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ABSTRACT 

 

Local Exhaust Ventilation (LEV) systems can afford a very efficient means of 

exposure control. Ventilation is a practical system for controlling the air quality and 

thermal exposure that the employees meet. Ventilation can be used to eliminate air 

contaminant from breathing district of the employees. Local Exhaust Ventilation (LEV) 

is employ to eliminate contaminants that are generated at a local supply. Air is drawn 

from a source at a rate competent of eliminating any air contaminants generated at that 

supply before they can be dispersed into the work surroundings. There is a problem with 

conventional method in measuring the LEV, which is time consuming. The 

conventional method is tedious because it takes longer time to measure the LEV. The 

objective of this research is to introduce new approach of LEV monitoring practice 

(Mahalanobis Distance recognition). By using Mahalanobis Distance (MD) with Excel 

Based Programmed, the method in measuring LEV will be easier and faster. It is believe 

that this new method is one of the first attempts to evaluate LEV performance by using 

multi-dimensional approach.  
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ABSTRAK 

 

 Sistem  Ventilasi Ekzos  Tempatan  (LEV)  merupakan  satu cara yang mampu 

mengawal pendedahan dengan sangat cekap. Pengudaraan adalah satu sistem 

yang praktikal untuk mengawal kualiti udara dan pendedahan haba yang terdedah  

kepada  pekerja. Pengudaraan boleh digunakan untuk menghapuskan bahan cemar udara 

dari kawasan pernafasan pekerja.  Ventilasi Eksos Tempatan (LEV) digunakan untuk 

menghapuskan bahan cemar yang dihasilkan pada bekalan tempatan. Udara dimasukkan 

dari sumber pada kadar yang mampu  menghapuskan mana-mana bahan cemar udara 

yang dijana pada bekalan sebelum ianya boleh  tersebar ke dalam persekitaran 

kerja. Terdapat masalah dengan kaedah konvensional untuk mengukur LEV, iaitu ia 

mengambil masa. Kaedah konvensional membosankan kerana ia mengambil masa yang 

lama untuk mengukur LEV. Objektif kajian ini adalah untuk memperkenalkan 

pendekatan baru amala  pemantauan LEV (pengiktirafan Mahalanobis Distance). 

Dengan menggunakan Mahalanobis Distance (MD) dengan Program Excel, kaedah 

dalam mengukur LEV akan menjadi lebih mudah dan lebih cepat. Dipercayai bahawa 

kaedah baru ini adalah satu percubaan yang pertama untuk menilai prestasi LEV dengan 

menggunakan pendekatan pelbagai dimensi.  
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Abstract 

Ventilation is the mechanical system in a building that brings in fresh outdoor air and 

removes the contaminated indoor air. In a workplace, ventilation is used to control exposure to 

airborne contaminants. It is commonly used to remove contaminants such as fumes, dusts, and 

vapors, in order to provide a healthy and safe working environment. So that, the LEV system is 

consider as an important system that should have in every single workplace so that all the workers 

are not exposed to the hazardous. In measuring the LEV systems, the study has come out with a 

new approach which is Mahalanobis Distance method (MD). The previous method of measuring 

the local exhaust ventilation system is time consuming which means it took a long period of time 

in order to measure the point. By approaching the MD method, it will overcome the problem in 

measuring the LEV systems. The advantages of this study when the normal pattern is being 

recognize, the efficiency of the system can be detected and if faults occur in the systems, it can be 

measured at an early stage. Thus, the result that will be obtained is that the normal pattern will be 

recognizing by using the Mahalanobis Distance method. It is believe that this new method is one 

of the first attempts to evaluate LEV performance by using multi-dimensional approach. 

mailto:azizanramli@ump.edu.my
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1.0 Introduction 
 

  The purposed of the ventilation systems is to provide a continuous supply of fresh 

outside air, maintain temperature and humidity at comfortable levels reduce potential fire or 

explosion hazards and to remove or dilute airborne contaminants. According to Canadian Centre 

for OSH (2007), local exhaust system is used to control air contaminants by trapping them at or 

near the source. This type of system is usually the preferred control method if the air 

contaminants pose serious health risk to the workers, the large amounts of dusts or fumes are 

generated in the workplaces, the emission sources are few in number and the emission sources are 

near the workers breathing zones. 

