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1.-RESUMEN DEL PROYECTO 

 

El presente proyecto fue planteado por el tutor como la suma de dos tareas 

complementarias. Por un lado, el acercamiento y aprendizaje de conceptos sobre 

visión artificial y procesamiento de imagen, desde un punto de vista teórico, y, por 

otro, el desarrollo de una aplicación práctica utilizando el entorno de programación 

LabVIEW de National Instruments.  

 

El tema propuesto sobre el que se ha desarrollado la aplicación es un hipotético 

sistema de calidad en una fábrica de tornillos. El software debe distinguir entre dos 

productos preestablecidos, así como determinar cuando no hay ningún producto bajo 

inspección. Una vez identificado el producto, se medirán las diversas dimensiones del 

producto y se comprobará su rectitud. 

 

De cara a la realización del proyecto, se ha estudiado información en diferentes libros y 

otras fuentes para redactar el capítulo II, pues ese conocimiento teórico era necesario 

para la realización de la aplicación de visión artificial. Posteriormente se ha trabajado 

con LabVIEW y, en especial, con el Módulo Vision and Motion, que contienen 

herramientas virtuales muy útiles para procesamiento de imágenes y visión artificial. 

Por último, una vez dominado el entorno de programación y los conceptos teóricos 

básicos, se ha pasado a resolver el problema planteado dividiendo en cuatro partes la 

programación para estructurar y simplificar el código. Entraré en mayor detalle sobre 

esas partes a lo largo de este informe. 

 

Sin embargo, las aplicaciones de visión artificial, que trabajan sobre imágenes en vivo 

principalmente, sufren de bastantes problemas en la práctica. Cuestiones como la 

contaminación lumínica ambiental o la distorsión de la lente requieren de cierta 

robustez en la programación de la aplicación. Por ese motivo, la metodología de 

trabajo ha sido principalmente de prueba y error, identificando posibles problemas, 

planteando soluciones y testando su eficacia. 

 

2-LABVIEW Y VISION AND MOTION 

 

LabVIEW es un entorno de programación gráfica donde las funciones, estructuras de 

control y herramientas se estructuran en bloques, llamados instrumentos virtuales (a 
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partir de ahora VIs). De esta manera se puede programar como en cualquier otro 

leguaje de alto nivel, pero con un código en forma de diagrama de bloques.  

 

El funcionamiento de cualquier proyecto en LabVIEW simula el funcionamiento de un 

dispositivo real, habiendo dos paneles: uno destinado a la programación del 

comportamiento del programa, y el otro al diseño de la interfaz para que el usuario 

pueda introducir datos de entrada y reportar los de salida y graficas. Por consiguiente, 

ambos paneles están estrechamente relacionados y comparten las variables 

correspondientes a las entradas y las salidas. 

 

Aunque el entorno tiene numerosas aplicaciones, principalmente son aplicaciones 

destinadas a trabajar con hardware y el mundo real. LabVIEW organiza los VIs en 

diferentes palletes según su funcionalidad. El pallete más utilizado para el desarrollo e 

implementación de la aplicación es Vision and Motion, que proporciona las 

herramientas necesarias para adquirir imágenes con una webcam, procesarlas y 

trabajar con ellas en diversos formatos de imagen (RGB, HSL, escala de grises, 

imágenes binarias). 

 

3-DESARROLLO DE LA APLICACIÓN 

 

Para el desarrollo de la aplicación, se ha aprovechado una funcionalidad del entorno 

que permite guardar y encapsular trozos de código como si fueran VIs proveídos por el 

propio programa. Estos trozos de código se llaman subVIs y son ideales para 

estructurar y reutilizar código. En este proyecto se han desarrollado tres subVIs, cada 

uno de los cuales desempeña una tarea diferenciada, y un programa global que 

coordina los anteriores, además de gestionar el procesamiento de las imágenes 

adquiridas por la webcam. 

 

Por otro lado, es preciso cargar imágenes previamente guardadas de ambos productos 

para que puedan ser comparadas con la imagen en vivo que recoge la webcam. Estas 

plantillas aportan una imagen de cómo es cada producto de manera ideal. Para saber 

dónde están los ROIs en las plantillas (las regiones de interés) y poder utilizarlos 

posteriormente en las herramientas desarrolladas, se han parametrizado cada una de 

las plantillas indicando las coordenadas en pixeles de rectángulos que conforman los 

ROIs. 



Visión Artificial con LabVIEW: Sistema de Calidad de Tornillos 

3 
 

 

Plantillas de los productos 1 y 2 respectivamente. 

 

Las tres principales tareas son: detectar cuando hay objetos y cuando no los hay en el 

área de inspección, medir las dimensiones básicas del producto y, finalmente, detectar 

si el mismo posee suficiente rectitud. 

 

-La detección de objetos/productos se lleva a cabo midiendo la intensidad lumínica 

media sobre dos líneas al principio y al final del área de inspección. Cada una de estas 

líneas funciona como un sensor, activándose al superar la superar la intensidad un 

valor máximo, es decir, cuando las atraviesa un objeto. Por razones de robustez, esta 

detección se realiza con una imagen binaria, pues se necesita segmentar la imagen 

para diferenciar objetos del fondo sobre el que están. La gestión que permite decidir si 

un objeto entra y sale del área de inspección se realiza mediante una máquina de 

estados, donde estos dos sensores provocan las transiciones entre estados. 

 

Icono del SubVI que gestiona los sensores del área de inspección 

 

-La medición de los productos se realiza siempre y cuando se detecten productos bajo 

inspección. Las dimensiones consideradas son el largo del producto, su grosor, el 

ancho de la cabeza y el grosor de la misma. Estas medidas se obtienen mediante una 

herramienta del módulo Vision and Motion, la cual requiere los ROIs donde hacer las 

mediciones. Estos ROIs vienen dados por la parametrización de cada plantilla a la que 

se le aplica un algoritmo matemático descrito en la memoria del proyecto. Estas 

medidas se han de hacer sobre la imagen en escala de grises debido a exigencias de la 

herramienta de medición. 
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Icono del SubVI que realiza las mediciones  

 

-La medición de la rectitud se realiza midiendo la intensidad lumínica en dos puntos 

(formados por un vecindario de 9 pixeles cada punto). Estos puntos se encuentran en 

el extremo del producto, ligeramente desplazados hacia arriba y abajo del eje 

longitudinal del mismo. La idea es que si el producto no está completamente recto, la 

medición de la intensidad en uno de los puntos será menor que un valor mínimo. Esta 

tarea se realiza con la imagen bipolar por razones de robustez, al igual que los sensores 

de presencia de objetos. 

 

Icono del SubVI que comprueba la rectitud 

 

Todos estos subVIs se coordinan en el programa global, descrito en la memoria. 

Además, este es el encargado de realizar la identificación en la imagen en vivo de los 

productos contenidos en las plantillas. Por otro lado, también se encarga de hacer 

llegar a cada subVI la imagen en el formato requerido en cada caso. 

 

4- PUESTA EN PRÁCTICA DEL SOFTWARE 

 

Una vez terminada la programación, se lleva a cabo su puesta en práctica. Para ello se 

ha construido un soporte para mantener la cámara fija, además de proveer de una 

fuente de iluminación lo más constante posible. Como el contraste sobre el fondo ha 

de ser el mejor posible, se han probado distintos fondos y, experimentalmente, se han 

estudiado los histogramas (valores en escala de grises de los pixeles en cada caso) y se 

ha elegido el fondo más adecuado disponible. 

 

Como muestras de prueba, se han testado ambos productos en buenas condiciones, y 

defectuosos. En la siguiente imagen se puede ver el panel de interfaz de usuario 

mientras hay un producto defectuoso. A la izquierda están las imágenes en vivo y a la 

derecha las plantillas. En medio se encuentran los indicadores y las pocas entradas 

requeridas (como el identificador de la cámara que se va a usar o los valores del rango 

de la umbralización para la imagen bipolar). 
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Panel de interfaz de usuario durante la ejecución de la aplicación. 

 

5.-COMENTARIOS 

Debido a diferentes causas se han establecido unos supuestos o limitaciones en la 

ejecución de la aplicación. 

 

-El contraste de los objetos con el fondo debe ser bueno. Para ello es necesario un 

fondo gris oscuro o negro, de color homogéneo y sin ningún detalle o dibujo. 

 

-El sensor o cámara debe estar fijado a una misma altura siempre y apuntando 

ortogonalmente al plano sobre el cual están los productos. 

 

-El área de inspección simula una cinta transportadora que mueve los objetos solo en 

un sentido. El sistema es capaz de detectar cundo un objeto extraño se cuela en la 

línea de producción, pero solo puede haber un objeto o producto a la vez. 

 

-La iluminación ha de ser lo más constante posible para no ser generar ruido en los 

valores de los pixeles de la imagen en vivo. Para combatir la iluminación ambiental, se 

debe utilizar una fuente homogénea de luz, a poder ser luz fría. En la práctica se ha 
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utilizado un flexo de escritorio colocado de manera coaxial con la cámara para evitar 

sombras y errores. 

 

-A pesar de que LabVIEW dispone de herramientas para la calibración de una cámara, 

generando un archivo de calibración a partir de un grid de calibración, no se ha tenido 

en cuento para la realización de la aplicación. El motivo es que ese archivo de 

calibración requiere utilizar otras herramientas de generación y aprendizaje de 

patrones de calibración, las cuales requieren de demasiados recursos de 

procesamiento, que en la práctica ralentizan mucho la respuesta de la aplicación. 

Como la cámara está cerca del plano de los objetos, se ha estudiado en un programa 

por separado la distorsión máxima debido a la perspectiva de la cámara, siendo 

despreciable dentro del área de inspección. 

 

6.- CONCLUSIÓN  

 

La realización de este proyecto no solo me ha aportado nuevos conocimientos sobre 

visión artificial, su problemática, descubrir otro entorno con tanto potencial como es 

LabVIEW, etc, sino que también me ha aportado nuevas inquietudes sobre este 

campo. 

 

La visión por ordenador permite un mayor grado de automatización y flexibilidad en 

los procesos de producción, los cual está estrechamente relacionado con el grado que 

he estudiado. Sin embargo, es algo que se ve muy por encima en el aula, a pesar de ser 

tan útil e interesante. 

 

Desarrollando la aplicación, he experimentado el gran numero de fuentes de error e 

imprevistos que pueden surgir en una aplicación práctica mas allá de las 

consideraciones teóricas. Esto se relaciona con el ideal de robustez que se enseña 

durante el grado y que es tan importante en todo proyecto ingenieril.  
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Abstract 

 

The following project consists in the research and development of a machine vision 

application. The project is divided in two parts. The first part is related to the 

approximation and comprehension of optical and image processing concepts. The 

second one is based on the implementation of an application using the LabVIEW 

programming environment, from National Instruments. That application deals with the 

problem of a screw factory quality system. It will have to distinguish between different 

kinds of products. In addition, it will recognize well-made and deficient products. The 

solution of the problem is focused on software and algorithms programming. 
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CHAPTER I. Introduction 

1.- Introduction 

 

1.1.-Introducion 

 

Of all human senses, it could say that the most important for learning is the sight. 

Indeed, too many knowledge fields use graphics and pictures to make teaching easier. 

For example, architectural plans, forces diagrams or electrical circuits drawings allow 

people to understand better a complex information. 

Computer and machine vision is born as an emulation of human vision. A sensor 

(camera) collect light information, a processor takes some features from the image 

and, finally, it analyses the information to get descriptions from objects. However, 

giving machines the sense of sight is a hard challenge. The main reason is that sensors 

acquire 2D information and computers need to analyze 3D objects, which involves a 

huge loss of information. 

Actually, machine vision works over a digital image, which is literally matrix of 

brightness values collected for the sensor. These values can be represented by formats 

(RGB, grey scale, bipolar) in order to simplify the massive data that images might 

occupy. The point is that every physical measurement involves an error or noise. 

Fortunately, there are techniques to minimize that noise, some based on sadistic 

science and others in complex tools and algorithms. Moreover, geometrical 

characteristics and shapes of the objects get harder the images collecting. For 

example, holes in a surface can avoid taking the information about details that there 

could be inside. 

So, if the machine vision brings too many complications, a question comes up. Why it is 

such useful technology? 

Of course, there are applications where the human vision beats machine vision. The 

human brain contains 86 thousand of millions of cells called neurons, according to a 

scientific research made in 2009. Each of them performs as a tiny processor. 

Nevertheless, human body suffers tiredness and is not prepared for some tasks. 

Machines are designed for working too much hours without breaks. Beyond that, 

humans are not able to learn color and brightness patterns but machine can. Another 

advantage is related with the electromagnetic spectrum humans are able to see. 

