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. INTRODUCTION

This paper documents a solution provided by DMG@Grte of its customers in the
form of a vision inspection and data acquisitiostegn. DMC is an engineering
consulting company that provides custom softwahetiems for its customers. For this
project the customer is a company that operatemiclaéplating processes for metal
products. In this solution, a “smart” digital carmés set up and programmed to take
images and pass inspection results and measuretoentsistom program. This
program, the Inspection Program, records data amslon a personal computer (PC).

Problem Topic

DMC has agreed to assist the customer with probletated to quality control of
a specific product. This product, in reel forms loecasional bent parts, or pins, at the
end of a metal plating process. DMC'’s task isdsigih and implement a vision and data
acquisition system to identify bent pins, providocansulting services by specifying
hardware and wiring, and programming the system.
Background

DMC provides many different types of software @ondtrol systems solutions for
its customers. Vision inspection and data acqaisgystems are common solutions
which customers ask DMC to provide.

In this system, the product is a series of metad pi the shape of two pronged

forks on a reel. Each fork will later be foldedeovo create a female pin connection used



on D-Sub cable connectors. This customer wishéadoa solution to this problem
because their end customer has had quality issitlesh& end product they received.
Pins that are bent before or during the metaldgprocess interfere with the end
customer’s next portion of the manufacturing preces

Criteria and Parameter Restrictions

The primary constraints for this system are bualyednd time related. The
customer pays for all hardware used and all DM tapent working on the project. The
system is to be capable of inspecting parts ateaaf@@00 parts per minute, because this
is the maximum rate at which the line will run. eTéystem must be capable of detecting
variations in the part’s tip location within +/-B0nches. The system will display live
images and continuously updated statistics to geeator during the plating process.
This allows the operator to quickly assess problentlse metal plating process and
potential malfunctions in the vision inspectionteys. Detailed data on failed parts must
be stored for later access by the customer. Uléipathe customer can use this
statistical data for process improvement and maartee of the metal plating system.
These constraints and criteria are developed arskdgipon by the customer and DMC
during the proposal/estimate stage and the spatdits stage of the project.

M ethodology

The methodology used to develop a successfulmaystked primarily upon
DMC’s and the author’s past experience and knovdegiined from similar successful
projects in vision inspection and data acquisitidine first step was to develop a system
proposal and estimate, which was agreed upon by BMIthe customer, including

basic system requirements and costs. The next&tgpo develop system specifications,



which also was to be agreed upon by DMC and theemes. The specifications
included details on hardware and software to bd urseystem development,
performance specifications, and general informagioout all screens contained within
the Inspection Program. Starting from the basstesy guidelines from the proposal and
specifications, the entire system was developeddabdgged using a method of trial and
error. After the general system was running, it vested and further fine-tuned by
running actual reels of the part through. Worsecscenario testing was used to check
the system’s error handling and recovery.

Primary Purpose

The purpose of this document is to present thesehdion provided by DMC for
the customer.
Overview

Both general use and theory of operation for ftstesn are discussed within this
document. The Chapter Il deals with all systendvare and wiring. Additionally, the
general flow of digital inputs and outputs (IOkieplained. Chapter Il deals with the
user interface, and general use of the systemnclliides detailed explanations of all
screens and features of the Inspection Prograncegsing the stored data through
Microsoft Access is also discussed. Chapter I\Vsamrs the code used to create the
Inspection Program. PC-camera communications aletigprogram manipulations of
the Access database are discussed in this chdpigsical camera, lens, light, and

fixture setup and the camera’s program are discussie Chapter V.



Il. HARDWARE

The system consists of four major pieces of hardwan IBM-compatible PC
and a digital camera handle all inspection datagssing. The other two pieces of
hardware, a high speed counter and a photo eyersame used to trigger the camera
once per two parts. Additional hardware in theeaysincludes several relays and
switches, a 7.5W 24VDC power supply, green andnétating pass and fail lights, and
a fail indicating buzzer. All hardware, with theception of the PC, runs on 24VDC
power. The wiring diagram of the system can ba& seé\ppendix C. A basic block

diagram of the system is shown in Figure 1.

- ]«— BacklLight

! i -
! J \ ]
Photo eye [ Material
Senso
.«—— Camera
| Ethernet
<«— Counter Breakout
Board
PC
Panel

Figure 1 Basic system block diagram.



Per sonal Computer

The IBM-compatible PC has a Pentium I® processtin wil66MHz clock speed
and 128 Megabytes of system RAM. The operatintesysunning on the PC is
Microsoft® Windows® 98 Second Edition. The computzeives information from the
DVT camera through a crossover Ethernet cablefathto its network card.

Camera and Lighting

The 630 Smart Sensor Camera®, manufactured by DE&dMoration, uses
DVT's LUD-25F 25-mm focal distance lens with a 1-nspacer ring. A 15 pin high
density (D-Sub) cable connects the camera to thé Béakout board. The DVT
breakout board serves as the central connectiort fuvithe system'’s digital IO. The
pass and fail indicating lights are controlled ®2I(Pin 4) of the breakout board through
a latching relay that has both a standard and tegeyutput. The indicating buzzer is
controlled by 108 (Pin 10) of the breakout boaldpdahrough a latching relay. Both
latching relays are set to latch on a fail condi@md are reset through a momentary
switch on the panel door.

The system uses the IDRA-D Diffused Red LED Argp manufactured by
DVT, as the illumination source for vision inspecis. This device receives OVDC from
DVT breakout board Pin 15 on its blue wire and 28/ftom DVT breakout board Pin
16 on its brown wire. The black strobe input af tBDRA-D is connected to 1012 (Pin
14) of the breakout board.

Triggering Hardware

A WF 15-B4150 15-mm photo eye, manufactured bySI@c., is set to trigger

when the light path is uninterrupted, outputtingigh signal. This sensor is designed



like a fork, with the light emitter on one parttbe fork and the photoelectric sensor on
the other part. The material passes through th@Sspace between the fork tips. The
photo eye triggers when the hole in the materizdisier, as seen in Figure 2, passes in
between the fork tips. The photo eye is set tel@msourcing output. The brown wire is
wired to 24VDC and the blue wire is wired to OVDhe black output wire is wired to the

high speed counter.

CARRIER HOLE

BASELINE

Figure 2.Sample of material.

The NE131.02.3AX01 Programmable Counter, manufadtby IVO, is wired to
receive the output of the SICK photo eye through4oi The count signal received is a
differential input between pin 4 and pin 3 on toamter. A +12VDC or higher

differential between these pins will cause the ¢teuto increment. OVDC is wired to



pin 3. The counter is powered by 24VDC to pin @ BWDC to pin 2. The output of the
NE131 is a physical relay. The relay input, pinsAyired to 24VDC. The output of the
NE131 is wired to pin 6 for a normally open outp&in 6 is wired to 101 (Pin 3), the
trigger input of the DVT breakout board. All oth@ns on the NE131 are left
unconnected. The programmable counter is programmeeset the count and output a
10-ms pulse signal when the count reaches twos dduises the DVT Camera to be

triggered one time for every two parts that pasgheyphoto eye.



1. USER INTERFACE

The system is operated through the Inspection Brogunning on the PC. This
Inspection Program consists of three screenssdtup screenMain Screen, and
Parameters screen. Additionally the user is able to view dla¢a collected by the system
by opening created database files in Microsoft™e&sc2000®.
Setup Screen

ThesSetup screen, shown in Figure 3, is accessed by holdiogtrol” and
pressing “s” on the keyboard during the programt sga while theSplash screen is
shown. Engineering parameters can be changedthigrscreen. ThBatabase Path
contains the path where the Access database wslidved on the PC. The path can be
changed to point to a database file that does etogxist or a preexisting database. The
program will automatically create a new databasksdffile does not existCamera IP
Address contains the Ethernet Internet Protocol (IP) askld the DVT camera being
used in the systenscale contains the multiplier value used to convert DVT
measurements (given in pixels) to thousandthsafdae before it is stored in the
database. All changes made to$k®ip screen are remembered each time the program is

run until they are changed again.