 Genichi Taguchi, Subir Chowdhury and Yuin Wu (2004) claim that the Mahalanobis–

Taguchi System (MTS) is used to developed and optimize a system of multivariable diagnosis, 

pattern recognition, and prediction of occurrence of particular event. Besides, Mahalanobis 

Distance underlies the theory of discriminate analysis and it also often used in cluster that may be 

treated as a part of pattern recognition (E.Krusinska, 1987). According to T.Yang and Y.T.Cheng 

(2009) Mahalanobis–Taguchi System (MTS) is a method proposed for a diagnostic and 

forecasting, binary classification and feature selection technique using multivariate data.  

It is contains two phases in Mahalanobis–Taguchi System (MTS). The first phase uses 

Mahalanobis Distance to construct a multidimensional measurement scale and define a reference 

point of the scale with a set of observations from a reference group. In addition, the reference 

group is used to construct the Mahalanobis space (MS) which is a database containing the means, 

standards deviataions and correlation structure of variables in the reference group. For the second 

phase of MTS, the applicability of orthogonal arrays (OAs) and signal-to-noise (SN) ratios are 

used to select the critical variables. Das and Data (2007) claim that when searching for patterns, 

the MTS is a good and an effective algorithm.The MTS developed by Taguchi is a novel method 

that combines the Mahalanobis Distance (MD), orthogonal arrays (OA) and the signal-to-noise 
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(SN) ratio. The MTS is a diagnostic and forecasting method. The main aim of the MTS is to make 

accurate predictions in multidimensional attributes by constructing a global measure meter.  

The application of MTS in the pattern-recognition area such MTS based to resolve 

classification problems. By doing a study on a preliminary development of Mahalanobis Distance 

between normal and abnormal condition for local exhaust ventilation (LEV) system, the 

preliminary pattern of abnormal and normal conditions will developed. The pattern will be a 

starting point for a further study on normal and abnormal pattern recognition.  

 

 

2.0 Methodology 

 

2. 1 Data collection 

The study is conducted at LEV pilot plant of FKPPT. The test data is collected from the 

point of local exhaust ventilation system. There are thirteen points that used to be measured and it 

is measure from horizontal and vertical side of the points. The parameter used to measure the 

points is velocity pressure (Vp) in mmHg unit. The normal condition measurement is conducted 

in six cycles which are two measurements in the morning, in evening and at night. Besides, the 

abnormal condition measurement in conducted in twelve cycles where the measurements is 

collected four cycle in the morning, in evening and at night. The instrument used for measuring 

the LEV points is multifunction ventilation meters. 

2.2 Creation of a baseline Mahalanobis space 

 The normal raw multivariate test data were then used to create a baseline measurement 

scale for the normal group. The raw data that collected has the format as illustrated in the table 

2.1. The mean and standard deviation value is calculated by using the following equation 

respectively. 
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Table 2.1: Raw data format  

  

 

 From the raw data, the standardize data can be calculated by subtracting the mean and 

dividing by the standard deviation. This process is a typical normalization process for 

multivariate data analysis. Then, the sample correlation matrix and inverse matrix is computed for 

the standardize variables for the normal group. The scale Mahalanobis distance can compute by 

using the following equation. 
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2.3 Validation of measurement scale 

The reference group developed in the previous step is used to calculate the Mahalanobis 

distance for an abnormal group. After establishing the initial baseline for the Mahalanobis space, 

the scaled Mahalanobis is test whether it sensitive to the abnormal observations. In this stage, the 

multivariate data for abnormal group is collected. Same goes to the normal group, the abnormal 

group need to calculate the scaled Mahalanobis distance as well. It is desirable that the scaled 

Mahalanobis distances of abnormal group are significantly larger than one. It is recommended 

that the larger the value of MD is the better.  

