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About Master Project Symposium

The 1st Master Project Symposium was held on 13-15 December 2016 for Semester 1
Session 2016/2017 at Menara Razak, Universiti Teknologi Malaysia (UTM) Kuala
Lumpur. This symposium is organized every semester by Master Project Committee,
UTM Razak School of Engineering and Advanced Technology to fulfil the
requirement of Master of Science (Systems Engineering) and Master of Professional
Science.

This symposium aims to provide a platform for students to share their research
processes and outcomes among UTM Razak School members and at the same time
receive inputs from the audience to improve their research. Students are exposed to
various systems engineering and professional science by identifying the current issues
in their workplaces and addressing the issue through their research.

The papers presented in the symposium are compiled into proceedings to share the
research conducted by the students and findings that relates to the current practices of
many of the industries in Malaysia. An index of keywords from all papers is included
at the end of the proceedings. All participants and readers can enjoy reading the
proceedings and gain inspirations for further research and application into education
and practice.
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A New Power Consumption Model for Virtual
Machines Placement in Cloud Data Center

Mohd Zain Hassan®, Rudzidatul Akmam Dziyauddinb and Hazilah Mad Kaidi¢

UTM Razak School of Engineering and Advanced Technology, Universiti Teknologi
Malaysia, Jalan Sultan Yahya Petra, 53100 Kuala Lumpur, Malaysia

“mzainh@gmail.com, "rudzidatul ki@utm.my, “hazilah.kl@utm.my

Abstract — As business relies on Information Technology (IT) in driving business goals, a
computer resource demand has been dramatically increased, and it introduces several
challenges to IT service providers. Virtualization is a technique that can be used to reduce
hardware footprint and thus realizing power efficiency. However, improper placement
technique has caused many cloud servers being provisioned inefficiently. Consequently, many
physical servers installed as hypervisors utilize high power in data center and simultaneously
existing servers are underutilized. This study focuses on identifying a relationship between
virtual central processing unit (CPU), physical CPU and power consumption. We developed
a model to estimate power requirements for virtual machines (VM) in cloud data center. The
model is applicable to steady-state cloud data centers or in systems engineering design phase.
The model can also be extended in determining a cloud server charge back model subject to
power consumption.

Keywords: Virtualization, Power Consumption, Cloud computing, Hypervisor, VMware
1.0 INTRODUCTION

Information Technology (IT) is growing rapidly in a global scale. Nowadays, business
strategy of companies is embedding information technology strategy in their business
models [1] and thus making IT as one of the predominant factors in enabling business
opportunities for organization. The demand of computing resources has been
increased tremendously over the last few years due to this scenario [2]. The trend has
directly resulting growth and increase the need for businesses to subscribe for IT
service providers. The increased of demand has challenged IT service providers to
establish large-scale data centers containing many different type of computing
equipment to cater the needs.

The recent advances in IT has introduce many techniques in managing efficiency of
servers in data centers. Some of the techniques include physical server consolidation,
physical server virtualization [3], natural air cooling system, and software-defined
computing resource management. Virtualization concept introduces energy efficiency,
however there are lack standard in measuring virtual machine and host power
efficiency in the datacentre [4]. This introduce challenges to understand the deep and
complex interactions between performance of virtual systems with power
management and how efficiency can be managed [5].
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IT service providers are over-provisioning virtual machines in cloud data center
assuming that they will achieve energy efficient by implementing virtualization [4].
However, this introduced a new problem when high energy are consumed when many
of the servers are not fully utilized [6] and virtual machines placement are not
balanced [7]. The main cause of this problem is due to lack of standard in estimating
virtual machine energy consumption [4].

The aim of the research is to classify energy efficient hypervisor based on
manufacturing standard. In this paper, a mathematical model is developed to estimate
power consumption of hypervisor based on virtual servers’ utilization. The model is
then used together with the classification data from manufacturing standard to
propose algorithm that will help the IT Service Providers in achieving energy
efficiency in the cloud or virtualization systems based on the virtual server’s
utilization and power estimation model.

2.0 METHODOLOGY
2.1 Conceptual Framework

The research is designed to collect and analyse data based on the variables shown in
Figure 1 below. Physical layers involves data from every hosts in the cloud data
center farms in this research. There are 16 hosts configured for each of the farm. The
power consumption and CPU utilization data are collected. In virtual layer, the data is
taken by getting the CPU utilization reading in every virtual machines hosted in 16
hosts. There are total of 938 virtual machines involved during the data collection.
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Figure 1: Conceptual Framework of the Study
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A limitation of this study is that it only uses a single virtualization technology.
Secondly, the study does not consider other external factors that might impact power
utilization in the host server such as power surge, high disk I/O operations and
memory usage. Thirdly, the power reading were collected from server power supply
sensor but other performance data for CPU are collected via hypervisor software. The
method could have a small timing inconsistency without affecting the data validity.

2.2 Data Center Efficiency and Power Model

Data center efficiency is measured using power usage effectiveness (PUE) indicator
[8]. It is measured as ratio of IT load against the total facility load. The goal in data
center efficiency is to reduce the PUE to the lowest possible value. The IT load is
referring to power usage of IT equipment comprises of servers, network, storage
devices and management hardware [9]. Since the study focus the relationship of
virtual servers and its hypervisor CPU and power consumption, the scope of the work
is to analyze server element and reduce the power consumption. The total server
power is the summation of non-hypervisor and hypervisor server power. In the
organization where this study is conducted, 90% of the workload is hosted by
hypervisor servers. According to study [10]-[12], both energy consumption and CPU
utilization have almost linear correlation between two machines. In spite of servers
using Dynamic Voltage Frequency Scaling (DVFS), the study [10] reveals the energy-
saving effect technique of DVFS is not so obvious and linear correlation can still
predict the power consumption effectively. In this study, we are proposing a linear
correlation of power model by taking virtual machines into account. It is also
understood that Operating Systems of the server has kernel processes that utilizes
certain amount of available CPU. Therefore, a power model in this study can be
written as (1).

Hypervisor Power = ),i*, VMs virtual CPU + Hypervisor Kernel CPU usage
)

2.3 Data Analysis and Methodology

Several research questions have been developed to design data collection and analysis
for this study. The data will be collected from one of a leading global IT Service
Provider company based in the USA. Firstly, data of server utilization during idle and
peak performance is gathered from server hardware manufacturer whitepaper to
answer question of host minimum and maximum power consumption. Secondly,
another important question is to understand the relationship between host CPU
utilization and its power. The third question is to understand the relationship between
virtual servers CPU usage and its hypervisor CPU. Both of the questions will be
addressed by collecting performance data of 16 hypervisors and 937 virtual servers
over a period of 5 days in every 20 seconds internal for one hour. All of the
hypervisors in this study are using VMware, hence the performance data of CPU will
be collected via PowerCLI software by connecting to vSphere server that is managing
this infrastructure. A custom script is written to collect the data in the mentioned
period. Hypervisor host power information is collected by running a custom script
using PowerShell software. Since all of the servers in this research are using Hewlett
Packard Enterprise Proliant hardware, a third party scripting tool called HPiLO
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cmdlet from the hardware vendor is used with the PowerShell software to read power
supply sensor directly from each of the server.

The data collection in this study using PowerShell and PowerCLI tool was set to run
from a central location server that is located in the same data center of servers in
study. This is to prevent potential network congestion which may cause an error
during the collection. An automated job is set so the data can be collected
simultaneously in the mentioned period. After five days, the data is extracted and
combined using Microsoft Excel. The combined data is then analyzed using statistical
software Minitab to get the required correlation and regression model.

3.0 RESULTS AND DISCUSSION
3.1 Relationship of Virtual Machine CPU, Host CPU and Host Power utilization

The study has collected the data from using the method and tools, which is explained
in Section 2.3. The relationship of host CPU utilization and power consumption is
illustrated in Figure 2. By using Pearson analysis, both variables are tested and the P-
Value is determined as 0.01. Since the P-Value is low (less than 0.05), the study
indicates that the correlation is statistically significant based on 95% significant level.
A linear correlation in Figure 2 implies a fitted equation as in (2)

Power utilization = 194.6 + 0.0003766 x CPU usage 2)

Figure 2 yields that the host power utilization can be predicted from the CPU usage.

420
400
380
360 Power = 194.6 + 0.0003766 x CPU usage

340

Power Usage (Watt)

320

300
280 °

260
30000 33000 36000 39000 42000
CPU Usage (MHz)

Figure 2: Analysis of Relationship between Hypervisor CPU and Power Utilization

The results are compared against a power model introduced by Beloglazov, 2013 [6].
The collected data is fitted into the power model in previous study. A comparison of
the proposed power model and the previous power model [6] using a probability plot
with 99% confidence level is shown in Figure 3. The figure demonstrates a clear
linear pattern for both power models, which validates the proposed power model in
this study. In essence, the proposed power model can be used to describe the
relationship of CPU usage and power utilisation for hypervisors.
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Figure 3: Power Model Relationship

In order to analyze the relationship between total virtual machines and host CPU
usage, a linear regression analysis is performed. The results of the analysis are
presented in Figure 4. It can be noted from the results that there is a significant
positive relationship between total VM and host CPU usage. A third variable, host
kernel processes is also explored and a regression model is developed with strong R-
sq variation of 99.80%. The model is explained in (3).

hCPU = 1067 +0.99267 * i, vCPU + 1.0171 * kCPU (3)

where vCPU is the total CPU usage of the virtual machines, and kCPU is the CPU
utilization of the kernel processes in the host.
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Figure 4: Total VM Usage and Host CPU Usage Relationship
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4.0 CONCLUSION

This study was conducted to establish the relationship of virtual machines CPU usage
to host CPU and its power consumption. The regression analysis has revealed that
there is a significant relationship between the virtual machines CPU and host CPU
usage. The relevance of this relationship was also supported by the regression analysis
of host CPU usage to its power. Based on the results of the multi regression analysis,
a simplified power model of the cloud data center farm was developed to predict the
power consumption of a host. For future work, the power consumption model will be
conceptually tested and the relationship of host CPU usage, host CPU and power
consumption can be accessed by using machine learning.
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Abstract —Time series analysis is an important tool in modelling and forecasting of rainfall
distribution. Such information could facilitate decision-makers to effectively devise plan and
establish strategies towards the development of hydrological systems. In this study, time
series analysis technique, the double exponential smoothing is applied to rainfall time series
at three stations in the state of Sabah, Malaysia. Rainfall data (2000 —2014) from stations
Beaufort, Inanam and Semporna at daily scale are collected and aggregated to bi-weekly
scale. Results show that double exponential smoothing model fairly able to capture the
pattern of rainfall at the selected stations. Forecast results show that for the next twenty four
periods, rainfall seems to increase.

Keywords: Sabah, Time Series, Double Exponential Smoothing, Bi-weekly Scale

1.0 INTRODUCTION

Rainfall is the meteorological phenomenon which greatly affects human activities. It
is also the main environment element which influences the development of economic
activities of a region [1]. Studies of rainfall such as analysis and data simulation are
important and could be used as input in making decision towards the planning, design
and operation of the hydrologic systems. This includes the constructions of
hydrological structures such as damn and bridges [2].

Various approaches on modelling of rainfall series have been conducted in Malaysia
using stochastic models and deterministic models. Published works include those
focusing on profiling, modelling and generating rainfall series [3-5] at different time
scales. However, most of these studies are done in Peninsular Malaysia while not
much works have been conducted in Eastern Malaysia. One of the approaches in
analyzing rainfall is the time series method. Apart from generating rainfall data, time
series modeling facilitate in the planning and managing of water resources, exploring
climatic variations, forecasting and estimating missing data. There are some studies
using time series analysis in Malaysia, such as studies on rainfall volatility using
Seasonal Autoregressive Moving Average model [6], and investigating trends using
Holt—Winters method [7].
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In this study, time series forecasting model, particularly, Exponential Double
Smoothing Method is used to analyze the pattern in the state of Sabah, Malaysia. This
study is a valuable contribution since there are insufficient research works on Sabah
rainfall series. Most of the research works on rainfall are concentrating in Peninsular
Malaysia which has different rainfall profile.

