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16th Engineering Research and Development for Technology Conference
Theme: Engineering for One Health

CONCEPT NOTE

The emergence of zoonotic viruses that has the potential to cause pandemic diseases in the early years of
the 21st century creates an impetus for governments and scientists to recognize that greater
interdisciplinary collaboration is required to prevent and control these threats. Such collaboration should
include not only physicians, veterinarians, and environmentalists but also collaborators across other
disciplines and sectors.
Although the term is relatively new and had just gained its momentum, the concept of One Health has
long been established. This refers to the holistic approach to attain the best possible health outcomes for
humans, animals, and the environment.
After years of creating isolated silos, experts now affirm the need to work together and maximize the
potential contribution of each discipline to address the challenges faced by our increasingly complex and
interconnected world.
From medical imaging to healthcare IT, it is evident how engineering research have transformed health
and health care as we know it today. Moreover, modern medicine and healthcare rely heavily on
engineering to deliver improved prevention, diagnosis, monitoring and treatment of illness.
For instance, biosensors contribute to advances in next-generation medicine and ultrasensitive point-ofcare detection of markers in diseases. As such, creating devices that could measure the reactions of
biosensors through engineering innovation will undoubtedly revolutionize and accelerate the
development of One Health.
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Development for Technology

MESSAGE FROM THE ERDT PROGRAM LEADER

Ensuring the health and well-being of every Filipino is a primary concern. Thus, the theme of the 16th
ERDT Conference, “Engineering for One Health,” is well-timed in the light of recent developments
concerning the re-emergence of zoonotic diseases in the country.

Fortunately, advances in science and technology have been critical in bringing awareness and more
understanding on the interconnectedness and interdependency of people, flora and fauna, and their
shared environment. From this end, engineering and its various fields, such as bioengineering and
information technology, have been instrumental in improving health and healthcare through
enhanced diagnosis, monitoring or treatment of illnesses.
This conference is an important platform for our Researchers, Scientists, and Engineers (RSEs) to
further delve into more interdisciplinary collaborations and take advantage of research opportunities
towards the advancement of health and healthcare. Illnesses are recognized as obstacles to economic
growth.
It is hoped that this conference will set an impetus among all consortium members, industry partners,
and the government, to work together in support of “Engineering for One Health,” with the end goal
of promoting healthier conditions of Filipinos, especially those belonging to the marginalized sectors
of our society.

FERDINAND G. MANEGDEG
Program Leader, ERDT
Dean, UP College of Engineering
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Engineering Research and Development for Technology

University of the Philippines Los Baños

MESSAGE FROM THE CONFERENCE CONVENER

The theme, Engineering for One Health, is one of topics under the
One Health approach which aims to communicate and work together
with multiple sectors in designing and implementing programs and
research to achieve better public health outcomes.
The detection of early stage of infection is an important aspect to
make preventions on the possible risks of pandemic diseases. Therefore,
creation of biosensors which has been studied and developed for the past forty
years, is very important since drug-resistant microbes can be transmitted between animals and humans
or through contaminated.
The challenge now for us, engineers, and all of you as DOST- ERDT scholars, who are given the
responsibility to contribute for the national development of the Philippines, is on how to join forces
with different sectors such as Agriculture, Veterinary Medicine, Biology, Public Health and Public
Affairs among others to support this approach.
The Department of Science and Technology (DOST) and the Engineering Research and Development
for Technology (ERDT) consortium universities believe that this conference will be an avenue for
everyone to learn and create helpful research studies in the One Health field in the future.
Thank you and enjoy the conference.

ARNOLD R. ELEPAÑO
Project Leader, ERDT-UPLB
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Overview: Bioengineering for One Health
DR. LOINDA R. BALDRIAS
Faculty, College of Veterinary Medicine
University of the Philippines Los Baños

Biographical Sketch
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several research undergraduate and graduate advisees. She is very much concerned with promoting
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Engineering for Early Detection and Intervention of
Human Diseases
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Vice Chancellor for Planning and Development
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Dr. Michael Tee is the current convener of the APLAR Special Interest Group in Genetics. He is an
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Dr. Tee has just finished his genomic researches in systemic lupus erythematosus, a nationwide project
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Things (IoT) sensor networks, Smart Agriculture and agriculture blockchain, AI-based crops
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Business Opportunities and Collaborations in Engineering for
One Health

DR. LOURDES MARIE S. TEJERO
Director, Technology Transfer and Business Development Office
University of the Philippines Manila

Abstract
The time is ripe for business ventures involving health. There’s a 31% increase from
2016-2017 in investments into venture-backed companies on biopharmaceuticals, medical
devices and diagnostics. The figures continue to grow considering the positive drivers:
rising chronic illness and aging population; advances in genomics, microbiome,
bioinformatics; small companies being the research and development engines of large
acquirers.
This is an opportunity where Engineering is an important player since many of the pain
points in healthcare have Engineering solutions - biotechnology, digital health, hospital
systems, pharma, among others. Collaboration between Engineering and Health is key in
devising the appropriate solutions to clinical needs.
Exemplars of business ventures on healthcare solutions range from complex systems to
simple tools. The important thing is that they address the need of the market in order to
gain traction.

Biographical Sketch
Dr. Lourdes Marie S. Tejero is currently the Director of the Technology Transfer and Business
Development Office at the University of the Philippines Manila (UPM), the office that manages the
biomedical innovations of faculty and researchers of UPM. These innovations include herbal medicines,
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Dean at UPM College of Nursing, and Director of the National Graduate Office of the Health Sciences
that coordinated the graduate programs of all the colleges of UPM. She was primary investigator of a
number of health researches, author of several publications, and reviewer in international journals. She
received awards nationally and internationally for her work in education and research.
Dr. Tejero graduated from University of California (UC) Berkeley and UC San Francisco with Master of
Transnational Medicine (MTM). She completed her Bachelor (cum laude) and PhD in Nursing from the
University of the Philippines. She did her post doctorate at the University of Technology Sydney,
Australia.
Last year, she was involved in the catalyst Innovation program of UC San Francisco, and the Lundbeck
Foundation Fellowship program for health innovations at Silicon Valley. Her MTM team’s capstone
project on Precancerous Cervical Lesion Ablation Device was awarded Second Place in the Showcase
held at UC Berkeley last 2018. She also served as consultant to SE3D Bioprinting company based in
Northern California.
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Table 1. Proximate analysis of raw Sargassum.

Proximate Analysis
Parameters
Moisture content (MC), %
Volatile combustible matter
(VCM), % db
Fixed Carbon (FC), % db
Ash content (ASH), % db
Heating value (HV), MJ/kg db

losses. The amount of bio-char recovered decreases as the
pyrolysis temperature increases due to that the thermal volatile
matter was further cracked into low molecular weight liquid
(bio-oil) and incondensable gas (Zhang, Liu, & Liu, 2014).
Also, the decrease in the quantity of bio-char produced as the
temperature is increased could be attributed to the dehydration
of hydroxyl groups and thermal degradation of cellulose and
lignin structures (Novak, et al., 2009). In other words, more
bio-oil was converted from the raw feedstock in higher
temperature settings.
Proximate analysis was also done in the bio-chars produced
from the process and Figure 2 shows the results with the
proportions of volatile matter, fixed carbon and ash content.

Value
16.97
55.71
11.34
32.55
10.95

*db – dry basis

The results of each parameter in proximate analysis
recognizes the value of the biomass feedstock as it provides an
estimate of the amount of ash produced for its proper handling
as well as the water removal requirements. Values from the
proximate analysis also describe the combustion characteristics
of the biomass (Overend & Wright, 2007). The values of fixed
carbon and volatile matter in the biomass directly affects the
value of the heating value. High volatile matter promotes easy
ignition while fixed carbon is the solid combustible residue that
act as the main source of heat during burning. Furthermore,
high volatile combustible matter suggests that more flame will
be produced, long retention time for the flame and easy ignition
of the biomass. On the other hand, fixed carbon establishes the
formation of embers, the glowing and hot part of the biomass,
hat sometimes ignites as fire. Industries that utilize such
feedstock preferred fuels that has higher volatile matter content
and lower fixed carbon in order to obtain optimum blast furnace
efficiency (Food and Agriculture Organization of the United
Nations, 2006).
The results obtained from the recent study suggested
comparable values to that obtained by Arrobang (2011) with
63.6%, 3.5% and 32.9% for the volatile combustible matter,
fixed carbon and ash content, respectively. The heating values
were comparable to that obtained data in 2011 which is 9.72
MJ/kg at 18% moisture content.
Figure 1 summarizes the percent recoveries of the products
obtained from the different valve openings of the burner.

80.000%
70.000%

Percent

60.000%
40.000%
30.000%
20.000%
10.000%
0.000%
0

1

2

3

4

Valve Openings
Volatile Matter
Fixed Carbon
Ash
Linear (Volatile Matter)
Linear (Fixed Carbon)
Linear (Ash)
Figure 2. Proximate analysis of the bio-char produced by the pyrolizer.

From the figure, it is evident that as the temperature
increases, volatile matter as well as fixed carbon decreases
while ash content increases. As the temperature approaches to
a higher degree, raw feedstock is being broken down into
different components and the volatile matter and fixed carbon
is being utilized by the process. It was also evident that losses
were accounted for about 30% and, thus, further
experimentation should be conducted.

60.00%

Recovery, %

50.000%

50.00%
40.00%
30.00%
20.00%

C. Conclusion

10.00%
0.00%
% Bio-Oil

One Valve (456 °C)

% Bio-Char

Two Valves (513 °C)

This study was conducted to investigate the fuel potential of
Sargassum species (Sargassum crassifolium Agardh) found in
the province of Capiz as a source of biomass energy through
the products of pyrolysis. The sampling site identified was in
Flatrocks Beach, Roxas City, Capiz, which have abundant
source of Sargassum. The seaweed samples were taken from
the site and were sundried for three days to reduce its moisture
content.
A small-scale pyrolizer was fabricated using local materials
for the conduct of an experimental pyrolysis in which

% Gas & Losses
Three Valves (562 °C)

Figure 1. Component recovery from the different valve openings of the burner.

Figure 1 shows that as the temperature increases, the amount
of bio-oil collected also increases while the quantity of bio-char
produced decreases. Due to some limitations, the gases
produced were not collected and were considered as part of
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Sargassum is the feedstock. A three-valve burner stove
connected to a liquid petroleum tank was used as the heat
source for the process. Using the valves, three temperature
profiles and energy consumptions were obtained from the
preliminary testing of the machine. Furthermore, a 25-minute
residence time was set for the evaluation of the machine. The
results of the evaluation showed that as the temperature
increases, bio-oil yield also increases while bio-char yield
decreases. From the results of the proximate analysis of the biochar, it was evident that volatile matter and fixed carbon
content decreases while ash content increases with the increase
in temperature.
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I. RESULTS AND DISCUSSION

slope solar still. In comparison to the solar still that has no
thermal storage medium, the solar still that has sand as its

The result of the simulation shows that the mean
maximum intensity of solar radiation on a tilted surface
occurs at 10o tilt angle with very little deviation from the 15 o
tilt angle having a value of 765.82 and 765.36 W/m2,
respectively. To maximize the solar radiation received by the
sloped surface for a year-long application, a tilt angle of 10o
to 15o is recommended.

thermal storage medium registers an average increase of
76.62% yield when using seawater as basin water and an
average increase of 26% yield when using brackish water as
basin water on a 2-cm depth of water.
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The result of the conducted experiment reveals that the
highest average solar radiation on a day basis was recorded on
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Table 1 shows the average daily yield for the single basin
solar still with sand as a storage medium and solar still without
storage medium. Setup A corresponds to solar still without
storage medium but uses seawater as basin water, Setup B is
the solar still with sand as storage medium and seawater as
basin water, and Setup C is the solar still with sand as a storage
medium but uses brackish water as basin water. The setups are
introduced with a 2-cm depth of basin water (2.899 liters).
TABLE I.
Date
Aug 13-14
Aug 14-15
Aug 15- 16
Aug 16- 17
Aug 17- 18
Average

WATER OUTPUT
Total water output (mL)

Setup A
208
144
268
228
136
196.8

Setup B
346
250
442
372
228
327.6

Setup C
348
212
430
362
202
310.8

Figure 2. Summary of the water output for the 5-day experiment

II. CONCLUSION
The use of a sensible heat storage system provides an
additional effect in the desalination of a single basin single
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Where 𝜂 𝑇 is Tesla turbine efficiency, %, 𝑊𝑓̇ is fluid
power, W, and 𝑊𝑇 is shaft power, W.

The graph for the 150 mm, 175 mm and 200 mm bending
radius portray an upward trend whilst the trend lines for the
125 mm and 100 mm bending radius portray a downward
trend. The highest efficiency obtained was 49.566% while the
lowest is 19.089%. The average power output obtained was
31.704 %.
B. For Straight Hose Inlet Orientation
Table 1. Data Obtained for Straight Hose Orientation
Flow Rate,
Q (m3/s)

Total
Head,
HT
(m)

Water
Power,
Ẇf (W)

Torque,
T (Nm)

Angular
Speed,
N
(RPM)

Shaft
Power,
ẆT
(W)

Efficiency,
η (%)

0.0006531

7.468

47.670

0.137

466.8

6.714

14.0837

Straight hose orientation gathers a higher power output
compared to the coiled hose orientation, with a value of 6.714
W. On contrary, it gathered smaller efficiency compared to
coiled hose orientation, with a value of only 14.0837 %.

Figure 1: Set-up Assembly

IV. CONCLUSION
Comparing the efficiency of the coiled hose with the
straight hose orientation, coiled hose achieves greater
efficiency compared to straight hose, with an average value of
31.704%. On the other hand, comparing the power output
between coiled hose and straight hose orientation, straight
hose orientation achieves higher power output compared to
coiled hose, with a value of 6.714 W.

III. RESULTS AND DISCUSSION
A. For Coiled Hose Inlet Orientation

Both hose inlet orientation impacted the performance of
Tesla turbine in different way. However, in engineering field,
efficiency is more vital than the power output. Therefore,
coiling the hose inlet is more advantageous and can improve
the performance of the Tesla Turbine, especially the
efficiency.
Graph 1. Graph Between No. of Coils and Power Output
at Different Bending Radius
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Based on the result, the Rapid combustion effect of
coconut shell has the longest duration during combustion. It
will take 12 % (1 minute for a 9-minute fire) time fraction
before it takes place. After burning, there will be an average
of 2.50% of the total weight remain of the coconut shell.

B. Experimental Setup

C. Visualization
During the experiment, an IR camera was used to measure
and create a temperature of coconut shell. In the early stage
of combustion, the temperature was caught at 124 C. After
the rapid combustion, the temperature was caught at 41 C.

The coconut shell was taken first its dimension and weight
before it was burned. Bunsen burner was used as a fire starter.
Time was taken for the duration of the fire in which the
moment of rapid combustion effect of the coconut shell was
taken consider. The temperature of the fire was also taken
using an IR camera. The weight of the ash after the burning of
the coconut shell was also taken. Data were collected and
multiple samples were assessed.

Figure 5. Burning Coconut Shell with Bunsen Burner

III. RESULTS AND DISCUSSION
A. Coconut Shell
The coconut shell used during the experiment was from
the public market which is considered as waster after the
coconut meat was taken. There at least 10 samples were taken
to measure its weight.

Figure 6. Burning Coconut Shell without Bunsen Burner

Figure 7. Rapid Combustion Effect of Coconut Shell
The weight of coconut shell ranges 90 - 135 grams. Based
on the experiment, it is averagely 117 grams in weight for a
130 cm in diameter with 4.5 cm thickness.
B. Time Fraction
The time was taken of the entire combustion process of the
experiment. The stages were made based on the observation
of the experiment, The evaluation of rapid combustion was
based on sudden bursting of flame. And the time where
combustion starts to slow was evaluated based on the time the
rapid combustion ended.

Figure 8. After Combustion
Figures shown above tell the temperature by color
representation from the start of combustion until it fires off.
Disclaimer: IR Camera limited only up to 180ºC.
IV. CONCLUSION
The preliminary results of the direct combustion of
coconut shells were promising. It shows a good significant
result to be a fuel replacement to conventional fuels however
it needs more investigation in order to really conclude about
the said fuel. And the potential use of the said fuel would
benefit the remote community such as in the mountainous
22

region and would decrease the rate of cutting trees in their
area.
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IV. CONCLUSION
One way to conserve energy is to provide a computer
software simulation modelling that could predict the energy
savings if retrofit is being implemented. With these
predictions, the people will be much relieved that they were
able to save energy and reduced their monthly costs. This
study is a good start to becoming a good application in
predicting energy saving analysis. This study has a long way
to run if ever realized by other researchers since nowadays
energy consumption is one of the concerns in the
communities. This study can not yet give a concrete
conclusion since this is still a work in progress, but it is a good
thing the study will be shared by others researcher who are
also pursuing an inline topic or field of research.

Fig. 2. Simulation Model of CE Building.
(a) interior/exterior walls set-up (b) Thermal Zone Study

Figure 2 shows the simulated model of the Civil Engineering
Building and the selected room for the study. Along with this,
the parameters like wall materials, lightings, People loading,
window materials, roof materials, infiltration load etc. for
calculating the energy consumption of the room for one month
duration are inputted.

SITE AND SOURCE OF ENERGY

Energy
Consumption
WITHOUT
retrofit
Energy
Consumption
WITH retrofit

Energy Plus Simulation
Powermeter Result
Energy Plus Simulation
Powermeter Result

Total Energy
Consumption
(KWh)

Total Room Area (m2)

1029.861

48.00

360.00

965.472

48.00

360.00

940.74

48.00

360.00

----------------

48.00

360.00
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Table 1. Total Energy Consumption Based from Energy Simulation Results
and Actual Data Resulted from Powermeter Reading.

Table 1 shows the energy consumption from energy plus
simulation before and after the retrofit. It entails that there is a
great energy savings, 8.653%, if cool roof retrofit is
implemented from 1029.861 KWh reduced to 940.74 KWh
for a month duration of the room. However, there is a
difference between energy plus simulation and the actual
result implementation in energy consumption which ideally
should be coincides with each other. This is the result that the
powermeter was only installed in each air-conditioners in the
room which does not include the lighting consumption and
others that adds up to the actual overall energy consumption.
There is no result from the actual implementation after the
retrofit since the researchers are at this pace. The researchers
are currently in partaking the retrofit at the roof of the
building.
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Table 1. Wind Turbine Rotor Design Parameters

Drag and Lift can be assessed by analyzing the wind flow
around the rotor through smoke-injection method.

Parameters
Airfoil Type

Half-circular flat blade installed
in an helical orientation

Number of Blades

4

Rotor Height

0.283 m

Rotor Diameter

0.548 m

Aspect Ratio (H/D)

0.51

Using Solidworks flow simulat ion, the Shear Stress in
Blades was analyzed at 8m/s wind velocity, (a) Horizontal
axis Configuration, (b) Vertical Axis Configuration.
CONCLUSION
The Polyhedral-structured wind turbine rotor in horizontal
axis configuration shows best result compared to P-WT in
vertical axis configuration. Wind flo w in horizontal axis P WT shows smooth flow with minimal wind vortices around
the rotor while in vert ical shows unbalanced wind forces on
the airfoil which results to a higher stress on four airfoils.
Further laboratory testing on the rotor model will be
conducted to validate the simu lation results, wh ich will
include actual experiment to assess the optimu m
performance of the proposed P-WT rotor model.

B. Mathematical Model Simulation
Solidworks Flow Simu lation tool will be used to
subject the wind turbine model to simulation in order to
determine the wind turbine blades performance and
behaviour against the wind. Results will be validated
through actual experiments. The simplified flo w simu lation
of the wind turbine model is shown in Figure 2.
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III. RESULTS AND DISCUSSION
The polyhedral structure helps to distribute the stress on
the blades since the whole side of the blade is fixed in the
structure. The polyhedral rotor works in different propulsion
method depending on its axis of rotation. When it is installed
in vertical axis, it is in Drag type propulsion, while in
horizontal axis it works as lift-type propulsion.
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Costbatt are the capacity in kWh and cost of the battery in
Php/kWh respectively.
B. System Operational Constraints
The optimization constraints are composed of the power
balance equation, State of Charge (SOC) limit, Battery power
limit and state of health (SOH) limit.
𝑃𝑙𝑜𝑎𝑑 (𝑡) = 𝑃𝑝𝑣 (𝑡) + 𝑃𝑎𝑐𝑏𝑎𝑡 (𝑡) + 𝑃𝑔𝑟𝑖𝑑 (𝑡) 
𝑆𝑂𝐶(𝑚𝑖𝑛) ≤ 𝑆𝑂𝐶(𝑡) ≤ 𝑆𝑂𝐶(𝑚𝑎𝑥) 




𝑃𝑑𝑐𝑏𝑎𝑡(𝑚𝑖𝑛) ≤ 𝑃𝑑𝑐𝑏𝑎𝑡 (𝑡) ≤ 𝑃𝑑𝑐𝑏𝑎𝑡 (𝑚𝑎𝑥) 
𝑆𝑜𝐻(𝑡) ≥ 𝑆𝑜𝐻(𝑚𝑖𝑛) 






C. Implementation of Cuckoo Search
The algorithm is inspired by the reproduction strategy of
cuckoos. At the most basic level, cuckoos lay their eggs in
the nests of other host birds, which may be of different
species. The host bird may discover that the eggs are not its
own and either destroy the egg or abandon the nest all
together. This has resulted in the evolution of cuckoo eggs
which mimic the eggs of local host birds. The optimization
tool used three idealized rules:
a)
Each cuckoo lays one egg, which represents a set of
solution co-ordinates, at a time and dumps it in a random nest;
b)
A fraction of the nests containing the best eggs, or
solutions, will carry over to the next generation;
c)
The number of nests is fixed and there is a
probability that a host can discover an alien egg. If this
happens, the host can either discard the egg or the nest and
this results in building a new nest in a new location.

Fig. 3. PV-BES System Load Profile

its maximum capacity, it goes back to its idle state. The
surplus energy from the PV panel is sent to the grid. When the
power from the panel goes down in the afternoon during peak
time, the load is supplied by both battery and the grid until
such time that the battery reaches its minimum state of charge
or capacity. The objective to reduce the energy purchase from
the grid during peak time is achieved.
IV. CONCLUSION
In this study, the objective to minimize electricity
purchase from the grid by determining the optimal size and
schedule of the PV-BESS system was achieved. The
optimization routine was able to achieve the optimal size of
the battery using the Cuckoo Search Algorithm through
Matlab software. The battery size is large enough to supply
the needed power during peak time in the late afternoon when
the solar power is unavailable, and small enough to lessen the
investment cost of the system. Based on the studied load
profiles and the peak/off-peak schedule, the battery system is
ideal in combination with the PV system to attain a minimum
electricity purchase from the grid during peak hours.

III. RESULTS AND DISCUSSION
The parameters for Cuckoo Search that were used in the
simulation are: (a) Number of nests (nN) = 25; (b) Discovery
rate of alien eggs/solutions (pa) = 0.25; and (c) Maximum
number of Objective Function Evaluations = 20,000 as
suggested in the literature. The objective function variation is
shown in Figure 2. It can be observed that the fitness value
(minFit) converges at a value of Php397,206.74. The number
of iterations is 800. The bestNest or the battery capacity is
2.56kWh. The active power variation of load, grid, PV system
output and battery on a typical day is shown in Figure 3. It can
be observed that the battery only charges when there is
available power from the PV panel. When the battery reaches
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portion is separated using vacuum filtration and the
solution pH was adjusted to 5-6 using sodium hydroxide
pellets. For the fermentation, temperature was varied
using a water bath shaker at temperatures of 20˚C, 30˚C,
and 40˚C. An inoculum was prepared before had up until
mid-logarithmic phase and the inoculum was introduced
at varying sizes of 5%, 10% and 20% (v/v). The best
condition determined from varying the temperature and
inoculum size at anaerobic conditions are carried over to
an aerobic set up to determine the effect of oxygen
presence. Analysis of the fermentation broth for ethanol
and carbohydrates was done using high performance
liquid chromatography (HPLC) with a SHODEX
SH1011 column, with a mobile phase of 0.005M sulfuric
acid solution, at a flowrate of 1mL/min.

g ethanol/g glucose fed at anaerobic condition, T=30˚C
and an inoculum size of 10% (v/v).
B. Simultaneous saccharification and fermentation
Temperature, biomass loading, and pH level were the
process variables studied because they are important
factors that affects the final ethanol yield using SSF. The
data (table not shown) was analyzed using Design Expert
and a quadratic model was chosen.
𝑌 = 0.4853 + 0.0224𝑋1 − 0.0959𝑋2 − 0.0117𝑋3
+ 0.0074𝑋1 𝑋2 + 0.0297𝑋1 𝑋3 − 0.0063𝑋2 𝑋3
−0.1164 𝑋12 − 0.0577 𝑋22 − 𝑋32 ± 0.011
Equation above is the coded model equation where
X1 is temperature, X2 is biomass concentration, and X3 is
pH level. The coefficients show the magnitude of change
in ethanol yield when that factor is changed. Positive
coefficients increase ethanol yield while negative ones
decrease it. Temperature has a positive linear effect but a
negative quadratic effect. This means that ethanol yield
increases with increasing temperature but will start to
decrease when the quadratic effect becomes more
evident than the linear effect. Biomass concentration and
pH has both a negative linear effect and negative
quadratic effect. Increasing these factors, decreases the
ethanol yield. The maximum ethanol yield was
calculated to be 0.507 g ethanol/g glucose at T= 33.94
°C, pH= 5.55, and biomass concentration = 16.95 g/L.
Two confirmation runs were performed. The mean
ethanol yield was 0.504 g/g (5.65 g/L) – an error of only
0.59%. This indicates that the model can predict the SSF
with great accuracy.

