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Abstract 

The steadily increasing demand of wood forces sawmills to increase the efficiency and effec-

tiveness of their equipments. The weak parts and the twist in wooden logs have been docu-

mented as the most common and crucial defect in sawn lumber. 

In this thesis we are going to implement a program which is able to determine the weak 

parts in wooden logs. The implementation will be in two languages C++ and Matlab. Parts of 

the program are going to be implemented sometimes by C++ and sometimes by Matlab there-

fore different designs are going to be tested. The aim of this thesis is to check whether these 

designs will meet the real time bound of 10 m/s. 

The result shows that there is a huge difference in time performance for the different de-

signs. Therefore, different discretization levels were used in order to meet the deadline of 

10m/s. We found that in order to get better speed one should calculate the matrix for the func-

tion F and the Jacobian function J by using C++ not by Matlab. Also we found that when we 

called functions from one language to another an extra time is added. 
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1 Introduction 

In this chapter we are going to introduce the goals, the objectives, and the motivation of this 

work. At the end the structure of the thesis will be presented. 

1.1 Goal 

In this thesis we are going to implement a program which is able to use the data coming from the 

sensors to determine the weak parts in wooden logs. The aim of this thesis is to measure the time 

performance of our approach. The time performance should not exceed the real time bound of the 

production speed. Since we do not have real time data we will use a randomly generated data. 

Using this data and an example function we will calculate the system parameters and measure the 

time performance for this calculation. 

1.2 Objectives 

Meet the real time bound of 10 m/s. We are going to check if our program speed can meet the 

line production speed. By knowing the log length we can calculate the maximum discretization 

level that can meet the real time bound of 10 m/s. 

1.3 Motivation 

Wood has been one of the greatest materials to support our lives, in the past and the present. Its 

usage is countless; it is still used for furniture, burning fire, building, making tools and in many 

more fields of life. A large part of the wood is wasted and only a small part of wood is used in the 

fields of life. This has caused the deforestation of forests that are disappearing at the rate of thou-

sands of hectares every day. 

The steadily increasing demand of wood forces us that we have to grow forests and take care 

of them. Besides this we also have to increase the efficiency and effectiveness of sawmills 

equipment. The weak parts and the twists in wooden logs have been documented as the most 

common and crucial defect in sawn lumber. 

Trees are fully or partly damaged in storms. Being able to grade trees in the forest prior to 

conversion, to avoid the trees having more twists is very important for the sawmill industry. Dur-

ing harvest and transportation etc, many logs are damaged. Therefore, it is of great interest in saw 

mills to investigate the damage of a log, and in that case to determine the size and location of the 

damage. 

Most of the conifers change from left-handed to right-handed when they grow up and that 

causes a small twist in these conifers. On the other hand, several trees get a big twist that will 

cause problems such as form stability. In order to reduce the costs, it is better to remove these 

logs out early, either at the saw-mill or in the forest. 

1.4 Solution Tools 

MATLAB is a powerful tool for engineering purposes. It provides ease of use, great visualization 

and rapid prototyping abilities. Due to these characteristics it is very slow in executing functions 

that take a long time to execute. Also MATLAB is an interpreter not a compiler. For this reason, 

executing a MATLAB program (m file) is time consuming. 
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In order to increase the time efficiency of complex functions there is a Matlab C++ Math Li-

brary. It includes all the built-in Matlab functions. To use this library we will use C++ as it is 

clear by its name and also C++ prototypes support all possible ways for calling a function from 

this library. Functions could be compiled to other executables called MEX-files. Compiled func-

tions are very fast in execution. 

1.5 Structure of the thesis 

The rest of this thesis is organized as follows. Chapter 2 presents a brief description of work re-

lated to general problem, inverse problem and some approaches to solve the inverse problem. Our 

problem goes to the inverse problem as we are finding system parameters from measurements to 

locate weak part in wooden log. In chapter 3 we are going to discuss the approach that we are 

using to solve the inverse problem. Chapter 4 gives the brief picture of software engineering 

process (requirement analysis, design, implementation, integration and testing) applied to this 

application. Chapter describes the results of the time performance comparison of both techniques 

applied and showed the significant change in time performance, which is the objective of the the-

sis. Finally chapter 6 presents the concluding remarks and future remarks.3 
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2 Literature review 

In this chapter we are going to present a brief description of work related to general problem, 

inverse problem and some approaches to solve the inverse problem. Our main focus will be on 

inverse problem. 

