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Abstract 
 

Machine vision (MV) is a broad field that is growing very rapidly and 

being used in every automation control system. It uses computer vi-

sion in the context of manufacturing. Machine vision is the analysis of 

images/pictures to extract data of interest for controlling a process or 

activity. Thesis focus with in the field of Machine Vision that is used for 

optical online quality inspection of the cutting knifes in a wood chipper 

that is also the title of the thesis. 

  

The work is focused on measuring the quality of the cutting knifes that 

are moving with the speed of 45 m/s in a real time wood chipper. On the 

basis of that quality measurement it is decided that knifes in a wood 

chipper should be replaced or not. While measuring the quality of knifes 

the effect of blurring effect due to very fast motion of knifes is also 

investigated for different exposure times. Different types of illumination 

sources are discussed and described that which illumination source is 

suitable for what type of environment and application. 

 

The quality of cutting knifes is investigated by comparing the obtained 

values with predicted values in the least square sense. Different image 

processing algorithms and filtering techniques are applied to find the 

region of interest i.e. edges of knifes from the image.  Decision is made 

on the basis of accumulated mean square error.  

 

The work presented in the thesis, very clearly describes the hardware 

components that are used in machine vision systems to acquire images. 

It forms the basis for future research and development activities within 

this application area. Analysis of results aim at being important input to 

the definition of problems faced in machine vision applications. Three 

important disciplines i.e. image processing, hardware and software 

design are utilized in this thesis. 
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Acronyms  
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DIP Digital Image Processing 
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IEEE Institute of Electrical and Electronics Engineers 
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1 Introduction 
 

The forest industry is of vital importance for the Swedish national 

economy. The economic development of the Swedish forest industry has 

been accompanied by a steady increase of the forest resource that is the 

area giving the largest net export income to Sweden. Trees are cut and 

processed in a wood chipper into small wood chips which are later used 

as raw material for manufacturing of pulp and paper. The process of 

wood chipping is usually based on a large heavy metal wheel having a 

large mass angular momentum. Knifes are assembled on this wheel for 

cutting the wood into small pieces. An experimental wood chipper has 

been developed at Mid Sweden University, see Figure 1.1. The quality 

measures of knifes include sharpness and damages to its edges. This is 

because worn out and damaged edges will most likely cause more 

energy consumption, heat and damaged wood chips.  

 

 
Figure 1.1 Experimental wood chipper at Mid Sweden University labs 
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Figure 1.2 shows wood chips of both good size as well as long ones, 

completely out of specification. The distribution of sizes of wood chips 

is known to have a major impact on the quality of produced pulp. 

Hence quality of knifes should be maintained to produce better quality 

pulp. So wood chipper knifes should be inspected regularly. 

  

 

Figure 1.2. Wood chips 

1.1 Background and problem motivation 

The wood chippers are stopped regularly for optical inspection of their 

condition. However, stopping a wood chipper takes time due to the 

large mass angular momentum as previously described. This in turn 

leads to stop in production if no accumulated storage of wood chips is 

present. This has motivated companies such as Iggesund Tools to 

investigate the possibility of an optical online system for inspection of 

the cutting knives. The environment for this optical system is 

contaminated with dust, vibrations, heat and pieces of woods bouncing 

around. Understanding of this harsh environment is a good starting 

point for studying this challenging measurement problem. In this 

project, we will investigate the possibilities to introduce methods of 

machine vision for the inspection of mentioned cutting knives.  
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1.2 Machine Vision- Online Inspection 

Machine Vision is one of the key technologies that are being used in 

manufacturing due to the requirement of quality and the traceability of 

product. A typical Machine Vision System [1] can be described as shown 

in Figure 1.3. 

 

Figure 1.3 A typical machine vision system. 

The object is transported mechanically e.g. on a conveyer belt that 

should have a defined position for imaging. For that it requires mechan-

ical handling of the material and often also a trigger that triggers the 

image acquisition e.g. photoelectric sensor. The object is illuminated by 

one of the different illuminating devices. The object is imaged with the 

camera that uses a lens that is suitably selected or specially designed for 

the application. The camera delivers the image to the computer through 

the camera computer interface e.g. a frame grabber, standard interface, 

such as IEEE 1394, USB 2.0 or Ethernet. The device driver of the camera-

computer interface assembles the image in the memory of the computer. 

The illumination can be controlled by the strobe signal in case of frame 

grabber or trigger is connected to the camera and illumination device 

directly or through PLC (Programmable Logic Controller). The comput-

er can be a standard PC(Personal Computer) or a special purpose com-

puter. A computer may use a standard processor, a digital signal pro-
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cessor (DSP), a field- programmable gate array(FPGA), or a combination 

of above. The Machine Vision Software inspects the object and returns 

the evaluation of the object. The result of Evaluation is connected to the 

Controller i.e. a PLC or a distributed control system (DCS). The commu-

nication is performed by digital I/O Interfaces. The PLC, in turn, typical-

ly controls an actuator e.g. an electric motor through a communication 

interface i.e. Serial interface [2].   

1.3 Overall aim  

3ÏÌɯ×ÙÖÑÌÊÛɀÚɯÖÝÌÙÈÓÓɯÈÐÔɯÐÚɯÛÖɯÈÕÈÓàáÌɯÛÏÌɯØÜÈÓÐÛàɯÖÍɯÒÕÐÍÌÚɯÐÕɯÈɯÞÖÖËɯ

chipper. Development of a prototype, for illumination and image cap-

ture of a rotating cutting knife.  The experiments are preferable con-

ducted on the experimental wood chipper as shown in Figure 1 but with 

consideration of a full scale wood chipper. Development of machine 

vision algorithms for the analysis of condition of cutting knifes. Analysis 

of results aim at being important input to the definition of possible 

continued R&D activities within this application area. 

1.4 Scope 

The project has its focus on machine vision based method for inspection 

of wood chipper knifes. It provides the knowledge of what parameters 

can be measured on knifes of a real-world wood chipper and how the 

speed of moving knifes is effecting the quality inspection of knifes. For 

giving insight into the system a prototype for the measurement system 

is developed at Mid Sweden University. Prototype is developed while 

taking into consideration of all the aspects involved in the real world 

wood chipper. 
 

1.5 Concrete goals  

 To provide the solution for investigation of the light source to be 

used in combination with camera, lenses and filters.  

 Checking the possibility to generate a good silhouette image of 

the edge of a rotating knife.   

 Verifying the impact of dark field illumination on the visibility of 

edge damages.  

 Analyzing the edge profile when sheet of light is used as a source 

of illumination.  

 How very short exposure time and high intensity of light effect 

our results as we know that tangential speed at periphery of 45 
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m/s and an exposure time of 10 us results in a blurring motion of 

0.45 mm.  

 Algorithms for image processing and analysis of knifes should be 

developed.  

1.6 Outline 

Brief introduction and description of scope and goals are explained in 

Chapter 1.  Chapter 2 is named as Image Acquisition describes the basic 

knowledge required to understand the machine vision system. Method-

ology to solve the problem is described in Chapter 3. How the image can 

be analysed using the image analysis Matlab algorithms are described in 

Chapter 4. Results obtained after image analysis are discussed and 

explained in Chapter 5. Conclusion drawn from the results are summa-

rised in Chapter 6.    