B. Simultaneous saccharification and fermentation
Using a central composite design (CCD), three
parameters were optimized: biomass concentration,
temperature, and pH. The different concentrations of the
freeze-dried biomass (according to the run table) was
autoclaved along with a nutrient medium containing 10
g/L yeast extract and 10 g/L peptone. The pH of the
medium was also varied using a phosphate buffer. For
each run, the enzyme mixture (cellulase and amylase)
was fixed at 25 g/L, fermentation time at 72 hrs, and
inoculum size of Saccharomyces cerevisiae at 20% (v/v).
The freeze-dried biomass/nutrient
medium is
simultaneously mixed with the enzyme mixture and the
inoculum and placed inside an incubator shaker. The
temperature of the incubator shaker was varied
according to the run table. After the 72hrs, samples were
taken and was run on GC instrument for ethanol content
using Stabilwax DA column.

IV. CONCLUSION
Using SHF with C. sorokiniana as the substrate by
yeast, lead to a bioethanol yield of 0.1478 g ethanol/g
glucose fed. At the temperature and inoculum ranges
chosen in this study, the temperature of 30˚C and
inoculum size of 10% (v/v) gave the highest ethanol
yield per gram of glucose fed. Using SSF on microalgae
feedstock like C. sorokiniana is an effective approach on
ethanol production. By optimizing the temperature, pH
level, and biomass concentration, a maximum ethanol
yield of 0.504 g ethanol/g glucose was achieved at T=
33.94 °C, pH= 5.55, and biomass concentration = 16.95
g/L. This is close to the model prediction of 0.507 g/g.
The great increase in bioethanol yield using SSF vs SHF
is associated with the known disadvantages of SHF. SSF
has its own drawbacks but has way higher yield than
SHF.

III. RESULTS AND DISCUSSION
A. Separate hydrolysis and fermentation
The total carbohydrate content of the C. sorokiniana
is expressed as g glucose/g biomass. The total
carbohydrate content yielded 0.5878 g glucose/g
biomass based of the National Renewable Energy
Laboratory (NREL) and Dinitrosalicyclic Acid (DNS)
method. Using dilute acid hydrolysis, the extraction
yield was an average of 0.5148 g glucose/g biomass,
which is about 88% of the total present in the biomass.
The initial fermentation was carried out under anaerobic
conditions at varying temperatures of 20˚C, 30˚C, and
40˚C, and the inoculum size was varied at 5%, 10% and
20% (v/v). The experimental data is used to determine
the statistical relevance of the data compared to the
population. A two-way ANOVA Analysis is done to
show if; (1) temperature has an effect in the ethanol
yield; (2) inoculum size has an effect on ethanol yield;
(3) the interaction of temperature and inoculum size has
an effect on ethanol yield. Table 1 show the results of the
analysis of variance and from the p-values, it shows that
that temperature and inoculum size has a significant
effect on the ethanol yield at 95% confidence level,
however the interaction of the two parameters is
insignificant. Highest ethanol yield using SHF is 0.1478
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II. PROPOSED SYSTEM
Bowtie antenna is used to radiate the EMF wave. It is a
variation of a conical antenna that has a constant impedance,
constant gain over a 4:1 frequency range, easy to make and
inexpensive. The overall length of the antenna is 0.73λ. This
is longer than the traditional one- half wavelength of a
dipole antenna, but the physical shape changes the necessary
dimensions. The center impedance is given by Z=120ln
(θ/2), where Z is the center radiation resistance at resonance
and θ is the angle associated with the cone for resonance [9].

A. Conceptual Framework
The concept of the research is comprised of the input,
process, and output. The culture of Staphylococcus aureus
which is provided by the laboratory, Infectious Disease
Diagnostic Laboratory, is the input of the research. The
process involves the conceptualization of the prototype
design that will inactivate the bacteria. It also includes the
design of the antenna that will radiate the electromagnetic
waves. Testing and calibration of the prototype is the next
process. When the device is properly working, the bacteria
samples are exposed to different electromagnetic frequencies
radiated by the antenna. After exposure, a volume of the
sample is then streaked on Blood Agar Plate(BAP) and
incubated for 24 hours. After incubation, the colonies of
bacteria that grew on the BAP were counted in terms of
Colony Forming Unit (CFU) and the percentage of bacteria
killed was evaluated.

Figure 3: Bowtie Antenna

Antenna General Equation:
λ = c/f
L= 0.73 λ
where:
λ= wavelength;
c= 3x10^8 m/s;
f= frequency
L= overall length of the antenna
Antenna 1
L1=0.73 λ=288mm
λ1=394.52mm
f1=c/λ
f1= 3x10^8 m/s / 394.52 mm
f1= 760.42 Mhz

Figure 1: Conceptual Framework

B. System block Diagram
The system is consisting of the transmitter, EMF
detector and Microcontroller unit (MCU). Transmitter is
composed of frequency synthesizer, matching circuit, pre
amplifier, signal attenuator and final amplifier. The MCU
controls the Wide Band Synthesizer and processes the signal
detected by the logarithmic detector for it to be displayed on
the OLED display. The EMF detector consists of receiving
antenna, attenuator and logarithmic detector.

Antenna 2
L2=0.73 λ=247mm
λ 2=338.36mm
f2=c/λ
f2= 3x10^8 m/s / 338.36mm
f2= 886.63 Mhz
Antenna 3
L3=0.73 λ=216mm
λ 3=295.89mm
f3=c/λ
f3= 3x10^8 m/s / 295.89mm
f3= 1.014Ghz
Center radiation resistance
Z = 120 ln (θ/2)
Where:
Z= center radiation resistance at resonance; θ= the angle
associated with the cone
Z= 120 In (Ө/2)
Z = 120 In (44o/2)
Z = 370 ohms

Figure 2: System Block diagram
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TABLE 1
Electromagnetic Frequencies radiated to S. aureus
Antenna
Frequency
1

760.42 Mhz

2
886.63 Mhz
3
1.014 Ghz
C. System Flowchart
The system flowchart provides the sequential process of
how the project works. It begins with sweeping the
frequencies using the rotary encoder. These frequencies are
760MHz, 886MHz and 1GHz. Turning on the transmitter is
the next process. The EMF meter will then detect the power
radiated by the antenna by means of the logarithmic detector
module. The power in watts will reflect on the LED display.

Figure 5: Exposure of the S. aureus to the EMF Radiation

After an hour of exposure, a volume of the sample
was streaked into the Blood Agar Plate (BAP), incubated for
24 hours. The effect of the radiation on the S.aureus bacteria
exposed to the radiation was calculated by counting the
number of viable colonies expressed as colony forming units
(CFU). A colony for this experiment is defined as a group or
population of bacteria observed as dots on the agar. CFU
Ratio is the ratio of exposed samples to that of the reference
samples. For CFU Ratio (>1), the EMF Radiation is
assumed to have contributed to the growth of bacteria. For
CFU Ratio (<1), the EMF Radiation is assumed to have
inhibited to the growth of bacteria. And, for CFU Ratio
(=1), the number of colonies in exposed and control samples
are equal [7].

Figure 4: System Flowchart
D.

Experimental Setup

All experiments were conducted in a private diagnostic
laboratory. For exposure, as shown in Figure 5, the S. aureus
sample is placed is on a Petri dish.
Part I. Exposure to different Frequencies
Exposure to different frequencies at a fixed distance
equal to 1cm is the first phase of testing. There were two
sets of sample, one is the reference or the unexposed and the
other is the experimental or the one being exposed.

Figure 6: S. aureus Colonies on the Unexposed Sample and
Exposed Sample

Part II. Effect of Exposure Time
The second part of testing, which is after
identifying the most effective frequency, is the
investigation of the effect of exposure time. S. The
second part of testing, which is after identifying the
most effective frequency, is the investigation of the
effect of exposure time. S. aureus sample is placed at a
fixed distance, 1cm, while varying the exposure time at
30minutes, 1hour, and 2hours.
Part III. Effect of Distance of Exposure
The last part of testing is the investigation of the
effect of distance of exposure. S. aureus sample is placed at
distances 1cm, 3cm and 5cm for a period of 1hour.
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III. RESULTS AND DISCUSSION
A. Exposure of the S. aureus Samples to different Frequencies
The frequencies used in experimentation are 760MHz,
886MHz, and 1GHz.
TABLE 2
CFU Ratio of S. aureus
Frequency
CFU Ratio
% kill
650MHz

0.989

1

886MHz

0.980

2

1GHz

0.370

62

As can be seen in Table 2 and Figure 7, 1GHz has CFU
ratio of 0.37 and killed 62% of the S. aureus sample.

Figure 8: S. aureus Colonies after exposure to 1GHz
(Varying Duration of Exposure)

CFU Ratio and Percentage of S.
aureus Inactivated Using Different
Frequencies

C. Effect of Distance of Exposure
The S. aureus sample is exposed to the 890MHz EMF
radiation in a constant time, one hour. The distance is
varied from 1 cm, to 3cm, and 5cm.

80
62

60
40
20

TABLE 4
S. aureus Colonies after exposure to 1GHz with
Varying Distance of Exposure
Distance
CFU ratio

% kill
0.37

CFU Ratio

1cm
0.789
3cm
0.83
5cm
0.999
It can be seen in Table 5 and Figure 9 that 21%
were killed at a distance 1cm and the lowest ratio,
0.789, is achieved at the same distance.

Figure 7: CFU Ratio and Percentage of S. aureus Inactivated
Using Different Frequencies
B. Effect of Exposure Time
The S. aureus sample is exposed to the 1GHz EMF
radiation at a distance that is fixed at <1cm. The exposure
time is 30 minutes, one hour and two hours.
TABLE 3
S. aureus Colonies after exposure to1GHz with Varying
Duration of Exposure
Time
CFU ratio
30minutes

0.977

1hour

0.967

2hours

0.996

After an hour, 3% of the bacteria were killed. In the
period of two hours, the %kill declined to 0.4%. The CFU
ratio, 0.967, is achieved at 1 hour exposure time.

Figure 9: S. aureus Colonies after exposure to 1GHz
Varying Distance of Exposure
I. CONCLUSION AND FUTURE WORKS
Laboratory experimental trials were performed to test
the performance of the electromagnetic radiation in
inactivating microorganism, S. aureus, in terms of radiated
frequency of the device, the duration of exposure, and the
distance of exposure. These trials involved sampling of
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bacterial quantity, growing bacteria on Blood Agar Plate
and bacterial of the exposed and unexposed bacteria.
It was found that at 1GHz, 62% of S. aureus were
killed. For 30minutes and 2 hours exposure time, 0.4% and
2% were killed respectively. At a distance of 1cm and 5cm,
0.08% and 21% were killed respectively. The
exposed/reference ratio varies from 0.37 to 0.999 which
satisfies the condition that for CFU Ratio (<1), the EMF
radiation is assumed to have inhibited to the growth of
bacteria. As a whole, findings showed that there is a
decrease in the number of colonies and that the
electromagnetic radiation has an inhibitory effect on S.
aureus.
For further improvement of the project, the
researcher proposes to further explore on varying the
radiated power of the device; experimentation on a different
type of microorganism, exploring on other ranges of
frequency and its capabilities aside from being a bacteria
eradicator; and on different type of antenna that will radiate
the electromagnetic wave.
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was also used for watershed management in different
parts of India [42 & 9]. In the Philippines, HEC-HMS was
also used for flood simulation in different major river
basins of the country such as Iligan, Mandulog, Cagayan
and Marikina river basins [33, 34, 8, & 11]. HEC-HMS
has been applied successfully since more than 30 years
and is accepted for many official purposes such as the
determination of floodways for the U.S. Federal
Emergency Management Agency [20]. The model was
found accurate in spatially and temporally predicting
watershed response in event based and continuous
simulation [12].
There are also several related studies which
prove the land use/cover changes affects the flood and
thus land use management plays vital role in mitigating
flood. Kabanda et al., 2013 concluded in his study that the
changes in land cover has resulted more to the increase of
river discharge than climatic changes although both these
changes have occurred together to have an even greater
impact than if each were acting alone. Brebante, 2017
found out that land cover changes have influence to
flashflood in the river basin. Archer et al., 2010 noted
that the rates of change in discharge appear to respond to
land use changes and thus provide a potential basis for
application to land use management policies. Leach, 2015
also concluded that the land cover changes do play an
important role in the changes of the observed hydrologic
response. Precipitation also plays a role, but not to the
extent exhibited by changes to land cover. Since land
cover change is a major contributor and primarily caused
by human activity, there are ways of preventing increased
stream flow and runoff. Prevention may include Best
Management Practice, or returning some agricultural land
back to grassland, forest lands, or native prairie
vegetation. Bingwa, 2013 also stated in his study that
better land management can decrease river flow and
mitigate flooding risks.
The main objective of this study was to
determine the impact of sound land use management to
runoff in Kabuntalan, Maguindanao in Southern part of
the Philippines in Tamontaka river basin. It also aimed to
determine the change of past land covers and relate its
impact on the runoff in the study area. Further, this study
was intended to serve as baseline data of the LGU’s and

other concerned authorities in decision-making to mitigate
flooding in their respective area. This study was done to
measure the amount of runoff reduced as a result of
employing a sound land use approach—which in this
study is termed as the desired land use and was then
compared to two land cover scenarios, one of which is the
latest available land cover and the other is a future land
cover scenario wherein irresponsible logging and
inappropriate land uses remain unabated.
II. METHODOLOGY
Study area
The study area was undertaken in the Tamontaka
river basin inside Kabuntalan Municipality, Province of
Maguindanao, Bangsamoro Autonomous in Region
Mindanao (BARMM) in 2018. The municipality has an
approximate area of 10,149 hectares (ha), with a 07˚ 07’
12” N latitude and 124˚ 21’ 51” E longitude. It is situated
140-km away from the Provincial Capital of Buluan,
Maguindanao and 22-km from Cotabato City at the
northern side and on the southern side is the Tamontaka
River, which is one of the twenty sub-basins of Mindanao
River Basin (MRB), second largest river basin in the
Philippines, with the lowest elevation of -0.46m as
attributed by its geographic location [43]. Thus, MRB
drains towards Illana Bay through Tamontaka River in
Cotabato City. Geographically, Kabuntalan is bounded on
the north by the town of Northern Kabuntalan, on the
south by the Municipality of Datu Odin Sinsuat, on the
east by the Municipality of Datu Piang, while on the west
by the City of Cotabato. Generally, the Kabuntalan enjoys
a favorable climate throughout the year. The dry season
begins at January until May, while the wet season begins
on July until October. Its land capability is usually
depended on the seasonal over flowing of the rivers.
Majority of the area are wet lands and becomes
unproductive during rainy season. However, it is
estimated that about 2,538.92 ha are good enough for
lowland rice and about 2,747.60 ha more can be planted
with diversified crops provided there are available quality
crops and proper timing is done.
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Fig. 1. Location Map of the study area
Rainfall data
Table 1 shows the annual maximum 24-hour
from General Santos Rainfall Intensity Duration
Frequency (RIDF) rain gage station recorded by
PAGASA, the National Weather Bureau of the
Philippines. Rainfall data were generated for simulating
the hydrologic processes in the study area to evaluate its
response to different intensities of various rainfall return
period. Utilization of rainfall period in HEC-HMS model
may contribute largely to land use management. In this
study, 5, 10, 25, 50, and 100-year (yr) RRP were
generated using RIDF relationships based on 31 years of
rainfall record in General Santos rain gage station (Fig. 2).

Soil characteristics data
The municipality of Kabuntalan has seventeen
(17) barangays and has a total land area of 10,149 ha
which consist of four types of soil. These are
undifferential soil, hydro soil, Tamontaka clay loam, and
marshy soil. Undifferential soil is the most dominant areas
in Kabuntalan which comprised of 8,626.65 ha or 85% of
the total land area, followed by clay loam with 1,025.05
or 10.1%, hydro-soil with 284.17 or 2.8% and the marshy
soil with 213.13 or 2.1% of the total land area.

Table 1. 24-hour RIDF data from General Santos rain gage station [40]
Computed extreme values precipitation (mm)
T (yrs)

5mins

15mins

1h

2h

3h

6h

12h

24h

5y

8.3

16.4

32.5

47.1

56.6

74

90.4

102.7

10y

10

19.7

39.7

56.8

68.4

89.8

109.9

125.1

25y

12.1

23.9

47.4

69.1

83.4

109.8

134.5

153.4

50y

13.7

27

53.6

78.2

94.5

124.7

152.8

174.3

100y

15.3

30.1

59.8

87.2

105.5

139.4

170.9

195.2

Equivalent average intensity of computed extreme values (mm/h)
T (yrs)

5mins

15mins

1h

2h

3h

6h

12h

24h

5y

99.6

65.6

32.5

23.6

18.9

12.3

7.5

4.3

10y

120.0

78.8

39.7

28.4

22.8

15.0

9.2

5.2

25y

145.2

95.6

47.4

34.6

27.8

18.3

11.2

6.4

50y

164.4

108.0

53.6

39.1

31.5

20.8

12.7

7.3

100y

183.6

120.4

59.8

43.6

35.2

23.2

14.2

8.1
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Fig. 2. Rainfall Intensity Duration Frequency curves of General Santos rain gage station
in a drainage basin [16]. Deforestation results in increased
runoff and often a decrease in river channels’ capacity due
to increased sedimentation rates [35]. Litter and leaves
usually scattered under the forest canopy play an
important role in holding water, and allowing evenly
distributed infiltration of water into the soil. Plant
canopies and litter intercept raindrops, reducing some of
the intensity associated with the rainfall [48].

Climatic condition
Based on the Philippine climate, Kabuntalan has
a tropical climate. There is a great deal of rainfall in the
area, even in the driest month. Its average annual
temperature is 27.4 °C while the average annual rainfall is
2058 mm. The least amount of rainfall occurs in January.
While the greatest amount of precipitation occurs in
October, with an average of 253 mm. The dry season
begins at January until May, while the wet season begins
on July until October. The temperatures are highest on
average in April, at around 28.1°C. The lowest average
temperatures in the year occur in January, when it is
around 27.0°C.

Applied methodology
In this study, three land cover scenarios such as
the 2015 Land Cover, which is the latest available land
cover; 2025 Projected Land Cover, which is the condition
by which irresponsible logging and inappropriate land
uses remain unabated; and Desired Land Use, wherein
sound land use is employed. These three land cover
scenarios were simulated for runoff and were then
compared to determine their difference in output such as
runoff volume, peak outflow, and lag time using rainfall
return periods of 5, 10, 25, 50, and 100-year. The 2015
Land Cover, which is the existing land cover in the river
basin, served as the baseline of the study. The 2025
Projected Land Cover, represented the land cover without
intervention and was done through correlation approach
using trend analysis function from Microsoft Excel
derived from past land cover satellite images such as
2003, 2010, and 2015 land cover; while the Desired Land
Use makes use of the sound land use management through
simulation using slope as the basis in assigning different
land uses. These slopes were categorized into agriculture
(0–18% slope), agroforestry (18–30% slope), production
forest (30–50% slope), and protection forest (>50%
slope). The slope raster file was derived from an
integrated Digital Elevation Model (DEM) which is
mostly of the Interferometric Synthetic Aperture Radar
(IFSAR) with a resolution of 5m, but it was integrated
with the limitedly available Light Detection and RangingDigital Elevation Model (LiDAR-DEM) with a resolution
of 1m to produce a more detailed slope geospatial data
[33]. Fig. 3 below shows the map of study area derived
from IFSAR DEM.

Land use/cover pattern
Kabuntalan is an agri-fishery area wherein
farming and fishing are the main source of livelihood. The
land use/cover pattern of Kabuntalan area is characterized
mostly by agricultural lands, grasslands, marshlands,
residential areas and roads. Main activity of the area is
agriculture, which generates income for the farmers.
Agricultural activities include paddy cultivation, fish
production, vegetables, and so on. However, most of the
farmers produce rice; others are corn, coconut, mango and
banana while some of them have fishponds, which
support their income fully or partly.
Land classification
Based on the land classification, the municipality
has an area of 522.5602 ha of alienable and disposable
lands and an estimated forestland of 9,626.4731 ha which
the existing land uses are combination of agriculture,
residential, and other uses from the total land area of
10,149 ha. Since Kabuntalan is surrounded by bodies of
water, its land capability is usually depended on the
seasonal over flowing of the rivers. Majority of the area
are wet lands and becomes unproductive during rainy
season. However, it is estimated that about 2,538.92 ha
are good enough for lowland rice and about 2,747.60 ha
more can be planted with diversified crops provided there
are available quality crops and proper timing is done.
Relationship between land use/cover and runoff
Land use/cover changes have a bearing on the
relationship existing between rainfall and runoff and the
relationship between overland runoff and sediment yield.
This alters the rate of soil erosion and water loss [25]. The
main driving forces behind flooding are changes in land
use activities in flood and coastal plains, increased
population resulting in increased urbanization and
settlements and increased infrastructure such as roads and
railway lines. Conversion of natural land to cultivated
land often means reclamation of wetlands and clearance
of native vegetation [35]. According to Farley et al., 2005
in a study established that the conversion from natural
vegetation to croplands led to increased magnitudes in
flooding in watersheds. The type and amount of
vegetation cover affects the amount of water that ends up
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logarithmic fit, polynomial fit, with varying degree (2-6),
power fit, exponential fit and moving average fit, with
varying period (2-15). The accuracy of the fit can be
interpreted using the R-squared value. As the R-squared
value approaches 1, the accuracy of the fit approaches
100% which applied in this study. This analysis gives the
best fit line that provides a reasonable approximation of
the line connecting the data points. In this study the data
points used were the past land covers in 2003, 2010 and
2015 in ha (Table 2). Its primary purpose is to forecast
future of land cover which the 2025 Projected Land Cover
(Table 3).
III. RESULTS AND DISCUSSION
Land cover in 2003, 2010 and 2015
The Table 2 shows the changes of the areas per
land cover classification in the study area. While Figs. 4
and 5 show the change of land cover visual images
geographically and graphically. Much of the changes are
on the Agriculture and Open Forest areas. For example,
the agriculture area in 2003 is 355, 394.85 ha or 42.62%
of the total 833, 878 ha. This was reduced to 298,682.90
or 35.82% in 2010. However, agriculture area was almost
doubled in 2015 covering 536, 55.31 or 65.34% of the
total area. While agriculture area for production increased,
there was continuous reduction of areas classified as Open
Forest. In 2003, Open Forest areas was 297, 874.83 or
35.72% of the total land area, reduced to 20.07% in 2010
and further reduced to 17.10%. These changes show that
more areas are used for food production which resulted to
reduction of open forest cover, among others. This
resulted to more flooding.
Table 2 even shows that the submerged condition
in the study area increased from only 39,905.96 ha in
2003 to 50, 161.74 in 2015. The observation in the study
area is also true in the Philippines. Forest cover in the
Philippines has declined continuously by an average of
150,000 ha per year [28], decreasing from the estimated
27.5 million ha in 1900 to only 6.7 million ha in 1990
[14]. This trend of land use management may create
bigger problem in the future. The destruction of the
forests threatens watersheds that can result to massive soil
erosion, declining soil fertility, and sedimentation of
rivers and its tributaries. This can cause severe flooding
during rainy seasons [41]. The 2003 land cover comes
from the USAID Eco-Governance Project while the 2010
and 2015 was sourced out from National Mapping and
Resource Information Authority (NAMRIA) in a shapefile
format.