Objects provide more information outside of this spectrum. For example, devices can 

get the temperature of an object through the infrared radiation acquisition without 

touching. 
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Summing up, giving vision to machines is hard job. However, it is an essential tool in 

and out industry. Otherwise we couldn’t solve many technical issues, even some of the 

current daily life. 

 

 

Figure 1- An electric engine in infrared radiation 

 

 

1.2.-Motivation 

 

Nowadays machine vision has become in a really powerful tool to solve too many 

engineering tasks. The amount of applications reaches from industrial automation to 

security companies or even filming and art. That turns its knowledge into a thorough 

useful skill.     

As an industrial electrical engineering and automation student, I have had a few 

lectures related with it, but I’ve never implemented this kind of project before. During 

my degree studies, I learnt a lot of mathematics, hardware and software programming. 

However, we didn’t go so far with this topic and I wanted to learn a little bit more 

about it. In addition, I needed to expand my knowledge in this field for some 

homemade projects I used to do for leisure. It was then that I considered doing my 

bachelor thesis about machine vision and image processing.  

Despite I got a topic for my thesis, I needed to specify what application would be 

about.  So, I suggested to my professor developing and application whose purpose is to 

control a screw factory quality system. I got this idea due to once I had to do a subject 

work about the layout and automation of a factory. In my case, I used a screw factory 

as target of the work. Concretely, I had a production stage where It should check what 

products were in perfect conditions to be packed and what ones didn’t. The solution I 
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made up was a programmed webcam doing that job. However, I didn’t specify how it 

was programmed. Because that, I felt interest in learning how machine vision works.  

 

1.3-Description of the problem 

 

For developing and testing the screw quality system application we will regard two 

different kinds of products. One of them is a threaded rod, the other one a screw. So, 

on the one hand, it will distinguish between both of then, comparing the testing 

sample with a previously saved template. Furthermore, it will detect any object on the 

background, refusing any strange body that could be sneak in the quality stage. On the 

other hand, it will check some features to ensure the enough quality of the product. 

The procedure of the quality study will pay attention in four nominal features from the 

products: 

 

The size  

 The first step to ensure the products are well made is to get the length and width and 

check that are close enough to the nominal size. Furthermore, is necessary to set a 

tolerance percentage. This is because there could be mistakes during the measure of 

the distances. These wrong lengths could be related with a wide variety of factors: the 

lack of accuracy either the software or the camera, the distortion from the 

perspective, even a little movement of the camera during the process. 

In the next table, they are collected all values it will be taken care for the visual system. 

 

 Screw Threaded rod 

Nominal diameter 3.5 mm 5mm 

Width of the head 1mm 4mm 

Head diameter 9 mm 10mm 

Length  39mm 63mm 

Conicity  (
𝑑1−d2

𝑙
) 1/2 0 

Table 1- Dimensions of products 

 

The straightness 

The straightness is another important issue to solve. To ensure the proper functioning 

of the product, it will be as straight as possible. As every measure, it will be permitted 

a little tolerance. 
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Figure 2- Suitable straightness 

 

 

Figure 3- Unacceptable straightness  

 

The head 

The head is directly related with the endurance of the product. A default in the 

proportions would make the screw brittle. So, concerning to the head, it will check two 

measurements, the width and the diameter (or the distance between surfaces in case 

of hexagonal head). 

The catalogue that It will be tested in the LabVIEW application consist in two different 

head shapes. On the one hand the circular head of the screw, on the other hand the 

hexagonal head of the threaded rod. However, it will be take the distance of the 

surfaces in the hexagonal head as a diameter. 

 

Figure 4- The different head shapes 
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1.4- Limits of the project 

 

The software developed through this project has a few limitations inherently to the 

available resources. The proper functioning is only assured under the following 

conditions.  

 

-Illumination. It should be used in a light controlled environment for avoid the 

noise. The light should be constant and the source (lamp) must be held in a 

perpendicular way over the background. 

 

-Distance between the camera and the ground. The height of the webcam 

must be fixed over the plane of the object, otherwise the calibration file and the 

constants for example range of thresholds, lengths, etc. In the case of the 

camera I use, it has the possibility to fit the lens in order to zoom in and out, so 

it has to be fixed to ensure the automation of the process. 

 

-Contrast. The background should have a homogeneous color, bringing an 

enough contrast with the objects. The recommendable color for this task its 

grey. The reason is that black backgrounds magnify the illumination of the 

object. Otherwise, white is the addition of all color brightness, so it is not 

suitable for the system. 

 

-Perspective error. Although software brings the option of generating a 

calibration file to solve as much as possible the perspective error, taking images 

from a really close height could be a source of insurmountable errors. 

 

-Real life use. The capacity of getting pictures and sending orders to actuators 

depends on the speed of the conveyor. In addition, product must be laying 

down on the conveyor, neither standing up over the head nor held by another 

object. 
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2.-Machine vision and image processing 

2.1.-Brief history 

Despite computer and machine vision came up more or less 60 years ago, in the 

ancient Greece architects and mathematicians were already worry about how to 

represent 3D objects in 2D drawings. Since this age humanity has been developing the 

science needed nowadays for current implementation of the machine vision 

(mathematics, technical drawing, physics, electrical inventions, etc.) 

 

However, its proper beginning was marked for a concrete fact. In 1961 Larry Roberts 

made a computer program which could detect and analyze a blocks structure 

collecting visual information through a camera. Then it predicted how it would be seen 

from another perspective. That proved he could have processed this images in a 

successful way. He tried to find out great variations of grey tones to located the edges 

of the objects. Then he got to detect straight lines (corners of the object) and 

programmed which surfaces of the object were matches through these lines. Finally, 

he corrected the perspective error and recreated the object.  

 

Another remarkable step was walked by the NASA. Until 1964 NASA sent information 

from TV cameras (analogic images) located in satellites to Earth. How they changed 

their method with the satellite Mariner 4, who was equipped with digital cameras. The 

later processing of these images of Mars took off and started the current field of 

computer and machine vision. 

 

Figure 5- Images taken by the Mariner 4 
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The following decades researchers were tackling with low-level vision task. In 1978 

David Marr from the MIT created a computer program which was able to build a 3D 

image from another 2D one. In 1980’s new theories and concepts came up, and the 

machine vision was introduced into the industry. In late 1980’s appeared the smart 

camera and it quickly spread out around the world. Finally, in 1990’s it became in new 

industry. More than 100 companies sold applications, programming environments, 

software and hardware. That meant a constant decreasing of the machine vision 

systems price, which got be more affordable.  

 

 

 

 

Figure 6- Timeline of machine vision achievements  

 

 

2.2.- Machine vision nowadays 

 

Today, machine vision continues with its constant renovation and tackling new tasks. 

3D vision systems are able to collect image from products which are running on a 

conveyor at really high speeds, and process them. Machine vision technology has 

reached a level of intelligence to classify objects, produce traceability reports, detect 

defaults in products, make registers and send a quick answer to the actuators. Its 

capacity of doing a constant inspection without a subjective perspective, tiredness nor 

distractions. Due to those features and the decrease of prices, machine vision goes on 

growing in the market. Nowadays its products are spread out in a wide variety of 

application outside the industrial field. An article from Frost Sullivan compares the 

markets drivers of inspection systems since 2007 to 2013, which are shown in the 

figure 7. 
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Figure 7- Market drivers of vision inspection systems 
 

However, there is a great bunch of applications apart from the industrial inspection 

systems. Enumerating the main ones of them: 

 •Driving assistant 

 •Film and video 

 •Recycling plants  

 •Sport events  

 •Gesture recognition to make machine interfaces instead of traditional                                                                                   

c            keyboards. 

 •Industrial automation 

 •Medical and biomedical 

 •Objects recognition and AR for mobile devices 

 •Traffic management 

 •Robotics 

 •People tracking for a security purpose 

 •3D modeling 

 •Web applications  

 •Optical character recognition 
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The advantages that machine vision provides are many. It is one of the keys to the 

future fourth Industrial revolution, beside other technologies, because of it provides 

robustness, flexibility, accuracy, higher speed, reliability, cost-effectiveness and more 

optimization of processes. Despite that, many challenges still exist in the development 

of machine vision systems, such as resolution, speed, artificial intelligence, etc.  

 

 

2.3.-Future projects 

 

Machine vision is not a static technology, but it is growing and improving fast. Looking 

ahead, it’s interesting try to predict how it will evolve. According to an article of Ben 

Dawson, the most important part of the growth will involve 3-D and color vision 

systems. New tasks like collision vehicles warning or smarter gesture interfaces 

requires machine vision to work in unknown environments. That means that the 

mostly of the future market will be consumer-oriented. 

 

These new tasks will require sensor devices to get smarter. This is the case of cameras, 

which will have to turn into smart cameras. Those cameras return processed results in 

addition to images. These cameras already exist, and they used to be powered by low-

power microprocessors, which are been enhanced for the mobile phone market. 

 

The future of the software will be marked by the quick growth of Linux users. Despite 

Windows is currently more used to make computer vision software, customers request 

Linux software. On the other hand, the evolve of the software will be orientated to 

develop more comfortable interfaces such a human-machine interfaces, because that 

increase the sales. 

 

In a matter of algorithms, they are mainly software, but include the vision system’s 

lighting, camera optics and computational abilities of the hardware. Probably they will 

be enhanced in two ways. The first one is getting algorithms better adapted to the 

huge variations in product appearance. Secondly, market needs easier algorithms to be 

use by humans. Currently, sophisticated vision operations need a lot of parameters to 

be used. 

 

 

 

 

http://www.qualitymag.com/authors/2396-ben-dawson
http://www.qualitymag.com/authors/2396-ben-dawson
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Then, let’s enumerate a few examples of applications that, either are in process or are 

hypothetical. 

  

 •3D street mapping 

 • Automated crops harvesting 

 •Vision for driving safety 

 •The robot stocker  

 • The room painting simulator app  

 

 

Figure 8- Robot equipped with machine vision harvests grapes 
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Chapter 2 

 

This chapter consists in an approximation to the image processing theory. Its structure 

is organized starting by an introduction of basic concepts that will be used along this 

chapter, going on with the image processing steps and ending up with some things 

related to the machine vision application which is explained in the chapter 3. 

 

1.-Definitions 

1.1.-Digital image 

 

A digital image is a matrix (2D array) of light intensity values. It could be understood as 

a mathematic function f(xp , yp), where f is the brightness of the point (xp, yp). This 

point is called pixel, and is the minimum element of an image that can be individually 

processed in a video display system.  

These pixels are enumerated by his position respect to a Cartesian coordinate system, 

which, by convention, has its origin at the top, left corner of the image. 

 

 

Figure 9- Pixels in a digital image 

 

Each pixel has a value which represents either the brightness of the light or the color 

that the sensor device collects from this part of the lens.  
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1.2.-Resosution 

The resolution of an image is the number of rows and columns of pixels. An image 

composed of m columns and n rows has a resolution of m × n. This number depends 

on how many pixels can be taken by the sensor (camera). 

 

1.3.-Definition and bit depth 

The definition of an image indicates how many tones are in the image. The bit depth of 

an image is the number of bits used to encode the value of a pixel. For a bit depth of n, 

the image has an image definition of 2n. That implies a pixel can have 2xn different 

values. It means that an 8 bits format, a pixel can have 256 different tones. This values 

always start with 0, so every pixel of the image will have a value between 0 and 255. 

 

1.4.-Planes of an image 

The number of planes of an image represents how many arrays of bits has an image. It 

depends on the image format. A grey scale format only has a plane, because only need 

an array for encode the definition of the image. Otherwise, RGB format has 3 planes 

(an array for red, green and blue tones) and HSL format has other 3 (an array for hue, 

saturation and luminance tones). 

 

1.5.-ROI 

An ROI describes an area of an image in which you want to focus your processing and 

analysis. These regions are defined by specific contours. 

 

 

Figure 10- ROIs in a bipolar image 
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1.6.-Template 

A template is an image where is represented the ideal object that is wanted to be 

found. A template is frequently used to find objects in other images. The comparison 

between a template and an image is pixel by pixel, returning the matches of 

corresponding pixels.  

 

 

Figure 11- Example of the use of templates 

 

1.7.- Mask 

 A mask is a kind of image where every pixel has two possible values, either zero or one 

(bipolar image). This image is usually used to determinate which pixels of another 

image will be processed. Because of that, the image mask must have equal or lower 

resolution than the source image. Its bit depth is 1 byte. 

If a pixel from the mask is zero, that means the corresponding pixel in the source 

image won’t be processed. So, only the pixels that are one in the mask will be 

processed. In the figure below, only will be processed pixels that are in white and light 

gray. 

