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 ECHO: A WIFI – based Emergency Communication Platform   
 

 
 Edcel Torralbaa, Albertson D. Amantea and Albert Villenab  

  College of  Engineering, Architecture and Fine Artsa and College of Industrial Technologyb 

Batangas State University, Pablo Borbon Main II, Alangilan, Batangas City, Philippines 
 Corresponding Author Email: edcel torralba0211@gmail, albertcvillena@gmail.com and vitonamante@gmail.com 

ABSTRACT 
 

Natural disasters are catastrophic events caused by nature which include floods, hurricanes, tornadoes, 
volcanic eruptions, earthquakes, tsunamis, and other destructive geologic processes. They cause death or                       
destruction of telecommunication, properties, transportation and livelihood. Communication during and                        
immediately after a disaster is an important component of response and recovery, in that it connects affected                
people, families, and communities with first responders, support systems, and other family members.                              
Telecommunications and advanced technology are the lifelines of any major emergency response during and                
immediately after a catastrophic event. This research designed and developed an alternative information and              
communication system for disaster via  a mobile application and a point-to-point (P2P) network and mesh network 
for communication system. Actual testing and evaluation of the system’s functionality and range of operation were 
conducted. The developmental and experimental methods of research were used to solve problems on response to 
disasters that prompted development of innovation. To achieve this purpose a hybrid network topology using IEEE 
802.11 protocol using mesh network and point-to-point network was designed. Suitable hardware, a power beam 
long range P2P network device and wide range Pico-station were chosen for the communication setup. Software 
modules were developed for the user interface in captive portal and mobile application. Testing and evaluation of 
the functionality and range of communication system were done. Evaluation of the system conclusively shows the 
device is portable, the mobile application is designed according to the desired graphical user interface (GUI) and 
can easy download through the captive portal. The designed hybrid network topology which is flexible reliable and 
has expanded adaption to non—critical failure and faults can be effortlessly analyzed and corrected. The developed 
system passed the functionality test. 
  
Keywords: emergency communication, Wi-Fi, ECHO  

1. INTRODUCTION 
 
 Natural disasters are catastrophic events 
caused by nature. These include floods, hurricanes, 
tornadoes, volcanic eruptions, earthquakes, tsunamis, 
and other destructive geologic processes. They can 
cause death or destruction of properties,                                
transportation and livelihood. The seriousness of a   
catastrophe is measured in lives lost, monetary        
misfortune, and the ability of the population to        
rebuild.  
 
 When disaster strikes, the most common cause 
of communication failures is the physical damage to 
devices or components that make up the network             
infrastructure. 
 
 Over the past years, the Philippines has                
experienced more disasters from landslides to floods 

to volcanic eruption which Filipinos say that those             
disasters are becoming more severe, in part because of 
climate change. When disaster strikes, the                 
effectiveness of disaster response operation is very 
critical to life saving; however, communication                   
systems, including cellular networks, usually crash. 
 
 A year ago, government weather forecaster 
Loriedin De La Cruz briefs the media on Typhoon Melor 
at the weather bureau center in suburban Quezon City, 
which hits the eastern Philippines Monday, Dec. 14, 
2015 causing evacuation of thousands residents in 
flood—and landslide—prone communities bracing the 
destructive winds, heavy rains and coastal floods of up 
to 4 meters (13 feet). Northern Samar and Eastern  
Samar were power with communication lines in     
Northern Samar down. Globe Telecom submitted a 
report to the NDRRMC, claiming difficulty in 2G and 3G 
signals in the province. 

mailto:albertcvillena@gmail.com
mailto:vitonamante@gmail.com


 

 Rosette Martinez, communications officer of              
National Grid Corp. of the Philippines, said inspection 
of lines was still ongoing and could not determine 
when power would be restored in the two provinces 
*1+. 
 
 The most common cause of communications 
failures during disasters is the physical damage to               
devices or components that make up the network             
infrastructure. 
 
 New information and communication                    
technologies (ICTs) can offer real opportunities to             
improve the quality of community life. It is also                   
important to deepen level of reflection on community 
dynamics and on the constraints encountered when 
introducing and using ICTs for development. A healthy 
information—aware society is concerned with bringing 
reliable and timely information to its members. In the 
context of disaster responsiveness making people 
aware of the benefits derivable from the use of ICTs 
will help make an in formed  society on how to use 
them in disaster emergencies one*2+.  
 
 In this sense, telecommunications and                  
advanced technology are the lifeline of any major 
emergency response during and immediately after a 
catastrophic event. Through the use of ICT                           
applications, quality information can be made                     
accessible to key decision makers. Such technologies 
are paramount in enabling responders to make timely, 
informed decisions that save lives and ease human 
suffering. 
 
 The abovementioned problems encouraged 
the researchers to design and develop an emergency 
communication platform dubbed as “ECHO”. The                
system has the ability to become a portable alternative 
communication tool. It has a mobile application                 
capable of chat and voice call even without internet 
connection and Global System for Mobile                            
Communications (GSM) communication and it is                
designed to transfer data using mesh network. The 
power source of the system is solar energy thus, it is 
not be affected by power interruption. 
 
Objectives of the Study 
 
 This study aimed to design and develop              
alternative information and communication system for 
disasters. The study sought to attain the following: (1) 

determine the design requirements of the system    
considering accessibility and wireless protocol; (2)              
develop the software modules for the user interface; 
(3) design a hybrid network topology using IEEE 802.11 
protocol; (4) select a suitable hardware for the                 
communication setup; and (5) test and evaluate the 
communication system’s functionality and range of 
operation. 

 
2. MATERIALS AND METHODS 
 
Pre-Design Stage 
 
 Developmental and experimental methods of 
research were used to find a solution to solve a                 
practical problem that prompts develop of this                        
innovation. 

 Table 1 presents the ECHO hardware            
requirements responsible for wireless communication 
system.  
 
Design Stage 
 
 The study focused on developing an                    
alternative communication platform of communication 
in case of catastrophic event using of hybrid Wi—Fi               
outdoor system. This device will can be placed                    
anywhere stricken by catastrophic event. 
 
 The device called ECHO is a solar powered 
communication device with five Wi-Fi outdoor systems 
and one point—to—point (P2P) network device. The 
Wi—Fi system covers up-to 200m per unit and P2P 
network range is up-to 20km.  

Hardware Description 

Long range              

Outdoor P2P  

network 

Communication medium responsible for 

the long—distance transmission of data 

Router Long 

Range Outdoor 

Pico station 

Communication medium responsible for 

the widespread transmission of data 

Router Board 

Router operating system and a Web 

page that the user of a public—access 

network is obliged to view and interact 

with before access is granted. 

Solar Panel               

System 
Main power source of the device 

Table 1 

ECHO Hardware Requirements 
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 The system was designed to a portable               
alternative communication tool. The developed mobile 
application is capable of chat and for voice call even 
without internet connection and GSM communication 
connecting to as much as 250 users. As designed, it can 
transfer data using mesh network. The device can be 
used when GSM communications are down during ca-
tastrophes.  
 
 The android application developed is capable 
of chat and call even without internet connection. Two 
hundred and fifty users can connect to the system and 
use the mobile application. 
 
Testing Stage 
 
 The project was tested to determine                         
compatibility of the system to different mobile phones, 
range, speed, and functionality.  
 
3. RESULTS AND DISCUSSIONS 
 
 System design was applied to determine the 
requirements of the system.  
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The components included in the development 
of the system are shown in Figure 1. The designed 
portable communication tool is a 20ft portable stand 
pole that can easily be setup and can be moved                 
anywhere. The power beam device creates connection 
between long distances and is unidirectional. It uses an 
antenna feed and a dish placed in high altitude to                
assure good connection of the power beams. The Pico 
Station device emits Wi—Fi signal in a much greater                     
omnidirectional range compared to an ordinary router 
used at home. 
 

 
 Figure 2 shows the complete block diagram of 
ECHO indicating the connection of all major                        
components of the system including the solar panel, 
charge controller, battery, router board, wireless               
router Pico Station, and P2P (power beam). 
  

ECHO Parts 

1 Solar Panel 

2 Pico Station 

3 Power Beam 

4 Portable Stand Pole 

5 Safety Pin 

6 Plastic Insert Sleeve 

7 Leg Housing 

8 Portable Tool Box 

9 Battery 

10 Power Inverter 

11 Charge Controller 

Figure 1. Hardware Components 

Figure 2. Block Diagram of ECHO  

Figure 3. Captive Portal Downloads Page 
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 Figure 3 shows the captive portal, accessibility 
of the design requirement of the system. The user               
friendly interface which allows the user easily enter 
the system and download the mobile application             
provided by the captive portal. 
 
 Figure 4 shows the graphical user interface 
(GUI) of the system illustrating features of application 
is composed of Call, Public Chat, Messages, Profile, 
About, Reset and Exit tab.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Android was built on open Linux Kernel. This 
particular software for mobile application open source 
allows developers to introduce and incorporate any 
technological advancement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 The system’s hybrid network topology is 
shown in Figure 5. The system makes use of hybrid 
wireless mesh protocol (HWMP), a mandatory layer 2 
path selection protocol similar to 802.11. HWMP                
employs a combination of the proactive three-based 
distance vector protocol to support static mesh                  
deployments and elements of the reactive ad hoc                
on-demand distance vector (AUDV) protocol to                  
support mobile mesh deployment*4+. 
 
 
 
 
 
 
 
 
 
 
 

 Figure 6 shows a P2P power beam used in the              
system. Its maximum range is 20 km. 
 
 A P2P link can be established between two 
buildings into a WLAN. In addition to an antenna, a 
wireless bridge is required to link the wireless system 
into the building’s network, regardless of whether it is 
wired or wireless*5+. 

 
 

Figure 4. ECHO Design Android Application  

Figure 5. Hybrid Network Topology 

Figure 6. P2P Power Beam Parabolic Dish 

Dimensions 
325 x 325 x 256 mm 

(12.8 x 12.8 x 10.1") 

Weight ( Mount   
Included) 

1.203 kg 
(2.65 lb) 

Operating Fre-
quency 

Worldwide: 5170 - 5875 
MHz 
USA: 5725 - 5850 MHz 

Range up to 20km 

Gain 22 dBi 

Networking  
Interface (1) 10/100 Ethernet Port 

Enclosure Outdoor UV Stabilized 
Plastic 

Power Supply 24V, 0.5A PoE Supply 

Wind                   
Survivability 

200 km/h 
(125 mph) 

Wind Loading 200.2 N @ 200 km/h 
(45 lbf @ 125 mph) 

Wireless              
standards IEEE 802.11b/g/n 

Table 2. P2P Power Beam Specification 
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 Table 2 presents the detailed P2P power beam 
specification. The power beam with 22 dBi directs RF 
energy in a tighter beam width. Focused in one direc-
tion, the power beam blocks or spatially filters out 
noise, so noise immunity is improved. This feature is 
especially important in an area crowded with other RF 
signals of the same or similar frequency. IEEE 802.11 
wireless standard was used for the power beam. 
 