2.1 Work related to the general problem 

Even the problem is very important a few works have been done in this field. S.Rydstrom and 

B.Nilsson [1] used an acoustic method to locate the weak parts in wooden logs. They used mea-

surements that were obtained from the transverse vibrations for the inverse application, in order 

to find the weak parts. The differences between the measurements of transverse vibrations and 

simulations of the displacement from model were used for an optimization procedure purpose. 

The spatial derivative of the transverse vibrations was included in the optimization in order to 

reduce the error of the location. Also an optimal frequency was chosen for error reduction. They 

have used the Euler Bernoulli beam equation to model the transverse vibrations while the Cra-

mer-Rao bound was used for error analysis. This work is considered as an important start to solve 

the problem for determination of the mechanical strength in a log. 

S.Nordebo et al [2] used the Fisher information and the Cramer-Rao bound to make sensitivity 

analysis for few-parameter inverse problem. The goal of their work was to estimate the thickness 

of the bark-layer of wood. They focused their work on the one-dimensional inverse problem us-

ing few parameters. They expected that their framework could be used as basis for extensive nu-

merical investigations and physical interpretation. 

T.Sjoden et al [3] made a sensitivity analysis for the estimation of twist in logs based on mi-

crowave scattering. In this work, the estimation of measurement quantity ’grain angle’ for twist 

in logs, defined as the deviation between the direction of growth and the direction of the grain, is 

discussed. For measurements of the grain angle, microwaves are investigated. A motive 4 for 

microwaves is the possibility to detect through bark, without removing bark and low data 

processing. Other methods for determination of grain angle are laser and X-rays. In laser method 

it is necessary to remove bark and in X-rays method extensive data processing is needed. Fisher 

information and Cramer Rao bound analysis is used to evaluate the sensitivity for determination 

of the grain angle using the microwaves scattering model. This sensitivity analysis tunes the mea-

surement setup that is needed for determining the grain angle. 

I.Asekritova et al [4] studied the diffractive index determination by Tikhonov regularization 

on forced string vibration data. The objective of their work was to describe the elastic properties 

along the log with a moderate resolution rather than getting a high resolved image of the internal 

properties including variation in the transverse dimension. Wave analysis is a useful technique 

for investigating the interior of objects. When nondestructive testing is required it is often the 

only working method. Examples are ultra sound examination of humans and radar using elastic 

and electromagnetic waves. This study is a first step to the problem for the determination of the 

mechanical strength of wooden logs. The weak part as well as the rest of the log has constant but 

different elastic properties. If a continuous variation of the elastic properties is requested, an ill-

posed problem is revealed requiring regularization. Inverse scattering theory is used incorporat-

ing one or several regularizing strategies that makes possible and optimizes the measuring 

process. In this paper Tikhonov regularization is discussed, that shows the problem is very sensi-

tive to noise. But this regularization works well. 
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2.2 Work related to the inverse problem 

In this section we will discuss that how a system of linear equations can be solved in Matlab, then 

what is the inverse problem, approaches to solve the inverse problem and how our problem is an 

inverse problem?  

2.2.1  Solving linear equations 

Different efficient solution techniques have been found to solve the problem of linear equations 

(Ax = B). However, choosing the appropriate technique is mostly depending on the properties of 

the coefficient matrix A. Matlab has developed many of these techniques in its routine library. 

The user can invoked automatically any of these functions [5] Table. 2.1 list the MATLAB linear 

algebra functions for the linear equations [6]. 

Function  Description  

\ and /  Linear equation solution  

inv  Matrix inverse  

cond  Condition number for inversion  

condest  1-norm condition number estimate  

chol  Cholesky factorization  

cholinc  Incomplete Cholesky factorization  

linsolve  Solve a system of linear equations  

lu  LU factorization  

ilu  Incomplete LU factorization  

luinc  Incomplete LU factorization  

qr  Orthogonal-triangular decomposition  

lsqnonneg  Nonnegative least-squares  

pinv  Pseudoinverse  

lscov  Least squares with known covariance  

Table 2-1 List of the MATLAB linear algebra functions for the linear equations 

Among these functions we are going to use the backslash operator (\) since it is faster and 

usually more accurate than the rest in solving linear equations [6]. 