2.0 METHODOLOGY

2.1 Study Area and Data Collection

The land of Sabah which part of the Borneo Island, is located in a tropical geography
with equatorial climate. It experiences two monsoon seasons of northeast and
southwest. The northeast monsoon occurs from November to March with heavy rains,
while the southwest monsoon prevails from May to September with less rainfall. In
addition, it also received two inter-monsoon seasons from April to May and
September to October, with a considerable amount of rain from 1,800 millimetres to
4,000 millimetres. Due the size of the state, rainfall characteristics has significant
temporal and spatial variation between places. Rainfall data from the year 2000 to the
year 2014 for 3 selected rainfall stations is obtained from Department of Irrigation
and Drainage (DID) Malaysia. Those stations are Beaufort JPS Station, Inanam
Meteorology Station and Semporna Airport Station. These stations are chosen based
on the completeness of data. Rainfall data at daily scale from each station is collected
and aggregated to bi-weekly scale. A total of 360 data sets are obtained during the
period of 2000 —2014 and are used for the analysis.

2.2 Exponential Smoothing

Exponential smoothing schemes weight past observations using exponentially
decreasing weights. One of the variations is the Double Exponential Smoothing

2.2.1 Double Exponential Smoothing

Double exponential smoothing uses two constants and is better at handling trends.
Two equations associated with Double Exponential Smoothing.

Se=ay; + (1 —a)(Sg—1 +b—q) 05a<1 (1)
by =y(St = Se-)+ (A —y) by 0<y<1 )

Note that the current value of the series is used to calculate its smoothed value
replacement in double exponential smoothing.

There are a variety of schemes to set initial values forS,and b;in double smoothing.
S;is in general set to y;. Here are three suggestions for b;:

bi=y,—»n
by = [z —y1) + (3 —y2) + (s — ¥3)1/3
by =y —y1)/(n—1)
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3.0 RESULTS AND DISCUSSION

The bi-weekly rainfall at Beaufort, Inanam and Semporna for fifteen years (2000-
2014) was subjected to time series analysis. The statistical analysis of the historical
data is given in Table 1. From the table, it can be seen that Beaufort and Inanam has a
much greater mean compared to Semporna. The maximum values for both places are
also much higher. Figures 1(a) -1(c) show the fitted data against the observed data.
Based on the graphs, it can be seen that the double exponential smoothing model
fairly capture the pattern of rainfall. Information on basic statistics and graphs
revealed that all three stations has high variability of rainfall. The model is then used
to make 24 bi-weekly forecast of rainfall. The result is as shown in Table 2

Table 1: Basic statistics for Beaufort, Inanam and Semporna stations at bi-weekly scale

Stations No. of Mean St. Dev Max
Observations (mm) (mm) (mm)
Beaufort 360 155.87 97.10 536.00
Inanam 360 114.20 85.89 527.60
Semporna 360 73.93 83.06 444.50
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Smoothing Plot for Semporna
Double Exponential Method
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Figure 1: Time Series of rainfall at the three stations in Sabah for 2000-2014 period

Table 2: Forecast for 24 bi-weekly periods from 361 to 384 using
Double Exponential Method

Period Beaufort Inanam Semporna
361 284.236  96.304 76.79
362 308.243  79.077 95.139
363 332.251  61.851 113.488
364 356.258  44.624 131.837
365 380.266  27.397 150.186
366 404.273  10.171 168.535
367 428.28 7.056 186.884
368 452.288  24.283 205.233
369 476.295  41.509 223.582
370 500.303  58.736 241.931
371 524.31 75.963 260.28
372 548.317 93.19 278.629
373 572325 110416  296.978
374 596.332  127.643 315.327
375 620.34 144.87 333.675
376 644.347 162.096  352.024
377 668.354  179.323 370.373
378 692.362  196.55 388.722
379 716.369 213.776  407.071
380 740.377  231.003 425.42
381 764.384  248.23 443.769
382 788.392 265456  462.118
383 812.399 282.683  480.467
384 836.406 29991 498.816

10
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4.0 CONCLUSION

Time series analysis plays a significant role in modeling and forecasting of rainfall. It
provides vital information to decision-makers to effectively devise plan and establish
strategies towards the development of hydrological systems. Time series analysis
technique, the double exponential smoothing is applied to rainfall time series at three
stations in Sabah. The model is found to be adequate for modeling and forecasting at
the three stations. Forecast results show that for the next 24 bi-weekly periods, rainfall
seems to increase for all three stations.

The model, however, is moderately able to capture the extreme values. All three
stations exhibit high variability of data. Hence, further research is necessary to
identify a model that is able to fairly capture the essence of rainfall characteristics in
Sabah. Generally, this would lead to a more comprehensive solution to the forecasting
problem, including addressing the problem of uncertainty in predictions.
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Abstract - In Malaysia, paddy production has important role in meeting the nation’s food
security and socio economic concerns. Since rice is the leading candidate on the list of our
food security list, update estimations or forecasting of paddy production is particularly
important. The present study aims to identify suitable time series forecasting methods for
paddy production. Thirty five years (1980-2014) of paddy data in the form of yearly
production are used. Time series forecast methods specifically, single and double exponential
smoothing methods and ARIMA model are applied separately to the yearly paddy data and
the results are compared. Results show that ARIMA (2,1,2) method is identified as the most
appropriate to represent paddy production. Forecast results using the identified model
showed that paddy production would experience a small increment trend.

Keywords: Forecasting, Time Series, Paddy

1.0 INTRODUCTION

The production of paddy plays an important part in the Malaysia’s agriculture sector
with 85.5% of Malaysia’s total paddy production is from the Peninsular Malaysia [1].
Paddy is produced mainly by small holders with an average farm size of about 1.06
hectares [2]. Sixty five percent of the paddy farmers have farms of less than one
hectare while only four percent have more than three hectares (Malaysian National
Committee of ICID (MANCID)). Paddy is an important crop because rice is the main
staple food, accounting about 86% of Malaysia’s food grain production. Although the
production of paddy has significantly increased from 1,883,604 in 1982 to 2,848,852
in 2014 (Figure 1), the overall production still could not meet the country’s demand.
Malaysia has to import rice from some other countries such as Thailand and Vietnam.
According to the Department of Statistics Malaysia, for 2014 the per-capita
consumption of rice was 78.6 kg per year [3]. The self -sufficiency ratio for rice was
71.6% for 2014 compared 71.7% in 2013.

Generally, agriculture information is valuable for Malaysia, however, there were not
many studies available on forecasting of crop production. Crop production forecast
could contribute to the advancement and improvement of agriculture in terms of farm
infrastructure, irrigation facilities and drainage requirements. Since rice is the leading
candidate on the list of our food security list, update estimations or forecasting of
paddy production is particularly significant. It is the objective of this study to identify
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suitable time series forecasting method for the production of paddy. Once the model is
identified, it is used to make forecasting on paddy production.
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Figure 1: Trend of Paddy production (in metric tonne) for 1980-2014
2.0 DATA AND METHODOLOGY

Thirty five years (1980-2014) of paddy data in the form of yearly production was
extracted from the Department of Statistics Malaysia official portal [3]. The trend
analysis of paddy production is given in Figure 1.

Time series forecasting method essentially predict future values based on historical
data [4,5]. Basically, there are three models used in this study , which are ,single
exponential smoothing, double exponential smoothing and ARIMA models. The best
model to represent paddy production is chosen based on two assessment criteria
namely, Mean Absolute Percentage Error (MAPE) and Mean Absolute Deviation
(MAD). The most appropriate model would be the one which has the lowest score in
MAPE and MAD tests.

2.1 Trend analysis

Trend analysis is a special case of regression model in which the independent variable
is just the time index variable. This method is to fit trend when there is no seasonal
component in the series. Ordinary Least Squares Method (OLS) is used to estimate
coefficients and the measures of fit of the linear trend model

Model for linear trend is  §; = By + B1t + & (1)
Model for quadratic trend is  §; = By + Bit + Bot? + & (2)

Where §.is the forecast at present timet and g is the error term.
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2.2 Exponential Moving Average (Exponential Smoothing)

Exponential smoothing is a forecasting method that weights each value of time series
values unequally, with more recent observation being weighted more heavily than
more remote observations or weights past observations with exponentially decreasing
weights to forecast future values.

2.2.1 Single Exponential Smoothing

Single exponential smoothing is the smoothed version of moving average.

Vee1 = aye + (1 — )y (3)

Where ; $:,, = the forecast for the next time period
(t + 1) §, = the forecast for the present time period (t)
y: = the actual value for the present time period
a = exponential smoothing constant

2.2.2 Double Exponential Smoothing

Double exponential smoothing is used to forecast a time series described by a linear
trend and irregular fluctuation (but having no seasonal variations).

9. =Ly +Tey t=234,. (4)

Where L= ay.+ (1 —a)yand T, = B(L; — Li—;) + (1 — B)(T—,) and
L = The smoothed level for time period
T, = The smoothed trend estimates for this time period
V. = The forecast value at time t
a and (=level and trend smoothing constant

2.3 Auto Regressive Integrated Moving Average (ARIMA)

Auto regression (AR) is a multiple regression technique in which the independent
variables are time lagged version of the time dependent variable

Y=by+ @Y1 +®Yp+ +0, Yy +5 (5)
where & is the error term of the model and @, ®,, ... are coefficient of AR terms

Moving average (MA) term is the number of terms that describe the persistence of a
random shock from one observation to the next. A model with two moving average
terms (q= 2) is one in which an observation depends on two preceding random
shocks.

Ye = e+ 0ceeq + B8 + -+ Bpeey (6)
Where 0 is the coefficient of MA terms and ¢ is the residual or error term
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Then , o, =8+ X0 biyei + & + qu=1 Bj€t—j )

When the time series data is not stationary, data are differenced in order to transform
them to become stationary. This results in an “integrated” ARMA (i.e. ARIMA)
model, denoted by ARIMA( p, d, q) , where d is the order of differencing. There are
three major steps to build ARIMA model, which are model identification, parameter
estimation, and diagnostic checking [4]. In model identification, the possible model
could be moving average, autoregressive model or mix of this model. Autocorrelation
function (ACF) and partial autocorrelation (PACF) can be applied to make the first
guess. Once the model is identified, the parameter needs to be estimated, and in
principle the parameter must be significant and generate lowest residual. A common
method is to test the randomness of the residuals using Ljung—Box Statistics, and non-
significant p-values indicate that the residuals are uncorrelated and the proposed
model is suitable for fitting the historical data.

3.0 RESULT AND DISCUSSION

The trend of paddy as given in Figure 1 revealed that the production of paddy has
gradually increased over time. Figures 2a and 2b show the estimated value against
observed value using Single Exponential Smoothing, Double Exponential Smoothing
models. ARIMA model is also fitted into the data. Results from Augmented Fuller
Dickey Test revealed that paddy production data is not stationary, hence the first or
second differencing is needed to transform to stationary time series. It was found that
differencing of 2 is needed, and ARIMA(2,1,2) is the appropriate ARIMA model.
Figure 3 shows the comparison of estimated and observed data using ARIMA (2,1,2)
model.