1.7 Contributions 

Most of the work in this project is done by me individually under the 

supervision of my supervisor Asst. Professor Benny Thörnberg. His 

regular guidance helped me a lot to keep moving in the correct direc-

tion.  
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2 Image Acquisition 
 

Machine vision  or computer vision all begin with an image. Precisely 

speaking image acquisition is that how you can get the image. Quality 

image in machine vision are similar to obtaining a quality image in a 

photograph. Types of illuminating source plays the leading role in 

providing image of the good quality. The appropriateness of lighting 

and its quality are critical aspects for creating a robust and timely vision 

inspection. Quality lighting is necessary to provide a bright enough 

reflected image of the object. Uniform Light should be distributed over 

the object to get the expected outcome. On the other hand non-uniform 

lighting will affect the distribution of brightness values that will be 

captured by the camera and will directly affect the results. 

 

In an image or in a scene being viewed is certain conditions can be 

exaggerated by using lighting tricks. Sometimes shadow from the object 

include high contrast information that can be used to make a decision 

about the scene being viewed. The types of illuminating source that are 

used to provide illumination may also influence the quality of the im-

age.  

 

Lens have its own importance in machine vision. Camera is useless 

without the lens. It uses a lens to capture a picture of the object and 

focus it onto a sensor plane. The quality of the lens will influence the 

quality of the image. Size of features in image space can be effected by 

the irregularities and distortions. Magnification of the lens depends on 

type of application in which lens is being used. The image of the object 

should fill the image plane of the sensor [2]. 

 

2.1 Types of Illuminations 

Careful analysis of the inspection environment provide a foundation 

upon which to design an effective vision lighting solution. Sources of 

light for machine vision systems vary from the common incandescent 

lamp to sophisticated lasers. That depends on the type of application 

and quality of results that we are expecting. No doubt ambient light i.e. 

light in the environment is most important light source but in machine 
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vision systems it is almost never used. Because unpredictability of 

ambient light are typically beyond the capability of state of the art 

machine vision systems to handle. 
 

2.1.1 Incandescent Light Bulb  

The incandescent light bulb is one of the simplest sources of electric 

light that works by the emission of light caused by heating the filament. 

They are made in an extremely wide range of sizes, watts, voltages and 

colours. Usually it is not used in machine vision applications as it causes 

strong shadows which creates problem for machine vision software. As 

well as it also produces IR(Infra Red) radiations that washes away the 

visual data in CCD cameras. So it is mostly used in houses, commercial 

lighting, for portable lighting and advertising lighting. Mostly it is not 

encouraged to use because it consumes too much energy, produces too 

much heat and have short lifetime [5].  
 

 
 

 

 
 

 
 

 

 
 

 

 
 

Figure 2.1 A common incandescent light source. 

 

2.1.2 Quartz Lamp  

Quartz Lamp is good for small scale or medium scale machine vision 

applications. It is an efficient light source with more white-light emis-

sion and it provides higher luminous efficiency (10ɬ30 lm/W). As it 

offers great intensity of light so it can be used in particular inspection. It 

produces huge amount of heat so it should be avoided in heat sensitive 

inspections [4]. 

http://en.wikipedia.org/wiki/Luminous_efficacy
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Figure 2.2 Quartz Lamp[11]. 

 

2.1.3 Fluorescent Tube 

It is one of the historic sources of light. It is a type of gas filled tube and 

is more efficient than an incandescent lamp. They are costly but lower 

energy cost typically offsets the higher initial cost of the lamp. They are 

good for medium scale inspection station and produces diffused source 

of light. Diffused light sources produce minimum amount of shadow 

and are non directional. While larger fluorescent lamps have been 

mostly used in commercial or institutional buildings. They are good for 

providing illumination of large areas [3][5]. 

   

Figure 2.3 Fluorescent tube[12]. 
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2.1.4 Strobe Tube 

A strobe tube produces flashes of light and is used to inspect the moving 

object. Strobe lights are used in industrial applications. It is necessary to 

synchronize them with the camera. Moving object is illuminated for the 

short period with the burst of light and appears stationary to the camera 

eye. Their disadvantage is a need for very precise timing control of the 

light source and camera. Alternatively fast shutter speed of the camera 

or short exposure time can also solve the problem of taking images of 

the moving objects  [5]. 

  

Figure 2.5 Strobe tube [13]. 

 

2.1.5 Light-Emitting Diode 

LED technology have gained too much importance in machine vision 

systems due to its high stability, efficiency and cost effectiveness. It is 

a semiconductor light source that is also used in a small to medium scale 

inspection panels. For lightning of large area it is not cost effective but if 

requirement for system flexibility, output stability and life expectancy 

are high then still it should be preferred. High switching rates of LEDs 

are also useful in advanced communications technology [4].  
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Figure 2.5 Light Emitting Diode [14]. 

2.1.6 Laser 

The word "laser" stands for Light Amplification by Stimulated Emission of 

Radiation. Lasers are monochromatic and coherent sources that means 

they have the same frequency and phase. The wave front is perpendicu-

lar to the direction of propagation. Laser beams can be focused to very 

tiny spots, achieving a very high brightness. They are normal used in 

the inspections in which 3-D view of the object is required. 

 

 

Figure 2.6 Laser Light [15]. 
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LED sheet is the source of light that is selected in our case because it is 

application flexible, cost effective, stable and long life time. So SCHOTT 

LED light line is chosen for this inspection. Strobe light can also be used 

but it requires high synchronization so fast motion of the object is 

controlled by selecting minimum exposure time for the camera. Laser 

light can also be used when 3-D inspection of the knifes is required. 

LED, Quartz Halogen and Fluorescent sources of light are compared 

and contrasted with each other seen in Fig 2.7. It shows the pros and 

cons of LED, quartz halogen and fluorescent lighting types, and relevant 

selection criteria, as applied to machine vision [4]. 

 

 
Fig 2.7 Comparison and Contrast of Common lighting sources[4]. 

 

2.2 Machine Vision Cameras 

Selecting a camera according to the requirements is a difficult task. 

Many factors are included while selecting the camera, so choosing the 

best one is complex. For choosing the correct camera, requirements 

should be defined that includes resolution, sensitivity, color, software 

considerations etc.  
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2.2.1 Camera Requirements 

Resolution:  

Lowest resolution of the camera should be chosen that can solve our 

problem so that processing time should not be wasted on image 

processing. As higher resolution image takes more processing time than 

lower resolution image. Hence processing time should be efficiently 

utilized on machine vision functions.    

Sensitivity:  

Highest sensitivity of the camera is better to avoid blurring that can 

degrade the image. As blurring is mostly caused due to moving objects. 

By highest sensitivity we mean that lower gain and shorter exposure 

time. 

Color:  

 Avoid color cameras unless monochrome cameras failed to fulfill the 

requirements of the application. Monochrome are also good for  camera 

sensitivity and image resolution. Color cameras increases complexity by 

increasing processing time on image processing.  

Interface & Software:  

Fire wire and Gigabit Ethernet interfaces have reduced the usage of 

frame grabber based cameras.  As there are two types of camera soft-

ware i.e. Third party software and SDK(Software Development Kit). 

