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Abstract —This study aimed at adapting Orthogonal Array 
Latin Hypercube Design (OALHD) with parameters’ 
specification OA (25, 3) LHD to javelin throw as computer 
experiments. Javelin throw is one of the competitive events in 
many major athletic events as well as in the Olympic Games.  
It is a track and field event where the javelin, a spear about 
2.5m (8 ft 2 in) in length is thrown. This study assumed 
ranges of values for the three important factors that 
determine how far a javelin travels such as the time of flight, 
launched angle and launched velocity. The OA (25, 3) LHD 
was adapted to the resulting values to guarantee optimality 
and this was confirmed by comparing the variances of the 
three factors with OALHD and without OALHD. The Javelin 
throw dataset with OALHD has the minimum variance. The 
one with OALHD also explore a large portion of the 
experimental region while in the case of javelin throw without 
OALHD, all the data are equidistantly sampled along the 
main diagonal of the design space and this will give a very 
poor sample. The design factors, without OALHD, are 
perfectly correlated and it becomes impossible to distinguish 
among the effects of the design factors.  The scaled OALHD 
was used to develop a javelin throw computer experiment 
using the simulators for horizontal and vertical displacements 
and velocities as well as the resultant velocity. Further results 
showed that the distance achieved for the javelin throw 
peaked at the launched angle of 20.4°. This study concludes 
that OALHD can be used whenever interest is focused on 
performing either a traditional or computer experiment on 
real life situations. 
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I. INTRODUCTION 

Computer experiments are becoming more commonly 
adopted in modern businesses, engineering and scientific 
applications due to their flexibility and wide applicability. 
A computer experiment is an experiment conducted using 
data obtained from a computer model in lieu of the 

physical process. The advancement in computer power has 
made it possible to perform experiments on simulators. 
The authors in [7] quoted [12] to have reported that the 
first computer experiment was conducted by Enrico Fermi 
and colleagues in Los Alamos in 1953.  

The application of experimental design has traversed 
the field of agriculture as it is now used in modern 
businesses, science, engineering and technology. An 
experimental design is a series of tests in which purposeful 
changes are made to the input variables of a process and 
the effects on response variables are measured [13]. 
Experimental design is applicable to both physical 
processes and computer simulation models. It is an 
effective tool for maximizing the amount of information 
gained from a particular study while minimizing the 
amount of data to be collected. The classical experimental 
designs are used when physical experiments are performed 
[6] while space-filling designs have found its applications 
in computer experiments. Several authors have discussed 
different applications of computer experiments. Authors in 
[11] and [4] stated that computer simulation was used in 
the design of analog integrated circuit behaviour. The 
authors in [2] and [3] discussed the environmental 
experiment which shows applications of design and 
modelling techniques for computer experiments. Computer 
experiments are also used in the design of engine block and 
head joint sealing assembly containing multiple 
components [1].The author in [10] gave an application on 
designing a heat exchanger for a representative electronic 
cooling application. Other applications abound in the 
literature. 

Space-filling designs are designs that spread points 
evenly throughout the experimental region. Popular space-
filling designs that have been discussed in the literature 
include Latin Hypercube Designs (LHDs), Orthogonal 
Arrays (OAs), Distance Based Designs and Uniform 
Designs among others.  The OA (49,3)LHD and OA(49, 8) 
LHD have also been proposed by[8] and [9] to develop a 
simple pendulum and borehole computer experiments. 
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An Orthogonal Array Latin Hypercube Design 
(OALHD) is coined in this study as a Latin hypercube 
design constructed based on orthogonal arrays in order to 
achieve better space-filling properties. The OA (25, 3) 
LHD constructed by [8] was adopted to develop a javelin 
throw computer experiment. A javelin throw is one of the 
applications of projectile motion in Physics and it has been 
reported that the launched velocity is the most important 
factor for the flying distance of the javelin [5]. This study 
considered the time of flight, launched angle and launched 
velocity to determine how far a javelin travels. 

II. MATERIALS AND METHODS 

A computer program was written using a MATLAB 
programming language to develop a javelin throw 
computer experiment. The OA (25, 3) LHD was scaled 
according to the assumed ranges for javelin throw design 
variables as shown in Table1 using Equation 1. 

 
 
The scaled OALHD was used to develop javelin throw 
computer experiments using the simulators for the 
horizontal and vertical displacements, horizontal and 
vertical velocities as well as the resultant velocity as shown 
in Equation 2 through Equation 6 to produce outputs which 
constitute the computer experimental results. 

 
 
From equations (1) to (6), y1 and y2 are the horizontal and 
vertical displacements, y3 and y4 are the horizontal and 
vertical velocities, y5 is the resultant velocity and g is the 
acceleration (in ms-2) due to gravity and is given as 9.81 
m/s2. 