 
 
 
 
 
 
 

 Figure 7 shows a wide range wireless router 
(Pico Station). The Pico Station features speeds up to 
100+ Mbps and range performance of up to 200 m. It 
can be deployed in indoor or outdoor environments, so 
the Pico Station M2HP is ideal for applications                     
requiring medium range performance and a minimal 
installation footprint. The high performance, small 
form factor, and low cost of the Pico Station make it 
extremely versatile and economical to deploy. 
 
 The wireless router (Pico Station) detailed 
specifications are shown in Table 2. Pico Station has an 
operating frequency 2.4Ghz and 5 dBi antenna that 
delivers data at a rate of up to 100 Mbps and enables 
distances of up to 200m outdoor. It comes with a 
10/100 ethernet port as well as 32MB of SDRAM along 
with 8MB of flash. For convenience, power over               
ethernet (PoE) 15v, 0.8A support allows mounting it 
where a power socket is not readily available. IEEE 
802.11 wireless standards was used. 
 
 
 
 
 
 
 
 
 

 

 To facilitate offline website or 

a captive portal, a router board (Figure 7) was used. 
The user can easily access the system and download 
the mobile                       application even without inter-
net connection.  
 
Wireless protocol 
 
 IEEE 802.11 or Wi-Fi protocol was selected   
rather than other wireless protocols due to their           
availability in the market and compatibility with                 
android phones to be used for alternative                              
communication software. 
 
 Table 4 shows the tabulated data of wireless 
network protocols for the system functionality, mobile 
phone compatibility, speed and its frequency. 
 

 
Test the evaluation of the communication system. 
 
 ECHO was tested based on functionality and 
range of Wi-Fi communication. 
 
Functionality 
 
 The functionality of the mobile application was 
evaluated by installing it in different android operating 
systems such as Jelly Bean, Kit Kat, Lollipop and  
Marshmallow. 

Figure 7. Wireless Router (Pico Station) 

Figure 7. Router board 

Wireless 

Protocol 
Compatible Speed 

GSM 

Signal 
Frequency 

2G/3G YES 
3.1Mbps 

(peak) 
YES 

850, 900 

or 2.1GHz 

bands 

LTE YES 3-5Mbps YES 700MHz 

WiGig NO 7Gbps NO 60GHz 

Wi-Fi YES 

11 Mbps to 

54 Mbps 

and above 

NO 
2.4 GHz or 

5 GHz 

Blue-

tooth 
YES 1-2Mbps NO 2480 MHz 

Zigbee limited 0.25Mbps NO 2.4GHz 

Table 4 

Comparison of wireless network protocols 

IRJIEST —  ECHO: A WIFI—Based Emergency... 
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 Table 5 shows the testing of  the mobile                 
application in different android operating systems. The 
ECHO mobile application was properly installed on 
different android operating systems. The application 
was properly installed on different android operating 
systems; the chat and call features properly worked. 
 
Range of Wi-Fi communication 
 
 The range of Wi-Fi communication was                  
evaluated by measuring the signal strength and speed 
in different ranges from the Wi-Fi router to the mobile 
phone. Results are show in Table 6. 

 
 
 For the Pico station, out of five trials passed 
Wi—Fi range test; one failed test was due to the over 
range of the user from the Pico Station.  
 
 The power beam testing passed all the five 
trials on set Wi—Fi communication ranges. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 7 shows the tabulated data for the              
number of users connected in the network and results 
in testing the connectivity of the mobile application. 
The above data contained the number of trials                   
performed in the function of two access points (AP), 
access point A and access point B. The ECHO mobile 
application successfully passed all the trials for                    
connectivity. However, there were times that the call 
function 1 – 3 seconds voice delay due to large number 
of users connected in the network. The chat function 
worked properly on a large number of users. 
 
4. CONCLUSIONS 
 
 This study on use of ECHO as an innovation to 
respond to catastrophic has the following conclusions:  
 
 The portability of the device is the main                   
consideration for implementation of ECHO. The mobile                   
application works even without internet connection or 
GSM signal and is compatible in different android                
operating systems. The system’s hybrid network                
topology is more flexible, reliable, and has expanded 
adaptation to non-critical failure. System faults can be 
effortlessly analyzed and corrected. The P2P and                 
wireless router can cover long and wide distance               
communication. Generally, The overall functionality of 
the system was tested and the researchers concluded 
that the system hardware and software worked                
accordingly as designed. 
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Operating System 

Version 

number 

Result 

Chat Call 
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KitKat 4.4–4.4.4 PASSED PASSED 

Lollipop 5.0–5.1.1 PASSED PASSED 

Marshmallow 6.0–6.0.1 PASSED PASSED 

Table 5 

Functionality Testing of ECHO mobile application  

Pico  

Station 

  

Trial Range 
Signal 

Strength 

Speed 

millisec-

onds (ms) 

Results 

1 50m -65 dBm  6.57ms  PASSED 

2 75m -65 Bm    24.21ms PASSED 

3 100m -73dBm   33.3 ms PASSED 

4 150m -80 dBm    100ms PASSED 

5 300m N/A 
Request 

Time Out 
FAILED 

Power 

Beam  

1 50m -65 dBm    1ms PASSED 

2 75m -65 dBm    1ms PASSED 

3 200m -65 dBm    1ms PASSED 

4 16km -94 dBm   8.94 ms  PASSED 

Table 6 

Range of Wi-Fi communication testing of the system  

Number of Users connected 
Result 

Chat Call 
Trial 

AP 

A 

AP 

B 
Total 

1 5 5 10 PASSED PASSED 

2 10 10 20 PASSED PASSED 

3 20 20 40 PASSED PASSED 

Table 7 

Results of Testing of ECHO mobile  
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ABSTRACT 
 

 The Philippines is rich in medicinal plants. One of these is the herb Gynura procumbens which is known to 
contain amino acids, carotenoids, alkaloids and many essential oils which are bioactive elements that have a wide 
range of therapeutic applications. The herb also contains anticancer properties and while it is available locally, it is 
often disregarded by people especially those who are not aware of its nutritional benefits. This study aimed to            
develop a nutribar with powdered Gynura procumbens and determine its general acceptability. Specifically, it 
sought to determine the physical properties and characteristics of Gynura procumbens plant, the organoleptic                 
properties and the levels of acceptability of the developed Gynura procumbens nutribar from varied proportions of 
Gynura procumbens powder, and the physico-chemical properties and nutrient contents of the identified best             
formulation of nutribar. The researchers used experimental research approach to develop the nutribar with                                              
Gynura procumbens powder and descriptive-evaluative approach to determine its organoleptic properties and                
acceptability. Physico-chemical and nutrient analyses were conducted to determine physical and chemical                      
properties of the nutribar while, a nine-point hedonic scale was specifically used to determine the level of                       
acceptability of the various formulations of nutribar. Three formulations of nutribar, Treatment A (w/25% Gynura 
powder), Treatment B (w/50% Gynura powder) and Treatment C (w/100% Gynura powder), were prepared and 
evaluated in this study. Based on the sensory analysis, the formulation with 25% Gynura procumbens powder 
(Treatment A) had the highest rate of acceptability in terms of appearance, aroma, texture and taste. All                    
formulations were described Liked Moderately by the respondents. Results of the study also showed that the physi-
co-chemical properties of nutribar with Gynura procumbens powder in terms of moisture, ash, crude protein, crude 
fiber, crude fat and nitrogen free extract were 7.24%, 1.32 %, 5.35%, 2.45%, 13.71% and 69.93% respectively. The 
nutrient analysis yielded the following results; Carbohydrates, 72.38 g/100g, Iron 48.41 mg/kg, Potassium, 3534.01 
mg/kg and Vitamin A, 3.0 IU/g. Conclusively the developed nutribar with Gynura procumbens powder contains es-
sential nutrients and has a high potential of being introduced to the market. 
 
Keywords: gynura procumbens, nutribar, physico-chemical properties, organoleptic properties, sensory evaluation 

1. INTRODUCTION 
 
 Food is undoubtedly the most important                
commodity of the world. It is so valuable for it dictates 
an individual’s health status or condition. However, a 
lot of people are not critical about the nutritional      
content of the food they take which often results to 
misinformation which then leads to malnutrition and/
or over nutrition.  
 Food innovation has become a common trend 
in the world today. Food scientists search for new ways 
to develop food which is nutritious, safe to eat and 
appealing to the public. The ever-growing world      
population and the increasing demand for                 
supplemental foods are pressing  food  scientists  to  
look for ways to utilize the often disregarded nutritious 
and edible plants for food. 

 The Philippines is rich in medicinal plants and 
herbs. Their medicinal benefits are proven and used 
over  a  very  long  time  throughout  recorded  history. 
Among these is Gynuraprocumbens sometimes called 
“longevity spinach” which can also be found in other 
parts of Southeast Asia and Africa. Gynura locally 
known as Sabungai, is an edible vine with ovate-elliptic 
or lanceolate shape. It is 3.55 to 8 centimeters long 
and widens up to 0.8-3.5 centimeters. It grows wild but 
is also cultivated as a vegetable or medicinal plant. Its 
young leaves are used for cooking such as with meat 
and prawns in a vegetable soup *1+. It is often                 
mistakenly identified as Ashitaba (Angelica keiskei) 
which is a species from Japan, which is also a medicinal 
plant but contains more of anti-diabetic properties. 
 
 Gynuraprocumbens    is   also   known   as   the 
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wonder plant, anti-cholesterol plant and longevity 
spinach. It is used as anti-hypertensive, glucose                
lowering, anti-inflammatory and source of proteins 
and peroxidase. This plant is widely recognized for its                 
medicinal value. Research shows that it is an efficient 
regulator of blood sugar and protects the kidney and 
retinas from damage caused by high blood sugar. It 
also lowers blood cholesterol and triglycerides, lowers 
blood pressure and has anti-inflammatory and antiviral 
activity. The leaves of this plant can be eaten raw or 
can be used as vegetable. Most recommend 3-6 leaves 
to be eaten daily. It likes moist soil always. It is easily 
propagated by cutting stems. Gynura is generally               
accepted as safe. There is no warning or evidence of 
interaction with drugs. 
 
 Research shows that Gynura procumbens               
lowers blood glucose levels and can be used as an 
effective remedy against diabetes. Its leaf extract has 
bio-active constituents that ensure anti-diabetic action 
extracted from this control abnormal cellular growth, 
Gynura procumbens has efficacy in speeding up wound 
injury as research shows. Adding the leaf extract of this 
plant in supplement aids in scar forming and wound 
healing. It also adjusts the growth of lymphocytes or 
white blood cells in the body thus modulates immune 
system. It also has anti-inflammatory properties        
because it contains steroids. It is also a natural skin 
treatment. It checks skin cells proliferation and      
warding off any possibility of skin cancer *2+. 
 
 According to the study*3+, Gynura procumbens    
is a good protein source and that may have                
positive effects on free radical scavenging and iron 
chelating which may be used as preliminary infor-
mation and developed further to be commercially use-
ful in food industry or health products as medicinal 
food. 
 
 In recent years, the nutrition-bar market has 
repositioned itself; low-carb and high-protein trends 
have been replaced by fiber and nutraceuticals.                   
Nutribars are said to be a better option for                        
supplementing antioxidant for the athletes *4+.The                
ingredient portfolio for bar formulators includes                  
soy- and whey-protein combinations, dietary fiber, 
plant sterols, isoflavones and vitamin E. Regardless of 
the bar type, several factors are crucial in bar                        
development: protein source, sweetener type, fiber 
source, oil, emulsifier system, vitamins and minerals, 
nutraceutical options and flavor system. 

