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The subject of this thesis was the design process of the camera system used for imaging the 

log end. The camera system takes an image of the log end and based on the image obtained, 

the log can be sorted based on its quality and characteristics. Sorting is done automatically 

or using an operator. 

The design process phases are based on the VDI2221 systematic workflow model. At 

different stages of product design, lighting and vibrations were analysed and the element 

method was utilized in strength analysis. DFMA was utilized to ensure assembly and 

manufacturing friendliness during the design process. Value analysis was utilized in the 

choice of different solutions. 

The aim of the work was to design a mechanically finished product. During the design 

process, the camera, objective, laser sensor, light and cooling system were selected. In 

addition, an external structure was designed to withstand dirt, and moisture and dampen the 

vibrations. 

The result of the design work was a compact and modular imaging system. The imaging 

system has been found to be a functional entity after practical testing. However, additional 

development has been found to be necessary for the imaging system to be identified as a 

finished product.  
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Tämän diplomityön aiheena oli tukinpään kuvaukseen käytettävän kamerajärjestelmän 

suunnitteluprosessi. Kamerajärjestelmä ottaa kuvan tukinpäästä ja saadun kuvan perusteella 

tukki voidaan lajitella sen laadun ja ominaisuuksien perusteella. Lajittelu tapahtuu 

automaattisesti tai operaattorin avulla.  

Suunnitteluprosessin vaiheet pohjautuvat VDI2221 systemaattisen tuotesuunnittelun 

vaiheisiin. Tuotesuunnittelun eri vaiheissa analysoitiin valaistusta sekä värähtelyjä ja 

hyödynnettiin lujuuslaskennoissa elementtimenetelmää. Kokoonpano- ja 

valmistusystävällisyyden varmistamiseksi suunnitteluprosessin aikana hyödynnettiin 

DFMA:ta. Erilaisten ratkaisujen valinnassa hyödynnettiin arvoanalyysia. 

Työn tavoitteena oli suunnitella mekaanisesti valmis tuote. Suunnitteluprosessiin aikana 

valittiin kamera, objekti, laseranturi, valo sekä jäähdytysjärjestelmä. Lisäksi suunniteltiin 

ulkoinen rakenne, joka kestää lian, kosteuden ja vaimentaa värinät.  

Suunnittelutyön lopputuloksena oli kompakti ja modulaarinen kuvausjärjestelmä. 

Kuvausjärjestelmä on todettu toimivaksi kokonaisuudeksi käytännön testauksien jälkeen. 

Lisäkehitys on todettu kuitenkin tarpeelliseksi, jotta kuvausjärjestelmä voidaan todeta 

valmiiksi tuotteeksi.  
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SYMBOLS AND ABBREVIATIONS 

ω  Excitation frequency [Hz] 

ωn Natural frequency [Hz] 

ζ Damping ratio [no unit] 

Ft  Transmitted force [N] 

F  Excitation force [N] 

 

CCD  Charged Coupled Device 

CMOS  Complementary Metal Oxide Semiconductor 

DOF  Depth of Field 

DFMA  Design for Manufacturing and Assembly 

ToF  Time of flight 
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1  Introduction 

The subject of this research is to find out how to design and develop the product for the 

market which can easily take images from the end of the log. This image can be used for 

analysing the log end and important data can be omitted from the image. The need for this 

research comes from a company named Finnos Oy from Lappeenranta, which is specialized 

in industrial X-Ray and machine vision solutions. 

1.1  Scope 

The log refers to a part of the tree trunk used, for example, to make boards. The logs are 

sorted by sawmills before going to sawing and therefore it is important to get accurate data 

from different logs to make the sorting well. Logs can be sorted by observing log ends.  In 

many sawmills, operators monitor the ends of the log with a direct view or by using mirrors; 

in some cases, only one or none of those monitoring methods can be used. 

Blue stain, decay damage and other errors in the structure of the log can be investigated by 

monitoring the log end. When this type of error is found from the log end the operator sorts 

the log into the stack of abandoned logs.  

Blue stain means blue-coloured “stain” on the end of the log. Causes for blue stains can be 

bacteria, yeasts, or blue-stain fungus. (Kankaanjuhta & Väkevä 2000.) Blue stain can be seen 

in figure 1.  

 

 

Figure 1. Blue stain on the log end (Kankaanjuhta & Väkevä 2000) 
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Decay damage can happen for example due to the aging of trees, from some type of fungus 

or parasite (Luontoliitto 2017). There are different types of decay damages: storage decay, 

base decay, damage decay and reaction tree resembling decay damage. Storage decay refers 

to the decay caused by some fungus between the time of cutting the tree and using tree. 

Storage decay originates as the mushroom spores move to the bare parts of the tree, such as 

the end of the log or at the point where the shell is broken. Before the decay damage can be 

seen, various colour defects such as blue or brown and reddish colour defects can be detected 

in the wood. Base decay is in the most valuable part of the tree, in the base. It originates 

from a rotting mushroom infection at the roots or at the base of a growing tree. (Mäkelä et 

al. 1999, p. 4, 29.) Base decay can be seen in the figure 2.  

 

 

Figure 2. Base decay in pine  

 

Damage decay is a decay damage caused by damage for example from hit into the tree. 

Fungus called “stereum sanguinolentum” is usually cause for damage decay after the 

damage. (Mäkelä et al. 1999, p.33.) Damage decay can be seen in the figure 3.  
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Figure 3. Damage decay in spruce (Mäkelä et al. 1999, p. 33) 

 

The reaction wood is formed on the underside of tilted trunks and branches. The reaction 

wood is dark, heavy, and hard wood and its annual loungers are stronger than usually. The 

reaction wood is poor in the sawmill and plywood industry, and it reduces the quality of the 

pulp. (Mäkelä et al. 1999, p.34.)  

 

 

Figure 4. Reaction wood in pine (Mäkelä et al. 1999, p. 34) 

 

In the end of the log there are also something else to investigate. There are tree rings that 

can be found from the end of the log and these tree rings can be used on sorting of the log. 

Log that has certain amount of tree rings can be sorted as dense lumber. According to the 

Nordic sawmill practice, tree can be determined dense when the measuring distance has at 

least 10 tree rings. The measurement distance is 30 mm in pine and 40 mm in spruce and the 

measurement starts at least 20mm from the centre of the log. (Viljakainen 2019, p.13.) It is 
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also possible to calculate the age of the tree from the log end by calculating the number of 

tree rings. One tree ring means one year, and these rings can be found from the log end.  

This thesis will only focus on the mechanical design and the main subject is to design a ready 

3D model of the finished product that is cheap to manufacture, as compact as possible, and 

is modern both technically and in appearance. The finished product must be designed 

according to the machine design standard and be safe and easy to use.  

1.2  Motivation 

Due the high production capacity and the acceleration of production, some customers have 

desired hopes for automation for sorting of logs. Sorting is already done with X -ray 

equipment and 3D scanners, but there have also been hopes for the automation of log 

imaging and analysis. This refers to the use of an image and analysis using a computer and 

possible automation of sorting. Some sawmills are already beginning to demand pictures of 

the log ends, which makes the camera system mandatory. There are already log-end camera 

systems on the market, but they have only been used to get a picture and the computer 

analysis has so far been omitted.  

The results of this thesis can be used in the manufacturing and further development of Finnos 

Oy's Log End Vision. A Master's thesis also provides knowledge that can also be used in 

other projects in the future. 

1.3  Research problem 

For the comparison of the log ends, the images must be consistent i.e., the quality of the 

images corresponds to each other, and the image is accurate enough for the computer 

program and the human eye to interpret the image. The main research problem is that it is 

hard to obtain high-quality and uniform pictures out of the log end. Also making the design 

compact as possible is problematic. In this thesis solutions for those problems must be 

solved.  



13 
 

1.4  Research questions 

The research question of this thesis is: How to design a system that can produce 

automatically high-quality and uniform images of the log end? Below there are some other 

research questions which are divided from the main research question: 

- Why it is important to make the exposure good at the time of taking a picture to get 

a sharp image?  

- How to prevent problems from the heat so that the system won’t get overheated?  

- How to prevent problems from dirt so that the imaging area is clean, and the system 

is also clean from the inside? 

- How to minimize vibrations of the system to get stable pictures? 

- How to make the design as compact as possible so that the system's operation and 

durability are not impaired? 

1.5  Research methods 

Modern methods such as 3D design software and VDI 2221 machine design standard were 

used during the design phase. Information on the designing process and other theory were 

obtained by using literature review. LUT academic library and the Internet were used as 

sources of information. Information from expert interviews and already collected data were 

also used.  

