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Abstract 
 

The purpose of this research paper is to determine the optimum cutting down parameters of 

bamboo, namely, the age of a bamboo tree (in years) to be felled and the part of a bamboo log to be 

cut (in metres from the base) which would endanger quality of the bamboo material affecting area of 

the defects occurred during mechanised production process. The Response Surface Methodology 

(RSM) was used in order to design the experiments, followed by the Genetic Algorithm (GA) that 

was applied to finding the optimum cutting down parameters for minimum area of the defects in the 

bamboo during furniture production. The results show that minimum area of the defects of the 

bamboo material varied in the age of a bamboo tree to be felled and the part of a bamboo log to be 

cut. A minimum area of the defects was obtained when the cutting down parameters, namely, the age 

of a bamboo tree (in years) to be felled and the part of a bamboo log to be cut (in metres from the 

base) were at 3.7 years old and 2.2 metres from the base respectively. 
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I. INTRODUCTION 

AMBOO, in the course of last twenty years, has developed as an incredibly precious alternate wood [1]. In 

many industrial applications nowadays, there has been a trend towards the substitution of wood with 

bamboo, resulting in rejuvenation and preservation of tropical forests [2]. In Indonesia, bamboo is utilized for 

major construction materials, furniture, handicrafts and lots of other things. This country is endowed with an 

immense bamboo resource which sprouts all over the country. Total area of Indonesian bamboo forest includes 

2.10 million Ha at which 0.69 Ha million Ha lie in state forest lands and 1.41 million Ha lie in community lands 

[3]. 

Despite those facts of potential bamboo for socio-economic development, the optimum use of this vast 

bamboo resource in Indonesia has not been done yet, especially for furniture products [4]. Its total export value 

was only USD 94 million in 2007 whereas this was less than 4 percent of the trade value worldwide and just 

contributed to 20% of rattan products’ total export value [3]. Jennifer Gottron and her colleagues [5] argue that 

low utilization of bamboo resources is deemed to be caused by an inappropriate procedure of cutting down 

bamboo tree which would endanger the bamboo quality afterwards. Quality of the bamboo material, as raw 

materials for furniture production, affects frequent occurrence and severity of defects that might take place 

during mechanised production process. Such defects involve raised grain, fuzzy grain, torn grain and chip mark 

[3]. Therefore, procedure for cutting down a bamboo tree should consider certain parameters. The optimum age 

of bamboo for mechanised production process is one of the aforementioned parameters. The other parameter is 

which particular part of a bamboo log would have the best physical and mechanical properties; i.e. where we 

should cut a bamboo tree in order to obtain part of a bamboo log that has optimum condition for furniture 

production. Those two parameters significantly influence quality of the bamboo log with regard to the moisture 

content. The less the moisture content is available in a bamboo log, the more the level of bamboo quality could 

be attained. The moisture content affects dimensional stability, toughness, density, strength, working properties 

and durability of the bamboo material for mechanised production process [6]. 

This paper reports on results of the research into establishing the optimum age of a bamboo tree to be felled, 

as well as the optimum part of a bamboo log to be cut which gains the best physical and mechanical properties. 

B 
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Both parameters are deemed to be factors affecting the bamboo quality for furniture production. The 

optimisation method adopted in this research is to apply the integrated RSM (the Response Surface 

Methodology) and GA (the Genetic Algorithm) approach. The following parts of the paper explains the use of 

both methodologies in optimisation, a case study in an Indonesian Small Medium Enterprise (SME) producing 

bamboo furniture alongside the results of optimising the cutting down parameters and finally the conclusions. 

II. OPTIMISATION METHOD: RSM AND GA 

A. RSM and GA 

RSM is a methodology that develops a model to examine the response function related to the design variables 

in predicting the optimum values. It is a set of statistical and mathematical approach to modelling problems at 

which the response is influenced by various variable where the objective itself is to optimize that response [7].  

GA seeks optimization concerning minimisation as well as maximisation of the process parameters. The 

notion of GA is inspired by the theory of evolution based on natural genetic selection [8]. Therefore, when RSM 

is incorporated with GA, RSM will have a role in modeling experimental responses in term of mathematical 

modeling while GA plays a part in optimisation of the aforementioned mathematical model. 

B. Optimisation Method Applied to The Case Study 

This research can be done with logic as follows, (1) INPUT: identification of control factors and response 

variables as well as design of experiment using RSM; (2) PROCESS: conducting the experiments, data analysis, 

building the mathematical model and model optimisation using GA; (3) OUTPUT: optimum parameters. Fig. 1 

shows the steps of optimisation with the use of RSM and GA. 