Database Path Ic:\pmgram files\vision Inspection\visionlnspection.mdh

Camera IP Address |2|32_1,1_242|

Scale 1.84 Thousandths per Pixel Cortirue

Figure 3.Inspection Program Setup screen.

Main Screen

TheMain Screen, shown in Figure 4, gives general feedback tautes during
normal operation and allows access torhiameters screen. This program uses a
concept of open and closed reels. Only one resdlagved to be open at any given time.
The open reel is the reel which is currently bemgpected. Once a reel is closed, or
ended, it cannot be opened again without editiegititabase. Any data the Inspection
Program receives from the camera while there argpea reels is ignored. While a reel
is open and inspections are running, Nfaén Screen looks like Figure 4. When all reels
are closed th®lain Screen looks like Figure 5, with all theumulative Analysis data
showing “?” and both displays showimAITING FOR INSPECTION.

The data shown i@umulative Analysis is pertinent to the currently open reel only.
TheCurrent Inspection updates the most recent image taken by the caasegaickly as
possible. Due to the high rate of inspections]dkeprocessing power of the PC running
the computer, and limitations of the DVT camerasgessing power, not every image
can be seen on tlaarrent Inspection display. It is capable of displaying approximgtel
two images per second. In most cases, all ofaiedfimages are updated on tihest

Recent Failed Inspection display. TheMost Recent Failed Inspection display may have



similar problems to theurrent Inspection display in situations where there are multiple

failures in quick succession.

2 Inspection Program - Main Screen a8 =] |
Fie Reel Help

§ § § Start New Reel

~Cumulative Analysis ————————
Part Numhel 1 1005354
Drder Humber 1001 Eliesl
Reel Number |—2
Total Part Count |—354 Pause
Failed Part Count |—1
-Current Inspection—————————————————— ~Most Recent Failed Inspection

Figure 4.Inspection Program Main Screen with a reel open.

T}“ Inspection Program - Main Screen :j =1 |
File Reel Help

§ § § Start New Reel

~Cumulative Analysis————

Part Nulnbel ? e ———
OrderNumber [ 7 End Reel
ReelMumber [ 2
Total Part Count [ 2 Pause
Failed Part Count [ 7
~Current Inspection————————— ~Most Recent Failed Inspection

WAITING FOR WAITING FOR

INSPECTION INSPECTION

Figure 5.Inspection Program Main Screen with all reels etbs
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To create a new reel, tiseart New Reel button is pressed, which opens the
Parameters screen. The program does not allow a new reledtoreated if there is
already an open reel. When a reel is finishedgrin, the operator presses Hne Reel
button to permanently close it. When the paustifeas used, any inspection
information received from the DVT camera is ignorddis allows adjustments to be
made to the reel, which cause inadvertent camigigets, without adding false failures to
the inspection database. To use the pause fe#tteraser presses the gréwinse
button. The button then turns red, indicating thatsystem is not running, and the
caption on the buttons changes freause to Resume. To turn off the pause feature, the
button is pressed again.

UnderFile on the menu bar, the user can launch DVT Frame®&@&kmanually
force the camera to inspect, or exit the prograimderReel on the menu bar, the user
has access to the same functions the buttons alawNew Reel, End Reel, and
Pause/Resume. UnderHelp, theAbout screen can be displayed, which shows the program
name, program version number, and support contémtnation.

Parameter s Screen

When the operator starts a new reel, the pargroeshd reel numbers are all
entered into the Inspection Program throughPdremeters screen, shown in Figure 6.
To facilitate quick change over to a new reel,ghe number and order number of the
most recent reel are already automatically seleatetthis screen. Additionally, any
previously entered parameters for all three numbansbe chosen from the combo boxes
by clicking on the arrows. These previously erdaralues are obtained from the

database. Alternately the user can enter an Bntiesv value through the keyboard.
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=" Parameters - O] =]

Flease enter the parameters for the new resl

Part Humber |-| 1005354 j

Order Murmber |-| 001 j

Reel Hurmber I j
Dane

Figure 6.Inspection Program Parameters screen.

When all parameters are satisfactory, the usesesahiebone button. The part
number and order number are checked against ptegxisformation in the database. If
there is already a reel with both an identical pad order number, an error message
appears, stating, Reel with these values for Order Number and Reel Number already exists.
Please type in a unique value. The part and order numbers are reset to theddistentries
and the reel number is cleared. If the user leangdields blank and presses thae
button, the Inspection Program will ask for a vaiée entered into all fields before
proceeding. Alphanumeric characters and spaceslareed to be entered for all three
parameters.

Access Database

All data recorded by the program is entered inkdi@osoft Access 2000
database, specified in tlsetup screen. The Inspection Program does not allowslee
to access inspection data besides overview infeom#br the currently open reel
displayed on thélain Screen. To access detailed information on specific faltires

within a reel, or on previously closed reels, tserunust open the database with

12



Microsoft Access 2000, Microsoft Access XP, or enpatible program. The purpose of
this database is to allow the user to perform atg dnalysis desired using tools
contained within Microsoft Access, such as SQLestaents and queries, or by exporting
the data to other software packages.

There are two tables in the inspection databasefailure table and reel table. To
open either one, the user first opens the datdbasend then double-clicks on the table

in the screen shown in Figure 7.

gEe YisionInspection : Database (Access 2000 ﬁ _lol x|
open [if Design SMew | Bp TR

Objects Create table in Design view

Tables #]  cCreate table by using wizard

QUeties E.?._l Create table by entering data

FailuresTable

Ferms ReelTable

=] Reports

E Fages

2 Macros

@3 Madules
Groups

[#] Favorites

Figure 7.Access database tables.

Figure 8 shows a sample reel table with two ra@ies. Theandex field is an
integer field that automatically increments forleaew entry. This field is used to link
the reel table with the failure tablstart Time records the date and time when the reel
was first entered into the table, i.e., the timewkheDone button is pressed on the

Parameters screen. The&nd Time field contains the time when the reel is closesl, the

13



time when theend Reel button is pressed on tivain Screen. A blank value foEnd Time

signifies that the reel is still open.

B ReelTable : Table =13l x|
Index Order Mumber | Reel NMumber | Part Nurmber Start Time End Time | Total Part Count| Failed Part Count
| 11001 1 11005354 17142001 10:29:40 AM 142001 10:29:58 A 3458 3
21001 2 11005354 141452001 11:03:27 AM 354 0
b (Autobumber)
Record: 14 4| [ 3 b e |r#] of 2

Figure 8.Reel table.

The failure table contains detailed measuremdatnmation about every part that
fails the inspection. A sample failure table iswh in Figure 9. Thédex field is set to
be identical to théndex field of the corresponding reel in the reel talequence Number
contains the sequence of the part being inspeobed the beginning of the reel, with the
first part being numbered 1. From the camera’syestive, the part to the right is the
first part, and thus will have a sequence numberless than the part to its leftime
contains the date and time at which the inspedfdhat part took placeTip 1
Measurement andTip 2 Measurement fields store the distance, in thousandths of ah,In
from the tip of the part to the baseline. The basgshown with a red line in Figure 2 on
page 6, is simply a datum point used for measurenmséerence. Tip 1 is the tip farthest

to the right from the camera’s perspective.