Third party software use Fire wire or Gigabit Ethernet standards. For 

our own software good camera SDK is necessary that can reduce the 

integration time and complexity [9]. 

2.2.2 Camera Scan Mechanisms : 

In Machine vision main types of cameras are divided into three groups 

based on type of scan mechanism.  

Progressive Area Scan Cameras: 

In machine vision system progressive area scan cameras are used when 

the object of interest is moving very fast. They can read the whole image 

and captured frame is transferred at a time.  As image is acquired 
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quickly enough and so motion of object appears to be frozen. so  these 

cameras read all lines within the same scan and therefore no image blur 

is visible. Hence image would be the true representation of the object.  

Interlaced Scan Cameras: 

This technique is used when it is required to minimize the amount of 

transferring data. Interlaced camera that reads odd and even lines of the 

image separated by 40ms time interval called 2:1 interlaced scanning 

and then the resultant image is read out as a complete frame. So on fast 

moving objects the interlaced camera gives image blur because of the 

time difference in the two fields read out by the image sensor. 

Line Scan Cameras: 

Line Scan cameras are required when area scan cameras are failed 

because they do not have enough speed to capture data from the object 

of interest.  So these applications demand cameras which can read a line 

of data very fast and have high resolutions. Hence to deal with these 

issues a line scan camera is needed. Line scan cameras are a linear image 

sensor that read data at many thousands of lines per second so can 

easily deal with defect detection in very fast moving objects[10]. 

2.2.3 Basic Types of cameras: 

CMOS and CCD are two basic types of cameras. CMOS stands for 

Compact Metal Oxide Semiconductors and CCD stands for Charged 

Coupled Devices. They both start at a same point i.e. they convert light 

into electrons. These are very vast topics but we will only touch some of 

the important differences between both of these. 

 

CMOS Cameras: 

CMOS cameras are comparatively cheaper than CCD cameras. CMOS 

sensors are good choice for space applications and portable devices as 

they have much lower power consumption. Their image quality is low 

as compared to CCD cameras. CMOS is much more flexible than CCD 

because CMOS sensors read out less data at a higher frame rate.  
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CCD Cameras: 

CCD cameras are more expensive than CMOS cameras. Power con-

sumption in CCD cameras are high. CCD cameras focuses on high-

quality images with lots of pixels and excellent light sensitivity. CCD 

have low inherent noise in the sensor so they are much better for low 

contrast images.  

It can be summarised as each of them have their own advantages and 

disadvantages. The choice depends on the type of application, expected 

end result and the budget[10]. 

2.3 Choice of lens: 

Lens is one of the most important part of the camera. Camera is useless 

without the lens similarly the correct choice of the lens is required to 

obtain the required results of the better quality.  

The choice of lens in machine vision depends on: 

 Working distance 

 Field of view required for the object 

 Required size of details 

 Features required from the lens. 
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3 Realisation  
 

We made the prototype of the machine vision system for quality inspec-

tion of the cutting knifes in a Wood chipper while considering the real 

time environment. Knifes in wood chipper are rotating with the speed of 

45 m/s. Sketch of the rotating disk used in real world wood chipper from 

Iggesund Tools company with cutting knife on its periphery is shown in 

Figure 3.1. So when we take the image of the knife in motion it would be 

blurred that would not be the case when knife is not in motion. As we 

have mentioned in section 2.1.4 that short exposure time of camera can 

solve the problem of machine vision in fast moving objects. The expo-

sure time of 10 us results in a blurring motion of 0.45 mm in the real 

world setup. so we have to minimize the exposure time of the camera to 

minimize motion blurring. Here we are working with two types of 

exposure times.  

                 
Figure 3.1 Rotating disc with knife on its periphery[16]. 

 

Experimental Exposure Time:  

To minimize any motion blurring caused by the stepper motor , we 

minimized the experimental exposure time of the camera to the lowest 

possible exposure time supported by the camera. For the Luminera 
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camera that we used, the lowest possible exposure time is in the range 

of approx. 100 us. It must be made clear that the experimental exposure 

time is selected for the purpose of getting series of good images at the 

time of the lab experiment. However, this experimental exposure time 

has no direct relation to the motion blurring that will appear for an 

image capture on  a real-world wood chipper. Instead this real-world 

motion blurring is modeled by the Estimated exposure time.  

 

Estimated Exposure Time:  

The impact of motion blurring on the machine vision based knife edge 

analysis that is suggested in this thesis is investigated in our experiment. 

For this experiment, the estimated exposure time for an image capture 

on a real-world wood chipper is determined by the number of experi-

mental images used. Between every exposure for a series of images, the 

stepper motor has moved 1.25 um. The mean value image from this 

series is the estimation of influence of motion blurring in a real world 

machine vision system at the estimated exposure time. Total distance 

travelled by the knife during estimated exposure time is calculated by 

the number of steps moved by the stepper motor. Estimated exposure 

time is calculated as shown in Equation 3.1.  

Our Approach in this test is to capture images of the knife that is mov-

ing 1.25 um on each step of the stepper motor. 1 image is captured for 

each step of the motor and experimental exposure time of the camera is 

set constant at 0.1 ms. It would not show any blurring motion when the 

knife is still. One image is created from the several images by taking the 

mean of all the images that were captured at every step of the motor. 

That mean value image is supposed to be an estimation of the influence 

of motion blurring in a real world experiment at the estimated exposure 

time. We will get for example 50 images for 50 steps of the stepper 

motor that will cover distance of 62.5 um so the estimated exposure time 

would be 1.4 us that is calculated as: 

1 Step = 1.25 um 

50 Steps = 50 x 1.25 um = 62.5 um  

Estimated Exposure Time = Distance/Speed.....................................(3.1) 

 

hence distance = 62.5 um 

and speed = 45 m/s  
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so Estimated Exposure Time = 62.5 um/45 m/s = 1.4 us. 

 

The mean for that images are taken and one image is generated from 

several images. Image processing techniques are applied using Matlab 

in order to find the mean square error for each estimated exposure time. 

Mean square error will describe the quality of knife. 

3.1 Method  

 Mechanical experimental setup is prepared for analysis of quality 

of Wood chipper's knife can be seen in Figure 3.2 . Platform for 

placing the knife on stepper motor is prepared with the help of 

wooden board and metallic sheet. Luminera camera is adjusted 

straight on the top of stepper motor platform. Illumination source 

is placed in such a way to produce dark field illumination i.e. dif-

fused light is reflected into the camera and specular light is re-

flected away.  

 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

Figure 3.2 Mechanical Setup for inspection of knife. 

Camera 

 

Specular Light 

will never reach 

the camera. 

Diffused Light 
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camera from 

rough surface. 
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Rough Surface Knife 
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Dark field illumination relies on the fact most of the light directed 

towards knife is reflected away except the light from rough and 

worn out surface of knife is reflected into the camera. Here direc-

tivity property of light is exploited to get clear view of the worn 

out edge of knife. Relatively small amount of light is reflected 

back into the camera is what happened to catch an edges of knife 

and making the rough surface prominent in the image. 