Fig. 3. IFSAR DEM of the study area
The ArcGIS (Geographic Information System)
10.2 version was used for the preparation of the 2025
Land Cover and the Desired Land Use and also as an
interface between the GIS and HEC-HMS. The HECHMS was used for simulating runoff models based on a
combination of the SCS Curve Number model, the Clark
Unit Hydrograph model, Recession baseflow model, and
the Muskingum-Cunge flow routing model. The three
land cover scenarios were set ready through intersecting
land cover with another available geospatial vector file
called Soil Hydrological Group. After intersection, these
were fed into the HEC-GeoHMS (Hydrologic Engineering
Center-Geospatial Hydrologic Modeling System) an
extension of the ArcGIS for basin model and initial
preparation of the parameters. Once the basin model is
ready, the HEC-HMS was used for simulating the runoff
of the three land cover scenarios [36].
Trend analysis using excel
Trend or Trendline analysis, a built-in analysis
tool in excel, is a linear least squares regression tool that
can be employed to provide some correlation to data
points that are seemingly not linked at all. It uses
historical experiences to project, or estimate, future
experiences. Trend analysis methods have been developed
for climate change study [50]. There are several types of
Trendline correlation functions such as linear fit,

Table 2. Land cover proportion of 2003, 2010 and 2015 [36]
Land Cover Classification
Agriculture
Built-Up
Close Canopy Forest
Grassland
Open Forest
Submerged Condition
Total (ha)

2003 LC
(ha)
355,394.85
5,976.08
76,652.36
58,073.92
297,874.83
39,905.96
833,878.00

%
42.62
0.72
9.19
6.96
35.72
4.79
100%
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2010 LC
(ha)
298,682.90
14,423.92
41,916.72
254,691.42
167,336.78
56,826.26
833,878.00

%
35.82
1.73
5.03
30.54
20.07
6.81
100%

2015 LC
(ha)
536,550.31
2,817.97
68,198.83
33,526.92
142,622.23
50,161.74
833,878.00

%
64.34
0.338
8.18
4.02
17.10
6.02
100%

a. 2003 Land Cover: generated using
Landsat 7 ETM imageries

b. 2010 Land Cover: generated using
Alos/avnir 2, SPOT 5 and Landsat 7

c. 2015 Land Cover: generated from
30-m resolution Landsat 8 imageries

Fig. 4. a) 2003 land cover; b) 2010 land cover; and c) 2015 land cover

Fig. 5. Land cover of 2003, 2010 and 2015 in ha
Projected Land Cover in 2025
Table 3 shows the comparison of the latest land
cover data and the 2025 land cover projection. The 2025
Projected Land Cover is the projection if the land use is
continued without intervention. Projection was done
through correlation approach using trend analysis function
from past land cover satellite images such as 2003, 2010,
and 2015 land cover. Comparing the latest land cover
(2015) and the projected land cover (2025), and if the

current land use management will continue, there will be
at least 22% increase in the agriculture area. The practice,
however, would result to decrease in built-up areas (81%),
decrease in close canopy forest (44%), and grassland
(75%). With the current Land use management, the open
forest will be affected in 2025 which could result to 60%
decrease. This means that the 142, 622.23 ha open forest
in 2015 will be only 56, 508.6 ha in 2025. There are
projections that unless the destruction of forests is halted,
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Table 3. Land cover classification of the projected land cover in 2025 in ha
2015
%
Projected Land
%
% Change
Land Cover Classification
Cover in 2025
(2015 to 2025)
Agriculture
536,550.31
64.34
652,744
78.28
22%
Built-Up
2,817.97
0.338
527.17
0.06
-81%
68,198.83
8.18
38,134.2
4.57
-44%
Close Canopy Forest (Protection Forest)
Grassland (Agroforestry)
33,526.92
4.02
8,418.83
1.01
-75%
142,622.23
17.10
56,508.6
6.78
-60%
Open Forest (Production Forest)
Submerged Condition
50,161.74
6.02
77,545.2
9.30
55%
833,878.00
100%
833,878.00
100%
Total (ha)
most will have gone or been severely damaged in just 21
hydraulic processes in river basins. Anthropogenic
years [41]. The scenario also shows that the situation
activities such as deforestation, urbanization, and
could be worse since the submerged condition will have
croplands expansions can change how a river basin
increases from only 6.02% of the total area in 2015 to
responds to rainfall [22]. It has been found to increase
55% of the total land area in 2025. Submerged conditions
surface runoff and peak flows [27 & 17]. A comparison of
are flooded. Floods cause serious damage to production
1995 and 2017 land use data in Butuan, Philippines [45]
areas and major infrastructures such as roads, bridges, and
also revealed the same. It has found out that Agusan river
irrigation dikes. Most of the typhoon-induced flash floods
basin is 67.7% forest in 1995 but had decreased to 62.8%
and landslides are caused by large scale deforestation,
in 2017. Agricultural areas in the basin were also found to
many through illegal logging, mining and shifting
have increased from 12.2% to 15.5% in the same period.
cultivation. Several studies have shown that changes in
Fig. 6 shows the map of the 2025 Projected Land Cover.
land cover have negative impacts on the hydrological and

Fig. 6. Map of 2025 Projected Land Cover

Fig. 7. Map of Desired Land Use

Desired land use
Table 4 shows the comparison between the 2015
Land Cover and the Desired Land Use. If the Desired
Land Use Management is followed, there will be 23.3%
decreased in the areas for agriculture. This can, however,
result to increase in protection forest (112.3%),
agroforestry (125.7%), and production forest (4.3%).
According to Leach, 2015 best management practice or
returning some agricultural land back to grassland, forest
lands, or native prairie vegetation may prevent increase
stream flow. This means that there will be more protection
of the soil from siltation and erosion and thereby prevent
massive flooding. Larger forest area leads to lower
surface runoff as more forest cover tended to improve
infiltration [5]. In addition, the presence of
Agroforestry—which allows the combination of food pro-

duction and soil and water conservation–bolsters the
protection of soil from siltation and erosion. JICA, 2016
report shows that in Maguindanao, heavy erosion and
siltation is seen as cause of flooding. Erosion is likely to
occur due to the steep slope, no vegetation, and poorly
consolidated or compacted sediments in the Mindanao
River Basin. Sediment is transported downstream and
makes shallow the river beds. It is desired that there will
be no submerged areas. Fig. 7 shows the map of the
desired land use. Though the desired land use can protect
land cover, and reduce flooding, it can have effect on the
production of food since agriculture land is decreased.
Without better technology to produce more in the same
farm area, shortage of food products could be one of
consequences when agriculture area is reduced.
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Land Cover Classification
Agriculture

Table 4. Proportion and area of the desired land use
2015
%
Desired Land
Use (DLU)
536,550.31 64.34
411,679.95

Built-Up

2,817.97

0.338

%
49.37

2,795.00

% Change
(2015 to DLU)
-23.3%

0.34

-0.8%
8.18
144,786.49
17.36
112.3%
4.02
75,656.27
9.07
125.7%
17.10
148,798.55
17.84
4.3%
6.02
50161.74
6.02
0%
100%
833,878.00
100%
area than projected land cover. Comparing to the
projected land cover, the Desired Land Use in all different
RRP yielded to smaller runoff volume, lower peak
outflow, and longer lag time (time to prepare before the
arrival of the flood) from 2015 land cover (Table 5). This
means that the Desired Land Use will most likely mitigate
flooding since reduction in runoff means a reduction in
flood magnitude as runoff is the major source for
flooding. The reason for this is because the Desired Land
Use has a substantial presence of the Production and
Protection Forest vegetation than the 2015 Land Cover
and the 2025 Projected Land Cover. Furthermore, with the
presence of Agroforestry in the Desired Land Use, all
these create a condition where protection of the soil from
erosion will reduce runoff and siltation—the very
hydrological processes that influence flooding. The total
rainfall was derived from computed extreme values
precipitation in Table 1 while peak rainfall was based on
the computed highest values of incremental precipitation
occurred in every return period. Runoff volume, peak
outflow and lag time were generated from the summary
results of rainfall-runoff model or HEC-HMS simulation
in the depth gage junction.

Protection Forest
68,198.83
Agroforestry
33,526.92
Production Forest
142,622.23
Submerged Condition
50,161.74
Total (ha)
833,878.00
Runoff simulation of 2015, 2025 land cover and desired
land use
Table 5 and Fig. 8a–e below show the result of
runoff simulation of the current land cover (2015),
projected land cover (2025) and the desired land use.
Based on the result, it can be observed that there are
different values yielded between 2025 land cover and
desired land use as compared to 2015 land cover. Based
on the results shown in Figures 9-11, in 2025 land cover
all values in runoff volume and peak outflow increase
from 2015 land cover while decrease in desired land use.
The lag time has shorter time in 2025 land cover than
desired land use. For example, in 5-year RRP the runoff
volume in 2015 land cover is 49,938.98 m³/day. This
value will increase in 2025 land cover to 58,017.74
m³/day while reduce in desired land use to 40,405.8
m³/day. Moreover, the peak outflow in 2015 land cover is
1,178.5 m³/s which will increase in 2025 land cover to
1,428.10 m³/s and reduce in desired land use to 1,124.10
m³/s. For the lag time, in 2015 it has 30-hour 40 minutes
and it will reduce in 2025 land cover to 27hr and 30min
and increase to 34hr and 10min in desired land use. This
indicates that there will be longer flood preparation in
desired land use before the arrival of flood to the study

Table 5: Result of simulation from different parameters at Nth year rainfall return period using HEC-HMS
2015 land
cover
5-yr RRP
102.7
49,938.98
12.7
1,178.50
30hr 40min
10-yr RRP
125.1
68,036.52
15.3
1,767.90
29hr
25-yr RRP
153.4
90,693.20
18.5
2610.1
26hr 40min
50-yr RRP
174.3

Parameters at Nth year rainfall return period (RRP)
Total Rainfall (mm/day)
Total Runoff Volume (m³/day)
Peak Rainfall (mm)
Peak Outflow (m³/s)
Lag time
Total Rainfall (mm/day)
Total Runoff Volume (m³/day)
Peak Rainfall (mm)
Peak Outflow (m³/s)
Lag time
Total Rainfall (mm/day)
Total Runoff Volume (m³/day)
Peak Rainfall (mm)
Peak Outflow (m³/s)
Lag time
Total Rainfall (mm/day)
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Projected land
cover

Desired land
use

102.7
58,017.74
12.7
1,428.10
27hr 30 min

102.7
40,405.80
12.7
1,124.10
34hr 10min

125.1
76,943.80
15.3
2,074.70
26hr 10min

125.1
57,343.80
15.3
1,444.90
32hr 20min

153.4
100,412.82
18.5
2,979.10
24hr 20min

153.4
78,898.70
18.5
2,208.00
29hr 50min

174.3

174.3

Total Runoff Volume (m³/day)
Peak Rainfall (mm)
Peak Outflow (m³/s)
Lag time
Total Rainfall (mm/day)
Total Runoff Volume (m³/day)
Peak Rainfall (mm)
Peak Outflow (m³/s)
Lag time

107,409.96
20.9
3,285.10
25hr 50min
100-yr RRP
195.2
124,553.10
23.3
4,009.20
25hr 10min

Fig. 8a) 5-Year RIDF hydrograph for simulated land
covers

117,630.00
20.9
3,694.80
23hr 30min

94,937.50
20.9
2,828.20
27hr 10min

195.2
135,234.64
23.3
4,459.50
22hr 50min

195.2
111,479.28
23.3
3,505.00
26hr 30min

Fig. 8d) 50-Year RIDF hydrograph for simulated land
covers

Fig. 8b) 10-Year RIDF hydrograph for simulated land
covers

Fig. 8e) 100-Year RIDF hydrograph for simulated land
covers

Fig. 8c) 25-Year RIDF hydrograph for simulated land
covers
Fig. 9. Runoff Volume Comparison
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of runoff volume and peak outflow are increasing and the
lag time is decreasing. This indicates an immediate
intervention of the authorities and experts to reduce flood
in the study area.
The Desired Land Use, represented the sound
land use management, was done through simulation using
slope as the basis in assigning different land uses. If the
Desired Land Use Management is followed, there will be
23.3% decreased in the areas for agriculture. This can,
however, result to increase in protection forest (112.3%),
agroforestry (125.7%), and production forest (4.3%). This
means that there will be more protection of the soil from
siltation and erosion and thereby prevent massive
flooding. The study also showed that Desired Land Use
will most likely reduce the magnitude of the flood since
its simulated runoff parameters yielded to smaller runoff
volume, lower peak outflow, and longer lag time (time to
prepare before the arrival of the flood) than the 2015 Land
Cover and 2025 Land Cover. Therefore, the adoption of a
Sound Land Use Management is highly recommended as
one of the means to mitigate flood. The LGU’s and other
concerned agencies need to immediately conduct flood
mitigation program to reduce the increase of floods in the
study area.

Fig. 10. Peak Outflow Comparison
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Fig. 11. Lag Time Comparison

IV. CONCLUSION
The study aimed to determine the impact of
sound land use management to reduce runoff in the study
area. The study used hypothetical flood scenarios based
on the rainfall events gathered by PAGASA, the National
Weather Bureau of the Philippines. The study generated
the attribution data of past land cover satellite images in
2003, 2010 and 2015 derived from NAMRIA which
explained the changes in values of land cover
classifications using GIS. Much of the changes are on the
Agriculture and Open Forest areas which showed that
more areas are used for food production which resulted to
reduction of open forest cover, among others. With the
absence of forest cover, there is a negative impact on the
occurrence of massive flooding in the study area. The
2025 land cover, represented the land cover without
intervention, was projected through correlation approach
using trend analysis function from Microsoft Excel. If the
current land use management will continue, the
agriculture land cover will dominate the area with 78.28%
of the total area, close canopy forest and open forest cover
will reduce with 4.57% and 6.78% of the total area
respectively. The destruction of forest especially in the
upstream level contributed to massive flooding in the
area. The scenario also showed that the situation could be
worse since the submerged condition will also increase.
Consequently, the status of the 2025 land cover and
onwards are expected to be a threatening since the values
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TABLE I.

based classification method under supervised classification
and its algorithm is native in ArcGIS. In MLC, each class in
each band is assumed to be a normally distributed function
[4] and the likelihood of a pixel belonging to a specific
category is computed based on (1).
1

2

2

Built-up Forest- Agri- Range- Barren Total User
/Urban land cultural land Land
AccurLand
acy

(1)
Predicted Classes

1

gi (x)= ln p(wi )– ln|∑ i|– (x–mi )T ∑ i-1 (x–mi )

CONFUSION MATRIX OF OBSERVED AND PREDICTED LAND
COVER CLASSES
Observed Classes

where i is the class, x is 4-dimensional data where 4
represents the number of bands, p(wi ) is the probability of wi
occurring in the image, |∑i| is the determinant of covariance
matrix of wi, i(-1) is the inverse matrix and mi is the mean
vector.

Built-up/
Urban

225

5

1

1

0

232

96.98%

Forestland

13

275

3

4

0

295

93.22%

Agricultural
Land

18

1

175

16

0

210

83.33%

Rangeland

13

2

24

190

0

229

82.97%
96.91%

Barren Land

III. RESULTS AND DISCUSSION

Total
Producer
Accuracy

The classified Sentinel-2 image after performing majority
filter and boundary clean is shown in Fig. 2. To evaluate the
accuracy of the classification algorithm, a total of 1128
stratified random validation points were selected using an
orthophoto file with a resolution of 0.5 meters. Images from
Google Earth Pro were also used during the selection of
validation points. A confusion matrix was constructed to
compare the relationship between the observed and predicted
classes. The confusion matrix reflects the agreement between
the produced land cover map and the validation points through
four accuracy measures: producer accuracy, user accuracy,
overall accuracy and kappa coefficient. The diagonal line in
the confusion matrix shows the agreement between the
observed class and the predicted class. The overall accuracy is
the ratio between the number of pixels classified correctly and
the total number of pixels. The kappa coefficient ranges from
0 (total disagreement) to 1 (total agreement) [5].

4

1

0

0

157

162

273

284

203

211

157

1128

82.42% 96.83% 86.21% 90.05% 100%

Overall Accuracy = 90.60%

Kappa Coefficient = 0.8815

An overall accuracy of 90.60% shows a good relationship
between the observed and predicted land cover classes. A
kappa coefficient of 0.8815 also shows that there is good
agreement between reality and the produced land cover map.
IV. CONCLUSION
An overall accuracy of 90.60% and a kappa coefficient of
0.8815 show that the results of maximum likelihood
classification represent real land cover scenarios in the study
area. Pixel-based classification is a reliable method of
generating land cover maps that can be used for other
hydrological applications such as curve number grid creation
and percent impervious estimation, among others.
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D. Reduced steel bar area & Residual life of structures
The residual forces of corroded-damaged reinforcement
decrease more rapidly than the reduction of its average crosssectional area. As a result, the remaining strength, measured
in terms of stress, which can be resisted, of corroded
reinforcement, also reduces significantly. The residual
capacity of corroded reinforcement not only decreases with
the amount of corrosion but also varies with the diameter and
type of reinforcement.

to the irregularity of bar diameter, the actual residual section
of the corroded bar was determined by the actual area of steel
bar:
Actual area = W1/ (Lx γiron )

(1)

Where:
W1

= is the weight of the reinforcement after
corrosion, and rust removed (g)

L

= is the length of the specimen (mm)

γiron

= 0.00785 g/mm3

D.

Effect of Corrosion on the tensile properties of steel
bars

IV. CONCLUSION
The following were the conclusions:
1. The mechanical properties of corroded-damaged
reinforced concrete structures depend upon the rebar
cross-sectional area size and level of corrosion. A higher
corrosion level significantly increased the reduction of
cross-sectional area.

Mechanical tensile strength test was carried out in a
servo-hydraulic MTS 250 kN universal testing machine.

2. The mass-loss rate increases with a decrease in the bar
diameter whenever the reinforcing bar is corroded.

III. RESULTS AND DISCUSSION
The deterioration brought by corrosion of steel
reinforcement bars progresses at a rapid pace for the structures
exposed to aggressive environments and results in a severe
damaged to the reinforcement and its surrounding concrete.
Damages may include expansion, cracking, and spalling of the
concrete cover. Cracking leads to a reduction of the steel
reinforcement bar. All of these states inevitable result in a
reduction of the serviceability of Reinforced concrete
structures.

3. The exposed rebars corrode faster compared to protected
by-the-cement rebar’s. With an increase of crack widths,
greater surface area of steel bars will be exposed and
leads to further deterioration.
4. As corrosion level of the corroded-specimen increases,
the tensile strength likewise decreases. Yield stress
increases as the corrosion level increase.
5. The elongation to failure of the corroded-damaged
specimen is shortened as the corrosion level increases.

A. Reduction of the cross-sectional area & corrosion rates
The mechanical properties of corroded-damaged
reinforced concrete structures depend upon the rebar crosssectional area size and level of corrosion. A higher corrosion
level significantly increased the reduction of cross-sectional
area.

6. The remaining service life reduces with the corrodeddamaged structures of higher corrosion level.
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B. Crack width & reduction of cross-sectional area
The results revealed that as crack width increases the
cross-sectional area of corroded-damaged structures likewise
decreases. The rate of corrosion speeded up with the cracking
of the specimen.

REFERENCES
[1]

C. Mechanical properties of corroded-damaged reinforced
steel bar
The tensile behaviors of corroded bars are essential in the
evaluation of the capacity of corroded reinforced concrete
structures. As the corrosion level of the corroded-specimen
increases, the tensile strength likewise decreases.
With an increase of corrosion amount, the yield and
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Table Column Head
Response Spectra
Maximum Spectral
Acceleration g

Site Specific
Ground
Motion

NSCP Code

Difference

2.3

1.1

53%

IV. CONCLUSION
The important part of the spectrum that needs attention is
the maximum peak response of ground motion that might
affect the structural behavior of buildings compared to the
peak ground acceleration.

Fig. 1.3- Response Spectra of Different Major Earthquakes
with Mean Response Spectrum

This study is limited only to the April 29, 2017, 7.2 M
Sarangani Province site-specific ground motion earthquake
records only. Earthquake design codes need revisions to
utilize existing knowledge better, develop the better
understanding importance of site-specific strong ground
motion and the seismic response of building structures. The
study is directed to gather multiple data from PHIVOLCS of
accelerograph records of significant earthquakes in the
Philippines for study, evaluation, analysis, review and
proposed to be reviewed and translated in the seismic code.
Thus, past earthquake records obtained from accelerograph
recording networks of PHIVOLCS and actual soil
investigation in seismic areas in the Philippines are
significant for developing mitigation on earthquake-related
hazards in the country.

Fig. 1.4 - Construction of Response Spectrum

III. RESULTS AND DISCUSSION
The comparison showed that the spectral acceleration in
the Figure 1.5 Design Response Spectra in the NSCP, the
maximum design of the acceleration value is 1.1g while the
maximum acceleration in the site-specific response spectrum
curve is 2.3g. Considering the 7.2M Sarangani Earthquake
site-specific ground motion record, the seismic design code
is unconservative of 1.2g.
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Fig. 1.5 – Comparison of NSCP Code and Site-Specific Response
Spectrum
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The equations for the predicted response in terms of the
actual factors were used to compare the maximum UCS
values. The binder type that has the highest maximum value
for the predicted response is the RSA, therefore, the optimum
mixture is the soil with 5% RSA.

III. RESULTS AND DISCUSSION
A. Index Properties
The table below summarizes the data that are used for the
criteria for expansive soil classification. Most of the resulting
soil properties satisfied the NSCP criteria. The soil is
classified as expansive because of its expansion index which
is the governing property to classify expansive soils. Its
expansion index value of 98 indicates that it has a high
expansion potential.
TABLE II.

TABLE III.

Binder
Type

INDEX PROPERTIES

Index Properties
Percent Passing No. 200 Sieve (%)
Specific Gravity, Gs
Liquid Limit, LL (%)
Plastic Limit, PL (%)
Plasticity Index, PI (%)
Expansion Index
USCS Classification
Maximum Dry Density (kN/m3)
Optimum Moisture Content (%)

Index Value
54.82
2.713
77
44
33
98
MH
14.03
35.73

CSA
RSA
SCBA

B. Optimization of the Strength using Response Surface
Methodology
The response surface methodology was performed using
the Design-Expert software. A custom design was made using
the data collected. There are two numerical factors namely the
curing period and binder content. For the curing period, the
minimum value is set at 14 days while the maximum is set at
35 days. For the binder content, the minimum is set at 5%
while the maximum is set at 20%. There is only one response
and that is the unconfined compressive strength.

UCSSCBA = 426.154 + 9.277(BC) + 35.513(CP)
2
2
— 0.840(BC)(CP)— 0.329(BC ) + 0.075( CP )

Curing
Period
(days)
35
35
35

Predicted
UCS
(kPa)
1219.120
1682.124
1651.952
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A model was produced for every type of binder. Every
model generated an equation that represents the predicted
UCS response. The optimum response was always found
wherein the binder content is at the minimum of 5% and the
curing period is at the maximum of 35 days. The equations
produced
by
the
models
are
as
follows:

UCSRSA = 1582.026 — 16.791(BC) — 39.551(CP)
2
2
— 0.695(BC)(CP) — 0.242(BC ) + 1.385( CP )

Binder
Content
(%)
5
5
5

IV. CONCLUSION
The soil that was used in this study was sourced from
Kauswagan, Lanao del Norte and is identified as an expansive
soil due to its index properties meeting the criteria set by the
NSCP for expansive soils. 20% RHA was used as a stabilizer
for the soil since it has been proven to effectively reduce the
swelling potential of the soil. Different types of binder namely
CSA, RSA, and SCBA were added in varying percentages
from 5% to 20% in steps of 5%. With the addition of the
stabilizer and binder, the potential expansion of the mixtures
became very low. Improvement in the strength was observed
for all binder types.A response surface methodology was
performed for the UCS of the soil mixtures. The optimum
strength for each binder is at the lowest binder content; and
the strength increases with the curing period. The optimum
mixture is the soil with 5% RSA because it yielded the highest
maximum value for the predicted UCS.

Test results show that the stabilizer (20% RHA) and all
types of the binder effectively controlled the potential
expansion of the soil. With the addition of the stabilizer and
binder, the potential expansion of the mixtures became very
low. The EI of the mixtures ranged from 0 to 2 only.

UCSCSA = 1432.809 — 49.460(BC) — 18.361(CP)
2
2
— 0.27(BC)(CP) + 1.746(BC ) + 0.555( CP )

MAXIMUM VALUES FOR THE PREDICTED UCS
FOR EACH BINDER TYPE

[1]

[2]

(1)

[3]

(2)
[4]

(3)
[5]

Where:
UCSCSA = UCS of Mixtures with CSA (kPa)
UCSRSA = UCS of Mixtures with RSA (kPa)
UCSSCBA = UCS of Mixtures with SCBA (kPa)
BC = Binder Content (%)
CP = Curing Period (days)

[6]
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Figure 3. Relation between packing density and fly ash dosage

III. RESULTS AND DISCUSSION

C. SCC Fresh Properties
The minimum dosage of superplasticizer in percent by
weight of binder with the corresponding results from the
different standard test for self – compacting concrete are
presented in Table 2. It can be observed that for 0% to 20%
fly ash replacement, only 1.25% of superplasticizer is
needed to satisfy SCC workability requirements set by
EFNARC[5]. As the dosage of fly ash increases, the demand
for superplasticizer also increases. It is worth noting that
regardless of the fly ash dosage, SCC can be obtained by
adding superplasticizer of up to 2 % by weight of binder.