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Comparison between normal and abnormal 

 

 Based on the study, the scaled Mahalanobis distance is obtain for normal and abnormal 

conditions. Figure 3.1 shows the comparison of scaled Mahalanobis distance between normal and 

abnormal conditions. 

 

Figure 3.1: The comparison of scaled Mahalanobis distance between normal and abnormal 
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From the calculation, the scaled Mahalanobis distance for abnormal group is significantly smaller 

than one. It is indicates that the variables that selected earlier are not able to discriminate between 

the abnormal and normal condition.  

 

 

4.0        CONCLUSION AND RECOMMENDATION 
 

 As for the conclusion, it can be concluded that the scaled Mahalanobis distance between 

normal and abnormal is quite large. The gap between normal and abnormal group is large because 

the process is time consuming, therefore the new variables are not be able to be added to get a 

better discriminating power. 

   Therefore, as a recommendation, the study will be proceeding by the next researcher to 

evaluate the normal and abnormal pattern for the LEV system by using Mahalanobis distance. 

The preliminary development of normal and abnormal condition will be a starting point for the 

future pattern regocnition in LEV system. For the further study, the next researcher will evaluate 

the Mahalanobis distance until the discrimination power. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Research 

 

Local Exhaust Ventilation (LEV) is a system that use extract ventilation to avoid or 

decrease the level of airborne harmful substances from being breathed by persons in 

the place of work, which draws contaminant away from an operation that is likely to 

release a hazardous substance into the air. (Everley, 1999) 

 

LEV has a main function in the hierarchy of control measures required by the 

Control of Substances Hazardous to Health Regulations 1999 (COSHH) of United 

Kingdom. Even though it must always be bear in mind that COSHH of United 

Kingdom strictly need exposures to harmful substances to be prevented and manage 

measures only to be introduce where avoidance is not rationally workable to attain. 

(Everley, 1999) 

 

LEV is require to control workers‟ contact to toxic dust has been one of the 

significant necessity of the Regulations made under the Factories and Machinery Act, 

1967. Such Regulations include the Safety, Health and Welfare Regulations, 1970; the 

Lead Regulations, 1984; the Asbestos Process Regulations, 1986; and the Mineral Dust 

Regulations, 1989. (Anuar Mohd Mokhtar, 2002) 
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LEV has been set up in various plants however their effectiveness maintenance 

and appropriate design were frequently ignored by the factory owners. Therefore the 

money used is wasted and the LEV turns out to be an eye-sore exhibition. The skilled 

person accountable to inspect, check and analyse the LEV is also expected to give 

comments and suggestion to improve the performance of the LEV. (Anuar Mohd 

Mokhtar, 2002) 

    

As the Multi-variate data-based pattern recognition is referred to the Mahalanobis-

Taguchi System (MTS). There are numbers of case studies that already success by 

using MTS, its have been recorded. The case studies are variety, for example using in 

chemical industry health diagnosis and electronic manufacturing. Nissan, Ford and 

Konica are examples that published the case applications using MTS. (Digital 

Engineering Library, 2004).  

 

By using MTS, the abnormal pattern using Mahalanobis Distance (MD) for LEV 

system can be developed. 

 

 

1.2       Problem Statement  

 

The conventional method is time consuming as it takes longer time to measure the 

LEV. This is because it needs to measure all points provided to check the performance 

of LEV. Besides, other problem of research is not all measuring point of LEV system 

will give significant values that represent the overall performance. The points that can 

be eliminated by using MTS, the abnormal pattern for Local LEV can be develop.  
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1.3     Objectives of Research 

 

  There are some objectives found for this research:  

1. To develop the abnormal pattern using Mahalanobis Distance (MD) for local 

exhaust ventilation system.  

2. To introduce new approach of Local Exhaust Ventilation (LEV) monitoring 

practice (MD recognition). 

 

 

1.4   Scope of Research 

 

The LEV is been measured at Department of Technology Management Laboratory. 