Used imaging system was defined by collecting data of camera, optics and laser sensor from 

internet and using already known knowledge. Different testing systems were made to collect 

data from different options of the system and its design. After defining various values for 

designing the system, prototype version was made, and later tests were made by using the 

prototype.  
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2  Used methods 

Many different methods have been used in this thesis to collect various amount of data 

according to machine design and machine dynamics. Machine design tells basically how to 

design or redesign machine or some part of it. Machine dynamics considers movement of 

the machine and problems due the movement like vibration. Many different methods have 

been used in this thesis to collect various amount of data according to machine design and 

machine dynamics. Used methods have been defined below.  

2.1  Standards applied 

When designing a new product, it is a good idea to use different standards to help the product 

being designed workable and safe to use. The product should be as safe as possible to avoid 

accidents. In addition, the product must work properly in its required role. For the product 

to become the highest quality, the quality control system is needed. Table 1 lists the standards 

used in this thesis. 

 

Table 1. Standards applied 

Standard Name 

VDI 2221 Design of technical products and systems 

SFS-EN 1005-1 Safety of machinery. Human physical performance. Part 1: Terms and 

definitions 

SFS-EN 1005-2 Safety of machinery. Human physical performance. Part 2: Manual handling 

of machinery and component parts of machinery 

SFS-EN 1005-4 Safety of machinery. Human physical performance. Part 4: Evaluation of 

working postures and movements in relation to machinery 

ISO 9001 Quality Management System 

SFS-EN ISO 8015 Geometrical Product Specification (GPS) 

 

Most used standard in designing process was VDI 2221 due it was used before by the author 

of this thesis. The VDI 2221 considers how the design process should progress. The standard 

takes care of the direct progress of the work due by the designing process being more 
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comprehensive. VDI 2221 is good when machinery and mechanical devices are going to be 

designed.   

The standard SFS-EN 1005-1 presents the concepts and variables in EN 1005-2 as well as 

their terms and definitions. The standard SFS-EN 1005-2, defines the ergonomic 

recommendations of the product, which are the handling of the product and product parts. In 

the standard SFS-EN 1005-4, the instructions used in the product and its parts will be 

determined to make the product as ergonomic as possible. 

A quality monitoring system is needed to ensure high quality from product design to 

manufacturing. This takes care of the ISO 9001 standard. SFS-EN ISO 8015 standard 

determines the basic concepts needed for the correct dimensioning. It covers basic concepts, 

basic principles, and basic rules for geometric product definition.  

2.2  Imaging system 

In this section of the thesis, theory of imaging system is defined. The imaging system 

contains a camera, optics, and laser sensor. The camera and its optics are for taking an image 

and the laser sensor is used to determine the time when the image is taken.  

2.2.1  Machine vision camera and optics 

A camera refers to a device that can take photos. The camera body contains a shutter that 

limits or prevents light from entering the sensor, which converts the light from the lens to 

the electrical signals. In modern machine vision camera shutter is electronic instead of 

mechanical. Electrical signals are values called pixels. These pixels can be used to create a 

photo with the right program. Lens refers the part which can be attached to the camera. 

Lenses consist of one or many lenses. The machine vision camera consists mainly of the 

main body and objective which is also known as lens. (Teledyne DALSA 2022a.) 

 

CCD and CMOS imagers are usually used sensors in cameras. CCD means charge coupled 

device and CMOS means complementary metal oxide semiconductor and they are two 

different types of technologies with unique strength and weaknesses for capturing images. 
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Both convert light into electric charge which is processed into electronic signals which is 

shown in figure 5. (Teledyne DALSA 2022b.) 

 

 

Figure 5. CCD and CMOS sensor working principle (Teledyne DALSA 2022b) 

 

Due the usage and development of CMOS sensors in mobile phone industry, CMOS sensors 

are mostly used in machine vision. There are reasons like lower power consumption and 

smaller components that made CMOS sensor development more reasonable. Also, nowadays 

with better image quality CMOS sensor outperformed CCD sensor.  

In machine vision area and line scan sensors are used. Area sensor is also called as matrix 

sensor. With a matrix sensor, a two -dimensional rectangular image can be taken. The picture 

shows a certain number of pixels in the width and height of the sensor. The matrix sensor is 

the most used sensor type in machine vision cameras. The matrix camera gives good pictures 

of separate objects, but distance differences cause problems with precision. A line sensor 

camera can be used to take a one-dimensional image with one to three pixels vertically and 

1024-16,000 pixels in width. For example, the use of a line sensor camera is moving uniform 

objects. (SAMK automaation tutkimusryhmä 2022.) Area and line scanning cameras are 

shown in figure 6.  

 



17 
 

 

Figure 6. Area and line scanning cameras (SAMK automaation tutkimusryhmä 2022) 

 

Camera does not work without a lens. The lens makes possible to form image on sensor 

(Allen & Triantaphillidou 2012, p.111). Focal length and aperture are main properties of 

lens. The focal length refers to the feature of the camera lens, how wide the angle and how 

enlarged the image is. As the focal length increases, the imaging area narrows, but the 

magnification of the image increases. A wider angle of view is achieved in the short focal 

length, but a smaller magnification of the image. The focal length is reported in millimetres. 

(Saari 2022a.) 

Aperture refers to the hole in the camera lens. From this hole, the light passes through all the 

way to the sensor. The size of the lens opening determines the amount of light throughout. 

By increasing the size of the aperture, more light goes on the sensor and the images are 

brighter. The size of the aperture is measured by f-number. F-number refers to the 

relationship between the focal length and the diameter of the lens. F-number in the lens 

indicates the largest possible opening. As the f-number increases, the opening decreases 

because the f-number is inverse number, which means for example when in the 50mm lens 

f-number is 2, the opening would be 25mm in diameter. The size of the aperture also affects 

the DOF (Depth Of Field). As the F-number increases and the aperture decreases, the depth 

of field increases, making the image sharp throughout. As the size of the opening increases, 

the depth of field decreases so the background of the image is not sharp. (Saari 2022b.) 

Therefore, the size of the opening should be as small as possible to make the image as sharp 
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and accurate as possible. However, the limiting factor is the light to get bright and clear 

images, so it is good to find the right size of the opening. 

2.2.2  Time of flight laser sensor 

Machine vision-based sensors are used to determine distance data in the field of automation 

and robotics. Distance sensors can accurately evaluate the position of the object. (Lindner et 

al. 2009. p.1318.) The operation of the ToF (Time-of-Flight) sensor is based on the 

calculation of time, which light spends when going from the sensor to and back. This sensor 

type is used, even for measuring the distances of several kilometres, using pulsed laser rays. 

(Acuity 2022.) Working principle of ToF sensor is shown in figure 7.  

 

 

Figure 7. ToF laser sensor (Baumer 2022) 

 

Modulated ray system`s laser strength is varied to create a changing signal with the time 

change. This is used to indirectly measure the time delay by comparing the signal to the 

delayed signal from the subject. The phase measurement limits are the accuracy of the 

frequency and the difference between the phase of signals. (Acuity 2022.) 

Some sensors operate on range-to-frequency conversion principle. In this case, reflection of 

the laser light from the surface of the object is collected with a lens and concentrated on the 

photodiode. The signal is reinforced to a certain level and then inverted. The signal is then 



19 
 

used to modulate the laser diode. Collimated laser light is released from the centre of the 

sensor's front surface. When the laser is turned on and off with its own signal, an oscillator 

is formed. Oscillation is determined by the time light goes and comes back from an object 

and the time needed to reinforce light. To determine range, the signal is divided, and the 

elapsed time is calculated. (Acuity 2022.) 

2.3  VDI 2221 Systematic workflow model  

While there is competition in imaging product industry, new products must be made by 

taking care of needs of the customers. Same time production of the product should be cheap 

and economical as possible. When this type of product is designed systematically it meets 

the needs of the customer even when there are different requirements (Pahl et al. 2007, p.77). 

The systematic workflow model was used alongside intuitive design in this thesis due it has 

been used before by the author. Systematic machine design combined with intuitive machine 

design quickly creates different alternative solutions with the use of a skilled designer. (Pahl 

et al. 2007, p. 9.) By using the intuitive design method, many good solutions had been 

invented, but due the weaknesses in intuitive design method, more conscious procedures 

were used (Pahl et al. 2007, p. 53). 

Systematic product development process was used during the planning and designing of the 

log end imaging system. Planning and design were divided into main phases due it is 

common and useful. Those main phases which were described by Pahl et al. (2007, p. 129). 

Those main phases are listed below:  

- “Planning and task clarification: specification of information 

- Conceptual design: specification of principle solution (concept) 

- Embodiment design: specification of layout (construction) 

- Detail design: specification of production.” 

There is no clear boundary between these phases. Some aspects may need to be changed 

during the process and refine some of the process phases. Changes may also occur at a later 

stage due to the changes noticed during the process. However, during the design and 
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development process, it is useful to use these main phases. (Pahl et al. 2007, p. 129.) 

Different steps in the planning and design process are shown in figure 8.  