Numerical comparison using MAPE and MAD (Table 1) revealed the scores are not
very much different, however ARIMA (2,1,2) model has the lowest score for both
tests. The forecasting values are then generated based on ARIMA (2,1,2) model
(Table 2).

Smoothing Plot for PADDY
Single Exponential Method

Variable
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—m— Fits

Smoothing Constant
a 0772651
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3 6 9 12 15 18 21 24 27 30 33
Index

(a) Single Exponential Method
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(b) Double Exponential Method

Graph of Single Exponential Method and Double Exponential Method
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Figure 3: Graph of ARIMA(2,1,2)

Table 1: Comparison of Time Series models

Type Of Crops Type Of Model MAPE MAD

Paddy Single Exponential Smoothing 0.3410 0.0214
Double Exponential Smoothing  0.3650 0.0230
ARIMA (2,1,2) 0.3090 0.0195
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Table 2: Forecast for paddy production

Year Production (tonne)

2015 2,741,069
2016 2,708,507
2017 2,789,652
2018 2,897,077
2019 2,935,553
2020 2,908,372

4.0 CONCLUSION

Time series forecasting method is well implemented in this study for forecasting
yearly production of paddy in Malaysia. The results revealed that the performance of
Single Exponential Smoothing, Double Exponential Smoothing and ARIMA(2,1,2)
models are quite similar. Closer inspection using MAPE and MAD, identified the
ARIMA(2,1,2) model to be the best model to represent paddy production.

Forecast results using ARIMA (2,1,2) show that overall, there would be an increase in
the production. The production of paddy in the future is projected to decrease from
2015 to 2017 but it increases in 2018 and 2019 but decrease again in 2020. The
expected paddy production in Malaysia in 2020 is 2,908,372 tonne with the expected
population 33.82 million by using econometric model.

The predicted result or forecast value could be used by relevant parties such as policy
makers to foresee ahead of time the future requirement of import/export crops in
Malaysia and enable them to make better strategic planning. The forecast of
production also could be beneficial to help the related agencies in estimating the
future price of paddy and cost production.
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Abstrac - This study addressed the issue of declining academic performance among
students enrolled in the International Baccalaureate (IB) Diploma Program at Kolej
MARA Banting (KMB). It attempted to validate the existence of the decline and
identify factors that affect the students’ performance. IB results from 1993 to 2016
were source from KMB database. The Mann Kendall Test confirmed existence of a
downward trend in the results. Correlational analyses were conducted on 6 subjects
that contributed to the total points of IB examination for two main programs which
are Engineering and Medicine programs. It was found that high level subjects
comprising of the High Level Chemistry, High Level Physics, High Level Biology and
High Level Mathematics are highly correlated to IB examination results. This is
accentuated further after a policy change in 2009 of which the Medicine program
switched to Standard Level Mathematics but the Engineering program continued with
the High Level Mathematics. Finally, future performance for the next three years was
forecasted using time series analysis using ARIMA (1,0,0). It is anticipated that the
findings of this study will provide the relevant authorities with invaluable information
regarding student intake and academic performance.

Keywords: International Baccalaureate, Academic Performance, Trend.

1.0 INTRODUCTION

Research on student performance has always been in the forefront of academic
communities. Studies have shown that there is a general decline of Malaysian
students such as in Performance of International Students Achievement (PISA) 2012
where Malaysia was ranked number 52 out of 65 countries in the international
assessment programme [1]. Trend in International Mathematics and Science Study,
(TIMSS) 2011 International Results in Science reported that, Malaysia along with
other five countries namely Hungary, Macedonia, Norway, Sweden and Thailand has
decreasing trend from 1995 to 2011[2].

The above mentioned findings are a source of concern for Kolej Mara Banting (KMB)
as there is a general suspicion of a declining trend in students’ results over the past
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years. As one of Malaysia’s top provider of pre-tertiary education for students who
are selected to pursue further studies overseas, ensuring consistent student
performance is one of the college’s top priority. Hence, it is imperative that empirical
analysis based on actual data of students’ achievements at KMB be done to address
the issue. Long term trends in academic performance and spending are valuable tools
for evaluating past education policies and informing current ones [3]. Therefore,
findings of this study will provide related authorities valuable evidence regarding the
issue and for them to propose actions on improving the existing system.

2.0 METHODOLOGY

Data was sourced from KMB database involving 5993 students for the past 23 years.
For the purpose of this study, only results of Engineering and Medicine students are
considered. Data comprises of IB total points, grades from High Level Chemistry,
High Level Biology, High Level Physics, High Level Mathematics, Standard Level
Malay, Standard Level English, Standard Level Economics, Standard Level Business
and Management (BMS), and Information Technology and Global Society (ITGS).
KMB started operation in 1992 but only data from 2002 onwards are used in the
analysis since things were not fully in place in the earlier years of operation.

Data taken is about IB results in KMB. The maximum IB total points is 45 points
which comprises of six subjects groups and three matrix points from three skill based
subjects, comprising Theory Of Knowledge (TOK), Creativity, Action and Service
(CAS) and Extended Essay (EE). The maximum grade in every subject is grade 7,
which in total for the six subjects is 42 points. Another 3 points (matrix points) come
from TOK, CAS and EE. 35 points is the cutting points for the students to be
sponsored abroad.

2.1 Pattern of the IB results in KMB from 2002 to 2016.

For this study, the graphical analysis was done to detect trend. The Mann-Kendall
Test was used to confirm whether there was indeed a declining trend in the IB results
of KMB. Trend analysis was used to analyse the results from 2002 to 2016. Wimmer
& Dominick, [4] stated that trend studies can be limited due to the use of data from
samples at different points in time but the method can be useful for considering
patterns of overall stability and change over time across different samples. Rosenberg
[5] used trend analysis in epidemiologic research, which also useful for educational
policy research to identify existing patterns. Apart from that, it can provide a broad
perspective of aggregate demographic and geographic data over a period of several
years. A more detailed analysis was done on results of Engineering and Medical
programmes individually. The same method was also used to study the pattern of
grades obtained for the higher level subjects and the standard level subjects.

2.2 Correlation studies on the subjects involve with the IB total points.
Correlation studies are done between the 6 subjects involved and the IB total points

results in KMB. To see more specific, it also done to the subjects involved in the two
programs tested in this study, which is engineering and medicine programs.
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2.3 Forecasting the future results.

In this part, time series analysis was used to forecast the IB results of KMB for the
following three years. In doing this, a suitable model has to be determined in order to
get a good prediction. Autocorrelation Function (ACF) and Partial-Autocorrelation
Function (PACF) values are used in determine an appropriate ARIMA(p,d,q) model.
Based on the chosen model, future results of IB total points in KMB will be
forecasted.

3.0 RESULTS AND DISCUSSION

Data sourced from KMB database comprises of results from 5993 candidates who has
taken the IB examination in KMB from 1993 until 2016 as shown in Table 1. As
mention earlier, the maximum IB total points is 45 points which comprises of six
subjects groups and three matrix points from three skill based subjects, comprising
TOK, CAS and EE. The maximum grade in every subject is grade 7, which in total
for the six subjects is 42 points. Another 3 points (matrix points) come from TOK,
CAS and EE. 35 points is the cutting points for the students to be sponsored abroad.
From six subjects group taken, each student need to choose 3 high level subjects and 3
standard level subjects.

In IBDP, Standard Level courses exposed students to a range of disciplines that they
might otherwise opt out of, and High Level courses will allow students to spend more
time with subjects they are more interested in by exploring options in addition to the
Standard Level core curriculum. To look further, analysis based on high level subjects
and standard level subjects was done to see which group of subject influence the
results most.

Table 1: Number of candidates from 1993 to 2016 in KMB

Year 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
No.of 72 45 51 116 200 99 85 23 127 284 350 455
Candidates

Year 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | Total
No.of 425 378 358 338 321 406 372 392 404 333 359 5993
Candidates

IB total points of KMB for the past 23 years displayed in the boxplots in Figure 1
revealed the performance of the students in KMB. For the boxplots from 1993 to
1998, most of the students scored below 35 points. In contrast, the boxplots 2002
onwards show a stable achievement of the KMB IB examination result. The first few
years of operation cannot take into the consideration since during that time, things
were not in place yet. Lack of facilities and man power led to unstable results from
1993 to 2000. Results of 2001 is also excluded since the number of candidates in that
year was too small, only 23 students, which led to an unusually higher achievement as
displayed in Figure 1. Therefore, the trend analysis was only done on IB total point
results from 2002 to 2016.
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Boxplots of IB total points from 1993 to 2016
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Figure 1: Boxplots of IB total points in KMB 1993-2016.

A plot of the mean total points as shown in Figure 2 shows that there was a declining
trend in the results. To confirm this, Mann Kendall Test was done and the results
confirm there is a significant trend in the series for the last 15 years, with a p-value
<0.05. From Table 2, the Kendall’s tau value of —0.752 tells us that there is a
downward trend.

Table 2: Output for Mann Kendall

o gg Mann-Kendall trend test / Two-
o . .
S 38 tailed test (mean total points):
= 37
S 36 Kendall's tau -0.752
o 35 S -79.000
< 33 p-value (Two-tailed) 0.000
S35 alpha <0.0001
N O S N OO A N M < 1N O
O O O O 0 O 0 O W o o o oA o - -
SRRRIRIRIRIRIRIRRRRRRKRR The p-value is computed using an
Year exact method.

Figure 2: Trend of IB total points in KMB

In conjunction with this, as the IB total points decreased, the percentage of students
scoring below 35 points increases. It is important to note that students, who scored
below 35 points, will fail to secure a scholarship for studies abroad. Looking at Figure
3, the numbers are worrisome. From 2002 onwards, the percentage of students scoring
below 35 points do not show any sign of improvement.
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Figure 3: Percentage of KMB students scored below and
above 35 points.

The results of high level subjects and standard level subjects are shown in Figure 4
and 5. From the graph, obviously we can see that the high level subject which are
known as critical subjects have a declining trend. The graph of high level subjects
going towards below grade 5. While standard level subjects are consistently good
because they just fluctuate between grade 5 and 7. These suggest that the high level
subjects could be a contributing factor on the decreasing IB total points results in
KMB.
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Figure 4:Performances of High Level Figure 5: Performances of Standard Level
subjects in KMB 2002-2016 subjects in KMB 2002-2016.

Next is the correlation study on the subjects involved towards the IB total points
results. The analysis is done separately between the engineering and medicine
programs. The results are shown in Figures 6 and 7.

From the Minitab output for engineering course, the high level subjects are shown to
have very high correlation with the IB total points in KMB. The Pearson correlation
coefficient exceeds 0.8 for Mathematics high level, Physic high level and Chemistry
high level versus the IB total points. While for medicine program, all the high level
subjects show there is correlation towards the IB total points, but it is not as high as
engineering program results.
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The results obtained points to the fact that the higher level subjects are affecting the
overall results of KMB, especially for the engineering program. Figure 8 gives a plot
of the mean total points of both engineering and medicine courses over the years
2004-2016. By comparing both programs, it is shown that medicine program always
perform better than the engineering program throughout the years even though in
2009, there was a policy change in subject combination for medicine program in
KMB; the medicine program switch to standard level Mathematics, while the
engineering students continued with the high level Mathematics. This finding tells us
that the engineering students were having some difficulties in their achievement.

