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1. Introduction and Background Research Spelling and grammar errors
The reason for creating this project is to have a system that can scan a board on a quality check line
which can identify the components that are on it giving them a pass or fail induction. The camera will
be able to identify the components on the board by using the designed template which has to be
programmed into it. The problem that is being overcome is identifying the components on a board
using a software where the camera has been connected to.

Vision sensor systems will perform inspections at quick speed and can link the factory information
straight into the production line, this will help in stock control and inspection details. The sensors are
adaptable and is flexible, which makes them ideal to use in a wide range of features. The three big
elements of vision sensors are an easy to use interface, powerful inspection and a modular vision
system. (ivs, 2023) In the automaotive industries use the vision sensor throughout the process, to
ensure the quality is kept at the highest standard throughout. (ivs, 2023) In the medical and
pharmacies industries the products must be kept to the FDA and GAMP standards, this is done by the

vision sensors checking the products throughout. (ivs, 2023)
Relevant sources used

The intro includes some significant points




2. Specification

The project is a detector which can scan the amount of components on the board and if they are in
the correct positions. The software will also be able to detect the components even after the board
has moved positions. The project will need to be finished by the middle of May, the problems that
might arise is having the components delivered to the college. Also a budgetary constraint might be
downloading the software as a computer is needed and paying for the licence.

The vision sensor will assist the customer in quality and fault finding as the project is designed to find
any faults that might have happened during the building stage. A fault could be the wrong size
component on the board or the incorrect colour components on the board, when a fault is found the
indictors on the main screen will turn red to symbolise that the board has fail the test. If no fault has
been found by the software then a signal will be sent to the inductors and they will turn green. The
maintenance should be easy on the project as the software is stored and ran from a laptop which once
programmed should run without problem and the camerais a reliable hardwearing type. Recycling all
the packagingin the correct ways, such as blue bags or general waste.

A good descriptive spec

Significant
point




3. Planning

The project will have a time scale of 25 weeks until completion, the first line of the Gantt chart below
is the ideal time it will take to complete it and the second line of the section will be the actual time it
takes to complete it. The deciding project ideas and the research took longer than was expected which
had a knock on effect on everything else. The research into project ideas took less time than was
expected and the research into alternative methods was also completed quicker than expected. The
next section which is the produce and present presentation was completed on time. The project
design is allocated the largest amount of time as the coding and building is part of this stage. The
project testing took as long as expected on the Gantt chart, even with learning how to use the
program. The report is allocated the time it has due to all the information already being in documents,
it just needs to sorted and written up properly.

Task 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 19 20 21 22 23 24 25
Decide Project Idea

Research into Project Idea

Produce Project Proposal

Figure 1 Gantt Chart Good Gantt chart with comparison

timelines

The testing was completed on time because it only needed 12 tests, tests 1 — 8 were testing for the
components being covered and uncovered and test 9 — 12 were moving the board around underneath
the camera to make sure the script can still work. The software passed the tests four of the tests were
when the components were covered and the other four tests were when the components were not
covered. Then in two of the test frim 9 to 12 the components were covered and the board was moved
underneath the camera, it failed on these two tests. Then in the other two tests the components were

covered but the board was moved, it passed on these two tests. Explanation accounts for the timeline




4. Solutions Considered

The two solutions that were considered to solve the problem. The first solution was a PLC with a
Cognex camera and the second solution was using LabVIEW to pattern match. These are shown and
explain below.

This should have a heading!

The first solution is Cognex Corporation is the world leader in machine vision technology. It is used in
all types of industries, from pharmaceuticals to food and beverages. The In-Sight vision system has an
advanced vision tools that has a high speed acquisition and quick processing time, the system is used
for inspecting, identifying and also guiding the parts. The system can be used in a large variety of
models of the Cognex family. The DataMan is handheld high performance, fix-mount reader which is
designed to read 1D barcode reader and 2D code reader. It allows for easy recalls and helps to avoid
mislabelling the projects. (DirectINDUSTRY, N/A)Relevant source