The parameters that need to be used are multi-function ventilation meter, pitot and 

tubes. This research is measure for abnormal condition and develops an abnormal 

pattern for LEV.  

 

 

1.5      Significance of Research 

 

There are significances that found for this research, it will shorten the time to 

measure LEV. This is because the point that is not efficient can be eliminated. Besides, 

other significance is to come out with a new methodology, MD to measure the 

efficiency of LEV. The abnormal pattern that develops for LEV can be used by people 

to develop an abnormal pattern for other LEV.    
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1.6       Definition of Key Terms 

 

Local Exhaust Ventilation (LEV) System  - is a system that capture of those 

contaminants at their source.  

 

Mahalanobis Distance (MD) – is a method that can be used in developing pattern 

recognition. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1           Types of Ventilation 

 

There are three types of ventilation. First type of ventilation is natural 

ventilation strategies, which is uncontrolled air movement into a structure 

throughout fractures and tiny holes (penetration) and throughout vents for example 

windows and doors.  

 

Second ventilation is whole-house ventilation, which is use of one or more 

fans and duct systems to exhaust stale air and provide fresh air to the residence. It 

can improve to manage the switch of inside air with outside air. 

 

Whole-house ventilation, which are generally categorize as exhaust 

ventilation if the mechanical system forces indoor air away of the home, supply 

ventilation if the mechanical system forces external air into the residence, or 

balanced ventilation if the mechanical system forces the same quantities of air 

inside and away of the home. 

 

Third ventilation is spot ventilation, which is the use of controlled exhaust 

fans such as kitchen collection and bath fans to speedily eliminate contaminant at 

their supply. It is a significant device to get better air quality whether natural or 
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whole-house ventilation strategies are applies. (Energy Efficiency and Renewable 

Energy Clearinghouse, 2002) 

 

 

2.2           General Concept of LEV 

 

LEV is a system that apply remove ventilation to avoid or minimize the 

level of airborne hazardous substances from being breathed by people in the 

workplace, which remove pollutants away from a process or operation that is 

possible to discharge a hazardous material into the air and which consists of an 

inlet, for example a hood, slot, booth or cabinet placed around or close to the point 

of discharge of the material. This tool is connected via ducting to the inlet of a fan 

or air mover. The removed air is usually discharged to the atmosphere or returned 

somewhere else in the workplace, been cleaned first to make it safe for release. 

(Everley, 1999)  

 

LEV systems frequently contain more mechanical components than 

common ventilation systems, which need more specific control of its process.  So, it 

also needs more maintenance than other ventilation system. (Integrated Publishing, 

2011)  

 

LEV systems are designed to accumulate air contaminants at the source or 

point of production before these air contaminants can enter the employee breathing 

zone. If LEV systems are designed precisely almost 100% of the air contaminants 

can be captured and discarded from the work surroundings so that worker exposures 

can be kept at or lower satisfactory stages. (Consultant surveyor, 2006) 

 

“Local Exhaust Ventilation, sometimes referred to as the “sanitary system” or 

“LEV”, refers to the system dedicated to worker safety, for example a tap hood at a 

furnace. Such systems frequently exhaust escapee emissions which might pollute 

the plant environment and expose employees.” (Jeff Burton, 2007) 
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2.3          Basic Principles  of Local Exhaust Ventilation (LEV)   

 

There are some basic principles that need to know while use LEV to precise 

difficulty.  First, the source of pollutant must be protected as fully as practicable. 