 Code for the stepper motor is written using Lab View Software 

from National Instruments. Lab View is chosen because it pro-

vides easy hardware interfacing and have a lot of built in Virtual 

Instruments VIs for our hardware. Stepper motor will move one 

step for one image and store that images into the computer mem-

ory with given target directory. Step size and speed of the stepper 

motor can also be varied. Stepper motor stops when it reaches the 

destination position that are the required number of steps that the 

stepper motor should move.  Required home position can also be 

adjusted through the inspection control panel as shown in Figure 

3.3 

 

Figure 3.3 Control Panel for Knife Inspection. 
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 Code for the Luminera camera is written using C-Language in 

Visual Studio express so that it can capture images. It accepts 7 

input arguments for capturing images i.e. width, height, expo-

sure time, gain, xoffset, yoffset and name for the image to be 

stored. Executable file for the C-code is generated and used in the 

Lab View program to generate images of the required properties 

adjusted by the input arguments passed to the camera. 

For E.g. 

Inspection.exe is the name of the executable file generated from 

the C-code of the camera. The input arguments can be passed as: 

C:\Knifeimages\Inspection.exe File_name Ex_exposure_time 

gain  width  height  x_offset  y_offset 

C:\Knifeimages\Inpection.exe Image1 0.1 1 1616 1216 0 0 

Hence the image with name Image1, experimental exposure time 

0.1 ms, gain 1, width 1616, height 1216, x_offset 0 and y_offset 0 is 

passed to the camera for taking snaps of the knife. These all input 

arguments can be adjusted according to the requirements. 

 Stepper Motor and Camera are software synchronized with each 

other, so that camera will start taking images when stepper motor 

starts moving in such a way that one image for one step. For this 

Lab View helped a lot in a way that it have built in VI with the 

name System Execution. It accepts the exe file with the required 

input arguments and execute to gives the result in the form of 

bmp images. These bmp images are stored at the path specified in 

Lab View program. Exe file is generated for the C-program of the 

Luminera camera. 

 Our next problem was how to illuminate the linearly moving cut-

ting knifes that is suitable for given conditions. The illumination 

source we used is the sheet of LEDS i.e. SCHOTT HB-LED Light 

line. So we arranged the setup in the position that provides us the 

best images that can be used for our analysis in cutting knifes. 

Experimental setup for collecting images of knife can be shown in 

Figure 3.4. 
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Figure 3.4 Experimental Setup for Sheet of LEDs as Light Source. 

  So we collected the images and took the mean of the images with 

the help of Matlab. Then applied our machine vision algorithms 

designed in Matlab. Least Square Fitting for predicted value 

against the obtained value of the knife edge are plotted. Mean 

Square Error is calculated by using obtained and predicted val-

ues.  

 Image Analysis is done through the Matlab as shown in Figure 

3.5. It is very powerful tool for image analysis.  It provides a lot of 

built-in functions that makes the work easier. We used Image 

Analysis toolbox of Matlab and utilized its built-in filters and 

functions to make our analysis more productive. 
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Figure 3.5 Analysis of knife using Matlab. 

 Images for 8 different samples of knife are taken and stored into 

the computer memory. Image Analysis is done on the acquired 

images using Matlab. Results and Conclusion are drawn on the 

bases of that image analysis.   
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4 Image Analysis 
 

The images that are acquired from the experimental setup of the quality 

inspection of knifes are analyzed in this Chapter.  The images were 

saved in the BMP format. Matlab supports BMP, GIF, JPEG, PNG and 

TIFF for its instructions.  All the steps in the image analysis of acquired 

images will be explained here. Figure 4.1 shows the steps for image 

analysis. 

 

 

 

 

 

 

                                                        Presenting it to a MatLab that is 

                              Computer based software 
                    for Image Analysis. 

 
 
 
 
 
 
 
 
  
 

 

 

 

 

 

 

 

 

 

Figure 4.1 Fundamental Steps for image analysis. 
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The worn out image of the knife at experimental exposure time of 3.5 ms 

can be seen in Figure 4.2. We acquired all the images with experimental 

exposure time of 0.1 ms and estimated exposure time is depending on 

the number of images, which were taken one image at each step with 

1.25um distance between the steps.  Results are collected in the table and 

conclusion is drawn on the basis of the obtained results. 

 

                 
Figure 4.2 Image of the Worn out knife. 
 

4.1 Steps Involved in Image Analysis: 
 
 4.1.1: Mean of the Images 

The first step in image analysis is to read all the bmp images into the 

Mat lab from the current directory for taking the mean of all the images. 

All the images are added to get one image and divided by the total 

number of the images. Image Analysis is applied on that final image. 
 
 
for  k = 1:length(bmpFiles)       

filename = bmpFiles(k).name;   
I = imread(filename);          
J=J+I;                          
end  
H=J/k;   
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4.1.2: Filtering and Smoothing 

The process of smoothing the image suppresses noise and small fluctua-

tions. In the frequency domain, this process refers to the suppression of 

high frequencies.Gaussian Filter is used for filtering the image, It works 

as a low pass filter and is rotationally symmetric. Its syntax is  

 

g = fspecial('gaussian',gsize,sigma)  

 

gsize is the size of filter that can be a vector specifying the number of 

rows and columns in g or a scalar, in which case g is a square matrix. 

Sigma is standard deviation i.e. any positive value.  

 
g = fspecial( 'gaussian' ,max(1,fix(11)), 1.4);  

 

  
4.1.3: Thresholding Operation 

Thresholding operation is applied for converting gray scale image to the 

binary image. Thresholding operation is also sensitive to noise that 

means neighborhood of the pixel will shrink, grow and alter its shape in 

a non deterministic manner. In order to reduce noise sensitivity, the 

filter's response to higher frequencies must be limited. The mask for 

image smoothing is generated by  convolving the mask of ones (11x11) 

with Gaussian filter g [7].  

 
mask = conv2(mask, g, 'same' ); % mask for image smoothing  

 

Then convolving its result by the original image.  We will get the matrix 

f.  

 
f = conv2(i,mask, 'same' );  

 

Obtained Threshold is generated by multiplying the selected threshold 

i.e. 20 % with maximum value from the matrix f. 
 
 thv = th*max(max(f));  

 

The distribution of zeros and ones is on the basis of the obtained thre-

shold i.e. thv if the value of matrix f is less then thv then  that pixel is set 

to be zero otherwise one. 
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Figure 4.3 Binary image after applying thresholding operation. 

 
4.1.4: Connected Components 

After the filter the pixels in the image consists of zeros and ones, if it is a 

zero in the pixel it interprets as black and an one interprets as white. If 

two white pixels are beside each other, the pixels displays the same 

object and to be able to control all the found objects it is suitable to give 

all pixels which display the same object (in this case a change in light 

intensity) a unique number, see Figure 4.4. All pixels with the same 

number can now be treated as an object and now it is possible to decide 

the size and position of the found edges. 

 

 
Figure 4.4 An image before and after analysis of connected components[6].  
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4.1.5: Extracting the object of Interest 

Image of knife is the object of interest in the whole image. We observed 

that the area of our object of interest is always maximum so we used 

Regionprops built in command of the matlab to collect the areas of all 

connected components of image. Further we located the connected 

component with maximum area.  

 
STATS = REGIONPROPS(L1, 'Area' );  
area = cat(1, STATS.Area);       
[h h1]=max(area);                

 

Then that labelled connected component with maximum area is made 

one and all the other image is changed into zero that can be seen in 

Figure 4.5 . 

