * rmutti * 6; /r derive o{fset into fite. */

)
return(randnr.rn); /* Rcturn random offset into fite. */

)

/r This function retreives the 6 char. bar code at offset in ASCII fite. a/

void GetBCodeKey(unsigned tong int offset, /r Rardom offset' r/

flLE *fP /r Data fi [e Pointer. */)
(

int rv; /r Return vatue of functions. r/

rv : fseek({P,offset,SEEK-SET); /* Seek to random Iocation' */

ii(!rv) /* If no error in seek. t/
(

/r Read bar code into truck data structure- */

{ read( t-ptr'>Bar-Code, s i zeof ( t-pt r'>Bar-Code), 1, f p) ;

)
efse t-ptr'>Bar-Codetol : NULLi /' ll an error. t/

/r This function retreives the data from the data base' */
void GetBCodelnfo( )

(

/r Retreive Jrom truck.db based on Bar Code. t,/

B;_STATUS = BTRV(GET_EO,POS_BLOCKSTTRUCKI,t_ptr,&BUF-LENGTlltTRUCK],t-ptr->Bar-Code,B);

/, Retreive from owner.db based on ouner number in truck data structure. */

B1-STATUS = BTRV(GET-EO,POS-BLOCKSTOUNER],O-PtT,&BUF-LENGTHTOUNER],8t-PtT'>OT'N-NUM,O);

,/r Retreive frorn coLor.db based on cotor number in truck data structure. */

BT_sTATUs = BTRV(GET_Eo,pos_BLocKstcoLoRl.c-ptr,&BUF-LENGTHtcoloRl,&t-Ptr->CoLor1,0);

/r Retreive from cotor.db based on cotor number in truck data structure. */

BT-STATUS = BTRV(GET-EO,POS-BLOCKSTCOLOR],C-PtT,&BUF-LENGTlTCOLOR],&t-PtT'>COIOT2,O);

)



/i Retreive from manufact.db based on make nrmber in truck data structure. t/

BT_STATUS = BTRV(GET_EO,POS_ELOCKS tl.lANUtACTl ,m-ptr,&BUF-LEIIGTH [|{A|'IUFACTI ,&t-Ptr->Make,0);

/r Retreive fron flag.db based on bar code. r/
BT-STATUS = BTRV(GET-EO,POS-BLOCKSTTLAG],fJtT,8BUF-LENGTHTFLAG],t-PtT.>BAT-COdC,O);

)
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/,i*t*rtt t it*rtttttltttftait ttt lt tl**tttt**tllttitltt**lltt*ll**tttt*tttl**tt/

/r program lJanr: avgstd.s Progra[rDer: Gary Uoodbridge

,/r Description: This program takes the timeing data created by toadcode.c t./

/, and fiMs the maximum, mininr,rn, average, stanCard '/
/*deviation,aMvarianceforeachdatafitecreated''/
/* These vatues are then stored in another data fiLe' '/

# i nc I r.de<s td i o. h>

#incIude<math.h>

main()
(

char f i tenamtl3l , /r Used !o enter f i lenames' r'l

trashtEOl; /'string used to cotlect character data in fite' *'/

doubte timestl000l, /* A?taY to hotd time vatues' */
av9, /r Average of times' *,/

stdev, /* Standerd deviation' t/
cv, 7* Variance. i/
scans. /' Nunrber of scans' used to figure avg' r/
entries, /r Nurber of entries in data base' r'l

maxfzl ,mintzl; /r l'lax. and ]'tin. f igures' r/

/t The program uses 3 types o{ fites. 1' Fiie holding I tist of

/* the data fite names. 2. The data fites themsetves' 3' Thc

,/r data outut f i te.

FILE tfnfp, /* Fiie vith tist of data file names' i/
,dflp, /* Data fites pointer. */
*avg{p; /r Data output file. */

i nt x , ,/r Genera t counter . r,/

max-toc, ,/* Locstion in array of max vatue' r'l

min-[oc; /r Loacation in array of min vatue' r'l

unsigned Long int hotd, /r Used to read in data' */

u-scans; /t Unsigned scans' */

/*ThisnextsectionofcodePromptstheusertoenterfilename*,/
/'oI fil'e hotding tist of data fite names' */

fprintf(stdout,r'Enter fi Iename of {i te hol'din9 fi Ienames: rr);

f{tush(stdin); /'Ctear input buffer. */

igets{ f i iename, ll,stdi n) ;

,/* Remove tra-iting carriage return. t/
jf(f il.ename[strl.en(f itename) - 1] ==,\n') fitename[strten(fiiename)' 11 ='\0"'

fnfp = 16pg^1fi tename,'rr") ; /* AttemPt to open fi te for read' "/

ii(infp == NULL) /* L there is an problem opening file' */



/t DispLay error rnessage aM cxit vith vatue of 1.'/
f printf (stderr,rrError opening f i Ie Zs.\n",f i Ienam),'

exit(1);