A. Dry packing Density of Aggregates
The density from dry packing of aggregates are
presented in Figure 1. Using a curve fitting tool, with 2nd
order polynomial, the optimum coarse-to-total aggregate
ratio was obtained to be 0.423, which was corresponding to
a density of 1813.4 kg/m3.
1820

Density (kg/m3)

1810
1800
1790
1780

Table 2. Test Results for SCC fresh properties

1770
1760
1750
0.30

0.35

0.40 0.45 0.50 0.55 0.60
Coarse-to-total Aggegate Ratio

0.65

0.70

Figure 1: Relationship between Coarse-to-total Aggregate Ratio and
Density

B. Packing Density of Concrete Mixture

Water-to-solid ratio

The relation between water-to-solid ratio corresponding
to the maximum packing density of each mixture proportion
and fly ash dosage is presented in Figure 2. Apparently, as
shown in Figure 2, water-to-solid ratio increases as the fly
ash dosage increases. Fly ash dosage is presented in terms of
percentage by weight of binder. The increasing water-tosolid ratio may be due to the properties of fly ash that tend to
inhibit flowability of fresh concrete. Thus, higher fly ash
dosage requires larger amount of water for lubrication
between particles. It is worth noting that packing density was
obtained prior to the addition of superplasticizer.

Mix

SP
(%)

Slump
Flow(mm)

Jring(mm)

VFunnel(sec)

L-box
(ratio)

0FA
10FA
20FA
30FA
40FA
50FA
60FA
70FA
80FA
90FA
100FA

1.25
1.25
1.25
1.50
1.50
2.00
2.00
2.00
2.00
2.00
2.00

735
775
675
750
660
650
680
685
720
660
655

9
6
8
5
9
10
8
10
9
8
6

9.3
9.7
6.8
8.7
10
7
6.2
7.1
12
6.8
6

0.88
0.89
0.80
0.80
0.81
0.88
0.9
0.88
0.96
0.86
0.80

IV. CONCLUSION
Concrete mixtures used in this study were proportioned
based on closed particle packing method. With a constant
paste volume of 33.5%, water-to-solid ratio increases as the
fly ash dosage increases. Optimum particle packing density
can be obtained with fly ash dosage of around 10% by
weight of binder.

0.35
0.34
0.33
0.32
0.31
0.3
0.29
0.28
0.27
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Figure 2. Relation between water-to-solid ratio and fly ash dosage
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With a constant paste volume of 33.5%, optimum fly ash
dosage is somewhere around 10%. As the fly ash increases
further from 10%, particle packing density decreases
continuously, as shown in Figure 3.

Packing density
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Stability
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on the result of Tasi et. al[4]. From this paste volume, the
cement requirement was obtained and presented in TABLE 1.

slump are 0.95%, 1.17%, 1.58%, and 2.80% of binder mass,
respectively.

D. Determination of SP Dosages
The slump-SP diagram was generated to understand the
SP dosage-to-slump response. This was done by varying the
SP dosages from 0-3% of binder mass. A recommended
slump value of 100 mm for beams/reinforced walls, building
columns, and slabs/heavily reinforced sections applications
(NSCP 2015) was considered in this study. The SP dosage
corresponding to 100 mm slump was obtained from the
generated slump-SP diagram.

B. Compressive Strength of Concrete
The compressive strengths of concrete were obtained
from the average strength of 3 concrete cylindrical samples.
Based on Fig. 2, a gradual increase of strength is observed
from days 3 to 28. However, no significant increase of
strength after 28 days.
Generally, the compressive strength of concrete increases
as the water-to-binder ratio decreases. However, compressive
strength appears to be less sensitive to water-to-binder ratio,
especially when w/b falls within the range of 0.25 to 0.35.

E. Mix Proportions
Four concrete mixtures with varying water-to-binder (w/b)
ratios (0.25, 0.30, 0.35, and 0.40) were used in the
experimental design. The final proportions of concrete
constituents based on 1 m3 volume are presented in TABLE 1.
The specimens were named according to their respective
water-to-binder ratios.

Fig 2. Compressive Strength Development
50

Compressive Strength
(MPa)

WB0.40

WB0.35

WB0.30

WB0.25

40
30
20

TABLE 1. MIX PROPORTIONS
Specimen

CA
(kg)

FA
(kg)

Fly ash
(kg)

Cement
(kg)

Water
(kg)

SP
(kg)

WB0.40
WB0.35
WB0.30
WB0.25

624.8
624.8
624.8
624.8

841.8
841.8
841.8
841.8

113.8
113.8
113.8
113.8

379.0
415.6
458.1
507.9

192.4
179.1
162.5
138

4.7
6.2
9.0
17.4

10
0
3

A. Workability of Fresh Concrete
The slump-SP diagrams of concrete mixtures are
presented in Fig. 1. Generally, the slump increases gradually
at lower SP dosages. An abrupt slump increase is experienced
after a certain SP dosage. That point is considered to be the
critical point. Beyond that point, a minimal increase in SP
dosage causes a significant increase in slump until the point of
saturation. After saturation point, no significant increase of
slump is observed.
Fig. 1. Slump-SP diagram

Slump (mm)

14
21
Age (days)

28

56

IV. CONCLUSION
Based on the test results, fly ash procured from a local
coal-fired power plant can be used as a micro-filler in
concrete. For a target slump of 100 mm, the required SP
dosages fall within the range of 0.95%-2.8% of binder mass
for a water-to-binder ratios ranging from 0.40 to 0.25. The SP
needed to attain a certain slump is inversely proportional to
water-to-binder ratio. Also, for a specific SP dosage, the
slump increases as w/b also increases. In addition, the
compressive strength increases as w/b decreases. No
significant increase of strength is observed beyond 28 days.

III. RESULTS AND DISCUSSION

300
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100
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0
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compressive strength of concrete develops as its age increases.
Fig. 3 shows that the compressive strength increases as the
w/cm ratio decreases. Relatively higher compressive strengths
were observed at 0.25 w/cm ratio. It also shows that the
compressive strength decreases as the fly ash content
increases which is consistent with other studies [4,5]. It can be
seen in Fig. 3 that high-volume fly ash content of 30- 45%
satisfies the minimum structural strength requirement of 21
MPa for NSCP 2015[5]. It is notable in Fig. 3 that by lowering
the w/cm ratio to 0.25, concrete with 75% fly ash replacement
(0.35FA75) has satisfied the minimum strength requirement
for structural use. Based on a previous study, adequate
workability and strength for structural can be achieved up to
80% of fly ash replacement with 0.20 water/binder ratio[6].

21 and 28 days), with three specimen per testing age. The
samples were cast, and water cured as per ASTM C39.
III. RESULTS AND DISCUSSION
A. Phase 1: Workability of the Fresh Concrete
The slump test results are plotted and shown in Fig. 1.
By varying the SP dosages, the general trend of the SlumpSP relationship can be observe. At lower SP dosage, the
increase in slump is minimal with respect to the increase in
SP dosage. The slump significantly starts to increase at a
critical dosage which ranges from 0.4 – 1.0% where a slight
increase of the SP dosage results to an abrupt increase in the
slump. It can be observed that the slump increases with SP
dosage but after a certain limit or the saturation dosage,
further increase in SP dosage results to insignificant increase
in slump. Based on Fig. 1, specimens with low w/cm ratios
and high fly ash content requires higher SP dosage (> 0.80%)
to reach the saturation dosage.

Fig. 3. 28-Day Compressive Strength

The SP dosage corresponding to moderate slump
(100mm) was targetted from the slump-SP curve. The SP
dosages required to achieve moderate slump (100 mm) at
different w/cm ratios and fly ash content are presented in Fig.
2. The SP dosages needed to achieve moderate slump
concrete range from 0.33% - 1.5%. Fig. 2 shows that higher
dosage of superplasticizer is needed for higher fly ash
content, which is in agreement with past studies [2], [3]. Fly
ash has a larger specific area than cement, thereby requiring
more SP dosage than the control mixture.

IV. CONCLUSION
This research studies the mechanical properties of
moderate-slump concrete containing high-volume fly ash. It
can be drawn from the experiments done that moderate slump
concrete can be formulated and produced at low w/cm ratios
using superplasticizer. However, high dosages of
superplasticizer were required at low w/cm ratios and high fly
ash contents. With an SP dosage with ranging from 0.331.5%, moderate slump concrete was attained. The
compressive strength results showed that the concrete with
high volume replacement of fly ash from 30-45% by weight
of the cementitious material can pass the minimum
compressive strength requirement for structural concrete (21
MPa). With the use of 0.25 w/cm ratio and superplasticizer,
up to 75% fly ash replacement can be used to attain workable
concrete with adequate strength for structural use. It can be
concluded that moderate slump concrete containing highvolume fly ash can be produced for structural applications
with careful selection and proportioning of the concrete
constituent materials.

Fig. 1. Slump – SP Curves
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shows that the control PU (without NG) has the highest
corrosion rate which means the system is more susceptible to
corrosion. However, the addition of NG soy-based PU has
significantly decreased corrosion rate and is comparable to
commercially-available PU coating.
Thermal Analysis. DSC thermograms in Figure 5 show Tg
and endothermic curves on PU and PU composite systems.
All systems have Tg at the region of -20°C to -10°C. Tg
decreases on increasing %NG. Transition temperature varies
however, as sharp endothermic peaks are more apparent on
high %NG owing to interaction of PU chains with NG.

II. METHODOLOGY
A. Experimental Procedures
ESBO was reacted with 2-propyl alcohol and phosphoric
acid (75-90 % and 1% by weight based on ESBO,
respectively) to produce Soybean Oil Phosphate ester (SOPE)
[5]. Soy-based PU was obtained by reacting SOPE with
hexamethylene diisocyanate (HDI) in a 1:1 NCO/OH ratio.
Viscosity of the mixture was adjusted with butanone (MEK)
[9].
For the preparation of the composite; 1%, 1.5%, 2.5%, and
3% by weight of NG was initially pretreated with ethanol and
was subjected to sonication. NG was added in-situ
polyurethane formation via SOPE and HDI reaction with the
aid of a high speed mixer [12].
Polyurethane/nanographite (PU/NG) composites as
experimental samples and soy-based PU (PU) and
commercial petroleum-based polyurethanes (Com PU) as
control samples were applied on steel panels using a spin
coater to produce the coatings.

IV. CONCLUSIONS
From the obtained results, the following conclusions can be
drawn:
1. Polyurethane coatings derived from ESBO exhibits
comparable anti-corrosion performance, adhesion and water
resistance with that of a commercially-available petroleumbased PU coating.
2. The addition of nanographite as filler greatly enhances the
anti-corrosion performance of the bio-based PU exceeding
that of petroleum-based PU.
3. Increasing the concentration of NG in the coating
formulation directly increases anti-corrosion performance.
However, at high inclusion, agglomeration creates uneven
dispersion of particles allowing paths for water permeation.
4. Novel soy-based nanographite/polyurethane composite
coatings produced in this study displayed enhanced anticorrosion properties showing great potential in steel-based
coatings application.

B. Characterization
Tests of physical and chemical properties follows test
standards: Hydroxyl number (ASTM D 1957), Rating
Adhesion by Tape test (ASTM D 3359-17 and Water
resistance (ASTM D870-02). Instrumental Analysis includes
Fourier-transform infrared spectroscopy (FTIR), differential
scanning calorimetry (DSC), optical microscopy, and
electrochemical tests.

III. RESULTS AND DICUSSIONS
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Optical Microscopy. PU with 1% NG exhibited very
minimal agglomeration suggesting particles were evenly
dispersed in the matrix (Figure 1). Increasing the amount of
NG up to 3% increases agglomeration sites, however, no
visible cracks or defects were observed on the composite
systems evaluated.
Adhesion Test. Cross-cut tape test on all systems showed
excellent adhesion to the metal plates. Notably, incorporation
of NG improved adhesion. Nanoparticles tend to occupy
small hole defects during curing that may have reduced
defects and cracks on the interface resulting to enhanced
adhesion.
Water Uptake test. A polymeric film coating on a substrate
acts as a barrier preventing transport of gases, vapor and
liquid through the medium. Figure 2 shows water absorption
of PU and PU/NG films. PU at 2.5% NG has the lowest water
absorption. PU at 3% showed large decline on water
resistance implying there were permeation zones present in
the composite film.
FTIR Analysis. Figure 3 shows the IR spectra of the
polymeric systems. All major bond peaks for polyurethane
were present. For soy-based PU (PU/NG and PU), peaks at
1246 and 1017 cm-1 are present suggesting P=O and P-O-C
functionalities and apparent incorporation of the phosphate
esters. As observed, varying the amount of NG did not
interfere in the curing process of PU.
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Figure 4. Corrosion rates of the coating systems. (a) Comparison between
Com PU, PU and PU/NG. (b) Anti-corrosion performance of NG addition to
PU.

Figure 1. Optical microscopy of PU composite coating systems (40x
magnification) showing differences of distribution in the polymer matrix.

Figure 5. DSC thermograms of PU and PU/NG composite coating systems.
Figure 2. Water uptake of PU and PU composite coating systems.

Figure 3. FTIR spectra of PU and PU/NG composite coating systems.
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level in the design results. It is further recommended, that
submerged laboratory pullout test be conducted, along with
other tests, to other types of soil reinforcements – steel grids,
geotextiles, metallic strips, indigenous organic cocomats –
in order to create a bigger database of information critical to
the design of submerged to partially submerged MSE walls.
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Fig. 2. Coefficient of Interaction curves for FGS and CGS interfaced
with Tensar RE580
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IV.

CONCLUSIONS

In conclusion, there is a significant reduction of the
design parameters Ci, in the submerged conditions, at lower
effective overburden pressures, as compared to the
submerged condition of the same lower effective overburden
pressures. The implication of this conclusion is to use lower
interaction coefficients, Ci, for MSE structures that are
expected to be submerged instead of uniformly using the Ci
values recommended for non-submerged conditions,
especially at lower effective overburden pressures.
It is recommended that this phenomenon be considered
in the MSE wall design process in order to avoid
overestimating the pullout capacity of the geogrid during
submerged conditions, and therefore increase the confidence
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pasted on a carbon adhesive attached on a copper substrate.
A thin layer of gold film was sputtered on the dried sample
under vacuum. Fourier transform infrared spectroscopy
(FTIR) confirmed composition of the CA/PAN nanofibers
using a diffuse-reflective FTIR (Perkin Elmer spectrum 100,
USA). Spectrum was run in 32 scans in the range of 4000 –
600 cm-1 with a resolution of 0.09 cm-1.

nanofibers (Figure 3b,c). The dual characteristics of the
nanofiber in CA/PAN indicate that the membrane formed
during SBS spinning is a composite nanofiber. As depicted
in the FTIR spectra in Figure 4, the composite nature of the
membrane is further proven through the signature
absorption signals for both PAN and CA.

III. RESULTS AND DISCUSSION
From the six groups studied, only four CA/PAN
compositions were able to form nanofibers (i.e., 50, 55, 60
and 65% (v/v)) at a production rate of 5 mL/hr with air
pressure of at least 3 bars for A, 4 bars for B and C, and 5
bars for D. The increasing concentration of cellulose in the
precursor requires increasing air pressure to initiate nanofiber
production. The successful production of nanofibers were
evident from the fiber collected at the rotating drum or
during sample collection. However, when CA concentration
reaches 70%, nanofiber cannot be produced, even at higher
pressure up to 5.5 bars (Table II).
TABLE II.

Fig. 3. SEM images comparison of (a) composite nanofiber (i.e., 50%
CA/PAN), (b) pure PAN nanofibers with bundles, (c) pure CA nanofibers
with beads

RESULTS OF SBS OF PAN-ASSISTED CELLULOSE
NANOFIBER MEMBRANE

Fig. 4. FTIR of PAN-assisted
concentrations using SBS method.

cellulose

nanofiber

of

different

The CA/PAN nanofiber membranes have potential
applications for adsorption of pollutants in water and for the
purification of biorefinery intermediates and products.

SEM images of the successfully SBS-spun PAN-assisted
cellulose nanofibers at different concentrations are shown in
Figure 2. The increasing amounts of cellulose content seem
to increase the presence of CA beads on its nanofiber
network (Figure 2a-d). The cellulose content also has an
influence on the fiber diameter range (FDR) of the
nanofibers. The higher the CA content, the higher is the FDR
(Figure 2e-h).

IV. CONCLUSION
Cellulose-based nanofiber membrane can be successfully
produced through the assistance of an easy-to-spun polymer
precursor (e.g., PAN) using solution blow spinning (SBS).
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Fig. 2. SEM images of different cellulose/poly(acrylonitrile) (CA/PAN)
compositions. (a,e) 50% CA/PAN, (b,f) 55% , (c,g) 60%, (d,h) 65%.

Further investigation on the CA/PAN nanofibers suggest
that there are actually two types of nanofibers produced.
One is for the PAN and another for the CA. Such
observation is demonstrated in Figure 3a, wherein PAN is
characterized with bundled nanofiber (i.e., with white
arrows) and CA with smooth beads, indicated in circles,
magnified in the inset of Figure 3a. Such nanofiber
characteristics are also found on the pure PAN and CA
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TABLE I.

CNC AND MFC PRODUCTION YIELDS

Process
Pulping
Bleaching
Alkali treatment (CNC)
Acid hydrolysis (CNC)
Grinding at 10 passes (MFC)
Overall

C. Fourier Transform Infrared Spectroscopy
Two separate experiments were performed in the production of
the CNC and MFC. Figure 2 (top) shows the Fourier transform
infrared spectroscopy spectra of the CNC and the intermediate
products leading to it: the pulp, bleached pulp, and the AIC, while
Figure 2 (bottom) shows the spectra of the MFC and the
intermediate products leading to it: the pulp, and the bleached pulp.

Yields (%)
CNC

MFC

81.5
71.7
43.1
14.0
0.0353

71.45
66.47
87.52
41.57

Acid hydrolysis conditions were varied in terms of sulfuric acid
concentration. Concentrations of 46 and 55% v/v sulfuric acid were
initially applied to the AIC. During hydrolysis, the solution did not
turn clear indicating that large molecules of cellulose were still
present. Only after treatment with 64% v/v did the solution turn
translucent indicating that the hydrolysis products are
nanoparticulate. The yield after acid hydrolysis was only 14.0%
with an overall yield of 0.0353%.This is low, as yields up to 88%
have been reported [5]. . Optimization of the pre-treatment and
hydrolysis conditions is recommended.
On the other hand, the yield after producing MFC was 87.52%
with an overall yield of 41.57%. This is a good value for the yield,
but increasing this is still very likely, as further improvements in the
pulping and bleaching processes may be done.
Fig. 2. FTIR spectra of the Bakong pulp and the intermediates leading to the CNC
(top) and the MFC (bottom)

B. Morphology of the CNC and CNF

The characteristic peaks are compared to the nanocellulose
peaks described in another study [6]. The samples had broad peaks
at the 3200 to 3400 cm-1 range, specifying the free O-H groups. At
2896 to 2900 cm-1, there were peaks for C-H stretching vibration. In
the 1424 to 1427 cm-1 and 1368 to 1370 cm-1 region, there were
peaks corresponding to C-H bending vibrations, while C-H
stretching peaks were present at 2896 to 2900 cm-1. The peaks at
900 to 1100 cm-1 corresponds to C-O stretching vibration of the
pyranose rings and the alcohol groups. The functional groups
present in the spectra confirm that the pulp, bleached pulp, AIC,
CNC, and MFC are made up of cellulose. It was observed that there
were no significant differences in the FTIR spectra of the three
different samples. Thus, based on the peaks present, it can be
concluded that the cellulose backbone of the Bakong fibers was not
altered significantly during the pulping, bleaching, acid hydrolysis
and grinding processes. One peak at around 1600 cm-1 corresponded
to O-H bending of water, showing that the materials had residual
moisture even after drying.

Fig. 1. SEM image of the CNC (top), optical microscope image of the MFC (bottom
left), and SEM image of MFC (bottom right)

Figure 1 shows the scanning electron microscope of the CNC
and MFC. It was observed that the CNC consisted of rod-like
particles. They were dispersed into the foil since the solids content
of the suspension was only 0.01% w/w. The lengths of the particles
were around 102 nm and the widths were 22 nm on average. The
low aspect ratio of the obtained samples suggested that the
treatments may have been harsh, and that the particles have
significantly degraded. The particles may be considered cellulose
nanoparticles and they are within the size range of cellulose
nanocrystals in literature [2].

D. Size analysis by Dynamic Light Scattering
Dynamic light scattering analysis was performed only on the
MFC suspension. The size distribution peaks of the suspended
particles are shown in Figure 3. Three peaks were present. The
lowest sized peaks were at 345.2 nm, 336.5 nm, and 272.1 nm. The
mid-sized peaks were at 1101 nm, 1379 nm, and at 905 nm. The
largest sized peaks were at 5255 nm, 5232 nm, and 5160 nm. This
shows that the friction grinder was able to produce cellulose fibrils
almost to the nanometer range. However, the uniformity of the
fibers was not very good.

On the other hand, the MFC were 700 μm long and 20 μm wide,
but much smaller fibers and evidence of microfibrillation were
visible. In this study, no further treatment was performed to
improve the size distribution and the prepared MFC suspensions
were used. The SEM images of the freeze-dried suspension showed
the presence of large fibers with sheet-like structures surrounding
them. This suggests that significant defibrillation occurred during
grinding. However, the drying method was not able to successfully
isolate the individual microfibrils, agglomerating and forming these
sheet-like structures. Crystallinity and mechanical properties of the
samples were not measured, so it is recommended that further
measurements be made using other instrumentation methods.

Fig. 3. Size distribution of the particles in the MFC suspension

IV. CONCLUSION
Cellulose nanocrystals (CNC) and microfibrillated cellulose
(MFC) were produced from Bakong (Hanguana malayana (Jack)
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Merr.) fibers. CNC was successfully prepared by hydrolysis using
sulfuric acid. Upon treatment, using less than 64% v/v on the
samples was ineffective. Further purification by centrifugation and
dialysis produced CNCs of almost uniform sizes. However, the
yield and the aspect ratio of the samples were low, so further
optimization of the processes is recommended. On the other hand,
MFC was produced friction grinding. The grinding yield was
87.52% after 15 passes, while optical microscopy and scanning
electron microscopy supported that microfibrillation occurred.
Dynamic light scattering analysis was performed on the MFC and a
non-uniform size distribution was observed. The high yields
obtained showed that the method used for producing the MFC was
promising. FTIR analysis of the samples showed that the cellulose
backbone of the intermediates did not change significantly during
the treatments. Overall, the Bakong fibers showed promise as a
source of cellulose nanocrystals and microfibrillated cellulose.
Finding further applications of the CNC and MFC from Bakong for
advanced materials is recommended.
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range was from 178.3 to 184.2 μmol/ m2-s while in the open
field, 665.8 and 532.6 μmol/ m2-s were the average for the first
and the second cycle, respectively.

hindered by tipburn and deteriorates the internal leaves of the
heads leading to lower quality of produce.
C. Sensory Evaluation
In terms of freshness, color, and crispness, samples from
the 18- and 16-hour photoperiod got the highest rating being
fresh, dark green, and crispy, respectively, compared to
samples from the 14-hour photoperiod and from the outdoor.
This is due to the longer-than-natural photoperiod that allowed
higher photosyntethic activity in lettuce crops [9]. As for taste,
no significant difference was found between samples from 18, 16- and 14-hour photoperiod; all being rated with ‘strong
liking.’ Samples from the outdoor setting were rated lowest
due to the bitter taste caused by higher latex production in
conditions with higher temperatures [4].

A. Indoor Conditions
Chamber temperature readings for the first and second
cycles in all photoperiod treatments ranged from 19.3° C to
22.5° C, and 14.6° C to 18.7° C, respectively, while
temperatures in the open field ranged from 22.3° C to 37.8° C
for the first cycle, and 21.4° C to 35.6° C for the second cycle.
For CO2 concentration, the plants both in chambers and open
field, were exposed to CO2 levels within the acceptable range
of 390 ppm [1] to 600 ppm [2]. The average CO2 readings
inside the chambers for the first and second cycles were 457.0
ppm and 453.3 ppm, respectively. Lastly, RH was also
observed to be within the range of 50 to 70% [1] enough for
the lettuce to perform its physiological process from its
vegetative stage until heading. The average RH readings
inside the chambers for the first and second cycles were 56.3%
and 52.5%, respectively. The chambers used were able to
maintain at least the minimum recommended atmospheric
conditions recommended for the growth of head type lettuce
in terms of temperature, CO2 concentration and RH.

IV. CONCLUSION
The chambers were able to provide and maintain the
needed environment for the production of head type lettuce in
terms of temperature, light intensity and duration, carbon
dioxide concentration and relative humidity during the entire
growing period of iceberg lettuce. A chamber temperature of
20° C is suitable for the growth of head type lettuce under a
photoperiod length of 16 hours as it was observed that the
heads were heavier and bigger compared to other samples in
terms of head weight and head diameter. Photoperiod
exceeding 16 hours could result to heavier and more compact
heads but incurs high incidence of tipburn. Sensory properties
of iceberg lettuce heads in terms of freshness, color and
crispness are improved with longer photoperiods.
Additionally, bitterness in lettuce heads was eliminated using
indoor farming with chamber temperature of 20°C.