 

                 
Figure 4.5 The object of interest. 

 
4.1.6: Extracting the edges of knife 

The edges of object of interest is extracted logically by giving value one 

to the edge pixels and zero to the pixels that are not the edges. Extracted 

edge of the knife can be shown in Figure 4.6.  

 
%% Extracting the edges from an image  
for  C1=2:1:1615  
    for  R1=2:1:1215  

        
        if  L1(R1,C1) ==1  
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      if   ( (L1(R1,C1) - L1(R1 - 1,C1)) > 0  || (L1(R1,C1) -

L1(R1+1,C1)) >0 || (L1(R1,C1) - L1(R1,C1 - 1)) >0  || (L1(R1,C1) -

L1(R1,C1+1))>0 || (L1(R1,C1) - L1(R1 - 1,C1 - 1)) > 0  || (L1(R1,C1) -

L1(R1 - 1,C1+1)) > 0 || (L1(R1,C1) - L1(R1+1,C1 - 1)) > 0 || 

(L1(R1,C1) - L1(R1+1,C1+1)) > 0 )  

    
       L3(R1,C1)=1;  

        
       else  

            
           L3(R1,C1)=0;  

        
              end          
          end  
    end  
end  

 

                
Figure 4.6 An image of the knife edge 

 
4.1.7: Cropping the image 

The image is cropped to separate the upper edge of the knife from the 

lower edge. The cropped image of the knife can be seen in Figure 4.7.  

 

The syntax for cropping the image is: 

 
J=L3(1:1216,160:1400);             % Cropping the Image  
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Figure 4.7 A cropped image of the knife 
 
4.1.8: Distinguishing upper edge of knife from lower edge 

The upper edge of the knife is distinguished from the lower edge of the 

knife by labeling the connected components of the image again  
 

[R1,num] = bwlabeln(J,8);          % Label connected component 

in the binary image  

                                    

and taking average of all the connected components.  

 
%% Extracting the Upper Edge that is our region of interest  

  
for  i1=1:max(max(R1))               % Finding maximum value of 

CC from the labeled matrix  
    [r,c] = find(R1==i1);  
    rc= [r c];  
    noofeles = numel(rc(:,1));  
    col1avg(i1) = sum(rc(:,1))/noofeles;  
end  

 

Selecting the minimum value of the average of all the connected com-

ponents.   
                                    
[s s1] = min(col1avg);  

 

Then making that minimum value one and all other values are set to be 

zero hence the upper edge is separated from the lower edge. 
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       for  R3 = 1:1:1216  
             for  C3 = 1:1:1240  
               if  R1(R3,C3) == s1;  
                 R1(R3,C3)=1;  
                else  R1(R3,C3)=0;  
                 end  
             end  
         end  

 

The upper edge of the knife can be seen in Figure 4.8. 

  

                 
Figure 4.8 A upper edge of the knife. 

 

4.1.9: Polyfit 

The polyfit function provides least square fitting that creates a smooth 

mathematical curve. The result of the polyfit can be influenced by set-

ting a higher degree to the mathematical curve, which gives it a better 

accuracy for obtained values. But in our case we selected the highest 

degree to be 1 because we have to compare our knife edge with the 

straight line i.e. 1st degree polynomial. We are interested to verify how 

much obtained values of the edge deviates from the predicted straight 

line i.e. the edge should look like. 

 

The syntax for polyfit function is: 

 

P = POLYFIT(X,Y,N)  
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finds the coefficients of a polynomial P(X) of degree N that fits the data 

Y best in a least-squares sense. P is a row vector of length N+1 contain-

ing the polynomial coefficients in descending powers, P(1)*X^N + 

P(2)*X^(N-1) +...+ P(N)*X + P(N+1). Least Square Fitting for predicted 

value against the obtained value of the knife edge is shown in Figure 4.9. 

 

            
Figure 4.9 Least Square Fitting of the knife edge. 

 
4.1.10: Mean Square Error  

The analysis of quality of knife is based on the mean square error. which 

is calculated by taking the sum of differences between the predicted 

values and obtained values. Taking square and then dividing it with 

total number of values. If Mean square error is high then the edge of 

knife are worn out. For Sharp knifes mean square error is very low. For 

example, The mean square error for the badly worn out knife is 23.0537 

at estimated exposure time of 0.60 us. 

 
N=size(j);  
sqrError=power(yhat - i,2);  
meanSqrErro r=sum(sqrError)/N(1)  
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5 Results 
 

As it is investigated in the Chapter 4 that the mean square error is 

describing the quality of knife. If the Mean square error is large then the 

knife is worn out and hence for smooth knifes mean square error is very 

small. Here we want to analyze the effect of estimated exposure time on 

the calculation of mean square error. Firstly we were given two samples 

of knifes to check the effect of estimated exposure time on the mean 

square error. Sample A(s8) was the Worst case and Sample B(s1) was the 

best case.  

 
5.1 Experimental Results for Worst and Best  Case: 
 
5.1.1 Sample A(s8): (Worst Case) 

Firstly Sample A is analysed in our prototype for quality inspection of 

cutting knifes. We are interested in analyzing the effect of estimated 

exposure time on the calculation of mean square error. Appendix B.1 

shows the effect of no. of images or estimated exposure time on the 

Mean Square Error for Worn out knife. Estimated exposure time 

depends on the number of images taken by the camera. It can be 

calculated as described in Chapter 3.  Mean Square Error for 

corresponding estimated exposure time is calculated by the Matlab 

script as described in Chapter 4. As data for Mean Square Error is 

covering large range of values so for easy presentation of data 

logarithmic scale is used. The effect of estimated exposure time on log 

mean square error can be seen in Figure 5.1.  
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Figure 5.1 Graph of Sample A(s8) for Estimated Exposure Time and log MSE. 

 

It can be analyzed in the above graph as we go on increasing the 

estimated exposure time,  the log mean square error decreases for 

sample A(s8). As SNR also increases when the number of images 

increases but due to the high value of MSE it do not have too much 

effect on the sample A(s8). 

 
5.1.2 Sample B(s1): (Best Case) 

Now Sample B(s1) is analysed in our prototype for quality inspection of 

cutting knifes. We are interested in analyzing the effect of estimated 

exposure time on the calculation of mean square error. Appendix B.2 

shows the effect of no. of images or estimated exposure time on the 

Mean Square Error for Smooth knife. Estimated exposure time depends 

on the number of images taken by the camera. It can be calculated as 

described in Chapter 3.  Mean Square Error for corresponding exposure 

time is calculated by the Matlab script as described in Chapter 4. The 

effect of estimated exposure time on logarithmic mean square error for 

Sample B(s1) can be seen in Figure 5.2.  
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Figure 5.2 Graph of Sample B(s1) for Estimated Exposure Time and log MSE. 

 

It can be analyzed in the above graph as we go on increasing the 

estimated exposure time,  the log mean square error increases for 

sample B(s1). As SNR also increases when we increase the number of 

images or in other words estimated exposure time. But due to the low 

values of MSE, SNR have the more effect on the sample B(s1).  