2.2.2 Inverse problem 

An inverse problem is the phenomenon that often occurs in many branches of science and ma-

thematics where the values of some system parameters must be obtained from the observed data. 

If we have the values of system parameters, we can predict the output of some measurements as 

an input. The problem of predicting the out of measurements is called the forward problem. The 

inverse problem consists of using the output of some measurements to find the values of the pa-

rameters that characterize the system. The forward problem has a unique solution, but the inverse 

problem does not have the unique solution [7]. According to the description above, the inverse 

problem can be formulated as follows: 
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Data + Result → System parameters              (2.1) 

 

Figure 2:1 System model for non-destructive evaluation problem 

Fig. 2.1 presents a system model. The forward problem is the prediction of output, when Sys-

tem and input are given. While the inverse problem can be defined as either system- identifica-

tion which involves estimation of System, when input and output are given, or input-

identification which involves estimation of input when System and output are given. Inverse 

problems in non-destructive testing involve identification of defect parameters using information 

contained in the measurement signal. In general the forward problem is a well-posed problem. 

Well-posed problems have a unique and stable solution and are solved by numerically or analyti-

cally. While inverse problem is an ill-posed problem, have no unique solution. To solve it direct 

and iterative approaches are used [8]. 

The transformation from data to system parameters is a result of the interaction of a physical 

system, e.g., the Earth, the atmosphere, gravity etc. Inverse problems arise for example in geo-

physics, medical imaging, remote sensing, ocean acoustic tomography, nondestructive testing, 

and astronomy [7]. But our case is about non-destructive testing. In this thesis we will use New-

ton-Raphson method for the transformation from data to model parameters. Determination of 

model parameters from measurements is a common inverse problem in electromagnetic non-

destructive evaluation. This inverse problem is ill-posed due to the non-uniqueness of the solu-

tion, particularly in the presence of measurement of wooden weak parts. Several techniques have 

been proposed for its solution. Direct approaches depend on the use of signal processing tech-

niques to establish a relationship between specific characteristics of the signal and the geometry 

of the defect, ignoring the underlying physical process. These approaches typically pose the in-

verse problem as determining a mapping from the measurement space to the material property 

space, where the set of unknown parameters that define the mapping are determined from mea-

surements [9]. 

Estimating flaw profiles from measurements is a typical inverse problem in electromagnetic 

nondestructive evaluation. Tariq Khan and Pradeep Ramuhalli proposed an approach for solving 

such inverse problems. The approach formulates the inverse problem with state and measurement 

equations. It allows recursive Bayesian nonlinear filters to be applied in conjunction with numer-

ical models that represent the measurement process [10]. H. Hoole applied inverse problem me-

thodology for identification the geometry of cracks from electromagnetic field measurements 

[11]. 

2.2.3 Approaches to solve the inverse problem 

We will use iterative techniques to solve the inverse problem as these techniques are efficient in 

terms of both computer storage and computational time. An iterative technique to solve the linear 

system of equations Ax = b starts with an initial approximation x0 to the solution x, and gene-

rates a sequence of vectors. Iterative techniques involve a process that converts the system Ax = 

b into an equivalent system of the form x = Tx + c for some matrix T and vector c [12]. 
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In certain cases, such as when a system of equations is large direct methods, such as Gaussian 

elimination, are prone to large round-off errors and required many operations. For this type of 

system of equations iterative methods such as the Newton-Raphson method, the Jacobi method, 

Gauss- Seidel method and Successive Over-Relaxation (SOR) method for solving equations are 

more advantageous. Iterative methods, give the user control of the round-off error. Also if the 

physics of the problem is well known, initial guesses can lead to faster convergence. A drawback 

of most iterative methods is that they may or may not converge [13]. Here we discuss some me-

thods. 

Newton-Raphson method 

We will define the Newton-Raphson method in next chapter. But here we only describe the some 

applications of this method. S. Varricchio designed a filter based on Eigen-value sensitivity. He 

proposed a Newton-Raphson method to shift the set of poles and zeros to more suitable locations 

in the complex plane to improve the harmonic voltage performance of a system [14]. 