,/r This section of code prornpts the user for data output file. */
fprintf(stdout,r'Enter fi Iename of output fi Ie: r');

fftush(stdin); /t Ctear input buffer. "/

f gets( f i I ename, 13,stdin) ;

/* Remove traiting carriage return. r,/

i f(fi tenametstrten(fi tename) ' 1l == '\n') fi Iename[strten(fi iename) ' 1] = '\0';

avgfp = fopen(fi Iename,'rrrtr); /r Attempt to oPen fi te. */

if(avgfp == NULL) /r l{ ertot, */
(

/i Disptay error message and exit uith a 1. */
fprintf (stdenr,rrError opening f ite Zs.\n",f i Iename);

exit(1);
)

Jprintf(stdout,"Uorkingr'); /r Disptay message to screen. */

fgets(fi Iename,13,fnfp); /* Get first data fi Iename. */

lhite(!feof(lnfp))
(

fprintf(stdout," ."); /a DispLay. to screen. r/

/* Remove trsiting carriage return. *,/

i f ( f i Iename Istrten(f i Iename) - 1) ==' \n' ) f i Iename [strlen(f i Iename)

dffp = 16o"n1fitename,"rr'); /r Attempt to open data fite. */

if(dffp == NULL) /' lf error, disptay message. *./

(

fprintf (stderr,r'Error opening f i te 7"s\n",f i tename);

)

1l = ,\0,;

eIse
(

avg=Stdev=Cv=0;

max[0] =max[1] =0;

min[0]=min[1]=1000;

/r Set variabtes to 0. t/

/r Set max values tou. */

/i Set min vatues high. r/

(

)



fgets(trash,2l,dffp); /* 6ct character data. t/

fscanf(dffp,"ztdzic",&hotd); /t Get nwber of entries in datsbase. */

enlries = (doubte)((tong)hotd); /* Convert to doubte Pression- r/

fgets(!rash,19,dffp); /r Get character data. i,/

fscanf(dffp,"7.[dia*c'r,&hotd); /r Get ntmber of scans. */

scans = (doubte)((tong)hoLd); /i Convert to doubte. *./

u_scans = hotd; /i Atso save scans as unsigned to use in toop. r/

,/r This loop reads the fite and corputes avg. ard s!d. dev. r/
for ( x=0; x<u_scans; x++ )

(
fgetsltrash,g,dffp); /r Get bar code. */

fscanf(dffp,',Z,U,7.aU,A)Z'c",&hotd); /* Get time difference info. */

/t After tooking at the data, it nas fouM that the Dos interruPl 2c tl

/r that ras used to determine the times sometimes returned ending times r,/

/i less than the starting times. Uhen the subtraction rras performed to r/

/* determine the difference time, a targe nlrnber uas produced due to the*,/

/i fact that unsigned vatues pere used. To etinnate these times, times r/

/i above 320000 vere not used in the catcutations. These lrere at the '/
/r most 3 out of 1000 reads. t/

if(hoLd < 320000)
(

times Ix] = (double)(( Long)hotd); /r Store time in array. t/

timeslxl = timestxl,z100.0; /r Convert to seconds' r/

avg += times[x]' /' add lo avg variabte. */

if(times[x] >= max[0] ) /r Determine if greater thsn max. r,/

(
rnax[0] = timeslxl; /' if it is, save it and Iocation. *,/

rnax_toc = x;

)
el.se if(timestxl > maxtll) maxtll = timcslx); lr Save secoM highest max also, */

etse if(times [x] <= min[0] ) /' Check against min. */
(

mintOl = timeslxl; /* Save min and location. */
min_toc = x;

)

etse if(timestxl < min[1]) mintll = times[x],' /t Save second IoHest' */

)



etse /r if invatid nuber. */
(

x--; /* Back up x */

u-scans-'; /i decrernnt nunber of vatid scans. */
)

)
scans 3 ((doubte)((long)u_scans)); /t Convert to double. *,/

av! /= s6665' /r Figure average. r/

stdev = 0.0; /r Clear stdev variabte. */

/r This toop is used to sun the poners of the differences betHeen the */
/r average and each vatue to determine the stlndard dev. r/

for( x=0; x <u_scans; x++ )

(
sldev = stdev + pou((tirnes[x]' avg),2,0);