 

Figure 12- a) Source image  b) Mask image  c-d) Examples of how a mask works 
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1.8.-Border 

Several processing functions consider the values of the neighborhood of a pixel to 

process that pixel. A pixel neighborhood is the group of pixels which surrounds that 

pixel. Pixels along the edge of an image do not have neighbors in all directions, so is 

needed to specify a border which wraps the image if it’s wanted to use this processing 

function with these pixels. For define a border is required to give a border size and the 

values of those pixels. 

However, the border of an image is never displayed or stored in a file, but it is only 

taken into account for processing.  

 

Figure 13- Internal Image Representation 

 

 

1.9.-Edges 

The edges represent borders between objects and the background. They are located 

where there is a drastic change of pixel values, which is understood as the contour of 

an object. An edge filtering algorithm can detect edges and filter the rest of the image. 
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Figure 14- Example of how an edges filter works  

  

  

  2.-Image acquisition 

 

The image acquisition is the first step to process an image. For that reason, it is really 

important to get high quality in the process of taking images. In this task are involved 

three elements: 

 

 • A source of light to illuminate the objects we want to catch. 

 • A sensor device to pick up the reflection of light over the objects. 

 • An interface to communicate the sensor with the computer. 

 

 

2.1.-Light and illumination 

 

If it is wanted to have useful images to deal with, it’s not only necessary to use the 

proper camera resolution, but also a constant light source. That’s essential because a 

machine vision application could work in the laboratory, but not in the other situation 

because of a lack of illumination. 

 

There are a lot of techniques to illuminate an object, which one it’s better depends on 

what features of the object we want to highlight. The illumination techniques can be 

classified according two things, the kind of light source and, on the other hand, the 

layout of the camera and the light source. 
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Kinds of light sources 

 

Related to the illumination, there are four main kinds of light sources. Actually, there 
could be more, but they are the most used in machine vision applications. These 
sources are: Fluorescent, LED, Optical fiber and laser. 

 
 
 
 Fluorescent illumination 
 
 Fluorescent pipes have a limited use because of their narrow variety 
of shapes. They have other disadvantages. Firstly, the wavelengths 
distribution is not balanced, but they tend to emit more power in 
blue color than in the rest of visible spectrum. This could be a 
problem for applications based on color identification. Secondly, they 
work with alter current. That means that if they are supplied with an 
enough high frequency, they will blink and the camera will collect a 
lot of noise. Summing up, for industrial cameras this frequency 
should be, at least, 25 kHz.  
 
In addition, the main problem is the intensity of light they emit. 
Fluorescent pipes provide not too much light intensity, so it is mostly 
used aperture-lamp Fluorescents, where light is emitted only in one 
direction and with a very narrow angle. This allows the light intensity 
to be 10 times more than a standard fluorescence. The life 
expectancy of fluorescents is approximately of 10000 hours. 

 
 
 

 
 

Figure 15- Fluorescent illumination 
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Laser illumination 

 

Laser illumination is used to highlight the third dimension of the 

objects. To achieve that, laser source is commonly located in front of 

the object, forming a known angle between the object’s surface and 

the light beam. The camera is located in the other side of the object 

to measure the reflection and distortion of the light beam, 

interpreting the depth of the object. 

 

 

Figure 16- Laser illumination 

 

For this task, the best way is to has as thin as possible light beam over 

a background without any illumination. 

In basic applications, lasers use to have a cylindric shape. However, 

that provides a gaussian intensity shape along the object, which gets 

the programming task more difficult. Otherwise, nowadays there are 

more advanced laser systems which emit a constant intensity of light 

throughout a line. 

An advantage of lasers is the wide variety of power, wavelengths and 

shapes. Furthermore, a laser is classified according to how powerful 

is. For machine vision are used lasers from either II class or III. 
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LED illumination 

LED illumination is thought for application which require a great 

amount of light. This is a good choice of illumination due to the good 

cost-price relationship. Furthermore, they only need a power cable, 

not any optic fiber. The common LEDs don’t emit as high light 

intensity as halogen light, but the new high intensity diodes could. 

They can also be placed many of them together forming whatever 

shape we want because of their tiny size. 

This kind of illumination commonly emits red wavelength, although 

currently there are infrared, blue, green or white. Their average time 

life is about 100000 hours. 

 

 

  

Figure 17- LED illumination 

 

Optic fiber 

 

An optic fiber illumination consists in a light beam from a halogen 

bulb, which travels throughout an optic fiber, ending up in an 

adaptor. This adaptor can have different sizes or shapes, depending 

on the application. This method provides a higher intensity than 

other ways of illumination. 

The main advantage is the cold light that it emits, used in 

environments where warm light could be dangerous or affect the 

object under inspection. Another strength is that the intensity of the 

light is easily controlled by, for example, and rheostat or a computer. 
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On the other hand, the main disadvantage is the power loss that light 

suffers while is travelling throughout the fiber. For that reason, is not 

recommendable to use long fibers (maximum 5 meters). The time life 

is a little lower, between 1000 and 2000 hours. 

 

 

Figure 18- Optic fiber illumination 

 

Fluorescent, optic fiber (halogen light), and LED are the most 

commonly used to illuminate in machine vision applications, 

particularly for small objects inspection. On the other hand, there are 

other illumination methods such as Metal halide, xenon, and high-

pressure sodium, which are used better for large objects inspection. 

 

 

Figure 19- Comparison between different illuminations 

 

Ambient Light  
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The natural light from the ambient must be taken in account. This 

light produces a great impact in illumination systems, especially when 

those systems use white light. There are three active methods to deal 

with this issue: high-power strobing light, physical enclosures and 

pass filters.  

High-power strobing light saturates the ambient contribution, but it’s 
difficult to implement and not all sources, such as fluorescent, can be 
strobed. If it is not possible to use that last method, a pass filter 
might work. However, it only makes sense to use a pass filter in 
application which don’t use multiwavelength light. Finally, the last 
choice is covering the stage with an enclosure. 

 

Illumination techniques  

There are applications where the layout of the image acquisition elements (camera, 

illumination and object) require a concrete distribution. An especial kind of light or 

geometry of objects requires a certain illumination technique. For that reason, many 

factories tried to combine some of these techniques in order to allow more flexibility 

and reduce costs. Spreading quality stage over different stations would be more 

expensive than combining different techniques in the same one. 

Back illumination 

 

In this method, light source is placed under de object. This create a 
big contrast. From the camera’s point of view, there are dark 
silhouettes over a bright background. The back illumination is 
focused on applications where is wanted to detect holes, gaps or 
measuring distances. However, this method is mostly used to get a 
good edges detection. 

 

 

 

Figure 20- Back Illumination 
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Diffuse illumination 

 

It also called full bright field illumination. The source emits 
multidirectional light which allows to avoid shadows. In addition, it 
almost doesn’t create reflections when the object surface is shiny. 
This method is commonly used for applications which have a lot of 
details on the surface. However, the light sources must be place close 
to the object. 

 

There are three types. Dome diffuse light, which consist in a dome 
around the object, which reflect the light emitted from the base of 
the dome toward the object. On-axis diffuse light is emitted by a 
bright ring around the axis formed between the camera and the 
object. Finally, flat diffuse light is emitted from different sources 
which are placed forming different angles with the background and 
the object. 

 

 

  

 
 

 
 

Figure 21- (a Dome diffuse illumination  (b On-axis diffuse illumination 

(c Flat diffuse illumination 
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Directional illumination 

 

It is also called partial bright field illumination. The main difference 
with the full bright field is the number of the light sources. Here there 
is only one source, creating a directional light. it is a good choice for 
generating contrast and enhancing topographic detail. It is much less 
effective than the full bright field light. It’s the most common 
illumination out the industry. 

 

 

 

 

Figure 22- Directional illumination 

 

Dark field illumination 

 

Dark field illumination requires high intensity light for its utilization. 
The light sources are placed in a circle, forming a medium or low 
angle with object surface. This is only used to detect engraved words, 
holes, or defects in object made with transparent materials. The 
distortion in the angle of the light, caused by this surface 
irregularities, is caught by the camera. 

 

 

 

Figure 23- Dark field illumination 

2.2.-Contrast  
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A good contrast is an important element in the image acquisition process. It is basically 

given by the background of the scene. The principle way to highlight the target objects 

and their features is to differentiate them from the background. For that goal, it is 

necessary to have a homogeneous background color, without any details or drawings. 

It should have an easy color to distinguish from the objects color. In addition, this color 

must be opaque and not reflective for light that will be used in the application. 

However, for back illumination, it must be transparent. Usually, it is used black or grey 

backgrounds. 

Another tip is to create contrast illuminating the object with light of a particular 

wavelength (color). A light’s wavelength can make features with color appear either 

bright or dark to the monochrome camera. Using the color wheel as a reference, it is a 

good idea to choose light of an opposing color to make features dark, or light of the 

same color to make features light. 

 

 

2.3.-Sensors and cameras 

 

Cameras can be split according with the technology used by the light sensor. 

Nowadays there are two big groups of digital cameras. On the one hand, there are 

cameras based in CCD technology, acronym of charge coupled device. On the other 

hand, there is another group which employs CMOS technology, which means 

complementary metal-oxide semiconductor. Both sensors have a matrix of 

semiconductor elements distributed such as net. 

Summarizing, each semiconductor element is a pixel. Their function is to accumulate 
electric charge proportionally to the amount of light they receive. More light is 
translated in more charge. 

 

CCD Sensor 

The sensor cells turn light into charge. These charges generate 
voltages which are translated to binary code by an analog-digital 
converter. 

The strong point of this kind of sensor is the range of light it can deal 
with. That range measures two feature. The first one is the threshold 
under which photosensitive sensors can’t detect the light. The other 
one is the point when light saturates sensors. That means CCD 
cameras are less sensitive than CMOS ones. However, this is an 
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advantage because they can work with a bigger range of light 
intensities.  

Another winner point is related with the noise. CCD cameras 
translate the analog signal in digital using an extra integrated circuit 
(A-D converted) and CMOS ones don’t. Due to that fact, they avoid 
the noise better during the translation process. Otherwise, they need 
a bigger room in the device for this chip, increasing camera size. 

Finally, related to the uniform response, CCD beats CMOS because 
CCD has a matrix of pixels connected to each other. One pixel, which 
is receiving the same amount of light that its neighbors, is most 
difficult that it has a different response. Conversely, CMOS pixels are 
isolated and it’s easier to present failures. 

 

Figure 24- CCD sensor structure 

 

CMOS Sensor 

Each cell or pixel has a CMOS transistor where is independently 
carried out the translation to a digital signal. For this reason, CMOS 
cameras don’t need any extra chip as CCD cameras. In addition, 
CMOS are easier to make up due to the cells are independent, which 
means lower cost. 

As it’s said above, CMOS sensors are more photosensitive than CCD 
ones. In environments with big light intensity differences CCD it’s a 
better choice. Otherwise, where there is a lower light illumination 
CMOS will take a better image. The reason of that is because 
amplifiers are located in each cell, minimizing the waste of power. 
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The internal structure of each CMOS sensor makes the processing to 
convert analog voltages in digital signal. That speeds up the image 
acquisition, which is quicker than CCD sensor response. In addition, 
this isolated pixel structure avoids thorough the blooming defects 
present in CCD cameras. Blooming is a failure caused by the 
saturation of one pixel, which transmits this saturated state to its 
neighbors.  

Summing up, CMOS started offering worse cameras than CCD 
technology. However, along the time, CMOS technology has been 
enhanced until stay face to face with CCD one. In fact, CCD sensor has 
reached the top of the implementation, it can be improved more. But 
CMOS continues getting better and for this reason CMOS will be the 
technology of the future. Despite that, sensors of today's artificial 
vision cameras are mostly CCD. 
 

 

 

Figure 25- CCD versus CMOS sensor 

 

2.4.-Calibration 

The main distortion which shows up from the perspective. As objects go further from 

the base of the camera, it will appear wrong measurements of the size and shape of an 

object. In addition, for the correct acquisition of the measurements, we have to know 

the distance between the camera and the objects plane.  

Summing up, calibration involves knowing where are the camera located according to 

a previous coordinates system, which normally is placed on the background plane. 
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Figure 26- Unitary vectors of a camera 

 

Locating the camera means to know the unitary vectors �̅�, ℎ̅ and �̅� in the figure above. 

This task is resolve through the utilization of a calibration grid template. There are 

several kinds of grids, but usually are used spots and squares pattern grids. 

 

 

Figure 27- Calibration grids 

 

Every distance in these calibration grid templates is known, so due to them it’s possible 

to locate the camera in whatever position it could be. However, this issue involves the 

camera must be always fixed in the same position. May external factor such as 

vibrations could move the camera, so it’s important to create new calibration files 

often.  