EH FailuresTable : Table =10l x|
Index | Order Murnber | Resl Number | Sequence Number Tirne Tip 1 Measurement (in thousandthsj| Tip 2 Measuremant (in thousandths)
| 11001 1 B 11/14/2001 10:29:42 AM 139 121
| 11001 1 17 1171472001 10:29:48 AM 15.7 158.4
|| 11001 1 153 11/14/2001 10:29:56 AM 876 88.2
»
Record: 14 « || 4 rifre] of &

Figure 9.Failure table.
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V. PROGRAM IMPLEMENTATION

The Inspection Program is written in Microsoft@\al Basic® 6.0 (with Service
Pack 5). The source code uses three add-ins: DVIElle version 1.1, Far Point Button
Objects, and DVT SID Active X Control 1.1.
Key Controls

Embedded within th®lain Screen are five important control objects which are
used by the Inspection Program to communicate tereal objects. Four of these
objects connect to the camera while the fifth catso a text file used to store settings
information.

DVTSID(0) and DVTSID(1)

There are two DVTSID objects (DVT Sampled Imageplzig): one for the
Current Inspection display DVTSI D( 0) ) and one for th&lost Recent Failed Inspection
display OVTSI D( 1) ). Throughout the program, the connection isdeftve, but the
DVTSI D( 0) . St opl nages andDVTSI D( 0) . Pl ayl nages(Al ) (or
DVTSI D(1) . Pl ayl mages( Fai | _Only) for the second DVTSID control)
commands are used in order to toggle showing ihagies. If these displays are set to
play images, they will show a new image every ttheecamera’s image updates,
regardless of whether or not corresponding inspedatata is received by the Inspection

Program.
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DataLinkWinsock(0)

Dat aLi nkW nsock( 0) is a Microsoft® Windows Socket (Winsock®) control
set to receive inspection data from the DVT canselbdta Link port. To receive this
data the Winsock’s remote port is permanentlya&001 and protocol is permanently
set to 0 (TCP) from the properties window. The egaais Data Link at port 5001 is only
capable of outputting strings that are customrs&ramework; it is not capable of
receiving data from the Inspection Program.

Winsock(0)

W nsock( 0) is a Winsock control that connects to the DVT ceaisecommand
terminal. Its properties are set the same as #ta Dink port, except it connects through
the camera’s command terminal at port 5000. Timencand terminal can be a very
powerful tool, but requires a large amount of gfqrarsing code to handle the different
strings of information it can return. Howeverlis program, the command terminal is
only used to manually force the camera to triggemftheFile menu on th&ain Screen.
This operation is only used to debug or setup yiseem.

Inifilel

The fifth crucial control on th®lain Screen is the inifile control. The inifile
control was developed in-house at DMC for previprgjects. It is designed to write and
read data from an ini file; a file where prograrttings are stored and available for use in
between sessions. The inifile control in the Iesio® Program| ni fi | el, is linked to
the file Vision Inspection.ini, stored in the program directory. Contained waittis file
are all of the settings from ttgetup screen, along with the most recently selectedrorde

and part numbers.
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Program Startup and Initialization

Upon starting the program, tBelash screen appears which gives the user the
option to hold “control” and press “s” during thed seconds it is displayed to bring up
theSetup screen. If thsetup screen is displayed it will show the most receastijered
parameters, loaded from the inifile. After thenisadone entering parameters, the new
parameters will be stored back into the inifile d@inel global variables corresponding to
each parameter are set. If the user does not thiet®stup screen, the global variables
are set from the previously stored inifile values.

Next theMain Screen form is loaded, using the commaihdnivai nMenu. Show.
This causes thitain Screen’s For m_Load subroutine to run, shown in Figure 10 (a
flowchart forFor m_Load is shown in Appendix B-1). The very first line this
subroutine calls the functidmi ti al i ze. IfI ni ti al i ze runs successfully without
errors, then it returns®r ue value, allowing the Inspection Program to exit wiele-
loop and execute the central portion of the progrdéfman error does occur, a message
box is shown, telling the user to check cable cohaes and make sure the DVT camera
is completely booted. The program then loops lzaxkshows th8etup screen.

Thel ni ti al i ze function, shown in Appendix A-1, sets up connettito
most controls and the database (a flowchart fort i al i ze is shown in appendix B-
2). At the beginning of this function, the first assuiap is that all reels are closed, thus
thePaused andReel Open variables are both setkal se. These variables are
changed at the end of this function if there igmbio be an open reel in the database.
Inifilelissetso thatitisready to be read from ortemito later on. The

Cl ear PassFai | | ng subroutine is called every time all reels are etbs
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Priwvate 3ub Form Load()

'Initialize iz & function. L returned false walue means an error occured
‘during initiaslization
Thile Initialize = False

selection = MsgBox ("3etup Error. There was an error during initislizing "™ & _
"oonhections to the cawers and the database. Flease check to make " & _
sure that all cables are connected, the cameras are on and fully " &
"hooted before reconnecting. FPress OFE to Enter Setup.™, vhOECancel)

If =election = wbOKE Then
frmZetup.3how 1 'Go back to the Setup Soreen.,  Show it modally.
Else
End '"End Programm
End If
TMend
frMainMenu. 3how
End Sub

Figure 10.Main Screen Form_Load subroutine.

The next several lines of code deal with contrgéots that need active
connections to the DVT camera. Thei ti al i ze function first checks to see that
each of these controls are disconnected and ifaheyot it disconnects them. Next it
sets the remote host property equal to the valulsthe DVT camera’s IP address in
theSetup screen. All of the devices are then connectealtyin four separate calls to the
sameConnect ToW nsock subroutine, each time passing the control as as¥¢inby
reference. This subroutine contains a simple thap continuously attempts to connect
to the remote host until either a connection is enada timeout value of one second has
passed. There is a 10-ms delay between each attermgnnect. If any of these
connections fail, théni ti al i ze function will return aFai | result.

Next the function calls thépenDat abase subroutine. This subroutine checks
for the existence of the database file specifietth@Setup screen, and both the reel and
failure tables within it. It creates the databasd tables if they do not exist. The

subroutine then links the tables each to a DAOmkset.
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Thel ni ti al i ze subroutine ends by callitcheckFor OpenReel , which
searches for open reels with an SQL statemerthislfsubroutine finds an open reel, it
sets that reel to the currently opened reel, paisegrogram, and warns the user with a
message box. The logic behind this portion ofcibde is a large part of the error
handling. It is only possible for one reel to lpep at a time, with the exception of
manually editing the database, which is a situdih@program does not handle. If the
program is either closed with an open reel, onéf $ystem goes down unexpectedly, the
Inspection Program will not lose track of reelstthe left open.

Database Oper ations

In the Inspection Program, a major part of hamgtiata is managing the
databases. This is done through the use of Mitr&sda Access Objects (DAO) and
Structured Query Language (SQL) statements. Figurghows the DAO related
variable declarations that can be found in theatatibns section of the Inspection
Program’sDat abaseQOper at i ons module. ADat aBaseWr kSpace is a
workspace, needed to setup a databBe¢.aBasel, the active database, is a subset of
that workspace. The tables must be assigned todaets in order to be manipulated
using DAO and SQL. Record sets also can be filedg SQL queries. In DAO, record
sets are a subset of databases.

A major portion of th&@OpenDat abase subroutine, which initializes the
database and record sets, can be seen in ApperglixFrst the workspace is set. Then,
if the databasd)at abasel, does not exist, it is created and set using the
Cr eat eDat abase command. If the database already exists, ittissag the

OpenDat abase command. After the database is set, the submahecks for the
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existence oReel Tabl e within the database. If it is not found, the &alsl created by
calling the subroutin€r eat eReel Tabl e, which is shown in Appendix A. After
Reel Tabl e is either created or found to already exist, #word set by the same name

is set to it.