 Vitamin and mineral blends and nutraceutical 
ingredients are premium ingredients that add appeal 
and promote overall health and wellbeing. Most                 
nutrition bars are fortified with customized blends of 
vitamins and minerals such as calcium, iron, vitamin D 
and vitamin E added to achieve 30 to 35 per cent of 
the recommended dietary allowance. Vitamins and 
minerals are also inherent in some of the ingredients in 
the formulation, such as added protein, fruit pieces 
and nuts *5+. 
 
 Individual nutraceutical ingredients boost               
appeal for target consumers. For example, isoflavones 
and calcium are staple additives to nutrition bars                  
promoting women's health as they can ease the               
transition through menopause, reducing symptoms 
such as hot flashes. They may benefit the                                
cardiovascular system by helping to maintain healthy 
arteries .Some studies also indicate that isoflavones 
can have a positive effect on skin health. 
 
 Plant sterols are increasingly used as             
nutraceutical ingredients. Sterols naturally occur in 
vegetables and vegetable oils, in various quantities. 
They are waxy in nature and insoluble in water.                   
Nutrition bars have minimal moisture, mainly                       
contributed by the ingredients used to formulate 
them. Therefore, nutrition bars are excellent vehicles 
for formulating with plant sterols. During processing, 
sterols can be easily mixed with the dry-ingredients 
portion of the nutrition-bar system. Nutrition bars can 
easily be fortified with 400mg, the minimum required 
by the FDA health claim centered on plant sterols. 
 
 The Gynura procumbens plant, besides                
containing a lot of nutrients and medicinal properties, 
is not at all popular  in the Philippines. Most would 
often treat it as grass without realizing the many                 
nutritional and medicinal properties it has. The             
researchers came up with an idea of a food product 
that contains all the necessary nutrients needed by the 
body in the form of nutribar and has an ingredient that 
is not popular with the masses but is rich in nutrients 
and contains medicinal properties, and is at the same 
time, convenient to eat and easy to transport                
especially in times of disaster relief operations. The 
developed Gynura procumbens flavored nutribar is 
formulated to supply the major nutrients needed by 
the body such as carbohydrates, protein, vitamins and 
fiber. 

IRJIEST —  Nutribar and Gynura procumbens Powder ... 

International Research Journal on Innovations in Engineering, Science and Technology                         9 



 

Objectives of the Study 
 
 The main purpose of the study is to formulate 
a nutribar with Gynura procumbens powder which may 
also serve as a disaster relief food. Specifically, the 
study aimed to: (1) determine the properties and              
characteristics of Gynura procumbens in terms of                 
appearance, aroma, taste and texture; (2) evaluate the 
organoleptic properties of the formulated                          
Gynura procumbens nutribar from varied proportions 
of Gynura powder, (a) 25% Gynura powder, (b) 50%     
Gynura powder and (c) 100% Gynura powder; (3)               
determine the level of acceptability of the different 
proportions of Gynura procumbens flavored nutribar; 
(4) determine any significant difference on the level of 
acceptability among evaluation of the sensory panel of 
the different proportions of Gynura procumbens fla-
vored nutribar; and (5) determine the proximate 
chemical properties and nutrient contents of the iden-
tified best formulation of Gynura procumbens nutribar. 
 
2. MATERIALS AND METHODS  
 
 The researchers used experimental and                  
descriptive research approaches to develop nutribar 
with Gynura procumbens powder and determine its                        
acceptability. The experimental method was employed 
in the production of different formulations of a                    
nutribar formulated as a disaster relief food and in the 
proximate chemical analysis of the identified best                 
formulation.  
 
 On the other hand, the descriptive method 
was used in order to evaluate the produced nutribar. 
The acceptability of the Gynura procumbens flavored 
Nutribar was determined in terms of color, taste,                  
appearance, mouth feel and aroma. Significant                  
differences on the levels of acceptability  as responded 
to the sensory panel were statistically analyzed using 
Analysis of Variance (ANOVA).  
 
 The Gynura procumbens leaves were plants 
from the garden of the researchers grown ahead of the 
project development. Other raw materials were                 
Malunggay powder rice crispies, brown sugar, vanilla 
extract and butter. Uncooked peanuts and pure wild 
honey were also used. Green bananas were sliced into 
thin pieces and oven-dried. 
 
 Rice crispies comprised the large part of the 
nutribar; it was the major ingredient in the product. 

The Gynura procumbens powder served as the flavor-
ing and a source of medicinal properties along with the 
banana and malunggay powders. The aromatic and 
strong leafy taste of Gynura served as perfect as                
flavoring of the product while honey, butter and brown 
sugar mixture served as the binding and sweetening 
ingredients. Peanut was also a major ingredient and 
added nutritional property to the product. 
 
 The procedure in preparing nutribar with 
Gynura procumbens powder was based on the recipe 
for homemade granola bar which is widely and                  
commonly used. This served as the researcher’s guide 
in preparation of the product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 1 shows the raw materials used in the 
production of nutribar. Gynura procumbens flavored 
Nutribar is from several local ingredients. The Gynu-
raprocumbens powder was from fresh leaves of Gynu-
raprocumbens, an herb containing anti-hypertensive, 
anti-oxidant and other medicinal properties *2+. The 
amount of this powder varied in three formulations.  
 

 The Gynuraprocumbens leaves were first 
washed in clean running water to remove dirt and             
contaminants. These were then drained and air-dried 
for 10 minutes to remove excess water after which the  

Ingredients 

Gynuraprocumbens powder 

Malunggay powder 

Green Banana powder 

Rice Crispies 

Peanut 

Honey 

Brown Sugar 

Vanilla Extract 

Butter 

Table 1 

Ingredients used in developing nutribar with                        

Preparation of Gynuraprocumbens Powder 

Figure 1. Preparation of Gynuraprocumbens Powder 
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leaves were oven-dried for 15 minutes at 1500C tem-
perature setting.  
 
 After the oven-drying, the researchers                     
powdered the Gynura leaves using sterilized mortar 
and pestle to reduce the dried leaves into fine                        
particles. The researchers obtained 30 grams of Gynura 
powder from 100 leaves of Gynuraprocumbens.  
 

 
 Unripe or green bananas were peeled and 
rinsed in citric acid solution to prevent discoloration. 
The peeled bananas were sliced thinly and rinsed again 
in citric acid solution and oven-dried. The banana slices 
were dried at 150⁰C for 40 minutes. After drying, the 
banana slices were reduced to powder using a blender. 
The green banana powder was added to the nutribar 
as a binding agent and a source of potassium and other 
nutrients.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 All the ingredients were mixed in a mixing 
bowl using a wooden spoon. Binding of the ingredients 
was made using honey and brown sugar. In a pan, the 

butter was melted then sugar was added until it                      
dissolved. The honey was then added to the binding 
mixture. The rice crispies, banana powder, malunggay 
and Gynura powder were mixed in a bowl with the 
binding mixture, after which it was placed and 
flattened in a 9x5 inch baking pan with parchment               
paper. The mixture was flattened to ensure firm mold 
in the baking pan. The molded mixture was set aside to 
cool for 10 minutes and then chilled for at least 2 
hours. Finally, the refrigerated mixture was sliced into 
bars and stored in an airtight container. 
 
Sensory Evaluation  
 
 The researchers made three formulations with 
varying amount of Gynuraprocumbens powder.                   
Treatment A contained ¼ tbsp. or 25% of Gynura                
powder while Treatment B contained ½ tbsp. or 50% of 
G.  Powder: Treatment C had 1 tbsp. or 100% of                 
Gynura powder. 
 
 The researchers used direct observations, 
questionnaire and score sheets in the sensory                   
evaluation of the product. A 9- point hedonic scale for 
sensory evaluation was used to evaluate the                
various formulations of nutribar with                                
Gynura procumbens powder and identify the best              
formulation. 
 
 Fifty panelist composed of 5 trained panelists, 
experts from the related field, 45 untrained panelists 
who were randomly select students and 10 faculty 
members and staff of Batangas State University Main I 
and Main II Campuses. They were asked to                 
evaluate the organoleptic properties of the prepared 
nutribar. 
 
 Each panelist was given a set of three                       
formulations, Treatments A, B and C and were asked to                   
indicate their rating on appearance, aroma, texture, 
taste and general acceptability using 9 Point Scale. The 
results obtained in the sensory evaluation were                
subjected to statistical analysis.  
 
Proximate Chemical and Nutrient Analysis 
 
 The identified best formulation was brought to 
an accredited chemical laboratory to an determine its               
proximate chemical content and other nutrient                 
contents. The proximate analysis was for moisture, 
ash, crude protein, crude fiber, crude fat  and  nitrogen 

Preparation of Green Banana Powder 

Figure 2. Preparation of Green Banana Powder 

Raw material 

Mixing 

Binding 

Chilling 

Slicing 

Packaging 

Formulation of Nutribar with Gynuraprocumbens powder 

Figure 3. Formulation of Gynura procumbens Nutribar 
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free extract. Kjeldahl method was used to obtain the 

crude protein percentage. Iron, potassium and vitamin 

A content of the Gynura procumbens nutribar were 

also obtained in the analysis. Atomic absorption                         

spectrophotometric method was used to get the iron 

content and HPLC method for vitamin A (retinyl                   

acetate) content. (The AOAC Official Methods of                   

Analysis, 17th Edition, 2002.) 

 

3. RESULTS AND DISCUSSION 
 

Physical Properties and Characteristics of Gynura            

procumbens 

 

 On physical characteristics of fresh                         

Gynuraprocumbens (Figure 5), the leaves are                      

oval-shaped, green, and succulent. The shape of leaves 

can vary depending on the growing conditions and can 

range from roundish to ovate in shape but are all               

shallowly toothed at the margins. Gynuraprocumbens 

leaves have light leafy aroma but when dried, the               

produce strong leafy aroma. The leaves have a mild 

raw taste which makes it quite easy to  consume. The 

fleshy leaves 

are rough 

to touch. 

 

 

 

 

 

 

 

 

Organoleptic Properties of Gynuraprocumbens                 

nutribar from varied proportions of Gynura powder  

 

 The three developed formulations of                        

Gynuraprocumbens nutribar as shown in Figure 6 were 

carefully evaluated and analyzed by the researchers 

and the panel of evaluators for their organoleptic 

properties. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 Table 2 shows the organoleptic properties of 
Gynura procumbens nutribar from the varied                       

proportions of Gynura procumbens powder.   