 

 

Figure 8. Planning and design process steps (Pahl et al. 2007, p. 130) 
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2.3.1  Planning and task clarification 

The sales department or another department will provide a product development task to the 

design department. The task should be refined before the start of product design, even if the 

task is based on the product proposal from the product design department or directly from 

the customer. The purpose of refining the task is to collect information on the various 

requirements required for the product and the different restrictions and their importance. The 

requirements for the product are made up of a requirement list that considers the design 

process and the following work steps. The requirement list should be updated continuously 

as the conceptual design phase and the following steps are dependent on the list information. 

(Pahl et al. 2007, p. 131.) 

The task clarification includes not only its functionality and performance according to the 

product but also information on deadlines and cost targets. It is important to determine the 

demands or wishes for the product list for the product development. Demand refers to the 

requirements that the product must meet regardless of the situation, since without the 

fulfilment of them, the product will not work properly and is not suitable for its purpose. 

Wishes are requirements that should be considered if it is possible, but so that the costs 

cannot increase beyond the limits. It is good to classify wishes as major, medium, or minor 

importance. (Pahl et al. 2007, p. 145-147.) 

Before making a specific solution, a list of requirements and wishes must be made in which 

quantitative and qualitative aspects are tabulated and explained accurately. If possible, 

requirements should be quantified and defined as clearly as possible. (Pahl et al. 2007, p. 

147.) 

When making a requirement list, it is good to divide the different requirements of the product 

into the subclasses to keep the list clear. In addition, it is a good idea to share the categories 

based on possible design sites if there are several designers available, each focusing on their 

own subclass. (Pahl et al. 2007, p. 148.) Also, it is easy to use it as checklist which can be 

seen from table 2.  
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Table 2. Example of requirement list (Mod. Pahl et al. 2007, p. 149) 

Headings Examples 

Geometry Size, height, breadth, length, diameter, space requirement, number, arrangement, 

connection, extension 

Kinematics Type of motion, direction of motion, velocity, acceleration 

Forces Direction of force, magnitude of force, frequency, weight, load, deformation, 

stiffness, elasticity, inertia forces, resonance 

Energy Output, efficiency, loss, friction, ventilation, state, pressure, temperature, heating, 

cooling, supply, storage, capacity, conversion 

Material Flow and transport of materials, Physical and chemical properties of the initial and 

final product, auxiliary materials, prescribed materials (food regulations etc) 

Signals Inputs and outputs, form, display, control equipment 

Safety Direct safety systems, operational and environmental safety 

Ergonomics Man-machine relationship, type of operation, operating height, clarity of layout, 

sitting comfort, lightning, shape, compatibility 

Production Factory limitations, maximum possible dimensions, preferred production methods, 

means of production, achievable quality and tolerances, wastage 

Quality control Possibilities of testing and measuring, application of special regulations and 

standards 

Assembly Special regulations, installation, siting, foundations 

Transport Limitations due to lifting gear, clearance, means of transport (height and weight), 

nature and conditions of dispatch 

Operation Quietness, wear, special uses, marketing area, destination (for example 

sulphurous atmosphere, tropical conditions) 

Maintenance Servicing intervals (if any), inspection, exchange and repair, painting, cleaning 

Recycling Reuse, reprocessing, waste disposal, storage 

Costs Maximum permissible manufacturing costs, cost of tooling, investment and 

depreciation. 

Schedules End date of development, project planning and control, delivery date 

 

When listing demands or wishes into requirement list it is good if the source of this is also 

written. In this case, it is possible to ask for more information or actual motives of the 

requirement, if there could be some changes according to the requirement. (Pahl et al. 2007, 

p. 148.) 

2.3.2  Conceptual design 

After task clarification phase is completed, the next task is to determine principal solution 

on the conceptual design phase. This is achieved by making one functional structure which 

consists of abstracted essential problems, established function structures, and discovered 

suitable working principles. (Pahl et al. 2007, p.  131.) The conceptual design phase consists 

of several steps shown in figure 9.  
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Figure 9. Steps of conceptual design (Pahl et al. 2007, p. 160) 

 

It is a good idea to use new solutions in problem-solving and design, as old and traditional 

habits do not always lead to the desired result. The reason for this is that technology has 

evolved, and new methods and materials have been invented. A customer or a design team 

may already have a solution to a problem, which is why it is good to discuss possible 

problems and their solutions with the customer. There is possibility that the concrete solution 

is based on fixed ideas and imaginary constraints, and it is important to keep that in mind. 

(Pahl et al. 2007, p. 161.) 



24 
 

When a designer is looking for an optimal solution to the problem without focusing on fixed 

or conventional solutions, it is always good to carefully study new alternative solutions in 

addition to the conventional ones. The abstraction is used in situations where the use of 

conventional habits is influenced by fixation and sticking. Abstraction means highlighting 

the general and essential by ignoring things that are particular or incidental. This kind of 

generalisation usually leads to the core of the task. Without causing harm to the choice of a 

particular solution when the core of the task is formulated, the general function and necessary 

constraints can be defined. (Pahl et al. 2007, p. 161.) 

To continue into next step of the conceptual design phase, the requirement list must be 

analysed in terms of the required functions and essential constraints to confirm and refine 

the core of the problem. The functional relationships of the requirement list should be 

explicitly shaped and organized for their importance. (Pahl et al. 2007, p. 164.) According 

to Pahl et al. (2007, p. 165) the use of a step-by-step abstract in the analysis is listed below 

to reveal general aspects and essential problems in the task:  

- “Step 1. Eliminate personal preferences.  

- Step 2. Omit requirements that have no direct bearing on the function and the 

essential constraints.  

- Step 3. Transform quantitative into qualitative data and reduce them to essential 

statements.  

- Step 4. As far as it is purposeful, generalise the results of the previous step.  

- Step 5. Formulate the problem in solution-neutral terms” 

Just as the technical system can be divided into subsystems and elements, so does the 

complex or the overall function can be divided into sub-functions. Combining sub-functions 

leads to a function structure, or overall function. (Pahl et al. 2007, p. 170.) According to Pahl 

et al. (2007, p. 170) aims for the breakdown of complex functions are listed below: 

- “Determine subfunctions that facilitate the subsequent search for solutions 

- combine these subfunctions into a simple and unambiguous function structure.” 

When making establishing function structures, the original and adaptive models must be 

separated. The list of requirements and the abstract design of the problem serve as the basis 



25 
 

for the function structure of the original models. It is a good idea to arrange functional 

relationships due to the list of requirements based on their importance or in some other 

logical way. (Pahl et al. 2007, p. 178.) 

In adaptive design, the starting point is to obtain the function structure of the current solution 

by analysing the elements. For subsequent optimization and development of modular 

products, it helps to develop variants to find out other solutions. (Pahl et al. 2007, p. 178.) 

The function structure causes a crucial impact on the arrangement of modules and modules 

itself in modular systems. Functional aspects and production needs affect the function 

structure and the structure of the assembly. (Pahl et al. 2007, p. 178.) 

The degree of detail used in the function structures depends a lot on the task novelty and the 

designers experience. Function structures are not usually free from physical or formal 

assumptions, which is why the number of potential solutions is limited. Therefore, it is a 

good idea to think about a preliminary answer and then with the iteration process abstract 

this by developing and performing a function structure. (Pahl et al. 2007, p. 178-179.) 

In most cases, there may be many starting points, resulting in multiple variants. To choose 

the right option for future development, the comparison must be made. In comparison, 

different alternative solutions are compared simultaneously by comparing technical, 

financial and safety criteria which is shown in table 3 from Pahl et al. (2007, p. 193) and 

after this the best option is selected. 

 

Table 3. Example of a checklist for design evaluation (Mod. Pahl et al. 2007, p. 193) 

Main heading Examples 

Function Characteristics of essential auxiliary function carriers that follow out of necessity 

from the chosen solution principle or concept variant 

Working principles Characteristics of the selected principle or principles with respect to simple and 

clear-cut functioning, adequate effect, few disturbing factors 

Embodiment Small number of components, low complexity, low space requirement, no special 

problems with layout or form design 

Safety Preferential treatment of direct safety techniques (inherently safe), no additional 

safety measures needed, industrial and environmental safety guaranteed 

Ergonomics Satisfactory man-machine relationship, no strain or impairment of health, good 

aesthetics 
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Table 3 continued. Example of checklist for design evaluation (Mod. Pahl et al. 2007, p. 

193) 

Main heading Examples 

Production Few and established production methods, no expensive equipment, small number 

of simple components 

Quality control Few checks and tests needed, simple and reliable procedures 

Assembly Easy, convenient, and quick, no special aids needed 

Transport Normal means of transport, no risks 

Operation Simple operation, long service life, low wear, easy and simple handling 

Maintenance Little and simple upkeep and cleaning, easy inspection, easy repair 

Recycling Easy recovery of parts, safe disposal 

Costs No special running of other associated costs, no scheduling risks 

 

2.3.3  Embodiment design 

During the embodiment design phase, the designer defines the technical structure in 

accordance with the technical and financial criteria. This leads to the specification of the 

layout. In order to provide additional information on the benefits and disadvantages of 

different variants, several preliminary layouts are scaled simultaneously or successively.  