)
stdev = sqrt(stdev/(scans-1.0)); /r Figure Standard Dev. */

cv = (stdev/avg)t100.0; /r Figure variance. t/

/r Store nr-nber on entries, max, min average, std. dev. ard var. jn data f i I'e. *./

f pr i ntf t avgf p,ilT.f,7.1,%l,Xl, Zf , Zf \n", ent r i es,max [0J, mi n [0], avg, stdev, cv) ;

fctose(dffp); /t ctose current data fi Ie' */

{gets(fi Iename,13,fnfp); /* Get next fi Ie name '/
)
f6lesg(avgfp); /t Ctose output data fil,e. r/

)

)



START

GtT FILI LJST

iiLt l!AMf

NPtN Filt

YES

NO

GfT IUTPUT

r]Lt NAMf

lptN rILf

:i'=IRST
!ATA

-1 - l tA t/-- i t_ l\lAl"l L

RIAD DATA

rILt

tND

IS

tDr
a

READ DATA

rILE

CALCULATE

AVERAGE

STD, DEV.

VARIANCE

AVRITE

AVtRAGt

STD. DEV.

VARIANCf
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Phase II Cornputing Eguipment Speeifications

PC/AC clone (Zenith Zw-284-84)

* 80285 CPU

* EGA card

* 40 meg. hard disk
* 1 parallel port
* 1 serial port

EGA monitor (Zenith ZVl,l-1380)
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DEF FNUnslgrr ( Intgr%)
IF IntgrT. <. 0 THEN

FNUnsign = fn*,e:r% + 65536
ELSE

FNUnsigrr = Intgr%
END IF

END DEF

DEF EblSIcn% (ReaI)
IF Real < 32768 THEN

FNSlgn% = ReaI
ELSE

FNSlgn%=Eeal-65536
END IF

END DEF

Initlallzatlon routlne

tsaseAddr% = &.H300
Lntlvl% : J
BarCode$ : "A5904"
NoReaci$ : "XXXXX"

OPEN "com1: 600, e, , , rs, dsO" FOE RANDOM AS 1

ON COM( I ) GOSUB CommTrap
ON i(EY( 1) GOSUB IiequestTrap
ON KnY(2) GOSUB ExitTrap

'NewRun "
'Exi t "Lr?v

ar
Z,

-r c

PR,IIiT
PRiNT
PF.INT
PRI NT
PRI NT
PR,IiJT
:t'.-!r\ I

:.f'.1t\ I
: !,.1 l\ j
FF. i NT

Rim speed: "

Scans requested: "

Scans completed: "

Currren*,- bar code BarCode$

Good reads:
BaC reads:

t1+ }ea - -o a,'l ev utt9l t 9qgJ .

Illgsing reads;

ccM(1) 0N

CALL Irrr+,411 ( BaseAddr% , IntLvl% )

liEY ON

I.:EY(1) ON
I(EY(2) ON

GoodReads = 0
tsadReaos = Q

l*-he lReaCs : Q

,



DO

n)ain loop

DO
CALL Status(F1ag%, Period%, ScansLeft%)

LOOP UNTIL FIae%

Perlod : FNUnslgn(Perlod%)

COM( 1 ) STOP
LOCATE ]., 21
IFPerlod>1THEN

PRINT USING "flT#.SII
ELSE

PRINT " <0.98 mph"
END IF

mph"; 64260 ,/ Perlod

ScansDone = Scarrs - FNUnslgn(ScansLeft%)
MlsslngReads = ScansDone - (GoodReads + BadReads + OtherReads)

LOCATE 4, 22:
LU\,AII! II, ZZ
coM( 1 ) oN

PRINT USING "s$sSS"; SeansDone
PRINT USING "*$s*tl" ; MlssingReads

LOOP

RequestTrap:

I,OCATE 13 , 20
il{PUT "Number of scans requested"; Scans
Scans% = FNSLgn%(Scans)

LOCATE 3, 22: PRINT USING "stf.s:r$"; Scans

Good*D.eads
RrrlFs=dc

OtherReads

L'CATE 8..
r /\. I^'rr ,J

J'

LOCATE 1 O ,:,'taaTn 1 ?
L,J,

CALL Request (Sr:ans% )

RETURN

CommTrap

n : LCC(
:I l <:

C----6Jt-c1ii,.D

FRINT USING "tlfffs" ; Gc,i:clRt:nds
PRINT USING "sf#$s"; BadReads

PRINT USING "fslss"; OtherReads
PRINT TAB( 7O ) ;

0
:Q

au,

12.
no.La.

i

t\
TI]EN RETURN

iNPUT$(5, 1)

:i Scan$ = BarCode$ THEN
GoodReads : GoodReads + 1

LOCATE 8, 22: PRINT USING
ELLr!If Sca.r:$ = NoRead$ TIIEN

tsadReads:BadReads+1
LCCATtr 9, t2: PRiNT USII'jC;