  

 The three treatments differed in the color,                   

aroma, taste and mouth feel. The color of the three                      

treatments varied as the amount of Gynura powder 

increased. The formulation became greener in every 

addition of Gynura powder in the treatment. In terms 

of aroma, treatment A had sweet aroma due to the 

honey, butter and brown sugar mixture and as the       

formulation contained higher amount of                             

Properties and Characteristics of  

Figure 5. The Gynura procumbens Plant 

Treatment A 

Treatment B 

Treatment C 

Figure 6. The three formulations of                                                      
Gynura procumbens flavoured nutribar 

Table2 

Organoleptic properties of Gynura procumbens nutribar from 
varied proportions of Gynura procumbens powder 

ORGANOLEPTIC PROPERTIES 

FORMULATION Color Aroma Taste 
Mount 

Feel 

TREATMENT A 
Light 

Green 
Sweet 

Sweet with 

mild leafy 

taste 

Compact 

and 

crunchy 

TREATMENT B Green 

Sweet 

with mild 

leafy 

aroma 

Sweet with 

moderate 

leafy taste 

Less  

compact 

and chewy 

TREATMENT C 
Dark 

Green 

Sweet 

with 

strong 

leafy 

aroma 

Sweet with 

strong 

leafy taste 

Less  

compact 

and less 

chewy 
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Gynuraprocumbens powder, the leafy aroma became 

stronger.  

 

 As to taste, the leafy taste also increased;                   

however, in terms of texture, the stability of the     

product decreased from Treatment A to Treatment C. 

In Treatment A, the product was firm and chewy but 

the product became less firm as the amount of Gynura 

powder increased.  

 

Level of Acceptability of Nutribar with Varied                         

Proportions of Gynura procumbens Powder  

 

 The over-all level of acceptability  of nutribar 

with varying proportions of Gynura procumbens               

powder is shown in Table 3.  

 

 

 

 

 

 All of the formulation were moderately 

liked by the sensory panelists. However,                  

Treatment A had highest rating of 7.43 and thus 

was identified as best formulation Treatment A 

was visually described to be green and had sweet 

aroma. It was also described a sweet with the mild 

leaf taste and had compact and chewy texture. 

 

Significant difference in the Level of Acceptability of 

Varying Gynura procumbens Proportions 

 As shown in Table 4, here were no significant 

differences on the level of acceptability of the Gynura 

nutribar considering its organoleptic properties of              

color, taste and mouth feel as reflected in p-values 

ranging from 0.085—.403 which were greater than the 

0.05 level of significance. Thus null hypothesis was not 

registered.  

 

 However, significant difference on the                    

assessment on the organoleptic property on aroma of 

the product nutribar was noted as indicated in p-value 

of 0.036 which is less than 0.05, thus the rejection of 

the null hypothesis. As to general acceptability of the 

nutribar, the sensory panels differ significantly in their 

evaluation as exhibited in p-value of 0.045 which is 

lower than the 0.05 level of significance . The null             

hypothesis was rejected. 

 

 

 

Table 4 
Difference on the levels of Acceptability from                                 

Varying Gynura procumbens Proportions 

Organoleptic 

Properties 

p-

value 
F-value 

Decision 

on Ho 

Verbal  

 Interpretation 

COLOR 0.403 0.914 Accept Not significant 

AROMA 0.036 3.392* Reject Significant 

TASTE 0.085 2.511 Accept Not Significant 

MOUTH 
FEEL 

0.154 1.898 Accept Not Significant 

General  
Acceptability 

0.045 3.160* Reject Significant 

*Significant, p < 0.05 
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Table 3.  Acceptability of different formulations of                
Gynura procumbens nutribar 

Treatment 
Weighted 

Mean 
Verbal                       

Interpretation 

A (25%) 7.43 Like Moderately 

B (50%) 6.98 Like Moderately 

C (100%) 6.81 Like Moderately 



 

Physico-chemical properties and Nutrient content of 
the identified best formulation of Nutribar  
 
 Table 5  shows the chemical contents and nu-
trients of 100 gram Gynura procumbens flavored  nu-
tribar having 25% of Gynura procumbens powder 
(Treatment A.) 
 

  
 The Gynura procumbens had 1.39% ash is a 
measure of the total amount of minerals present              
within a food, whereas the mineral content is a               
measure of the amount of specific inorganic                  
components present within a food. Determination of 
the ash and mineral content of food is important for 
nutritional labeling and quality of the product as the 
quality of many foods depends on the                             
concentration and type of minerals they contain,                
including their taste, appearance, texture and stability. 
High mineral contents are sometimes used to      retard 
the growth of certain microorganisms. It is also                  
important to know the mineral content of foods during 
processing  because  this  affects  the  physicochemical 
properties of food. *8+. 
 
 Moisture content influences the taste, texture, 
weight, appearance, and shelf life of foodstuffs.                 
Substances which are too dry could affect the                    
consistency of the end product. Conversely, the rate of 
microbial growth increases with total water content, 

possibly resulting in spoiled batches that need to be 
disposed of*8+. In the analysis result, the moisture              
content was 7.24%. Treatment A also had 13.71% 
crude fat and 5.35 % crude protein. The crude protein 
(CP) content was calculated from the nitrogen content 
of the food, determined by a modification of a                   
technique originally devised by Kjeldahl. In this                 
method, the food is digested with sulfuric acid, which 
converts to ammonia all nitrogen present except that 
in the form of nitrate and nitrite.  
 
 On the other hand, the carbohydrate of the 
food is was categorized in two fractions, crude fibre 
(CF) and the nitrogen-free extractives (NFE). The                   
former was determined by subjecting the residual food 
from ether extraction to successive treatments with 
boiling acid and alkali of defined concentration; the 
organic residue is the crude fiber*7+. The produce                 
nutribar had  13.71% of crude fiber and 69.93%                    
nitrogen-free. Iron content was 48.41 mg. Iron is an 
important mineral in people’s diets. Although consid-
ered a trace mineral, diets lacking in iron can contrib-
ute to some deficiency condition. Potassium is also an 
important nutrient which primarily regulate fluid bal-
ance and controls the electrical activity of the heart 
and other muscles.  
 
 Treatment A had 3,534.01 mg of                     
potassium. According to WHO, potassium intake for 
adults is 3,510 mg. Treatment A contained 3IU/g of 
vitamin A, essential for good vision, reproduction and 
healthy bone growth. 
 
4. CONCLUSIONS 
 
The Study concluded the following: 
 
 Gynura procumbens like other medicinal plants 
and herbs can be recognized from its inherent physical 
characteristics of appearance, aroma, texture and 
taste.  
 
 The three formulations of Gynura procumbens 
flavored nutribar vary in their organoleptic properties 
in terms of color, aroma, taste and texture. 
 
 All three formulations are liked moderately by 
sensory panel but the nutribar with 25%                             
Gynura procumbens is highest in general acceptability, 
thus it is considered as the best formulation. 

Table 5 
Proximate Chemical and Nutrient Analysis                                         

of the Best Formulation of Gynura procumbens Nutribar 

PARAMETER AVERAGE 

Calories Cal/100g 434.31 

Moisture, % 7.24 

Ash, % 1.32 

Crude Protein, % 5.35 

Crude Fiber, % 2.45 

Crude Fat, % 13.71 

Carbohydrates g/100g 72.38 

Nitrogen Free Extract, % 69.93 

Iron (Fe), mg/kg 48.41 

Potassium (K), mg/kg 3,534.01 

Vitamin A IU/g 3.00 
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 The sensory panel has similar evaluations on 
the produced nutribar’s color, taste and mouth feel 
but the differ on their evaluation on the products aro-
ma and general acceptability.  
 
 The developed nutribar with                                    
Gynura procumbens powder contains essential                   
nutrients such as protein, fiber, fat, iron, potassium 
and vitamin A. It has a high potential of being                      
introduced to the market. 
 
5. RECOMMENDATIONS 
 
 Based on the results of the study the following 
were recommended: 
 
1. For a more nutritious and organic product, coco 

sugar, palm sugar or Stevia sugar can be used               
instead of brown sugar. Instead of butter,                    
vegetable oil can be used for a healthier product. 

 
2. The appearance of the product may be improved 

to be more appealing by adding chocolate or other 
organic flavor 

 
3. Improve packaging for convenient handling of the 

product. 
4. Further study on the microbial and other nutrient 

analysis as well as the determination of the                 
shelf-life of the product. 
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ABSTRACT 
 
 This study aimed to utilize pineapple *Ananas comosus (L.) Merr.+ peels in the production of single cell               
protein (SCP) using Saccharomyces cerevisiae via submerged fermentation. This investigation determined the 
lignocellulosic composition of pineapple peels such as the holocellulose, hemicelluloses, total acid soluble and 
insoluble lignin, alpha cellulose and total extractives. Other properties of pineapple peels such as the moisture and 
ash content as well as the total reducing and total sugar  were also  determined. In the production of SCP, four 
different media supplements such as pure powdered pineapple peels hydrolyzate, powdered pineapple peels                 
hydrolyzate supplemented with salts, powdered pineapple peels hydrolyzate supplemented with glucose and                
powdered pineapple peel hydrolyzate supplemented with salts and glucose were used. Results of the study                    
revealed that the pineapple peels showed a high percentage of holocellulose and hemicellulose  indicating that it is 
a good substrate for the production of SCP. It was also found out that there was no significant difference on the                   
percentage yield of SCP using different media supplements. On the other hand, a significant difference was noted 
on the crude protein content of SCP using different media supplements. Using the best media supplement, it was 
found out that the  moisture, ash and crude fat differed significantly while  no significant difference was noted in 
the  crude fiber and crude protein when the commercially available SCP and the SCP produced were compared.  
 
Keywords: Single cell protein (SCP), Saccharomyces cerevisiae, pineapple peels, submerged  fermentation  

1. INTRODUCTION 
 
 The utilization of pineapple -*Ananas comosus 
(L.) Merr.+ SCP peels in single cell protein production 
has the potential to solve the worldwide food protein                        
deficiency by obtaining an economical material for 
foods and feeds. Protein is a critical food group for 
everyone. Most adults need about 10 to 11 ounces of a 
protein food each day.  Like humans, proteins are also 
an essential nutrient required for the proper nutrition 
of all animals. The animal proteins required to                            
supplement vegetable proteins are available in                      
insufficient quantities for the adequate nutrition of 
swine and poultry *1+.  
 
 Conventional agricultural production of               
cereals, pulses, vegetables, fruits, etc., may not be able 
to meet the demand of food at the rate at which                
human and animal population is increasing. It has been 
estimated that if necessary measures are not taken the 
malnutrition condition will lead to some major crisis in 
the developing countries. Therefore, it is very                      
important to increase protein production and its               

availability to the population by utilizing all the               
available methods of production. The increased world 
demand for food and in particular feed protein has 
spurred the search for non-conventional protein 
sources to supplement the available protein source. 
The use of molasses for the production of SCP is                
determined by its availability and low cost, its                     
composition and absence of toxic substances and               
fermentation inhibitors.*2+. SCP production                            
technologies arose as a promising way to solve the 
problem of worldwide protein shortage. With increase 
in population and worldwide protein shortage, the use 
of microbial biomass as food and feed is more                    
highlighted. 
 
 Single cell proteins (SCP) refer to source of  
proteins which is extracted from single cell organisms 
like algae, yeast, bacteria, and fungi normally grown on 
agricultural waste.Single-cell proteins are the dried 
cells of microorganisms, which are used as protein  
supplement in human foods or animal feeds *3+.  These 
are produced as substitute for protein rich foods for 
humans and as well as for animals. Single  cell  proteins 
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are produced from microbial ferment waste which  
includes wood, straw, cannery, residue from alcohol 

production or food processing waste. 
 