 

When Graphs for Sample A(s8) and Sample B(s1) are plotted in the same 

Figure 5.3 it can be assumed that as we go on increasing the estimated 

exposure time a time will come that the curves for both the samples will 

meet at a common point. Because mean square error for sample A(s8) is 

higher that have the decreasing trend and mean square error for sample 

B(s1) is lower that have the increasing trend. There are some 

nonlinearities in the graphs that seems to be due to uncertainties or due 

to the effect of SNR.  

 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

MSError vs Estimated Exposure time

Estimated Exposure Time (us)

L
o

g
a

ri
th

m
ic

 M
e

a
n

 S
q

u
a

re
 E

rr
o

r



Machine Vision ɬOptical Online 

Quality Inspection of Knifes in a 

Wood Chipper 

 Rizwan Ali Naqvi  

5 Results 

 

 

34 

 
Figure 5.3: Graphs for Sample A(s8) and Sample B(s1). 
 
5.2 Experimental Results for different Specimens of Knifes: 

 

For Verification purpose we took 8 different samples of knifes and 

analysed it in our prototype for quality inspection of cutting knifes. We 

analyzed the samples at 3 different estimated exposure times i.e. 0.60us, 

1.10us and 4.44us. we achieved very interesting results that are 

described as follows for are all 8 samples. Figure 5.4 shows the image for 

all 8 samples of knifes after applying image processing. Figure 5.5 

shows the scatter plots at 3 selected estimated exposure times for all 8 

samples on the curves for best and worst case knifes.  
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      Sample 1: s1                                       Sample 2: s2 

 
      Sample 3: s3                                      Sample 4: s4 

 

     
Sample 5: s5                                             Sample 6: s6 

     
Sample 7: s7                                               Sample 8: s8 

Figure 5.4 Samples after applying Image Processing Algorithm. 
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Sample 1: s1 

Sample s1 seems to be the sharpe knife if we observe with the naked 

eye. We applied image processing techniques after taking images using 

our prototype for quality inspection of cutting knifes. The sample s1 has 

shown the expected results. Mean Square Error for 3 estimated exposure 

times i.e. 0.60us, 1.10us and 4.44us lies on or near the curve for sample B 

(Best Case).  Curve for sample B(s1) is plotted using this sample that is 

said as s1. So sample s1 will fall into the sharp category. It is denoted by 

red triangle in the plot. 

 

Sample 2: s2 

Sample s2 seems to be the sharpe knife but have bit less shine than 

sample s1. We applied image processing techniques after taking images 

and obtained the result as shown in Figure 5.5.  It is denoted by blue 

triangle in the plot. Mean Square Error at estimated exposure time of 

1.10 us is more than mean square error for sample knife s1. Hence knife 

s2 is rougher than the knife s1. 

 

Sample 3: s3 

When image processing algorithms are applied on s3 after taking 

images using our prototype for quality inspection of cutting knifes. The 

sample s3 also fall into the sharp knife category that can be observed in 

Figure 5.5. It is denoted by green square in the plot. 

 

Sample 4: s4 

Images of Sample s4 is passed through the image processing Matlab 

script. When Mean Square Error is checked for 3 estimated exposure 

times i.e. 0.60us, 1.10us and 4.44us. Scatter plot for s4 as shown in Figure 

5.5 was lying in the sharp knife category.It is denoted by green astarik in 

the plot. 

 

Sample 5: s5 

Same like sample s1-s4, s5 also falls into the sharp knife category as it is 

not much different from the last 4 samples. It can be seen in Figure 5.5 

that the scatter plot for sample s5 also lies around the curve for the 

smooth knife Sample B.It is denoted by red plus sign in the plot. 
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Sample 6: s6 

Sample s6  is exactly the test case that we were waiting for. Sample s6 is 

worn out at the edge from extreme right. When we applied our normal 

matlab script for this sample it was fallen into the smooth knife 

category. But when we redefined the rules for cropping it has shown the 

considerable increase in mean square error because worn edge became 

the part of region of interest as shown in Figure 5.5. It is denoted by red 

star in the plot. Hence sample s6 lie in the category in between the nice 

and the bad edge knife.  

 

Sample 7: s7 

When Matlab script for image processing algorithms is applied on 

sample s7. The mean square error at all the 3 estimated exposure times 

is enough to differentiate it from the smooth knife category. Hence 

sample s7 will fall inbetween the smooth and worn knife category that 

can be seen in Figure 5.5. It is denoted by blue circle in the plot. Sample 

s7 is more wornout then the sample s6 that can also be analyzed in the 

said Figure. 

 

Sample 8: s8 

Sample s8 is the worst case knife, that was badly worn out. When Image 

processing algorithms are applied on s8 it has shown a large amount of 

mean square error. It can be seen in Figure 5.5 that the scatter plot for 

sample s8 lies around the curve for the wornout knife Sample A(s8) that 

was our worst case. It is denoted by blue cross on the plot. Curve for 

sample A(s8) is plotted using this sample that is said as s8. Hence 

sample s8 strongly fall into the wornout category. 
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Figure 5.5: Scattered plot for 8 different samples of knifes. 

 

Hence knife samples s6, s7 and s8 have reasonable mean square error so 

that they fall into the worn out category of knife. The knife samples s1 to 

s5 have very low mean square error so they lie in the sharp edge 

category of knife.  
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6 Conclusions 
 

Project is focused on the application of machine vision systems in opti-

cal online quality inspection of cutting knifes. It emphasis on machine 

vision based method for inspection of wood chipper knifes. It provides 

the knowledge of what parameters can be measured on knifes of a real-

world wood chipper and how the speed of moving knifes is effecting 

the quality inspection of knifes. Prototype for Optical Online Quality 

Inspection is developed while taking into consideration of all the aspects 

involved in the real world wood chipper. 

 

Different types of illumination sources are discussed and It is concluded 

that LED sheet is the source of light that is suitable for our inspection 

because it is application flexible, cost effective, stable and long life time. 

Strobe light could also be the good selection for real time case as our 

object is moving very fast but it requires high synchronization between 

light and image acquisition. Hence any blurring due to fast motion of 

the object is controlled by selecting minimum exposure time for the 

camera. Laser light can also be used when 3-D inspection of the knifes is 

required. 

 

To minimize any effect of blurring due to motion experimental exposure 

time of the camera is minimized. Quality of the knife depends on mean 

square error (MSE). Relationship between MSE and estimated exposure 

time is analyzed through the experiment on the two extreme samples of 

knifes i.e. Worst and Best quality knife. It is observed that MSE decreas-

es with increasing estimated exposure time for the worst case and MSE 

increases with increasing estimated exposure time for the best case. 