'DALD Variasbles
Puklic DataBaselWorkSpace As Workspace

'hotive Database containing BEeel and Failure Tables
Public DataBasel As Database

Public ReelTable A= DALO.Recordset 'Fecordiet containing ReelTable
Public FailuresTable As DAD.Recordset 'Fecordlet containing FailuresTable

'Temporary Recordiet used in several misc. gqueries
Public TempRecordSet Ls DAD.Recordset

'RBecordiet used in guery to find CpenReels
Public OpenBeels Az DALO,Recordset

Figure 11 DAO variable declarations.

SQL statements are used multiple times in thigqamm for different reasons, such
as searching for open reel records, grabbing akipte values of a field, and making
sure that the correct record is selected befotengdt. Figure 12, which shows part of
the Parameters screen form’s loading routine, contains a SQL gwxample. The code
shown is used to fill the order number combo boxh@mParameters screen with all
previously entered values for the order numbere tBmporary record set is filled with
distinct values of the fieldrder Number, using thedi st i nct command in the SQL
statement. The for-loop loads each order numbeevato the combo box. This is done
using theMbveFi r st command to move to the first record in the temporacord set,

and then usinybveNext command to move to each subsequent record. The
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Di stinct command in the SQL statement ensures that thenecaduplicate order
number values in the combo box.

'Set Order MNumber Combo Box--place all prewviously entered walues for Order
'Nundber (taken fromw the database)] into the Order Nuwber Comnbo EBox on the
'Parameters SCEEEn.

Iim =gl A= String

'Thi= guery crestes a BecordSet that only contains DISTINCT waluss for the
'Order MNumber field. That means that i1f there are several records with the
'same order number, only the first appearing record i=s taken and the rest
'are discarded. Thiz will keep redundant wvalues frowm being placed in the
'combo box.

sgl = M"Select Distinct [Order Number] from ReelTable™

Set TewpRecordiet = DataBasel.OpenPecordset (sgl, dbOpenDynaset)

If TempRecordSet.RecordCount > 0 Then
TewpRecordiet . MoveFirst 'Move to first record in recordset Recordiet
For i = 0 To TempRecordSet.RecordCount - 1
crborderNumber . AddItem TewpRecord3et ("Order Number™)

TempRecordSet . Mowvelext 'Move to next record in the recordset
Mext 1
'Recentdrderiumber contains the most recently selectced Order Number. It
'There iz a walues for this, sSet the cowko hox to it.
If RecentCOrderMNumber <> "™ Then
Call Z3ecCombobox (RecentOrderlhamber, cmbOrderNurber)
End If

End If

Figure 12 Excerpt from Parameters screen Form_Load submautin

Another example of a SQL query is shown in FiglBe Figure 13 is a sample of
code from thearameters screen’ssndDone_Cl i ck subroutine (the subroutine that
runs after the user has clicked thane command button). Before creating a new record
from the selected values of order number, part rarrdnd reel number, the Inspection
Program must first check that there is not alremdgcord with identical values for both
order number and reel number. The SQL statementrsin Figure 13 puts any such
records found in the record $aipl i cat eNanes. If one or more records exist in

Dupl i cat eNanes, the subroutine forces the user to select diffevatues.
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All the data received from the camera must beestto the database. This is
done by adding and editing records in the tabkagure 14 shows the
Cr eat eReel Recor d subroutine, which is called to add a new blanloréco the reel
table. The general structure of adding a new tboto use th&abl e. AddNew
command, followed by commands filling in all of theld values, and finished with the
Tabl e. Updat e command. The process for editing a record is gamylar. First the
correct record needs to be selected using an apag®pommand, such as
Reel Tabl e. Fi ndFi rst[ SQL st atenent]. Then the same procedure shown in
Figure 14 is used, except replacing el e. AddNew command with a

Tabl e. Edi t command.

'Ino Query to make sure there are no walues already in the table with
"identical wvalues for hoth Order and Fesl nuwber that has bheen selected
'bhy the user.

Dim =cl Ls String

"'crbOrderMundber . Text is the walue typed in the Order Number hox by the user and

'crbRee lNunber . Text iz the walue typed in the Reel Munber box.

sgl = "Zelect ¥ from ReelTable where [Order Number] = '™ &
crbOorderNumber . Text & "' and [FEeel Nuwber] = '" £ cubReellMuber,Text £ ' F

Generates the following string, =sgl:
! Select * fromw FeelTable where [Order Nuwber] = !'crbOrderlNumber. Text!
! and [Feel Number] = 'crnbReelluber, Text'

'Perform the guery. LAny records matching the criteria will he placed into a
'newy Fecord3et named DuplicateMammes
Set DuplicatelNames = DataBasel.OpenFecordset (sgl, dbOpenDyhaset)

'Tf there are any records in DuplicateMamwes, then the walues selected by the
'uszer exist already and thus are inwalid.
If DuplicateNames.RecordCount > 0 Then

Figure 13 Excerpt from Parameters screen cmdDone_Click stine
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Public Zub CreateReelRecord|
'Thiz subroutine sSimply creates a new, blank record.

FeelTable, bddNew

ReelTable ("Order MNumnber™) = frwParameters.cwbOrderMNumber.Text
ReelTable ("Reel Number'™) = frmParameters.crbReelMNumber. Text
ReelTable ("Part Number'™) = frmParameters.crbPartMunber. Text
DeelTable ("2tart Time™) = FormatDateTime (Now, whGeneralbate)
ReelTable ("End Time™) = Null

BeelTakle ("Total Part Count™) = 0

ReelTable ("Failed Part Count™) = 0

ReelTshle.Update

End Sub

Figure 14 CreateReelRecord subroutine.

I nspection Data Reception and Handling

The Inspection Program is set to receive datautiit@ Winsock control named
Dat aLi nkW nsock(0). Whenever data is transmitted by the camera girolis
Ethernet TCP connection, the subroufda aLi nkW nsock_Dat aArri val , shown
in Figure 15, is automatically executed. Withirstbubroutine and all the other routines

that it calls, all of the data processing takes@laThe flowchart for the data handling is

shown in Appendix B-3.

Private 3ub DatalinkWinsock Datsdrriwval (Index As Integer, ByWal bytesTotal As Long)
Dim BResult3tring As 3tring
Dim CameralNumber As Integer

'RBeceived data iz put into Fesultltring
DatalinkWinsock(Index) .Getlata Resultitring, vh3tring

'If the progragn is not paused and there is & reel open, then process inspection.
'Otherwise discard the data.
If Mot Paused And FeelOpen Then
Dim i Az Integer
For 1 = 0 To 3
'This clears all "WAITING FOR INSPECTION™ and other such images
'on the display if they are not already cleared.
LxEIIDClear (1) .Visikble = False
Next i
Call HandleNewInspection (Result3tring)
End If
End Sub

Figure 15.DatalinkWinsock_DataArrival subroutine.
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The data is first read with tli&t Dat a command before the program checks for
the paused state and open reels. GdteDat a command must be executed, even if the
program is paused and all reels or closed. Thisemaertain that the data is cleared out
and ignored, instead of being received the next timeDat aAr ri val event occurs.
Data is received as a string with eight values is¢pd by commas followed by a colon.
The colon is used as a delineator between inspectidhis is done so that if the
Inspection Program happens to miss data transfemfipreason, such as being in stuck in
modal mode, the program will still be able to hanalh extended string containing two or
more inspection results.