B. Yield Assessment
For the head weight of iceberg lettuce subjected to 20° C
of chamber temperature, the highest value was obtained at 16hour photoperiod with 169.67 g, followed by those subjected
to 18- and 14-hour photoperiods, which gave 162.02 g and
122.53 g, respectively. Heading process in the 18- and 16-hour
treatments were affected by the tipburn experienced by all the
samples in 18 hours and 8 samples in 16 hours. This hindered
the normal heading process of the lettuce crops. When tipburn
is present and not controlled at the onset of heading, the young
leaf tissues that is supposed to be converted to heads are
subjected to necrosis and growth becomes impossible. This
also deteriorates the internal leaves inside the heads leading to
lower quality of produce, exposure to fungi, and rotting [3].
Nonetheless, all of the samples from 18 hour photoperiod
yielded heads while one was unable to produce head in 16
hours. However, 14-hour photoperiod yielded less with only
15 out of the 21 samples producing heads. Heading process is
observed to be proportional to length of photoperiod when
temperature is at 20°C. With shorter photoperiods at 20°C,
production of heads in iceberg lettuce is negatively affected.
T-test revealed that samples from the 18- and 16- hour
photoperiod had no significant difference while samples from
the 14-hour photoperiod produced significantly lighter heads
compared to samples subjected to 18 and 16 hours of
photoperiod. For samples subjected to 16° C of chamber
temperature, the crops were growing slower compared to
samples from 20°C. This was due to the slower physiological
processes in the lettuce plants when exposed to consistently
low temperature below 20°C [6]. Hence, no heads were
harvested and evaluated under the 16°C chamber temperature.
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C. Liquefaction Potential Index

IV. CONCLUSION

The liquefaction potential index (LPI) quantifies the
severity of liquefaction and predicts surface manifestations of
liquefaction, liquefaction damage or failure potential of a
liquefaction-prone area. For the soil profiles with the depth of
less than 20m, LPI is calculated using the following equations
(Luna and Frost, 1998):
LPI = ∑ni=1 = wi *Fi *Hi
(4)
where Hi = thickness of the discretized soil layer, n = number
of layers, Fi = liquefaction severity of the layer, and wi = depth
weighing factor.

In the perspective of liquefaction, this paper has proven that
areas near creeks are highly susceptible to liquefaction. The
liquefaction potential assessment is just part of a much bigger
scope which is Disaster Risk Reduction. The ultimate goal of
doing such assessments is to provide mitigation measures in
order to control the level of vulnerability. The information
provided by the liquefaction potential assessment will be
useless if it will not be utilized to a wider scale.
The susceptibility of specific areas in Manila to
liquefaction, in general, shall be aligned with the United
Nations Development Programme – Disaster Management
Training Programme (UNDP-DMTP) phases of disaster. The
liquefaction potential assessment is part of Disaster
Preparedness. This disaster phase consists of activities
designed to minimize loss of life and damage, organize the
temporary removal of people and property from a threatened
location, and facilitate timely and effective rescue, relief, and
rehabilitation. It is actually a pre-disaster activity to initially
assess the areas which are more likely to be susceptible to
liquefaction such as creeks.

Criteria established by Luna and Frost (1998) to evaluate
the severity of the liquefaction is shown in the table.
TABLE 1. Liquefaction Potential Index (LPI) Criteria
LPI range of values
Description
LPI = 0
Little to None
0 < LPI ≤ 5
Minor Liquefaction Potential
5 < LPI ≤ 15
Moderate Liquefaction Potential
LPI > 15
Major Liquefaction Potential
III. RESULTS AND DISCUSSION

It is also important to consider that liquefaction potential
assessment opens wider opportunities for development. Since
it is a pre-disaster activity, it drives key individuals to prepare
for any kind of disaster related to earthquake and liquefaction.
The Disaster Development Relationship by UNDP-DMTP
suggests to target the positive realms of development and
disaster because it just simply means that vulnerability is
reduced when proper development is executed. These risk
assessments are the tools to formulate and think of solutions
that will reduce the susceptibility to liquefaction.

The soil is somehow considered potentially liquefiable if it
is loose, sandy, and saturated. These qualitative criteria can
greatly be associated and validated using the parameters
computed such as the geotechnical parameters, CRR, CSR, and
LPI. It can be seen in the borehole logs that the shallow layers
of soil are loose because of the lower SPT N-values. This
means that it can only take few number of blows to penetrate
the soil using SPT hammer and drill rod. Soil reports also
describe the shallow layers as mostly sandy. SPT N-values are
indicators that sandy layers are, in most cases, weak because of
its minute characteristics including the high probability that it
is loose. Another qualitative criterion is the degree of saturation
of the soil layer. This is very evident in the site locations
because the areas where the data are collected are creeks,
therefore, soil layers are expected to be saturated, in general.
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TABLE 2. Computation of LPI for Estero de Binondo
corresponding to M = 7.2 and PGA = 0.4g
DEPTH
(m)

1.50
3.00
4.50
6.00
7.50
9.00
10.00

CRR

CSR

FS

0.08
0.07
0.26
0.24
0.11
0.12
0.12

2.34
2.76
3.09
3.25
3.37
3.45
3.47

0.033
0.027
0.084
0.075
0.033
0.034
0.036

z

H

(m)

(m)

0.750
2.250
3.750
5.250
6.750
8.250
9.500

1.500
1.500
1.500
1.500
1.500
1.500
1.000

w(z)

F

9.625
8.875
8.125
7.375
6.625
5.875
5.250

0.967
0.973
0.916
0.925
0.967
0.966
0.964

Level of liquefaction severity :

w(z) F.H

13.956
12.953
11.161
10.231
9.606
8.513
5.063
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LPI= w(z)F.H 71.484
Very High
`

Estero de Binondo has an LPI of 71.484, Estero de Quiapo
has an LPI of 73.228, and Estero de San Miguel has an LPI of
66.823. According to the criteria, if the LPI is greater than 15,
the area has a major liquefaction potential or the level of
liquefaction severity is very high. LPI is directly dependent on
the liquefaction severity of the soil layer which becomes high
in value when the factor of safety is very low. On the other
hand, when the factor of safety is equal or greater than 1,
automatically, it will not contribute to the value of LPI. Since
all soil layers except one have factors of safety way lower than
1, the LPI becomes too large averaging a value of 70.
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Fig. 1A shows that the CV curves exhibit quasi-rectangular
curves with no evident redox peaks, characteristic of EDLC –
related nanomaterials [2]. Fig. 2A shows a low value of Rs >5
(nearest to x-axis), which displays low solution resistance. The
charge-transfer resistance Rct ≈ 18, corresponding to
pseudocapacitive behavior, although the diameter is being
suppressed by EDLC presence. Fig 3A. reports an SC value of
410.4 F/g at 5 mV/s, that is competitive of literature values [4-7].
The capacitance retention is around 57.47%, validating for the
superior electrochemical performance of the AB – MD
nanocomposite.

concentration, implying that some of the electrosorbed ions are not
fully released in the desorption operation.

Fig. 3. A. Chronoamperometry (CA) plots for CDI tests for AB – MD. B.
Concentration profile of CDI tests for AB – MD.

Table 1 shows the performance of the nanocomposite at
different concentrations. Although the relationship is not linear, the
electrosorption capacity increased from 100 to 1000 ppm. This is
mainly due to compression of EDL and reduction of the
overlapping effect, which ensures more accessible sites following
for the effective electrosorption of ions in the pore surface of the
nanocomposite. The reported EC values are comparative, if not
higher, to the existing literature values [9].

Fig. 1. A. CV curves of AB – MD. B. Nyquist Plot (NP) of AB – MD
(Inset: Magnified NP). C. Specific capacitance (SC) summary of
AB – MD.

TABLE I.

B. Surface Characterization Results
Fig. 2A shows the surface of AB – MD to be irregular and
porous, mainly from activated biochar. There is also subtle MnO2
formation in the surface upon closer inspection. Fig. 2B confirms
the presence of MnO2 as shown in the peaks labeled black,
interestingly in the α polymorph, which is characterized as the most
suitable polymorph for nanomaterial (CDI, supercapacitor)
applications [8]. Red labels show peaks for carbon representation
in the nanomaterial. Fig. 2C confirms that the Mnx+ charge
predominantly present in the material is +4, which is usually in the
form of MnO2 [2-4,6-7]. Adsorption – desorption isotherms in Fig.
2D show Type-II isotherms under IUPAC classification indicating
presence of micropores, with H3 hysteresis loops. The BET surface
area of the nanocomposite is 304.36 m2/g with 53.07% of its pores
in the mesoporous region. Studies have shown that mesopores are
important for CDI applications, as it supports fast-transfer of ions
better than micropores. A micropore-ratio favored ratio can cause
imperfections in charging/discharging or pore blockage as a result
of fast electron transfer in the micropore region [2].

CDI Performance of AB – MD Nanocomposites

Initial Concentration (CO)a

Electrosorption capacity (mg/g)

100
500
1000

59.71
114.11
92.80
a. in ppm.

IV.
CONCLUSION
In this study, the synthesis of an AB – MD nanocomposite is
tested for its viability as an electrode for CDI applications in
desalination purposes. High electrochemical performance was
proven through CV and EIS tests, which is validated by several
(BET, XRD, XPS and SEM) surface characterization techniques.
The CDI tests have reported significantly relevant values, with the
highest EC value of 114.11 mg/g in 500 ppm of NaCl. In summary,
incorporating MnO2 to enhance the CDI application properties of
activated biochar proves to be a success. Developments in the
practical use of CDI can make use of the findings of this study.
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C. CDI Results
The chronoamperometry (CA) plots shown in Fig. 3A are
characteristic of an electrosorption process, wherein the material
electrosorbs a specific amount of the electrolyte ions, in particular
the simulated seawater effluent. Pseudo-equilibrium (almost zero
current reading) starts at the 60 min range. Fig. 3B shows the same
pseudo-equilibrium trend over the concentration profile. The final
concentrations are by a small fraction lower than that of its original
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Table 1 shows the cooling load of different areas around
the building. Areas are located at first level, except ‘Second
Level’. User design load applied 1.15 safety factor. ‘Second
Level’ comprises 92.98% of the total user design load of the
building. This is mainly due to the cooling load of the entire
roof, having no insulation to counter the sun’s heat, together
with the sun-exposed wall load.

A. Location and Retrofit Material
The retrofit study was done in University Registrar’s
Building of the campus. This location was strategically chosen
given that its walls are sun-exposed. The retrofit material to be
installed is a UV resistant polyvinyl chloride (PVC) white
tarpaulin: heavy duty, can withstand prolonged UV exposure,
and highly reflective thermal insulator.

Table 1

Zone Sensible Cooling Load of the University Registrar Building

B. Retrofit Installation
A 1 ½” x 1 ½” x 3/16” angle bar is attached to a
reinforcement bar that is pinned 3” into the wall with a 2” air
gap allowance between the wall and tarpaulin. Tarpaulins are
entangled to angle bars. The covering of wall stretches across
the spots that are more likely to be exposed to the sun’s light
rays. Fig. 2 shows how the tarpaulin be attached.

(The design load is the zone sensible load only. It does not include any system
effects or ventilation loads)

Fig. 2 Installation of tarpaulin to sun-exposed wall

C. Building Energy Simulation Program
IV. CONCLUSION
Prior to retrofit, temperature differences between outside
and inside wall is approx. 10 C0. The cooling load at Second
Level had the highest share at 92.98% of the total load, which
was viewed to be caused by the uninsulated roof and the sunexposed wall. Roof retrofit studies should also be performed
since its effects posed interest with the given cooling load
behavior.

EnergyPlus was used to simulate the cooling load and
energy consumption of the building. Also, the effects of
thermal insulation retrofit can be simulated by this program.
III. RESULTS AND DISCUSSION
Thermal heat signatures of the outer wall and inner wall at
11:45 AM on August 3, 2019 are shown in Fig. 3.
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plotting of 𝑎⁄𝐴 versus ℎ⁄𝐻 - the value of 𝑎⁄𝐴 varies from
1.0 at the lowest point in the watershed [ℎ⁄𝐻 = 0] to 0.0 at
the highest point in the watershed [ ℎ⁄𝐻 = 1.0 ], and h)
computation of the hypsometric integral (𝐻𝐼) using the using
the equation, 𝐻𝐼 = (𝑍𝑚𝑒𝑎𝑛 − 𝑍𝑚𝑖𝑛 )⁄(𝑍𝑚𝑎𝑥 − 𝑍𝑚𝑖𝑛 ), where
𝑍𝑚𝑒𝑎𝑛 , 𝑍𝑚𝑖𝑛 , and 𝑍𝑚𝑎𝑥 refer to mean, minimum and
maximum elevation, respectively.
III. RESULTS AND DISCUSSION
A. Divide stability analysis
Across-divide differences in χ values, between the WahigInabanga Watershed and the Alijawan Watershed, were
indicated by the contrasting color of the stream network as
shown in Fig 1, and by the non-overlapping χ values shown in
the inset histogram. The potential divide migration was
predicted to be in a northwest direction, from the low χ-value
areas to high χ-value areas. If this happens, the WahigInabanga Watershed will lose some of its headwater areas in
favor of the Alijawan Watershed.

Fig. 2. Hypsometric curves, integral and other characteristics of the
selected watersheds.

at the vicinity of the divide that it shared with the WahigInabanga Watershed, as shown in Fig 1. On these areas, divide
instability was predicted by χ while high erosion susceptibility
was anticipated based on the hypsometric analysis. The
landslide started as a rock fall along a very steep northwesttrending fault scarp which was triggered by a 4.9 magnitude
earthquake that occurred about 3 months prior to the event [7].

B. Hypsometric analyis

IV. CONCLUSION
The two topographic indices gave consistent results in
describing the state of a divide and the erosion proneness of a
watershed, as demonstrated in the case of Alijawan
Watershed. These indices offered the opportunity to do a rapid
assessment of the state of a divide and the status of erosion in
a watershed that are critical for disaster management and
resource management.
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Fig. 1. The drainage pattern of two adjacent watersheds mapped using the
χ values and draped over a hillshade while the luminous green line is the
drainage divide. The rectangle shows the landslide area. (Inset) the
histogram of the χ values at the channel heads.

From Fig. 2, hypsometric curves of the selected
watersheds showed different patterns. Based on the
hypsometric curve classification by [2], most of the selected
watersheds were progressing towards the equilibrium stage.
However, the Alijawan Watershed was still in the early
transition period since its curve was just starting to form an
S-curve and its HI at 0.49 value was the highest among the
watersheds, indicating that 49% of its solid land mass still
remained. Erosion processes were expected to be higher from
this watershed. Meanwhile, the Wahig-Inabanga Watershed
was advancing towards the old age as shown by the very low
HI value (at 19%) and a strongly concave hypsometric curve.
C. The Alijawan Watershed divide and the landslide event
The landslide event on July 11, 2005 in Mayana, Jagna
was located at the uppermost part of the Alijawan Watershed,
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extract during 14 days treatment and the lowest tensile
strength among the specie is the Bambusa Vulgaris Scharder
with tensile strength of 246 Mpa < 276 Mpa ( steel). This
implies that Dendrocalamus Merrillianos Elmer and
Dendrocalamus Asper Schultes species is a good substitute
for steel reinforcement for concrete column subjected to
axial load.The compressive strength of Joint Plain Concrete
Pavement with 10mm diameter bamboo sticks subjected to
axial load compression. The highest compressive strength of
the Joint Plain Concrete Pavement plus Dowel obtained
was 4000 Psi cured for 56 days this were includes Bambusa
Vulgaris Schrad and Debdrocalamus Asper Schultes,
however the compressive strength of Joint Plain Concrete
Pavement with bamboo sticks reinforced materials did not
exceed the highest compressive stress of Joint Plain
Concrete Pavement reinforced with 10 mm diameter steel
bars. This implies that the treatment of bamboos with mango
polyphenol extracts improves the tensile strength of bamboo
sticks, which is nearly comparable to the steel tensile
strength; however, when it is used as dowels for Joint Plain
Concrete Pavement had lower effects to the compressive
stress.There is a significant difference between the
compressive strength of Joint Plain Concrete Pavement plus
Dowel subjected to several curing period. This means that
curing of concrete affects its compressive strength. The
results also reveals that there is a significant difference
between the compressive strength of Joint Plain Concrete
Pavement with bamboo sticks when no treatment at all,
treated with seawater and treated with 10 percent mango
polyphenol extract and the steel dowels used.. The results
also revealed that the compressive strength of Joint Plain
Concrete Pavement reinforced with different bamboo
species did differ significantly. This implies that the Joint
Plain Concrete Pavement compressive strength depend on
the curing age, species of bamboo used as dowels and the
treatment of bamboo sticks used.
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Greenhouses help to increase and improve the crop
production through an increase in density, precise
fertilization and irrigation, including decreases events of
diseases and infestation which result to profitability of the
produce.
Hydroponic tower technology is a technique of growing
plants in a soil less medium that uses mineral nutrient
solutions to feed the plants in vertical columns. The
advancement of hydroponic techniques in agriculture paved
way for easy control of the root environments with respect to
temperature, humidity, pH, and nutrient solution.
II. METHODOLOGY

Fig 2. Ground heat exchanger rootzone cooling system with
hydroponic towers and nutrient solution delivery system

A. Rootzone Cooling System
Ground heat exchanger (GHE) and the water chiller were
used as the root cooling method in the study. The GHE setup was adapted from the study [7] applied in the aeroponic
production of strawberry. The GHE root cooling system was
constructed by excavating the soil near the greenhouse and
burying a 100-meter long PVC-pipe looped (Figure 1).
Underground temperature was determined by conducting a
pre-temperature test and measuring the lowest possible
temperature of the excavated 2-meter deep exposed soil.
Figure 2 shows the GHE rootzone cooling system where the
nutrient solution passed through the 100-meter long PVC
pipe ground heat exchanger lowering down its temperature
before it was supplied to the hydroponic tower. A nutrient
solution delivery system was used which was driven by a 1hp water pump the GHE-cooled nutrient solution. This
delivered the nutrient solution on the top of the hydroponic
towers, dripping down to the rootzone area of the lettuce.
The drain system collected the nutrient solution in the 200-L
tank and was circulated back to the GHE looped-pipes for
cooling by the 1-hp water pump.

Water chiller was used as the rootzone cooling method
for Treatment A2. The water chiller was fabricated from an
improvised 2-hp air conditioner unit. The evaporator and the
thermostat were extended and submerged to the nutrient
solution tank, allowing the nutrient solution temperature to
be cooled before it was delivered to the towers. The
condenser, motor, blower and compressor assembly was
attached at the side of the greenhouse as shown in Figure 3.
The water chiller rootzone cooling system was shown in
Figure 4. The water chiller-cooled nutrient solution was
delivered on the top of the hydroponic tower using the
nutrient solution delivery system driven by a 1.5-hp water
pump. The nutrient solution dripping down the hydroponic
tower was collected in the drain system and was circulated
back to the water chiller tank for cooling by the 1.5-hp water
pump.

Fig 3. Water chiller

Fig 1. Ground heat exchanger looped pipes field lay-out

Fig 4. Water chiller rootzone cooling system with hydroponic
towers and nutrient solution delivery system
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system had been able to lower the daily temperature by
0.4ºC.

B. Hydroponic Tower Technology
A total of 40 holes per tower were bored in 10-cm in
diameter poly vinyl chloride (PVC) pipes. The hydroponic
towers were bored and was arranged alternately with a 20cm vertical spacing in between each hole. A total of 36
towers per treatment were fabricated. Each treatment reared
1,440 lettuce. Each hydroponic towers were made from 2.0m long PVC pipes. The hydroponic towers were marked
alternately with 20-cm vertical distance, 10 holes per
quadrant making 40 holes in one tower. It was heated, cut
and molded. The plant holder was inserted, fixed, and sealed.
The plant holder was made from 30-mm diameter by 50-mm
long PVC pipes. It was painted with glossy white paint to
minimize heat absorption.

Fig 5. Average hourly rootzone, inside and outside the
greenhouse, and nutrient solution tank temperatures

C. Modified Tropical Greenhouse
The greenhouse was modified and an automated
controlled cooling system was installed inside the
greenhouse that includes foggers, pumps, sensors, and
microcontrollers. An additional polyethylene sheets that
served as ceiling, was installed below the roof of the
greenhouse to intercept the moisture and mists from the
foggers. Red buttherhead lettuce was used as the test crop
planted inside the greenhouse. The commercially available
poly foam was used to hold the red butterhead lettuce in the
hydroponic towers. An air vent for the greenhouse was made
from cutting the ultraviolet (UV) plastic sheet, 50-cm from
both sides of the center rib of the metal frame of the existing
greenhouse. The remaining UV plastic sheet was secured by
clipping its ends using zig zag wires and C-channel at the
metal frame of the existing greenhouse. The air vent
measures one meter width and 12-m length the air vent
provided an exhaust opening for hot air. To provide natural
ventilation, the existing UV plastic sheet covering the walls
of the existing greenhouse was rolled-up to 1.60-m above the
ground and was replaced with mesh net to inhibit insect
entry. Zig zag wires and C-channel was used to secure the
mesh net to the metal frame of the greenhouse.

The average daily temperatures of the nutrient solution
tanks of the ground heat exchanger and water chiller were
25.4ºC and 18.8ºC, respectively. The average daily
temperatures of the nutrient solution in tanks of the ground
heat exchanger and water chiller were 25.4ºC and 18.8ºC,
respectively.
Average hourly electrical conductivity of the ground heat
exchanger and water chiller tanks ranges from 2.05 to
2.17dS/m and 2.08 to 2.15dS/m, respectively. For the ground
heat exchanger average hourly nutrient solution pH, the
lowest was 5.76 while the highest was 6.55. For the water
chiller average hourly nutrient solution pH, the lowest was
6.0 and the highest was 6.62. Average daily pH of the GHE
and water chiller nutrient solution tanks were 6.14 and 6.27,
respectively. Average hourly dissolved oxygen of the ground
heat exchanger nutrient solution ranges from 5.02 to
5.67mg/l while the water chiller nutrient solution ranges
from 5.40 to 6.80mg/l.
TABLE I.
TABLE 1. YIELD (GRAMS) OF RED
BUTTERHEAD LETTUCE AS AFFECTED BY DIFFERENT
ROOTZONE COOLING METHODS AT DIFFERENT HARVEST
PERIODS AND DIFFERENT HYDROPONIC TOWER LEVEL

D. Crop Establishment
The red butterhead leaf lettuce Klee RZ Salanova variety
was used as the test crop in the study. When 2-3 sets of true
leaves emerged, it was transplanted to the hydroponic towers
where they were grown up to maturity for GHE and water
chiller rootzone cooling treatments. The red butterhead
lettuce was grown up to 30 days after transplant. It was
harvested at 20, 25, and 30DAT and were subjected to
sensory evaluation every harvest date.
III. RESULTS AND DISCUSSION
Environmental and growth parameters monitoring of the
study showed that the water chiller-cooled hydroponic tower
top, middle and bottom portion hottest and coldest hourly
average temperatures were 26.5ºC and 21.0ºC, 26.2ºC and
21.3ºC, and 26.5ºC and 21.6ºC, respectively. The average
temperatures at the hydroponic towers for the GHE and
water chiller were 25.6ºC and 23.2ºC. Average daily
temperatures inside the greenhouse and at the open field
were 25.5ºC and 25.9ºC, respectively. Moreover, the
automated greenhouse cooling system was able to lower the
inside hourly average temperature by 0.8ºC during the hottest
time of the day compared with the temperature in the open
field, while based on the daily average temperatures inside
the greenhouse and in the open field, the automated cooling

Means with the same letter (abcd) are not significantly different at 5% level using Tukeys’s HSD
Test.

Considering the growth and yield characteristics of the
red butterhead lettuce in terms of number of leaves of the
plants, the best combination was water chiller rootzone
cooling method was at 30DAT and planted at the top level of
the hydroponic tower with mean of 59.50. In terms of the
leaf width of lettuce, the best combination was water chiller
rootzone cooling method at 30DAT and planted at the top
level of the hydroponic tower with 73.58-mm leaf width. In
terms of the leaf length of lettuce, the best combination was
water chiller rootzone cooling method at 30DAT and planted
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at the middle level of the hydroponic tower with 129.17-mm.
Table 1 shows the yield in grams of red butterhead lettuce
where the highest yield was using chiller, harvesting at
30DAT and at the top level of hydroponic tower.
Comparison among means showed that the lettuce
harvested at 30DAT and planted at the top level of the
hydroponic tower had significantly higher yield than the rest
of the combinations. The lettuce harvested at 20DAT and
planted at the bottom level had significantly lower yield than
the rest of the combinations. It is also noted that the yield in
20, 25, and 30DATs decreased from top to bottom. The low
yield in the bottom level of the hydroponic towers in
different harvest periods may be due to the shading effect
where the top portion exposure to sunlight causes higher
yield [8]. In terms of yield in grams of red buterhead lettuce
the best combination was those subjected to water chiller
rootzone cooling method, harvested at 30DAT and planted at
the top level of the hydroponic tower with 89.42 grams. In a
similar study, this result was higher than the 50.01grams per
plant average yield produced in a recirculating hydroponic
system inside the greenhouse harvested at 30DAT [9].