TotPtsIB MATH HL PHY HL CHEM HL
MATH HL 0.862
0.000
PHY HL 0.864 0.798
0.000 0.000
CHEM HL 0.867 0.775 0.783
0.000 0.000 0.000
MALAY SL 0.328 0.198 0.151
0.000 0.000 0.000
ENG SL 0.456 0.248 0.298
0.000 0.000 0.000
SUB 3 0.581 0.348 0.380
0.000 0.000 0.000
Cell Contents: Pearson correlation
P-Value

MALAY SL

0.175
0.000

0.261
0.000

0.410
0.000

Correlation: TotPtsIB, MATH HL, PHY HL, CHEM HL, MALAY SL, ENG SL, SUB 3

ENG SL

0.074

0.013

0.139 0.284
0.000 0.000

Figure 6: Minitab output on Correlation between subjects and total points
forEngineering program

Tot Pnts
Math HL 0.667
0.000
Bio HL 0.711
0.000
Chem HL 0.764
0.000
Malay SL 0.280
0.000
Eng B SL 0.468
0.000
Subject 3 0.560
0.126
0.000
0.000

-0.005
0.

0.
0.

0.

0

.407
.000

.516

.000

766

079
000

318

.000

Bio HL

0.

.616
.000

.087
.000

.332
.000

.254

000

Correlation: Tot Pnts, Math HL, Bio HL, Chem HL, Malay SL, Eng B SL, Subject 3
Math HL

Chem HL Malay SL Eng B SL

0.082
0.000

0.303
0.000

0.263

0.090
0.000

0.068

0.000

Cell Contents:

Pearson correlation
P-Value

Figure 7: Minitab output on Correlation between subjects and total points
for medicine program.
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Figure 8: Mean total points of engineering and medicine students in KMB

The last part of this study is to forecast on the future IB total points results in KMB.
Using time series analysis, through the ACF graph, it is an exponential decay, which
give the idea that we might use the ARIMA model since the ACF with large spikes at
initial lags that decay to zero and PACF with large spikes at the first indicates an
autoregressive process. Next, partial autocorrelation function used to identify the
components for an ARIMA model.

From the Partial-Autocorrelation, only the first lag is significant, and then it dropped
to zero. By looking at both graphs ACF and PACF in Figure 9 and Figure 10, clearly
we can identify a clear lag 1 autocorrelation. The data is a stationary time series, since
the ACF is drop to zero relatively quickly.The above ACF is “decaying”, or
decreasing, quickly, and remains well below the significance range (red lines). This is
indicative of a stationary series. This give the idea that the best model to use to do the
forecast is ARIMA(1,0,0). Using ARIMA(1,0,0), the results is in Figure 11.

Autocorrelation Function for mean tot.pnt Partial-Autocorrelation of IB total points results in KMB
(with 5% significance limits for the autocorrelations)
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Figure 9: ACF of KMB IB total points Figure 10: PACF of KMB IB total
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Time Series Plot for mean tot.pnt
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Figure 11: Time series graph of IB average total points in KMB using ARIMA(1,0,0)

The forecasted for the next three years shows that IB total points have a declining
trend. From the analysis, the mean IB total points forecasted for the next three years
will be 34.4578 for 2016, followed by 34.3912 in 2017 and 34.3299 in 2018. The 95%
confidence limits denote it can go as low as 30.8655 and as high as 38.0501 for 2017.
Of course these are forecast under the current scenario that is everything is as status
quo. If other factors involved such as introduction of new revision program or any
changes made on the curriculum, the results will be different.

4.0 CONCLUSION

It was confirmed that IB performance in KMB is having a declining trend. This
pattern of results was seen almost every year throughout the study period. It was also
observed that the Chemistry HL, Physics HL, Biology HL and Mathematics HL are
following the same trend too. The declining of the mathematics and sciences subjects
in KMB is significant with the results of PISA 2012 and TIMSS 2011. In relation
with this, sponsors or related authorities might need to put in place a more stringent
procedure for the process of students’ intake so that those selected is really worthy
and able to succeed in this program.

Over the study period, high level subjects seem to have problem for the current
situation, especially Mathematics High Level. From the correlation studies done, high
level subjects are highly correlated towards the IB total points results. Comparing the
two programs, students from the engineering program having higher correlation
towards the IB total points results. This is related to the performance of engineering
students that are always lower than medicine students. =~ KMB management and
teachers need to find out the reasons for the engineering students’ having difficulties
leading to the poor performance, so that appropriate action can be taken to eliminate
the problem. On top of that students who are taking high level subjects might need to
put in more effort to enhance their understanding of the subjects. Individual
commitment is most necessary at this juncture.
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The forecasted result suggests that there will unfortunately be further deterioration of
KMBs’ results. Hence it is time for the related authorities such as the Parents Teacher
Association, Education Ministry and all educational stakeholders involved working
together and finding solutions for the betterment of KMB.
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Abstract — Dengue fever is a leading public health problem in Malaysia and places a
substantial burden in Malaysia. The reported number of dengue cases seemed to be rising
each year. In order to minimize dengue fever outbreak, related parties have to plan and
prepare resources based on available information and predictions of expected cases. Hence,
the present study statistically analyse dengue cases at the state of Johor, Malaysia. Time
series models are fitted to dengue data from Johor in order to identify the mathematical
model that best describe the data. Subsequently, such model is used to make forecasting on
the number of expected cases. For this purpose, Double Exponential and Winters’ Method
Smoothing were employed to forecast expected dengue cases. Results show that dengue cases
are expected to decrease.

Keywords: Dengue, Time Series, Exponential Smoothing Models, Forecasting

1.0 INTRODUCTION

Dengue fever (DF) is a leading public health problem and imposes a heavy burden in
Malaysia. Dengue is a viral infection spread by the aedes mosquitoes with high
morbidity and mortality. The symptoms of DF include a high temperature fever, acute
headache, feeling nausea, vomiting, widespread of red rashes and pain in the eyes,
joints and muscles [1]. While there is no specific treatment for dengue, with relevant
medical care, infected patients could be saved [2].

There are many cases detected in tropical and subtropical regions around the world,
predominantly in metropolitan areas. The global increase of dengue incidence is also
experienced by Malaysia. The outbreaks in Malaysia are at an alarming rate with most
cases reported within the cities. The reported number of dengue cases rose each year,
from 108,698 cases in 2014 to 120,836 cases in 2015, an increase of 11.2% or 12,138
cases [3]. Most of the reported dengue cases were from urban areas (70% — 80%)
where factors such as high density population and rapid development tend to facilitate
the transmissions of dengue [3]. Dengue incidence which is a public health issue with
high morbidity and mortality rate inadvertently tends to escalate the economic burden.
DF has no effective vaccine and only the symptoms of DF can be treated, but not the
disease itself. Therefore effective monitoring and forecasting of DF outbreaks is
necessary in preventing the spread of DF.
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The present study aim to statistically analyse dengue cases in the state of Johor,
Malaysia. Time series models are fitted to dengue data in order to identify
mathematical model that best describe the data. Subsequently, such model is used to
make forecasting on the number of expected cases. In Malaysia, studies using time
series analysis and forecasting are still scarce, although some work were done in
Kuala Lumpur, Putrajaya and some areas in Selangor using 3 years and less of data
[4,5].

2.0 DATA AND METHODOLOGY
2.1 Data

Johor is located at the southern part of Peninsular Malaysia. It is considered one of the
most developed states in Malaysia and in terms of population; it is the second most
populous state. Dengue data of about seven years (2010 — 2016) is obtained from the
official Malaysia i-Dengue Data Portal, provided by the Ministry of Health Malaysia.
The duration of data in this study is much longer than similar studies done in
Malaysia [6]. Specifically, weekly data from week 8, 2010 to week 46, 2016 (351
weeks) for Johor are used. However there are some missing data, which were infilled
using Minitab. The completed data set was then analysed by using double exponential
smoothing and Winters’ method smoothing, in order to model data pattern and make
forecasting on future pattern of dengue cases.

2.2 Exponential Smoothing

Exponential smoothing [7] is a simple but provide a practical approach to forecasting,
whereby the forecast is constructed from an exponentially weighted average of past
observations. The largest weight is given to the present observation, less weight to the
immediately preceding observation, even less weight to the observation before that,
and so on.

2.2.1 Double exponential smoothing

Double exponential smoothing technique smooths out the data when a trend is
present. Exponential smoothing with a pattern works much like simple smoothing
apart from that two components must be updated every period - level and trend. The
level is a smoothed estimate of the value of the data at the end of every period. The
trend is a smoothed gauge of the estimation of average growth at the end of every
period. The specific formula for simple exponential smoothing is:

St=0c*yt+(l—OL)*(St_1+bl_1)0<a<l (1)

Note that the present value of the series is used to calculate its smoothed value
replacement in double exponential smoothing. There are numerous techniques to
choose the initial values for S; and b,. ) is in general set to y.

Three recommendations for b,
bi=y,—»
bi=[02=y)+ 3= y2) + (ra—y3))/3
by = —y)(n—1)
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2.2.2 Holt-Winters Forecasting

Holt’s method is used to manage time series when there are trend and seasonal
variations. There are two forms in Holt-Winters method, multiplicative and additive,
the utilization of which relies on the characteristics of the specific time series [8].

The general forecast function for the multiplicative Holt-Winters method is:
yn+l|n = (My+1by)Cnosyi =1,2,... 3

where m,, is the component of level, b, is the component of the slope, and ¢,.,; is the
relevant seasonal component, with s signifying the seasonal period (e.g. 12 for
monthly data and 4 for quarterly data)

Therefore if a monthly time series is considered, the one step ahead forecast is given
by:
y\n+l|n = (Mp+bp)Cn_11 4)

The updating formulae for the three components will each require a smoothing
constant. If once again ¢ is used as the parameter for the level and ¢ for the slope,
and a third constant o, is added as the smoothing constant for the seasonal factor, the
updating equations will be:

mg = Qo ﬁ + (1 —ap)(Mme—1+be—1) (5)
by = 0‘1(ymt —My—q) + (1 —ay)beq (6)
Ct =y #t + (1 —az)ce—s (7)

Once again, o, «;, and o, all lie between zero and one. If the aforementioned
additive version of Holt-Winters was used, the seasonal factor is simply added as
opposed to multiplied into the one step ahead forecast function, thus:

yn+l|n = Mp+bp+cp-11 )

and the level and seasonal updating equations involve differences as opposed to
ratios:

me = ag(Ve — Ce—s) + (1 — ag) (Mp—1+be—y) )]
¢t = a(yr —my) + (1 — az)ce—g (10)

The slope component, b,, remains unchanged.

Normally, the smoothing parameters are chosen between the range of 0.02 and 0.2.
3.0 RESULTS AND DISCUSSION

The exponential smoothing techniques, specifically the Double Exponential and

Winters” methods are fitted to the dengue data of Johor. The results in the form of
graphs are given in Figure 1 and 2.
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Smoothing Plot for JOHOR
Double Exponential Method
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Figure 1: Double Exponential Smoothing Technique
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Figure 2: Holt-Winter’s Method

From the graphs, it can be seen that the performance of the two methods are almost
identical. Numerical comparisons are conducted using three main criteria, namely
Mean Absolute Percentage Error (MAPE), Mean Absolute Deviation (MAD) and
Mean Squared Deviation (MSD) are shown in Table 1. The lowest value (in bold)
indicates the better model. Results show that the values of all three criteria for both
models are almost similar, nevertheless the best model is Double Exponential
Smoothing. Using Double Exponential Smoothing, forecasting of future dengue cases
is conducted for 13 weeks. Results are as shown in Table 2. The forecasted dengue
cases for the next 13 weeks are expected to decrease.
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Table 1: Comparison of MAPE, MAD and MSD

Accuracy  Double Exponential Winters’ Method
Measures Smoothing (Additive)

a (level) 0.2, a (level) 0.2,

v (trend) 0.2 v (trend) 0.2

0 (seasonal) 0.2

MAPE 24.53 26.13
MAD 32.43 32.82
MSD 3118.02 3122.68

Table 2: Forecasting result for week 47, 2016 to week 7, 2017

Week Expected Cases

92
86
80
74
68
62
56
50
44
38
32
26
20

N R K= W TP U SR

—_— —
w N

4.0 CONCLUSION

This paper presents the comparison of two different exponential smoothing technique
that can be used to analyze and forecast the dengue fever cases in Johor. Both models
are able to capture the pattern of the dengue cases, however it is identified that Double
Exponential Smoothing is the better model. Forecast results of 13 weeks show that
expected dengue cases are gradually decreasing.