*sllJt{.r.di++llrl}

51111lHf " ;

GoodReads

EadF.eads



ELSE
OtherReads = gtherReads + 1

iocerg 10, 22t PRrNT usrNc "ttssrs"; otherReads
END IF

MlsslngReads = scansDone - (GoodBeads + BadBeacls + otherReads)
locnir-rr, 22: PRINT USING "S*f*S"; lllssInsReads

RETURN

ExltTraP:

CALL h,emove
/ir c

END
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Specifications

Phase II Laser Scanning Eguipment

Moving-beam Laser Scanner (fnsta Read 6LO)

* Class fI HeNe Laser

* Fixed-mount moving-beam scanner

(400 scans/sec. )

* Max. scanning range 5-10 ft.
(code & optics dependent)

* Reads Code 39

* Operates in external enable mode

* RS-232 Seria1 output
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An eighteen month research project determined that the use of bar codes
is a feasible means of automatically identifying cormercial vehicles.
D:ring initial field testing, this system proved capable of providing a
first tine read rate of over 75% of the vehicles which passed by the
scanner.

Results fronn Phase I indicated the need for add.itional research in tl,ro
areas prior to fu1l scale implementation:

Maximization of systern hardvare to.achieve above a 95% first-pass read rate,
P.esearch to provide a bar code emblenn rfiich v"i11 last the ant.icipated life
of the tmck.

Ihis report details Lhe results of research in the above two areas, conducted
between Jr:ne 1 , L987 and Novenrber 30, L987.
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GAINS, FINDINGS AND CONCLUSIONS

The primary gains, findings, and conclusions of this study
are as follows:

f. Gains and Findings

1 An rroff the shelfrr laser bar code reader was developed
which successfully read 99.632 of the time under simu-
lated weigh station operating condi.tions.

Laminating materials were identified and tested which
extended the useful life of standard bar codes to over
five years (the anticipated life of a commercial
vehicle)

2

II. Conclusions

I

2

The researchers responsible for this report have no res-
enrations as to the technological feasibility of auto-
matic vehicle identification (AVI) using bar code tech-
nology.

Bar coding appears to be a cost effective, practical
solution to accomplish automatic vehicle identification
at weigh stations. The AVI system developed employsrroff the shelftr existing technology. The hardware cost
for each AVI station is estimated to be less than
$9,000. The unj.t cost to bar code each vehicle is esti-
mated to be $0.80 (when conducted on a large scale).
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INTRODUCTTON

An eighteen month research project conducted by the unj_ver-
sity of Arkansas at Fayetteville and the Arkansas State Highway

and Transportation Department determined that the use of bar
codes is a feasible means of automatically identifying commercial
vehicles. During initial fieLd testing, this system proved cap-
able of providing a first time read rate of over 75? of the
vehicles which passed by the scanner.

Results from phase r indicated the need for additional
research in two areas prior to fulr scale implementation:

L) Maximization of system hardware to actiieve above a gsz

first-pass read rate,
2) Research to provide a bar code emblem which will rast the

anticipated Iife of the truck.

This report details the results of research in the above two
areas, conducted between June l, LggT and November 30, 19g7. The
research effort was a joint program conducted by the Arkansas
state Highway Department and the center for Robotics and Automa-
tion, university of Arkansas, Fayetteville in cooperation with
the Federal Highway Administration.
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SUITUARY OF TECIINICAIJ FTNDTNGS

Scanner and Ernblem Modifications to Enhance Readabilitv
Modifications to the signal processing electronics and the

housing unit of the laser bar code reader, coupled with new mate-

riars used for the bar code emblem, produced a system which

tested to be highly accurate. The testing was conducted in one

of the Robotics Centerrs laboratories which was modified to si.mu-

Iate a truck passing a weigh station. A rotating motj.on machine

was designed and built to move codes past the scanner at speeds

of up to 37 MPH (Figure 1). Banks of high intensity lights were

installed to simulate sunright. Reading at a distance of 84

inches (7 ft.) and at a speed of 35 uriles per hour, under (slmu-

lated) bright sunright, the system successfully read gg.63eo of
the time (30 no reads in 8,OOO tries).

Extended Bar Code Life
Investigations were conducted to identify plastic materi-a1s

that could be used as protective sheeting for the bar codes.

Three potentiar candidates were identified and tested. Two of
the three materials successfurly passed a Looo hour advanced

weatherization test with no apparent physical d.eterioration.

Preliminary Data Base and Hardware conficruration
A microcomputer system for retrieving and storing information

was specified and purchased. The system is capabre of stdring
the information necessary to process 467,000 vehicles, before
having to access a larger host data base.

-2-



I

BAR CODE SYSTE!{ COUPONENT PARBS

This section of the report presents specific technical
aspects of the research conducted.