The In-Sight systemis a compact vision that doesn't require
an external processor or a separate camera, the system is
self-contained. This is the industrial grade system that is
standard to that system, it has a die-cast aluminium and a
stainless steel case which withstand any vibrations that
would happen. The four cameras in this range are the In-
Sight 7000, In-Sight Micro, In-Sight 5000 and In-Sight 500.
The In-Sight 7000 is a small and tough camera which hasa
powerful vision tools, integrated lighting and optics, and
many more. The In-Sight Micro is a small and smart, it can Figure 2 Cognex Camera

meet a variety of demands of the machine vision. The In-Sight 5000 is the rugged, reliable and a
powerful camera, the camera has colour, line scanning, ID and many more. The In-Sight 500 is used
for inspecting parts on an ultra-high speed processing. (Bibus, N/A)

Good explanation with application examples

This should have a heading! explained

The second solution is LabVIEW pattern matching, there are three application areas for the pattern
matching software, there is alignment, gauging and inspection. The alignment area is used to find the
position and the orientation of the object and the features of this is used to find the reference points.
The gauging area is used for measuring the lengths, angles, dimensions. The product will be rejected
if the measurements are outside of the tolerance levels. The inspection area is where any flaws are
detected and if the flaws are found then its failed, however if it doesn't have any then the product will
pass. (NI, 2017)

For the vision assistant to work it must access a powerful tool for the testing the processing
applications. A template needs to be made so that the software knows what colour or shape the

productis for it to scan. (NI, 2017)
Relevant sources




5. Final Solution Design and Implementation

The budget for this project is £2650. Below is a list of where the money will be allocated,
Camera £50

Software £1000

Daq Board £1500 Costs are identified

Misc £100

Prototypes are not included!

This should be headed 'Implementation’

Evidence of the Main Screen and G Code

The front screen of the project is shown below, there are two squares on the side which indict a pass
or fail. The component flag indictor is whether the image has passed or fail and the component
detection is the value of each of the components, the higher the value the better. Finally the image
out is where the image is shown so the script can run through it. For example when the board is
scanned and three components pass and one fails. then the fail will light up, the flag induction will
have three green and one red box and the match value of match is shown in the detection.

=
2
E

Good front end
design

Figure 3 Main Screen




The figure 4 below is the code that was designed for the LabVIEW software to scan the board for the
components that it is looking for, each of the boxes which are used for it to run an explanation is
further down in the report.
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Figure 4 G Code

Evidence of Zoomed in G Code

T Doooooooo0o0ooooooooooooooon. 'hefirstblock that canbe seenin
Sto the code is the Vision Acquisition
Bl lmage Out block, this is where selecting the
@ acquisition source and configuring
TF Ll [‘? I 1 it using NI-MAQdx or NI-IMAQ.
== » Once the acquisition is configured,

Vision the controls and the indictors are

Acquisition @ programmed into the LabVIEW

Llp Stop (F) software. The first  block

Frame Rate — connected to the Vision

W Stopped Frame Rate Acquisition is the Image Out block
75 this is shown in the purple line The

" block captures the image

Figure 5 Zoomed in G Code e underneath the camera and is

referenced in this block. The second block connected to Vision Acquisition block is the frame rate, is
where the frame rate for the circuit is stored.

Main blocks explained
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Figure 6 Zoomed in G Code
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The next block in the
sequence is the Vision
Assistant, this block will
launch when clicked on the NI
Vision Assistant. The
algorithm then processes
function. Once everything is
created, controls and
indictors can be programmed
into LabVIEW. The three
inputs of this block are Error
In, Image In and Image DST.
The four outputs are Error
Out, Match Flag, Match Score
and Image Out. The Error Out
block is used to pass out
errors or any warning
information that is given out

by the VI which can be used by other Vis. The error cluster has three elements which are Status which
is a Boolean code error, Code which is a 32-bit integer error and Source that is a string error. The
Component Flag Indictor block is a array that contains the Boolean information and whether it's a
match between the input colour information and the specified region. The outputs of the Match Flag
block is either TRUE or FALSE. The Component Detection block is where the match score is stored for
each of the regions of the image scanned. The Match score has a 32-bit integer. The Array to Cluster
converts the 1D array into a cluster of elements which have the similar type to the array element.