 

Further 8 different samples of knifes are analyzed in the prototype. It is 

verified that all the 8 samples lie around or between the two extreme 

cases of knifes. The results have proved that if knife is worn out it will 

show reasonable mean square error to fall the knife into the worn edge 

category. If the knife is not worn out it will show less MSE and fall 

around the nice edge category. 
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Appendix A: Program Codes 
 A.1 Lab View Script for Stepper Motor (Block Diagram) 
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           A.2 Lab view Script for Stepper Motor (Front Panel)           
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           A.3 Matlab Script for Image Analysis 
clc                             % Clears the command prompt 

screen  
clear all                        % Clears the Workspace history  
close all                        % Close all the opened figures 

or output popups  

  

  
bmpFiles = dir( '*.bmp' );        % Collects and store all files 

in the current dir with extension bmp  
 J=zeros(1216,1616, 'uint8' );    % Generate zero matrix with 

order 1216*1616  

  
for  k = 1:length(bmpFiles)      % Starts from 1 and end at 

number of total bmp files in the current dir  
filename = bmpFiles(k).name;    % Assigns bmp file names to 

variable filename  
I = imread(filename);           % Read the image and store that 

intensity image in cdata and color map matrices  
                                % operations on "cdata"  
J=J+I;                          % Taking sum of all the images  
end  
H=J/k;                          % Taking sum of all the images  

  
figure(1)  
imshow(H)                       % Shows mean image  

  
th = 0.2;                       % Threshold is selected as 20%  
i = double(H);                  % Convert to double precesion  
im = i;  
im = im/max(max(im));           % every element is divided by 

the largest element in the i matrix  
[bw f] = improvedSegment(im,th); % Generates improved image  after 

applying preprocessing techniques  
[L1,num] = bwlabeln(bw,8);      % Label connected component in 

the binary image  
                                % num is the number of connected 

objects  
                                % 8 is the desired connectivi ty  
                                % bw is the preprocessed image  

                                 
figure(2)  
imshow(L1)  

  
STATS = REGIONPROPS(L1, 'Area' ); % Finding areas of all the 

connected components  
area = cat(1, STATS.Area);      % Extracting the areas  values 

from struct STATS  
[h h1]=max(area);               % Locating the connected comp o-

nent with largest area  
num;                            % Shows number of Connected 

Components in an image  
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%% Converting the image into binary i mage 

  
       for  C = 1:1:1616  
             for  R = 1:1:1216  
               if  L1(R,C) == h1;  
                 L1(R,C)=1;  
                else  L1(R,C)=0;  

                     
                end  
             end  
         end  

  

  
L1 = bwareaopen (L1,50);          % Closing the openings in the 

image with the size less tha 50  

  
figure(3);  
imshow(L1);  

  
L3 = L1;  
%% Extracting the edges from an image  
for  C1=2:1:1615  
    for  R1=2:1:1215  

        
        if  L1(R1,C1) ==1  

           
      if   ( (L1(R1,C1) - L1(R1 - 1,C1)) > 0  || (L1(R1,C1) -

L1(R1+1,C1)) >0 || (L1(R1,C1) - L1(R1,C1 - 1)) >0  || (L1(R1,C1) -

L1(R1,C1+1))>0 || (L1(R1,C1) - L1(R1 - 1,C1 - 1)) > 0  || (L1(R1,C1) -

L1(R1 - 1,C1+1)) > 0 || (L1(R1,C1) - L1(R1+1,C1 - 1)) > 0 || 

(L1(R1,C1) - L1(R1+1,C1+1)) >  0 )  

    
       L3(R1,C1)=1;  

        
       else  

            
           L3(R1,C1)=0;  

        
              end          
          end  
    end  
end  

  
L3(1,1:1616)=0;  
L3(1:1216,1)=0;  
L3(1216,1:1616)=0;  
L3(1:1216,1616)=0;  

  
figure(4);  
imshow(L3);                        % Shows Edges of an image  

  
RGB = label2rgb(L3);               % Converts the labelled 

matrix to RGB image  
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figure(5);  
imshow(RGB)                        % Shows Colored view of the 

edges  

  
J=L3(1:1216,160:1400);             % Cropping the Image  

  
figure(6);  
imshow(J)                          % Shows Cropped image  

  
[R1,num] = bwlabeln(J,8);          % Label connected component 

in the binary image  
                                   % num is the number of co n-

nected objec ts  
                                   % 8 is the desired conne c-

tivity  
                                   % J is the preprocessed image  

  
%% Extracting the Upper Edge that is our region of interest  

  
for  i=1:max(max(R1))               % Finding maximum valu e of CC 

from the labeled matrix  
    [r,c] = find(R1==i);  
    rc= [r c];  
    noofeles = numel(rc(:,1));  
    col1avg(i) = sum(rc(:,1))/noofeles;  
end  

  
[s s1] = min(col1avg);  

  
       for  R3 = 1:1:1216  
             for  C3 = 1:1:1240  
               if  R1(R3,C3) == s1;  
                 R1(R3,C3)=1;  
                else  R1(R3,C3)=0;  

                     
                end  
             end  
         end  

  
%% Plotting the values in region of interest, curve fitting and 

Mean square Error.  

  
%upper edge  
figu re(7);  
imshow(R1);              %Shows Upper edge of the knife  

  
r1=R1;                        
[i j]=find(r1>0);  
[P] = POLYFIT(j,i,1);  
[yhat] = polyval(P,j);  

  
%Plots obtained values and predicted values using curve fitting.  
figure(8);  
plot(j,i, 'bo' ,j,yhat, 'g - ' );  
legend( 'Obtained Values' , 'Predicted Values' );  
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Title( 'Least Square Fitting' );  
xlabel( 'Column Pixels' );  
ylabel( 'Row Pixels' );  

  
N=size(j);  
sqrError=power(yhat - i,2);  
meanSqrError=sum(sqrError)/N(1) %Calculating MSE  
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A.4 Matlab Script for Plots of Sample data 
 
clc  
clear all  
close all  

  
exptime=[0.6;0.74;0.87;0.97;1.1;1.25;1.4;1.53;1.7;1.81;1.9;2.10;

2.2;2.36;2.5;2.64;2.7;2.92;3.1;3.19;3.3;3.47;3.6;3.75;3.8;4.03;4

.1;4.31;4.44;4.58];  

 
MSqrEr-

rorW=[31.0786;23.1628;21.0642;20.5263;20.1391;20.0534;19.5201;20

.0230;20.0861;19.7543;19.6059;19.4358;19.3693;20.1309;20.2902;20

.2692;19.3825;21.2784;21.9438;19.8103;18.8333;19.7329;18.9082;19

.9770;20.0026;19.8871;19.8535;18.7418;18.6093;18.4258];  

 
MSqrEr-

r orS=[1.7805;1.8497;1.4328;1.4734;1.4508;1.4893;2.0696;1.7951;1.