(Pahl et al. 2007, p. 132.) 

In the embodiment design phase, designers determine the overall layout design, which 

includes general arrangement and spatial compatibility. In addition, there are preliminary 

models, production processes and solutions for all auxiliary operations. Technological and 

economic aspects are important to remember. The design is developed by using scale 

drawings, critically reviewing the plan, and a technical and economic evaluation. Before the 

desired solution is created, in many cases, the embodiment designs are needed. (Pahl et al. 

2007, p. 227.) 

The embodiment design contains many different corrective steps. The synthesis and analysis 

complement and alternate each other in these steps. Therefore, the methods used for errors 

identifying and optimizing errors complement the underlying methods of the solution and 

evaluation. Collecting different data from materials, production processes, repetitive parts 

and standards requires a lot of effort. A general approach that includes the main working 

steps is good to use because the complexity of embodiment design process. (Pahl et al. 2007, 

p. 227-228.) Those working steps are shown in figure 10.  
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Figure 10. Steps of embodiment design (Pahl et al. 2007, p. 229) 

 

The purpose of the embodiment design process is to perform a certain function with good 

layout, design and materials. The first step in the process is to define preliminary scale 

layouts based on coarse spatial requirements analysis. Next, safety, ergonomics, production, 

assembly, use, maintenance, recycling, costs, and schedules are considered. The designer's 

approaches must be progressive and iterative, as these factors have many interrelationships. 

The approach must allow for rapid identification of problems that needs to be solved first. 
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(Pahl et al. 2007, p. 233.) For the process, a checklist shown in table 4 has been made from 

checklist from Pahl et al. (2007, p. 234).  

 

Table 4. Example of checklist for embodiment design (Mod. Pahl et al. 2007, p. 234) 

Headings Examples 

Function Is the stipulated function fulfilled?  

What auxiliary functions are needed? 

Working 

principles 

Do the chosen overall layout, component shapes, materials and dimensions provide:  

- Adequate durability (strength)  

- Permissible deformation (stiffness)  

- Adequate stability  

- Freedom from resonance  

- Unimpeded expansion  

- Acceptable corrosion and wear with the stipulated service life and loads? 

Safety Have all the factors affecting then safety of components, of the function, of the 

operation and of the environment been considered? 

Ergonomics Have the human-machine relationships been considered? Have unnecessary human 

stress or injurious factors been avoided? Has attention been paid to aesthetics? 

Production Has there been a technological and economic analysis of the production processes? 

Quality control Can the necessary checks be applied during and after production or at any other 

required time, and have they been specified? 

Assembly Can all the internal and external assembly processes be performed simply and in the 

correct order? 

Transport Have the internal and external transport conditions and risks been examined and 

considered? 

Operation Have all the factors influencing the operation, such as noise, vibration, handling, etc. 

been considered? 

Maintenance Can maintenance, inspection and overhaul be easily performed and checked? 

Recycling Can the product be reused or recycled? 

Costs Have the stipulated cost limits been observed? Will additional operational or 

subsidiary costs arise? 

Schedules Can the delivery dates be met? Are there design modifications that might improve the 

delivery situation? 

 

2.3.4  Detail design 

At this stage, the arrangement, shapes, dimensions, and surface properties of all individual 

parts are finally determined. In addition, materials, production options, cost estimates and 

production documents are defined. Production documents include detailed component 

drawings, assembly drawings and parts lists. (Pahl et al. 2007, p. 132, 436.) It is good to 

divide the detail design phase into steps which are shown in figure 11.  
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Figure 11. Steps of detail design (Pahl et al. 2007, p. 437) 

 

2.4  Systematic material selection 

Proper material selection is needed due new materials are invented every year. Material 

properties and quality are also improved. Optimized material selection is required due the 

demands of better cost-effectiveness. Nowadays environmental aspects are considered more 

and in that field material selection process is needed. (Eskelinen & Karsikas 2013b, p. 7-9.) 

Systematic material selection process is good to use for material selection. First step is to 

specify function that are needed and make requirement profile. These requirements of the 

component could be load bearing capacity, functional limits and manufacturing related 

aspect. Second step is to define guideline or strategy for materials which are for example 

chosen based on cost aspects. In third step typically used materials in the application are 

considered and selected, but also it is good to expand material spectrum to find uncommon 

new materials that could be used. In fifth stage requirement profile and property profile is 
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integrated. Then material can be compared by using numerical values. Last step is to evaluate 

materials by monitoring and using feedback of its performance. (Eskelinen & Karsikas 

2013b, p. 46-47.) Systematic material selection process is shown in figure 12.  

 

 

Figure 12. Systematic material selection process (Eskelinen & Karsikas 2022b, p. 47) 

 

2.5  Analyses applied 

In this section analyse methods are shown. Used analyses was in important role in the 

designing process. The methods used were DFMA (Design for Manufacture and Assembly), 

light analysis, vibration analysis and finite element analysis. 

2.5.1  Light analysis 

Light analyses can be used for defining needed lights for correct use. With this analysing 

method products designing process can be done by using current standards.  (DIALux 2022.) 

DIALux software is used for light analyses. Using DIALux indoor and outdoor areas can be 

analysed. Also difference between indoor and outdoor use can be analysed. Used models can 

be detailed as shown in figure 13. Different type of lamp can be used to make analyses and 

custom light sources can be applied for better solutions. Light distribution can be also 

analysed. (DIALux 2022.) 
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Figure 13. DIALux lightning analysis model where functions are on the left side of the figure 

(DIALux 2022)  

 

DIALux can be used for coarse analyses that provide indicative values. Considering the 

roughness of the surface and other small forms of the surface is challenging and the effect 

of the light reflections and absorption of the resulting light is difficult to assess. Therefore, 

if necessary, a more detailed analysis should be done using a light meter and several 

measurement points to measure the lightness intensity at different points. 

2.5.2  Value analysis 

Value analysis consists of a variety of features that can be compared between different 

options in product design. These properties may be given certain weights to highlight their 

importance from the point of view of product design. (Accounting Tools 2022.) Scoring 

between different options can be given, for example, based on a running grade on each 

property. After grading is done the resulting score for each option is calculated by using the 

weight of the property to find out the best possible option for the product design. Value 

analysis steps are shown below in figure 14.   
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Figure 14. Steps of value analysis 

 

2.5.3  Vibration analysis 

Vibration analysis can be used for detecting and monitoring issues which are caused by 

vibration. Vibration analysis means the process of measuring vibration and frequencies of 

machine. After measurement, data can be analysed. (Reliable Plant 2022.) 

Before calculations of vibration can be made first measurement data from the machinery is 

needed. Machines create vibration while it is running, so the vibration can be measure by 

using accelerometer. Accelerometer generates voltage signal which corresponds to the 

amount of vibration. Accelerometer usually tells how much vibration occurs at some time. 

Then data goes to collector software, which shows vibration signal as amplitude vs. time or 

amplitude vs frequency. After this data is analysed with computer. (Reliable Plant 2022.) 

After measurements have been done, calculations for needed damping can be made. Solution 

to vibration damping is to change the natural frequency (ωn) by means of dampers. The 

damping capacity is calculated by means of transmissibility, which means force that moves 

out of the device as vibration. It is determined by frequency ratio ω/ωn and the damping ratio 

ζ. Transmissibility versus frequency ratio chart can be seen from figure 15. (Norton & 

Karczub 2003, p. 323.)  
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Figure 15. Transmissibility versus frequency ratio chart (Norton & Karczub 2003, p. 323) 

 

Transmissibility can be calculated by using various equation (Norton & Karczub 2003, p. 

323). Equation for calculating transmissibility is shown below: 

 

TR =
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Where TR is transmissibility, Ft is transmitted force, F is excitation force, ω is excitation 

frequency, ωn is natural frequency and ζ is damping ratio.  

Vibration measurement should consider different limiting factors. The amount of vibration 

at different installation locations varies, which is why the vibration results should be 

interpreted roughly. The amount of vibration is influenced by the additional weight of the 

object to be installed, which can play a big role in changing the intensity of the vibration. In 

addition, the length of measurement period should be correct due the amount of vibration 

over a certain period may vary.  
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2.5.4  Finite element analysis 

After 3D modelling some strength calculations and analyses can be made for some critical 

parts. Traditional strength analysis calculations can be used in single and simple parts, but 

when the geometry of the part is challenging form, it is good to use FEM (Finite Element 

Method). In this way, the forces and stresses affecting the part are easy to determine to make 

the design even better. (Mottram 1996, p. 14.) 

Fem models can be made with many different applications with FEA (Finite Element 

Analysis) applications. FEA means various calculations by using the element method. This 

method of calculation is a numerical solution method and is used for defining the structural 

durability of the analysed object. (Vertex 2017.) The object can be a whole product or only 

some part of it.  