Second, the pollutant must be captured through sufficient air velocity. Third, the 

pollutant must be kept out of the worker‟s breathing zone. Fourth, plenty constitute 

air should be supply. Fifth, the exhaust air needs to be release away from air at the 

inlet systems. (Integrated Publishing, 2011) 

 

Ventilation is a practical method for controlling the air quality and the 

thermal contact that the employees encounter. Ventilation can be used to eliminate 

air contaminant from the breathing zone of the workers. It can also be used to some 

situation that the air for employee is ease. In addition, ventilation systems can be 

purposeful to provide air to guarantee the suitable action of some local exhaust 

system in employ. (Department of occupational safety and health (DOSH) 

Malaysia, 2011) 

 

 

2.4          Functions of components of LEV  

 

Figure 2.3: Local Exhaust Ventilation 
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2.4.1 First component of Local Exhaust Ventilation (LEV) is hood. A hood is a 

construction designed to surround or moderately surround a pollutant-

producing process and to conduct airflow in a proficient way to capture 

pollutant. (Noel Arnold and Associates, 2002)  One of the function is it can 

make an air movement which draws the pollutant into the hood. Other than 

that, it also can enclose the pollutant source and make an air movement 

which avoid the pollutant from escaping the enclosed space. (Noel Arnold & 

Associates, 2002)  

 

2.4.2 Second component of LEV is duct. The function of duct is it provides a path 

for flow of the polluted air exhausted from the hood to the point of 

discharge. If the air has dust, the duct velocity should be high enough to 

avoid the dust from settling out and plugging the ductwork (Noel Arnold & 

Associates, 2002). The role of the ductwork in an exhaust system is to 

supply a path for flow of the polluted air exhaust from the hood to the point 

of release. (J E Mutchler, 1998) 

 

2.4.3 Third component of LEV is air cleaner. It makes sure the quality of the air 

leaving the LEV meets local emission control standards, and it is not 

discharging contaminant into the atmosphere. (Noel Arnold & Associates, 

2002) It will also eliminate mists, gases and vapours.(Integrated Publishing, 

2011) 

 

2.4.4 Fourth component of LEV is fan. The function a motor-driven fan is moved 

air throughout the duct. (Noel Arnold & Associates, 2002). Centrifugal fans 

usually use for high pressures, while axial fans is usually use for low 

pressure or high volume applications. (Government of Western Australia, 

2008) 

 

2.4.5 Fifth component of LEV is discharge stack. It liberates exhaust gas into the 

air. (Government of Western Australia, 2008)  
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2.4.6 There is other component that is not included in Figure 2.3, which is 

damper. This component is use to control the airflow in a duct. (Alden, JL 

and Kane, JM, 1982) 

 

 

2.5          Advantages of LEV 

 

When compare with other common ventilation systems, LEV systems are 

frequently chosen. The disclosure of the employee to the pollutant can be 

prevented by completing the control of the pollutant. This will give healthier 

environment to workers. Other advantage is it can handle more extremely toxic 

pollutant. Besides, it also can handle higher concentrations of pollutant. Other 

advantage is the performance of the exhaust fan system is not influence by cross 

drafts, when the velocity of the air in the system is high. (Integrated Publishing, 

2011) 

 

Another advantage is to eliminate the air pollutant at the source before it be 

able to go into the workers‟ breathing zones. This manage is particularly practical 

while workers are working with well toxic chemicals that possibly will cause harm 

from short-range (acute) or long-standing (chronic) contact. Other advantage is it 

generally need fewer volumetric air flow (Q), calculated in cubic feet of air per 

minute or ft
3
/min to manage worker exposures to air contaminants. Frequently 

fewer airs is need to capture and eliminate the pollutant at the source than would be 

need to dilute or exhaust the pollutant. Then, it has been released into the ambient 

workroom air. 

 

Another advantage is it can successfully organize several types or forms of 

air contaminants. Gases, vapours, and particulate may be well separated from the 

place of work using this method. Besides that, it operating costs is typically less 

than common dilution or exhaust ventilation. This is because less air is required to 

manage the air pollutant. This can result in incredible price savings to the owner in 
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terms of energy expenses. Keep in mind, workroom air perhaps will require heating 

in the winter and cooling in the summer. The price of heating or cooling air is 

openly connected to the volume of air that required to be treated each 

day. (Consultant surveyor, 2006) 

 

 

2.6          Disadvantages of LEV 

 

It is a mechanically complex. This is showed in results, which has high 

initial costs. It is also need bigger requirements for maintenance. Other 

disadvantage is the installation of the enclosures and ductwork related with LEV 

system results in a rigid work area. (Integrated Publishing, 2011) 