 

 
Fig. 1. The Optimisation Method of RSM-GA 
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This optimisation method was applied to a case study of a bamboo furniture SME located in Yogyakarta, 

Indonesia. The following elucidates the application of the optimisation method in the case study. 

 

1) To Identify the Control Factors 

Control factor (xi) also known as independent variable is a variable that is thought to be affecting the response 

variables. These are factors that will be manipulated to analyse the cause-effect phenomenon occurred among the 

design parameters. In this steps, a range of values (Level) of each x1 and x2 and so forth (the control factors) is 

also determined. 

In the case study, the control factor was 1) the age of bamboo factor (x1) which was comprised of 2 Levels: 

x11 = a bamboo aged 3 years old 

x12 = a bamboo aged 4 years old 

also, 2) the part of the bamboo log (x2) which was comprised of 3 Levels: 

x21 = base part of the bamboo log (0-2 m  2) 

x22 = middle part of the bamboo log (2-4 m  4) 

x23 = end part of the bamboo log (4-6 m  6) 

 

2) To Identify the Response Variables 

Response variables (yi), namely dependent variables, are variables deemed to be affected by the control 

factors. They are usually the process parameters to be analysed concerning the presence of control factors. 

In the case study, the response variables covered: 

y1 = defects caused by sawing test 

y2 = defects caused by milling test 

y3 = defects caused by lathing test 

y4 = defects caused by drilling test 

y5 = defects caused by sanding test 

 

3) To Design the Experiment using RSM 

The screening response model used for the 1st order situation is as follows [7]: 

                  (1) 

while the 2nd order situation where it is believed that the value is somewhere near “the hill tip” is formulated 

underneath [7]: 

   (2) 

Levels of each control factor is given a code number; +1 represents a level with high value whereas -1 

represents a level with low value. Table 1 shows the 1st order of the experimental design. 

 
TABLE 1. MATRIX OF 1ST ORDER EXPERIMENTAL DESIGN 

 
 

In 2nd order situation, Central Composite Design (CCD) is applied in that it uses 2 free variables with these 

formulas [7]: 

  (3) 

and 

 

  (4) 

 

Table 2 tabulates the transformation results using the code number in 2nd order, while Table 3 shows the 2nd 
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order of the experimental design. 

 
TABLE 2. LEVEL CODES VS LEVEL VALUES 

 
 

TABLE 3. MATRIX OF 2ND ORDER EXPERIMENTAL DESIGN 

 

 
 

4) To Run the RSM Experiment 

Subsequent to the accomplishment of the design of experiment, the experiment of 1st order and 2nd order are 

then conducted. Table 4 and Table 5 show the results of experiments in 1st order and 2nd order situation 

respectively.  

 
TABLE 4. RESULTS OF THE 1ST ORDER EXPERIMENT 

 
 

TABLE 5. RESULTS OF THE 2ND ORDER EXPERIMENT 

 
 

5) To Analyse the Data of RSM Experiment 

i) Sawing Test: 

Regarding Table 6, the equation of regression for sawing test can be formulated as follows: 

 (5) 
TABLE 6. 2ND ORDER COEFICIENT ESTIMATION FOR SAWING 
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ii) Milling Test: 

Table 7 concludes that the equation of regression for milling test is: 

 (6) 
 

 

TABLE 7. 2ND ORDER COEFICIENT ESTIMATION FOR MILLING 

 

 
 

iii) Lathing Test: 

Based on Table 8, the equation of regression for lathing test can be defined as: 

  (7) 
TABLE 8. 2ND ORDER COEFICIENT ESTIMATION FOR LATHING 

 
 

iv) Drilling Test: 

With regard to results shown in Table 9, it produces the equation of regression for drilling test as follows: 

  (8) 
TABLE 9. 2ND ORDER COEFICIENT ESTIMATION FOR DRILLING 

 
 

v) Sanding Test: 

Regarding Table 10, the equation of regression for sanding test can be formulated as: 

  (9) 
TABLE 10. 2ND ORDER COEFICIENT ESTIMATION FOR SANDING 

 
 

Once all of the equation of regression for each test can be determined, the mathematical model alongside its 

objective function for otimisation is subsequently set up. Estimation of optimum value for each test can also be 
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done with the contour plot. Fig. 2 shows an example of contour plot result, i.e. the milling test. 