In identifying the location of discharge occurring in a power cable J. Yang derived parameters 

of intrinsic permittivity of cross-linked polythene and semiconducting layers from the measured 

results by using Newton-Raphson method and found that the measured values are different from 

intrinsic values [15]. 

M. Klingajay identified threaded fastening parameters using Newton- Raphson method. He 

presented an online parameter estimation strategy using this method for monitoring threaded fas-

tening [16]. 

Jacobi Iterative Method 

It is a basic technique used to solve a linear system of equations. It is definedon matrices with 

nonzero diagonals but convergence is only guaranteed if the coefficient matrix is diagonally do-

minant. If a system of equations has a coefficient matrix that is not diagonally dominant, it may 

or may not converge [12]. 

In the implementation of this method two arrays for storage are required. One is for old ap-

proximation vector and second is for the new approximation vector. Therefore, the new approxi-

mation component can be computed in any order. This implies that on a parallel machine all new 

approximation components can be computed simultaneously. Due to this reason this method is 

often called the method of Simultaneous Relaxation. The specific convergence property for this 

method is that in Ax = b, A (coefficient matrix) should strictly be diagonally dominant [17]. 

V. Tavsanoglu obtained linear equations from the state equations of a linear Cellular Neural 

Networks with constant input by setting the derivatives of the states to zero. Then he applied the 

Jacobi iterations to these equations and yielded the steady-state solution of the state equations 

[18]. 

Y. Zhang mapped 2-D Jacobi iterations to a stream processor and then optimized the generat-

ed stream program and concluded that the Jacobi iterations gain from 2.31 to 6.42 times speedup 

over FORTRAN program on a Xeon processor [19]. 

Gauss-Seidel Iterative Method 

It is an advanced technique used to solve a linear system of equations. It is modified form of Ja-

cobi technique. While computing the new approximation, the most recently computed values in 
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the same iteration are used for the better approximation. Due to this the convergence obtained in 

this method has roughly 30 percent fewer iterations than that of the Jacobi method. And the error 

in the final approximation is roughly 1/3 of the error in the final Jacobi approximation [17]. 

Generally it is true, but not always, that Gauss-Seidel method is superior to the Jacobi method. 

There are some linear systems for which Jacobi method converges but Gauss-Seidel method does 

not converge and vice a versa [12]. 

Sauer and Borman used Guass-Seidel iterations to improve the optimization problem due to 

Bayesian methods while improving the quality of tomography reconstructions. They showed that 

the Guass-Seidel iterations updates can be computed in parallel with little loss in convergence 

speed [20]. 

Jiang proposed an efficient hierarchical iterative Gauss-Seidel thermal model to guide the 

floor plan, instead of inverting Matrix method, which is an efficient algorithm that can reduce the 

run-time by speeding up the convergence with accurate estimation. The Gauss-Seidel thermal 

model is five times faster than inverting Matrix model [21]. 
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3 Theory 

In this chapter we are going to discuss the theory which is related to our problem. We will discuss 

the example function mathematically and graphically. Then we will describe Newton-Raphson 

method, especially Newton method for solving non-linear system of equations. 

3.1 Example function 

The weak part of a wooden log can be found by transverse vibrations in a log. When the signal is 

passing along with the log its wavelength and strength are changed due to the weakness of some 

parts of the wood as shown on Fig. 3.1. As we can see from Fig. 3.1 that there are mainly three 

functions which represent the three positions of a log: region before the weak part, weak part re-

gion, and the region which is after the weak part. In order to get better understand let assume that 

the three functions are as follows: 
 

 

 

Where x represent the position along with the log, x0 is the starting point of the weak part 

area, x1 is the ending point of the weak part area, and f(x), g(x), h(x) are the example functions at 

the three different positions. Fig.3.2 shows the plot of these functions where the yellow circles 

represent the measured values at different positions. 

As we can see from Eq. (3.1) that there are some unknown constants  

 

Figure 3:1  Different signals for the different parts of the log due to the weak part (Adopted 

from lecture notes”Signaler och vagor” by B.Nilsson and S.Nordebo). 
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Figure 3:2  A plot for the different X positions vs. F(x), the yellow circles represent the meas-

ured values at different positions (Umes). 

This can be found by solving the following system of equations: 

 
Solving this system of equations leads to having the following values for the unknown con-

stants: 

 

 

Substituting the values on Eq. (3.1) produce: 
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The next step is to find the values of x0 and x1. This can be done by using a well known me-

thod called Newton Rapshon method which we are going to discuss in the next section. 