5317;1.5425;1.5533;1.6370;1.7207;1.7014;1.6821;1.7142;1.7463;2.3

428;2.9392;2.5215;2.1037;2.5508;2.9979;2.5831;2.1683;2.1541;2.13

99;2.3310;3.1866;3.2964];  

 
MSqrErrorW=log10(MSqrErrorW);  

 
h1=plot (exptime,MSqrErrorW, 'b - ' );  
Title( 'MSError vs Estimated Exposure time' );  
xlabel( 'Estimated Exposure Time (us)' );  
ylabel( 'Mean Square Error' );  
hold on 
 

MSqrErrorS=log10(MSqrErrorS);  
 

h2=plot(exptime,MSqrErrorS, 'r - ' );  
hold on 
error = [23.0537 5.1999 2.3649 0. 9830 1.6982 0.6525 0.5327 

1.8231];  
error1 = [19.4818 4.3603 4.1042 0.9830 1.1711 1.1524 2.1015 

1.3701];  
error2 = [18.4818 4.1858 4.1826 3.1130 2.5611 3.1240 2.4343 

2.1619];  

  
error=log10(error);  
error1=log10(error1);  
error2=log10(error2);  

  
SZ = 7;  

  
h10= plot(exptime(1), e r-

ror(1), 'bx' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(1), 'bx' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(1), 'bx' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
hold on;  
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h9= plot(exptime(1), e r-

ror(2), 'bo' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(2), 'bo' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(2), 'bo' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h8= plot(exptime(1), e r-

ror(3), 'rh' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(3), 'rh' , 'LineWid th' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(3), 'rh' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h7= plot(exptime(1), e r-

ror(4), 'r+' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(4), 'r+' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(4), 'r+' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h6= plot(exptime(1), e r-

ror(5), 'g*' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(5), 'g*' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(5), 'g*' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h5= plot(exptime(1), e r-

ror(6), 'gs' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(6), 'gs' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(6), 'gs' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h4= plot(exptime(1), e r-

ror(7), 'bv' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(7), 'bv' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(7), 'bv' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  
h3= plot(exptime(1), e r-

ror(8), 'r<' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(5), error1(8), 'r<' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  
plot(exptime(29), error2(8), 'r<' , 'LineWidth' ,2, 'MarkerSize' ,SZ);  

  

  
legend([h1 h2 h10 h9 h8 h7 h6 h5 h4 h3],{ 'Sample A(s8)' , 'Sample 

B(s1)' , 'S8' , 'S7' , 'S6' , 'S5' , 'S4' , 'S3' , 'S2' , 'S1' });  

  
grid on 
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A.5 C++ Code for Luminera Camera 
 

// RunCamera.cpp : Defines the entry point for the console application. 

// 

 

#include "stdafx.h" 

#include "RunCamera.h" 

#include "lucamapi.h" 

#include "Lucamerr.h" 

 

#ifdef _DEBUG 

#define new DEBUG_NEW 

#endif 

 

 

// The one and only application object 

 

CWinApp theApp; 

 

using namespace std; 

 

int main(int argc, char* argv[]) 

{ 

int nRetCode = 0; 

 

// initialize MFC and print and error on failure 

if (!AfxWinInit(::GetModuleHandle(NULL), NULL, 

::GetCommandLine(), 0)) 

{ 

// TODO: change error code to suit your needs 

_tprintf(_T("Fatal Error: MFC initialization failed\n")); 

nRetCode = 1; 

} 

else 

{ 

// TODO: code your application's behavior here. 

char fname[100]= ""; 

LUCAM_SNAPSHOT lsSettings; 

LUCAM_FRAME_FORMAT lffFormat; 

long lPixelSize; 
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float fFrameRate; 

UCHAR *pcFrame; 

static HANDLE m_hCamera = LucamCameraOpen(1); 

 

if(m_hCamera != NULL) 

{ 

BOOL test = TRUE; 

test = LucamCameraReset(m_hCamera); 

test = LucamGetFormat(m_hCamera, &lffFormat, &fFrameRate); 

 

lsSettings.exposure = atof(argv[2]); 

lsSettings.gain = atof(argv[3]); 

lsSettings.gainRed = 1.0; 

lsSettings.gainGrn1 = 1.0; 

lsSettings.gainGrn2 = 1.0; 

lsSettings.gainBlue = 1.0; 

lsSettings.useStrobe = FALSE; 

lsSettings.strobeDelay = 0.0; 

lsSettings.format = lffFormat; 

lsSettings.format.pixelFormat = LUCAM_PF_8; 

lsSettings.format.width = atoi(argv[4]); 

lsSettings.format.height = atoi(argv[5]); 

lsSettings.format.xOffset = atoi(argv[6]); 

lsSettings.format.yOffset = atoi(argv[7]); 

lsSettings.useHwTrigger = FALSE; 

lsSettings.timeout = 1000 + lsSettings.exposure; 

lsSettings.shutterType = LUCAM_SHUTTER_TYPE_GLOBAL; 

lsSettings.exposureDelay = 0.0; 

lsSettings.flReserved1 = 0.0; 

lsSettings.flReserved2 = 0.0; 

lsSettings.ulReserved1 = 0; 

lsSettings.ulReserved2 = 0; 

switch (lsSettings.format.pixelFormat) 

{ 

case LUCAM_PF_32: 

case LUCAM_PF_24: 

lPixelSize = 4; 

break; 

case LUCAM_PF_16: 

case LUCAM_PF_YUV422: 
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lPixelSize = 2; 

break; 

case LUCAM_PF_8: 

lPixelSize = 1; 

break; 

default: 

lPixelSize = 0; 

break; 

} 

pcFrame = new BYTE[lsSettings.format.width * lsSettings.format.height 

* lPixelSize * sizeof(UCHAR)]; 

 

BOOL test1 = LucamTakeSnapshot(m_hCamera, &lsSettings, pcFrame); 

strcat(fname,argv[1]); 

strcat(fname,".bmp"); 

if(LucamSaveImage(lsSettings.format.width,lsSettings.format.height,lsS

ettings.format.pixelFormat,pcFrame,fname)) 

cout << fname << "  written" << endl; 

} 

else 

nRetCode = 1; 

} 

return nRetCode; 

} 
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Appendix B: Tables 
 
Sample A: (Worst Case) 

 

No. of Images Estimated Exposure 

Time(us) 

Mean Square Error 

20 0.60 31.0786 

25 0.74 23.1628 

30 0.87 21.0642 

35 0.97 20.5263 

40  1.10 20.1391 

45 1.25 20.0534 

50 1.40 19.5201 

55 1.53 20.0230 

60 1.70 20.0861 

65 1.81 19.7543 

70 1.90 19.6059 

75 2.10 19.4358 

80 2.20 19.3693 

85 2.36 20.1309 

90 2.50 20.2902 

95 2.64 20.2692 

100 2.70 19.3825 

105 2.92 21.2784 

110 3.10 21.9438 

115 3.19 19.8103 

120 3.30 18.8333 

125 3.47 19.7329 

130 3.61 18.9082 

135 3.75 19.9770 

140 3.88 20.0026 

145 4.03 19.8871 

150 4.16 19.8535 

155 4.31 18.7418 

160 4.44 18.6093 

165 4.58 18.4258 
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Sample B: (Best Case) 

No. of Images Estimated Exposure 

Time(us) 

Mean Square Error 

20 0.60 1.7805 

25 0.74 1.8497 

30 0.87 1.4328 

35 0.97 1.4734 

40  1.10 1.4508 

45 1.25 1.4893 

50 1.40 2.0696 

55 1.53 1.7951 

60 1.70 1.5317 

65 1.81 1.5425 

70 1.90 1.5533 

75 2.10 1.6370 

80 2.20 1.7207 

85 2.36 1.7014 

90 2.50 1.6821 

95 2.64 1.7142 

100 2.70 1.7463 

105 2.92 2.3428 

110 3.10 2.9392 

115 3.19 2.5215 

120 3.30 2.1037 

125 3.47 2.5508 

130 3.61 2.9979 

135 3.75 2.5831 

140 3.88 2.1683 

145 4.03 2.1541 

150 4.16 2.1399 

155 4.31 2.3310 

160 4.44 3.1866 

165 4.58 3.2964 

 

 

 