 

 
Figure 2. Contour Plot of Milling Test Result 

 

6) To Build the RSM Mathematical Model 

The objective function is, 

to minimise  y = y1 + y2 + y3 + y4 + y5       (10) 

 

The decision variables are, 

x1 = age of bamboo (years) 

x2 = part of the bamboo log (n metres from the base) 

 

The constraints are, 

age of bamboo:     3 ≤ x1 ≤ 4 

part of the bamboo log:  0 ≤ x2 ≤ 6 

non negativity:     x1, x2 ≥ 0 

 

7) To Optimise the Model with GA 

This step begins with creating a random initial population followed by a sequence of creating new 

populations. To create the new population, the algorithm follows these steps:  

a) compute the fitness value in order to score each of the existing populations 

b) convert the fitness value by scaling its scores into a more usable range of values 

c) based on their fitness, select members (a.k.a parents) 

d) select individuals in the initial population which have low level of fitness (a.k.a elite), these elite 

individuals should go to the next population 

e) produce children from parents either by mutation or crossover 

f) replace current population with the children to create next / new population 

With the use of MATLAB, the optimum values for x1 (age of bamboo in years) and x2 (part of the bamboo log 

in metres from the base) are determined as shown in Fig. 3 below. 

 

 
Figure 3. The Optimisation result of GA 

As can be seen in Fig. 3, changes in the fitness value starts from the first generation of population until the 

40th generation. From that point, i.e. the 40th, to 1000th generation of population, the fitness value is constant. 
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This leads to the conclusions that - given the minimum area of the defects of only 0.1% - the optimum value for 

parameter x1 (age of bamboo) is 3.6533 years or 3.7 years old maximum, whereas the optimum value for 

parameter x2 (part of the bamboo log) is 2.1680 metres or 2.2 metres maximum. 

III. CONCLUSION 

The implementation of RSM-GA optimisation for area of the defects of the bamboo material during 

mechanised production process in consequence of the cutting down parameters is presented in this paper. The 

mathematical model was eventually formulated with RSM using experimental results as per Central Composite 

Design, considering age and part of the bamboo log as cutting down parameters. The minimisation of area of the 

defects was conducted by GA with the RSM mathematical model. The results show that minimum area of the 

defects of 0.1% occurred in processing the bamboo for furniture with mechanised production process under 

particular optimum values of cutting down parameters, i.e. under the age of the bamboo of maximum 3.7 years 

old and under the part of the bamboo log of maximum 2.2 metres from the base. 

REFERENCES 

[1] Olson, E.R., Marsh, R.A., Bovard, B.N., Randrianarimanana, H.L.L., Ratsimbazafy, J.H. and King, T. 

(2013), “Habitat Preferences of the Critically Endangered Greater Bamboo Lemur (Prolemur simus) and 

Densities of One of Its Primary Food Sources, Madagascar Giant Bamboo (Cathariostachys 

madagascariensis), in Sites with Different Degrees of Anthropogenic and Natural Disturbance”, 

International Journal of Primatology 34 (3), 486-499. 

[2] Keogh, L., O’Hanlon, P., O’Reilly, P. and Taylor, D. (2015), “Fatigue in bamboo”, International Journal of 

Fatigue 75, 51-56. 

[3] Sulastiningsih, I.M. and Nurwati. (2009), “Physical and Mechanical Properties of Laminatedd Bamboo 

Board”, Journal of Tropical Forest Science 21 (3), 246-251. 

[4] Model Capacity Building for Efficient and Sustainable Utilization of Bamboo Resources in Indonesia. 

(2015), A Project Document of ITTO Bamboo Project. Yokohama: International Tropical Timber 

Organization (ITTO). 

[5] Gottron, J., Harries, K.A. and Xu, Q. (2014), “Creep behavior of bamboo”, Construction and Building 

Materials 66, 79-88. 

[6] Liese, W. and Kohl, M. (2015), Bamboo: The Plant and its Uses, London: Springer. 

[7] Montgomery, D.C. (2008), Design and Analysis of Experiments, New York: John Wiley & Sons Inc. 

[8] Vinoth, K.S., Subramanian, R., Dharmalingam, S. and Anandavel, B. (2014), “Optimization of dry sliding 

wear conditins for AlSi10Mg/SiCp composites using response surface: genetic algorithm approach”, 

Industrial Lubrication and Tribology 66 (5), 593-600. 
 

Biographies 

 
Dr Hari Agung Yuniarto is with Industrial Engineering in the Faculty of Engineering UNIVERSITAS GADJAH 

MADA, 2 Grafika Street, Yogyakarta, Indonesia, 55281. He serves as a researcher as well as a lecturer in Asset 

Management and Quality System Engineering Studies. He has membership of IAENG; Membership No. 103257. 

Corresponding author, e-mail: h.a.yuniarto@ugm.ac.id.  
 

Mrs Kurniawanti was also with Industrial Engineering in the Faculty of Engineering UNIVERSITAS GADJAH 

MADA in pursuit of her MSc in 2015. She is now developing her career in manufacturing industry. 
 

1172