The economic viability of the study where the GHE
rootzone cooling method at 25DAT had the highest return on
investment (ROI) of 123.39%, and shortest payback period
of 9months and 3weeks (0.81 year). The return on
investment showed that the project is profitable and the
capital invested will earn 23.39% of the invested capital
amount. The GHE rootzone cooling method at 30DAT had
the lowest breakeven price of Php201.71 which means that
above this price is the already a profit. Likewise, it had the
lowest breakeven volume of 437.09 kg, which means that all
yield above this volume is already a profit and all expenses
was already been paid off.
The computation was based on the 18 square meter area
the trfeatments had occupied inside the greenhouse. The
fixed capital investment for the whole 18-m2 of hydroponic
tower production with ground heat exchanger rootzone
cooling system and water chiller rootzone cooling system
were estimated at PhP135,309.20 and PhP148,959.20,
respectively. The forecast on the gross income per cropping
and per year were based on 17, 13, and 11 cropping period
per year for 20DAT, 25DAT and 30DAT, respectively.

Considering the yield in kilograms per square meter,
wherein 80 red butterhead lettuces can be planted within a
square meter area, the same result were observed wherein the
best combination was those subjected to water chiller
rootzone cooling method, harvested at 30DAT and planted at
the top level of the hydroponic tower had 7.15kg yield per
square meter. The difference between the yield of the
rootzone cooling method can be attributed to the lower
temperature of the nutrient solution in the water chiller
rootzone cooling system compared to those in GHE rootzone
cooling system. This is in accordance with the response of
butterhead lettuce to lower rootzone temperature [10] [11]
[6] [12]. Considering the increase in yield brought by the
increase in planting density, the hydroponic tower had 80
plants per square meter area compared with conventional
farming were 25 plants per square meter can be planted. The
hydroponic tower had 3.2 times folds higher planting density
than the conventional farming. Hydroponics is higher but
required higher inputs [13].

IV. CONCLUSION
The highest potential gross income per year using the
GHE rootzone cooling system was at 25DAT with
Php361,895.04 and at 20DAT for water chiller rootzonce
cooling system with Php409,370.88. This implies the effects
of yield and planting intensity on the annual potential gross
income.
The assumed projected annual cost charges for
butterhead lettuce including the fixed costs and variable costs
using the rootzone cooling systems at different harvest
periods. The 20DAT harvest period had the highest projected
annual cost of Php212,756.45 for GHE rootzone cooling
system and Php324,865.86 for water chiller rootzone cooling
method. This cost analysis implies that the higher the
planting intensity the higher the cost of operation.

Based on the result of the sensory evaluation in terms of
appearance, freshness, color, crispiness, and purchase
intention, those lettuces harvested at 20DAT had higher
liking scores than the rest of the harvest periods. In terms of
crispiness, the GHE rootzone cooling method had higher
liking scores than water chiller rootzone cooling system.

In economic view, GHE rootzone cooling system at
25DAT is more feasible in terms of BCR, average net
income ROI, and payback period. It had an average annual
net income of Php166,963.48 for an 18-m2 production area,
assuming a linear increase in fix and operating costs when
the production area is increased to 100-m2, using GHE as
rootzone cooling method and harvesting at 25DAT will give
an average annual net income of Php927,574.89.

Lettuce grown under water chiller rootzone cooling
system harvested at 30DAT had the highest water
consumption of 21.3L/plant compared to GHE rootzone
cooling system with 2.04L/plant (Table 2). The highest water
productivity for GHE and chiller were at 25DAT with
1.02g/L and at 20DAT with 1.10g/L, respectively. In terms
of water productivity of GHE rootzone cooling method, the
best harvest period, wherein the water productivity, was
highest was at 25DAT with 1.02g/L while for water chiller
rootzone cooling method, the highest water productivity was
at 20DAT with 1.10g/L.
TABLE II.
TABLE 2. YIELD (G), WATER AND NUTRIENT SOLUTION
CONSUMPTION (L/PLANT), TOTAL WATER CONSUMPTION (L/PLANT), AND
WATER PRODUCTIVITY WITH COOLING SYSTEM (G/L) OF RED BUTTERHEAD
LETTUCE WITH DIFFERENT ROOTZONE COOLING METHODS AT DIFFERENT
HARVEST PERIODS.
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high buildings made mostly of concrete frame, glass
windows and wooden doors. In between buildings are a 10m
to 15m - wide concrete pavement. Trees and vegetation
flourished inside the hilly campus terrain (Figure 3).

connected to an external ring Yagi antenna via SMA
connector.
TABLE I. SPECIFICATIONS OF IEEE 802.11AF SYSTEM
System
IEEE 802.11af PHY/MAC
Carrier frequency
Channel bandwidth
Signal bandwidth

470 - 710 MHz
6 MHz
4.83 MHz

Tx power

100 mW

Modulation

BPSK, QPSK, 16-QAM, 64-QAM

Error correcting code
Multiple access

Convolutional code
(coding rate: 1/2, 2/3,3/4,5/6)
CSMA/CA

Multiplexing

OFDM

FFT size/clock

128 points/5.33 MHz

The presence of a concrete building on top of a hill made
it difficult to establish a point-to-point (PtP) link between
the AP and STA. Using Google map, it was possible to
connect an AP located at the Communication and
Broadcasting Engineering Laboratory (CBELS) of the
Bunzel Building to the library as the end node even if there
was no direct Line-of-sight (LoS) between them by putting
a relay station or node at the rooftop of College and Arts and
Science Building (CAS). This created a multihop network
consisting of about a 400 - m hop 1 from CBELS AP to CAS
relay station and another 200 - m hop 2 to finally connect
CBELS AP to the STA located at the library via the CAS
relay station.
To avoid Adjacent Channel Interference to the IEEE
802.11af network resulting to a failure in establishing link
in hop 2 and to avoid Co-channel interference (CCI), the 12
-ring and 3-ring antennas located at the CAS relay station
were isolated from one another by a concrete wall and
horizontally by a 15-m distance. Further, the last channel at
the UHF band, Ch 34 (593 MHz) was utilized to solve as
well the problem of intermodulation. Table I summarizes
the maximum throughput performance of the multihop
network for varying transmit power and MCS values. The
uplink and downlink throughput values were obtained using
a networking tool known as Iperf that measures on a pointto-point (PtP) basis the bandwidth, but for a multihop
network, it considers the overall throughput of the network
as that that pertains to the weakest link. Iperf measures
throughput on the basis of the UDP packets.

Fig.1 IEEE 802.11af Prototype developed by NICT

At the designated headquarters, the AP was connected to a
12-element ring Yagi antenna having a gain of 11.8 dBd. It
communicates with the relay node over TV white space
UHF frequencies via the same 12-element ring Yagi antenna
. As can be seen, the over the air connection between the
relay node and the end node (designated as disaster site) was
made possible over TVWS utilizing a pair of 3-element ring
Yagi
antenna
with
a
gain
of
5.5
dBd.

TABLE II. MAXIMUM THROUGHPUT PERFORMANCE
AT DIFFERENT TX POWER AND MCS VALUES

Fig. 2 System Architecture

III. RESULTS AND DISCUSSION
A. Experimental Site 1: A hilly suburban University
Campus in Cebu city, Philippines

Tx Power

MCS

Total Uplink

Total Downlink

(dBm)

Value

(Mbps)

(Mbps)

20

7

4.81

4.93

15

5

3.34

4.00

10

4

2.75

2.09

5

2

1.98

1.86

0

2

2.21

1.72

B. Experimental Site 2: A relatively flat rural villages in
Surigao del Norte, Philippines
In this part of the study, there were two user cases
considered : (1) the TV white space devices were used to
establish an internet coverage via point-to-point wireless
connection (PtMp); and (2) the same prototype devices were
used to establish a multihop network.
User Case 1: Point - to - multipoint
Fig. 3. Aerial View of the University of San Carlos Talamban Campus

The IEEE 802.11af prototype was used to establish a
TVWS network between Brgy. Diaz Hall towards Brgy.
Diaz Elementary School, both situated at the municipality
of San Francisco, Surigao del Norte, Philippines. The
TVWS network was used in order to provide internet

The first site of the experiment was located inside the
Talamban Campus of the University of San Carlos in Cebu
City located in Cenral Visayas, Philippines. The campus
was about 83 hectares consisting of a few 15 m- to 20 m 100

connectivity to the 250 pupils of the school which aid them
in their lessons and research. Moreover, the 9 teachers used
the internet access to send emails towards their main office.
The AP was situated at the Bgy. Diaz Hall where an
internet connection is available. Moreover, as shown in
Figure 4, there were two stations (STAs) installed at Diaz
Elementary school: (1) Principal’s Office (STA1) and (2)
Computer Room (STA2). The distance between the AP and
STA located at the Principal’s office is about 531 meters.
The separation distance of the two STAs is only about 12
meters. The deployed PtMp network was a non-line-ofsight scenario with a hilly topography and high vegetation
in between. The operating frequency was set at 659 MHz
for both communication links.

that due to the topography, a power of at least 20 dBm is
necessary in order to establish a communication link for
both channels.
Using the developed PtMp network in the TVWS, the
school campus was connected to the internet. A Wi-Fi
dongle connects the host PC to the IEEE 802.11n Wi-Fi
router which was wired to the IEEE 802.11af prototype. In
the aforementioned setup, some network constraint has
been experienced during the actual implementation as the
users cannot directly access the internet. In this scenario,
the host PC needs to switch from one network (connecting
the six (6) users) to the IEEE 802.11n router in order to
access the internet. Thus, simultaneous network
connectivity between the internet and the local network
was not possible. Overall, the internet access was still
viewed important as the teacher can now download
materials online and shared it to the local network
thereafter.
TABLE III. MAXIMUM PTMP THROUGHPUT PERFORMANCE
AT DIFFERENT TX POWER AND MCS VALUES

Station 1: Principal's Office
Tx Power
(dBm)
20
20

Antenna: 3-element
RSSI
Downlink
MCS
(dBm)
(Mbps)
0
3

-87
-89

1.46
3.43

Uplink
(Mbps)
1.27
3.38

Station 2: Computer Room

Fig. 4. Topography of the PtMp Network

A vertically polarized 12-element ring Yagi antenna
with a height of 8 meters were used at the AP side. On the
other hand, two vertically polarized 3-element ring Yagi
antennas with an antenna height of 5 meters were used for
both STAs. The gains of these antennas were noted to be
11.8 dBd and 5.5 dBd for the 12-element and 3-element
ring Yagi, respectively.

Tx Power
(dBm)

Antenna: 3-element
RSSI
Downlink
MCS
(dBm)
(dBm)

Uplink
(dBm)

20

0

-88

1.22

0.764

20

3

-89

3.56

0.235

User Case 2: Multihop Deployment
In order to extend the coverage area and possibly
reroute the radio link when the system is installed around
the presence of high obstruction, a multi-hop network was
examined using the TVWS. The multi-hop network was
implemented over a total distance 1,295 meters. The AP was
still installed at Diaz Brgy Hall while the relay station is
situated 835 meters away. Moreover, the distance between
the relay station and the end station is about 409 meters
apart. The specific placement of the AP, relay and end
station is intentionally selected in order to establish a
communication link between isolated barangays due to the
then damaged Anao-aon bridge. Figures 5 shows the
topography and elevation profile of the multi-hop network.

The result shows that in an NLoS scenario, with a total
antenna gain of 17. 3 dBd (GTx + GRx), a maximum
downlink and uplink throughput of 3.43 Mbps and 3.38
Mbps can be achieved at STA 1. Based on table III, a 20
dBm transmit power and an MCS 3 settings, the system can
attain its maximum throughput performance. However, it
can also be noted that at the same settings, the uplink
performance of STA 2 was only about 235 Kbps as
compared to the 3.38 Mbps recorded at the STA 1.
Furthermore, the same phenomena can be observed using
MCS 0 wherein the uplink performance STA 2 was only
764 Kbps, way below than the 1.27 Mbps performance of
the STA 1. This inconsistency in performance is expected
as both channels (AP to STA 1 and AP to STA 2) utilized
a single frequency which can contribute to co-channel
interference in between them. It is important to note that
such poor performance was only experience when the
packets were sent from the STAs towards the AP. In such
scenario, it is of high probability that the packets undergo
collision upon arrival at the AP side. Lastly, it is evident

A vertically polarized 12-element ring Yagi antenna
were used for the connection between the AP and relay
station (hop 1). On the other hand, a vertically polarized 3element ring Yagi antenna were utilized to forge a
connection between the relay station and the end station
(hop 2). Furthermore, hop 1 used 659 MHz center frequency
while hop 2 utilized 593 center frequency.
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providing a maximum downlink and uplink throughput of
3.43 Mbps and 3.38 Mbps, respectively, but only at STA1.
In STA2, the uplink throughput was recorded to be low
expectedly caused by packet collisions. In the same
locality, a 2 - hop deployment using a different carrier for
each hop was also tested to connect an area isolated by the
damaged bridge that collapsed due to a 6.7 magnitude
earthquake. A maximum throughput of 3.25 Mbps and 3.16
Mbps for downlink and uplink, respectively, were obtained
up to a combined distance of 1290 meters.
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Fig. 5. Topography between the AP and the relay station and the end node

The multi-hop network can only reach a peak rate of
3.25 Mbps and 3.16 Mbps for downlink and uplink,
respectively, using a transmit power of 20 dBm and an MCS
3 setting. Furthermore, as we try to increase the MCS setting
and lower the transmit power, an erratic performance was
experienced. It was also noted that during the experiment,
with a transmit power of 15 dBm, though a near expected
uplink rate were attained (MCS 0 & MCS 3), its downlink
rate is way below. In addition, the problem worsens for
lower transmit power, in this scenario, a total
communication breakdown between the AP and STA was
experienced. The obtained results shown in this part of the
study is in correlation with the radio environment which has
a dense vegetation. Also, the over 800 m in separation
distance of hop 1 contributed to unstable connection which
became evident when using a transmit power of 10 dBm and
below. At 10 dBm, the throughput of hop 1 has only peaked
at 118 Kbps using MCS 0, a high variance as compared to
the expected throughput of over 1 Mbps for MCS 0. On the
contrary, with the lesser separation distance of hop 2, the
actual throughput reconciles with the theoretical. With a
transmit power set at 10 dBm using MCS 3, both uplink and
downlink rate still attained over 3 Mbps of data rate. In a
nutshell, the terrain conditions greatly affect the radio
propagation of the IEEE 802.11af system operating in the
UHF band – hop 1 with dense vegetation as an obstacle has
worst performance than the LoS situation of hop 2.
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IV. CONCLUSION
In a suburban hilly environment in a University campus
in Cebu City, where the presence of buildings and
vegetation served as obstructions between the access point
(AP) and station (STA), a deployed multihop network
centered at 593 MHz attained a maximum uplink
throughput of 4.81 Mbps and 4.93 Mbps for downlink at a
combined distance of 600 meters.
ACI, CCI and
intermodulation were experienced at this juncture but were
adequately addressed through the use of a carrier frequency
that is far from the scanned primary user’s frequency and
through adequate isolation of the antennas at the relay
station. In another experiment conducted in one of the rural
villages in Surigao del Norte, Philippines, the TVWS
technology was able to provide internet connectivity in a
single link to a public elementary school (STA) roughly
530 meters away from the source (AP) located at the village
hall despite Non-line-of-sight (NLOS) conditions
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III. RESULTS AND DISCUSSION
Environmental tests performed includes temperature,
humidity and pressure tests, and they were done to evaluate
performance of the prototype under conditions that are the
same in the upper air. Horizontal range test was used to
determine the maximum range of the payload to transmit data
to the receiver horizontally. Then, balloon flight tests were
conducted to determine the actual performance.
A. Environmental Tests
Using Terchy MHK-408 Temperature and Humidity
Chamber, the payload was observed under 25°C, 30°C and 40°C. Simultaneously, it was observed under 80% and 98%
relative humidity. The average output power is 300 mW.
These tests shows lower output power, when the temperatures
goes colder, thus, the lower altitude the prototype may reach.
Then, the temperature less likely affects the transmission
interval time between two stings of data. It was still 1 second
per second.

Fig. 3 Actual flight test in Sitio Mayagay, Brgy. Sampaloc, Tanay, Rizal

C. Cost
The total cost of the payload is ₱ 7,128.80. But to compare
the cost for the whole radiosonde, environmental sensors price
should be considered. A bead thermistor, which is the usual
temperature sensor for radiosonde, costs to approximately
₱154.00. The commonly used humidity sensor is a thin film
capacitor, which cost ₱514.00. The barometric pressure sensor
costs ₱200.00. So, if the environmental sensors are added, the
radiosonde will cost to approximately ₱ 7,996.80. Compare to
the radiosonde used by PAGASA, the said payload is
approximately 50% cheaper. PAGASA uses a ₱17,000-worth
of radiosonde, but can reach up to 25 kilometers high.

The payload was put in the Theodor Friedrichs and Co.
Pressure Chamber with a pressure range capability of 1050
hPa to 700 hPa which were changed manually by rotating
valves. Figure 2 shows the effect of pressure to the power
output. The trendline (line in yellow) shows that as the
pressure gets stronger, the power output gets weaker. The
transmission distance will be likely affected.

IV. CONCLUSION
By using RFM96W LoRa RF transceiver module, a lowcost transmission system for weather balloon is achieved. It
successfully transmits data up to approximately 10 kilometers
of altitude as a transmitter of the payload. It operates in 433
MHz. Transmission of every data happens once in a second.
The saved data in the SD card is the expected sample data.
There were no errors, as far as the tests were done. The
payload has low output power of 300 mW. Supply voltage
lasts for almost 57 hours. The payload is approximately 50%
cheaper than the radiosonde used by PAGASA.

B. Horizontal Range Test and Actual Balloon Flight Test
The ground station were temporarily installed in the
rooftop of a dormitory in Alimannao Hills, Peñablanca,
Cagayan, while the payload was carried by a car going to
Namabbalan Norte, Tuguegarao City. The coordinates of A
given by the GPS of the receiver and from Google Earth is
17.6437° N, 121.7597°E, while the coordinates of B on its
maximum functional distance is 17.5547° N, 121.7819°. The
direct distance from A to B is 10.1 kilometers.
The actual balloon flight test were conducted in
PAGASA Synoptic and Upper Station in Tanay, Rizal. A
hydrogen balloon was used to carry the payload as shown in
Figure 3. During the flight test, Yagi Uda antenna was
directed to the direction of the balloon manually. The flight
test lasted for 24 minutes and the last string of data was
transmitted and received when the altitude is 9995.4 m. Until
its last transmission of data, the supply voltage was still above
the total of the nominal voltages of the batteries as 7.4 V.
Assuming that the decrease of battery voltage is constant, the
supply will last for almost 57 hours.
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However, the use of Bray-Curtis performed poorly
with feature sets 2 and 3 (correlation of 0.3 and 0.2
respectively) when there was no repetition of songs in
playlists.
The polarizing results could be attributed to the fact
that Bray-Curtis is a similarity index in which its is able to
determine whether if the data is completely similar to
dissimilar or measure the presence or absence of such. When
the closest songs in value were limited by the non-repetition
condition, the retrieved songs were neither completely
similar or dissimilar and much closer to the middle range of
values which would have made the Bray-Curtis similarity
ambiguous.
The Euclidean distance metric performs quite
consistently across the different feature sets and repetition
condition with a Spearman correlation coefficient with a
mode of 0.7 and a range from 0.6 to 0.7. The Cityblock
distance metric performs consistently (range of 0.6 to 0.7) in
exception of the case when used with feature set 3 and with
repetitions allowed wherein it only got a Spearman
correlation coefficient of 0.4. The results using the
Minkowski distance metric were similar to that of the
Euclidean metric except when it was used using feature set 3
with no repetitions allowed wherein it garnered the lowest
correlation throughout the whole experiment (Spearman
correlation coefficient of 0.1).

Fig. 2. Sample of Distance Matrix: Cityblock Distance Metric

D. Testing and Evaluation
As to measure the effectivity of the proposed
recommendation system, the user will first be presented with
a base playlist to rank and evaluate according to preference.
The system will generate playlists by getting the closest song
to each song instance of the base playlist. To facilitate several
conditions, the playlist generator will have two variants; one
that will allow song repetitions across playlists and one that
will not. The user will then rank each of the generated
playlists. There will be a total of 25 playlists for the user to
rank and evaluate. The 25 playlists will consist of the Base
Playlist and playlist for each repetition condition, distance
metric and feature set combination (4 distance metrics * 3
feature sets * 2 repetition conditions).
The ranking of each system generated playlist will
then be compared to the actual ranking of the user of the base
playlist. The similarity of these ranking lists will then be
quantified through Kendall-Tau and Spearman ranking
correlation [2]. A higher correlation would indicate the
effectiveness of the recommendation method.

C. Results Summary
The rank correlations of playlists generated were generally
high with an average Spearman's correlation coefficient of 0.7
for playlists that allowed for repetition and non-repetition of
songs. The combination, feature set 2 and 3 along with BrayCurtis similarity metric and repetitions allowed, garnered the
highest Spearman's correlation coefficient garnered was 0.9.
However the use of Bray-Curtis similarity on other feature sets
has been seen to offer polarizing results.

III. RESULTS AND DISCUSSION
A. Precision and Accuracy of Generated Playlists
Throughout all the playlists, it was observed that the song
ranked 5 (least desirable) stayed consistent throughout (same
position as base and system generated playlists ranked by
user). The accuracy of the correlation of each song instance
of the least desired found in the ranking was an astounding
100 percent accuracy. This was not the case for the accuracy
of the correlation of rank, the most desired piece which was
only correctly predicted 16.66 percent of the time.

IV. CONCLUSION
The results have shown promising results with an average
Spearman's correlation coefficient of 0.7. It has been
observed that the different feature sets and distance metrics
have offered varying results. The combinations of such must
be explored further to obtain higher correlations to that of the
user's preferred songs.

B. Comparison of Distance Metrics
The correlation of the ranking of Minkowski and Euclidean
distances were high. This is understandable since Minkowski
is a generalized formula of the Euclidean distance.
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Using the Bray-Curtis similarity, the highest correlations
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[8]. The significant and non-significant blobs will be then
obtained through the use of machine learning. The
algorithm used in the study was Support Vector Machine
(Fine Gaussian-SVM). Table 1 shows that Fine Gaussian
SVM yielded the highest prediction accuracy compared
to the other machine learning models when used in
predicting significant connected components.
TABLE I.

IV. CONCLUSION

The study shows remarkable results in predicting the
significant blobs in the license plate using image
processing. Particularly, it achieved the prediction of
which connected component is significant to the license
plates. The system provides good performance on the
2014 license plate series but becomes less accurate on the
older license plates; 2003 and 1981 series. The CNN
character recognition produced an acceptable result but
needs further improvement in its performance.

MACHINE LEARNING MODEL PERFORMANCE
COMPARISON

Model

Accuracy

Logistic Regression
Medium KNN
Linear SVM
Quadratic SVM
Cubic SVM
Fine Gaussian SVM

Recommendations about future studies are further
optimization and improved image processing must be
explored to improve the results of the prediction
algorithm. Additional datasets can be used to further
improve the prediction model and exploring other
machine learning models and deeper convolutional
neural networks can also be explored.

89.1%
98.4%
87.6%
99.1%
99.4%
99.7%
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Each of the significant components will be extracted
as images and then fed to the convolutional neural
network (CNN) for character classification. The train,
validation, test split of the dataset was done 80%, 10%,
10% respectively. The output of the system is the license
plate number of the vehicle in the image.
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pyrite oxidation rate versus the dissolved oxygen concentration
and partial pressure respectively. A first-degree reaction order
means that the relative rate increases linearly with dissolved
oxygen concentration. While a half-degree reaction order
indicates that the rate is proportional to the square root of the
partial pressure of oxygen.

A. Effect of pH
Three levels were used in this factor, which were pH 2, 3,
and 4. pH adjustments were made using diluted sulfuric acid.
Plotting the reciprocal of the polarization resistance against pH,
the effect of pH to the relative rate of pyrite oxidation is
determined. It was found out that the relative rate increases as
the pH decrease. The decrease in pH promotes the formation of
ferric ions, which is a stronger oxidant than dissolved oxygen.
The OCP of the experimental runs show that oxidation of pyrite
by dissolved oxygen was the dominant reaction.

E. Chalcopyrite Concentration Test
Three levels of chalcopyrite concentration were
investigated: 0%, 5%, and 10% by mass. Chalcopyrite spiking
was done during the fabrication of the rotating disc electrode.
A first-order reaction was computed from the reactions,
wherein the relative oxidation rate of the system increases as
the chalcopyrite concentration in the RDE increase. Due to the
galvanic interaction of the minerals present, the logical
dominant reaction occurring in the system is the oxidation of
chalcopyrite. The chalcopyrite is preferentially oxidized at
some parts of the RDE where both minerals are close together.
Chalcopyrite and pyrite form a galvanic interaction when they
are together because the former has a lower rest potential
compared to the latter. In this system, chalcopyrite becomes a
sacrificial mineral that hinders the oxidation of pyrite.
Increasing the amount of chalcopyrite in the system promotes
the oxidation of chalcopyrite instead of the pyrite host.