nent UVerection

-
[Ely

Match Score (Color Matching 1)[0]

Match Score (Color Matching 1)[1]

Match Score

(

L (
(Color Matching 1)[2]
(

Match Score (Color Matching 1)[3]

Figure 7 Zoomed in G Code

]

Block is explained

The Array to Cluster block is
connected to the Unbundle
By Name, this will return the
cluster to the elements which
match the name. This block
will spilt into 4 In Range and
Coerce blocks, the X value is
the scanned score then the
upper and lower limits blocks
are connected. The upper
limit block will be 1000 and
the lower limit block will be

400. There are four Unbundle By Name blocks because there are four components on the board which
need to be scanned for. The coercion only happens in the Compare Elements mode, it accepts time
stamp values if all of the inputs have time values. The last block of the code is whether or not the
component has passed or failed, Boolean is used to indict a TRUE or FALSE.

Logic is explained




In the screenshot the PASS and FAIL is connected to the

D blocks so that the inductors can work properly. If the
match score is below 400 then the inductors will turn red
PASS and it will be deemed as a fail however if the match score
[A)e ﬁ is above 400 then it will be classed as a pass.
FAIL
- f=]
m Y B Pass fail inverse logic is implemented and explained
| - -y

o

Figure 8 Zoomed in G Code
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Creating Vision Block

The first step is to find the vision block in the program menu, the vision block is in the ‘Vision and
Motion” section then click on the bottom corer and select ‘Vision Acquisition” block. The vision
acquisition block is used to add the template photos to get the script for the software to scan correct
and the template of what the software is looking for.

Image Out
Vison
E .ﬂ::i:il:un |

Seppnd ¥ From Bate
B

Figure 9 Vision Assistont Implementation of vision assistant

is evident

Setting up the USB camera

To set up the camera, first open up the Vision Acquisition and select the camera which is required, the
one used for the project is a HUE camera. When selected the camera should display the image of what
is underneath the camera.

o W i Vision Acquisition Express B O O D O R O T B R |
= . Salact Acquintion Sourca | Select Acqustion Type | Comdgure Acausiten Setings | Confgure Tnage Loggng Settrgs | Select Contros/Indcaiors.
T | p— BE »iglele
= .
D.liS_
l L
=1
] = &
1mu.mnd|u?mm.)sqm 7]
i 0=
Mest Frish Canesl "
Figure 10 Setting up USB camera Configuration is evident
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The next step is selecting the acquisition type, the one for the project is a continuous acquisition
with inline processing. This type is used for a continuous images, so the images are in actual time
and can be changed if a fail happens.

W M Vision Accuisition Expeess TN EN N NN OO EONEONE
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e vkt v sk g e boen s Tt s 1 e
irger Bunyour
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Figure 11 Selecting the Acquisition

The screen needs to be pasted onto the main screen so the images can be view on the screen with
the indictors for pass or fail.

Trrrrr ey

r .

Figure 12 Setting up display screen




Flat Sequence Structure

To start the flat sequence structure first open up programming and select the third box down which

is called ‘Flat Sequence Structure’.

Flat Sequence Structure

oIe) &
%Ek
=N 3
8o mE |

Instrurmt @

@ <] Structures
[&>

Mather
Signal P| === :|
(AN
ﬁ Data Coj o0 =l

Figure 13 Flat Sequence Structure

Next is to open the Vision and Motion section, and then select the last box in the section, Vision

Assistant. When that box opens up, select the Vision Assistant.

T T

hange Visbie Palene..

Figure 14 Creating Vision Assistant

Evidence of configuration is included
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This should have a heading 'Test and analysis’

Pass and Fail Conditions

The scores on the component detection for this image is high, all of the lights are green which shows
that the image has passed. This image is a pass because the detection component has a value above

400.

AINEFESS

Good test evidence for
pass condition

Figure 15 Pass Condition

The first component is covered and the board will fail. The first indictor will turn red and the other
three indictors will light up green, the first components value is also under 400 which the light wont

light up.