2.5.5  Design for Manufacture and Assembly 

DFMA, also known as the design for manufacturing and assembly helps to create clear 

principles that help optimize the assembly of the product or its structure better in their 

manufacturing and assembly stages. Mechanical engineering utilizes several ways, such as 

virtual 3D modelling and the use of cross-technical product development teams, to enhance 

the implementation of DFMA perspectives. (Eskelinen & Karsikas 2013, p. 7-9.) According 

to Eskelinen & Karsikas (2013a, p. 9) DFMA has following goals: 

- “Better integration of design and manufacturing 

- Savings for product development time and money 

- Improving the quality and reliability of the product 

- Reduction of lead times 

- Increasing productivity 

- The company's faster ability to respond to the wishes of its customers” 

DFMA can make product design and manufacturing better in multiple ways: The product 

does not contain unnecessary parts because the number of parts and fasteners has been 
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minimized by using DFMA. DFMA suggest designing modular structures and parts which 

has multiple functions. The design phase aims to design the product so that the installation 

is successful from one direction and assembly is ergonomic as possible. The product should 

have enough space for tools used in assembly. (Eskelinen & Karsikas 2013a, p. 11.) 

Reassembly times and the number of injuries can be reduced significantly by using DFMA 

in product design (Matthews et al. 2018, p. 777). 
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3  Results  

In this section results of designing log end imaging system are defined. The result section 

deals with the results obtained through different design stages and explains how the selected 

methods have been used to obtain these results.  

3.1  Requirements 

The requirement list was made based on the demands and wishes of customers, but also some 

requirements were gathered by using previous knowledge and due to the problems noticed 

during testing. The requirement list was made together with the design team, which included 

professionals from different departments. 

The installation place for the log end imaging system was defined to be before the log sorting 

operator. The place for the imaging system was easy to define and usually, there is enough 

space for easy installation, but the imaging system cannot take too much space due to there 

can be other measuring systems. As a result, the requirement for a small size was proposed 

for the future design process. The design of the light structure was considered as one 

requirement for easy moving and installation. In addition, installation without hot work was 

one of the requirements because the sawmills are not happy to perform hot work due to dust 

and debris from wood posing an unnecessary risk of fire. Requirements caused by 

environmental factors - vibration, dirt and temperature were also defined. 

Requirements according to DFMA were listed to make it easy to manufacture, modular 

structure and manufacturing by using the company's resources much as possible. Structural 

requirements were to make the whole system strong as possible but same time weight should 

be considered. The components inside of the system should have enough protection and 

space. The possibility of future modifications had to be considered. The requirements for 

material selection were listed at this stage, but any materials were not defined. 

According to imaging logs, the size range for the logs that are going to be imaged was 

defined. Bright and sharp images from the log end were one requirement. Also, one 

requirement was to prevent adverse effects of bright light from the imaging system.  
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The requirement list was divided into different categories. The wishes and demands of the 

requirements were put on the list to make it easier to qualify between the requirements to 

achieve the best outcome. The ready requirement list is shown in table 5.  

 

Table 5. Requirement list 

Requirement list 

Log end imaging system 

Requirement Priority; (D = demand / 

W = wish) 

1. Geometry, installation, transport  

Possibility to handle imaging system without any machine W 

Possibility to install lifting loops D 

Many products can be fit into the same transport W 

Easy installation according to tolerances W 

No hot work is needed in the installation D 

2. Environmental factors  

Vibration damping W 

An inside temperature lower than 70 °C D 

Outdoor use D 

3. Manufacturing  

Modular structure D 

Possibility for manufacturing most of the product by using own recourses  W 

4. Mechanical   

Strong hatch D 

Strong but light structure D 

Windows for cameras and LED light protection D 

Enough space for adjusting cameras, sensors, and LED lights W 

Future maintenance and component change should be easy W 

Possibility for future modifications W 

Used materials should be cheap D 

5. Imaging  

Log size range from 150 mm diameter up to 700 mm W 

Distance between logs from 300 mm to 700 mm W 

Bright and sharp images D 

Prevent adverse effects from bright light W 

Two direction imaging D 
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3.2  Conceptual design results 

After the requirement list was made, the determination of the properties of the product could 

be started. In the following section, the results of the conceptual design phase are described. 

After that, the final concept of the product can be determined.  

3.2.1  Essential problems and function structure 

When this type of product needs to be designed, it is always good to study new alternative 

solutions instead of focusing on fixed or conventional solutions. The step-by-step abstraction 

is used for this type of design process. The use of a step -by -step abstraction was used in the 

analysis to reveal essential problems and general aspects of the task to find the core of the 

task. The results of step-by-step abstraction are presented below: 

Step 1:  

- Not hot work needed in the installation 

- Installation without any machine 

- Vibration damping 

- Inside temperature lower than 70 °C 

- Outdoor use 

- Modular structure 

- Strong but light structure 

- Windows  

- Enough space 

- Future modifications 

- Log size range from 150 mm diameter up to 600 mm 

- Distance between logs from 300 mm to 700 mm 

- High-quality images 
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- Two-direction imaging 

Step 2:  

- Vibration damping 

- Inside temperature lower than 70 °C 

- Outdoor use 

- Strong but light structure 

- Windows  

- Log size range from 150 mm diameter up to 600 mm 

- Distance between logs from 300 mm to 700 mm 

- High-quality images 

- Two-direction imaging 

- Step 3.  

- Vibration damping  

- Temperature needs to be low inside the system 

- Outdoor use 

- Strong but light structure 

- Windows  

- Log size range 

- Distance between logs low as possible 

- High-quality images 

- Two-direction imaging 

- Step 4.  

- Product is light for easy installation but also structure needs to be strong 

- The product works correctly under the required conditions 
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- Image quality is high in a wide range of log sizes and various distances 

between logs from both directions 

- Step 5.  

- Light and strong system to get high-quality images from a wide size range of 

logs in any required conditions and from both ends of the log 

After step-by-step abstraction function structure of the system can be defined. The log-end 

imaging system operates so that the logs pass through the camera system and remain the 

same throughout the process. A same time imaging system takes an image on log ends by 

using the control signal. For successful shooting, you need a system power supply for 

cameras and lighting, which forms a waste of heat. This overall function can be chopped into 

subfunctions which are shown in figure 16. 

 

 

Figure 16. Diagram of the system and its subfunctions 
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Log end imaging system is described by dotted lines and the internal subfunctions are 

explained separately. The dotted lines are the exterior of the device. The subfunctions have 

been selected as those in this case the most important thing for the progress of the design 

process.  

3.2.2  Working principles and design combinations 

After subfunctions had been defined morphological matrix can be made. Different solutions 

for different subfunctions had been defined. 

For colour imaging, possible solutions are based on two different imagers that are described 

in chapter 2.2.1. For this product, two possible light options had been considered. Both lights 

are lights with LED elements, but the external shape and pattern are different when the other 

is a flood type light and the other is a bar type light. 

Three different alternative materials were considered as enclosure, which were steel, plastic 

and fiberglass. According to previous experience and studies, an optical glass, 

polycarbonate, and normal clear glass were chosen as a transparent shielding for imaging 

equipment. 

According to previous experiences, passive vibration damper was selected for vibration 

damping, because previous experiences have proven to be good, and the solution is widely 

used. Two different solutions for cooling had been considered, which were free air 

circulation and cooling with Peltier element. All possible solutions for the sub-functions 

were listed in morphological matrix which is shown in table 6.  

 

Table 6. Morphological matrix 

Subfunctions Solution 

principle 

1 2 3 4 

Imaging functions 

Camera Matrix CMOS 

camera 

Matrix CMOS 

camera 

Matrix CCD 

camera 

Matrix CCD 

camera 

Light Flood LED LED bar Flood LED LED bar 
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Table 6 continued. Morphological matrix 

Subfunctions Solution 

principle 

1 2 3 4 

Protective functions 

Enclosure Steel shell Plastic shell Steel shell Fibre glass 

shell 

Transparent shielding for 

imaging equipment 

Optic glass Polycarbonate Optic glass Normal glass 

Environmental functions 

Vibration damping Passive 

vibration 

damper 

Passive 

vibration 

damper 

Passive 

vibration 

damper 

Passive 

vibration 

damper 

Cooling system Fan powered 

air circulation 

Peltier cooling Fan powered 

air circulation 

Peltier cooling 

 

3.2.3  Solution variants and evaluation 

According to the morphologic matrix, there can be a different type of solutions. These 

different solutions are called variants and there is a need for choosing the best variants to 

compare for future development.  In comparison, different alternative solutions were 

compared simultaneously by comparing technical and financial criteria and then the best 

option was selected. Variant number 4 had been dropped out, because fibre glass shell makes 

manufacturing harder due some mould is needed, and recycling is harder so only three 

variants had been compared in the next phase. Variants are described in table 7.  