TheHandl eNewl nspect i on subroutine, shown in Figure 17 loops through
three subroutines until the string containing theeived inspection data,

Resul t Stri ng, is empty. Separ at el nspect i on first looks for the first colon
from the left, and breaks the string at that pafitdone using th&pl i t command).
The data to the left of the colon, which would be first inspection to have occurred
chronologically, is placed in the variab@el nspecti on. The remaining data is
placed back ilResul t St r i ng and the colon is discarded. Next the comma stgzhra
string,Onel nspect i on, is separated into an array of eight singles (foge floating-
point numbers). Finally the array is receiveddojdNew nspect i on, which uses it to
determine the actual results and edit the tablesrdmgly. All variables passed from
Handl eNew nspect i on to the three subroutines it calls are passed feyarce,
except forPr oduct Resul t s, which is available to all routines because deslared

as a public variable.
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Public Sub HandleMNewInspection (ByREef Result3tring As String)

Dim ResultsMNuwber As Long
Dim i As Integer
Dim OnelInspection hs String

Do While (BResultString <> "™
'Data is passed through by reference in Result3tring. The first inspection is
'remowved from Result3tring and returned through Cnelnspection
Call Separatelnspection(Result3tring, Onelnspection)
'The Onelnspection is sent as a comma sSeperated string and is returned as an
'‘array of singles through ProductBResultsi). True i= sent as a boolean to tell
'the subroutine to dimension ProductResults(). ResultsMuwber is returned with
'"the length of FroductResults().
Call StringToSingledrray(Onelnspection, ProductResults(), ResultsNumber, True)
'The data is checked and hased upon the results the tables are edited and
'updated.
Call AddNewInspection

Loop

End Sub

Figure 16.HandleNewlnspection subroutine.
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V. CAMERA SETUP AND PROGRAMMING

The setup of the main sensor of the system, th& Eamera, is a crucial part of
the overall system. The physical setup and pasitgpoof the DVT camera and related
items are the first half of this portion of the tgya. Achieving reliability and
repeatability in images captured by the DVT cantenaends primarily on the DVT
camera positioning, lighting, and lensing, alonghwnaterial fixturing. The second half
of this system portion is programming the camekh.of the image processing occurs
within the DVT camera’s embedded controller. Besithking measurements and
determining the pass/fail result of each part,RN& camera acts as a central point for
10.

Camera, Lens, Light, and Fixture Setup

The DVT camera is set up to find pins bent indhrection perpendicular to the
plane of the material. The DVTSID display on tlght in Figure 4 on page 10 shows an
example of a bent pin. The pin on the right irs iimage is bent downward compared to
the pin on the left. The camera is set to detaatidbent pins possible by viewing the
part nearly head on with the pins. The cameraggeal 10 degrees off axis from the part,
so that from the DVT sensor’s aspect, a perfedthight pin will be pointed slight below
the rest of the part.

A picture of the fixture and lighting is shownkigure 17. The DVT camera uses

diffused backlighting from the DVT IRDA-D light. &Kklighting is used because it
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provides optimum contrast between the part anbaickground. In an ideal backlighting
situation, the object being inspected becomes pladety black silhouette on a
completely white background. This gives a larg@ant of contrast and high gradients
at the edges of the object, thus making edgesrdadiad by vision inspection software.
The backlight is a red LED array that comes withia plastic diffuser on the front. In
addition to this, a larger white piece of plastigput in front of the light to cause further
diffusion. The light is diffused so that it is spd evenly across the camera’s field of
view. Without diffusion, the LED array appearssaseral bright circles (one circle at

each LED) as opposed to one bright, uniform plane.

Figure 17 Lighting and fixture.

The lens used for the camera is a DVT LUD-25F 2B-ens. It has variable

focus, but no aperture control. A 1-mm spacer isnglaced between the camera and the

27



lens. The spacer ring is not necessary to aclicees; however it allows the lens to be
screwed in more tightly when focused. This makesiéns focus more stable and less
likely to change if the camera is bumped. The $aswset by looking at a still part and
adjusting the lens until the focus is optimizedh&t ends of the part’s tips. The exposure
time is set to .7 ms using the DVT Framework sofexarhis gives good contrast
between the bright background and the dark parisantbre than short enough to keep
the part from blurring significantly at even thglhest speeds.

To assure that the part does not blur at highdspebke number of pixels that the
part will move during the exposure time is calcetht If this value is greater than one
pixel, it can be assumed that there will be attleasor blurring. The speed of the part in
pixels per second is determined by dividing theegp@0 feet per minute or 6 inches per
second) by the resolution (.00184 inches per piX€le distance the part travels during
exposure time is calculated by multiplying the spésoproximately 3,260 pixels per
second) by the exposure time (.0007 seconds).p&ttanoves a maximum of 2.3 pixels.
Even when the line is run at top speed, this bigris barely noticeable. Furthermore,
because the movement and blurring occur in thezbotal direction and the precision
measurements are taken in the vertical directlargetis no effect on measurement
precision and accuracy.

The part is placed in a firm fixture so that ithkiave consistent placement within
the camera’s field of view at varying speeds. &slkto the right and left of the fixture
guide the material through the fixture. The fixiras a hollowed out area that the
material travels through. In the center, the figtis completely opened up so that the

camera has an unobstructed view of the part.
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DVT Program

The DVT camera runs version 2.3 of firmware, dmngstis programmed through a
PC that runs Framework 2.3. The DVT camera isfamogned to perform vision
inspections using “soft sensors”. A soft sensorlwa anything from a detection tool or
positioning tool of some sort that is drawn onithage, to an invisible distance sensor
that gives the distance between two other senpesscript sensor, that is a bit of code
written to perform a task. These soft sensorsbeareferenced off each other, to form a
chain of dependencies; i.e., sensor 1 is positiafiesensor 2, which in turn references
sensors 3 and 4. A reference can be a positienemte, where, for example, sensor 1
might be moved three pixels to the left and rot&@dlegrees based upon the results of
sensor 2. Or a reference can be a soft sensasttederred to as a variable in a script
sensor. Just as with most programming languagéissensors are not allowed to have
circular references. Every group of soft sensordigured to inspect a part make up one
system program, called a “product.” Although tlaenera is capable of storing and
switching between multiple products, only one pamgiis used in this application.

The images of the parts were found to move ar@ufait amount in the screen
during actual inspections, depending upon the spé#t line. The cause of this was
not determined, though some possibilities incluelaylin the mechanical relay of the
high speed counter, or inconsistency in the pdimtrach the photo eye was triggering.
The field of view is wide enough so that there baras many as three parts displayed at
one time. This ensures that there will alwaystdeast two parts available for
inspection. Because of the movement, the genesalipning soft sensors must have a

robust way of determining which two parts needdarspected.
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Because the inspections occur at a high rategahmeera must finish capturing the
image, digitally acquiring it, performing all insgg@n logic and measurements, and
setting 10 before it is time to take the next imagdée camera has 133 ms to complete all
of these tasks because there are a maximum ofépedctions per second. The current
inspection program has a total inspection timerofiad 80 ms, never clearing 100 ms.

Soft sensors

MinimumDistance, shown in Figure 18, is a “Precision Measuremarga Edge
Line” soft sensor. This soft sensor has sevendicat scan lines set across the area it is
drawn in, from bottom to top. Each scan line nesuthe first pixel it finds with a high
enough gradient (set to 8.7 for this sensor). Sda density parameter is set to 20
percent, so that a scan line will be placed onafrevery five pixels along
MinimumDistance’s width, in order to conserve camera processinggno
MinimumDistance’s measurement parameter is set to “Minimum Digtdnehich means it
will return the position found by the scan with tbevest vertical position. The purpose
of this soft sensor is to find the general positdjust one of the parts.