 

3.-Image processing 

Image processing is the main requirement to make up a machine vision. For the next 

steps, it is necessary to deal the image and modify it according to our necessities. 
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However, all processing doesn’t have the same depth. Indeed, there are three levels of 

image processing. 

 

• Low level: it deals straight with the pixels to get features as gradient, 

depth, texture, color, light intensity, etc. 

• Medium level: it makes groups with the elements got in low level 

processing. Those groups are used to get edges, lines or regions, usually for 

the image segmentation. 

• High level: it is focused on the interpretation and analysis of the bodies 

got during the other levels processing. It uses guesses and previous 

knowledge of the problem to solve. 

 

This work has some steps, which are these tidy up from first to least: digitization, 

preprocessing, segmentation, objects description and, finally, recognition and 

interpretation. In this section, I only write about digitalization and preprocessing.  

 

 

3.1.- Grey scale and color 

Digital images can be described in several ways. Depending on which features are 

interesting to implement a certain machine vision application, we will work with a 

different type of image format. The main division is between work with either grey 

scale or color images.  

The principle monochromatic formats are U8, U16 and 32 floating point greyscale. The 

range of values of grey intensity is given by their pixel depth. A monochromatic format 

allows to distinguish between 2𝑛tones of grey, where n is the number of bits of the 

format. U8, for example, has 256 grey tones. 

On the other hand, the more used color formats are RGB and HSL. In RGB, the 

wavelengths of the visible spectrum are divided in the colors as base, red, green and 

blue. The rest of the colors are described adding up those three colors. Each those 

colors has its own plane. Each plane has a bit depth of 1 byte. So, for example, yellow 

lemon is formed with the vector (Red, Green, Blue) = (255, 255, 106), purple (142, 58, 

111) and orange (255,111,20). However, the actual base colors in the nature aren’t 

red, green and blue, but cyan, yellow and magenta. 
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Figure 28- Primary colors cube 

 

Referring to HSL or HSI (luminance is equal to intensity), the color space is broken 

down into three planes, one for hue, saturation and luminance. Hue refers to pure 

color, saturation refers to the degree or color contrast, and intensity refers to color 

brightness. This format is based on how humans perceive colors. For this reason, it is 

considered more intuitive than RGB format.  

Then, when is used RGB and HSL formats in machine vision? RGB is commonly used for 
low complexity applications. For example, if the task was checking the color of tags of 
products, RGB signal would perform correctly. Otherwise, if the application had to 
inspect turbidity in a liquid, the vision system would need more information, it means, 
hue, saturation and luminance data. Despite of that, it possible to combine RGB and 
HSL color planes in the same machine vision application, giving users more flexibility 
and a wider range of inspection options. 

 

Image format Number of bits per pixel 

U8 
(grey scale) 

1 byte for grey scale intensity 

U16 
(grey scale) 

2 bytes for grey scale intensity 

32 floating point 
(grey scale) 

4 bytes for grey scale intensity 

RGB color 4 bytes (1 byte not used, 1 byte for red, 1 
byte for green, 1 byte for blue) 

HSL color 4 bytes (1 byte not used, 1 byte for hue, 1 
byte for saturation, 1 byte for luminance) 

Complex 4 bytes for real part 
4 bytes g 

Table 2- Image formats 

 



Machine Vision with LabVIEW: Screw Quality System 

 

29 
 

Sometimes, during the image processing stage, it is necessary to change the format of 

the image. Many of processing environment have tools to convert automatically 

images from one format to another. However, it tools obey the following equations. 

 

From RGB to grey scale 

At the beginning, it was attributed one third of the grey brightness to every color. 

However, it didn’t return good results. So it was designed a better formula: 

 

𝐺𝑟𝑒𝑦𝑆𝑐𝑎𝑙𝑒 = 0.3 𝑅 + 0.59 𝐺 + 0.11 𝐵 

 

From RGB to HSL 

Firstly, is necessary to turn the RGB values into values between 0 and 1. To do that we 

just have to divide RGB values between the maximum value of the scale (255). Then, 

we can calculate each of the three parameters as: 

 

𝐻 =

{
 
 
 

 
 
 

0                   𝑖𝑓 𝑀 = 𝑚 

(60𝑥
(𝐺 − 𝐵)

(𝑀 −𝑚)
+ 360)           𝑖𝑓 𝑅 = 𝑀

(60𝑥
(𝐵 − 𝑅)

(𝑀 −𝑚)
+ 120)           𝑖𝑓  𝐺 = 𝑀

(60𝑥
(𝑅 − 𝐺)

(𝑀 −𝑚)
+ 240)            𝑖𝑓 𝐵 = 𝑀

 

 

𝐿 =
1

2
(𝑀 +𝑚) 

 

𝑆 =

{
 
 

 
 

0              𝑖𝑓 𝑀 = 𝑚
𝑀 −𝑚

2𝐿
            𝑖𝑓 𝐿 ≤

1

2
𝑀 −𝑚

2 − 2𝐿
              𝑖𝑓 𝐿 >

1

2

 

 

Where M is the maximum value of three of them (R, G or B), and m is the minimum. 

 

Color Space 
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In the1930s, the Commission Internationale d’Eclairage (CIE) spread out the using of 

RGB system to represent colors. They did a huge amount of experiments which 

consisted in determinate the components of a color objects. Those components were 

the primary colors (red, green and blue). The problem came up when detector’s 

reported that for certain pure spectra in the blue–green range, a negative amount of 

red light has to be added to the color under inspection to get a color match inside the 

RGB system. 

The explanation of that fact is that there are colors with different wave spectrum, but 

they are indistinguishable by perception. These colors are called metamers. 

Because of the problem with necessity of negative light, the CIE also developed a new 

color space called XYZ, which contains all spectral colors in the positive part of the 

coordinates axis. To make the conversion between RGB and XYZ systems, we have the 

following matrix: 

 

 

[
𝑋
𝑌
𝑍
] =

1

0.17697
[
0.49 0.31 0.2

0.17697 0.8124 0.01063
0 0.01 0.99

] [
𝑅
𝐺
𝐵
] 

 

 

 

Figure 29- Color space 

 

3.2.-Filtering 

Noise is an important element to take in account. There are two kinds of noise. One is 

the noise which depends on the signal. Almost all this noise comes from the 

photosensitive sensors (CCD or CMOS) of the camera. On the other hand, it is the 
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impulsive noise, also known as salt-pepper noise, which comes from a random source. 

This noise is independent of the signal and consists in several white and black points 

which appear in the image. These points are originated by interferences with the 

environment, like the weather, electric fields, etc. 

The aim of filtering is just clean up that noise. To achieve that, a filter can work in two 

domains: space domain and frequency domain. Space domain filters work straight with 

the luminance in the pixels. Otherwise, frequency domain filters work indirectly with 

pixels luminance, using the average pixel luminance around a pixel to modify that pixel 

luminance. 

 

3.2.1.- Frequency domain filters 

Basically, frequency filters are based on Discrete Fourier Transform and Inverse 

Discrete Fourier Transform. In addition, I’ll comment briefly FIR and IIR filters. 

 

Discrete Fourier Transform 

It is used to obtain the frequency spectrum in the real and imaginary axis. Due to this, 

it is possible to get the module and argument of any frequency component of the 

image. This discrete signal (not continuous) in frequency domain E(u) is define as: 

 

𝐸(𝑢) =
1

𝑁
∑ 𝑒(𝑘)𝑙−𝑗

2𝜋
𝑁
𝑘𝑢

𝑁−1

𝑘=0

 

 

Where e(k) is the discrete signal in the space domain and u, which acquires values 

from 0 to N-1, is the frequency of the transformed signal. So, through this tool we can 

get a frequency domain signal from a space domain signal.  

 

 

Inverse Discrete Fourier Transform 

It is used to take the opposite way of the DFT. Due to this tool we can get the original 

space domain image from the frequency spectrum. It means to recover the image 

format of the original image. The space domain signal e(k) is: 

 

𝑒(𝑘) =
1

𝑁
∑ 𝐸(𝑢)𝑙𝑗

2𝜋
𝑁
𝑘𝑢

𝑁−1

𝑢=0
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However, these algorithms are slow to compute, so is more common to use a 

simplification of them. That simplification is called Fast Fourier Transform. 

Fast Fourier Transform 

As the other Fourier transforms, it is used to get a frequency domain signal from the 

space domain signal (the original digital image). The frequency signal it can be 

decomposed in harmonic components. 

To do that, we need a certain number of samples of the signal and their frequency of 

sampling. Firstly, to get the frequency of each harmonic component, it is used the 

following expression: 

 

𝑓(𝑛) = 𝑛
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
 

 

Where f(n) is the frequency of the harmonic n. 

The amplitude A(n) of the harmonic n is: 

 

𝐴(n)=√(𝑎2 + 𝑏2) 

 

Where a and b come from the complex output value (an+bn j) of Fast Fourier 

Transform. 

The argument φ(n) of the harmonic n is: 

 

φ(n) = arctg 
𝑏

𝑎
 

 

Actually, an image could be understood as a digital signal sampled along the x and y 

dimensions, instead of the time. This is the reason why we can apply Fourier 

transforms to images. 

 

FIR and IIR filters 

Finite Impulsive Response (FIR) and Infinite Impulsive Response filters are also used for 

images. The way of doing that consist in apply the convolution, which is how frequency 
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domain signals are multiplying, between the image matrix to filter and another matrix 

which contains the filtering parameters. FIR are stable and lineal, while IIR filters are 

instable and not lineal. 

 

3.2.1.- Space domain filters 

These filters application consist in go over every pixel in the image, applying any 

mathematical operation. Those operation use to involve the pixel and its 

neighborhood. Depends on the filter, it is taken a bigger or smaller pixels matrix 

around the pixel. This matrix is called window.  

Some of the more used space filters are the followings. 

 
Media filter or smoothing 
 
This filter produces a blur effect making softer gradients along the image. Through it, 
every pixel value is replaced by the arithmetic media of the pixel which are 
surrounding it. Taking a NxN size of window, being N an odd number (an even number 
doesn’t have a centered pixel), the new value P’(x, y) of the image is: 
 

𝑃′(𝑥, 𝑦) =

∑ ∑ 𝑃(𝑥 +𝑚 , 𝑦 + 𝑛)
𝑁
2

𝑛=−
𝑁
2

𝑁
2

𝑚=−
𝑁
2

𝑁2
 

 
Normalization  

The normalization consists in apply a luminance transformation map to every pixel of 

an image. Those transformations are used to extend the luminance values into the 

whole scale. It means that if an image is acquired with 256 RGB tones but, in fact, all 

values are inside 0 and 128, the filter will adapt luminance to the 256 tones scale. For 

that, firstly it necessary to find the highest and lowest values in the image. 

If the maximum value of the image is Pmax, the minimum is Pmin and the whole range of 

the image is R, the new value P’(x, y) of the image will be: 

 

P’(x, y) = R
𝑃(𝑥, 𝑦) − Pmin 

 Pmax − Pmin 
 

 

Gradient searching 

Gradient is a mathematical operator which shows how a function changes along the 

time. Is like a version of derivate but for multi-variable space. Because of an image can 
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be understood as a function which depends on the x and y axis, its gradient has this 

structure: 

 

∇𝑃(𝑥, 𝑦) = (
𝜕𝑃

𝜕𝑥
,
𝜕𝑃

𝜕𝑦
) 

The result is a vector which shows the maximum variation between pixels and the 

direction of that variation. These maximum variations are translated as the edges of 

objects. This filter highlights this gradient in some determinate directions using specific 

matrixes for each direction. If it is wanted to apply the filter in more than one 

direction, it is necessary to use more than one matrix. Those directions are horizontal, 

vertical and diagonals.  

 

Edges detecting using Laplacian operator 

As the gradient filter, it tries to make edges more visible. The advantage over the 

gradient filter is that works better when edges variations are not enough high. 

However, these filters are too much sensitive to noise, so is a good idea to combine 

them with other filters. 

Laplacian operator is defined as: 

 

𝐿{𝑃(𝑥, 𝑦)} =  (
𝜕2𝑃

𝜕 𝑥2
) + (

𝜕2𝑃

𝜕 𝑦2
) 

If it is applied to a 3x3 window, the convolution matrix of the filter will be: 

 

[
0 −1 0
−1 4 −1
0 −1 0

] 

 

3.3.- Basic algorithms of image processing 

Basic processing algorithms prepare the image for the segmentation and analysis 

stages. Some of the most used are the followings. 