 Pineapple has the second highest production 
volume of all tropical fruits in the world *4+. The                   

production of processed items results in massive waste 
generation, estimated about 40-50% from fresh fruit as 
peels and core *5+.  Since a pineapple peeling is a rich 

source of cellulose, hemicellulose and other                     

carbohydrates, it has been used as a substrate for 
growing protein SCP and its production. 
 
 A variety of microorganisms and substrate are 

used to produce SCP. Yeast is suitable for SCP                      
production because of its superior nutritional quality. It 
is a rich source of protein and B-complex vitamins. It 
has been used as a supplement in animal feed to                     

compensate for the amino acid and vitamin                            
deficiencies. In addition, yeast is considered a cheaper 
dietary supplement as it is easily produced on an                 
industrial level from a number of carbon-rich substrate                        

by-products *6+ . 
 
 With the above reasons, the researchers      
investigated the possibility of utilizing pineapple peels 

in the production of (SCP)  using a yeast, specifically 
Saccharomyces cerevisiae. 

 
Objectives of the Study 

 
 The study aimed to utilize pineapple peels to 
produce (SCP). Specifically, this study sought to answer 
the following objectives: 

 
1. Determine the properties of pineapple peels in 

terms of:  
 

1.1. holocellulose, 
1.2. hemicellulose, 
1.3. total acid soluble lignin, 
1.4. total acid insoluble lignin, 

1.5. moisture, 
1.6. ash, 
1.7. alpha-cellulose, 
1.8. total extractives, 

1.9. reducing sugar, and  
1.10. total sugar?  

 
2. Test if there is a significant difference in the                   

percentage yield of SCP using the following media 
supplements: 

 

2.1. pure powdered pineapple peels  
        hydrolysate (P), 

2.2. powdered pineapple peels hydrolysate 
        supplemented with salts (PS), 
2.3. powdered pineapple peels hydrolysate 
        supplemented with glucose (PG), and 

2.4. powdered pineapple peels hydrolysate 
        supplemented with salts and glucose 
       (PSG) 

 
3. Compare the crude protein content of SCP from 

pineapple peels using the above-mentioned media 
supplements.  

 
4. Test if  there is a significant difference between the 

properties of SCP from pineapple peels using the 
best media supplement and the commercially 

available SCP. 
 

4.1. moisture content, 
4.2. ash content, 

4.3. crude fat content, 
4.4. crude fiber content, and 
4.5. crude protein content  

 

2. MATERIALS AND METHOD 
 
Collection and Preparation of Raw Materials  
 

 Fresh pineapple peels were collected from the 

local markets of Batangas City. The pineapple peels 

were washed with water thoroughly to remove dirt 

and impurities. Ten kg sample of fresh pineapple peels 

was collected and transported to the laboratory for 

immediate processing. Large pieces of pineapple peels 

were cut to smaller sizes to enhance drying  at 135oC 

for 24 hours using a forced draft oven available at the 

Chemical Engineering Laboratory of Batangas State 

University Main Campus II.  

 

 Dried samples were pulverized using a Wiley 

Mill available at the Unit Operations Laboratory of  

Batangas State University Main Campus II. The                    

pulverized pineapple peels were sieved using a 40 

mesh screen and the undersized fraction was collected 

and packed in a sealed container.  
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Dilute Acid Hydrolysis of Pulverized Pineapple Peels 

 

 Fifty milliliter of 10% (w/v) HCl was added to 

the each peel waste (40 g) in conical flask, respectively. 

The mixture/solution was placed in a water bath at 

100oC for one hour. After being allowed to cool, it was 

filtered through Whattman filter paper. The filtrates 

were diluted with distilled water at varying                          

concentrations and autoclaved at 121oC for 15 

minutes. The sterile solution/broth thus prepared was 

used as carbon and nitrogen source for biomass                

production *7+. 

 

Biochemical Analysis of Pulverized Pineapple Peels 

and Hydrolysate 

 

 Upon hydrolysis, the samples were collected 

and  placed in a sealed container, and were submitted 

to Central Analytical Services Laboratory (CASL) at the 

University of the Philippines Los Banos College, Laguna. 

The properties such as holocellulose, hemicellulose, 

total acid soluble lignin, total acid insoluble lignin, 

moisture, ash, alpha-cellulose, total extractives,                  

reducing sugar, and total sugar were determined using 

standard NREL procedures. The methods used for 

moisture, ash, total extractives, acid soluble lignin, acid 

insoluble lignin, hollocellulose, alpha and hemicellulose 

were based from AOAC 925.45 Modified 19th edition, 

AOAC 923.03 Modified 19th edition,                                    

NREL/TP-510-42619,  NREL/TP-510-42618, TAPPI 45. 

 

Inoculum Preparation 

 

 Cultures of Saccharomyces cerevisiae were 

obtained from the Philippine National Collection of 

Microorganisms (PNCM) at the National Institute of 

Molecular Biology and Biotechnology, University of the 

Philippines Los Banos, and maintained on agar slants at 

40C. There were cultured for large scale production. 

 

 For the preparation of solid culture medium, 

100 mL of solution containing 1 gram of yeast extract, 

2 grams of peptone, 2 grams of dextrose and 2 grams 

of agar was heated using a hot plate with magnetic 

stirrer until it boiled. Upon boiling the solution, the 

culture medium was transferred into a pre-autoclaved 

beaker to sterilize the culture media at 1.5 kg/cm2 for 

30 minutes. Once sterilized, using a test tube plate, the 

solution was allowed to cool and solidify in a slanting 

position. A portion of the S. cerevisiae was scraped 

from the stock culture and was introduced into the 

agar solution. Scraping was done aseptically which 

meant that the harvesting loop was placed in an                 

alcohol lamp until it became red hot then using it to 

collect the yeast culture. Then, the tip of the loop with 

the specimen was brushed to the agar solution. The 

brushing was done in a zigzag motion. While                      

transferring the specimen, the test tube containing the 

agar solution was placed adjacent to the flame. After 

introducing the yeast, the test tube was sealed                    

immediately using a cotton plug and aluminum foil 

then incubated at room temperature *7+ .  

 

Media Supplementation 

 

 Four trial media with different supplements 

were prepared in an Erlenmeyer flask sterilized                    

at 1210C for 15 minutes and with 5% PPPH                                

concentration *8+.  

 

 

Fermentation and Harvesting of Single Cell Protein 

 

 Submerged fermentation was carried out in 

250 mL Erlenmeyer flask with the four trial media. In 

all the media, initial pH was adjusted to 5.5 using 1N 

HCl and/or 1N NaOH. Each medium (98 ml) was trans-

ferred into 250 ml Erlenmeyer flask and sterilized at 

1210C for 15 minutes. Inoculum of 2 ml from suspen-

sion of S. cerevisiae was aseptically transferred into 

each medium*9+. Fermentation was carried out through 

incubation at 280C for 7 days.  

Table 1 
Media Composition and Its Supplements 

Composition PS PSG PG P PS 

(NH4)2SO4 2 g 2g - - 2 g 

KH2PO4 1 g 1 g - - 1 g 

MgSO4.7H2O 0.5 g 0.5 g - - 0.5 g 

NaCl 0.1 g 0.1 g - - 0.1 g 

CaCl2 0.1 g 0.1 g - - 0.1 g 

Distilled Water 950 mL 950 mL 950 mL 950 mL 950 mL 

Glucose - 2 g 2g - - 

Fruit  

Hydrolysate 
5% v/v 5% v/v 5% v/v 5% v/v 5% v/v 
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Determination of Percent Yield 
 
 To express the efficiency of the reaction, the    
percent yield of the reaction was calculated as follows:  
 
 
 
 
Production and Proximate Analysis of Single                      
Cell Protein 
 
 After fermentation, biomass was separated 
from culture broth by vacuum filtration and was 
washed with sterile water. Before taking the weight of 
the biomass, the samples were oven dried at 1050C for 
one hour and then cooled to room temperature. The 
samples then were analyzed at  BIOTECH, University of 
the Philippines Los Banos, College Laguna for the 
testing of the proximate analysis including moisture 
content, ash content, crude fat content, crude fiber 
content and crude protein content *9+. The methods 
used for moisture, ash, crude fat, crude fiber and crude 
proteins were AOAC 925.45, AOAC 923.03, SOXTEC               
Application note 1982, AOAC 978.10 and AOAC 
981.10 , respectively. 
 
Statistical Treatment of Data 
 
 One-way analysis of variance (ANOVA) was 
used to assess if there was a significant difference in 
the percent yield and crude protein content of single 
cell protein using the different media supplements. 
Moreover, t-test  was used to determine if there were 
significant differences in the properties of the single 
cell protein produced from the best media supplement 
and the commercially-available SCP.  
 
3. RESULTS AND DISCUSSION 
 
 After the experiments and testing the                   
properties and product, the following were the                    
corresponding analysis and interpretation of data              
concerning the utilization of pineapple peels in the 
production of single cell protein using Saccharomyces 
cerevisiae. 
 
Properties of Pineapple Peels 
 
 Determining the properties of pineapple peels 
was important in the study to know their potentiality 
as a substrate in the production of SCP. Table 2 pre-

sents the mean values obtained for each property. 

 
 
 
 
 
 
 
 
 
 
 
 
 Results of the analysis of  pineapple peels hy-
rolysates confirmed the presence of high amounts of 
lignocellulosic components such as 50.96% holocellu-
lose, 25.67% alpha cellulose, 25.28% hemicellulose, 
22.33% total extractives, 21.48% total acid insoluble 
lignin, 12.22% total sugar, 7.16% moisture, 5.20% ash, 
5.04% reducing sugar and 4.92% total acid soluble lig-
nin. 
 
 Holocellullose, a carbohydrate fraction of lig-
nocellulose was found the most abundant in pineapple 
peels, followed by alpha cellulose and hemicellulose. 
This was confirmed by the study of DS and K that pine-
apple peels are rich in cellulose, hemicellulose and oth-
er carbohydrates. This supports that pineapple peels 
contain lignocellulosic materials which are the building 
blocks of plant cell walls indicating that there is high 
source of glucose. On the other hand, according to Wy-
man et al. *10+, it is possible to yield fermentable sugars 
from holocellulose at near theoretical levels under 
mild conditions during hydrolysis which is an important 
factor to economic feasibility. This supports the study 
of Wiselogel et al.  *11+ that lignocellulose is the major 
raw material for SCP. 
 
 The increase in holocellulose is always                      
accompanied with the decrease of lignin. Pineapple 
peels have relatively lower lignin content which sug-
gests that these materials can undergo hydrolysis step 
more easily with the utilization of lesser amount of 
chemicals. Lignin fills the spaces in the cell wall be-
tween cellulose and hemicellulose. The lower total acid 
soluble lignin contents in the fibers is thus associated 
with slower decays. 

Properties 
Amount in  
Percentage 

Moisture 
Ash 

Alpha cellulose 
Total extractives 

Hemicellulose 
Holocellulose 

Total Acid Insoluble Lignin 
Total Acid Soluble Lignin 

Reducing Sugar 
Total Sugar 

7.16 
5.20 

25.67 
22.33 
25.28 
50.96 
21.48 
4.92 
5.04 

12.22 

Table 2 
Properties of Pineapple Peel 
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 Moisture is the small amount of water present 
in  the sample. In this study, moisture content of                
pineapple peel was 7.16% which is higher to that of the 
study by  Tinoi and  Rakariyathama *12+, where                    
pineapple wastes had high moisture content of 13.4%. 
The higher moisture content could be due to the effect 
of geographical location since the mentioned study 
was conducted in Thailand and the sample was also 
taken in that country. 
 