 

It has to be designed following good industrial hygiene practice to manage 

air contaminants price well and economically. It also can involve a big capital 

investment up front than common ventilation systems to pay for design, 

construction and installation materials. Besides that, it may be extra complex in 

design than common ventilation systems. Other than that, it may need an extra 

precise maintenance plan than common ventilation systems. (Consultant surveyor, 

2006) 

 

 

2.7           Ineffectiveness of LEV Systems 

 

There are some reasons for ineffective of LEV systems. One of the reason is 

it have little exhaust air volumes. This will make the capture velocities less. Other 

reason is the capture distances are too far. Besides, it has been “carefully 

constructed” to location the worker‟s breathing region between the points of 

pollutant generation and the point of gathering. (Socha, 1979) 
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2.8           Velocity Pressure 

 

Velocity pressure is identified as the kinetic pressure applies in the direction 

of flow essential to cause a fluid at rest to flow at a specified velocity. Velocity 

pressure is also illustrate and calculated in inches of H2O or inches water gauge. 

Velocity pressure is applied in the direction of flow, which is constantly positive. It 

is greater than atmospheric pressure while a fluid is moving, and is calculated in 

the direction of airflow.  

 

It is significant to know that velocity pressure is not consistent across the 

duct. In brief, air tends to travel quicker when close to the centre and slower near 

the walls of the duct. Consequently, velocity pressure measurements will be 

different once a series of measurements are made after conducting a duct goes 

across using a pitot tube. (Consultant surveyor, 2006) 

 

 

2.9           General Concept of Mahalanobis Distance (MD) 

 

Mahalanobis distances give a great method of measuring how alike several 

set of conditions is to an ideal set of conditions. It can be very helpful for recognize 

which area in a landscape are most alike to some ideal landscape. (Jenness 

Enterprises, 2003)  

 

A Mahalanobis distance (MD) is a method of calculating how identical 

several set of conditions is to a perfect set of conditions. It can be very useful for 

recognize which part in a landscape are most alike to some perfect landscape. 

(Jenness Enterprises, 2003)  

 

Previously the relation among the control variable and the target quality is 

recognized or can be inferred from observations, the optimization of the sensor 

array with respect to some solid principle, which appropriately convey the observed 
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goal, is a normal path to follow. A reason to select the best operating temperature 

for a metal-oxide sensor and for an array of sensors in common based on a usually 

used measure, namely MD is introduced. (Mahalanobis, 1936)  

 

 

2.10  Definition of MD 

 

“The MD is a metric (a rule for calculating the distance between two points) 

which is better adapted than the usual “Euclidian distance” to setting, involving 

non-spherically symmetric distributions.” (AI Access, 2010)  

 

It is more principally practical when multi-normal distributions are involved, 

even though its description does not need the distributions to be normal. (AI Access, 

2010) 

 

 

2.11  Mahalanobis-Taguchi System (MTS) 

 

The major purpose of MTS is to construct precise prediction in multi-

dimensional systems by constructing a measurement scale. “In MTS, Mahalanobis 

space, which is reference group, is obtained using the standardized variables of 

healthy or normal data.” (Taguchi, 1986) To categorize between normal and 

abnormal data, the mahalanobis space (MS) can be apply. Once the MS is 

recognized, the number of variables or element is reduced using Orthogonal Array 

(OA) and Signal to Noise (S/N) ratio by assess the contribution of each element. 