Test evidence for fail
condition

Figure 16 Fail Condition
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The second component is covered and the second indicator turns red. The second detector doesn't
light up as the other three does.

Second component fail test
is successful

1280x720 0.34X 32-bit RGB image 161,136,

Figure 17 Fail Condition

The screenshot shown below is also a failed test, the third component is covered and the detection
value is below 400. The third flag indictor is red which is a fail for the board whether as the first, third
and fourth are green.

Third component test is
successful

1280720 0.34X 32-bit RGB image 118,72,55

0 877 31 (126 918
| >

Figure 18 Fail Condition
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The image below is a failed test because one of the components has been covered. This is shown by
having a value of below 400 as can be seen by the black square and the red indictor.

§

Fourth component test is
successful

Figure 19 Fail Condition

Two components were covered and it was a failed test. The flag indictor is red for the first and second
one and the third and fourth indictors turn green. Also the detection also shows a fail for the first and
second lights are not on and the third and fourth are light up green.

Fail test is successful

Figure 20 Fail Condition
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Implementation of script
The Script

The script is needed for the camera to run through all the stages needed to tell if the board will pass
or fail. The figures and explanation below show how the script work.

Al on RSt L Ganeranen frees Loiess The first part of the script is the ‘Open Image Sequence’ this is
Fie Edt Vew Image Color Grayscsle Bnery Machne Vision Identifcaton Took .
e &8aq I P where the images are storage ready for the next stages. The

images were placed in here and checked that they were clear
enough to read and use as a template, shownin figure 4 .
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| rep
Figure 21 Opening Image Sequence

i T The second stage was ‘First
Straight Edge’ in this stage an
edge of the board was found
and set that it could read
wherever it was placed

e underneath the camera. This
SRELECE is shown in figure 5 the green
rina s tage sevs box is surrounding it.
— gy
Dwecton eft o Raght
Edoe Polartty M Edges
e or
o
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Ve 0LX £00 0.8 0600 0.02 087 17.04
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Figure 22 First Straight Edge
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Figure 23 Second Straight Edge
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Figure 24 Caliper

The third stage was
‘Second Straight Edge’ this
stage is the same as stage
three, the second straight
edge is the edge
connecting with the edge
from the previous stage.
This is because a point has
to be created, the straight
edge is shown on figure 6
the green box is placed
round it.

The fourth stage is the
‘Caliper’ this stage is
where the two straight
edges meet from the
previous two stages, this
point is where the
coordinators  will  be
taken from to read where
the components are on
the board. This stage is
shown in figure 7 in the
appendix.
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Figure 25 Set Coordinate System
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Figure 26 Pattern Matching

The fifth stage is the ‘Set
Coordinate System’ this
stage the coordinators will
be taken from the two
straight edges. The
coordinators will be set so
that the components will
be in the same distance
away from the edge, thisis
shown in figure 8 in the
appendix.

The sixth stage is ‘Pattern
Matching’ in this stage the
template is made for the
software to register if the
components are the
correct one. The template
is shown in the black
square on the side of the
screenshot. Also, the
template is the green
rectangles on the board
the score of each of the
rectangles is shown in the
bottom of the figure 9.
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Thefigure 10 below shows the final im plementation of the script using DAQ assistant. This is the where
the photos are placed and template for the components are created. The steps for this script are

written in the section above and the testing process is carried out and documented in the figures
shown below

MR g -RE8 (1 be) - ESTI

[

Puscasuing luunctions: image

AL AL

Evidence shows script is

successfully implemented
Figure 27 Final Script Implementation

After the script had been filled out and was loaded up, the board was placed underneath the camera
and the four components were scanned by the machine. The scanned components can be seen in
figure 11, the four green rectangles show that the software has registered them. The red lines on the

edge of the board shows that the second and third stages worked correctly as it registered them as
well as the green which is around the red lines.