 Lastly, the obtained reducing sugar was 5.04%. 
The amount of reducing sugar could be due to consid-
erable amount of starch in the peels. Upon hydrolysis, 
reducing sugar concentration decreased to 0.88% and 
one of the reasons could be only less sugars went with 
pineapple peels hydrolysate.  
 
Comparison of the Percentage Yield of SCP from Pine-
apple Peels using Different Media                           Sup-
plements 
 
 
 
 
 
 
 
 
 
 
 

 Results showed PSG had the highest                         
percentage yield of 90.21%. The addition of glucose 
and salts in the media might have increased the                  
percentage  yield of SCP. On the other hand, the                
lowest percentage yield of SCP was the one that                  
utilized pure pineapple peels only. This is                               
understandable as no other supplement was                          
introduced in the media. 
 
 To test the validity of the difference in the 
above mentioned percent yield of SCP using different 
media supplements, ANOVA was employed. 
 
 
 
 
 

 Table 3 shows that the percentage yield, with a 
t-value of 2.86, had a p-value of 0.081 which is greater 
than 0.05 indicating no significant difference on the                    
percentage yield of SCP using different media                     
supplements. Since constant amount of pineapple peel 
hydrolysate was supplied in each medium, their values 
were close to each other. The percentage yield of     
pineapple peels depends on the amount of carbon 
source supplied in each medium. Increasing the 
amount increases its percentage yield. The presence of 
glucose also accounted for the increase of percentage 
yield. On the other hand, the presence of salts affected 
the percentage yield of SCP production.  
 
Comparison of the Crude Protein of SCP from                  
Pineapple Peels using Different Media Supplements 
 

 

 

 

 

 

 

 

 

 

 

 Figure 2 shows the crude protein content of 
the each media supplements. The crude protein                  
content of P, PG, PS, and PSG were 57.845, 60.31, 
54.435 and 61.905%, respectively. The crude protein 
content of SCP using salt and glucose (PSG) yielded the 
greatest percentage. It was followed by PG which also 
contained glucose in its medium. These two media 
which were both supplemented with glucose showed 
high percentage of crude protein due to the glucose 
which enhanced the protein content within the yeast 
cell. Since P was only pure pineapple peel hydrolysate, 
it contained less crude protein compared to those                
media containing glucose. Lastly, PS yielded the lowest 
percentage because the crude protein content was not 

Figure 1. Percent Yield of Single Cell Protein  

Percentage Yield 

95.000 

90.000 

85.000 

80.000 

75.000 

70.000 
P PG PS PSG 

Table 3 
Comparison on the Percentage Yield of Single Cell Protein 

from Pineapple Peels upon Varying Media Supplement  

  p-
values 

Computed 
t-values 

Decision 
on Ho 

Verbal  
Interpretation 

Percentage 
Yield 

.081 2.86 
Failed to 

Reject 
Not Significant 

50 
52 
54 
56 
58 
60 
62 
64 

P PG PS PSG 

Crude Protein Content 

Figure 2. Crude Protein Content 
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affected by the presence of salts, which can unfold 
proteins and hinder the protein formation. Also, excess 
salt in a solution can knock the peripheral membrane 
proteins off a cell. 
 
 The result of the crude protein content of SCP 
using different media nutrients is comparable to 65% 
yield crude protein content in the study of Nwufo et al. 

*13+ where the effect of different substrates on the 
properties of SCP revealed that pineapple waste                  
produced the highest quantity of SCP. 
 
 From the above results it may be said that S. 
cerevisiae is able to grow in pineapple peels without 
supplementation of inorganic carbon and nitrogen 
sources, the addition of which makes SCP production 
expensive. Under uniform conditions of                               
experimentation, to achieve higher yield of yeast                 
biomass and as a consequence yield higher amount of 
protein from S. cerevisiae, pineapple peels can be a 
good substrate. 
 
 To test the validity of the difference in the 
above mentioned crude protein content of SCP with 
varying media nutrients, one-way ANOVA was             
employed. 

 
 
 Table 4 shows that the crude protein content, 
with an F-value of 16.112, had a p-value of 0.011 which 
is less than 0.05 indicating significant difference in 
crude protein content of SCP using different media 
supplements. This might be due to the addition of salts 
and glucose. This confirms the study of Mondal et al. 
*14+, where higher percentage of protein was found in 
yeast biomass when S. cerevisiae was grown on glu-
cose supplemented hydrolysate (GSH) followed by fruit 
hydrolysate medium only (FHM) and supplemented 
fruit hydrolysate (SFH) . The low protein content ob-
tained from FHM could result of limited concentration 
of nutrients particularly carbon source. SFM yielded 
the lowest protein content because its nitrogen sup-
plementation decreased SCP production. This means 

that choosing the right media supplement is necessary 
to yield a SCP with high amount of protein. 
 
Comparison of the Best Media Supplement with the 
Commercially Available SCP 
 
 The media supplements used with the highest 
protein content and percentage yield was considered 
as the best medium for the production of SCP. Since 
PSG had the highest percentage yield and crude                    
protein content, it was used to compare with the                
commercially available SCP.  
 
 Table 5 shows the comparison of the proxi-
mate analysis of the best media (PSG) and the com-
mercially available SCP. The properties SCP from PSG 
were 12.26% moisture, 6.20% ash, 2.20% crude fat, 
1.16% crude fiber, and 61.90% crude protein. On the 
other hand, the commercially available SCP had 4.86% 
moisture, 7.88% ash, 1.79% crude fat, 0.58% crude fi-
ber and 60.22% crude protein. 
 

 
 
 
 
 
 
 
 
 
 

According to the study of Nwufo *15+, the high 

moisture and crude protein content make the                      

pineapple peels a better substrate for the production 

of single SCP than other substrates considered in the 

research. Ash content reflects the presence of organic 

matter in pineapple peels. As organic compounds are 

natural substrate for microorganisms, so they will              

lower their content up to a certain level. Crude fat con-

tent was also determined wherein both samples 

showed a very low level of fat contents. It was                     

confirmed that SCP contained low content of fats. 

Comparing  the  crude  fiber  of  both samples, PSG had 

Table 4 
Comparison of the Crude Protein of Single Cell Protein 

 from Pineapple Peels Using Different Media Supplements 

  p-
values 

Computed 
F-values 

Decision 
on Ho 

Verbal  
Interpretation 

Crude 
Protein 

0.011 16.112 Reject Significant 

α=0.05  

Properties 
SCP 

from 

Commercially 

Available SCP % 

Moisture 12.26 4.86 

Ash 6.20 7.88 

Crude Fat 2.20 1.79 

Crude Fiber 1.16 0.58 

Crude Protein 61.90 60.22 

*Average Values 

Table 5 
Comparison of the Properties of SCP from the Best Media 

Supplement with the Commercially Available SCP 
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higher than commercially available SCP because                
pineapple peel is a fiber-rich fruit. The produced SCP 
from PSG has a higher protein content than the               
commercially-available one. The increased concentra-
tion of pineapple peel hydrolysate enhanced the bio-
mass yield and the protein content formation within 
the yeast cells.  
 
 Table 6 presents the statistical results on the 
comparison of the properties of SCP from pineapple 
peels using the best media supplement to the                   
commercially available SCP. The p-values of moisture, 
ash and crude fat were 0.006, 0.03, 0.008, respectively 
which are less than 0.05. This show a significant               
difference between the SCP from PSG with the com-
mercially available in terms of moisture, ash and crude 
fat. The p-values of crude fiber and crude protein were 
0.377 and 0.15 which are greater than 0.05. No           
significant difference was noted in the crude fiber and 
crude protein between the SCPs of PSG and commer-
cial SCP. 

 
 
 
 
 
 
 
 
 
 
 Moisture was significantly different between 
PSG and the commercially available SCP. This could be 
because the commercially available SCP had gone 
through series of drying procedures for it to be                    
accepted as a commercially produced SCP.  
 
 The properties of SCP produced from                       
pineapple peels using S. cerevisiae yielded higher than 
commercially available except ash.  It confirmed that 
the pineapple peels can be an effective substrate in the 
production of SCP; also the chosen microorganism,               
S. cerevisiae, produces high protein content. 
 
 
 

4. CONCLUSION 
 
 Based from the findings of the study, the                
following conclusions are hereby drawn: 
 
 The pineapple peels show a high percentage of 
holocellulose and hemicellulose  indicating that these 
are good substrate for the production of SCP.  There is 
no significant difference on the percentage yield of SCP 
using different media supplements. 
  
 There is a significant difference on the crude 
protein content of SCP using different media                  
supplements. Comparing the  SCP produced using the 
best medium and the commercially available SCP,  
there is a significant difference in moisture, ash and 
crude fat content but no significant difference in con-
tent but crude fiber and crude protein is noted. 
 
5. RECOMMENDATIONS 
 
 Based on the results of the study, the following 
recommendations are presented: 
 
1. Use of other agricultural wastes as a substrate for 

the production of SCP 
 
2. Use of other microorganisms that are capable of 

producing a higher percentage yield and protein 
content of SCP 

 

3. Determination  of  the effect of varying the                 
concentration of fruit hydrolysate on the yield and 
protein content 

 
4. Determination of  the effect of varying the amount 

of microorganism used for SCP production                      
including ratio and proportion of biomass 

 
5. Consideration of methods of removal of impurities 

for the SCP production 
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ABSTRACT 
 
 A water level advisory and real-time monitoring system was developed and tested to major rivers in                
Oriental Mindoro to measure and monitor actual river stage and generate early warnings via short message             
services (SMS) to stakeholders for potential risks of flooding.  The Input-Process-Output (IPO) model served as              
system guide and sensor, raspberry Pi, web and computer file full of information server  and user-friendly mobile 
for system development and use. The development and descriptive methods of research were used to develop the 
system and hardware to interpret the study results and findings. Data were obtained through onsite                           
demonstration, interviews, research, internet and questionnaire. The developed system using Raspberry pi                   
combined with ultrasonic sensor can measure the water level of rivers and using GSM technology its measured data 
can be transmitted to the web and mobile service. Database of river water level with illustrated line graph can be 
programmed using the transmitted data reading from the Raspberry pi with an ultrasonic sensor. Furthermore, the 
data generated from the developed system device can successfully generate line graph with numerical values. 
Based on the tests results of ISO 9126 software product quality standard, the system was considering acceptable. 
The system was recommended to be established and used by locals, Provincial Disaster Risk and Reduction                  
Management Office and Municipal Disaster Risk and Reduction Management. For isolated areas, a solar panel can 
be used as power source for the device to make it portable and for data transmission speed, the device can also be 
tested in areas with low connectivity.  
 