Bar code scanner - Two rnodifications to the existing bar code

scanner were made during the reseaich effort. previous

research identified a problem with code reading in bright
sunlight. The objective of the modifications were to
increase the signal which the scanner received from the codes

while reducing the masking effects bright sunlight had upon

the system.

l,) chanqes in raser scanner housing design - one modification
concerned the rrbirdhousett which protected the scanner from

the weather. In an effort to reduce the amount of ambient

light which reached the scanner a ,snout, device was

designed and buirt onto the front of the bird,house to
reduce the fierd of vision of the scanner. This simple
design modification increased the effectiveness of the
scanner in bright sunlight. However, the use of the snout
poses a problem of having to read the bar codes at a

greater distance because the scanner must be setback from

the. roadway the length of the snout.

2 - Electronic Modificati-on - the second modification to the
scanner system concerned a change in the circuity of the
signal processing module of the scanner. The researchers

-3-



found that in switching to the new bar code backing mate-

riar too much (reflected) light was reaching the photo-
sensor to be properly processed. Modification to the
scanner was completed by the manufacturer of the eguip-
ment.

rr. Bar code Labels - A redesign of the bar code rabels was

completed during the research. New backing materials and

lamina was tested for readability and durabirity.

1) Backinq Material - New material for construction of the
bar codes was identified, purchased and tested. Research
identified a retroreflective materiar- commercially ava11-
able as the most suitable backing material.

2) Lamina Materials - Several new rrspace agerr polymer materi-
als were identified as possible laminating materials. upon
evaluation of what materials were commercially available,
three potential products were chosen due to their resis-
tance to ultra violet rays and potential durability 1n the
fierd. comprehensive testing was conducted on these three
materiars. one of the three materials did not pass the
advanced weatherization test and was eliminated from fur-
ther consideration. The section on bar code testing con-
tains additionar information of this subject.
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EEST PROCEDURES

During previous studi.es it was noted numerous factors have

an influence on the read rate of the bar code system. These var-
iables can be grouped into one of four categories:

L) Factors effecting the laser scanner, i.e. power, scan rate,
unit in which the scanner is housed, etc.

2) Factors effectj.ng the bar code, i.e. size of the printed bar
code (min. bar width) , width of code, type of backi.ng mate-

riaI, type of lamina, etc.
3) Factors concerning the environment, i.e. the intensity of

sunlight present, angle of sunlight, rain, snow, fog, etc.
4) Factors effecting the truck on which the bar code is to be

applied, i.e. the speed of the truck, distance from the
scanner, amount of dirt on the code, etc.

In order to guantitavely evaluate the numerous factors effect-
ing the system read. rate, a scientific design of experiment was

conducted. The factors effecting the read rate were evaluated
and prioritized. The following variables were identified and

tested: Minima Bar lridth, Type of L:minar size of code, skew

Placemeut of Emblem, Speed of rrTrarckr, and Distance Betrreen scan-
ner and Code.

A rotary member was designed, built, and used to simulate
various truck speeds. Figure 1 shows the configuration of the
rotating member and its interface to the test computer.

-5-
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A computer program was developed to record the speed of the

rotating arm and accept inputs from the bar code reader. A pho-

todetector sensor attached to the test devj.ce sent a pulse to the

computer upon each successive revolution of the arm. Addition-
ally the sensor sent a scanner enable pulse to the bar code

reader (signaling the scanner to begin reading). The interface
of a AI,tD95L3 counter/timer board with the personner computer

allowed the calculation of the speed of the rotating arm. once

the bar code reader received the enable pulse it signaled the
test computer of a good read or a bad read. rn this fashj_on var-
ious independent variables hrere tested as to their effect upon

the dependant variable - percent good reads.

Table 1 - Bar Code Testinq Variables:
INDEPENDENT DEPENDENT

L. Minimum Bar width L. Readability of labels( 40, 50, 60 mils ) (percentage of good reads)

2. Type of Lamina

3. Size of Code

4. Skew Placement of Emblem

5. Distance to Bar Code

6. Speed of Bar Code

7. Pitch and Skew of Laser Scanner

Table 2 - Material Testinq Variables:

INDEPENDENT

1. Hours in QIIV Tester

2. Number of Washings

DEPENDENT

L. Readability of labeIs

2. Visual Inspection for
Damage
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Readabilitv Tests

Figure 3 graphically shows the effects of the variables which

most effect the system, e.g. distance between scanner and code,

speed of code, and minimum bar width.