3.2 Newton-Raphson method 

The NewtonRaphson (or simply Newtons) method is one of the most powerful and well known 

numerical methods for solving a root-finding problem f(x) = 0 [12]. It is the most well known 

fixed point iteration scheme for approximating the roots of an arbitrary function [17]. 

3.2.1 Derivation 

Suppose we have some current approximation xn. Then we can derive the formula for a better 

approximation, xn+1 by referring to Fig. 3.3. We know from the definition of the derivative at a 

given point that it is the slope of a tangent at that point [17]. 

 

Figure 3:3  Graphical Representation of Newton Formula 
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3.2.2 Algorithm 

The input and the output of the Newton-Raphson method are as follows [12]: 

INPUT: 

• Initial approximation x0. 

• Tolerance TOL. 

• Maximum number of iterations N0. 

OUTPUT: 

• Approximate solution x or, 

• Message of failure. 

To find a solution to f(x) = 0 given an initial approximation x0 we should follow the following 

steps [12]: 

Step 1 Set i = 1. 

Step 2 While i ≤ N0 do Steps 3-6. 

Step 3 Set 
)f'(x

)f(x
   = xx

0

0

0  

Step 4 if |x − x0| ≤ TOL then OUTPUT (x); (procedure completed successfully) STOP. 

Step 5 Set i = i + 1. 

Step 6 Set x0 = x. (update x0.) 

Step 7 OUTPUT (Method failed after N0 iterations, N0 = ,N0 ); ( Procedure completed unsuc-

cessfully.) STOP. 

3.2.3 Advantages 

 Its convergence is fast and may require a very good initial guess of the solution [17]. 

 It requires only one guess unlike bisection method and secant method which requires two 

guesses [12]. 

 Its order of convergence is quadratic, if its Jacobian is non-singular and differentiable 

[13]. 

3.3 Newton’s Method for solving non-linear system of equations 

We will use this method to solve system of non-linear equations. 

 

Where Jf (xn) is a non-singular Jacobian matrix [13]. 
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3.4 Conclusion 

Newton’s method is mainly used for two purposes: first for the root finding of an equation, 

second for solving the non-linear system of equations. In our case system is the collection of non-

linear equations and our interest is in time performance and its convergence is fast. So we will 

use the Newton’s formula iteratively, derived for non-linear system of equations in section 3.2, 

for parameter estimation. These parameters will be bounds for the weak part in wooden log. 
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4 Design and Implementation 

In real life we are facing many problems which have different levels of complexity. However, 

solving these problems become easier by using the power of computers. The complexity of the 

problem is depending on how much it is related to the computer, or the possibility to model the 

problem using software. Therefore, the first step to solve a problem is to understand the nature of 

the problem and try dividing it into small pieces and analyze each part separately. After analyz-

ing, we should find a solution for the problem components and try to put them together to per-

form the solution of our problem (Synthesis). In general, any problem-solving techniques have 

two parts: analyzing and synthesizing [22]. 

Developing software includes many activities or steps such as: requirements analysis, system 

design, program design, program implementation, unit testing, integration testing, system testing, 

system delivery, and maintenance. The ideal case that each of these steps performed once. How-

ever, in reality many of these steps repeated many times due to many reasons, e.g. a device is not 

working as mentioned on the documentation. Therefore, many software development processes 

have been defined. They describe the steps which developers have to follow in order to produce a 

tested code. These software development processes contains an organized of all or part of the 

previous mentioned activities. The input of the software development process models are the re-

quirements while the output is the delivered product. There exist many of these models; the fol-

lowing are examples of the most popular models: Waterfall model, V model, Prototyping model, 

Transformational model, and Spiral model [22]. 

In this work we are going to use the Waterfall model due to its simplicity and explicitly. 

4.1 Method 

In the Waterfall model the processes are viewed as cascading from one to another i.e. sequential 

development process where starting with a new process can’t be occurred before completely fi-

nishing all its previous processes. Fig. 4.1 shows the flow of the processes from top to down lev-

el: requirements analysis, system design, implementation, integration, and test [22] [23]. 