MinDistYScript iS @ script sensor that has the following linesade:

M nDi st YScri pt. Posi ti on. X=M ni nunDi st ance. Posi tion. X;
M nDi st YScri pt. Posi ti on. Y=0;

This causeslinDistYScript's X position to change depending on the X positiesult of
MinimumDistance, While the script sensor’'s Y position remains ¢ans YPosition, Shown

in Figure 18, is a simple “Translational Positiagihine” soft sensor that positions based
on the result oMinDistYScript. The purpose of this translational sensor isrid the

general vertical position of the baseline, depidtelligure 2 on page 6. The sensors

precedingrPosition are used to make certain that this sensor hitbdkeline instead of
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one of the partsyPositionYScript, Similar toMinDistYScript, Sets its Y position off the

vertical result ofrPosition and leaves the X position constant.

=]

S

YPositior

B LS

InPo LeftBlotk MinimumDistanc

Figure 18 DVT soft sensors (initial chain links).

InPo_LeftBlob, shown in Figure 18, is positioned offositionYScript, SO that it
remains in the same horizontal position, but adjusttically to remain just barely below
the baselinelnPo_LeftBlob is a “Blob Generator” soft sensor. A “Blob Gertera
converts all of the pixels within its area intoheit light or dark pixels. All pixels with
intensity values above a threshold (set to be 86gme¢ of the contrast of pixels within
InPo_LeftBlob’s area) are set to light pixels and all pixelsoethe threshold intensity are

set to dark pixels. The blob sensor is set tockeiar dark blobs, or groupings of dark

31



pixels that all touch each other. The objectivéhig sensor is to generate a blob
wherever a part intersects its aré&&o_LBSelect is a “Blob Selector” soft sensor that
referencesnPo_LeftBlob. It selects any number of blobs and filters betitest based on
parameters that are set. The only criterion thaet for blob selection Bounding Box
Width: Start=60, End=160. This means that the and blobs that have a lerfgdss than 60
or greater than 160 will be filtered out and ndésted byinPo_LBSelect. The script tool,
InPo_BlobScript iS a script tool that looks at all the blobs stdddyinPo_LBSelect. This

script chooses the left-most blob, and uses tludit left most pixel for its X position:

int i;
int LeftMost;
Lef t Most =I nPo_LBSel ect . Bl obBoundi ngBox. XO[ 1] ;
i =2;
while ((i<=InPo_LBSel ect. NunBl obs))
{
i f (1 nPo_LBSel ect. Bl obBoundi ngBox. X0O[ i ] <Left Most)
{
Lef t Most =I nPo_LBSel ect . Bl obBoundi ngBox. X0[i];
}
i =i +1;
}

| nPo_Bl obScri pt. Position. X=Left Most ;
| nPo_LBSel ect . Bl obBoundi ngBox. X0O[ i ] is the blob’s left bounding box
position { nPo_LBSel ect . Bl obBoundi ngBox. X1[i] would be used to return the
right bounding box position). Just like the otheo script sensors that have been
examined so far, this script sensor changes ordyobthe positioning coordinates (X)
and leaves the other (Y) constant.

The general idea behind the three related “bloi’ sensors is to find the X
position of the left-most part that can be inspgct€he part cannot be inspected if it is

too far to the left, causing one of its pins to geewith the fixture on the side. The
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position of the rectangle faiPo_LeftBlob ensures that if a blob is found too far to thé lef
it will be cut off, and that the next closest blolxthe right will be far enough into the
rectangle. The length criteria i@Po_LBSelect assures that if a blob is too far to the left
so that only a small portion of it is in the baxwill not be selected.

BaseLine, shown in Figure 19, is another “Precision Measwaet: Area Edge
Line” soft sensor, just lik®linimumDistance, set to scan vertically from the bottom up.
However, the measurement parameteBastLine is set taLineFit. This means that the
positions found by each scan are used to intemaldine. This line is considered to be
the datum for the final pin distance measuremeBdseLine is set to have a scan density
of 35 percent. It is positioned afifo_BlobScript SO that it will always fall directly

between the two parts that are to be measured.

i F1T2Precisio |
F2T1Precisio BaseLin ; _ .
F2T2Precisio [} _ F1T1Precisio

| ] F1T1Positiol
F2T2Positiol : : '
F1T2Positiol
F2T1Positiol

Figure 19.DVT soft sensors (final chain links).
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F1T1Position, shown in Figure 19, is a “Precision MeasuremAnt¢a Edge Line”
sensor set to find the minimum, or lowest Y positod the first part tip (fork 1 tip 1). It
is set to 100 percent scan density so that nogpar ignored in its searchi1T1Position
referencesnPo_BlobScript for its position so that it always lies directly the correct pin
tip. Three other sensors, shown in Figure 19jdmmetical toF1T1Position (F1T2Position,
F2T1Position, andF2T2Position). There is one sensor corresponding to eachediotlr pin
tips.

Referencing off 1T1Position iS F1T1Precision, shown in Figure 19. This
“Precision Measurement: Line” soft sensor is alwagsitioned to directly measure the
lowest point of the pin. There are three identgmalsors corresponding to the other fork
tips. Fork1Tip1Distance iS a “Math Sensor: Distance” tool that referenoeth
F1T1Precision andBaseLine. This sensor returns a perpendicular distanpéexels
between the point th&ti T1Precision finds and the line interpolated ByseLine. The
three other similar soft sensoFsrk1Tip2Distance, Fork2Tip1Distance, and
Fork2Tip2Distance, measure a pixel distance for the other threetipsk Each of the four
soft sensors is to be set to have a minimum andmam distance set. If the
measurement does not fall within these valuessdiftesensor’s result will be set to
WARN and the result value will be set to a positive bem The result value and
measurement value are both passed to the Inspéttoignam through Data Link for each
of the four sensors. If the distance is not aipgsslue, the sensor’s result is set to
WARN instead ofFAIL, because when the sensor fails, the measuremiesietiganot made
available to send through Data Link. The minimumnd anaximum distance parameters

remain to be set by the customer, depending ototeences required for the reel being
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inspected. However, the passing criteria areyikelbe close to the range of 25 to 40
pixels.

The actual measurements taken by the distancersesre not direct
measurements. They are indirect measurements itaklea plane of the camera lens.
The part is not directly on-axis with the cameTde slight angle, which is necessary to
create background contrast at the pin tips, hasrwortant consequences. First, a
perfect, unbent pin does not have a measured vhlzero. Second, the measured values
are not an exact measurement of the distance #&sgaht. However, because the angle
of the part with respect to the camera is only é@rdes, the measured values are a close
approximation to the actual distance. The measumkee of a pin has the most meaning
when it is compared relatively to other pins. Example, stating that a pin’s measured
distance is 25 thousandths greater than the measuatdor a perfect, non-bent pin is
probably a good indication that the part should fai

The script soft sensdfinalResult, references the results of the four distance
sensors as variables. If any of the four sensonmsod return @ASS value for their result,
Fi nal Resul t. Resul t is set taFAIL. FinalResult is used to return an overall pass/fail
result for the inspection for two reasons. Thstfis so that indicator outputs (lights and
buzzers) can be set. The second is to ensuréhthat
DVTSI D(1) . Pl ayl nages( Fai | _Only) command works appropriately, allowing
all failed images to be displayed in the Inspecioaogram.

IO setup

The input and output for the DVT camera are camBg in the in th&O

Parameters screen. On th@&ming tab, shown in Figure 20, the outputs are set to be
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immediately available after the trigger, and thgat pulse width is set to 50 ms. This
means that each time the camera triggers, theami®@utputs are asserted for 50 ms,

starting immediately after the camera is done @siog the inspection results.

1/0 Parameters x|

Tirning | Inputs | Dutputs | User |

Outputs are available

' |mmediately

" Immediately, but within =] [ ms after trigger.
At a fived delay of E [ ms after trigger.