 

Translation 

It consists in swapping the value of every pixel with the corresponding value of its 

coordinates plus the displacement in x and y directions. It means, the current pixel P 
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(x, y) will acquire the value of the pixel P (x+i, y+j), where i and j are the movement in 

both direction. 

That algorithm is oriented to move and object to certain point to, for example, apply a 

mask or a filter. 

 

 

Figure 30- Translation 

 

Rotation 

As the translation algorithm, it tries to change the position of an object into an image. 

In this case, a pixel P (x, y) rotates α degrees and takes the values from the pixel P’ (x’, 

y’), using a rotation matrix. 

 

[
𝑥′
𝑦′
] = [

𝑐𝑜𝑠 α −𝑠𝑖𝑛 α
𝑠𝑖𝑛 α 𝑐𝑜𝑠 α

] [
𝑥
𝑦] 

 

 

Figure 31- Rotation 

 

Mirror 
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The mirror algorithm swap corresponding pixels which are symmetric respect an axis. 

That axis could be horizontal, vertical or diagonal.  

 

Scaling and zoom 

Changes of image scale are so useful. Enlarging an image to compare it with another 

one which is bigger or making it smaller to speed up the computing are sometimes 

needed. Furthermore, zooming in or out could allow to deal with certain details. 

Given a scale factor (a) for x axis and another (b) for y axis: 

 

𝑃′(𝑥, 𝑦) = 𝑃(𝑎𝑥, 𝑏𝑦) 

Deformation 

Deforming an element of and image means either translating its pixels different 

distances or rotating different angles. It also known as mapping. For that task, we need 

mapping coefficients to every point of the image. 

 

Figure 32- Deformation 

 

Clipping 

This algorithm is used to make computing easy in future steps. It consists in keeping 

every pixel values above a maximum value in a constant value. In addition, every value 

under a minimum value acquires a constant value. For example, if there is a dark 

background with a low range of pixel values, it is a good idea to convert all values of 

the background to 0, in order to simplify the image 

 

4.-Image segmentation 

Segmentation consist in dividing a digital image in independent areas. These areas are 

defined by the different objects in the image. Basically, segmentation means to 

identify objects and separate them to the background. 

After the segmentation, every object in the image will be recognized and ready for the 

analysis. Furthermore, every pixel has been tagged according to which object it 
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belongs. Due to the tags, it is possible to link pixels which those with the same tag and 

connect them in the image space. 

Segmentation is an essential stage in machine vision applications, but sometimes it 

could be a hard job. If, for example objects are laid down over each other, the 

segmentation task turns into a complicated issue to solve. For this reason, turns out 

really useful to apply some morphologic transformations before the segmentation. 

Morphologic transformations are based on mathematic algorithms. The aim is to get 

the shapes of objects or increase their comprehension. I will explain briefly some of 

them: binary dilation, binary erosion, opening, closing and skeletons. 

 

Binary dilation 

For this transformation, we need a binary image (pixels matrix A) and a mask (pixels 

matrix B). Binary dilation is identified with ⊕ symbol. So, A⊕B is defined as:  

 

A⊕ B = 𝐵⊕ 𝐴 =  {𝑐 𝜖 𝑍𝑛 | 𝑐 = 𝑎 + 𝑏    ; ∀ 𝑎 ∈ 𝐴 𝑎𝑛𝑑 𝑏 ∈ 𝐵 

 

In practice, it could be understood as taking the mask B and center it on every image A 

pixel. If one of the mask pixels has the same value as the image, the pixel where is 

centered the mask B will have a 1. For example: 

 

Giving mask B: 

[
1 0 1
0 1 0
1 0 1

] 

 

And having the image A: 

[

0 1
0 0

0 0
1 0

0 1
0 0

0 1
1 0

] 

 

The binary dilation, A⊕B, will be: 
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[

1 1 1 1
1 1 1 1
1 1 0 1
1 1 1 1

] 

 

 

Figure 33- Binary dilation  

Binary erosion 

As the binary dilation, binary erosion is a morphologic transformation which requires a 

binary image (A) and a mask (B). It is identified by the operator ⊖. The mathematical 

definition is: 

A⊖ B = 𝐵⊖ 𝐴 =  {𝑐 𝜖 𝑍𝑛 |( 𝑥 = 𝑥 + 𝑏) ∈ 𝐴 𝑎𝑛𝑑 𝑏 ∈ 𝐵 

 

In binary erosion, every pixel x such that B, translated by x, are contained in A. In 

practice, mask B is centered again in every pixel of A. If every mask pixel has the same 

value than the image A pixel neighborhood, this pixel will be 1, if not will be 0. For 

example: 

 

Giving mask B: 

[
1 1 1
1 1 1
1 1 1

] 

 

And having the image A: 

[
 
 
 
 
 
1 1
1 1

0 1 1 1
1 1 1 1

1 1
1 1
1 1
1 1

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1]

 
 
 
 
 

 



Machine Vision with LabVIEW: Screw Quality System 

 

39 
 

 

The binary erosion, A⊖B, will be: 

 

[
 
 
 
 
 
0 0
0 0

0 0 0 0
0 0 1 0

0 1
0 1
0 1
0 0

1 1 1 0
1 1 1 0
1 1 1 0
0 0 0 0]

 
 
 
 
 

 

 

The effect is a reduction of the shapes of the images. However, this transformation is 

not the opposite of the binary dilation. So, if we made a dilation and then a erosion, 

the result wouldn’t be the original image. 

 

 

Figure 34- Binary erosion 

 

 

Opening and closing 

On the one hand, opening transformation is basically a dilation plus an erosion after. 

On the other hand, closing transformation is the opposite, an erosion plus a dilation 

after. 

Opening -> A ◦ B = (A ⊕ B) ⊖ B 

Closing -> A ●B = (A ⊖ B) ⊕ B 
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Figure 35-Opening and closing transformations 

 

Skeletons 

This operation reduces objects until a skeleton of a pixel of width. The idea is to give an 

approximation of the shapes of objects. The disadvantage of this technique is long 

time of computation, so it’s not commonly used. 

 

 

Figure 36- Image skeleton 

 

4.1.-Segmentation technics  

4.1.1.-Thresholding 

Thresholding is a useful method for segmentation task. Through this technique it is 

possible to get a binary image from a color or gray scale image. The idea is to take a 

plane of an image (grey scale images have only one plane) and convert all pixel values 

just either in 1 or 0. For that, is compulsory to define a threshold range. This range 

consists in two values. All pixels with a value inside the range will have a value of 1 

after the thresholding. The rest of them will turn into 0. Due to this method, is possible 

to split objects from the background. 
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Sometimes, it turns out definite and enough for segmentation. However, if the 

background has pixel values near the object ones, it is too difficult to define the 

accurate range to separate them. 

To achieve an effective segmentation through thresholding, there are a bunch of 

methods to determine the best range of threshold. These methods are based on 

analyzing pixels histogram, recognizing shapes or calculating variance and typical 

deviation of pixel values. 

 

4.1.2-Segmentation based on edges 

It uses edges found by edge detection tools. These edges are linked to create chains of 

edges and determinate which edges belong to the border of objects. An object border 

is a close edge which separate the object to the background. Furthermore, it tries to 

match which edges and borders belong to which objects.  

The degree of segmentation depends on how much information we have. Usually, we 

don’t have too much information about the objects geometry so we have to work with 

pixel values. These techniques tried to describe a path of pixels where are described 

borders. 

An example of this way of segmentation is a technique of edges smoothing. It tries to 

make distinctions between just edges and borders. We could distinguish between 

strong edges (thick) and weak edges (thin). That technique brings a context into the 

image. If there is a weak edge between two strong edges, there is a big chance that it 

belongs to the border. Otherwise, if an edge is out of context, it could be just a detail 

of the object, not the border. 

 

4.1.3- Segmentation based on regions 

These techniques don’t work borders between regions, but straight with regions. A 

region should be homogeneous. Those homogeneous areas can be searched for 

through a wide variety of features, from greyscale values to textures. 

 

4.1.4.- Clustering 

Clustering is a method to join data and sort automatically objects. For that task, it 

requires to define a bunch of features associated to each pixel. It generates a 

multidimensional vector in every pixel of the image. Clustering techniques have the 

responsibility to group vectors according to how similar are they with each other. In 

addition, they can find the gravity center of this group of pixels. Finally, every group is 

considered as an independent object. 
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5.- Recognizing and analysis of objects 

 

The last step of the process is to identify objects and take measurements from it.  

However, some of the most common segmentation techniques are not too much 

accurate. Thresholding involves defining a range, which is a subjective decision. That 

brings error and noise. Therefore, is a good idea applying binary transformations to 

images in order to prepare it for object measurements and extract their qualities. 

Binary morphological operations define and modify the structure of particles in a 

binary image.  A particle is an area of a binary image whose pixels have a value of 1, 

surrounded by pixels of the background (those pixels has a value of 0). These 

morphological transformations try to solve problems after segmentation as noise 

particles or particles laid on other particles.  

As is explained in section 4 of this chapter, binary transformations don’t only involve 

singular pixels, but also are involver their neighborhood. To identify which pixels 

belong to the same particle, they have to belong to the same intensity threshold. If 

they do, it said there is a connectivity. 

Connectivity is a mechanism to set pixels spread over different groups. Adjacent pixel 

can be join in the same particle even they are only touching each other by a corner. It 

depends on which kind of connectivity we regard. 4-Connectivity only recognize as a 

particle pixel which are side by side with the particle. Otherwise, 8-connectivity pixels 

are considered to be part of the same particle if they are horizontally, vertically, or 

diagonally adjacent. 

. 

 

Figure 37- Connectivity 

 
There are Morphological binary transformations, some of them are explained in 

section 4, such as erosion, dilation, opening, closing and gradient techniques. 

Once particles are clearly differentiated, is needed to locate them in the image. For 

define particles by coordinates, is necessary to put them inside simple geometric 

shapes as wrapping rectangle, circle or ellipse. Other information could be useful 
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about particle, like, for example, perimeters, holes inside, gravity center or maximum 

Feret diameter.  Gravity center or centroid is defined as the arithmetic mean of the 

coordinates of all pixels in a particle. Maximum Feret diameter is the distance which is 

between the most distanced pixel in a particle, following a straight line. 

 

 

Figure 38- Feret diameter 

 

Other really useful task is searching for templates in images. Matching algorithms can 

find out correlated relationship between particles in different images. To speed up the 

computing of matching process, is a good option to reduce the size of an image or 

apply a mask for limited the searching area. 

There are a few methods of pattern matching available in LabVIEW.  

 

Normalized Cross-Correlation 

This is the most common method for the current task. Its performing is based on a 

great amount of multiplications. This, indeed, increases computing time quite long.  It 

works specially well when the templates are not rotated or scaled. 

 

Scale- and Rotation-Invariant Match 

This method is used when rotation and scale are unknown. Otherwise, it’s better to 

either rotate the template or scale it and then apply Normalized Cross-Correlation 

method because, in space domain, it’s easier and quicker. However, this method it’s 

easier in frequency domain. Throughout the Fourier transforms, it’s possible to get the 

main harmonics of an image and apply Scale- and Rotation-Invariant Match. In the 

frequency domain, correlation is obtained by multiplying the Fast Fourier Transform of 

the image by the complex conjugate of the template ones.  
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Pyramidal Matching 

In this method, both image and template are sampled in smaller pieces (until four 

times) to saved computing time. However, identified areas as possible patterns must 

be checked again with the original size to ensure. 

 

Image Understanding 

This method is based on sampling intelligently a template to reduce redundant 

information and focus on characteristic features. This method doesn’t allow big ranges 

of scales, but it does with rotations. 
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CHAPTER 3. LabVIEW Application 

 

1.-Description of the environment 

LabVIEW is a programming environment developed in 1976 by National Instruments. 

Its name is the short way of Laboratory of Visual Instrument Engineering Workbench. It 

manages a graphic visual programming language (G language). It is a powerful tool 

thought to use with hardware and software design, control and testing. It can be used 

for virtual and real embedded components. 

G language, used by LabVIEW, is a dataflow language. The programming method is 

through blocks diagram, such as digital circuit. Every function is embedded in function 

blocks, called VIs (Virtual Instrument). It also has available the classic control structures 

like loops or case structure, as the rest of the high-level languages.  

LabVIEW is able to make communication with peripheral hardware. It means we can 
transfer information to LabVIEW from serial and parallel ports, GPIB, PXI, VXI, TCP / IP, 
UDP, DataSocket, Bluetooth, USB, etc. In addition, it can exchange information with 
other applications and languages like .NET, ActiveX, MATLAB, Simulink, AutoCAD, DLL 
libraries, etc. 