 

Figure 4:1  Simple Waterfall model 
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As we can see from the figure after getting the requirements from the customers, analyzing, 

and documenting it, the developer can start working on the system design activities. However, 

usually it is impractical to wait for a new process until the current one fully completed. There-

fore, sometimes an overlap between the processes occurred [22] [23]. 

In the following subsections the description of the different processes with regard to our work 

will be discussed. 

4.2 Requirements analysis 

In this work we are going to implement a program which is able to use the data coming from the 

sensors and a system of equations to determine the weak parts in wooden logs in a real time sys-

tem. An important issue in this project is the time performance of our software. According to that 

we can conclude the following essential requirements: 

1. The system should be able to read a vector of data. 

2. The system should be able to recognize a system of equations and able to substitute the 

data vector on the unknown variables. 

3. The system should be able to estimate the unknown parameters. 

4. Meet the real time bound of 10 m/s. 

The use case for our system will be as follows: 

Actors: 

 Users 

 C++ 

 Matlab 

In this work there are two main scenarios, the first one is as follows: 

 Users provide the system with the data and system of equations. 

 C++ read the data and send it to Matlab. 

 Matlab reads the system of equations and receives the data from C++. 

 Matlab estimate the parameters and return the result to C++. 

 C++ receives the parameters and measures the time performance. 

To get faster implementation we developed an improved version where the equations will be 

read by C++ not by Matlab, this will make the scenario as follows: 

 Users provide the system with the data and system of equations. 

 C++ read the system of equations and data and sends the required information to Mat-

lab. 

 Matlab receives the information from C++, estimates the parameters, and returns the 

result to C++. 

 C++ receives the parameters and measures the time performance. 

The second scenario is the opposite of the first one, the implementation will be mainly in Mat-

lab and we will call the example functions from C++, this will make the scenario as follows: 

 Users provide the system with the data and system of equations. 

 Matlab read the data and send it to C++. 

 C++ reads the system of equations and receives the data from Matlab. 

 C++ returns the function and the Jacobian function values to Matlab. 

 Matlab estimate the parameters and measure the time performance. 

The last scenario is having all the implementation in Matlab. In this case there will be no call-

ing between Matlab and C++. The scenario for this case is as follows: 
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 Users provide the system with the data and system of equations. 

 Matlab reads the data and the system of equations. 

 Matlab calculate the function and the Jacobian function values. 

 Matlab estimate the parameters and measure the time performance. 

4.3 System design 

The design of our system depends on the scenario which we are going to use. For that, we are 

going to have different designs. Considering the first scenario where the functions are going to be 

read by the Matlab software, the design of the system (Design 1) will be as in Fig. 4.2. 

 

Figure 4:2  the first design of the system, the main implementation will be in C++ but reading 

the functions and the parameter estimation are going to be done by Matlab (Design 1) 

The design for the improved version will be a little bit different from the previous one since 

the functions will be read by C++. The design for this system (Design 2) will be as in Fig. 4.3. 
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Figure 4:3 the improved design of the system, the main implementation will be in C++ but on-

ly the parameter estimation is going to be done by Matlab (Design 2) 

Considering the scenario where the implementation will be mainly in Matlab and we will call 

the example functions from C++, the design (Design3) will be as shown in Fig. 4.4. 

 

Figure 4:4 the implementation will be mainly in Matlab and we will call the example functions 

from C++ (Design 3). 
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Figure 4:5 the design for the system where all the implementation done by Matlab (Design 4) 

4.4 Implementation 

The main parts in the implementation are to connect Matlab with C++ and to get a fast imple-

mentation. However, there are also many design issues which have to be considered such as usa-

bility, readability, complexity, etc. 

Connecting Matlab with C++ can be done by setup MATLAB Visual Add-in in a Microsoft 

Visual C++ environment. Noting that the MATLAB Add-in for Visual Studio is not working 

with the new versions of MATLAB i.e. version 7.0 (R14) and later [6]. 

The Add-in for Visual Studio can be installed by running either mex − setup or mbuild − se-
tup (To build stand-alone applications) commands at the MATLAB command prompt [6]: 
mex -setup mbuild -setup 

After this we have just to run the following code (to save the path): 
cd(prefdir); mccsavepath; 

In order to use the Matlab with C++ we either use the built in functions or import the m-files 

in the C++ project and then call it as we call the C++ functions. However, what we are interesting 

in Matlab is to estimate the parameters. The parameters can be found by using the least-squares 

solution. 