[ Maintain Output Fesult

Output Pulze YWWidth [ms) : E ]
Post Output Delay (ms] : E—D
Fiesource Conflict Pulze ‘width [mz] : E 10

QK I Cancel | Apply | Help |

Figure 20.Framework 1/0O Parameters: Timing settings.

Under thanputs tab, the only inpu®in 1, is set tarrigger. On theOutputs tab,
shown in Figure 21Rin 2 is set taUser1, Pin 8 is set toUser2 andPin 12, is set ttStrobe.
All other output settings are irrelevant and candbiein their default state.

Under theuser tab, shown in Figure 2RISER1 is set to the function valugy,
and all soft sensors cleared below it, excepFiieResult, which is set t¢AIL. This
ensures that this output is asserted only whenRith&Result soft sensor failsSUSER2 is

set identically taJSER1.
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1/0 Parameters |

Tirning | [nputs DUtDUt$|User |

Inwert [rwert
COutput Function Falarity Output Function Polarity
Fin1: |[none] x| Pir 3: [none) |
Fin 2: ml Fir 10: [mome] -\ [
Pin3 |Inone] | & Fn: T
Pind: |lnone] | Finiz [shobe =] T
Pin5: |fnone) ~| I FalRedleDy  Fal |
Pin |inone) | Fail [Gresn LED)  |[nonel L
Fin7: |inone] ad [ Pass[Red LED)  |[none] -
Fin &: m r Pasz [Green LED: m I

u] % | Cancel | Lpply | Help |

Figure 21 Framework 1/0 Parameters: Outputs settings.

Timingl Inputsl Clutput

USER1 | USER2 | USER3 | USER4 USERS'
Function | Ay Ay Any Any Any

F1T2Pasition -]
F1T2Precision
Fork1Tip2Distance
F1T1Postion

PrecizionPositionHelp

F1T1Precizion
Fork1Tip1 Distance
FinalRezult Fall Fall -

(] 4 | Cancel | Apply | Help |

Figure 22 Framework 1/0O Parameters: User settings.
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Inspection data is passed from the camera ta@ection Program through the
DVT camera’s Data Link drivers. Data Link is canfred through th®ata Link
Parameters Screen.STRING 1 is configured tAlways be sent in th@®ata Link Parameters:
Sensors screen, shown in Figure 23. No other strings aeslpyand thus are all set to
Never.

The actual data to be sent through Data Linktisigen theData Link Parameters:
Strings screen, shown in Figure 24. The results and measants of the four distance
soft sensors are sent out in an eight-value comaparated string with no spaces, and
preceded by a colon. The result values sent gregiintegers. A positive value
indicates that the soft sensor returned a warreyalnd negative result represents a
failure, and a zero indicates the passed state. didtance measurements are all passed

as floating-point values.

Data Link Parameters |

|Strings| Hesponsel Genelall Terminall

STRING 1 | STRING 2 | STRING 3 | STRING 4 | STRING 5 | STRING & | STRING 7 |

Function | Always | Mewer | Mever Merver Mever Mewver | Mewer

-
MinimumCistance :l

MinDisty Scriat
Position
YPostionyScript
InPo_LeftBlok
InPo_LBSelect
InPo_BlokScript

Baseline -
4 I I »

Ok | Cancel | Lipply I Help |

Figure 23.Data Link Parameters: Sensors screen.
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Data Link Parameters

Sensorz

Fesponse I General I Terminal I

String Definition IString'I jv [~ Priority String

— Senzar Parameters

- MinimumDistance -

{Faork1Tip1 Distance. Senzor Result} {Fork1 Tip2Distance. S ensor
Result} {Fark2Tip1 Distance. Sensor Result), {Fark2Tip20istance. Sensor
Result} {Fark1Tip1 Distance. Distance/Radiust, {Fork 1 Tip2Distance. Dist
ance/Radius}t {Fork 2Tip1 Distance. Distance/R adiug} {Fork 2Tip2Distan
ce Distance/R adius}:

Sample Display

-

b
/- MinDizty Script
H- 7 Position
|eert | B rPositionScript
t- InPo_LeftBlob
t- InPo_LBSelect
t- InPo_BlobScript
+|- Baseline
H- F2T 2Pozition
bl F2T 2Pracizinm LI

O s IO IO B e OO e IO B B

[ndex

Farrmat | E_1

OO0L0123.123457 123123457 ,123.123457 123.123457:

;I r Line Termination

-] EOL | [cRLF i

ok |

Cancel | Apply | Help

Figure 24 Data Link Parameters: Strings screen.
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VI. CONCLUSIONSAND RECOMMENDATIONS

The system described in this thesis is a sucdessiution to the customer’s
problem. It was developed within budget and makidesign requirements. The system
has not been extensively used yet for the custenmereds, and thus not heavily tested.
However, it passed all verification tests.

The system is able to display live images on tGe Flowever, due to the speed
of inspections, some images are never displayade@RC, even though inspection data
from all images are recorded. This is because & B0 camera is not capable of
transmitting that much data over Ethernet at a bigbugh rate to show all images. This
is not a major issue as the images are alreadiaglexph at a rate faster than can be easily
interpreted by an operator (two images per second).

The Inspection Program shows real-time statistibanges in failed and total part
counts are displayed on the screen in less thasexwnd after each inspection when the
line is running at full speed. The final systens ha easy interface that allows quick
entry of parameters and quick changeover to a eelby the operator.

The system meets resolution requirements; it isloi@pof accurately detecting
variations in image measurement less than .00Z2scfihe program running on the

camera is able to inspect the line at maximum speéttbut missing parts.
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Verification M ethods and Results

The software was heavily tested for bugs befaral fleployment into the
customer’s site. The overall system was verifigdunning actual reels through the
system. To test all data that the camera was ugwhe system was configured to
record all measured pin information to the datalvaeer than just failed parts. A reel
with a known number of parts was run through thetesy to ensure that all pins were
inspected. The same reel was sent through themytstice. Both runs gave similar
results when the data was compared, proving systpeatability.

Future Recommendations

Ideally, much more rigorous testing and verificativould be performed to
determine exact levels of system performance. Hewehe costs of such testing to the
customer outweigh the benefits. The system shioeldin online during actual
production. In time additional system flaws maydigcovered due to unforeseen
conditions occurring, which may require additiomaddifications to the system.

Currently DMC is working with the customer on afddional project to modify
the system to inspect and record data on a conhpblifeerent part. The camera will be
looking at the reel from a different perspectiwtodifications to the triggering system,
camera mounting, light mounting, part fixture, caanrogramming, and Inspection

Program will permit the system to be changed owé¢his second inspection mode.
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APPENDIX A

CODE SAMPLES
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Public Function Initialize() Ais Boolean
On Error GoTo Handler
Initialize = False

'Zet the inifile
iniFilel.Filename = ipp.Path & "4" & IniFileName

'Set Reel Closed Farameters

'Default states set as 1f there are no open reels.
Paused = False
ReelOpen = False

'Blanks all Cumulative Analysis text boxes with "?" and both DVTSIDS with
'PTAITING FOR INSPECTICH"™ labels.
Call ClearPassFailImg

'Make all Connections

'These commands close any existing connections. They are only executed
'if the state iz NOT zero (zero iz the disconnected state) . These are
'needed for when this subroutine is run multiple times [dus to any
'initiaslization errors.)

If DatalinkWinsock(0).%tate <> 0 Then DatalinkWinsock(0).Close
If Winsock(0).3tate <> 0 Then Winsock(0).Close

If D¥TSID(0).3tate <> 0 Then DVTIID(0).Disconnect

If DVTIID(1).3tate <> 0O Then DVT3IID(1).Disconnect

‘et IP addresses. CamerallPiddress was set from the .ini file
‘during routines that run in the Setup Screen.