The outcome of this research could be beneficial to public health officers and relevant
authorities to arrange and plan budget to anticipate dengue fever epidemic,
subsequently minimize morbidity and mortality. Additionally it is hoped that effective
planning could reverse the rising pattern of dengue by upgrading the readiness to
recognize, characterize, and contain epidemic rapidly and to stop the transfusion to
new zones. Continuous monitoring of dengue status and mortality at all levels is
important, as to address uncontrolled circumstance of the disease.
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Abstract- School children carried heavy backpack that exceeds their body weight will make
them at risk for poor posture and unbalance walking gait. The objectives of this study are to
determine the effect of ankle and knee angles and the values of torques at the ankle and knee.
A mathematical model of a three-link kinematic chain on the lower limb which consists of
thigh, calf and foot is developed using Kane’s method and the inverse dynamic method is
applied to calculate the values of the torques. Subjects were required to walk on a 6 metre-
track with four different load conditions: 0%, 10%, 15% and 20% of their body weight.
Results showed that as the load increased, the knee angles keep increasing until produced the
highest maximum knee angles in stance phase and lowest decrement in swing phase for load
20% of body weight. Ankle angles showed decrements and produced lowest minimum in
stance phase and highest maximum in swing phase in load 20% of body weight. During
stance phase the values of torques were at a minimum to compensate with the values at the
angles and the lowest torque came from load of 20% of body weight. Values of torque at
ankle and knee joint play important role for stability during walking with or without the load
carriage.

Keywords : Kane’s Method, Torque, Load Carriage, Primary School Children, Backpack.

1.0 INTRODUCTION

Most studies on human movement about load carriage have been done either on
whole body or upper limb. They did their research mostly on adults or in general.
Kinoshita [1] examined the effects of distinct loads (multiple-pack and backpack) on
selected biomechanical parameters walking gait. The foot rotated anteriorly and
posteriorly around the distal end of the metatarsal bones for a lengthy period of time
when carrying heavy backpack. Some researchers reported that to take stress off the
metatarsal bones, the distance of step should be shortened as the load is increased so
that a faster transfer of the body weight from one leg to the other can be achieved.
Pascoe et al. [2] studied about load carriage on ten children, 11-13 years of age and
found that when they carried a 7.7 kg backpack load (17% of body weight), their
stride length significantly decreased and their stride frequency significantly increased
compared to a no load condition. Hasyatun et. al. [3] developed mathematical model
using Newton Euler on lower limb to produce forces and torques for biomechanics
analysis of human movement to avoid injuries in knee and ankle in general.
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Biomechanical analysis of the movement under investigation enhances the
understanding of human leg morphology and control mechanism in supporting loads
and provides a biomechanical framework to identify the muscles and joints that are
critically subjected to musculoskeletal injury during load carrying. In addition, muscle
energy highlights the design criterion of more efficient, anthropometric and
lightweight assistive device structures for load augmentation purposes [4].

Jason et. al. [5] did their studies in lower extremity joint torque during carrying task in
children and found that ankle plantar flexion, ankle inversion, knee extension and hip
extension torques were significantly increased at 10% and 20% loads of body weight.
Sharifah Alwiah et al. [6], developed a model using Kane’s method on the upper limb
while Rambely and Fazrolrozi [7] did their research on biomechanics model of a six-
link kinematic chain of whole human body. In general, many types of mathematical
models have been developed to represent human gait movement through Newton
Euler method, Kane’s method or statistical test on upper limb or whole body but very
limited studies were done via Kane’s method on lower limb.

Thus, the objective of this paper is to obtain a two dimensional model of lower limb
segments which focus on thigh, calf and foot in using Kane’s method. By applying
inverse dynamic method, values of torques can be determined and analysed at the
ankle and knee joint while walking with load carriage.

2.0 METHODOLOGY

Three boys aged 7 to 9 years old with average weight £29.17 kg and average height
+1.25 m were selected as subjects for this study. The subjects were free from any
injuries prior to the experiment consent form. The kinematic data for subject’s
segment angles which were knee angle and ankle angle were obtained from data of
walking movement from the experiment with 0%, 10%, 15% and 20% of body
weight. One gait cycle consists of the time from which the heel strikes and touches the
ground to the time it touches the ground again. The motion of the subject is divided
into two phases; 60% in stance phase and 40% in swing phase.

In this paper, Kane’s Method is used in order to determine the two dimensional model
of lower limb segments with two degrees of freedom (ql as ankle angle and g2 as
knee angle in degree) in sagittal plane as shown in Figure 1.

Kane’s method is a vectorised approach that used vector cross product and dot
product to produce velocities and accelerations. A few concepts such as generalised
speed, partial velocity, partial angular velocity, generalised active forces and
generalised inertia forces had been applied [8].

There are four steps to produce equation in Kane’s method. First step, determine the
important points which focus on foot as reference frame , calf segment (ankle to knee)
and thigh segment (from knee to pelvic). Second step, choose the generalised
position, generalised speed and acceleration especially to the important points that
already determined. Generalised speed (u;j) = derivative of first order for generalised
coordinate of i (q;) ;

U =4q, (1)
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- gl &q2 =2 angles referto 2 degree
of freedom
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'!é,: length of segmentA

& = lengthofsegmentB

g@g: length of segment from Ay to A*
Be = length of segment fromAgto B®

]
[
o
1 1 1] 1] 1

L , fia
Figure 1: Biomechanical model of 3 segments of lower limb which are thigh, calf and
foot (reference frame N)

In third step, form partial velocity equation and fourth step, used generalised speed
and partial velocity to obtain generalised active force equation. Dot product operation
between partial velocity and active force into the point on the segment and partial
angle velocity and torque are applied and added. Generalised active force with degree
of freedom, »n can be shown as below;

E =3 1(Ns, Pi) - R) + Xi_,(Nw,B)) - (7)) 2
where segment r =1,2,....,n
F, = generalised active force for reference frame N system
v = point when force is respond
U = torque respond on rigid body
l_fl- = summation of all distance and body force (except inertia
force)
P; =no of pointi=1,2,..., v
N3 = partial linear velocity to reference frame N
T = torque that respond to each body B;
B; =no of body j=1,2,..,u
Ny = partial angular velocity to reference frame N
and
F*. =% .(Ng, P) - R) + X5 (Ng, B) - (T)) 3)

where segment r =1,2,....,n

F, = generalised inertia force for reference frame N system

ﬁi = inertia force that respond to each mass centre P*; ,
=—mp-,* NzP*; where mp+=mass focus on point

N3P = acceleration for P*;

Fj = inertia torque that respond to each body B; = —Ig Ny B;
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E.(r =1,2,..n) is a generalised active forces that obtained from simplified force,
moment and torque and F*.(r =1,2,..n) is a generalised inertia forces that
obtained from simplified force and inertia torque . The total of generalised active
forces and generalised inertia forces will produce dynamic equation of motion for n
degree of freedom system. Generally, for S system that have n degree of freedom, the
existence of » number of scalar dynamic equation of motion will represent the
acceleration through the system as a function of generalised coordinate and
generalised velocity. Motion dynamic equation can be defined as

E+F,.=0 4)

Then dynamic equation of motion for first chain is F; + F*; =0 and for the
second chain, is F, + F*, = 0. Then applying dynamic equation in matrix form;
MO)=T+G+E (5)

where

M = the mass matrix or inertia matrix that contains mass moment inertia
Q =the acceleration of the nth generalised coordinate G = the gravity forces

—

E =external forces exerted on the system T = the torque

The valueof torque can be obtained from the dynamic equation by using inverse
dynamic equation ;

T =MG—(G+E) (6)

where ;

M= ImApAz +mp(ps? +1°) + 1o + 1g+ mppp® + Ip: 7
mgpg”® + Ip- mgpg”® + Ip-

i- [

G =

[mAg [—pA cos(q1) —lacos(qy) — pg(—sin(q,) sin(gz) + cos(qq) cos(q2))] ©)
mgg 0 pg(—sin(qy) sin(qz) + cos(q,) cos(qz))

—filasin(qy) + filg(—cos(qy) sin(qz) — sin(q,) cos(qy)) +
g = | felacos(qy) + folp(—sin(qy) sin(gz) + cos(qy) cos(qz)) (10)
filg(—cos(q,) sin(g,) — sin(q,) cos(qz)) +

f2lp(—sin(qy) sin(q,) + cos(q,) cos(qz))

7 [((%) (tnja— TA/B)) + (b3) - (tas8)

~ (11)
(bs) - (TA/B)

Apart from the calculation above, it was necessary to calculate the physical
measurement of the subjects and measurement calculations were referred according to
formulae and Anthropometric Data [9].
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3.0 RESULTS AND DISCUSSION

Two graphs of knee and ankle angles and two graphs of torque at knee and ankle were
showed in Figure 2(a) and Figure 2(b). The positive values of graphs represented
flexion direction in angles and torque values of knee and dorsiflexion direction in
angles and torque values of ankle.

The negative values represented extension direction in angles and torque values of
knee and plantar flexion direction in angles and torque values of ankle.

Analysis description in three phases which involve first 30%, next 30% and after 60%
of gait cycle. For first phase, knee angles were flexing until the graphs produced
highest maximum angles in 20% load of BW meanwhile plantar flexor of ankle angles
produced lowest minimum angles in 15% load of BW. Both graphs of knee and ankle
torques decreased at lowest value especially at the ankle that had 20% load of BW
before make some increments.

N
w

— g2 0% load
—a— g2 10% load
—a— g2 15% load
g2 20% load

20

is

1o

érrame
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= : - H
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/= g : 1 Frame
,;'J-x 11 153 15 AF §19 2123 25 27 209 5% 33
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Figure 2(a): Graphs of knee angles (above) and ankle angles (below)
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Figure 2(b): Graphs of knee torque (above) and ankle torque (below) with loadof 0% , 10%,
15%, and 20% of body weight ( BW ).

Next 30% gait cycle of walking, knee and ankle angles had different decrement and
increment situation. While the torque values of knee and ankle made a little bit small
increments and reduction in 15% and 20% load of BW. Researchers reported that
knee flexion during middle stance assists to maintain stability by keeping the body's
centre of mass decreased [5].

The third phase, after 60% gait cycle of walking, the knee angles graphs produced
lowest minimum angle in 20% load of BW and for ankle angles graphs produced
greatest angle also in 20% load of BW. The torque values of knee and ankle were
nearly approached zero for all load conditions because the weight of the body was
being transferred to the other foot. This is because the torques already normalized
through body weight and leg length to gain stability [10].
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4.0 CONCLUSION

The purposes of this study were to determine the effect of ankle and knee angle and to
evaluate the values of torque at ankle and knee joint using Kane’s method while
walking with backpack loads of 0%, 10%, 15% and 20% of body weight. The torque
at ankle and knee in lower limb play very important role to gain stability during
walking either with or without the load. At the end of the study, a safe load limit for
primary school children is suggested not more than 10% of body weight. Finally,
musculoskeletal problems of primary school children especially at lower limb which
are critical in the rapid growing age can be solved.
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Abstract - A two-dimensional model of foot segment is developed using Newton-Euler
Method in this study. The objectives of this study are to obtain moments and forces at the
ankle and knee joint through an inverse dynamic method. The moment and forces can be
calculated based on the data produced from the experiment of a primary school children
carrying different backpack load conditions: 0%, 10%, 15% and 20% of body weight. The
loads are carried at the back of the body using a two-strapped backpack without waist-belt
and the subjects are required to walk on a 6 metres track provided. Result shows that the
maximum values of ankle and knee moment occurred in a single support phase while forces
are at a maximum peak in double support phase especially for the 20% load carriage.