From my personal point of view, its strongest point is, on the one hand, the capacity of 
offering a graphic programming language (which is more intuitive), without lose the 
nested functions system (which helps to tidy up and clear up the code). On the other 
hand, LabVIEW is orientated toward a wide variety of engineering fields, which makes 
it rather versatile. 

The disadvantage I have found is, basically, the lack of enough abstraction, which 
sometimes avoid you to solving some issues. 

 

1.1.-Elements of the environment 

LabVIEW environment simulates a physical device performance. Every hardware 
device need to basic elements: a programmable space and an interface. On the one 
hand, the programmable space describes the behavior of the device. On the other 
hand, the interface lets the user to give input data to the application and take output 
reports from the device. 

Block diagram panel 

This panel appears independent to the interface panel as a different window. 
However, they are connected and all indicators we use in the interface panel will 
appear in the block diagram panel. 
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The performing of this panel is in parallel. That means every independent process will 
be executed at the same time. So, if we want to use in a VI any data from another VI as 
an input, we will have to connect them in a serial way. This is because the environment 
emulates how electrical current runs along a circuit. Despite that, there are available a 
few sentences of control which allows to modify this behavior. For and while loops 
allow to execute a concrete part of the code more than once. Case structure 
distinguish when executing either one part of the code or another. And sequence 
structure gives to de programmer the possibility to arrange in which order it’s wanted 
to execute two branches of the block diagram. 

In this panel, every block (technically known as VI) is shown like a square, with the 
inputs at the right, top and bottom, and outputs at the left. Colors in inputs and 
outputs depends on the kind of data they require or provide. All blocks must be wired 
to let LabVIEW to compile. In order to make data identification easier, LabVIEW lets us 
to tag controls and indicator with names written above them. 

 

 
Figure 39- Block diagram panel 

 

 

Because is a graphic language, even simple programs might be shown as a confusing 
amount of wires and blocks. This fact goes against the aim of visual programming 
environments, which is making it more intuitive and clear. For that reason, the blocks 
panel has a button throughout LabVIEW tidy up automatically your blocks diagram, 
making it as tidy as possible. That button is located above the programming space and 
it is represented by this icon: 
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Interface panel 

This panel has the responsibility to collect inputs and give back the outputs. Inputs are 
called controls and outputs are called indicators. Only this panel can be modified 
during the execution, and for that reason, if the we create and executable with the 
application, only interface panel will be visible. 

LabVIEW offers a wide variety of controls, indicators and graphics. For example, 
percentage numbers can be represented by either a normal indicator or a 
thermometer shape indicator. There are more like water tanks, wheels, etc. There also 
are different peripherals for Boolean variables, as switchers, LEDs, etc. 

 

 
Figure 40- Interface panel 

 

The main utility of this panel is letting us to test our applications. For that, there are 
two ways of execution: run and run continuously. Run executes the application once, 
while runs continuously do it until manual break. If the compiler detects any error, it 
will disable the run button, showing it as broken and popping up a window with the list 
of found errors. 

 

 
Figure 41- Buttons for testing (a run (b run continuously 

(c error after compilation (d finish execution (e pause 
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Figure 42- Error list window 

 

Palettes  

Palettes contain VIs to use in our program. They are sorted in folders and subfolders 
according their utility. It also has a searcher. We can modify our palettes adding or 
deleting VIs. We can also include new download packages or our own VIs. 

VIs and SubVIs  

Virtual Instruments are subprojects developed by the fabricant, which give us the 
possibility of work in a higher level. Otherwise, we should deal straight with data and 
low-level instructions. This will be a problem because we had to program things which 
are not related with our application. 

VIs are shown in our block diagram as black boxes, letting us to see only the input and 
output pins. LabVIEW has implemented a color code for each kind of data. The most 
important codes are dark blue (real numbers), green (Booleans), orange (floating point 
numbers), magenta (strings), cyan (paths), marine blue (Enums), brown (clusters, 
which are groups of different kinds of data) and purple (images). Arrays have the color 
of the data contained inside. 

SubVIs are parts of code which has a specific utility and we want to use it in future 
applications. These subVIs are created by the user in the block diagram panel and 
saved in an independent file. In an application routine, they are computed firstly 
solving some problems which could be generated with the rest of the code. Due to the 
use of subVIs, we can develop a more compact and tidy code. 
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1.2.-Vision and Motion Palette 

Vision and Motion Palette isn’t included in LabVIEW by default. It’s necessary to 
download and set up two extra modules: NI Vision Development Module and NI Vision 
Acquisition. This palette is oriented to the development of machine vision and image 
processing applications. Now, I will explain briefly all the folders contained inside. 

 

NI-IMAQ 

This folder is oriented to setting up a 

session with a NI camera device and 

take images from it. 

 

 

Figure 43- NI-IMAQ folder 

NI-IMAQdx 

This folder has the same utility as NI-

IMAQ. However, this one allows us to 

work with devices which are not made 

by NI. 

 

 

 

Figure 44- NI-IMAQdx folder 

 

 

Vision RIO 

This folder is oriented to work with FPGAs and manage advanced signal processing 

options. These VI are not suitable for the application developed in this project. 
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Vision utilities 

This folder offers a bunch of tools 

which will be needed during the image 

processing step. These utilities let us 

read and write files, calibrate our 

camera, extract color planes or reserve 

a temporal memory for images. 

 

 

 

Figure 45- Vision utilities folder 

 

Image processing 

This folder offers the main filters and 

algorithms for image processing. 

 

 

Figure 46- Image processing folder 

 

Machine Vision 

This folder provides us VIs which 

already implement algorithms from 

machine vision. 

 

Figure 47- Machine vision folder 
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Vision Express 

This folder contains only two 

instruments, which are oriented to 

make machine vision and image 

processing task easier. Each of them 

pops up a window where we can apply 

to an previous saved image VIs from 

other folders in a guided way. 

 

 

Figure 48- Vision express folder 

 

 

 

 

2. Machine vision application 

 

2.1.- Image acquisition 

The first step to develop a vision system is manage the images acquisition. LabVIEW 

has some VIs to solve that task. The application will request saved and live images. The 

way to load saved images is explained in 2.2 section. Here I focus on how to take live 

images. 

Live image comes from the camera. In the sub palette NI IMAQdx we have some tools 

to open a recording session, configure a camera and use that camera. For manage, its 

necessary to wire several blocks in a branch.  

The first step is to create a new session throughout a VI called IMAQdx Open Camera 

VI. This VI allows us to create a control to select which camera is wanted to take 

images. For laptops, cam0 is the laptop’s camera, and then appear the external USB 

cameras numerated by order. If that control is skipped, the VI will take cam0 by 

default.  

 

 

 

The second step is configuring the image acquisition using IMAQdx Configure Grab VI. A 

grab performs in loop on a ring of buffers. 
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Then, everything is ready to take images using IMAQdx Grab2 module. This module takes the 

last frame in the camera and turn it into an image output. It’s possible to wire it a time 

constant to take images in intervals of this time of long. The default time is half second. 

 

 

 

At the end, it is so important to close the session. IMAQdx Close Camera VI let us close it in a 

safe way. 

 

 

The way to get a live image is placing the grab VI into a while loop. In addition, is 

necessary to provide the image any room in a temporal memory to save it. The module 

IMAQ create reserves that room. Also, we can play the image in a display available in 

the interface panel. 

 

Figure 49- Image acquisition 
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2.2.-Absolute and relative paths 

One important aspect of a machine vision application is saving images to use them 

after. The easier method to read and write files in LabVIEW is through two VIs which 

are prepared to handle files due to their absolute path. It means that the whole name 

of the path must be written and it implies this path is not modifiable. The usual VIs are 

shown in the following pictures: 

 

IMAQ Read File  

 

This VI is used to read a saved image in whatever format. 

 

IMAQ Write File 2 

 

This VI are used to save an image file in the specified format. 

 

These VIs require you to give an absolute path and a space in temporary memory to be 

saved. This memory is assigned due to another VI. 

 

IMAQ Create 

 

This VI reserves a temporary memory identified with a name written in an input string. 

That implies that every block of this kind has to be wired with a different name string, 

otherwise images would overlap in the same memory space. 

 

The correct utilization of them is shown in the next example. 
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Figure 50- Opening a file through an absolute path 

 

 

However, if the application will be run in another computer or device, this method 

doesn’t work. It’s compulsory to use another method which can access to a file only 

using the location of the application’s VI. For that task, there are few VIs which help to 

modify a path. 

 

Current VI's Path Function 

 

This tool returns the path of the current VI (where is needed to read a file). Due to this, 

it doesn’t matter where is saved the VI. 

 

Strip Path Function  

 

 

This function splits up the path in two outputs. One path with the whole address of the 

input path, except the last element (the name of the VI file in this case). The other 

output is a string containing the last element of that address (the name of the file). 
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Build Path Function 

 

This function combines a path with a string, adding it at the end of the input path. 

 

Finally, it is possible to open an image which we don’t know where it will be saved. 

Below there is a simple example of their use. 

 

 

Figure 51- Opening a file through an relative path 

 

 

 

 

2.3.- Products identification 

The whole architecture of the application is built over the products recognizing. That 

fact makes this process really important. If there isn’t a robust recognizing system, the 

rest of the tools developed couldn’t work properly. 

The main tool in vision and motion palette to search for patterns is IMAQ Find Pattern 

4 VI. It works only with U8 image format. However, it gives a lot of problems whit its 
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performing. The tool works in a low level, finding groups of pixels which have the same 

values as template pixels. U8 has 256 tones of grey, that implies the slight change in 

illumination could change those values and spoil its performing. Because that, 

template and live images will be turned into bipolar and, then to grey scale. The image 

doesn’t have enough information to be changed to greyscale again, so it will keep the 

bipolar tones, but with U8 format. 

 

 

 

The greatest advantage of this tool is that it doesn’t need other VIs to learn or prepare 

a pattern, but it can be used independently on other VIs. That is the reason I’ve chosen 

this VI, instead of other VIs such as IMAQ Match Geometric Pattern VI. In addition, it 

let you configure its settings. The most useful settings for the current application are 

the number of matches expected, the number of matches requested and the rotation 

expected. Other settings let us select the searcher algorithm or overlay the areas of 

searching. 

The number of matches expected determine the maximum number of products that it 

is going to look for. 

The number of matches requested determine how many pixels, at least, must match 

with the template. The task consists in figuring out what number brings certain 

accuracy, but allows the pattern to find products. 

Th rotation expected determine how many degrees might be rotated the object in the 

live image respect to the template. Therefore, the range of angles will be 0 and 360. 

Sometimes, for patterns which are almost symmetric, the tool doesn’t distinguish 

between 0 and 180 rotation degrees 
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The main output is an array of clusters which contains the information of maximum 8 

objects found. The most useful elements of each cluster, for this application, are 

position, scale and angle. 

 

Position is another cluster which contains the x and y coordinates of the center of the 

pattern matched. That center is not necessarily the gravity center of the object, but 

the center of the ROI we have used as template. 

Scale is a range of values which determines how many times could be an object bigger 

or smaller to be identify. A big scale can bring a loss of accuracy. If the camera is 

calibrated and fixed, these values don’t matter.  

Angle is just a number which shows how many degrees is rotated the pattern 

matched.  

 

 

Figure 52- Pattern matching 

 

 

 

2.4.- Recognition of an object 

An essential issue to solve is giving to the software the intelligence to recognize when 

there is an object under inspection, and when not. In addition, is rather important to 

distinguish between a product and another object which could sneak in the production 

line. Those objects could be either strange objects or just parts of products. Never 

mind, they should be rejected. 
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For the rejection task, it is necessary identifying them on the one hand, and removing 

them on the other hand.  

 

2.4.1 Object Identification  

The product identification architecture is based on two VI, the pattern finder and 

IMAQ Light Meter (Line) VI. The idea is two create two virtual sensors with this last 

one. This VI basically measure the grey intensity a long a described line. As output, it 

returns the arithmetic mean and the deviation. As is explained in section 3.3, take pixel 

measurements in grayscale is quite risky because this values changes whit a slight 

difference in illumination. Related to the robustness, is better to work with bipolar 

images. 

 

 

 

 

The idea is creating one of those lines in both sides of the camera image. The 

workbench simulates a conveyor transporting objects from left to right. For that 

reason, sensor 1 (from now on M1) will be placed at left side, leaving a narrow margin 

with the border of the picture. Therefore, sensor two (from now on M2) will be placed 

at right side. 

 

These sensors are activated when the intensity mean in over a limit. This limit has been 

taken by experimental tests. It’s important to keep in mind that this limit has to be a 

numbeer between 0 and 1 because the image is bipolar. 