DatalLinkWinsock (0) .RemoteHost = CameralIPiddress
Winsock (D) .RemoteHost = CamerallPiddress
DVTSID (0] .RemoteHost = CameralIPiddress
DVTSID (1) .RemoteHost = CameralIPiddress

'Calls simple routines that connect each of the following dewvices to
'the DVT Camera:

'DVTSID(0) : Current Image Display

'DVTSID (1) : Most Recent Failed Image Display

'DatalinkWinsock (0) @ One way communication path through the DVT

' Data Link driwven port. This port is used only to send inspection
' result strings from the camera to the Inspection Program
'Tinsock(0): Two way connection to the Command Terminal of the camera.
' Any of the built in DIV¥T Comm. Term. commands can he sent to the

' camera and complex String parsing routines can he Set to run to

' interpret the returned data. Not heavily used in this program,

Call ConnectToWinsock (DVTIID(0))
Call ConnectToWinsock (Winsock(0))
Call ConnectToUinsock (DVTSID (1))
Call ConnectToUinsock(DatalLinkWinsock (0))

'Makes certain that the DVTIIDs are not displaving live images

DVTSID (0] .3topImages
DVTSID (1) .3topImages

'Database Initialization
'This calls the routine that first checks for the existance of the
'datakbase. Then either opens or creates the database. Next it checks
'for the existance of both tables and then either opens or creates the
'tables. It assigns all tables Lo an DAO Recordset object.
Call OpenDatabase (DatshasePath)

'Check for Open Reels
'Check to see if there is a reel that is open.
'If an open reel iz found, the routine will
'change ReelOpen=True and Paused=Trues

Call CheckForOpenReel

Initialize = True 'Ho Initialize Errors
Exit Function

Handler:
Initialize = False 'Error Handler. Initialize error occured

End Function

Figure A-1.MainMenu Initialize subroutine.
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Fublic Sub CreateReelTable (EyFef Createlh As Database)
It iz only called if the

'This creates the RunData table.

'table could not he opened.
Dim NewThl is Tabhlelef,

Dim Idxl As Index

End Sub

F1 ks Chject,

F2 is Ohject,

'Jet the new table to the datsbase and name it.
Zet NewThl = Createbb.CreateTablelef ("ReelTahle™)

'Create field okhjects
= NewThl.CreateField|("Index™, dbLong)

et

'F1 will ke an Index,

F1

'for each new record
Fl.Attributes = dblutolIncrField

Zet
et
et
Zet
et
Set
et

"Append field

Fa
F3
F4q
FS
F&
FY
FB

NewThl
NewThl
NewThl
NewThl
NewThl
NewThl
NewThl
NewThl

= NewThl.CreateField|"Order Nuwher™,
= NewThl.CreateField|("Reel Nunker'™,
= NewThl.CreateField|"Part Nuwker'™,
= NewThl.CreateField|("3tart Time",

= NewThl.CreateField ("End Time", dbDate]
= MNewThl.CreateField|("Total Part Count™,

= NewThl.CreateField|("Failed Part Count™,

.Fields. Append
.Fields.Append
JFields. Lppend
LFields. Lppend
LFields. Lppend
.Fields. Append
.Fields.Append
JFields. Lppend

F1
Fz
F3
F4
F5
Fa
F7?
Fia

obijects to the new table

"Append the new table to the datsbase
Createlbh.Tabhlelefs. Append NewThl

F3 As Chject,

dbText)
dbhText)
dbText)
dbDhate)

dbLong)
dbLong)

F4 As Ok

20 thiz sets it to autowatically increment

'Set up appropriate M3 Aocoess datsbase field properties for the
'Index field
et Idxl = NewThl.CreatelIndex ("Index™)
Id=x1.Primary = True
Id=x1.0Unigque = True
= Idxl.CreateField("Index™)
Idx1l.Fields.Append F1

Zet

NewThl. Indexes. ppend Idxl

Fl

Figure A-2.CreateReelTable subroutine.
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Public Sub Openbatabase (Filenasme Ls String)

'Thiz Subroutine first looks for the database file. It sets it or creates it
'and sets 1t to DataBasel depending on if it exists. Then each of the tables
'[Failures and Feel) are searched for in turn. If & table iz not found, it

'is created by calling the CreateReelTable or CreateFailuresTable subroutine.
'The takble is then set to the corresponding Record3et.

Dim DETsbleExists As Boolean
Dim i As Integer

'DEEngine is a class member of DALOD
Jet DataBaselork3pace = DEEngine.lWorkspaces(0)

If Len(Dir (DatabasePath)) = 0 Then 'If Database does not exilst
'create the database

Jet DatabBasel = DataBaseWorkS3pace.Createlatabase (Filename, dblangGeneral)

Else

'open and set preexisting database

Jet DatabBasel = DataBaseWorkS3pace.Openlatabase (Filename)
End If

'Check for reel table —-- create 1f it does not exist else just set 1t
DETakhleExists = False
For i = 0 To DataBasel.Tablelefs.Count - 1

DETableExists = DETableExists Or (Databasel.Tablelefsi(i) .Name = "ReelTakble™)

Next 1
If Mot DBETableExists Then

Call CreateReelTable (Databasel)
End If

Jet ReelTable = DataBasel.OpenRecordset ("REeelTable®™, dblpenbhynaset)

Figure A-3.0OpenDatabase subroutine.
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FLOWCHARTS
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START SUB
MainMenu

Form_Load

A 4
CALL FUNCTION Initialize

SHOW ERROR YES
MESSAGE. DOES USER
WISH TO ENTER

SETUP?

IS FORM NOT
INITIALIZED
(Initialize=False)?

SHOW SETUP SCREEN

DISPLAY END INSPECTION
MainMenu PROGRAM
A 4

( END SUB )

Figure B-1.Flowchart for MainMenu Form_Load subroutine.
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START FUNCTION
Initialize

SET VARIABLES
Initialize=False

v

SET REEL CLOSED
PARAMETERS

v

MAKE ALL CONNECTIONS
(CONNECT WINSOCKS AND
DVTSIDS TO CAMERA)

OpenDatabase

DOES
DATABASE
EXIST?

YES

NO
A 4

CREATE AND
SET DATABASE SET DATABASE

|
b4

YES
CIJE;%BT%E CREATE TABLES

NO

A 4

SET TABLES

CheckForOpenReels

IS THERE AN YES SET REEL OPEN
OPEN REEL? PARAMETERS

NO

A 4

Initialize=True

EXIT FUNCTION

Figure B-2.Flowchart for MainMenu Initialize subroutine.
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START SUB
DataLinkWinsock_DataArrival
(CALLED BY DATA ARRIVAL
EVENT)

GET DATA AND PLACE IN ResultString:
Inspection1 : Inspection2 : Inspection3: ... : InspectionN=>ResultString

YES

IS A REEL OPEN
AND PROGRAM NOT
PAUSED?

HandleNewInspection

NO

YES
. o IS ResultString EMPTY?

NO Separatelnspection

SPLIT ResultString:
Inspection1 X Inspection2 : Inspection3

/
Onelns pection ResultString

StringToSingleArray

A
CONVERT STRING TO ARRAY OF
SINGLES:

Onelnspection=>ProductResults()
I

AddNewlInspection

h 4
HANDLE THE INSPECTION:

TABULATE RESULTS, UPDATE
TABLES, AND UPDATE DISPLAYS

A

END SuB

Figure B-3.Data handling flowchart.
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APPENDIX C

SYSTEM WIRING DIAGRAM

Please note that not all fuses, switches, anditibceakers are shown in this

diagram. 120VAC power to the PC and the 24VDC paupply are not shown. Non-

connected pins for the high speed counter arehwts.
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