(Taguchi, 1986)  
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2.12  Uses of MD 

 

MD is relevant in the difficulty of pattern recognition or categorized 

analysis, where a formula is developed on the basis of information of μ1, μ2 and ∑ 

in order that a new aspect can be categorize, which are allocate, identified or 

recognised into one of these two groups with as little probability of error as possible 

under the circumstances. (McLachlan, 1999)  

 

 

2.13  Pattern Recognition 

 

Pattern recognition method can be divided into different type according to 

certain properties. A first group of pattern recognition methods can be categorized 

as clustering methods, unverified pattern recognition. The aim of it is to group 

similar objects which is measured samples together. (Dagnelie & Merckx, 1991)  

 

“Second group of pattern techniques is called supervised because one 

possesses a training set of objects which is known to belong to a certain class. A 

mathematical model can be constructed to predict to which of the classes new 

measurements belong. Supervised pattern recognition technique can be divided in 

discrimination and class modelling methods.”(Dagnelie & Merckx, 1991) 
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

3.1           Instruments 

 

This research is conducted by using Multi-function Ventilation Meter. 

Figure 3.1 shows an example of this equipment. This equipment has many 

functions. One of its function is it can measure the velocity pressure. The 

measurement of this equipment can be read easily because it is a digital meter. This 

equipment is tied to pitot and tubes to measure the velocity pressure of LEV.  

 

 

Figure 3.1: Multi-function Ventilation Meter (Google image) 
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 3.2 Measurement of Local Exhaust Ventilation (LEV). 

 

 The LEV is been measured at Department of Technology Management 

Laboratory. For abnormal condition, there are twelve cycle of measurement needed. 

There are thirteen points need to be measured. Each point will measure twenty 

values of velocity pressure, which are both ten values for horizontal and vertical. 

There are 260 measurements for each cycle, which means 3120 measurements for 

twelve cycles. 

 

There are three different size of ducting for this LEV, which is 20.5 cm, 25.8 

cm and 30.6 cm. The distance from one point to another is different when the 

diameter of the ducting is different; this is because there is a formula to determine 

the point that need to be measure. The diameter of the ducting times with the 

formula as in Figure 3.2, the points that need to be measured can be obtained. The 

same formula is use for both horizontal and vertical points. 

 

 

Figure 3.2: Points of cylindrical ducting measured. (Google image) 
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Readings from all points of local exhaust ventilation taken.  

Step 1: The first damper is adjusted to 45̊, allow other three dampers fully open. 

Step 2: Take ten readings for both horizontal and vertical at all thirteen points that is 

already set up at the Local Exhaust Ventilation (LEV). 

Step 3: All data is inserted into Microsoft Excel to form a matrix for all points. 

Step 4: Step 1 until 3 in repeated for second damper, third damper and forth damper. 

 

3.3 Steps to Design and Optimize the Mahalanobis Taguchi System (MTS) 

 

Step 1: The abnormal group is defined: data from adjusted degree of    

damper. 

Step 2: The variables is identified. (Thirteen points at the Local Exhaust   

           Ventilation (LEV)). 

 Step 3: A list of a normal group for the chosen variables created. 

 Step 4a: The mean and standard deviation for each variable is calculated and    

   the data is normalized. 

 

  𝑋𝑖 =
1

𝑁
 𝑥𝑘𝑖
𝑁
𝑘=1                                             Equation 3.2.1 

 

𝑆𝑖 =   (𝑥𝑘𝑖−𝑋𝑖)
2𝑁

𝑘=1

𝑁−1
                                         Equation 3.2.2 

  For i= 1, …, p. 

 

𝑍𝑘𝑖 =
𝑥𝑘𝑖− 𝑋𝑖

𝑆𝑖
                                                  Equation 3.2.3 

For all k= 1,…, N , i=1, …, p. 

 

Step 4b: The correlation matrix is calculated. 

Step 4c: The inverse matrix of the correlation matrix is calculated. 

Step 4d: The MD for each sample from the abnormal group is calculated. 
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   𝑀𝐷 =
1

𝑝
𝑍𝑇𝐴−1𝑍    Equation 3.2.4 

 

 Step 5: The discrimination power is estimated. 

   -After confirming a good discrimination. 

 Step 6: MTS is optimized 

 Step 6.1: Variables is allocated to a two-level orthogonal array. 

    -Characterize level 1 as use variable 

    -Level 2 as not to use variable 

   -MTS executed for all runs and data will be MD for abnormal   

                        samples. 