B. Agitation Test
Three levels were also examined for this parameter: 400,
500, and 600 RPM. The rotation speed of the RDE directly
affects the current that flows through the system. Using (3),
which is the Levich equation, the current observed in the RDE
is directly proportional to the square root of the angular
rotation. This observed current or limiting current is going to be
directly proportional to the corrosion current, and ultimately to
the relative rate of the electrochemical reaction. It was observed
that the relative rate of pyrite oxidation increases with
increasing agitation, in the form of the RDE rotation speed.
Furthermore, a reaction order equal to one was computed,
which conforms to the Levich equation.
IL = (0.62)nFAD

2⁄
−1
1
3 ω ⁄2 v ⁄6 C

F. Aging Test
This parameter will be used to check for the effect of the
formation of a product layer on the surface of the working
electrode on the kinetics of pyrite oxidation. Four levels were
investigated: 0, 1, 3, and 7 hours of aging. The OCP values
obtained show that pyrite oxidation via dissolved oxygen
occurred in the reaction. A 9-fold decrease in the relative rate
of pyrite oxidation as the aging time increases was observed in
the experiment. Furthermore, it appears that aging beyond 3
hours caused a shift from a chemical reaction controlled
mechanism, which was proposed in literature, to a product layer
diffusion controlled mechanism. The relative rate plateaus
beyond 3 hours of aging due to the formation of the optimum
thickness of the sulfur layer.

(3)

C. Ferric Ion Concentration Test
Three levels of ferric ion concentration were tested: no
addition, 0.01 M, and 0.02 M. Ferric ion concentration was
adjusted by adding ferric sulfate salts into the system. OCP
results show that oxidation of pyrite by ferric ions occurs
preferentially over dissolved oxygen because it has lower
polarization. For a pyrite system, ferric ions are stronger
oxidants than dissolved oxygen. The reaction order of the
electrochemical reaction was determined by plotting the
concentration of ferric ions versus the relative rate. The
electrochemical reaction is in the first reaction order, which
means that the relative rate increases linearly with ferric
concentration.

IV. CONCLUSION
It was found out that the oxidation of pyrite by dissolved
oxygen was the mechanism occurring in all the experiments,
except when ferric and chalcopyrite were added. The parameter
setting with the lowest relative oxidation rate were: electrolyte
at pH 4, with no ferric addition, and with nitrogen purging; RDE
at 400 RPM, with 10 % chalcopyrite addition, and 7 hours aging.
Reaction orders calculated for the effect of ferric and hydrogen
ions were equal to 1, while 0.5 was obtained for oxygen.
Presence of chalcopyrite in the RDE caused the preferential
oxidation of chalcopyrite instead of the pyrite due to their
galvanic interaction. A shift in the rate determining step from a
chemical reaction to diffusion control was observed after aging
the electrode for 3 hours and beyond as a consequence of the
thickening sulfur product layer. The presence of the product
layer resulted in a 9-fold decrease in the oxidation rate of pyrite.

D. Dissolved Oxygen Concentration Test
Three levels of dissolved oxygen concentration were tested:
nitrogen purged, no addition, and the addition of oxygen.
Nitrogen purging was done by bubbling 99.9% purity Nitrogen
to the electrolyte for 5 minutes. It was observed that the relative
rate of pyrite oxidation increased with the concentration of
dissolved oxygen in the electrolyte. This finding makes sense
because increasing the amount of reactants will push the
electrochemical reaction forward via the Le Chatelier’s
principle. A first- and half-degree reaction order, which was
supported by literature, were obtained by plotting the relative
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II.

Visaga and Tan (2016) study, from the tipping bucket
data deployed from May - December 2011.

REVIEW OF RELATED
LITERATURE

Trono et al. [2] designed and developed an
Androidbased acoustic sensor for rain measurement.
The sensor can upload data files to a web server, and
can trigger an SMS alarm when rainfall data exceeds
safety thresholds. Rainfall data from the sensors are
graphed, analyzed, and compared to data from tipping
bucket rain gauges. The analysis features and
performance of the acoustic sensors directs to the
development of low-cost devices for gathering rain
data.

Figure 2.5 Delay overlay plot of acoustic power and
rain rate vs time on the data of July 5, 2011 (Intense)
N.V. de Giesan et al. [5] identified that the electrical
energy generated in the piezo-ceramic element by the
impact of a raindrop shows a good correlation with the
equivalent diameter of the raindrops. In a dripping
tower experiment, this relation was determined (Fig.
3). The underlying assumption is that raindrops will
have reached terminal velocity when they reach the
instrument. A drop of fixed size will have reached
>98% of terminal velocity after a free fall of 10m.
There are differences between different elements,
especially after a protective coating has been applied.
This implies that there is a need for an automated
calibration procedure, which is presently subject of
study.

Figure 2.3 Acoustic Signal Level Graph (top) and
Waveform Graph (bottom) Against Time Recorded by
the Samsung i5700 Android Mobile Handset During
the September 15, 2010 Rain Event.
Fajardo et. at. [3] developed the design improvements
on the hardware and software of the Rain Acoustic
Sensor to attain better performance.

Figure 2.4 Comparison between the old and new
sensor using Audio Technica microphone

Figure 2.6 Comparison of results for a very heavy
rainstorm between a tipping bucket rain gauge, the
acoustic disdrometer, and a totalling rain gauge

P.A. Domer et al. [4] applied statistical analysis, and
digital signal processing techniques to characterize
Android acoustic rain sensor data, and to profile
individual rain events with the rain rates derived in the
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III.

two variables. A linear regression line has an equation
[7]:

THEORETICAL FRAMEWORK

A. Pearson Correlation Coefficient
Correlation coefficients measure the strength of
association between two variables. The most common
correlation coefficient, called the Pearson productmoment correlation coefficient, measures the strength
of the linear association between variables [6].

x = the observed data for the independent variable y=
the observed data for the dependent variable n =
sample size
C. Normalizing the Raw Data Value (sorted per day)
The data gathered from the downloaded csv file must
be normalized before performing the rain rain
calculation.
Figure 3.1 Scatterplots shows how different patterns of
data produce different degrees of correlation
When the slope of the line in the plot is negative, the
correlation is negative; and vice versa. The strongest
correlations (r = 1.0 and r = -1.0 ) occur when data
points fall exactly on a straight line. The correlation
becomes weaker as the data points become more
scattered. If the data points fall in a random pattern,
the correlation is equal to zero. Correlation is affected
by outliers. Compare the first scatterplot with the last
scatterplot. The single outlier in the last plot greatly
reduces the correlation (from 1.00 to 0.71).
D. Methods to Extract Rain Rate
Methods B (meteorological) & C (Institute of
Atmospheric Physics technique) were used to extract
rain rates from the rain volume. The following
equations were used [8]:

where: x = the observed data for the independent
variable y= the observed data for the dependent
variable n = sample size r =degree of relationship
between x and y (correlation coefficient)
B. The Regression Line
Linear regression attempts to model the relationship
between two variables by fitting a linear equation to
observed data. A scatterplot can be a helpful tool in
determining the strength of the relationship between
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IV.

METHODOLOGY

The research methodology consists of four parts. The
data from the rain acoustic sensor and the output of the
data logger that was installed on each tipping bucket at
PAGASA sites (Quezon City, Infanta, Legaspi and
Davao) are gathered for the preprocessing step. After
that, signal processing and statistical analysis are
performed. Lastly, data visualization is provided via a
web interface.

E. PAGASA's new rainfall and flood warning system

Under the heavy rainfall warning system, a yellow
rainfall advisory is raised when the expected rainfall
amount is between 7.5 mm and 15 mm within one
hour and likely to continue. Communities given this
advisory are advised to be aware of the weather
condition and warned that flooding may be possible
in low-lying areas. The orange rainfall advisory is
raised in areas where rainfall is between 15 mm and
30 mm within one hour. Flooding is a definite threat
in communities under the orange alert. A red rainfall
advisory is issued when downpours constitute an
emergency. This is raised when observed rainfall is
more than 30 mm within one hour or if rainfall has
continued for the past three hours and is more than 65
mm. When PAGASA raises a Red warning,
communities should be prepared to respond. It means
serious flooding is seen and that residents should be
ready to evacuate to safety.

Figure 4.1 Process flow of the study

A. Data Processing
The pulling of available data from the rain acoustic
sensor will be automated using some scripts and
codes.
B. Signal Processing and Statistical Analysis
The csv file gathered from the rain acoustic sensor
and tipping bucket will be processed and analyzed
using MATLAB and R programming.

Figure 4.2 shows the data transmitted by the rain
acoustic sensor on October 5, 2017 located at
PAGASA Davao station that was graphed in
mW/min and compared to the graph of rain rate in
mm/hr. The sound produced by the impact of the rain
on the sensor corresponds to the number of tips
recorded by the data logger.
Figure 3.2 PAGASA's new rainfall and flood warning
system
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In figure 4.4, lag adjustment of 24 minutes was applied
for the tipping bucket data logger output was made i.e.
the tips were moved 12 minutes ahead of time, to
match the corresponding RAS sound recording from
the data gathered on October 31, 2017 at PAGASA
Davao station. Rain rate derivation made use of the
Institute of Atmospheric Physics (IAP) technique.

Figure 4.2 Acoustic Power per time vs. Rain Rate
(October 5, 2017)
In Figure 4.3, lag adjustment of 12 minutes for the
tipping bucket data logger output i.e. the tips were
moved 12 minutes ahead of time to match the
corresponding RAS sound recording from the data
gathered on August 18, 2017 at PAGASA Davao
station. Rain rate derivation made use of Institute of
Atmospheric Physics (IAP) technique.

Figure 4.4 Acoustic Power per time vs. Rain Rate
(October 31, 2017)

C. Data Visualization
The graphs of acoustic power level, rain rate etc. will
be accessible via a web interface. The figure below is
sample of graphs via web interface.

Figure 4.2 Sample Data Visualization

Figure 4.3 Acoustic Power per time vs. Rain Rate
(August 18, 2017)
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Patient and medical professional input forms were
possible content sources of the system and therefore
require CSP guidelines. Some of these forms were the
patient case record, comprehensive assessment form,
health management record, outpatient services notes, and
referral slips. Security policies were also necessary in
web pages on user session.
For testing CSP implementations, they were
examined across different content injection attacks.
HTML injection, text injection, and domains leading to
external websites were involved in the study. Also,
embedding JavaScript code within HTML content was
tested in the web interface of the SHPM system

Fig. 2. Summary of security policies that resolved the performed
injection attacks on the SHPM system

Without these guidelines, computers of medical
professionals loading the executable code could be
adversely affected. Also, input patient information on
attacker scripts could be leaked on foreign domains.
Operations of the health information system could be
deterred, which could cause mistrust among the patients
and medical professionals to the system and affect user
communication for improving the web application.

IV. RESULTS AND DISCUSSION
Tests for susceptibility of code against injection
attacks were conducted, which were then followed by the
appropriate CSP implementations to mitigate them. Fig.
1 shows the summary of the attacks and the
corresponding susceptible forms in the SHPM system.
The forms in the system exhibited many text field values
input by patients and displayed on the interface of
medical professionals. Others also included JavaScript
functions. These could be exploited by inputting and
running attacker-defined executable code in them.

V. CONCLUSION
Implementations of CSP guidelines in the software
framework of SHPM record system showed the
vulnerabilities of its web interface. The guidelines
constituted the code improvement of the considered
system. They were also tested across arbitrary domains,
inline script injection, and HTML content injection.
Implications of the attacks to the vulnerabilities of the
health information system centered on privacy damages,
disruption of communication with users for alternative
code solutions, and exploit of user platforms. Adding the
policies in the requirements validation and detailed
design of view components of health information
systems can prevent these issues.

The attacks were evaluated by inputting executable
codes (e.g., JavaScript and external stylesheets) instead
of actual patient information in the text fields and text
areas. Some fields allowed the codes to be interpreted
and displayed on the interface, like pop-ups, while others
opened external links in a new tab. All of these
constituted successful attacks. Similar attacks were
performed on variables using inline scripts and JSON
response variables; their contents were changed with
attacker executable code.
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Table 1. IFR coating sample composition.

SAMPLE
I.D.

IFR SYSTEM

BLANK

lattice pattern with six or eleven cuts in each direction is
made in the film to the substrate, tape is then applied over the
lattice and then removed to which adhesion is evaluated by
comparison with the following scale illustrated in Fig. 2. All
of the dolomite-talc-CES reinforced intumescent flame
retardant coatings exhibited good adhesion property as the
adhesion rate fell between classification 3, 4 and 5. As
observed from the removed tapes, minimal to none of the
square lattices were detached from the surface and the cuts
remained relatively unaffected after removal of the tape.
Only a small amount of flakes of the coating were detached
at the intersections and along the edges. The tape test results
of each formulation are illustrated in Fig. 3.

FILLERS
DOL

TALC

CES

APP-EG-MEL

0

0

0

IFR A

APP-EG-MEL

2

2

4

IFR B

APP-EG-MEL

3

3

2

IFR C

APP-EG-MEL

3

2

3

The preparation of APP-EG-MEL flame retardant with
the addition of talc, dolomite and CES were mixed together
first for 20 minutes to obtain a homogeneous mixture, the
curing agent was added to this mixture and mixed for
another 10 minutes. The total process is 30 minutes for each
sample. The composites will be prepared via shear blending
mixer with a rotor speed of 60rpm.
B. Characterization of IFR coating formulations
One-factor optimization: Adhesion test
In order to determine the samples with excellent coating
formulations, one-factor optimization screening based on
adhesion test was conducted according to ASTM D3359-97.
Fire resistance test
This test was performed to study the impact of a flame
onto the coating steel substrate according to ASTM E119
standards. The test was used to characterize the formation of
char and reaction of the intumescent coating, and to
compare the evolution of temperature between the bare steel
plate and the single-side coated steel plate. The UL-94 test
(Bunsen Burner Fire Test) was performed on a methane
Bunsen burner. The prepared coating formulations from
adhesion test results was exposed to fire for 90 minutes.
Thermocouples were attached at the back of steel substrate,
all data was recorded manually. (Fig. 1)

Fig. 2. Adhesion Scale based on ASTM D 3359-97 Test Method B.

Fig 1. Bunsen burner fire test arrangement.

Fig. 3. IFR coatings after the adhesion test: BLANK, A*-IFR A, B*IFR B, C*-IFR C

B. Fire retardancy test
Fig. 4 shows the time-temperature curves of the different
IFR compositions after 60 minutes fire exposure. It was
observed that the first 10 minutes, all samples have
experienced abrupt increased of substrate temperature. All of
the three formulations with dolomite-talc-CES fillers showed
good fire retardant performance compared to Blank sample
having 315°C after 60 minutes of fire test. IFR B showed
lowest substrate temperature of 125.6°C compared to IFR A
and IFR C with 140.6°C and 135.9°C after 60 minutes of fire
test.

III. RESULTS AND DISCUSSION
A. Adhesion test
To establish whether the adhesion of the dolomite-talcCES reinforced coating is at a generally adequate level,
simple Adhesion/Tape Test was conducted according to
ASTM D 3359 – 97: Test method B. In test method B, a
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Fig. 4. Time-temperature (T-T) curve of different IFR formulations after 60 minutes fire test.

IV. CONCLUSION
IFR B having 3:3:2 dolomite-talc-CES ratio have shown
to have better fire resistance during the Bunsen burner fire
test. The sample obtained the lowest substrate temperature of
125.6°C compared to the Blank sample with 315°C. It was
observed that IFR B formulation promoted the formation of
more compacted char and showed highest char expansion of
18mm compared to Blank sample which was detached after
the fire test.

C. Analysis of char expansion
Physical properties of intumescent coating and char were
determined by observing the expansion of char and the
quality of char yield after burning. Fig. 5 and Fig. 6 shows
the steel substrate and char height after the 60 minutes fire
test. The char of the Blank sample was weak, fragile and it
detached after burning. The char produced from IFR A, IFR
B and IFR C was hard and bonded with steel substrate. IFR
B formulation showed a high char expansion compared to
other formulations studied.
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Lastly, as the fan gains its maximum speed, maximum
possible velocities of the air being delivered can be
observed. Velocities of the air drawn inside the van also
reached its maximum. Lastly, recirculation of the air being
delivered by the fan can now be completely observed and as
what can be seen, the size of the recirculation vortex
increases but continues amidst the high velocities induced
by the fan. It was observed that the system does not fully
utilize the rated discharge capacity of the fan system since a
significant amount of its discharge is being recirculated back
to its intake.
III. RESULTS AND DISCUSSION

IV. CONCLUSION
It was observed that the system does not fully utilize the
rated discharge capacity of the fan system since a significant
amount of its discharge is being recirculated back to its
intake. This creates an accumulation of air inside with the
potential of utilization if the flow is improved. It is
confirmed that there is fluid flow inside the chick trailer,
especially at the pathways which were treated as flow lines.
However, with the absence of the second set of fans, the
velocity of the air reaching the backmost part of the trailer is
way lower than its actual velocity having 10.27 ft/s velocity
when the middle fan system is installed and 3.9 ft/s velocity
without the middle fan system installed. Flow behavior in
specific sections such as that of section 13 show changing
behaviors.
This type of behavior is common to sections wherein
fans from different columns both govern and induce motion
on that specific section. The researches hypothesize that
since section 13 is located between two fans, the flow
through that section is being divided unequally by the intake
of the two fans and so it shows behavior as if the two fan
columns take turns on influencing the flow at that specific
section. Compared to the theoretically expected flow values,
lower flow values were obtained in the flow lines mainly
due to the propagation of the flow through the crates which
were theoretically treated to be ideal flow lines.

On the first frame, parts where the fan draws in fresh air
from the outside can be seen. It can also be observed that
during the startup of the fan, the motion of the air delivered
by the fan is fully directed towards the end of the van.
This is where the fan starts to gain speed, and so as
observed, the delivery velocity and the velocity of the air
coming from the outside increases significantly. One
noticeable behavior that can be observed from this is that
there is initial recirculating behavior of the air on areas near
the fans. It can be observed that as the air on the sides of the
fan goes farther away from it, it is redirected back to the
intake part of the fan.
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evaluation using Complete Randomized Design with
three replication and comparison of manual and
mechanical slicing was evaluated using Independent ttest using three replications for each method.
D. Cost analysis
The cost analysis included the calculations of annual
cost of operation: fixed and variable costs, break-even
point, cost of slicing using the machine (Php/kg) and
payback period, in case the machine shall be used for
custom service operation.

Machine
Manual

A. Description of the cashew apple slicing machine.
The conceptualized design of the machine, shown in
Figure 1, comprised of the following major components:
a) loading pan, b) conveyor assembly, c) slicing
assembly, d) discharge pan and inclined chute, e) power
transmission system and (f) frame assembly. In
operating the machine, cashew apples are placed in the
loading pan. The first operator switches on the electric
motor and arranges the 3-pieces cashew apple in parallel
position with the direction of the conveyor. While the
conveyor is moving, the press block is also continuously
moving in reciprocating motion. The downward motion
presses the cashew apples into the set of slicing knives to
uniformly slice the cashew apples. The movement of the
conveyor and press block are properly synchronized so
that when the press block move downward, the cashew
apple are already placed on top of the slicers. The sliced
cashew apples will drop to the discharge chute and pan.
The second operator has to remove the top and sliced
tailed cashew at discharge chute.

Table 1. Summary of machine performance
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60
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202.24
249.26
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32.2
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29.96
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Fig.1. Cashew Apple slicing machine

Slicing
Capacity
(kg/hr)

Slicing
Efficiency
(%)

B. Cost analysis of the machine
The machine has a computed Php24,502.50 and
Php 58.31 annual fixed cost and variable cost (P/hr),
respectively. It has an annual capacity of 199,408.00 kg
spending an amount of Php 71,786. Break-even was
determined reaching 31,984.77 kg/yr. The cost curve
(Figure 2) shows the decreasing cost for increasing volume
of production with the shaded region for annual profit.
Furthermore, cost analysis showed that investment of Php
135,000.00 yielded Php 127,621.12 annual net income
giving 94.5% ROI and can be paid back in just 1.05 years.
Custom rate was determined at Php1.0 per kg of
sliced cashew apple after giving 178% mark up from per kg
cost of slicing of Php 0.36. Custom use of the machine
would give equal benefit for both the machine owner who
would have an earning of P0.64 per kg and the renter with
P0.82 saving every kg of produce from P1.82 cost of manual
operation.
IV. CONCLUSION
Based on the results of the study, it can be
concluded that, the study was able to design cashew apple
slicing machine with overall dimension (1731mm x 625mm
x 1167mm) for the end users. The designed cashew apple
slicing machine can be fabricated using locally available
materials. Treatment 3 (60 stroke per min) was the optimum
speed, slicing capacity was 249.26kg/hr, slicing efficiency
was 86.66%, percentage of damage in sliced cashew 4.93%,
percentage of juice extracted during slicing was 9.73% and
thickness obtained 10mm. Slicing machine is significant
compared to manual slicing. Comparison of manual has a
capacity of 32.2kg per hour and mechanical slicing has a
capacity of 249.26kg per hour almost eight times higher
than capacity of machine to manual; and, the machine can
be used for custom service operation.

III. RESULTS AND DISCUSSION
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Table 2. Machine performance versus the manual sowing
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i. Moisture Content
Where Dc is the drying capacity (kg/h), Wi is the
initial weight of test material (kg), and Td is the actual
drying time (h).

Moisture content of the stingless bee pollens was
determined by drying the samples using laboratory oven
(MEMMERT) at 103 °C ± 1 °C for 24 hours. Test was
done in triplicate and calculated using (4) [3].

ii. Moisture Reduction Rate
The moisture reduction rate of the microwave dryer
was computed using (2) [3].
MCr =

MCi− MCf
Td

MC =

Wi−Wo
Wi

x 100

(4)

Where MC is the moisture content (% wb), Wi is the
initial weight of sample (g), and Wo is the oven dry
weight (g).

(2)

Where MCr is the moisture reduction rate (%/h), MCi
is the initial moisture content of test material (%), MCf is
the final moisture content of test material (%), and Td is
the actual drying time (h).

ii. pH
The pH level of stingless bee pollen was measured
using a bench top professional pH meter (TRANS
INSTRUMENTS) at the Ramon Magsaysay Center for
Agricultural Resources and Environmental Studies (RM
CARES), Central Luzon State University (CLSU),
Science City of Muñoz, Nueva Ecija, Philippines

iii. Percentage Recovery Output
Percentage recovery is defined as the ratio of final
weight of dried output to initial or fresh weight of sample
material expressed in percent using (3) [4].

iii. Water Activity
PR =

Wf
Wi

x 100

(3)

Water activity was tested using a water activity meter
(NOVASINA) at the Agriculture and Food Technology
Business Incubator (AFTBI), CLSU, Science City of
Muñoz, Nueva Ecija, Philippines

Where PR is the percentage recovery (%), Wi is the
initial weight of test material (g), and Wf is the final
weight of test material (g)

iv. Protein, Vitamin E and Beta Carotene Content

B. Characterization of Fresh and Microwave Dried
Stingless Bee Pollens at Different Microwave Output

Analysis for beta carotene, protein and vitamin E
content of the stingless bee pollens was done by
SentroTek in Mandaluyong City. Protein content was
determined using Kjeldahl method while vitamin E and
beta carotene content was measured using high
performance liquid chromatography.

Fresh stingless bee pollens were bought at a bee farm
in Sorsogon City. Samples were refrigerated until further
processing. Prior to drying, the frozen bee pollens were
allowed to warm up to room temperature conditions [5].
The cleaning of the pollen was done by manually
removing foreign materials e.g. dead bees and bee’s legs.
The bee pollens were mixed to attain homogeneity of
samples. After the cleaning process, the samples were
then analyzed for moisture content, pH, water activity,
and nutrient content.

C. Determination of Required Microwave Power Output
for the Microwaving of Stingless Bee Pollens
The protein, vitamin E and beta carotene content of the
microwave dried stingless bee pollens were evaluated
based on Recommended Energy and Nutrient Intakes
(RENI) for Filipinos. The vitamin A content of the
stingless bee pollens was computed from the beta carotene
content of the sample using a vitamin converter [8]

Nine 150 grams of honeybee pollen was dried using
the microwave dryer at 700W, 336W and 119W
microwave power output. The drying time was determined
until 4% moisture content was reached. Final weight of
the sample with 4% moisture content was computed using
(5) [6] [7].
Wf =

Wi (100−MCi)
(100−MCf)

D. Experimental Design
The drying performance of the microwave dryer and
qualities of the stingless bee pollens dried at different
microwave power output (119W, 336W and 700W) were
laid out in a Completely Randomized Design. The effect
of the microwave energy to the drying performance of the
microwave dryer and quality of the bee pollens were
evaluated using one-way analysis of variance. Least
significant difference test at 5% level of significance was
used for the comparison of treatment means. Analysis was
done using Statistical Tool for Agricultural Research
(STAR) application.