 

Table 7. Properties of different variants 

Variant 1 Variant 2 Variant 3 

- Matrix CMOS camera 

- Flood LED 

- Steel shell 

- Optic glass 

- Passive vibration 

damper 

- Fan power air circulation 

- Matrix CMOS camera 

- LED bar 

- Plastic shell 

- Polycarbonate 

- Passive vibration 

damper 

- Peltier cooling 

- Matrix CCD camera 

- Flood LED 

- Steel shell 

- Optic glass 

- Passive vibration 

damper 

- Fan power air circulation 

 

For easier evaluation between these variants value analysis had been made by using table 2 

as reference. Evaluation between variants is described in table 8. Points have been given 
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from one to three where the number three means maximum points. Each criteria have a 

unique weight. In this case most important criteria were functionality, component cost and 

manufacturing cost. The weights are explained in table 8 at the criteria and total score of the 

weight is 100%.  

 

Table 8. Evaluation between variants  

Criteria Variant Variant 1 Variant 2 Variant 3 

Functionality (15%) 3 2 1 

Manufacturing (8%) 3 2 3 

Transport (6%) 2 3 2 

Installation (10%) 2 3 2 

Maintenance (8%) 3 1 2 

Recycling (4%) 3 2 3 

Material cost (10%) 2 3 2 

Component cost (15%) 2 1 3 

Manufacturing cost 

(15%) 

1 3 2 

Assembly cost (9%) 2 2 2 

Total score (100%) 2,20 2,18 2,12 

 

There was a relatively equal comparison between the variants, but variant number one 

proved to be the best option for development. Variant number one has good camera 

properties due the sensor type is CMOS but also the material used in the shell structure is 

strong and relatively cheap. Also, when the whole shell frame is made from steel it won’t 

need any other structural stiffeners.  

3.3  Selection of imaging system 

In this section of the thesis selection process of the imaging system had been described. The 

imaging system selection process began by determining the camera and after that the 

objective for camera was defined. The laser sensor was defined lastly. 
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3.3.1  Selection of camera 

Based on previous research and experience of the company, the camera had already been 

decided. The camera had already been used with great success in first prototype and camera 

fulfilled all given requirements. Also, company have cameras already in stock. 

3.3.2  Selection of objective 

For selection of the objective, software "Depth of Field (DOF), Angle of View, and 

Equivalent Lens Calculator" was used. The software could easily determine the appropriate 

objective with minor effort. (Points in focus 2022.) Results from the software are shown in 

figure 17. 

 

 

Figure 17. Software used to define proper objective where sensor type, focal length and 

distance are defined to get properties of image (Points in focus 2022) 

 

From figure 17 can be seen that the 25 mm objective cannot image whole log end if its 

diameter is more than 580 mm from distance of 1500 mm. 16 mm objective in another hand 

can handle 727 mm diameter log from distance of 1200 mm. Both objectives were chosen 

for testing.  
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3.3.3  Selection of laser sensor 

Based on previous research and experience of the company, the laser sensor had already 

been decided. The laser sensor had already been used with great success in the first prototype 

and sensor fulfilled all given requirements. Also, company have laser sensors already in 

stock. 

3.4  Selection of light 

In this section the light selection process has been described. The light selection process 

began by determining the positioning of lights. After locations of light has been determined 

the light to be used was selected using tests to measure the different properties of the lights. 

3.4.1  Positioning of light  

This section of thesis examines the process of determining the positioning of the lights. The 

light analysis software DIALux was used to find the best positioning of the lights. In 

addition, the results of the computer program were used for more detailed examination which 

were made by simulating the actual situation in the test environment with real lights, moving 

conveyor, camera, and light meter. 

The DIALux software was used to compare different possible positions of the lights by 

comparing different locations with the results obtained. The comparable properties included 

a steady distribution of light at the end of the log and as high as possible illuminance. In 

addition, the rationality of the installation of the lights was looked at for the final construct, 

which was of great importance in the location of the lights.  

After simulations value analysis had been made from the results by dividing possible 

positionings into configurations. Points have been given from one to four where the number 

four means maximum points. Each criterion has a unique weight. In this analysis, only three 

most important criteria were examined which were assembly, distribution, and lightness. 

Most important criteria were assembly due the size of final construct is in key role. The value 
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analysis and its weights are explained in table 9 and total score of the weight is 100%. Figures 

of simulation results can be found from appendix 1.  

 

Table 9. Evaluation between light positioning variants 

Criteria Configuration Configuration 1 Configuration 2 Configuration 3 Configuration 4 

Assembly (45%) 3 4 1 2 

Distribution (35%) 1 2 4 3 

Illuminance (20%) 2 1 4 3 

Total (100%) 2,10 2,70 2,65 2,55 

 

According to the results of the value analysis variant number two found out to be the best 

solution for positioning of the lights. Still there is lot of things to consider, because final 

positioning should consider the distribution of light and find the best option through more 

detailed studies in the next section. 

3.4.2  Testing matrix of lights 

In his section the different possible lights have been examined, to choose best possible light. 

Previous research data on the positioning of lights was utilized in the tests. 

For the first rough selection between lights had been done by testing lights in same type of 

conditions, and from same distance. First tests were done in the office environment. Distance 

was calculated by using laser distance meter and illuminance of light was measured by using 

illuminance meter. Results of the first tests are shown in table 10. 

 

Table 10. Light tests in the office environment 

Name Distance (mm) Illuminance (Klux) Note To next phase 

Light 1 1500 15,4  Yes 

Light 2 1500 12,56  Yes 

Light 3 1500 7,34  Yes 

Light 4 1500 6,7  Yes 

Light 5 1500 3,96  Yes 

Light 6 1500 - Too small light pattern No 

Light 7 1500 2,21 Too small illuminance No 

Light 8  1500 2,34 Too small illuminance No 
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Table 10 continued. Light tests in the office environment 

Name Distance (mm) Illuminance (Klux) Note To next phase 

Light 9 1500 7,8 Too small light pattern No 

Light 10 1500 13,44 Too small light pattern No 

Light 11 1500 3,45 Too small illuminance No 

Light 12 1500 1,39 Too small illuminance No 

 

After the first test phase, only five lights out of 12 were selected into next testing phase. The 

next testing phase was made by using simulated test environment. The test environment 

included a moving conveyor, camera and light was carried out into right position according 

to previous tests. Also, best possible angle for the light was adjusted. The test data from 

illuminance was collected by using illuminance meter and the measurement data was 

obtained from the measurement points shown in figure 18. 

 

 

Figure 18. Illuminance measurement points.  

 

Before the tests could be started, the test environment had to be built and the necessary 

equipment had to be installed. The construction of the test equipment had to consider the 

variables of the product environment and simulate the situation relatively well. Considering 

this would be good enough for the design of the final construction. The ready test equipment 

and the environment are shown in figure 19. 
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Figure 19. Ready test system without cameras, and lights 

 

The tests were performed by moving the conveyor so that the log end passes under the system 

and the image is taken at the very right moment. For the image to be taken at the right 

moment, the distance sensor was installed to trigger the image at the right moment and at 

the right distance to obtain comparable results. The results can be viewed in appendix 2. 

After testing, the conveyor was driven to the starting position and the illuminance was 

measured by using the lighting meter. The measurements were made at each light from the 

same places. 

After the first testing, light 5 was dropped out of tests due to too large size. In addition, the 

light pattern of light 5 was relatively uneven. The rest of the tests were conducted with the 

four remaining lights. In test number three only one light was tested to find out that the 

25mm objective was not good for bigger log so objective needed to be changed for last tests. 

Example image from tests is shown in figure 20.  
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Figure 20. Image from log end in second laboratory test with light 1.  

 

Finally, a value analysis was provided for the lights, which was used for deciding the light 

to be used. Points have been given from one to four where the number four means maximum 

points. Each criterion has a unique weight. In this analysis, six most important criteria were 

examined which were, illuminance, light pattern, functionality, lifetime which means 

working hours, price, and availability. The value analysis and its weights are explained in 

table 11 and the total score of the weight is 100%. 

 

Table 11. A value analysis of the lights.  

Criteria Light Light 1 Light 2 Light 3 Light 4 

Illuminance 

(20%) 

4 2 3 1 

Light Pattern 

(20%) 

4 2 1 3 

Functionality 

(10%) 

1 3 2 4 

Lifetime (20%) 1 4 4 4 

Price (20%) 3 1 2 4 

Availability 

(10%) 

4 1 2 3 

Total (100 %) 2,9 2,2 2,4 3,1 

 

According to the value analysis, light 4 was selected. A meeting was held with the light 

dealer, which agreed to try more effective light. A more efficient version of light 4 was 
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selected for the final testing due it had much better illuminance and better light pattern. 

Results based on the final test, the installation angle of lights, the number of lights and the 

location of the camera in terms of lights were selected. This information was used in the 

embodiment designing phase.  