III. ANALYSIS 

The analysis in this study comprised the development of 
computer experiments.This development was done using 
Equation 1 and the experimental result was given in Table 
3 and Table 4. The time of flight, angle and the lauched 
velocity were analysed using the assumed ranges of values 
and the results were appropriately given in this study. 

IV. RESULTS 

The results of this study are presented in Tables 3-5. 
The OA(25,3)LHD adopted as constructed is presented in 
Table 1 along with the assumed ranges of values for javelin 
throw variables in Table 2. The projection properties of the 
design adopted in the development of javelin throw 
computer experiment is given in Fig. 1 and the picture of a 
javelin thrower is provided in Fig. 2 to have an overview of 
the process in practice. The projection plots for the javelin 
throw experiment with and without OALHD are given in 
Fig. 3 and Fig. 4, respectively. 

TABLE 1:   OA (25, 3)LHD CONSTRUCTED FOR COMPUTER 
EXPERIMENT   
 
Orthogonal Array (D) Design Points (L) 
 

x1 x2 x3 x1 x2 x3 
1 0 0 0 0.0200 0.0200 0.0200 
2 0 1 1 0.0600 0.2200 0.2200 
3 0 2 2 0.1000 0.4200 0.4200 
4 0 3 3 0.1400 0.6200 0.6200 
5 0 4 4 0.1800 0.8200 0.8200 
6 1 0 1 0.2200 0.0600 0.2600 
7 1 1 2 0.2600 0.2600 0.4600 
8 1 2 3 0.3000 0.4600 0.6600 
9 1 3 4 0.3400 0.6600 0.8600 
10 1 4 0 0.3800 0.8600 0.0600 
11 2 0 2 0.4200 0.1000 0.5000 
12 2 1 3 0.4600 0.3000 0.7000 
13 2 2 4 0.5000 0.5000 0.9000 
14 2 3 0 0.5400 0.7000 0.1000 
15 2 4 1 0.5800 0.9000 0.3000 
16 3 0 3 0.6200 0.1400 0.7400 
17 3 1 4 0.6600 0.3400 0.9400 
18 3 2 0 0.7000 0.5400 0.1400 
19 3 3 1 0.7400 0.7400 0.3400 
20 3 4 2 0.7800 0.9400 0.5400 
21 4 0 4 0.8200 0.1800 0.9800 
22 4 1 0 0.8600 0.3800 0.1800 
23 4 2 1 0.9000 0.5800 0.3800 
24 4 3 2 0.9400 0.7800 0.5800 
25 4 4 3 0.9800 0.9800 0.7800 
where Xi ( i = 1, 2, 3 ) denote the ith input variables 

 
TABLE 2: INPUT VARIABLES FOR JAVELIN THROW 
SIMULATOR 
 

Variable Variable name Minimum Maximum 
X1  Time of Flight (s) 20 60 
X2  Angle (degree) 15 45 
X3  Launched Velocity (m/s) 5 15 
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TABLE 3: EXPERIMENTAL DATA FOR JAVELIN THROW 
COMPUTER EXPERIMENTS (WIITH OALHD) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 4: EXPERIMENTAL DATA FOR JAVELIN THROW 
COMPUTER EXPERIMENT (WITHOUT OALHD) 

 
TABLE 5: VARIANCE ESTIMATES OF THE INPUT 
VARIABLES FOR JAVELIN THROW EXPERIMENT 

 

Variable 
Variable 

name 
Variance 
(OALHD) 

Variance 
(Without 
OALHD) 

X1 
Time of 

Flight (s) 
11.7757 12.2663 

X2 
Angle 

(degree) 
8.8318 9.1998 

X3 
Launched 
Velocity 

(m/s) 
2.9439 3.0666 
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V. DISCUSSIONS 

 
The OA (25, 3) LHD adopted for developing javelin throw 
computer experiments contained 25 experimental runs with 
three factors as mentioned earlier. Each design point 
appeared once and only once for each input variable in the 
javelin computer experiment. This means that the scheme 
is advantageous as the stratification is maintained in all the 
three input variables involved in the experiment. This can 
be confirmed in Table 1 and it also gives credence to the 
result provided in Table 3 for javelin throw computer 
experiment with OALHD. The result provided in Table 4 
was poor as each sample was close to one another and 
cannot be used to properly mimic the real life javelin throw 
experiment. The estimates of the variance were also higher 
as shown in Table 5. Based on the output of the javelin 
throw computer experiment, the distance achieved for the 
javelin throw peaked at the launched angle of 20.4°. 
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VI. CONCLUSION 

 
This study develops a javelin throw as a computer 
experiment using orthogonal array Latin hypercube design 
(OALHD). A javelin thrower will be helped to achieve 
better performance(s) through this study as it serves as a 
prototype before embarking on a javelin throw competition. 
The focus of this study is to model and analyse a javelin 
throw computer experiment for a future research. This study 
concludes that OALHD can be adopted whenever interest is 
focused on performing either a conventional or computer 
experiment on real life situations. 
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