Suppose that we want to find the solution ’x’ for the following equation: 

Ax = b             (4.1) 

Then, we can find the solution by using one of the following Matlab codes [6]: 
x = A\b 

x = pinv(A)*b 
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x = inv(A’*A)*A’*b 

Among these three methods the backslash operator is the fastest operation. 

 Assuming that F(x) and J(x) are the function and the jacobian function of our problem, and 

x0, x1 are the parameters which we are going to estimate. Then, the implementation of the New-

ton method will be as follows: 
1. Initialize X = {x0, x1}, where x0 and x1 randomly chosen; 

2. Compute F(X) and J(X); 

3. Solve linear system J(X)*p= - F(X); // this can be done by using the 

backslash operator from Matlab (p=-J\F’) 

4. X=X+p 

5. Calculate quadratic error // in Matlab we can use norm(-J*p-F’) 

6. Repeat 2 to 5 until no significant changing; 

4.5 Integration 

In this work we have divided the problem into two main parts; the first one is related to the im-

plementation in Matlab where we have to implement the entire or part of Newton-Rapshon me-

thod. The second part is related to the implementation in C++ where we have to receive the data, 

equations (on the improved version), send data and receive the estimated parameter from Matlab, 

and finally estimate the time performance. 

The integration of the two parts can be done by import the m-files, which have been imple-

mented in Matlab, into the C++ workspace. 

4.6 Test 

In order to test our software we have used the example functions which have been discussed in 

the theory part. The testing data was randomly generated. Achieved results are presented in the 

next chapter. 
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5 Experiment 

After we have done with the implementation several tests have been applied to check the correct-

ness of our software. The system was able to read the data, read the system of equations, esti-

mates the parameters, and return the result. Once we confirmed that the software is working fine, 

the software has been applied to our example functions. 

We have used a data with 10, 100, and 1000 data points. The data was randomly generated. In 

order to both confirm our result and to calculate the estimation error the values of the two para-

meters were previously determined. 

The speed of the software depends on the system in which the software is running and also 

how many programs are running simultaneously. The results which we are going to present were 

obtained using a system with the following specification: 
- Pentium(R) 4 CPU 2.00GHz. - 1.00 GB of RAM. 

Different runs for any design gave different time results for the same data and functions. For 

that, the average of 10 runs was used for the comparison. 

5.1 Goal criteria testing 

As we have mentioned before the aim of this work is to measure the time performance of our 

program and check whether it meets the real time bound of 10 m/s. In order to do that, we have 

computed the time performance of the different designs for different number (10, 100, and 1000) 

of data points (discretization) i.e. number of data points which are going to take the measure-

ments at the different positions of the wooden log.  

 Time for 10 data 

points 

Time for 100 data 

points 

Time for 1000 data 

points 

Design 1 0.025 0.1609 1.5969 

Design 2 0.0015 0.0046 0.033 

Design 3 0.0016 0.0048 0.0326 

Design 4 0.0016 0.094 0.8311 

Table 5-1 the time performance in seconds of the different designs for different number of 

data points 

To relate information (table 5.1) with our goal we plot the number of data points versus the 

time performance for every design, for example Fig. 5.1 shows this plot for Design 1. 
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Figure 5:1 Number of data points vs. time performance for Design 1 

Now let assume that a customer is interested to know the maximum discretization for a log 

with for example 5 meter length, noting that the deadline is 10m/sec. In order to do that we com-

pute the necessary time for that log by solving the simple equation 10 = 5/t, where t is the time, 5 

is the log length, and 10 is the deadline speed. In this case t = 0.5, by referring to Fig. 5.1 we 

found that the maximum discretization for 0.5 sec is approximately 320. 

5.2 Comparing the variants 

For the comparing purpose, let consider an example where we want to find the maximum discre-

tization for a 25cm log length. By following the procedures in the previous example, which we 

have discussed in the previous section, we will find that the maximum discretization for the first 

Design (Design1) is only 10. 