Keywords: Backpack, Newton-Euler Method, Torques

1.0 INTRODUCTION

Backpack is one of the several forms of manual load carriage that provides versatility
and is often used by hikers, backpackers and soldier, as well as school students [1].
However, most school children carry heavy backpacks to school everyday for a long
period of time. The ideal load carrying system would be one that did not disturb the
body’s natural posture, balance and movements [2]. Several investigations on
backpack related injuries and lower back pain have been reported. Backpacks carried
by school children from kindergarten through college may be associated with some
potential health consequences, including muscular aches, back strain, altered gait, bad
posture and eventual low back pain. In particular, heavy backpacks can put pressure
on the growing joints and ligaments of young school children, thus initiating the back
strain process. One of the study on postural discomfort showed that most of the
children reported the occurrence of sharp radiating pins and needle type pain [3].

A three-dimensional mathematical model of the biomechanical interactions between
backpack and bearer during load carriage has been studied by Ren [4]. The model
considers both the coupled pack motions, which follow the torso, and also the
longitudinal compliance and damping in the backpack suspension system [4].
Carrying heavy backpack is not only effected the spine (upper limb), but also affected
the lower limb of the human body. The effects of walking in high heeled shoes and
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carrying load asymmetrically, on joint kinetics of lower extremity in 15 young
females was investigated by Jing and Soul [5]. Results showed that hip extensor
moment significantly increased with the heel height increase but not with the load
weight increase. Walking in high-heeled shoes and carrying a load increased knee
extensor moment and diminished ankle plantar flexor moment. When high-heeled
shoes and asymmetrically carried load are combined, the changes of joint kinetics at
each joint are much greater than that caused by the high-heeled or load carriage alone.

To our knowledge, there have been very few scientific studies on backpack-related
problems especially on school children. Even though there was a study on backpack-
related problems, most of the studies deal with adults and teenagers only.
Furthermore, most of the studies do not use mathematical model to determine the
effects of load carriage in term of forces and moments. Thus, this paper aims to
develop a mathematical model to calculate the forces and moments acting on the
lower limb during walking while carrying different load of backpack.

2.0 METHODOLOGY

Seven primary school children aged 7 to 9 years old with average weight £29.17 kg
and average height +1.25 m participated in this study. Before the experiment, physical
measurement of the school children were measured such as the weight, height, the
diameter of the left and right wrists, palms thick, knee diameter and ankle diameter
were recorded. Informed consent was obtained from each subject and their parents
prior to the study. The experiment was done in the Movement Analysis Laboratory in
University Malaya. Subjects were asked to walk on a 6 meter track provided, without
carrying a backpack (0% load) and by carrying a backpack with load of 10%, 15%
and 20% of their body weight. The movement were recorded using a Motion Analysis
Vicon Nexus 1.5.2 system with 7 units infrared camera at 50 Hz. Each student has to
do four trials of experiments for each backpack load carriage. In this paper, two
segment of a lower limb model were developed using Newton-Euler Method in
sagittal-plane.
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2.1  Nomenclature For The Free Body Diagram

F,.F, = Force acting in the x-axis and y-axis

& = Joint angle at a mass center in the horizontal axis (angular displacement)

&, 8 = angular velocity and angular acceleration at a mass center

I = moment of inertia in sagittal plane

11 = mass of the bodw

I = distance from the connection joint to a segment mass center

MM — moment of a segment

2, v — horizontal and vertical component

28, ¥, 3%, 3 =linear velocity and linear acceleration on x and y-axis

Af, = total moment acting nearer to a segment i

Mg = total moment acting nearer to a center of a segment i

wn, =mass of a segment i

Fng: —force acting from center of gravity of a segment i.

F,,. =force acting on particle i from particle k

force acting on particle i from particle k is the same as force acting on particle k

from particle I. then F,,, = Fy,.(i = 1,2,3,...7)
2.2 Forces and moment acting on a two segments of a lower limb.

\% V Fy3
6, X
N2
F,
pg2
F21
// Fip
7 F1o
Figure 1:A Free body diagram of a rigid body model on a lower limb

Forces,

x-component of a first segment,

Fio + (=F{3) + Fpgq = my%,y

x-component of a second segment,

F3i + (=F33) + Fpg, = myi,

y-component of a first segment,

y
Fro

+ (_Ff;) + ijé1 =mJ

y-component of a second segment,

y
5

+ (_szé) + ijéz =Mz,

(1)

2)

&)

(4)
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Moment of a first segment,

(Losin®,) (F) + (—l.l‘zsinel)(— F5) + (Liocos0,)(Fy) + (Lipcos8,) (—F) +
Mpgl + Ml - Mz = 1161 (5)

(l315in0;) (F51) + (—ly38in0,) (— F55) + (—12100592)(1123;) + (12300592)(—}723;) +
Mg + My — M3 = 1,6, (6)

Because of the free body diagram, the constraint of the first segment is

X, = x + ljgcos6, (7)
y1 =Y + ligsinf, (8)
Constraint of the second segment,

Xy = x + lycos0, + 1,,cos6, 9)
y1 =Y + l;sinb; + l,,5in6, (10)
Differentiate x,and x,with respect to 6 gives,

%1 = % + (-ly06,5in6,) (11)
X, = X% + (-1,0,5in0;)+(—1,0,5in0,) (12)
Second differentiation of x;and x,with respect to 8 gives,

%, = % + (<lioby cos;)+(—Lyo b, sindy) (13)
i, = &+ (1,0, cos0,)+ (=1, 8, sinb; )+ (—12192200592) + (=l 8,5in6,)  (14)
Differentiate y;and y,with respect to 8 gives,

V1 =9 + (l1o6,c0s6;) (15)
V2 =¥ + (1,6,0560,)+(12,6,c056,) (16)
Second differentiation of y;and y,with respect to 8 gives,

§1 = 9 + (-Lioby " sindy)+(lyobcos6y) (17)
Jy, = § + (1,60, siny)+(1,6,c0s0,)+ (—12192231'7192) + (1,,6,kos6,) (18)
Substitute the equation of (13) into (1) for x-component of the first segment,

+myE - mylyof; cosy — mylyed,sind, (19)

X X — X
FlO_Flz__Fpgl
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Substitute the equation of (14) into (2) for x-component of the second segment,

F}y — Fy = —F}p + myk — mMyl16,°c050; — Mylyy 6, c0s0,—myly b, sind, —
myl,,0,sin6, (20)

Substitute the equation of (17) into (3) for y-component of the first segment,

Fp = Fy = —Fppy +myy — myLyoby siny +mylyof;cosé, 1)

Substitute the equation of (18) into (4) for y-component of the second segment,

P'ZJ;_ - FZJ; = _FPJ;Z + mzj} - mzllélzsinel - m21219228in62 + mzllélcosel +

myly,0,k056, (22)
Rearrange the moment equation gives,

(l105in01) (Ff5) + (Ly25in01) (F) — (Ligcosty ) (Fh) — (Lizcos0)(EY) + My — M,
= —M,gs + 1,6, (23)
(I15in0,) (F5) + (Lp3sind,) (F35) — (Ly1c080,) () — (Lpsc0s8,)(E) + M,
My o+ M e

Equations (19), (20), (21), (22), (23) and (24) are 6 equations with six variables,
which are FJj, lez,Ff(’), Ff;,Mland M,. These equations can be formed in a matrix
form. Given that, F35 = Fj5 = M5 = 0. Then,

1 ~1 0 0 0 0\ /Fio
0 1 0 0 0 o0 \[F2
0 0 1 -1 0o o0 ||E,
0 0 0 1 0 0 || g
lipsind; li,sinf; —ligcos8; —lj,cos6; 1 -1 ]\/112
0 l,,sind, 0 —l,,c0s6, 0 1 M:

. . 2 . .
—Fpg1 + mi¥ — myli46, cos6; —myl;(0;5in6,

X

. . 2 .2 .o T
—Fpg2 + myX — myl 0, cosOy —myly,0, cosb,—m,l0,sin6, —m,l,46,sin6,

. . 2, .
_Fp3;1 + my — m1l1091 Slnel + m11109100591
_Fp)‘}gz + mzj} - mzllélzsinel - m2l219225in62 + mzllélcosel + m2l21é2k0562

_Mpg]_ + Ilél
_Mpgz + Izéz + M3
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3.0 RESULTS AND DISCUSSION

In this study, the inverse dynamics method was employed to obtain moments and
forces at the ankle and knee joint during gait in both cases of normal gait and under
load carrying conditions:10%, 15% and 20% of body weight. The moment, vertical
and horizontal force values have been estimated using the developed equations from
the two segments model.

Based on Figure 2 and Figure 3, it can be observed that as the load increased, the
values of the moment are at a maximum and minimum peak of the knee and ankle
joints. The 20% load condition is at a maximum peak compared to load of 0%, 10%
and 15% of body weight. From Figure 2 ankle moment shows the increment in
backpack load from 0% to 10%, 15% and 20% of body weight. The increment also
changed the amplitude of the ankle moment. This can be clearly seen during stance
phase. Beginning with the ipsilateral foot touches the ground until after the double
support, ankle moment was at dorsal flexion direction until a minimum peak in frame
5 with the minimum value of -2 Nm. However, ankle moment was at plantar flexion
direction and increased rapidly during a single support upon reaching the maximum
peak in frame 8. The extreme maximum peak of ankle moment occurred at 3Nm for
20% load condition. While for loads of 0%, 10% and 15% of body weight each
moment is 0 Nm, —0.2 Nm and —0.5 Nm respectively.

. DS Single Support DS —0—0% load
3 ~ ~ =¥=10% load
=== 15% load
E 2 —#—20% load
=1 DS - Double
[
g 0 Support
€
-2 Stance phase Swing phase
-3
Figure 2:Ankle moment during walking with a different backpack loads
DS Single Support DS 0% load
3 ==ie=10% load
2 == 15% load
1 =@—20% load
2
- 0
o 1 DS -
§ Double
E -2 Support
-3
4 Stance phase Swing phase

Figure 3: Knee moment during walking with a different backpack loads
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From Figure 3, the increases in backpack load from 0% of body weight to 10%, 15%
and 20% of body weight also change the amplitude of the knee moment. Immediately
after the ipsilateral leg touching the ground, knee moment makes an extension during
the gait cycle. The maximum value of knee moment occurred between frame 6 to
frame 8 in a single support phase. The extreme maximum peak occurred in frame 6
with the value of 2 Nm for the 20% load condition. While for 0%, 10% and 15% of
body weight each gives the value of 0.5 Nm, 0.5 Nm and 1.0 Nm respectively. When
the ipsilateral leg is in the swing phase knee moment decreases until it reached a
minimum peak in frame 15. The minimum value of knee moment is —0.5 Nm for the
20% load condition.