 

The location of the sensor is fixed and is given through constant clusters to the light 

meter tools. In the image below is shown how is implemented this function into a 

testing program.  
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Figure 53- Block diagram of Presence sensors VI 

 

 

 

Figure 54- Activating a sensor 

 

 

However, there are still a problem. We need to know when there is an object in the 

inspection area and when not. Furthermore, that object could be a strange sneaked 

object instead of a product. To manage sensors, I will use a state machine. Exactly, a 

Moore state machine, where the outputs depends only on the current state. Below 

there are three tables defining states, inputs and outputs. 
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States Description 

S0 The system is turned on and there are 
neither objects nor products in the 
workbench. 

S1 The entrance sensor is being activated 
by an object 

S2 Neither exit sensor nor entrance sensor 
are activated, but there is an object 
inside. 

S3 The exit sensor is activated, so product 
or strange object is leaving the work 
place. 

Table 3- States definition 

 

 

 

Inputs Description 

M1 Entrance sensor 

M2 Exit sensor 

Matches Boolean input which shows if the pattern 
finder tool has found any product 

Table 4- Inputs definition 

 

 

 

Outputs Description 

Object Is there any object inside? 

Product Is that object a product? 

Table 5- Outputs definition 
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Once the machine is defined, is necessary to draw a state diagram: 

 

Figure 55- State machine 

 

 

Programming a state machine in LabVIEW is quite simple. We need to create an enum 

constant with all of states. This enum controls a case structure, where we will program 

different instructions depends on the current state. Because we need to compere the 

current state when the input signal to determinate transition, its need to create a 

while loop, introducing the state enum through a shift register. This utility gives us the 

possibility to save an compare one element with the next iteration of this element (in 

this case the state enum) in a loop. 

 

 

State S0 

State S0 pass to S1 if the sensor M1 is 

activated. In this state both outputs are 

false. 

 

 

Figure 56- S0 
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State S1 

State S1 pass to S2 if the sensor M1 is 

desactivated. In this state both outputs 

are still  false. 

 

 

Figure 57- S1 

 

 

 

 

State S2 

State S2 pass to S3 if the sensor M2 is 

activated. In this state outputs depond 

on matches  input. If it is false, the 

object is not reconized as an product. 

Therefore, product output will be false 

and object one true. If is true, both of 

then will be true. 

 
 

Figure 58- S2 
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State S3 

State S3 pass to S0 if the sensor M2 is 

desactivated. In this state both inputs 

are false again, because the product is 

leaving the inspection area. 

 

 

Figure 59- S3 

 

 

2.4.2 Strange objects removal  

This task won’t be implemented in this project because is based on an automation 

system hardware. It is no related with machine vision, but I would like to suggest a 

solution for this question. 

Above, in the object identification, the software made distinctions between strange 

objects and products, even before the quality inspection. If the object wasn’t identified 

as a product, a Boolean signal was shown in the interface panel. The idea is that the 

signal is sent to an actuator. The control of the communication between this software 

and the actuator might be managed by an PLC or another programmable device. In 

relation to the actuator, there are two possibilities: either using a robotic arm or a 

simple effect pneumatic cylinder.  

 

Robotic arm 

Robotic arms are really common in industry. They are expensive and 

need to be programmed. However, they offer a great flexibility and 

robustness. If the point is to ensure the perfect function of the stage, 

it will be a good choice to invest in a robotic arm. 
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Figure 60- Robotic arm 

 

 

 

Simple effect pneumatic cylinder 

The idea is the cylinder pushes the strange object out the conveyor 

on one side. A pneumatic cylinder is powered by air, which doesn’t 

provide a stronger force than a hydraulic cylinder, but is more 

durable. Because of this is a small object inspection (screws), it’s not 

necessary a hydraulic cylinder. In relation with de double or simple 

effect, the cylinder must expand when it receives the control signal, 

and then go back to the original position. A double effect cylinder 

would keep the expanded position blocking the conveyor. 

The advantages of this choice are, on the one hand, the too much 

cheaper price than the robotic arm, and on the other hand, the 

implementation is easier because it doesn’t need to be programmed. 
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Figure 61- Pneumatic cylinder 

 

 

2.5.-Measurements over products 

In this section, I will show how products quality issues have been solved. As reminding, 

the features regarded to make quality are two. On the one hand, sizes of the screw 

and head, and, on the other hand, the straightness.  

To resolve and program the VIs which deal with those task, there are templates of 

products. In those templates products are shown as ideal. That mean the pattern 

searcher tool will work with them, looking for possible products on the conveyor. 

 

2.5.1-Templates 

The templates are simple pictures taken just under the camera. They show the 

products in a horizontal position (related to the coordinates axis). The main advantage 

of the use of templates, is that we always know where are located the product. That 

let us to select a ROI automatically, without the necessity of drawing it in the picture. 

As section 2.3 of this chapter explains, the recognizing of the objects has an 

architecture based on a tool called IMAQ find Pattern 4. The templates are given to the 

pattern, who searches for matches between it and the image from the camera. The 

idea is parameterizing templates objects for use them afterwards in the quality 

checking. 
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Figure 62- Template 1 and template 2 respectively 

 

 

 

As section 2.3 of this chapter explains, the recognizing of the objects has an 

architecture based on a tool called IMAQ find Pattern 4. The templates are given to the 

pattern, who searches for matches between it and the image from the camera. The 

idea is parameterizing templates objects for use them afterwards in the quality 

checking. To justify this method, I have two reasons. 

 

 Firstly, it’s not affordable to use the whole pictures as a template, because they have 

the same resolution as the image taken by the camera (640x480). It is compulsory to 

select a ROI and give it to the pattern finder tool as a template, otherwise it wouldn’t 

compare just the product, but the whole image, turning out a silly task because the live 

image could have a lot of differences with the template images. The parameters array 

describes the suitable ROI of each product. 

 

Secondly, we need the pattern finder to provide us the center of the center of the ROI 

found in the live image. Applying arithmetic algorithms to this center (which is exactly 

where are located the product in the live image), we can know where do the 

measurements. The parameters will be used in those algorithms. It means that 

parameterizing the templates, we avoid having to program two different measurement 

VIs (one for each product). Instead of that, the same VI can measure both products. 
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Figure 63- Parameters order in a product array 

 

The sketch above shows in what position are sort the parameters of the template. 

Horizontal lines mean X axis coordinates, and vertical lines Y axis ones. The reason of 

this order is that rectangle input cluster of the measurement and overlay tools has the 

same one. It is explained carefully in the next subsection. In addition, two parameters 

more will be added at the end of the array. Number 8 is the X coordinate of the center 

of the template ROI. Number 9 is its Y coordinate. So, both product arrays in absolute 

pixel coordinates are: 

𝑃 = (𝑃[0], 𝑃[1], 𝑃[2], 𝑃[3], 𝑃[4], 𝑃[5], 𝑃[6], 𝑃[7], 𝑃[8]); 

Product 1= (206, 242, 428, 304, 250, 252, 288, 317, 273); 

Product 2= (158, 256, 510, 336, 196, 272, 316, 334, 296); 

 

2.5.2.-Dimensions 

The dimensions to measure are four: length and width of the screw, and length and 

width of the head. The architecture of this VI is based on two tools called IMAQ Clamp 

Horizontal Max VI and IMAQ Clamp Vertical Max VI. These blocks are able to 

determine where are edges into a selected rectangle and get the distance between 

them. 

 

IMAQ Clamp Horizontal Max VI 
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IMAQ Clamp Vertical Max VI 

 

 

These tools only work with grayscale images and, how is explained in 2.3 section, the 

pattern matching is done after turning live image into bipolar. Unfortunately, we can’t 

wire the image input of they with the image output of the pattern finder tool. For that 

reason, the VI developed in this section will have and extra input to connect the image 

straight to the camera image output. 

So, actually, the task is to determine which rectangles contain the head and the screw 

in the live image. Because live image is inconstant and unpredictable, this VI works 

with the matches coordinates given by the pattern finder. However, it only provides us 

the center of the ROI and the rotation angle. For that reason, we have to apply a few 

arithmetic algorithms to determine which rectangles send to measurement VIs. 

 

 

Figure 64- Product ROI versus template ROI  

 

In this sketch, we can see how the product could be placed. Where Ct is the center of 

the template ROI (is given by the two last elements in the product parameters array), 

and CL is the center of the ROI found in the live image (is given by the pattern finder 

tool). Having Ct (Ctx, Cty) and Cl (Clx, Cly), we can calculate increments. 

 

∆𝑥 = 𝐶𝑙𝑥 − 𝐶𝑡𝑥 = 𝐶𝑙𝑥 − 𝑃[7]; 

∆𝑦 = 𝐶𝑙𝑦 − 𝐶𝑡𝑦 = 𝐶𝑙𝑦 − 𝑃[8]; 
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After getting increments, we calculate the rectangular areas to make measurements. 

The used VIs require them as an input. Every rectangle input is a five arguments 

cluster. These arguments in order are: left, top, right, bottom and rotation. So, they 

can be defined as: 

𝑅 =(Rx1, Ry1, Rx2, Ry2, Rot); 

 

Know, let’s define the four rectangles. R1 will be used to measure the whole length of 

the product, R2 for the length of the head, R3 for the width of the screw and R4 for the 

width of the head. The rotation of all rectangles is the same, and is given by the 

pattern finder tool. 

 

𝑅1 = (𝑃[0] + ∆𝑥, 𝑃[1] + ∆𝑦, 𝑃[2] + ∆𝑥, 𝑃[3] + ∆𝑦); 

𝑅2 = (𝑃[0] + ∆𝑥, 𝑃[1] + ∆𝑦, 𝑃[4] + ∆𝑥, 𝑃[3] + ∆𝑦); 

𝑅3 = (𝑃[0] + ∆𝑥, 𝑃𝑦[1] + ∆𝑦, 𝑃[2] + ∆𝑥, 𝑃[3] + ∆𝑦); 

𝑅4 = (𝑃[0] + ∆𝑥, 𝑃[5] + ∆𝑦, 𝑃[2] + ∆𝑥, 𝑃[6] + ∆𝑦); 

 

P array is the parameters array of the product, an is explained in 2.6.1 section. 

Implemented in LabVIEW it would be: 

 

 

Figure 65- Measures VI 

 

 

Applying this algorithm in a testing program, we obtain good results. In the picture 

below is shown the interface panel with the results. Number 1 square shows the 
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template ROI selected with the parameterizing of the template. Number 2 is the live 

image recorded by the camera. We can see how pattern finder tool overlays the ROI 

we it finds it in the live image. Number 3 show the length of the product in grayscale 

format (the measurement tool can’t work with bipolar images). Number 4 is the 

parameter array of the product. In the global VI it will be defined as a constant. 

 

 

 

Figure 66- Measures VI performing 

 

 

  

 2.5.3.- straightness 

The straightness is another feature which makes quality. The architecture of the VI 

which takes care about it is based on the pattern finder VI and IMAQ Light Meter 

(Point) VI described on section 3.4.1.  

 

 

 

This VI let us place a point in the image and measure light intensity inside. The point is 

defined by the absolute coordinates of its center. However, it measures a 3x3 pixel 
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matrix around the point. The idea is to set two points over the product, simulating two 

sensors. The location of the points will be at the end of the screw, where is easier to 

realize about the lack of straightness.  

Each point is placed forming a small angle with the axis of the object. This parameter 

it’s modifiable because depends on the size of product. The sketch below shows where 

they are placed. 

 

Figure 67- Template ROI vs live image ROI 

 

 

The task now is defining the points through their coordinates, P1(x, y) and P2 (x, y). As 

reminder, pattern finder tool provides us a cluster with the coordinates of the center 

of the ROI and the angle respect its position in the template. The position of P1 and P2 

will be given by the following expressions: 

 

∆𝑋 = 𝐶𝑙𝑥 − 𝐶𝑡𝑥 

∆𝑌 = 𝐶𝑙𝑦 − 𝐶𝑡𝑦 

 

The distance d is an input parameter which means the distance between the center Ct 

and the points projection over the axis of the object. Angles α and β are the angle 

which every point formed with the axis of the object and the angle which the template 

ROI is turned in the live image, respectively. 