The plots

a) 15500

b) 1s500

c) 15500

d) r,s5o0

are based upon 62,000 test runs:

samples of lamina l- 50 rnil codes

It rt lamina 2 - 50 rnil codes

rr rr lamina 1 - 60 rnil codes

rr rr lamina 2 - 50 nil codes

It should be noted the original design of experiment called for
the testing of three types of lamina and three sizes of bar codes

e.g. 40, 50, and 60 mil (minimum bar width). During preliminary
testing it was determj.ned the read rate of the 40 ni1 code was

below 70* at a distance of seven feet. Therefore the 40 mi1 code

was rejected. similarly, one of the three lamina materials
chosen for the study did not pass the LOOO hour advanced weather-

ization test and was erininated from further consideration.
Special bar codes with no laminating material were printed

and tested. The results of the test provided reference data con-

cerning the effects of laninatingr nateriar vs. read rate.

The bar code emblems produced for this project were tested in
an environmental testing chamber to determine the long term

effects of weathering upon the various raminating materiars.
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Environmental Testincr of Codes Cont.

Mr. George Green section head of the chemistry Labora-
tory, Materials and Research Division of Arkansas State Highway
Department was responsibre for the environmental testing.

The machine in which the codes were tested is a euv Acceler-
ated weathering Tester, which is made by the e-panel co. The

testing method is the one recommended in ASTM G53. The test
involves a continuous cycle of lights on or off and condensation
on or off:

1- Four ( 4 ) hours of w Lights oN, condensation oFF, uni-t
temperature at 50 deg. C.

2- Four ( 4 ) hours of condensation oN, trV Lights oFF, unj-t
temperature at 50 deg. C.

3. Repeat cyc1e, continuously.
Test codes were exposed at inte:rrars of 2so, 5oo, 7so, and

10oo hours each- upon removal fron the ew tester the codes were
inspected for signs of materiar deterioration and tested for rea-
dability. As mentioned previously, one of the three test lamina
did not successfully pass the 1OOO hour test.

Wash-Testincr of Codes

Figure 2 is a block dj.agrarn of the wash-test set-up designed
and built to simulate the repeated washi.ngs commercial vehicles
are subjected. The wash test was comprised of emerging the test
bar code in a solution of commercial truck wash detergent and
repeatedly activating an air cylj-nder which had a brush attached
to its end. Arl three test codes successfully passed 10,ooo
repetitions of this test with no visible damage.
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TESI RESULAS

A) Effect of Minimum Bar Width vs. Readabilitv

L) The read rate of the 50 mil bar codes is greater than 95? at
dj.stances less than seven (7) feet and speeds of up to
twenty five miles per hour

2) The read rate of the 50 mil bar codes is greater than 98% at
dist,ances ress than eight feet and speeds up to twenty five
miles per hour

B) Effect of Speed vs. Readabilitv (tested at 7 feet)
1) The 60 mil bars were readable at speeds up to 45 MpH (read

rate above 972).

2) The 50 :niI bars were readable at speeds up to 20 MpH, how-

ever at higher speeds the read rate dropped rapidly.

C) Effect of Laminatinq Material on Readabilitv
Tests on bar codes with different lamina indicate that the

read rate is independent of the 1amina type studied.
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RESEARCE WORK COUPLETED

This project was conducted in accordance with the procedural

Manual for Transportation Research Projects and under the terms
of the Basj-c Agreement. The proposed plan of work was to proceed

in four different areas:

A - Weigh Station Modifications
B - Bar Code Label Studies

C - Scanner Research

D - System Review and Analysis.
Following is a detailed description of the work completed with
comments on the timing, problems encountered, and suggestions for
additional study.

A.

1) Define system hardware requirements - Task Loog complete,
performed as planned.

2) write specifications for microcomputer and bid. cornputer -
Task 100t complete, performed as planned (see Appendix A).

3) Write software to support system integration between elec-
tronic weigh-in-motion scales, bar code scanner, and, micro-
computer data base - Task 75? complete (see Append.ix D)

Items to be completed are: a) the actual interface between

the bar code system and the system which controls the weigh
in moti-on scales, completion will require coordj.natlon bet-
ween U of A personnel and engineers responsible for instal-
lation of w.r.M. scales; b) d,efinition of exactlv what
information is to be tracked. by system.

4) rnstall microcomputer - completed as planned

-l_3 -
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B. Bar Code Label Studies

1) Design experiment to determine the significance of the varj--

ous variables associated with the reading of the bar codes:

100? complete, ds planned. As previously noted the signifi-
cant variables identified were: minimum bar width, speed of
code, and distance between code and scanner. Appendix C

contains a copy of this experiment.

2) Find various new lamina lOOt completed, but a two week

deray was experienced in the compretion of this task due to
difficulty rocating a supplier of a new lamina materiar.

3) Test lamina in AHTD uv tester - planned work 1oo? completed,

however due to the extraordinary long life of these materi-
als; additional testing is suggested.