. =0—0% load
300000 DS . Single Support DS 10% load
200000 ==dr=15% load
=—20% load
Z 100000
] DS - Double
S 0 - L Support
11 12 13 1
-100000
-200000 Stance phase Swing Phase
Figure 4: Ankle forces in the x-component
. 0% load
1000000 DS .i_Single Support . i DS
3 g PP S ==10% load
==t=15% load
500000 =#=—20% load
z -
8 0 = DS - Double
8 1 2314 5 6 10 11 12/ 13 14 15 16 Support
-500000
-1000000 stance phase swing phase

Figure 5: Ankle forces in the y-component

It 1s observed that ankle forces from the x-component in Figure 4 increased rapidly
when ipsilateral leg touched the ground in double support phase. However, in single
support phase in which only the ipsilateral leg is on the ground, the ankle forces
reduced to minimum values. The extreme minimum value is when carrying the 20%
load condition which occurred in frame 6 with the value of 140 000N, compared to
10% and 15% load conditions that give the values of —25000N and —50000N
respectively. During the second double support, the forces increased rapidly to a
maximum peak of 200 000N for 20% load condition. Ankle force is minimum in
swing phase with the value of 100 000N in the negative direction for the load of 20%
of body weight. The force is minimal in this phase because the burden is borne by the
contralateral leg which is in a single support phase.

According to Figure 5, the forces acting in y—component having a dorsal flexion
direction after ipsilateral heel touching the ground and having a plantar flexion
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direction starting from a single support until the final stance phase. The minimum
force occurred in frame 8 just before entering the double support phase. At this time,
carrying the load of 20% of body weight provided the extreme minimum peak value
of =300 000 N compared to 10% and 15% load conditions, each of almost 0 N and 80
000 N respectively. The force acting in the swing phase is at the minimum value of
200 000 N in the negative direction for the load of 20% of body weight.

Based on the Figure 4 and Figure 5, it can be concluded that in case of lower limb
joints (ankle joint), force values in the horizontal direction are less than the force
values of vertical direction. In addition, forces are at its maximum peak in double
support phase especially for the 20% load condition. These show that more forces are
needed to support the load when both feet are on the ground.

4.0 CONCLUSION

This paper presents a two-dimensional model of foot segment in a sagittal plane using
Newton-Euler method. An inverse dynamics approach was utilized to estimate the
forces and moment on the lower extremity namely the ankle and knee during
backpack load carrying. Results showed that, when the ipsilateral leg is in the stance
phase, the ankle forces from the x and y—component increased. While, ankle moment
decreased during this phase. However, when the ipsilateral leg is in the swing phase,
the ankle forces from the x and y—component decreased. While, ankle moment is
increased gradually in the swing phase. In this case, the forces and moments at the
lower limb are balancing and maintaining stability during gait performance while
carrying backpack load.
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Abstract — The ZnO thin films are synthesized by thermal evaporation method of high purity
metallic zinc powder at temperatures of 500 °C, 550 °C, 600 °C, 650 °C and 700 °C in a flow
of Ar and O, gas mixture. Analysis on its morphology, phase composition and crystallinity of
the structures are carried out using X-ray diffraction (XRD), Field Emission Scanning
Electron Microscope (FESEM) and Atomic Force Microscope (AFM). Two samples at
temperatures of 500 °C and 600 °C are then post annealed to temperatures of 800 °C and 900
°C. The structural analysis is then carried out using FESEM and XRD to compare the results
of before and after the post annealing. The size of the diameter of the structures growth
depends on the temperatures of the substrate but a significant pattern could not be
determined. The structure of the ZnO also changes from wires/rods to flower as it reached
temperature of 700 °C. The optimum temperature to grow ZnO on a glass substrate using
thermal evaporation method was concluded at 650 °C. The XRD patterns revealed that wires
grown are vertically to the substrate with preference of intense peaks are observed along
(002) directions.

Keywords: Zinc Oxide, Thermal Evaporation, X-ray Diffraction (XRD), Field Emission Scanning
Electron Microscope (FESEM), Atomic Force Microscope (AFM)

1.0 INTRODUCTION

Nanostructure materials are currently being studied by many research groups due to
its quantum confinement effect and enhanced surface states. Zinc oxide, ZnO at
nanoscale can be represented with various morphologies such as nanowires, nanorods,
nanobelts, nanotubes nanoflowers and nanoplates. ZnO is an n-type metal oxide
material with large direct band gap of ~3.3 eV at room temperature and large exciton
binding energy of 60 meV compared to GaN (25 meV) and ZnSe (26 meV) with high
melting point of 1975 °C making it a stable exciton-related UV emitter and as a
choice of material to be used in multi-application areas [1]. These characteristics
contribute to higher breakdown voltages, ability to sustain large electric fields, lower
electronic noise and high temperature and high power operation [2]. Its low cost and
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efficient excitonic emission in comparison to other semiconductor materials ensuring
it for large scale optoelectronic applications.

ZnO is a hexagonal wurtzite crystalline structure. It is most stable at ambient
conditions and consist of 2 lattice parameters, known as a and c. For an ideal hcp
structure, the ratio of c/a is 1.633. Each Zn ion is surrounded by 4 O ions at the
corners of tetrahedron. The structure may become zinc-blende or rocksalt structure at
relatively high pressure. The synthesis of ZnO can be done either at high temperature
vapor phase processes or at low temperature solution routes [3]. Higher temperature
produces high quality of ZnO growth using expensive substrates such as sapphire.
The low temperature method is chosen due to its simplicity and low cost. High quality
ZnO films were produced by thermal oxidation of metallic Zn thin films [4]. It is also
reported that an average diameter of 40 nm ZnO were synthesized by thermal
oxidation in suitable oxygen atmosphere by heating the Zn powder directly [5]. Work
also done on the effect of oxygen flow using thermal evaporation method on the
synthesized of ZnO nanorods on Si (100) and sapphire (0001) substrates [6]. Previous
research also indicate that the gas flow rate and oxygen content during layer
deposition using thermal evaporation method strongly influence the morphology of
ZnO nanostructures at temperature of 390 °C [7]. In this work, thermal evaporation
method which is simple and cost effective is chosen as a way to synthesis the ZnO
wires with soda lime glass as the substrate having the thickness of 1 mm at
temperatures of 500 °C, 550 °C, 600 °C, 650 °C and 700 °C.

2.0 METHODOLOGY
2.1 Synthesis of ZnO Wires

The thermal evaporation was done in horizontal quartz Thermolyne F21100 Tube
Furnace. The apparatus used are the lumina boat, substrate holder, soda lime glass and
tungsten bar. They were first immersed in propanol liquid which is then replaced with
distilled water. Later, all the apparatus were placed inside the 3510 Branson ultrasonic
cleaner with deionized water for 15 minutes. Once it is dried, 1 g of Zn powder was
put into the lumina boat.

bstrate holder

_Auartz tube

Heating zone

Ar gas —‘_ substlrate A
Zn powder ___ | I 1.2 cm

............

/ Rotary
\\tungsten bar pump

alumina boat —| Heating zone

Figure 1: Schematic diagram of the experimental setup using thermal evaporation
method
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The gas outlet was turned on together with the vacuum pump and the temperature was
set up to the desired temperature. The argon gas was let in through the gas inlet. When
the temperature was nearly to the desired temperature, the oxygen tube was turned on.
All gas flows were controlled by mass flow meters controllers. The argon gas
functions as a carrier gas that will direct the evaporated zinc powder to the glass
substrate. The oxygen will then react with the zinc and becomes zinc oxide. The ratio
of the argon and oxygen was 80:20 and when observed at the pressure meter, the
argon was at 1.36 psig and oxygen was at 0.34 psig. The growth time was set to
ninety minutes before terminating the oxygen flow. The cooling of the samples was
let to be at room temperature for at least 3 hours. 5 samples were made at
temperatures of substrates at 500 °C, 550 °C, 600 °C, 650 °C and 700 °C, controlled
by a thermocouple.

2.2 Post Annealing of Samples

Two samples at temperatures of 500 °C and 600 °C were then post annealed using
Furnace Carbolite cwfl1100. The sample of 500 °C was annealed until 900 °C while
the sample of 600 °C was annealed until 800 °C. Both of the samples were then
analysed using FESEM and XRD.

3.0 RESULTS AND DISCUSSION

The images of ZnO wires growth analysed by FESEM Jeol JSM-7800F Prime are
shown in Figure 2. The growth of the wires is vertically on the substrate with an
average length up to 14 pum. The top view shows that the wires having a hexagonal
cross section. These are true for temperatures of 550 °C until 650 °C. As the
temperature increases, the diameter of the wires becomes smaller. At 650 °C, the
diameter of the wires can achieve 216 nm compared at 550 °C, its diameter is 286 nm.
However, at temperature 700 °C, the structure of the ZnO becomes flower like. The
insets of Figure 2 show the top view of the structure.

Figure 3 shows the high magnification FESEM images of ZnO structure at 700 °C
that reveals its cross section can achieve 127 nm.

The FESEM images for the post annealed samples are shown in Figure 4 that
indicates the diameter of the wires increases. At 800 °C, the diameter i1s ~696 nm and
at 900 °C the diameter is ~0.82 um.

XRD measurements were carried out to verify the orientation growth of ZnO of the
samples. The major peak for each temperature can be indexed to the (002).
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5.0kV X1,000 WD80mm 10um

50KV X5000 WD8Amm  1um

Figure 3: High magnification FESEM images at 700 °C
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Figure 4: FESEM images for post annealed samples

The XRD patterns using PANalytical (Empyrean) apparatus with Cu-Ka 1.54060
radiation concluded that ZnO is a hexagonal wurtzite crystalline structure in
accordance to PDF 01-070-8070 and PDF 01-077-9355. The 26 range used in XD
measurements was from 20° to 80°. The intensities of the peak indicating strong
preferential orientation along specific c-axis crystal plane. Sharp diffraction peaks at
temperatures from 550 °C until 650 °C with full width at half-maximum (FWHM)
intensity indicate excellent crystal quality. The post annealed sample at 800 °C has
the highest intensity also indicating the crystal quality due to heating process. The
XRD pattern at 500 °C exhibit random orientation and is believed due to Zn which
shows that the sample also contains Zn material that are not fully evaporated. As for
the XRD pattern of the post annealed at temperature of 900 °C, it was thought that the
results are probably due to the deformation of the glass substrate. No peaks from
impurities such as Zn are detected in patterns from (b) to (d) in Figure 5 indicating the
samples are of high purity.
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Figure 5: XRD patterns of (a) 500 °C (b) 550 °C (c¢) 600 °C (d) 650 °C (e) 700 °C (f)
post annealed sample at 800 °C and (g) post annealed sample at 900 °C

The average grain size of ZnO nanoparticle is obtained using Scherrer’s formula for
crystallite size broadening of diffraction peaks:

091 (1)
b= (B cos B)

Where A is the X-ray wavelength, 0 is the Bragg diffraction angle and B is the full

width at half-maximum intensity (FWHM) of the diffraction peak [4]. Table 1 shows
the prominent peak phase and the average grain size.
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Table 1: Summarised of values obtained from XRD

T/°C Peak 20 / degree d value Grain size / nm
500 1 25.579 3.47974 6.26
550 3 34.532 2.59528 32.20
600 2 34.727 2.58118 24.16
650 4 34.563 2.59305 31.05
700 2 34.597 2.59056 27.17
800 1 34.941 2.56795 48.59
900 1 35.014 2.56274 41.73

Analysis done by AFM reveals the morphology of the growth of ZnO. Sample at
temperature 500 °C looks small in terms of size which is proven by the calculation
(Table 1). It is also observed that at 650 °C, the morphology of the sample is smooth
when compared to other samples at different temperatures. From the calculation
obtained also, the post annealed sample shows bigger grain size as proved by FESEM
image (Figure 4). However, based on the XRD patterns the intensity of the post
annealed sample is higher indicating that improvement in the crystalline film quality.