 

𝑃1 (𝑥, 𝑦) = (𝐶𝑡𝑥 + 𝑑 cos (β +  α) + ∆𝑋 , 𝐶𝑡𝑦 + 𝑑 sin  (β +  α) + ∆𝑌); 



Machine Vision with LabVIEW: Screw Quality System 

 

72 
 

𝑃2 (𝑥, 𝑦) = (𝐶𝑡𝑥 + 𝑑 cos (β −  α) + ∆𝑋 , 𝐶𝑡𝑦 + 𝑑 sin  (β −  α) + ∆𝑌) ; 

 

Substituting  ∆𝑋 and ∆𝑌, the expressions are simplified: 

 

𝑃1 (𝑥, 𝑦) = (𝐶𝑙𝑥 + 𝑑 cos (β +  α) , 𝐶𝑙𝑦 + 𝑑 sin  (β +  α)); 

𝑃2 (𝑥, 𝑦) = (𝐶𝑙𝑥 + 𝑑 cos (β −  α) , 𝐶𝑙𝑦 + 𝑑 sin  (β −  α)) ; 

 

However, the direction of the coordinates axis Y, goes in the other sense than in the  

Cartesian coordinates (from up to down). That means sin(x) function will have the 

opposite sign. To fix this problem it’s enough add π radians to the angle before do the 

trigonometric operation. 

 

To ensure the straightness, both points must measure 1 value (it will be used with 

binary images). Therefore, the results of both comparisons are joined by a AND gate. If 

at least one of them is 0, a Boolean indicator will be activated, as the figure below 

shows. 

  

 

 

Figure 68- Straightness checking VI 
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2.6.-Global VI 

The global VI manages and coordinates every subtask in the application. In addition, it 

processes images to send it in the suitable format to every subVI developed to each 

subtask. The tools developed are three: Measures VI, Presence sensors VI, Straightness 

checking VI. Their performing is explained in previous sections. 

 

Figure 69- (a  Presence sensors VI  (b  Measures VI    (c  Straightness checking VI 

 

Templates are loaded through relative paths. Then the module IMAQ Extract 2 gets 

the ROI defined by the parameters of each product. Then, they are converted in 

greyscale by IMAQ cast image VI and in bipolar afterwards (applying the threshold 

method). Now, template ROIs are ready to be used by the pattern finder tools. If they 

find matches, they send angle and position of the ROIs in the live images. The 

measures VIs collect that information and get the distances of the product. Then the 

straightness VIs apply their algorithm and report the result by a Boolean output. 

Parallelly, the presence sensors tool works coordinately with the state machine to 

manage if there are products or not.  

There are different flows of the images. That is because of measures VI need a 

greyscale image to work, while straightness VI needs a bipolar one. 

 

 

Figure 70-  Image flows diagram 

 



Machine Vision with LabVIEW: Screw Quality System 

 

74 
 

Figure 71- Screw quality application 
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2.7.- User interface 

 

The user interface is an important element of the application. It should be clear and 

tidy. In this interface, controls and indicators are sorted in five panels: Controls, 

Quality, Sensors, Templates and Camera. 

 

Controls 

In this panel are placed all control available in the application. There are stop buttons 

(one for the state machine and one for the application), a drop down to select which 

camera is wanted to use, and the range of the thresholding. 

 

Figure 72- Controls panel 

 

 

Quality 

Here is shown the quality stuff. There are two LEDs which the refusing signals, and two 

arrays with the distances measured. 

 

Figure 73- Quality panel 

 



Machine Vision with LabVIEW: Screw Quality System 

 

76 
 

Sensors 

This two panels contain the line sensor indicator, if there are a object or a product and 

if the product is number 1 or 2. 

 

 

Figure 74- Sensors panel 

 

Template windows 

Here are shown the template ROIs selected in binary format. 

 

 

Figure 75- Template windows 
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Camera windows 

Here are shown the live images taken by the camera. Above we can see a binary image 

with the line sensors and the straightness inspection. Below we can see a greyscale 

image with the dimension measurements. 

 

Figure 76- Camera windows 
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CHAPTER IV: Testing in practice 

 

In this chapter, I will explain how I tested the application and the results got. 

 

1.-Workbench 

To test and develop the VIs is necessary to build a workbench. This work bench 

simulates a conveyor of a line production. The conveyor transport products one by 

one, leaving enough space between them. Because this project is only matter of 

machine vision, I didn’t care about how line production gets by to provide quality stage 

of products. Those guesses are necessary to implement the application in the time 

given.  

Now I’ll describe briefly the workbench, the camera and the illumination system. 

 

 

 

 

Workbench 

The workbench is made with recycled 

materials. The structure is made with 

pieces of carton. These pieces are 

attached by gaps which fits the other 

pieces. They are not stuck with glue to 

can be disassemble.  The camera is 

attached at the top, to keep always the 

same height. 

 

Figure 77- Homemade workbench 
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Camera 

To take images, I’ve used CMOS sensor 

camera. The resolution of the camera is 

640X480, giving more than 300 kpx.  It 

has is able to zoom in and out and it 

performs with a suitable data 

transmission speed. 

 

Figure 78- Webcam 

 

Illumination 

The illumination system that I could 

afford, consist in an AUKEY desk lamp. 

It works with LED technology and 6W of 

power. It has three modes of operation, 

emitting three different light 

intensities. The advantage of this mode 

is its flexible neck, letting me to focused 

the light just on I want. 

 

Figure 79- Illumination system 

 

 

2.-Measurements over the background 

The background is an important element in the image acquisition and processing. Its 

function is making contrast with objects under inspection. The features requested to a 

good background are three: 
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•It must have a uniform color without details. It involves having a small 

deviation in pixel values. 

 

• It must have low pixel values. It means it is enough dark to make contrast. In 

addition, low values could be easily filtered without affect objects. The filtering 

consists in make 0 all values under a limit. 

 

•It mustn’t too much reflective. Light reflection creates fake shapes on the 

background, being an important source of error. 

 

In order to choose the better background as possible, I took pixel values 

measurements. The available candidates to background was four: A black cloth piece, a 

black printed paper, a light grey printed paper and a dark grey printed paper. The 

information has been got using the module IMAQ Histogram VI. 

 

 

 

A histogram is a plot which collect how many pixels have each greyscale value. 

Analyzing histograms and the IMAQ Histogram VI report (which provides the mean and 

t the deviation), it is possible to compere backgrounds. 

 

 

Figure 80- Example of histogram 
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  Ambient light   Ambient light  
illumination 

plus  
system 

 mean deviation mean deviation 

Black printed 
paper 

149,85 14,46 161,21 49.08 

Dark grey printed 
paper 

161,1 14,15 173 32 25,74 

Light grey 
printed paper 

181,54 17,57 184,26 25,19 

Cloth piece 81,45 9,86 158,72 18,33 

Product 1 252,89 7,53 253,13 4,02 

Product 2 251,15 12,56 252,27 9,52 

Table 6- Comparison between different backgrounds 

 

As conclusion, cloth piece turns out a better option, even though neither of them are a 

good choice of background because all of they are pretty much reflective. 

 

 

3.-Application testing 

The last step is taking application into practice. For the experiment, we will test a well-

made product 1, a well-made product 2 and a defective product 2. In the following 

pictures are shown how the application works. 

 

Testing a well-made product 1 

We can see how product 1 is identify and the straightness is accepted. However, 

measuring distances, the width of the head is not detected. 
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Figure 

81- Testing a well-made product 1 

 

 

Testing a well-made product 2 

We can see how product 2 is identify and the straightness is accepted. However, 

measuring distances, the width of the head is not detected again. 

 

 

Figure 82- Testing a well-made product 2 
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Testing a defective product 2 

We can see how product 2 is identify, but the straightness is not accepted. Related to 

the distances measurement, neither the width nor the length of the head are 

detected. 

 

 

Figure 83- Testing a defective product 2 
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CHAPTER V: Commentaries and conclusion 

 

1.-Commentaries  

In this chapter, I’ll justify some decision I took and make a conclusion about the 

project. There are two ideas I wanted to include in the application and I couldn’t. 

 

Firstly, I thought to implement a counter which shows how many products had been 

discarded. However, because the workbench is not a conveyor, products are staying 

stopped under the inspection, making any account useless. The solution of counting 

could be to implement an edge signal detector to increase its value the first time a 

product is detected. But noise alters patterns in images and sometimes pattern finder 

tool blinks, taking in account the same object more than once. 

 

Secondly, I’ve paid too much attention to the calibration stuff. I attempted to correct 

perspective error and convert a pixel length into the international system. How I 

explain in chapter III, LabVIEW has powerful tools to deal with calibration issue, 

however the process of learning a calibration pattern from a calibration file and, then, 

apply to correct an image takes a lot of recourses. The computing time of the global 

application would be unaffordable. 

 

2.-Conclusion 

 

A great part of the work has been to learn about machine vision and LabVIEW. I didn’t 

know anything about this topic. Concretely, LabVIEW and Vision and Motion palette 

offer a wide bunch of possibilities. To discover which VIs could be turn out useful for 

the task and which don’t, took a lot of time. 

 

The method I followed, once a knew a little bit about the matter, was trying to split the 

issues and resolving them separately. From setting the reach of the project until now, I 

have had to experiment different ways to resolve each of the problems. For example, 

the straightness checking was, at the beginning, propounded to do extracting edges 

through a filter and work over this image. What I mean, these 12 weeks that the 

project takes in Frankfurt UAS I experimented a few ways to design the application, 

but finally I implemented which works better. 
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The hardware available didn’t help to much. Challenges as measure the threaded of 

the screws were discarded because the quality of the camera or the deficient 

illumination system. However, once I have faced the amount of problems which pop 

up in the practice, I realized the importance of the robustness in real life applications. 

The main difficulties I had are two.  

 

On the one hand, dealing with the ambient light, which affects directly with 

thresholding, grey scale and even colors. In addition is a source of noisy, making more 

difficult to segmentation. One of the most important element in a machine vision 

application is to have a constant illumination and, ambient light, makes it harder. 

 

On the other hand, working whit subVIs makes your code clean and understandable, 

but sometimes is difficult to manage. I have solved different aspect of the task in 

different testing programs successfully. Despite that, getting all together has been a 

difficult work. For example, some subVIs require a grayscale image and others, a 

bipolar one. 

 

Related to LabVIEW, I feel I’ve discovered a powerful environment which not only can 

work over machine vision field, but has a wide variety of application. The possibility of 

communicating LabVIEW with other environments that I already knew, such as 

Arduino, encourages me to go on learning and working with it. 

 

Related to machine vision field, I learn how much useful could be. Actually, many of 

other fields depends directly on it, like robotics, industrial automation or even daily 

routine devices. For sure I will expand what I’ve learned doing this project. 

 

 

 

 

 

 

 

 



Machine Vision with LabVIEW: Screw Quality System 

 

86 
 

ANNEX I: BIBLIOGRAPHY 

 

• NI Vision Concepts Manual- NI Vision 

•Técnicas y algoritmos de visión artifial- research group EDMANS 

•http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-

vision 

•http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-

to-keep-an-eye-on-in-2014.html 

•Image Processing, Analysis, and Machine Vision- By Milan Sonka, Vaclav Hlavac, Roger 

Boyle 

•Computer and Machine Vision: Theory, Algorithms, Practicalities-By E. R. Davies 

•http://www.bcnvision.es/blog-vision-artificial/iluminacion-vision-artificial2/ 

•http://www.ni.com 

•Concise Computer Vision: An Introduction into Theory and Algorithms- By Reinhard 
Klette 
•visartblog.wordpress.com  

•http://www.computervisionbytecnalia.com  

•High Dynamic Range Imaging: Acquisition, Display, and Image-Based Lighting- By Erik 

Reinhard, Wolfgang Heidrich, Paul Debevec, Sumanta Pattanaik, Greg Ward ,Karol 

Myszkowski 

•Web of David Lowe http://www.cs.ubc.ca/~lowe/vision.html 

•Computer vision: Algorithms and applications      Richard Szeliski 

•http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-

vision 

•http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-

to-keep-an-eye-on-in-2014.html 

 

 

 

 

 

http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-vision
http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-vision
http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-to-keep-an-eye-on-in-2014.html
http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-to-keep-an-eye-on-in-2014.html
http://www.bcnvision.es/blog-vision-artificial/iluminacion-vision-artificial2/
http://www.computervisionbytecnalia.com/
http://www.cs.ubc.ca/~lowe
http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-vision
http://www.qualitymag.com/articles/90617-machine-vision-the-future-of-machine-vision
http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-to-keep-an-eye-on-in-2014.html
http://www.vision-systems.com/articles/2013/12/five-machine-vision-applications-to-keep-an-eye-on-in-2014.html


Machine Vision with LabVIEW: Screw Quality System 

 

87 
 

ANNEX II Nomenclature  

 

2D two dimensions 

3D three dimensions 

VI virtual instrument 

CCD   Charge-coupled device 

CMOS Complementary metal oxide semiconductor 

IMAQ image 

RGB red-green-blue image format 

HSL hue-saturation-luminance image format 

BMP bitmap image format 

PNG Portable network graphics image format 

JPEG Joint Photographic Experts Group image format  

NI   national instruments 

LED Light Emitting Diodes 

PLC Programmable Logic Controller 
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