4) Test lamina for resistance to multiple washings - work Loo?

completed. Test codes were subjected to 10,ooo washings

without physical deterioration.
5) Determj.ne most effective bar code symbology for reading out-

doors L00? completed. Difficulties were encountered com-

pleting this task. The reason for the difficulties centered

around the complexity associated with developing a device

which would (safely) generate speeds of up to 35 MpH in a

laboratory and the associated problems of rrcapturing" and

analyzing this data in a timely manner. Eventualry a suj.t-
able device was designed and bui1t.

6) Determine material specifications for production of bar
codes - Planned work was compreted, but it is suggested

addj.tional testing on extreme heat and cold be conducted

before final reconmendations are rnade.

-L4-1



n
l-.r

o
+J
d
U

E
C)
0)
P.
(n

0)

o
U
t{
cd

E

s"'

0)
l'{

b0

F=,

J
Hu
LrJF

=
L
H
2-

Joo
d

-l
tctr
Ci

I
I

l

oo
+

t-

eD

oi

o-(o
ct
t-

J{
l-lu
IJ
F

=
L3z
Y
(J

Fq

oo
d

-..1
c,
e:
(D

c)()
oio

co
D.-

n
Zcoo=

= s?r
ri ;T.taY -L)[J
L't- 4-+
Fr{ ,- .2. . \

- o.hl4ZfJ 
=r 

+r Fr 6l
Fr E= i=3H{ UlgJ=za tS*9',,

LJ Nfi J
H E=TE8T-l IJ=L,A(,
9rrrrrL)

4
cq

zo
F.

ao
E{p

a2
cn
CJ

Fo
pa
o
H
g
oh
&
l=j
F<
*.
o

el. 
I

o

)

o
G)

C,

oo
ci

u
u-IrIUUFLJ(J(JF
&E?
ll -J2.fi

2riltsl.'.)r-

F. [n

t-Ia
C
U
H
m

z
Ef
F
u
=tJ
L!
z.
E(J
IJ
o-

F
u
LJr]
F
J

trJZ
trt
N
F
UJ
TH
f
c5

UJ
z-
tl
N
F
LtJ
l-l
:lo

1E

-l

-t

I

I



7) Write specifications for bar codes 952 complete, specifi-
cations concerning the size, type of printing, and the sym-

bology of codes are complete as shown in Figure 4. Some

material specifications will reguire additional study.

C. Scanner Research

1) Develop a more powerful laser for system operation in direct
sunlight - work completed as planned.

2) Write functional specifi.cations for laser and bid specifica-
tions 100? complete, ds planned (see Appendix B).

3) Test readability of test codes to determine system reliabil-
ity - LOO? complete. The first set of test bar codes

emblems provided by the printers were rejected due to poor

guality. correcting the quarity problem and reprinting the

codes delayed this task six weeks.

D. Svstem Review and Analvsis

r,) comprehensive review of data collected to date Loog com-

plete, os planned.

2) Anaryze data collected - work Loo? compreted as planned.

3 ) conduct surnrey to determine the response of trucking compa-

nies to the concept of bar code vehicle identification - 3oZ

comprete, draft letters have been written, and trucking
firms identified. Due to the initiation of the controver-
sial weight-Distance Tax during the time this task was to be

completed, truck companies were not contacted to avoid, hav-

ing this system associated with ,weight-distance, taxing.

-L6-



4) Determine which variables most affect the operation of the

system - 85? complete, extensive indoor testing has been

completed. Operating under the premise that a code which is
maximized for readability indoors (under simulated outdoor

conditions) will read correspondingly well outside. However,

this hypothesis needs to be verified and wirl require some

additional testing outdoors.

5) Prepare prelininary report on system instalration, looz com-

plete.

A11 of the work scheduled for phase II was completed.

project was completed $460.00 under budget.

The

-L7 -
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CONCIJUSIONS

The objectives of this research project was to provide quan-

titative data concerning systern modification to achieve the fol-
lowing:

r-) Maximization of system hardware to achieve above a gSZ

first-pass read rate,
2) Research to provide a bar code emblem which will last the

anticipated life of the truck.
The first objective $ras reached by making two modifications

to the laser scanner: a) improving the optics of the scanner

which processes the signal reflected back from the bar codes, and

b) installing a rrsnoutrr onto the housing in which the laser was

contained. Ihese modifications had the effect of decreasing the
signal to noise ratio encountered by the scanner in sunlight.
The percent of good reads for the system (in bright sunlight) was

increased from 758 to over 9gZ.