Keywords: sensor, raspberry Pi , real time monitoring, water level, SMS  

1. INTRODUCTION 
 
 One of the major problems of lowland areas 
and communities nearby rivers is overflowing of rivers 
to heavy rainfall or typhoon. Relatively, there is direct 
relationship between water levels and rainfalls in 
measuring stations of waterways therefore, if rainfall 
intensity increases water level and volume of discharge 
increases too and thus, rainfall is a major factor that 
causes flooding resulting to immediate  impacts of 
flooding such as loss of human life and damage to 
property *1+. Flooding also causes destruction of crops, 
and loss of livestock and deterioration of health                 
conditions owing to  waterborne diseases. In the             
Philippines, flash flooding is frequently experienced by 
Filipinos leading to panic and fears and despite of the 
numerous efforts and  projects of the government and 
non-government organizations and sectors in                  
improving  mechanisms to warn alarming situations, 
flash floods are considered to be nature’s worst killers 
*2+. Communities within lowland areas and along rivers 
are most vulnerable thus, there is really a need to      
mitigate its impacts.  

 
 Real time monitoring of water levels in river’s 
stage and prompt and direct advisory to communities 
will aid in reducing flood risks. Current technologies 
make use of sensing device, flood modeling using              
software and internet, automated rain gauge and              
water level monitoring station and lidar technology. 
The Department of Science and Technology Water          
Level Monitoring System (WLMS) makes use of an         
ultrasonic sensor to accurately measure and determine 
the river stage equipped with solar panel*3+. The              
ultrasonic sensors calculate time interval between 
sending the signal and receiving the echo to determine 
water level. Collected data are sent wirelessly, via             
cellular network, as a text message. Every WLMS 
has an ASTI-developed arQ, which serves as the       
mini-computer that intelligently controls all functions 
and data communications of the station. However, the 
DOST Project NOAH website under sensors stream 
gauge does not provide numerical representation of 
data on a per minute interval and does not deliver    
mobile text alert directly to the community. 

   24           International Research Journal on Innovations in Engineering, Science and Technology 



 

IRJIEST —  Water Level of River using Raspberry PI... 

Objectives of the Study 

 

 In general, the study aimed to design and               

develop an advisory and real time monitoring system 

for water level of rivers using raspberry Pi. Specifically, 

it aimed to: (1) design and write the program in the 

raspberry pi to detect and measure the level of river 

water, (2) create a database cloud of the water level                 

measurements taken from the raspberry pi, (3)

compare the results of water level measurements             

taken from raspberry pi against the existing device 

used by DOST and (4) test and evaluate the                   

functionality, reliability, efficiency and usability of the 

system 

 

2. MATERIALS AND METHODS 

 

 System development involved use of hardware   

and software tools. Hardware part includes                          

prototyping accessories which come with breadboard, 

assortment of resistors, LEDs used for an rPi and                  

ultrasonic sensor. Shown in Figure 1 are ultrasonic  

sensor and the rapsberry Pi used in the development 

of the project. 

 

 

Software Development Tools 

 

 The development of the project was done by 

using API provided by Globe Telecom Incorporated and 

the Raspbian Operating System.  

 

 Globe Labs API. This is an application created 

by Globe Labs under Globe Telecom Inc. It is a tool to 

help developers integrate their software applications 

with Globe platform for calls, short messaging service 

(SMS), open authentication, charging, and location  

detection. With the SMS API, Globe Labs API becomes 

the intermediary software application that can send 

and receive information through text. As of now, the 

Globe Labs is available for Globe and Smart sims. 

 

 Globe Labs API provides an access tokens to 

the SMS subscriber upon registration. This access              

token is the securing protocol to access both the Globe 

Labs API and the application which in this case is the 

BahaAlert data. Without the token, both the BahaAlert 

server and the subscribers will never have access to 

the Globe Labs API. 

 

 By default, Globe Labs API runs in Node.js      

server and Phyton scripts. Globe Labs provides the pro-

ponent free credits (worth 1000 credits, or 2000 points 

for outgoing SMS and 13,000 points for incoming SMS) 

to accomplish the API testing together with the Ba-

haAlert application. A total of 13,000 incoming SMS 

messages are allowed during the creation of an ac-

count. Every outgoing message costs 50 centavos. One 

thousand pesos credit expires in a month just like a 

regular load*4+.  

 

 Raspbian  Operating System. Raspbian is a 

free operating system based on Debian optimized for 

the raspberry pi hardware. An operating system is the 

set of basic programs and utilities that makes                     

raspberry pi run. However, Raspbian provides more 

than a pure OS: it comes with over 35,000 packages, 

pre-compiled software bundled in an orderly format 

for easy installation on raspberry pi. 

 

Python Programming Language 

 

 Phython syntax is very clean, with an emphasis 

on readability and use of standard English keywords. It 

is a widely used high-level, general purpose,                     

interpreted, dynamic programming language. Its              

design philosophy emphasizes code readability, while 

its syntax allows programmers to express concepts in 

fewer lines of code than possible in languages such as 

C++ of Java. The language provides constructs                      

intended to enable writing clear programs on  the both 

Figure 1. Ultrasonic Sensor and the Raspberry Pi 
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a small and large scale. Python supports multiple                
programming paradigms, including object oriented, 
imperative and functional programming or procedural 
styles. It features a dynamic type system and                      
automatic memory management and has a large and 
comprehensive standard library. 
 
Process Flow Chart 
 
 The process flow chart of the system,                 
development is shown in Figure 2. The ultrasonic sen-
sor senses the water level of the river and raspberry pi 
device serves as a means of communication protocol 
between the device and web server. The distance             
between the ultrasonic sensor and water is measured 
and the height level of the water is calculated. The cal-
culated height value is updated in the web page. Every 
minute reading of water height level detection through 
the analysis of raspberry pi is automatically sent to the 
server to have initial data saved on the server.  
 
 The server then requests the information be 
resent to verify the validity of data. When similar                
information is taken, data are recorded in the database 
and ready for dissemination on web. The water level 
calculated will then be compared with the set                 
threshold is the current level is more than the set 
threshold value, the microcontroller will sending SMS 
to local authorities via the GSM module. 
 
 The system will send request SMS to Globe API 
once the water level reaches the threshold limits.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

 

System Testing and Implementation 
 
 The system was tested as to its conducted 
against the system/data and technical requirements to 
ensure the system was built to specification. System 
testing was conducted against the user requirements 
to ensure the system was operationally satisfactory. 
The prototype or pilot concept also allowed for                    
refinements or adjustments based on user feedback 
prior to  larger scale implementation. The key output 
of this phase was validation of the design prior to full 
commitment.  
 
Respondents of the System Evaluation 
 
 The evaluator—respondents of the developed 
system were local authorities of the municipalities, 
DOST and Provincial coming from the there flood               
municipal in Oriental Mindoro the Municipal Disaster 
Risk and Reduction Office (MDRRMO). 
 
Scaling and Quantification of Data 
 
 Weighted mean was used to quantify the           
respondents’ evaluation of the system. 
 
 A rating scale with 1 to 4 with 4 as highest to 1 
as lowest was used to evaluate the system.                       
Corresponding verbal descriptions were used for the 
numerical assessment. The scale was use to interpret 
and analyse the results: 
 

Numerical Value   Scale Description 
 

          3.50 – 4.00 4 Strongly Agree 
          2.50 – 3.49 3 Agree 
          1.50 – 2.49 2 Disagree 
          1.00 – 1.49 1 Strongly Disagree    
  
3. RESULTS AND DISCUSSION 
 
Design of the Raspberry Pi 
 
 The researcher used the Raspi-Sump model in 
the development of the project.  It is well-fitted to the 
project as it is a sump pit water level monitoring                
system using a raspberry Pi, an HC-SR04 ultrasonic            
sensor and written in Python. It monitors the water 
level in sump pit and alerts if the water level is getting 
too high, possibly indicating a sump pump problem. 
Figure 3 shows the  circuit  diagram  of the raspi-sump.  

start 

Read distance 

Calculate height from 

distance 

If 

 (height > = 

Send SMS and Update 

the Web 
Update the web page 

rPi 

Yes No 

Figure 2. Process flow chart of the system developed  
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Raspberry pi is used to read sensors (inputs), store 

their values in a database for historical trending and 

turn relays (outputs) on and off when a sensor value 

goes outside of a certain range. Raspberry Pi 3 Model B 

is connected to an external power supply rated at 5V 

dc, and a minimum current of 2Amp*5+*6+*7+.  

 

 

 

 

 

 

 

 

 

 

 The ultrasonic sonar module requires a power 

input of 3 volts or within the range of 3 to 5 volts and 

an ampere rating of 3.5 milli- Amperes. The sound  

produced by the sensor is in frequency of 40 kilohertz. 

The sensor’s range of detection is from 2 cm to 400 

centimeters (4.0 meters).  

 

 In order to disseminate information detected 

by the prototype, the researcher developed a web and 

mobile application. The application was developed  

using Hypertext Mark Up Language 5 (HTML 5),                  

Cascading Style Sheet 3(CSS 3) and JavaScript for the 

client -side programming and Node.js + express              

framework for the backend.  

 

 Web and database server stored information 

received from the sensors. This served as the resource 

needed to view the information via web browsers or 

mobile application. 

  

Database Generated  

 

 Figure 4 shows the screen shot of output  of 

real time water level readings: (1) is the IP address  

assigned to access the website; (2) is the per minute 

interval monitoring to show the abrupt changes of  

water level which is very important and helpful to the 

authorities; (3) is the water level readings in meters 

that indicate signal warning when it reaches the 

threshold limit of water level alert; and (4) is the date 

relevant in terms of recording of data as reference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4 shows the screen shot of the water 

level chart for easy understanding and analysis; (1) is 

the IP address to gain access to the website; (2) is the 

water level in meters that indicates signal warning 

when it reaches the threshold limit of water level alert; 

and (3) is the time monitoring to show the abrupt 

changes of water level.  

 

 

Figure 3. Circuit diagram of the raspi-sump. 

Figure 4.  Screenshot of flood log query  

Figure 5. Screen shot of water level chart  
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 Shown in Figure 6 is the SMS sent once the 
sensor and raspberry pi detect that the water level 
reaches the threshold limits of the river water level. 
SMS will be sent concerned authorities for safety                
precautions. The SMS shows the river which may cause 
flooding in the vicinity and the contact number of the 
PDRRM. 
 
 
 
 
 
 
 
 
 
 

 
Comparison of Results between the Existing DOST 
Project NOAH from the Developed System 
 
 Shown in Figure 7 is the screen shot of Project 
NOAH web site of the Department of Science and 
Technology Water Level Monitoring System (WLMS). 
Project NOAH likewise uses an ultrasonic sensor to                 
accurately measure and determine the river stage                
uses*8+. 
 
 The ultrasonic sensors calculate time interval 
between sending the signal and receiving                            
cellular network, as a text message. Every WLMS 
has an ASTI—developed arQ, which serves as the                           
mini—computer that intelligently controls all functions 
and data communications of the station, the echo to 
determine water   level.  Collected data are sent                
wirelessly, via  cellular network, as text message.               
Unlike the developed system, the DOST Project NOAH 
website sensors stream gauge does not provide                
numerical representation of data on a per minute             
interval. It also has no feature that will send mobile 
text alert to local authorities. 
 