Figure 6: Images from AFM at different temperatures
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4.0 CONCLUSION

The synthesis of high purity metallic zinc powder by thermal evaporation method of
zinc oxide thin films at temperatures ranging between 500 °C until 700 °C were
successfully carried out. Its characterization done by using FESEM, AFM and XRD
revealed that as the temperatures increases, the wires show better orientation.
However, the structure of the ZnO changes as the temperature approaching 700 °C
from wires/rods to flower. The diameter of the wires depends on the temperatures but
it does not show significant pattern. When 2 samples were post annealed to
temperatures of 800 °C and 900 °C, the diameter of the wires becomes larger.
Temperature at 650 °C is believed to be the optimum temperature to grow ZnO wires
using thermal evaporation method as analysis done showed smooth morphology with
200 — 600 nm in diameter and having an excellent crystal quality.
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Abstract — Thin film copper with chalcopyrite structure, CuGaSe, (CGS) and CulnSe, (CIS),
have attracted a big attention of many researchers as a potential, low - cost material for solar
cell application. CGS has a wider energy gap of 1.68¢V and its high optical absorption
coefficient makes it suitable for single cells in high voltage and for top cells in tandem systems.
In comparison with CGS, CIS has a narrower energy gap, 1.04 eV and a lower optical
absorption coefficient. This compound semiconductor material is also a good candidate for the
formation of p-n hetero-junction with a II-VI group semiconductor, because both compounds
have a similar structure. One way to improve the efficiency of a CuGaSe, solar cell is to
diversify its p - type to an n - type solar cell. N - type solar cell can be achieved by reducing
the concentration of shallow acceptor (Cu vacancy, Vc,) or by extrinsic doping. In this
research the CuGaSe, material was doped with Zinc, and its optical properties and n-type
conductivity of CuGaSe; for homo-junction devices were studied. The CGS material is
fabricated and doping process with zinc is done by using Molecular beam Epitaxy (MBE)
method. Three different concentrations of zinc were used, which are 1.2 x 10 Sem3 4.0x107
em™and 9.1 x 107 cmj, respectively. Photoluminescence measurement at room temperature
shows three exciton peaks A, B and C.

Keywords: CGS; Solar Cell, Photoluminescence, MBE, P-type, N-type

1.0 INTRODUCTION

Nowadays, the world is faced with a limited supply of non-renewable natural
resources and therefore an energy crisis. The non-renewable natural resources
decrease as the demand for them increases. In order to overcome this issue, scientists
and researchers keep on researching and studying renewable natural resources as
alternative sources of energy.

There are many renewable natural sources of energy such as wind, tidal, geothermal
and solar energy which can be used as alternative sources to generate power. Sources
based on solar or photovoltaic technology have become the most promising and
rapidly developed for the field of the global climate challenge and alternative
renewable, green and clean energy.

The world-wide market for photovoltaic technology has grown vastly in the last few
years. There are many types of solar cells such as silicon solar cell, plastic or polymer
solar cells, multiple junction GaAs thin film solar cell and chalcopyrite thin film solar
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cell. A chalcopyrite material is found to be a potential applicant for photovoltaic and
leading technologies for solar energy generation in terms of efficiency which is about
20%, the highest among thin-film devices.

Thin film copper related materials with a chalcopyrite structure, such as CuGaSe,
(CGS) and CulnSe, (CIS) have attracted attention from many researchers as a
potential, low cost material for solar cell application. CGS has a larger energy gap of
1.68 eV and high optical absorption coefficient which makes it a suitable material for
single cells in high voltage and for top cells in tandem systems [1]. In comparison with
CGS, CIS has a lower energy gap, 1.04 eV and lower optical absorption
coefficient.CGS has a carrier lifetime of about 10 ps [2] while CIS is reported to be 33
ps at 8.5 K [3].

Ternary chalcopyrite semiconductors have great potential application when it comes
to areas of light emitting diodes, non-linear optics, photovoltaic devices and solar
cells. The solid solution of this semiconductor has been used in electro-optics devices.
It also has been used for the fabrication of detectors, lasers and integrated optic
devices such as modulators, filters, switches etc. In this study, we are interested on
fabricating CGS:Zn, which could contribute to n-type conductivity and spark new
application of chalcopyrite and solar cell materials. We also report on the
photoluminescence measurement at room temperature.

2.0 METHODOLOGY

A stoichiometry CGS single crystal, and Zn doped layer are grown on GaAs substrate
by a deposition sequence of migration enhanced epitaxy (MEE) [4]. We have
confirmed that even at temperatures as low as 530 °C, Ga diffusion occurs
prominently. GaAs is chosen as a substrate because their lattice mismatch is close to
each other, less than 0.7%. The small lattice mismatch between GaAs and CuGaSe,
will produced a good quality of CGS thin film.

CGS is made by alternating pilling up of layers composed of Cu and Ga atoms and Se
atoms in the [001] direction. The deposition sequence starts with simultaneous
deposition of Cu and Ga atoms followed by Se atom deposition. Zn doping has been
done during the Cu and Ga deposition sequence of MEE to incorporate Zn to Ga lattice
sites. Zn doping have three different amounts of atom concentration, 1.2 x 10 *em?,

40x107 em®and 9.1 x 10 7 em™.

In photoluminescence (PL) measurement, a xenon lamp tuned to 514 nm wavelength
was used as an optical source. The laser beam was focused onto the samples and
detected using a photodiode. For low temperature PL measurement, a nitrogen
cryostat is used.PL is one of the great tools to assess the optical properties of material,
such as to determine defect states and the quality of the material. When a photon with
high energy compared to the band gap of a semiconductor material strikes on the
semiconductor, it will cause the optical transition to take place. PL can measure
physical and chemical properties of materials by using photons to induce excited
electronic states in the material system and can analyse the optical emission at relaxed
states. Light is directed onto the sample for excitation and the emitted luminescence is
collected by a lens and passed through an optical spectrometer onto a photon detector.
The spectral distribution and time dependence of the emission are related to electronic
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transition probabilities within the sample. It can be used to provide qualitative and
sometimes quantitative information about chemical composition, structure, impurities,
kinetic process and energy transfer. PL techniques are very sensitive and only allow
very small quantities (nanograms) or low concentrations (parts-per-trillion) of
material to be analysed.

3.0 RESULTS AND DISCUSSION
3.1 Photoluminescence Measurement at Room Temperature

At room temperature measurement, three emission peaks are observed. Peaks which
are visible during the measurement result from the emission of the photon or the
recombination process when samples are exposed to light energy greater or equal than
their bandgap. The results of room temperature measurement are as below.

B -Exciton =1.801eV

C-Excton =2.029¢V i

FIL. Intensity [a.u]

A -Exciton =1658eV 4

155 1.65 175 185 195 2.05
Photon Energy [eV]

Figure 1: PL spectra of sample A at room temperature
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Photon Energy [eV]

Figure 2: PL spectra of sample B at room temperature
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Mﬁw%
f 3 C - Bciton, = 2.02y§

P
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135 165 1.75 1.85 195
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Figure 3: PL spectra of sample 3 at room temperature

Based on figures 1, 2 and 3, we can see three peaks in the PL spectrum. There is A -
exciton, B - exciton and C - exciton. All these three samples show the same
photoluminescence (PL) spectrum. The PL spectrums are asymmetrical and broad
with shoulder peaks at the right and left sides of the graph. For sample A, A — exciton
is at 1.659 eV, B - exciton at 1.801 eV and C — exciton at 2.029 eV. For sample B
and C, A — exciton are 1.666 ¢V and 1.663 eV while for B — exciton the values are
1.810 eV and 1.804 eV, and C — exciton are 2.033 eV and 2.021 eV, respectively.
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All samples show A - exciton, B - exciton and C - exciton peak. For these 3 samples,
A — exciton differs in range of | meV — 6 meV and B — exciton differs in range 1 meV
— 6 meV. The energy band of CGS is a combination of crystal — field splitting, spin
orbit interactions and the valence band. [5]. Copper (Cu) plays an important role in
the determination of band structures and will cause the valence band to split into three
transitions A, B and C. Energies for these three transitions are A = 1.729 eV, B =
1.813 eV and C =2.016 eV. [6]. It is almost the same as this study’s values. All three
samples show high dominant peak values and show all three transition levels,
indicating that these samples are high quality and have high purity crystal.

The dominant peak 1.81 eV was determined in stoichiometric CuGaSe; thin film [7].
For CuGaSe; single crystal grown on GaAs the A- exciton and B-exciton are 1.713 eV
and 1.71 eV due to tensile strain in the films. [8].This measurement shows the values
for A- exciton and B — exciton is larger than in [8].

[—®=>ample
A

—e— Sample
B

PL Intensity [a.u]

1.5 1.6 1.7 1.8 1.9
Photon Energy [eV]

Figure 4: graph of PL Intensity [a.u] against Photon Energy [eV] for sample A,
sample B and sample C at room temperature.

Figure 4 shows the comparison between these three samples. There are slight
differences in the dominant peaks of these three samples. Sample B has the highest A
— exciton followed by sample A and sample C. For B - exciton, sample B also has the
highest value compared to sample C and sample A. For C — exciton value, sample B
also has a higher value than sample C and sample A. The difference in the peak value
is reliant on the amount of dopant concentration in each sample.

The results of this experiment compared with [9], the value of A - exciton in these
samples is slightly lower than undoped CGS material because zinc has been doped in
this samples. At the lower energy part of the spectrum, no emission is detected and it
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shows that the materials are highly pure and have high crystal quality. All these
samples have good potential as an absorber for photo voltaic cells because the value
of A — exciton is lower and still in the practical range of energy gap for a solar cell.

Table 4.1 PL spectra of CGS:Zn at room temperature

Exciton State A [eV] B [eV] C[eV]
Sample A 1.658 1.801 2.029
Sample B 1.664 1.810 2.033
Sample C 1.657 1.804 2.021

Exciton at energies higher than the basic band gap of CGS is determined through
workings by [5]. In this working, all three samples show three exciton series A, B,
and C. These three transitions formed because the triple valence band had split due to
spin — orbit and crystal field interactions [5]. The interaction between holes and
electrons from ['6 bands lends to produce excitons with ground states or I'l, ['2 and
I'5 symmetries. Group [5] has observed free exciton series with n = 1 and 2 in CGS
using PL.

4.0 CONCLUSION

We have successfully grown CGS:Zn samples which have high purity and high
crystal quality because no noticeable emission is observed in the lower energy region
at room temperature. From this result, it is confirmed that MBE growth technique is a
good method to prepare a thin film chalcopyrite, because photoluminescence results at
room temperature show no emission line in lower region energy which contributed to
the high purity and high crystal of this material. The clear peak emission also shows
that this is a good quality material.

Zinc element from group II is doped into CGS in order to improve the material’s
performance and to produce n- type conductivity. Three different amounts of zinc
concentration were used in this study. Sample A has a zinc concentration = 1.2 x 10
cm”, sample B with zinc concentration = 4.0 x 10 ~ ¢cm™ and sample C has a zinc
concentration = 9.1 x 10 7 em™. Zinc is chosen as a dopant material because it has the
same atomic lattice as CGS and it can replace gallium site in the lattice. Zinc also
shows amphoteric properties meaning it can be a donor or acceptor, same as selenium.
Zinc has amphoteric properties so it can occupy the Cu lattice site (Il¢y, donor) or Ga
site (Ilg,, acceptor) [10]. Doping must be done in order to change and increase the
conductivity of CGS. Zinc in this research acts as an acceptor. The effect of zinc
doping in CGS material is a decrease in the energy band gap and its band gap is
smaller than undoped CGS. No n-type conductivity is produced. All these samples
are p —type conductivity, confirmed by Hall Measurement [9]. N — type conductivity
CGS only succeeds to fabricate using heavy co — doping Ge and Zn elements [11].
CGS always shows p — type conductivity, and can be explained using the doping
pinning rule of cgs. [12].
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