The second objective was reached by conducting research on

new materials for the bar code emblems. A new base material was

identified and tested. This retro-reflective material proved to
read well and displayed adeguate durability characteristics. New

laminating materiars were identified and tested. Two of the
laminating materials passed comprehensj.ve ad.vanced weatherization
and wash tests. Testing showed the lamina did not effect the
readability of the codes.
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Appendix A

Phase II Computing Eguipment Specifications

P?/AC clone (Zenith Zw-284-94)

* 80285 CPU

* EGA card

* 40 meg. hard disk
* J. paraI1eI port
* 1 serial port

EGA monitor (Zenith ZVI{-L3BO)
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Appendix B

Specifications

Phase If Laser Scanning Eguipment

Moving-beam Laser Scanner (Insta Read GLO)

* Class II HeNe Laser

* Fixed-mount moving-beam scanner

(400 scans/sec. )

* Max. scanning range 6-LO ft.
(code & optics dependent)

* Reads Code 39

* Operates i.n external enable mode

* RS-232 Serial output

-20-



Design of Experiment

and

Test Data
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Appendix D

Computer Interface Program

(Written in cornpiled basic)
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DEF FNUrrslgrr ( Intgr%)
IFTntgr%<0THEN

FNUnsign = Int.*r% + 65536
EtSE

FNUnsigrr = Int,gt%
END IF

END DEF

DEF FNStgn% (ReaI)
IF Real < 32768 THEN

FNSlgn% = ReaI
ELSE

ENSlgn%=Real-0b536
END IF

END DEF

Initlallzatlon routine
BaseAddr% = &H300
Intlvl% = $
Bar0ode$ = "A5904"
NoReadS = "XXXXX"

OPEN "com1 : 6Ct0, e, , , rs, dsO " FOR RANDOM AS 1

ON COM( 1 ) GOSUB CommTrap
ON KEY( 1 ) GOSUB RequestTrap
ON KEY(2) GOSUB ExitTrap

1, "NewRun"
2, "Exit"

KEY
KEY

CLS
PRINT
PRINT
PRINT
PRINT "
PRINT
PRlNT
PRINT
PRINT
PRINT
FRINT
PRINT

Rim speed: "

Scans requested: "
Scans completed: "

Current bar code: BarCode$

Good
Bad

Other
l{l ss lng

reads: "
reads; "
reads: "
reads: "

coM( 1 ) oN

CALL Install ( BaseAddr%, Iritlvl% )

KEY ON
KEY( 1) ON
I(EY(Z) ON

GoodReads =
BadReads =
OtherReads

0
0

-26-
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DO

LOOP

RequestTrap:

LOCATE 13, 2A
II.IPIJT "Nurmber of scans requesteii"; Scans
Scans% = FNSign%(Scans)

LOCATE 3, 22: PRINT USING "*f$fi$"; Scans

GoodReads = 0
BadReads - 0
OtherReads = 0

main loop

DO
CALL Status(E1ae%, Period%, Scansleft%)

LOOP UNTIT ELae%

Perlod : ENUnslgn(Per1od7o)

COM(1) STOP
LOCATE 1, 2T
IFPerlod>1THEN

PRINT USING "f*f.f# mph"; 64260,/ Perlod
ELSE

PRINT " <0.98 mph"
END IT

ScansDone = Scans - FNUnslgn(ScansleftT")
MlsslngReads = ScansDone (GoodReads + BadReads + OtherReads)

TOCATE 4, 22: PRINT USING "S#*SS"; ScansDone
LOCATE 11, 22: PRINT USING "**S*f"; MlssingReads
coM( 1) oN

LOCATE
LOCATE
LOCATE
TOCATE

8,
r.l

10,
1CJ-,J r

22t PEINT USING "sffff":
22: PRINT USING ..f$f$#.,;
22; PRINT USING "#*fff";
1: PRINT TAB( 70 ) ;

rr .-- .- .JE _-- .. .l -\_? L! (.r LtlL r_- f, Ll5

BadReads
OtherReads

CALL Eequest(Scans%)

RETURN

CommTrap:

n = LOC(1)
IF n .l 5 THEI{ RETURN
Scan$ = INPUT$(5, 1)

IF Scan$ = BarCode$ THEN
GoodReads = GoodReads + 1
LOCATE 8, 22: PRINT USING

ELSEIF Scan$ = NoRead$ THEN
BadReads:BadReads+1
LOCATE 9. 22: PRINT USINLI

"**#$#";

" **f flrf " ;
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ELSE
OtherReads = CtherReads + 1
LOCATE 10, 22: PRINT USING "SSffS"; OtherReads

END IF

MlsslngReads : ScansDone - (GoodReads + BadBeads + OtherReads)
TOCATE 11, 22: PRINT USING "#SsfS"; MtsslngReads

RETURN

ExltTrap:

CAIL Remove
CL5
END
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