1280720 0.5 12,77,37 (730, 382) «

Scriphs Uniifed Script 1 *

«wEd T »» < Fa |

r o " <

ah Ay Ly L e &Y
Ol syt FresvmghiEsge | FnoStaghiEdge 2 Caleer 1

St oSyt oot ) ) o
: Script test evidence proves function is

successful
Figure 28 Test Image 1
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Once the stages had gone through and been completed, the board was slightly moved and the image
was processed again. The reason was to ensure that the board can be moved around the script will
still work. As seen in figure 12 below the process still worked with the two straight lines showing and
creating a caliper. The software also shows that the components have been scanned as the four green

rectangles showing on them.

1280w720 0.5% 25,708,225 (0,00
SaNPET Untitied Script 1 °
s mE O < ra |
- R - .
EY 5 LY Y i~

Orighal Image Frd Swaght Edge 1 Fd StachtEdge?  Caloer 1 Set Coordinate System | Coior Matching 1
1

Figure 29 Test Image 2

The other figures, shown in the appendix, the board is again moved to check that it can still read the
edges and components after itis moved. The red lines all shown up on the figures and the green boxes
are around them. The four rectangles which are placed on the components also show up on the figure
as well proving that they have been read by the software. In figure 12 the caliper can be seen, this

point is from the two red lines and is where the coordinators came from.
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Setting the control for LabVIEW

The controls shown below are what is needed for the main screen to present the relevant information

on the screen. For the inductors to work the Match Flag and Match Score are selected so when the
Match Score reaches above 400 then the match will happen.
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Figure 30 LabVIEW Control
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6. Testing and Results
In the table below is the data for the machine vision detection fault test. In one test the component
was covered and it failed the test, then the next one the component was uncovered and it passed the
test. This is shown in tests 1 and 2 of the table, test one was where one of the components was left
uncovered and it showed all green markers in the indication, which means there was no fault detected
and as soon in test one the chip was covered the fault was detected and signalled a failure by one of
the green markers turning red. This test was continued until test 8 was complete. Then for test 9 to
12 the board was moved to make sure that it could be moved into different positions in the cameras
view, to check if the script could still go through the sequence.

Test No. | Original Image Noof IC’s Error Output Fault Test P/F
Identified detected Y/N
1 IC’'sx 4 1-4 IC1 N P
2 IC’'sx 4 1-4 IC1 Y F
3 IC’'sx 4 1-4 1C2 Y F
4 IC'sx 4 1-4 1C2 N P
5 IC’sx 4 1-4 IC3 N P
6 IC’sx 4 1-4 IC3 Y F
7 IC’s x 4 1-4 IC4 N P
8 IC’'sx 4 1-4 IC4 Y F
9 IC's x 4 1-4 Angle Left Y F
10 IC’'sx 4 1-4 Angle Right Y F
11 IC'sx 4 1-4 Angle Left N P
12 IC’s x 4 1-4 Angle Right N P

A very good set of test results
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7. Discussion, Conclusions and Recommendations

The results for the project are what was expected to happen, so test 1 and 2 are testing for the same
components. Test 1 is when the component is left uncovered and test 2 is when the first component
has been covered over. Test 3 is the component is covered and it fails, and test 4 are when the second
component is left uncovered which it then passes the test. The tests 5 and 6 are testing for the third
component, for test 5 the component wasn't covered and it passed the test as it was over the matching
threshold for matching the template which was created. In test 6 component three was covered and
that component then failed the test. Test 7 and test 8 were testing the fourth component, test 7 was
a pass as the fourth component wasn't covered and test 8 was a fail because that component was
covered. Tests 9 to 12 are when the board is moved around the screen and see if the camera then
picks up the lines and starts the script. Test 9 is where the board is moved left without any of the
components covered and test 10 is where the board is moved right without the components being
covered. Test 11 is where the board is moved left but one or more of the components have been
covered and test 12 is where the board is moved right but one or more of the components are covered
these tests are tested because if there is more than one mistake happens on the board then it will still
pick up the mistake.

The project is fit for purpose as the software runs correct and goes through all the necessary steps for
the script. The maintenance of the project is easy as the camera would be easy to access and all the
software is on the laptop which doesn't need to be connected.

Conclusion includes significant points. There are no recommendations
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9. Appendix
Evidence for Task 6 Testing
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