3.5  Material selection 

When the log-end imaging system outer frame was made from S355 steel, the materials of 

the components inside the system had to be determined. In this case, components in the 

inside of the system refers to brackets for attaching cameras, lights, and sensors. AISI 304 

stainless steel and S355 steel were selected for the selection process. Different main 

requirements and material properties are gathered in one integration table. Each requirement 

has its own material property which is defined by each material. The most important 

requirements were high corrosion resistance if some adjustments need to be done so there 

cannot be any paint, wear resistance and durability for wearing and scratches caused by 

adjusting. This integration table is shown below in table 12.  

 

Table 12. Integration of material properties (Meadinfo & ASM) 

Requirement  Material property  Material  

S355 AISI 304 

High corrosion 

resistance 

Corrosion resistance 

(high/low) 

Low High 

Durability  Hardness (HB)  146 123 

Wear resistance Yield strength (MPa) 355 215 

 

From table 12 can be seen that only AISI 304 stainless steel has good corrosion resistance 

without any surface treatment. On the other hand, S355 steel got better yield strength and 

hardness properties. Because there is not so big difference between harnesses of these 

materials the AISI 304 stainless steel is going to be selected due the much higher corrosion 

resistance.  
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3.6  Vibration measurement and analysis 

In this section result for vibration measurements and analysis had been defined. Before 

vibration can be analysed measurements need to be done. In this case, measurements had 

been done already in previous studies from the conveyor where system is going to be 

installed, so there was no need to make the measurements again in this case. Vibration data 

is shown in figure 21. Vibration energy shows how powerful vibration is at a specific 

frequency of vibration.  

 

 

Figure 21. Vibration energy versus frequency graph 

 

According to figure 21, most of the vibration occurs on the X axis. On the other hand, the 

least amount of vibration occurs in the Y axis. Measurement data shows that the vibration 

between 37 Hz and 42 Hz is the most energetic. The used frequency for the selection of 

vibration dampers was 37 Hz due above that vibration is the most energetic.  

The system's natural frequency was calculated using a graph (Appendix 3) provided by the 

manufacturer of vibration dampers. At this point of the designing process, the mass of the 

system was estimated. A vibration damper was chosen so that the price and the natural 

frequency of the system were as low as possible. The selected mount was DRD 45-60. This 
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type of damper can achieve a 17 Hz natural frequency in defined loading. The damping ratio 

ζ is 0,058-0,077 for rubber. (Rotaru et al. 2014. p. 197) In this case used value for damping 

ratio was 0,077 due to the shore value being close to the selected dampers material. By using 

previous information transmissibility values had been calculated by using equation 1 and the 

results are presented in table 13 below.  

 

Table 13. Transmissibility calculation with frequency ratio and system frequency 

System frequency (Hz) Frequency ratio (ω/ωn) Transmissibility 

37 2,18 0,28 

41 2,41 0,22 

42 2,47 0,21 

 

The value for the transmissibility for the lowest frequency with the most energy (37 Hz) is 

0,28, which means that 0,72% of vibration energy is isolated. For higher frequencies, 

transmissibility values get lower so the results of vibration damping should be better. In 

connection with the final selection of the vibration damper, the other brand was selected with 

the same type of properties, because availability was found to be better. 

3.7  Embodiment design results 

In this section, the designing process of the product had been described. Results are shown 

in the design order and modules.  

3.7.1  Imaging device assembly 

In this case, the most important step in the design was to determine the locations of cameras, 

lights, and laser sensors, as their locations and dimensions matter what size the entire 

construct becomes. The 3D models of these components were made themselves or the 

manufacturer's pre-made models were downloaded. The results of the test tests were used to 

determine the location, which made it easy to determine the installation angles for each 

component. 
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Next, a modular body was designed to attach the components. For attachment, the brackets 

were modelled for each component. The model from the imaging device assembly and the 

layout of the imaging component can be seen in figure 22. 

 

 

Figure 22. Imaging device assembly and layout of imaging components 

 

From figure 22 can be seen that the whole construct is same for both end imaging.  This was 

one thing to consider for good DFMA principles because now it is easy to assemble cameras 

etc into the system because it does not matter how they are installed. Also, the same parts 

can be used as well as the same materials and thicknesses, so manufacturing is easier and 

manufacturing costs can be reduced. In addition, the aluminium frame angle was designed 

at a 30° angle to allow a steady angle for easier manufacturing and design of the outer shell. 

Also, there is good to have some angle due it is effective against dirt and water drops to dry 

into the protective glass.  

3.7.2  Design of outer shell 

The second step of the designing process was to design the outer shell for the system. First, 

the dimensions of the system needed to be defined due imaging device assembly needed to 

go in. Next, holes for lights, cameras, fans, air outputs and connectors had to be determined. 

After hole design, installation of the imaging system into the shell needed to be defined, so 
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the mounting points had to be designed and at the same time mounts for vibration, dampers 

were designed. The outer shell can be seen in figure 23.  

 

 

Figure 23. Design of the outer shell  

 

Also, in this case, the whole construct is same for both end imaging.  So, points according 

to DFMA were also considered. Again, attempts were made to maximize the use of the same 

parts due to easier manufacturing and manufacturing cost reduction. Bending above the 

structure was added to increase stiffness and to make it easy to glue the sealing tape. In 

addition, for welding all welded parts, alignment holes were made, or a laser marking on the 

surface for easy installation of welding nuts. 

3.7.3  FE-analysis of weight carrying component 

Before continuing the next step, a FE analysis had to be done on the vibration damper mount 

to ensure that the mount was able to withstand the weight of the camera system. Analysis 
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was made by using Solid Works software by using solid element model. The weight of the 

system was assessed in the upper hand for safety.  

The weight of the system was set to 100 kg, which is divided into four points. So, one point 

loading is approximately 9,81 m/s2
 × 25 kg = 245,25 N. Vibration damper mount is fixed 

from face which is welded into the structure of outer shell. Loading is added in the junction 

of the vibration damper and the mount. Constraints and loading points are shown in figure 

24.  

 

 

Figure 24. Constraints shown as green and loading as purple 

 

After constraint were defined it was time to define meshing and analyse the model. Results 

of analysis are shown in figure 25.  
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Figure 25. Right image shows maximum von Mises stress and left image shows maximum 

deflection 

 

From figure 25 can be seen that the maximum stress was defined by using commonly used 

von Mises stress hypothesis and the value was 19,75 MPa and it located in the side of bolt 

hole. Von Mises stress was used to define if used material will yield or fracture if the loading 

is greater than the yield limit of the material. According to the material properties of the 

mount, yield limit is 355 MPa due the used material is S355 steel so the mount can handle 

the loading. From left image can be seen that deflection are 0,01105mm so deflections are 

so low that they are not needed to be considered.  

3.7.4  Final design 

The last step of the embodiment design was to combine imaging components and the outer 

shell. Some various parts needed to be designed also and assembled in the final construction. 

Framing for protective glass needed to be designed. Backplates for electric connectors 

needed were designed. Covers for fans ends and the top of the whole system was also 

designed. For proper air flow managing air deflector needed also to be designed.  Next cable 

routings and vibration dampers were added to the model. The ready stage model can be seen 

in figure 26.  
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Figure 26. Ready stage log end imaging camera system without top and end covers  

 

From figure 26 can be seen that the same parts have been used during the designing process. 

Also, the figure shows that the imaging system can be installed in any way. The design of 

final construct of the system is shown in figure 27.  

 

 

Figure 27. Final construct of the log end imaging camera system 
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Figure 27 shows that similar parts have also been used and made of the end covers similar. 

In addition, the top cover can be installed in any way and for ergonomic work, the cover has 

handles. 

To install the imaging system on the sorting conveyor of the sawmill, a separate structure is 

required for installation. According to this, that type of conveyor cover needed to be 

designed, which can be easily lifted on the top of the conveyor. Final construct of the whole 

log end imaging system is shown in figure 28.   

 

 

Figure 28. Final construct of the log end imaging system 

 

Figure 28 shows that the conveyor cover is made from one metal plate by bending it and 

afterwards welding identical end flanges to the ends for installation of rubber curtains. In 

addition, the figure shows how the camera system is mounted on the conveyor cover which 

itself is placed on the top of the conveyor. The log in the picture clarifies the logs position 

in the moment when image is captured, but not the distance between logs itself. Electric box 

of the system`s electrical work and human which is approximately 1,8m tall can be seen 

from figure 28 also. 
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4  Analysis 

This study achieved a ready -made design of the log end imaging system. Transportation of 

the whole system to the installation site is done as separate modules. At the installation site, 

the modules are installed in place and after this the electrical work between the different 

modules is done with the help of ready -made cables, whereby the installation is done very 

quickly. Precisely selected and tested equipment provides good and accurate images, even 

if the system is exposed to vibration, temperature changes and dirt. 