Step 6.2: Redo MTS for each run of the orthogonal array. Orthogonal array,  

L16 is used because this research has thirteen variables. By using    

this orthogonal array, the point for variable 14
th

 and 15
th

 is not 

calculated. This is because orthogonal array is following how many 

variables use in a research. 

   -First, calculate MD for abnormal sample as data 

   -Then, use SN ratio as an assessment criteria for  

  discrimination power.  

 

 η=-10log  
1

𝑛
 

1

𝑦𝑖
2

𝑛
𝑖=1     Equation 3.2.5 

 

  Step 6.3: Make a response graph for the SN ratio. 

    -Evaluate how each variable contributes to discrimination  

  power.  

  Step 6.4: Confirm the optimum design. 

    -Evaluate the discrimination power under the optimum  

  variables. 

  Step 7: Conclusions. (Taguchi, Chowdhury and Wu, 2001)  

 

 



18 
 

 

 

 

 

CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 Mahalanobis Distance Distribution for Abnormal Condition 

 

 

Figure 4.1: Mahalanobis Distance distribution for abnormal  

 

From Figure 4.1, its shows that the abnormal distribution is unorganized. There are 

some points that scatter far from other points. This is because there are some points that are 
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not significant to this LEV. Those points are drop off the MD for the abnormal condition, 

which give a bad result for the LEV.  

 

By using Mahalanobis-Taguchi System (MTS), those points that can be eliminate 

and a better value of MD for abnormal condition can be obtain. The result for LEV will be 

better. 

 

The value of MD for abnormal condition should be higher than 5.0, but from this 

research the value only 1.2 and below. This is because the errors that occur during the 

measurement taken. One of the errors is parallax error during take the measurement. While 

taking the measurement, the reader might make a move, which make the points need to be 

measured not been measured. This makes the measurement not accurate. Other than that, 

there is also because of the pitot efficiency. The pitot might full with dust and cannot give 

an accurate value of measurement. 

 

 

4.2 Response Graph of SN Ratio 

 

 

Figure 4.2: Response graph of SN ratio by LEV data 
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From Figure 4.2, variables that contribute to discrimination power can be 

estimate. The better the discrimination power can be identifying with the higher SN 

ratio. Noted that:  

1. Level 1 has higher SN ratios for X3, X5, X6 and X11. 

2. Level 2 has higher SN ratios for X1, X2, X4 and X7. 

3. Level 1 and 2 have roughly the same performance for X8, X9, 

X10, X12 and X13. 

 

From this it can be concluded that: 

1. X8, X9, X10, X12 and X13 do not contribute to discrimination. 

2. X1, X2, X4 and X7 are harming discrimination. 

3. X3, X5, X6 and X11 contributes significantly to discrimination. 

 

Optimization: Keep X3, X5, X6 and X11. 

 

Discard other points.  
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4.3 Result of Confirmation 

 

 

Figure 4.3: Result of confirmation 

 

The discrimination power under the optimum design is estimate. From Figure 4.3, 

it shows the result of confirmation using only X3, X5, X6 and X11. This gives a better 

value of MD. By eliminating the points that is not significant, the time to take the 

measurement can be shorten. This will also give a better performance of LEV.  
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CHAPTER 5 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

 

As conclusion, the abnormal pattern using Mahalanobis Distance (MD) for 

local exhaust ventilation system is developed. This pattern will be a guideline 

to use MD for other type of LEV.  

 

The new approach of LEV monitoring practice (MD recognition) is been 

introduced because the improvement of discrimination and it only require four 

variables. This improvement will help people reduce their time spending and 

also give a better result. 
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5.2 Recommendation 

 

As recommendation, during taking the measurement, the reader needs to 

avoid many movements. This will help the research to get a better result. 

 

Other than that, before start the measurement, check the efficiency of the 

equipment that been used, whether it is in a good condition or not. This will 

avoid from getting the unwanted result.  

 

As recommendation, this research needs to have more cycle of reading. This 

will give a more accurate result. With more accurate result, the improvement of 

the discrimination will give a better pattern of LEV. 
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