We applied the same procedures for Design2, Design3, and Design4 where Fig. 5.2, Fig. 5.3, 

and Fig. 5.4 show the plot of the number of data points versus the time performance for these 

different deigns respectively. We found that for a 25cm log length the maximum discretization by 

using Design2 is approximately 750, Design3 is approximately 750, and Design4 is approximate-

ly25. 
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Figure 5:2 Numbers of data points vs. time performance for Design 2 

 

Figure 5:3 Numbers of data points vs. time performance for Design 3 

From the result we can see that Design4 is better than Design1 but both have a very less dis-

cretization comparing to the Design2 and Design3. 
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Figure 5:4 Numbers of data points vs. time performance for Design 4 

Which gave the highest discretization, they gave around 30 times better discretization than the 

other, which is actually a very huge difference. If we look at the design and the implementation 

of these four different designs, we can notice that in Design1 and Design4 the values of the func-

tion (F) and the Jacobian function (J) were calculated in Matlab, while in Design2 and Design3 

the calculations have been done in C++. Due to the huge difference in the result we can conclude 

that the calculations of F and J are the most time consuming and implementing them in C++ is 

much better than in Matlab. 

The second thing which we have notice that since the fully programmed version in Mat-

lab(Design4) is better than the first design(Design1), where we have some communication be-

tween Matlab and C++, and in both designs F and J were calculated in Matlab, then the calling 

between Matlab and C++ and vis versa will add extra time. 

5.3 Error calculation and sources 

The error of the parameter estimation can be calculated by using the following Matlab code: 
norm(-J*y-F’), where J is the Jacobian function, y is the esti-

mated 

parameter, and F is the function. 

Table. 5.2 shows the error calculated for different numbers of iterations (1 to 8) for 3 different 

discretization levels(10, 100, and 1000). 

It can be conducted from Table. 5.2 That for a specific discretization as the number of iteration 

increases as the amount of error decreases. 

 

Iteration 10 data 

points  

100 data 

points  

1000 data 

points  

1 0.0379 0.2354 0.4793 

2 0.0044 0.0574 0.0996 

3 0.0016 0.0106 0.0145 

4 0.0003 0.0013 0.0062 

5 0 0.0006 0.003 
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6 0 0.0003 0.0009 

7 0 0.0001 0.0002 

8 0 0 0 

Table 5-2 Error calculated for different numbers of iterations and different number of data 

points. 

On the other hand, as the number of discretization increases as the error is increases. We also 

notice that the Newton-Raphson method converges very fast, it could reduce the error to zero 

within only 8 iterations for 1000 data points. 

The estimation error is depends on many variables such as: the initial guess of the parameters, 

number of data points (discretization level), and number of iterations, calculation accuracy, and 

the range of data. On the other hand, in the real life we expect that the estimation error will be 

increased because the data could be measured incorrectly due to the noise or sensors fault. 

Another important issue is how much the functions will represent the real behavior of the waves. 
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6 Conclusions and Future work 

In this section we will give a brief description of what we have achieved so far and what can be 

added and tested in the future. 

6.1 Conclusion 

The results indicate that there is a reasonable difference in average time taken by all designs. For 

that, different discretization levels were used in order to meet the deadline of 10m/s. Having a 

fast implementation leads to having a high level of discretization which makes the determination 

of the weak parts more accurate. By comparing the different designs, we found that the designs in 

which we calculated the values of the function F and the Jacobian function J by using C++ is 

much faster (more than 30 times) than by using Matlab. Also we found that there is a little extra 

time is added when we called functions from one language to another. 

The estimation error was very less since the Newton-Raphson method converges very fast. As 

the number of iteration is increases as the error is reduces. On the other hand, as we increase the 

number of iteration as the consumed time is increases. So there should be a tradeoff between the 

estimation error and the consumed time. There are many error sources such as: data measurement 

accuracy, calculation accuracy, and how much the function simulates the reality. Also, different 

issues regarding the use of the Newton-Raphson method could effect on the error, for example: 

the initial guess of the parameters, number of data points (discretization level), number of itera-

tions, and the range of data. 

6.2 Future work 

One can achieve better time performance using only C++ for all computations instead of Matlab 

because calling functions from one language to another, sending data and getting result back con-

sume time. Other programming languages can also be used to check the time performance either 

it increases or decreases. One can apply Evolutionary Method for Nonlinear Systems of Equa-

tions [24] instead of Newton-Raphson method. In addition to the previous, the system should be 

verified by the real functions and a real data. 
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