The design was done by the systematic machine design principle. First, the core of the task 

and the requirement list were created, which were used to create the function structure and 

the sub-functions. From sub-functions, different variants were created. The best variant was 

selected by using value analysis. This was followed by an embodiment design phase, where 

the product was designed with the help of the results based on different tests and analyses 

that were done. 

The final design meets the demand of the requirement list and finished 3D models and 

manufacturing drawings were made. Three products have already been installed and found 

to work as it should. However, some small modifications had to be made to already installed 

imaging systems as the product was designed for very little time. For further development 

of the product, there is some aspects that are needed to be improved. Below are some of the 

most important remarks on the results.  

4.1  Image quality 

Most of the time spent on testing was used to test the lights and camera. This can be noticed 

from the results because the selected light works well for this purpose. In addition, the 

selected camera and objective have proven to be good also.  

The quality of the images obtained with the imaging system is good and it fulfils the 

requirements, but the images could be even more bright and more accurate. Testing and new 

prototypes can be used to achieve images with even better quality. The quality of the images 

can be easily improved by increasing the illuminance of lights, which makes the images 
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brighter and same time adjusting the aperture of the camera, images could be sharper. Also, 

there is the possibility to change the camera into another one.  

4.2  Manufacturing and assembly 

DFMA was used in the design process so that the parts of the device are easy to make, and 

assembly of the device is also easy. The product consists of simple parts that are easy to 

install due, for example, welded parts are easy to weld in place due there are alignment holes 

and laser markings for placing the parts in correct position. The quantity of parts and the 

number of different parts is as low as possible.  

Some changes had to be made after the first three products were installed to make the 

installation even easier. In addition, some changes were made to the 3D model to make the 

manufacturing of the product even easier and faster. In this way, DFMA performance was 

improved even more, but still there is some improvements in the design that could be made 

to improve it even more. 

4.3  Modularity of the system 

The product consists of three separate main modules. These modules are imaging system, 

conveyor cover, and electric box. The reason for the need for modularity can be found in the 

assembly of the equipment, transporting to the installation site, and installing the equipment 

itself.  

Imaging system can be divided into two modules which makes the manufacturing phase a 

lot easier. In manufacturing phase, module which consist of aluminium profiles where lights, 

cameras and distance sensors are installed can be installed in a steel frame separately. For 

easy transporting into installation site conveyor cover and electric box are separated. In 

installation sate it is easy to lift the conveyor cover in its place and bolt it into conveyor and 

after that log end imaging systems is lifted and bolted onto conveyor cover. When conveyor 

cover is separated part of the system the cover can be also modified if needed. Modularity 

of the design fulfils the requirement of modular system. 

 



61 
 

4.4  Vibration damping 

Due to vibration dampers, about 72 % of the vibration can be isolated. Vibration isolation 

has proven to be good enough and there is no reason for improvements due it fulfils the 

requirement according to the vibration damping. There are no inaccuracies in taken images 

that are caused by vibration.  
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5  Discussion 

In this section work itself and the results of this research are going to be discussed.  The 

content of the thesis will be examined from different angles and possible future research 

topics will be considered in this section.  

5.1  Comparison and connections with former research 

In the structure of the research and for its good and straightforward progress, the already 

acquired data and user experiences were used. This data was obtained from previous research 

which were made by the company. Also, research data which was gathered from LUT library 

and from internet was also used.    

Previous research for technical development was mainly used when cameras and laser 

sensors were selected. By this way there was no need to test any cameras and laser sensors. 

Also, previous research where light had been tested was also used.   

5.2  Objectivity 

Because the author of the research has not had much previous experience in designing 

imaging systems, the results can be very objective. In addition, the study used a systematic 

workflow model that increases the objectivity of the thesis. However, the work also used 

experience based on intuition and previous knowledge there could have been negative effect 

into objectivity, but due there were experienced team in the development process the 

objectivity was increased due more opinions were heard when decisions were made.  

5.3  Reliability and validity 

Research can be considered relatively reliable because different sources and material have 

been used to conduct research. Source information can be accurate based on previous studies. 

The material obtained from previous studies can also be considered as reliable information 
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because they have also been found to work. In addition, many different studies were 

conducted, and the results were reviewed many times before writing down. The data 

obtained in this way can be considered reliable because efforts were made to reduce the 

number of possible errors and these studies can be repeated based on the knowledge of the 

research. 

The research can be considered valid because the research used different analysis methods 

to obtain different data. Many analysis methods were used because these methods measure 

different things and were used to obtain specific data. Analysis for measurement data and its 

accuracy was not obtained in this research due measurement data analysis was not in the 

requirement list.  

However, the reliability of the study could have been further enhanced by using more recent 

sources. For the most part, the information obtained from old sources has remained the same 

to this day so the need for recent sources is needed to be considered by the reader.  

Using DIALUX was a new way of analysing different lights for the author, which has a 

decreasing impact on the validity of research results. According to the value analysis given 

maximum points were based on the number of items to be criticized, which is not always a 

good thing, and this may have decreased the validity. Of course, the best option was easily 

defined, but the distribution of the points between the different areas is not even, because, 

for example, a 5% brighter light got 1 point more than the other. On the other hand, the same 

situation may have been between lights with 20% difference in brightness.  

5.4  Assessment of the results and sensitivity analysis 

The results obtained at work can be considered reliable because in the designing phase 

practical test were made. Some tests were done too roughly, and more tests should have been 

done but since systems have already been installed for the customers the results obtained 

from tests can be considered good. The system has been tested in the right operation 

environment after installation for the customer and has been found to be working as it should. 

After minor modifications, the system can be considered as a completely ready product.  
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5.5  Key findings 

For all research questions, answers were found. The first question was why it is important to 

make the exposure good at the time of taking a picture to get a sharp picture?  The solution 

for this is that this way the F-number of camera can be high as possible, and the aperture 

size can be decreased. This way the depth of field increases, making the image sharp 

throughout. 

The second question was how to prevent problems from the heat so that the system won’t 

get overheated? The solution for this was to design enclosure which has holes for fans and 

air deflectors to make sure that the airflow goes from there where it is needed most.  

The third question was how to prevent problems from dirt so that the imaging area is clean, 

and the system is also clean from the inside? The solution for this was to design enclosure 

against dirt and selecting filters for fans. Also, protective glass was added in the various 

angle, so it is harder for dirt to attach into the surface of the protective glass.  

The fourth question was how to minimize vibrations of the system to get stable pictures? 

The solution for this is that the vibrations may cause some inaccuracies in the images. 

The fifth question was how to make the design as compact as possible so that the system's 

operation and durability are not impaired? The solution for this was to make proper tests and 

find out the optime angle for the camera and light according to the small gap as possible 

between log ends. After these were found it was easy to build up the rest of the structure 

around them.  

5.6  Novelty value of the results 

This research was conducted through previously proven research methods, and no new 

scientific breakthroughs were made. Because the research is a relatively special, the novelty 

of the results is mainly good for Finnos itself due it can be used in the future research. There 

might be novelty value for another person or company that designs the same type of product.  
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5.7  Generalizations and utilizations of the results 

There is not so much scientific value in the results of this research, but it can be used as an 

example version of product development in the future research if some another product like 

this is going to be designed. This research contains proven research methods. Based on these 

methods, good results were obtained, which turned out as product that is mature enough to 

be used by the customer. The system can be installed in multiple places and even with minor 

modifications it can be used in another applications.  

5.8  Topics for future research 

The focus of thesis is on the developing process of the mechanics of the system. At the same 

time automation and electronics of the system were developed by the automation 

development team. Further development is mainly needed in the software design and 

measurement data analysis.  

After product itself was tested there were some mechanical problems that needed to be re-

considered. Problems cause by the heat were found and better cooling system is needed to 

be re-designed. In addition, direct attachment on the conveyor cover of the electric enclosure 

must be considered. 
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6  Summary 

The main reason why this type of product needed to be designed was that there was not log 

end camera system that can use computer analysis for sorting logs. Images that are captured 

from logs can be used to analyse the log end. From this analysing results it is possible to tell 

some valid values from log end but also tell if there is something problems in the log end 

and by this way log can be sorted correctly. Product itself is useful and some sawmills are 

already demanding camera systems.   

The subject of this thesis was to develop product that is light and strong, can get high-quality 

images from a wide size range of logs in any required conditions and from both ends of the 

log. Dirt, vibration and lack of light caused some problems and solutions for these problems 

needed to be solved. Systematic workflow model was used to make sure that the 

development process goes smoothly. Material selection, light analysis, value analysis, 

vibration analysis, finite element analysis and DFMA were used in the designing process. 

Work itself is success, due it was completed with fine results, and ready product was 

designed. Product itself fulfilled all crucial requirements.  
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Table 1. Table of light testing results 
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Figure 1. Loading versus natural vibration frequency graph (AMC Mecanocaucho n.d. p. 67) 

 