(5)

Where Wf is the final weight of the sample (g), Wi is
the initial weight of the sample (g), MCi is the initial
moisture content (%), and MCf is the final moisture
content (%).
The testing was done in three replicates except for the
protein, vitamin E and beta carotene content which was
sampled by composite sampling. The treatment with the
highest nutrient value was selected for the comparison
analysis of the microwave and oven drying of stingless
bee pollens.

E. Cost Analysis
The cost analysis of the microwave dryer was
evaluated in terms of the following parameters:
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for the outer cover, top and back portion of the drying
chamber. It also has stainless steel air ducts equipped with
four 120 mm exhaust fans as provision for the discharge of
moisture removed from the material. The recorded inside
air velocity was 2 m/s which is above the minimum
required velocity of 0.2 m/s. This is similar to the air
velocity used for the microwave drying of apple slices
having good moisture diffusivity [9] [10].

i. Cost of Drying
The drying cost per kilogram of dried stingless bee
pollens was expressed by the (6)
CD =

TOE
TVD

(6)

Where CD is the cost of drying (Php/kg), TOE is the
total operating expenses (Php/yr), and TVD is the total
volume of dried product, kg

i. Drying Capacity
Drying capacity was the amount of stingless bee
pollens that can be dried, in kilogram, in one hour drying
period. The effect of different microwave power levels to
the drying capacity of stingless bee pollens was shown in
Table 1.

ii. Break-even Analysis
Breakeven point is calculated from the relations
between revenue and cost or material supply or demand
(7).
BEP =

AFC
SP−VC/C

Comparison among means of the drying capacity as
affected by microwave power output revealed that there
was a significant difference in drying capacity in in all
treatments means. The 700W treatment shows the highest
drying capacity of 1.80 kg/hr followed by the 336W
treatment with 0.62 kg/hr drying capacity. The 119W
treatment shows the lowest drying capacity of 0.008 kg/hr.

(7)

Where BEP is the breakeven point (kg/yr), AFC is the
annual fixed cost (Php/yr), SP is the selling price
(Php/kg), VC is the variable cost (Php/hr), and C is the
capacity (kg/hr).

ii. Moisture Reduction Rate

iii. Payback Period

The moisture reduction rates for microwave drying of
stingless bee pollens as affected by different microwave
output were shown in Table 1.

It is the time duration needed for an investment to
recover its initial cost in terms of revenue or savings.
Payback Period was computed using (8).
PP =

IC

At 336W and 700W, drying time was faster and only
requires less than an hour of operation with 0.24 and 0.08
hours, respectively. The 119W treatment had significantly
longer drying time than the other 2 treatments of 19.33
hours to reach the desired level of moisture of around 4%.

(8)

NI

Where PP is the payback period (yr), IC is the initial
cost (Php), and NI is the net income (Php/yr)

The drying characteristic of the stingless bee pollen
during microwave drying at different microwave power
output was represented as drying curves plotted in
moisture content against drying time as shown in Fig. 2.

iv. Benefit Cost Ratio
It is ratio of the equivalent worth of cost to the
equivalent worth of benefit. Criterion for project
acceptability is BCR should be greater than 1. Benefit cost
ration can be computed using (9).
n

∑
t=1

Bt
(1+i)t

n

/∑

Ct

t
t=1 (1+i)

At 119W, there was an increase in moisture loss
during the first 3 hours of drying and constant weight loss
thereafter. In 336W and 700W microwave application,
moisture losses at initial stage were slow and start to build
up upon completion of drying.

(9)

Comparison among means of the moisture reduction
rate as affected by microwave power output revealed that
there was a significant difference in the drying rates of all
treatments. The 700W treatment have significantly higher
reduction rate of 108.42%/hr compared to the other
treatments. Lowest average drying rate was observed
from 119W with a value of 0.42%/hr. At 336W, moisture
reduction rate was 33.04%/hr.

Where Bt is the benefits in each year, Ct is the costs in
each year, and i is the interest (discount rate)
v. Internal Rate of Return
IRR = lower interest rate + (difference between discount
rates) x (PW of cash flow at lower interest rate/PW of
absolute difference of two interest rates)
(10)
Where IRR is the internal rate of return (%), and PW
is the present worth.

Fans
Outer shell

III. RESULTS AND DISCUSSION

Access door

A. Microwave Dryer
Drying
chamber

The microwave dryer (Fig 1) has dimensions of 300
mm length, 450 mm width, 500 mm high and weighs 18
kg. The dryer was fabricated with some parts from the
existing microwave oven like vacuum tube, controls and
turn table. A 1.5 mm THK stainless steel sheet was used

Controls
Fig. 1. Microwave dryer
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Fig 2. Drying curve of stingless bee pollens subjected to a) 119W, b) 336W and c) 700W microwave power outputs

decreasing the recovery after drying.

The reason for the decrease of moisture of the stingless
bee pollens was due to the higher water molecules content
of the samples during the start of the drying that results to
a higher absorption of microwave energy. This high
absorption of energy leads to higher moisture loss due to
moisture diffusion. Continuous moisture loss after the
initial stage of drying causes less absorption of microwave
energy of the product. This results to the decrease in the
drying rate. This phenomenon was due to the generation
of heat inside the sample creating a large vapor pressure
difference with its surface as a result of volumetric
heating [11].

B. Characteristics of Fresh and Microwave Dried
Stingless Bee Pollens
The stingless bee pollens were round to irregular in
shape with sizes varying from 3 mm to 10 mm. The
freshly extracted pollen has a powdery finish having four
distinct colors: orange, yellow, brown and dark brown
(Fig. 4).
i. Moisture Content
Stingless bee pollens were larger and slightly stickier
as compared to bee pollen collected by European
honeybees. The fresh samples were dried in an oven and
determined a moisture content of 12.07%. Other stingless
bee pollens collected from Melipona seminigra and
Melipona interrupta (Amazonian stingless bees) showed
higher moisture content compared to the current study
with 53.39% and 37.12%, respectively [12].

iii. Percentage Recovery Output
Table 1 shows the mean percentage recoveries as
affected by the variation of microwave power output after
the drying procedure.
Comparison among means revealed that percentage
recovery at 119W (91.62%) and 336W (91.60%) were
both significantly higher than 700W with a recovery of
90.69%.
The larger mean value of the 700W treatment was due
to the high and continuous microwave power output
during drying that causes rapid water loss of the bee
pollens compared to the other treatments. Because the bee
pollens were composed of water, excessive moisture loss
contributes to the loss of the weight of the product

Fig 4. Colors of stingless bee pollens: a) orange; b) yellow; c) brown and
d) dark brown

TABLE 1. PERFORMANCE OF THE MICROWAVE DRYER AT DIFFERENT MICROWAVE POWER OUTPUTS
Power Levels

Drying Time, hr

Drying Capacity, kg/hr

Moisture Reduction Rate, %/hr

% Recovery

119W
336W
700W

19.33
0.24
0.08

0.008
0.61
1.80

0.42
33.04
108.42

91.62
91.60
90.69
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TABLE 2. PROPERTIES OF FRESH STINGLESS BEE POLLENS
Description

Content

Moisture content, %
pH
Water Activity (at 25°C)

12.07
4.04
0.622

Protein, g/100g

16.7

Vitamin E, mg/100g
Beta carotene, mg/100g

1.1
0.118

spores from moldy plants [13].
These microorganisms were the common cause of
spoilage in bee pollens when exposed to the elements. The
types of mold and yeast that can thrive in the bee pollens
include Monascus bisporus and Saccharomyces rouxii,
respectively [14].
Values recorded after each microwave power output
show a reduction of the water activity of microwave dried
bee pollens as shown in Table 3.

The effect of varying microwave power output to the
moisture content of stingless bee pollens was shown in
Table 3.

Analysis of variance reveals an insignificant effect of
microwave power output to the water activity of the dried
stingless bee pollens. Water activities of bee pollen
samples were 0.342, 0.333 and 0.364 for 119W, 336W
and 700W, respectively. These values were near 0.3
which can prevent enzyme activity, non-enzyme browning
and lipid oxidation that can cause deterioration [15].

Comparison among means of the moisture content as
affected by microwave power levels revealed that there
was no significant difference in moisture between 336W
and 119W treatments.
At 119W and 336W the final moisture content
recorded were 3.95% and 3.93%, respectively. But
because microwave drying has fast water removal ability,
higher microwave power output tends to dry the product
below 4% even at 1 minute interval. This is true in the
case of 700W which has a final moisture content of 2.96%
after 5 minutes of microwave drying. The low moisture
content was related with the high moisture reduction rate
of the 700W treatment.

Data suggest a stable product with no microbial
proliferation as all values falls below a water activity of
0.6 which is the growth limit for common microorganisms
[14]. Therefore, development of various microorganisms
that deteriorate food can be prevented or stopped resulting
to food with better shelf life [12].
iv. Protein, Vitamin E and Beta Carotene Content
The chemical composition of bee pollens depends on
various factors such as floral source, location, climate,
soil, species and activity of bees. This can lead to better
quality bee pollens compared to others [1] [15] [16] [17].

ii. pH
pH level is the degree of acidity or alkalinity of a
substance. Acidic food has a pH value between 0 and 7
while alkaline foods has pH value between 7 and 14
having 7 as neutral in the case of distilled water [14]. The
pH value of stingless bee pollens in aqueous solution was
found to be acidic at 4.04±0.01 but is within the pH range
of 4 to 6 based on the Technical Regulation for bee pollen
[12].

The protein content of fresh stingless bee pollens was
tested and found to be 16.7% w/w. Bee pollens generally
has high protein content but the species considered in the
study shows a lower protein concentration. However, this
value was still within the common range of 10 to 40%
w/w [1] and above 8% w/w set by the Technical
Regulation for Identity and Quality of Bee Pollen in
Brazil [12]

The pH levels of the microwave dried stingless bee
pollens as influenced by varying microwave output was
shown in Table 3. The highest mean pH value of 3.89 was
observed from the 700W treatment and at 119W and
336W outputs, the pH levels were 3.84 and 3.86,
respectively. These levels were lower than a pH value of 5
where most microbes stops growing [18].

On the other hand, the vitamin E and beta carotene
content of stingless bee pollens were 1.1 and 0.118 mg in
100 grams which were below the common value of
Tocopherol (E) and Beta carotene in most bee pollens
literature. Shown in Table 2 were the quality parameters
of fresh stingless bee pollens.

iii. Water Activity

Microwave dried stingless bee pollens were submitted
for protein, vitamin E and beta carotene analysis and the
results were presented in Table 3.

Water activity is an important factor for the
preservation of dried commodities. Depending on the
level of water activity, microbial growth are prevented
which can lead to the spoilage of the product. Therefore
maintaining or lowering the water activity should be
reduced to minimum.

Composite sampling was done with 336W treatment
having the highest protein value of 16.3 g/100 g. At 119W
and 336W, protein levels were 16.2 and 16.1 g/100g,
respectively. Comparing with the fresh samples, a
reduction of 0.4 g was found in the 336W treatment while
0.5 and 0.6 g reduction in the 119W and 700W,
respectively.

Water activity (Aw) of fresh bee pollens was tested
with a value of 0.622 at 25°C. At this level, no bacterial
proliferation can occur but still prone to molds and yeast
growth. This is true as bee may sometimes collect fungal

TABLE 3. CHARACTERISTICS OF STINGLESS BEE POLLENS DRIED AT DIFFERENT MICROWAVE POWER OUTPUT
Power Levels

Moisture Content, %

Water Activity

pH

Protein Content, g/100g

119W
36W
700W

3.95
3.93
2.96

0.342
0.333
0.364

3.84
3.86
3.89

16.2
16.3
16.1
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Vitamin E
Content, mg/100g
0.95
1.7
2.8

Beta Carotene
Content, mg/100g
0.192
0.174
0.226

This shows that microwave energy has a reducing
effect on the protein content of stingless bee pollens. This
is similar with a report that exposure to microwave energy
can cause protein degradation due to the reduction of
amino acids in bee pollens collected by Apis mellifera
[20]

D. Cost Analysis
The actual cost of the microwave dryer was Php15,000
with inclusion of the materials and labor. The return of
investment can be attained in only 0.05 year or in one
harvest season. The required breakeven volume of
microwave dried stingless bee pollens was only 12.84
kg/year which was less than the total production per
harvest season. The calculated cost of drying was
Php3,634 per kilogram. Even though the cost of drying
was high, the market price was for dried stingless bee
pollen was Php 5,000 per kilogram. The benefit cost ratio
was 1.39 with internal rate of return of 41.97%.

In terms of Vitamin E, a power output of 119W shows
a reduction of 0.15 mg/100 g in the vitamin E content of
dried bee pollens from 1.1 mg/100 g of the fresh sample to
0.95 mg/100 g. On the other hand, an increase in the
vitamin E content of 0.6 and 1.7 mg/100 g was observed
at higher power outputs of 336W and 700W, respectively.
At 336W treatment, vitamin E content was 1.7 mg/100 g
while at 700W, vitamin E value as 2.8 mg/100 g.

IV. CONCLUSION
Based on the results of the study, the following
conclusions were made:

The increase of vitamin E may be influenced by the
increase of the temperature of the material as higher
microwave energy was applied. Higher temperature can
disorganized the physical structure of stingless bee pollens
causing a rise in diffusion rate that result to higher vitamin
E yield [21].

Microwave drying of stingless bee pollens using 700W
microwave power output has better drying performance
compared to 119W and 336W microwave power output;
Microwave drying of stingless bee pollens using 700W
microwave power output increases heat stable vitamins
like vitamin E and beta carotene but reduces heat sensitive
nutrient like protein with increase in drying time; and

Beta carotene is a provitamin that is a substance
needed or can be converted into vitamins. Carotenes are
sensitive to light and oxygen but stable even at high
temperatures. Drying of products with carotene can
concentrate its antioxidants content and preserve
carotenoids [15].

The benefit cost ratio of 1.39 showed that microwave
drying was economically feasible with breakeven point of
12.84 kg per year that can be achieved in one production.
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in the same way that as the number of equipment that
responded in operate increases, the probability will increase.
It can be drawn from this that the production output of the
plant relies upon what will be the response of each
equipment in the process.
IV. CONCLUSION
This research concluded that the efficiency and reliability
of an industrial plant to produce an output product relies
upon the behavior and response of an equipment in a certain
industrial process for an event of voltage sag and this
implies that each equipment somewhat has a certain
response for a particular voltage sag with its equivalent
magnitude and duration that in turn affect the production of
its output product. It signifies that the operation and
response of the sensitive equipment to disturbances such as
voltage sag is crucial to the production output of the plant in
terms of achieving its target deliverable output. From this
observation, this research establishes that the immunity and
protection of a sensitive equipment in an industrial process
dictates how much the industrial plant is willing to lose in
terms of production target of its output products.

Fig. 4: Equivalent network structure of the industrial process

Bayesian Network is used to determine the joint
probability of the whole process in which is the probability
of the process to disrupt, the marginal distribution for each
output node ( P(O1_u) and P(O2_u) ) in which the
probability of the production target of ophthalmic and otic
drops, respectively, to unfinish or interrupt for an event of
voltage will be derived. The table below shows the voltage
sag events with its equivalent magnitude and duration, and
its effect in terms on its two-output product and the number
of equipment response.
TABLE I.
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Number of equipment per
response
Event
No.

1
2
3
4
5
6
7
8
9
10
11
12

Magnitude
Duration( (percent P(O1_u) P(O2_u)
cycle)
pu)
trip eqpt ope eqpt unc eqpt

31.13
28.97
13.23
22.22
40.24
33.25
48.45
47.53
54.00
38.24
45.00
50.00

10.00
31.75
53.12
43.51
21.46
26.35
57.52
89.45
80.00
23.32
23.00
20.00

0.53
0.254043
0.157018
0.254043
0.350039
0.350039
0.153735
0.157018
0.157018
0.350039
0.350039
0.350039

0.5125
0.226268
0.12563
0.226268
0.325838
0.325838
0.122225
0.12563
0.12563
0.325838
0.325838
0.325838

10
0
0
0
8
8
0
0
0
8
8
8

0
0
14
0
0
0
6
14
14
0
0
0

4
14
0
14
6
6
8
0
0
6
6
6

The results shows that there is 15.7018% and 12.563%
probability to unfinish the target production of ophthalmic
and otic drops, respectively, given that all of the equipment
(14 out of 14) in the process operates for an event of voltage
sag and the maximum probability when 10 out of 14
equipment trips will be 53.00% and 51.25% respectively.
Also, there is uncertain response in each event of voltage
sag in which will be used to adjust the probability for each
production of output product. This only shows that as the
number of equipment in the process that responded with
operate increases, the probability to unfinish decreases and
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least 95% of the variability in the NIR spectral data. On the other
hand, PLSR was performed to form regression models to predict the
brand of a sample of soy sauce.
III. RESULTS AND DISCUSSION
A. Discriminant Analysis
LDA on PC scores of spectra pretreated with MSC– SG–ND
indicated 97.6% correct classifi cation of soy sauce samples based
on its brand (Table not shown); with its PCA scores plot (Fig 1a)
showing tighter clustering of samples by brand. All KK and brand
A samples were correctly classifi ed, while overlaps in the scores
plot could account for the misclassifi cation observed for samples
from brands B and C.
B. Regression Analysis
Clustering was more pronounced between KK samples and the
three local brands (Fig 1b). Among the local brands, brand A
samples could be clearly separated from B and C samples. The
wider dispersion within the KK cluster could again be due to the
natural brewing process used by the manufacturer. In comparison,
the tight clustering observed for locally manufactured samples
may be indicative of production through chemical hydrolysis, thus
yielding products with defi nite and similar chemical composition
regardless of processing batch. 9-factor PLSR model on the
validation set showed that the method could be used for classifying
samples based on brand (R2=0.989, RMSE=0.114, 100% correct
classifi cation on all soy sauce samples).

ingredients and conditions could be diff erent between
these particular batches of soy sauce resulting in
misclassifi cation. This emphasizes the need for more
substtantial sampling of soy sauce products with respect
to manufacturing source to strengthen the regression
model and improve its accuracy.
IV. CONCLUSION
The study showed that soy sauce brands could be
separated according to their NIR spectral signatures
through combined PCA-LDA and by PLSR. Results of
the study could serve as a basis for the eventual
development of a portable instrument for rapid testing of
soy sauce products to detect adulteration, predict
authenticity or test for safety.
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Transformed spectral data were subjected to a
combination of principal component analysis (PCA) and
partial least squares regression (PLSR). Open-source
software ParLeS ver. 3.1 [4] was used for preprocessing, data
transformation PCA and PLSR on the calibration and
validation data sets.
III.

stored paddy seeds and the accuracy of the prediction model
was 97.5% [6].

RESULTS AND DISCUSSION

A. Seed samples
The distribution of the germination rate level of the hybrid
paddy samples scanned is shown in Table 1. Data shows that
the different level of germination is well distributed in
samples.

(a)
(b)
Figure 1. Prediction by PLSR for (a) seed vigor and (b) germination
rate.

Table 1. Germination rate of the 55 paddy seed samples
Germination rate
No of seed lots
>90%
18
80-89
18
70-79
11

<70%

Table 2. Performance of PLSR using PCA scores from 350-1000
nm spectra acquired paddy seed samples
Seed Quality
PLSR with cross
Prediction by
Parameter
validation
PLSR
n
R2
RMSE
R2
RMSE
Seed vigor
6
0.622
24.3
0.699
16.8
Germination rate
6
0.517
28.5
0.565
20.4

8

B. Data preprocessing and pretreatment.
The total of spectra data used is 275. After data filtering
and conversion, the data are preprocessed using the ParLes
software. Spectral pre-processing is a critical step before
creating a model. Samples have spectral variations due to the
scattering of light and difference in effective path length.
Mean scatter correction and mean centering are the techniques
used for data preprocessing and pretreatment to correct the
raw spectral data for any light scattering effect.
Principal component (PC) analysis is done to the
preprocessed spectral data. The PC scores obtained in the PCA
is then divided into calibration set (184 samples) and
prediction set (91 samples). The PC scores are used for partial
least squares (PLS) regression which is done using ParLes
software. Data of the PC scores from calibration set without
prediction and using a separate set of samples was analyzed
using PLSR.

IV.

CONCLUSION

NIR prediction models were developed for paddy seed
vigor and germination rates. The quantitative model
developed provided evidence of the capability of NIR to
predict seed quality parameters like vigor and germination
rate. The models can be used to classify seed lots rapidly and
it provides a non-destructive evaluation of seed quality
parameters.
ACKNOWLEDGMENT
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Prediction Models. The PLSR predict models are shown
in Figure 1. The PLSR models are generated using the
prediction set of the PCA scores. The performance of the
models developed are shown in the Table 2. The PLSR with
cross validation generally have lower R2 values but when
further tested using the prediction set, the values improved.
This shows that the predicted model have good
approximation of the vigor, germination rate and
classification. Sources of variation between the observed
vigor and germination rates and predicted vigor (calibration
model) may be due to the quality of the samples like moisture
content and purity.
NIR spectroscopy was used to predict the seed
germination rate and vigor of soybeans. The study contributed
to the ability of NIRS to classify the seeds into the set vigor
level. The peak at ~1410nm (OH first overtone) and at
~1510nm (NH stretch first overtone) contributed to the
classification of seeds into the set vigor level. The quantitative
prediction of germination was less accurate as R2 ranges from
0.44 to 0.46 [5]. Visible NIR was used to differentiate age of
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universe of discourse for the output fuzzy variable is length
of time to go in a seconds.

10.If the Inflow is average and the density is low then time
to go is medium
11.If the Inflow is average and the density is medium then
time to go is medium
12.If the Inflow is average and the density is high then time
to go is big
13.If the Inflow is high and the density is zero then time to
go is medium
14.If the Inflow is high and the density is low then time to
go is medium
15.If the Inflow is high and the density is medium then time
to go is big
16.If the Inflow is high and the density is big then time to go
is big
Membership functions of the Output

Membership functions of the Fuzzy variable input inflow

Membership functions of the Fuzzy variable density

III. RESULTS AND DISCUSSIONS
The main objective of this project is to develop a fuzzy
logic application on traffic lights system to mimic the
human decision with the input flow and density as the input
parameters. With the use of sensors and arduino, it shows
that it could detect variations in the lane directions. With a
rule embed in the systems; it could determine an appropriate
response then.
Subject to a human decision-making to a traffic system,
the response would be longer and as such could reduce the
amount of time it leaves the approach open. Further, it could
increase the number of vehicles incoming and congestion
would lightly be heavier.

Rule Matrix for the Fuzzy Traffic Lights Control Systems

IV. CONCLUSIONS
Traffic lights using fuzzy logic is more pertinent to
which it is more reliable and could check the incoming
vehicles more than the human could see, and could decide
how much time should have to give to the more congested
lane. Hence, this system could be more far efficient and
intelligent traffic light control system.

D. Inference Mechanism
1.If the Inflow is zero and the density is zero then time to go
is zero
2.If the Inflow is zero and the density is low then time to go
is small
3.If the Inflow is zero and the density is medium then time
to go is small
4.If the Inflow is zero and the density is big then time to go
is medium
5.If the Inflow is low and the density is zero then time to go
is small
6.If the Inflow is low and the density is low then time to go
is small
7.If the Inflow is low and the density is medium then time to
go is medium
8.If the Inflow is low and the density is zero then time to go
is medium
9.If the Inflow is average and the density is zero then time to
go is small
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The ANN has six (6) inputs and two (2) outputs as
shown in Fig. 4. The inputs are filtered using low pass and
moving average. It has ten (10) hidden layer. The structure
of ANN is a feedforward neural network. The LevenbergMarquardt backpropagation is utilized to update weight and
bias values. The maximum number of epoch is set to 1000.
In terms of performance measure, the mean squared error
(mse) is set to 0.00. The number of input-output pairs
training data is 100291.

The feedback mechanism of the close loop controller
makes the system more receptive to the system input and
uncertainty. The close loop controller for yaw and pitch still
manage to minimize the error between desired gyro rate and
actual gyro rate even the disturbance is added in the system.
IV. CONCLUSION
From the results obtained based on normal operating
conditions and when the system is subjected to uncertainty,
it was found that the proposed method can achieve accepted
dynamic response, strong robustness and applicability.

C. Close Loop Controller
The ANN as open loop controller will degrade its
performance if there are unfamiliar disturbances or
uncertainty. The fuzzy logic system as compensator is
introduced along with existing ANN controller to response
with uncertainty. The additive configuration of model
controller and compensator is shown in Fig. 4. The 𝒅 is
defined as disturbance for pitch and yaw: [𝑑𝑝 𝑑𝑦 ]𝑇 . Where
open loop 𝒗𝒎 is defined as [𝑣𝑚𝑝 𝑣𝑚𝑦 ]𝑇 . Where
compensator 𝒗𝒄 is defined as [𝑣𝑐𝑝 𝑣𝑐𝑦 ]𝑇 .
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Fig. 5. Command tracking results for pitch and yaw with base movement
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