 The developed system on the other hand 
transmit data, the data that was transmitted online 
every minute via network IP address. Data were                 
presented in numerical values and in form of a line 
graph as well. The SMS warning feature of the                
developed system when tested, successfully sent SMS 
message to the selected mobile device.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Results of the System Evaluation 
 
On Functionality 
 
 The results of the evaluation of the system in 
terms of functionality are presented in Table 1. As can 
be gleaned  from the table, the respondents’ highest 
evaluation was on the ability of the system to operate 
according to its purpose, which obtained a numerical 
rating of 3.93 indicating strong agreement of                            
respondents, strongly agree. Corollary to this, the                
respondents likewise gave a high rating on the easy in 
using the system and its capability to send the data to 
the web server with same rating of 3.86.  The respond-
ents likewise strongly agreed that the system was well 
structured and could securely transmit data to the 
server. The composite mean of 3.77 indicates that the 
respondents strongly agreed that the system worked 
properly as to its functionality.  

Figure 6. Screen shot of Flood Warning Notification 

Figure 7.  DOST’s Project NOAH Water Level Monitoring 
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Table 1 
Evaluation of the Functionality of the System 

FUNCTIONALITY Mean Description 

1. Is well-structured accord-
ing to the needs of the users 3.57 

Strongly 
Agree 

2. Runs according to its uses 
and functions. (per minute 
reading/ monitoring  of data) 

3.93 Strongly 
Agree 

3. Can easily  be operated by 
a given user in a given envi-
ronment 

3.86 
Strongly 

Agree 

4. Is secured and protected in 
terms of data transmission 3.64 Strongly 

Agree 

5. Is capable of generating 
data Web based 3.86 Strongly 

Agree 

Composite Mean 3.77 Strongly 
Agree 
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On Reliability 
 
 As presented in Table 2, results show that in 
terms of notifying the community of status of water 
level and nearby areas,  respondents  rated the highest 
described as “Strongly Agree” with mean score of 3.79.  
Respondents strongly agreed the system achieved              
expected output needed of the community gave                 
relevant & reliable information and followed standard 
measurement of mean scores of 3.50—3.64. Rated the 
lowest was (facilitating recovery procedures in the 
event  of  system  failure )   with  mean  score  of  3.29. 
 System’s reliability had overall mean score of 3.56             
indicating strong agreement on reliability of the                 
system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On Efficiency 
 
 Table 3 presents the results of evaluation in 

terms of efficiency of the system. The resources were 

available and efficiently used was rated the highest 

with mean score of 3.86 strongly agreed as the de-

scription. All items were all strongly agreed on by the 

respondents as reflected in weighted means ranging 

from 3.64—3.71. Respondents strongly agreed and 

gave highest assessment on the system’s capability to 

notify the community on weighted mean of 3.79. Re-

sults revealed that though having the lowest mean 

score, item 4 which states that the system generates 

more effective results of data from the prototype was 

also strongly agreed. Overall, efficiency of the system 

was strongly agreed with mean score of 3.73.  

 
 

International Research Journal on Innovations in Engineering, Science and Technology                         29 

RELIABILITY Mean Description 

1. Achieves its       
expected output 
based the needs of 
the  community 

3.64 Strongly 
Agree 

2. Sends / gives          
relevant and reliable 
output / information 
to the users 

3.50 Strongly 
Agree 

3. Facilitates recovery 
procedures in the 
event of system             
failure 

3.29 Agree 

4. This community on 
water level and near-
by areas 

3.79 Strongly 
Agree 

5. Follows the               
standard                       
measurement / alert 
level of floods 

3.57 Strongly 
Agree 

Composite Mean 3.56 Strongly 
Agree 

Table 2 
Evaluation of the Reliability of the System 

Table 3 
Evaluation of the Efficiency of the System 

EFFICIENCY Mean Description 

1. The data was          

transmitted online every 

minute via local network 

using IP address 

3.71 Strongly Agree 

2. The resources (sensors, 

circuits, etc.) are available 

and efficiently used 
3.86 Strongly Agree 

3. The messages are clear 

and respond to user 

properly ( text level alert 

information) 

3.71 Strongly Agree 

4. More effective results 

of data are generated 

from the prototype. 
3.64 Strongly Agree 

5. The system only notifies 

the end users based from 

the default value of the 

standard measurement of 

water 

3.71 Strongly Agree 

Composite Mean 3.73 Strongly Agree 

Table 4 
Evaluation of the Usability of the System 

USABILITY Mean Description 

1. Meets the needs 

of the target – users. 

( water level                

monitoring                 

information and text 

alert) 

3.79 Strongly Agree 

2. Uses appropriate 

hardware                 

components for 

water / flood level 

monitoring 

3.57 Strongly Agree 

3. Helps the                

authorities in              

monitoring the 

water level. 

3.86 Strongly Agree 

4. Easy to install and 

maintain. 
3.57 Strongly Agree 

5. User friendly and 

easy to understand 

by the end users 
3.79 Strongly Agree 

Composite Mean 3.71 Strongly Agree 
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On Usability 
 
 Table 4 shows the evaluation of the useability 
of the system. Respondents strongly agreed on the 
usability of the system specifically monitoring water 
level and text alert along with its being user—friendly 
as reflected in composite mean of 3.71. 
 
4. CONCLUSIONS 
 
 The developed advisory and real-time                   
monitoring system using raspberry pi combined with 
ultrasonic sensor can measure the water level of rivers 
and using GSM technology its measured data can be 
transmitted to the web and mobile service. Database 
of river water level with illustrated line graph can be 
programmed using the transmitted data reading from 
the raspberry pi with an ultrasonic sensor.                           
Furthermore, the data generated from the developed 
system device can successfully generate line graph 
with numerical values as compared to DOST Project 
Noah which generates line graph only. Further, as per 
ISO 9126 software product quality standard,  the                
developed system is acceptable as to functionality,       
reliability, efficiency and usability. 
 
5. RECOMMENDATION 
 
 Generally, the output of this study is                         
recommended to be established and used by locals 
near rivers, Provincial Disasters Risk and Reduction 
Management Office and Municipal Disaster Risk and 
Reduction Management personnel. For isolated areas, 
solar panel can be used as power source for the device 
to make it portable and for data transmission speed 
the device could also be tested in areas with low con-
nectivity.  
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ABSTRACT 
 
 This paper presents a method of retrofitting an external controller into an existing feedback control system 
governed by a classical proportional-integral (PI) controller to improve the overall dynamics of the entire control 
system by benefitting from the advantages of fractional-order dynamics in the form of a fractional-order propor-
tional-derivative (FOPD) controller. The retrofitting activity requires having access to the input and output signals of 
the existing control system ideally configured as a unity-feedback system. The difference between the input and 
output signals is then used as the input to an external controller having a fractional-order element. The design of 
the external controller is derived from the original values of the PI controller in the existing control system and the 
parameters of the desired FOPD controller to be used. A numerical example is presented in this paper to demon-
strate how straightforward the process is. Discussion on some issues related to its hardware design and implemen-
tation is also presented in this paper.   
 
Keywords: control theory, control system analysis, fractional calculus, operational amplifiers, robust control 

1. INTRODUCTION 
  
 Fractional-order controllers (controllers with 
transfer functions of orders that are not necessarily of 
an integer) have proven to be effective in addressing 
various robust control issues and requirements in 
many applications over their integer—order                         
counterparts *1+-*5+. They are able to simultaneously 
guarantee many robustness criteria given the                        
appropriate architecture of the controller to be chosen 
*5+-*7+. Some of the robustness criteria are guaranteeing 
phase margin specifications, guaranteeing gain                  
crossover frequency specifications, iso—damping 
(making the entire control system robust to gain                  
variations in the plant), rejecting high-frequency noise, 
good output disturbance rejection, and steady—state 
error cancellation, to name a few. Simultaneous                  
satisfaction of some, or all of these criteria, may be 
difficult, or yet, impossible for classical integer—order 
controllers such as the proportional-integral (PI) or 
proportional-integral-derivative (PID) controller and its 
family of controllers, which makes fractional-order 
controllers a better choice in many applications. This is 
evidenced by the increasing number of research publi-
cations on fractional—order controllers over the past 

decade. 
 
 There are infinitely many ways in creating a 
fractional-order controller, but one of the most                
common fractional-order controller used nowadays is 
the fractional-order proportional-derivative (FOPD) 
controller with the form  
 
 
 
where, KP, KD, µ > 0 result in an ordinary integer—
order proportional-derivative (PD) controller found in 
many classical control texts. 
 

 The FOPD controller in Equation (1) can be                       
interpreted as a 3-degree-of-freedom (3-DOF)                         
controller because one can select the values of the 
three constants, i.e., C = (KP, KD , µ) to achieve certain 
results. The selection of the values of the constant  
triple C can be identified through any tuning rules           
published in literature for FOPD controllers in                      
consideration of the type of plant to be controlled. 
 
 In an industrial control setting, the                           
introduction of  modern  technology in  a  plant  usually  

(1) 
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entails huge costs. Modernization of control                    
equipment would require purchasing of new                   
equipment and elimination of the old ones that are 
deemed to be obsolete as far as control benefit is               
concerned. In an attempt to minimize the total cost of 
modernization, one can pursue into retrofitting an            
external controller into the existing feedback control 
system instead, without making any significant                 
modifications in the original, except for tapping signals 
at the input and output nodes. 
 

 
 Figure 1 presents an architecture in the form 
of a block diagram of an existing feedback control               
system in the unity-feedback configuration, where               
CR (s)  is the existing classical controller and P(s) is the 
existing plant. An external controller is then retrofitted 
by making changes in the input line of the existing              
system and tapping the input and output signals of the 
entire feedback control system to derive a certain              
error which is then inputted in the external controller                  
CR (s)  The new input reference signal to the existing 
control system is then the sum of the original input 
signal and the output of the external controller CR (s). 
 

By applying block diagram algebra in Figure 1, an 
equivalent unity-feedback system can be derived as 
shown in Figure 2, where the new controller C*(s)  
becomes equivalent to  

 
 
 

 This means that if the external controller CR(s) 
is retrofitted into the existing control system, then the 
overall dynamics of the entire controller system can 
now be influenced by the equivalent controller C*(s)  
which is basically a function of the external controller 
CR(s) and the existing controller C(s)  In other words, 
by selecting the desired type of C*(s) in the form of 
FOPD, its influence in the existing control system can 
be theoretically guaranteed by determining the                   
parameters of the retrofit external controller CR(s). 
This type of approach has been introduced initially by 
Sun *8+ where the existing control system with either a 
classical PI or PID controller is modified to incorporate 
new integer-order dynamics to the incorporation of an 
external controller which is also integer-order by              
design. The work of Sun *8+ was extended further in 
Gonzalez et al. *9+ in 2013 to introduce fractional—
order dynamics into the entire control system. In *9+, 
the process of designing the external controller to be 
retrofitted was presented for three possible                         
conversions: classical PI to fractional-order PI (FOPI), 
classical PI to fractional-order PID (FOPID), and classical 
PID to FOPID. The effectivity of the methodology was 
also demonstrated in a laboratory feedback control 
system composed mainly of analog circuitry in 2013 
*10+, in a magnetic levitation system in 2014 *11+, and in a 
dc motor control system in 2016 *12+. 
 
 This paper adds to the body of knowledge of 
fractional—order dynamics retrofitting. 
 
Retrofitting Process and Architecture 
 
 In the retrofitting process, the main objective 
was to identify the parameters and specifications of 
the external controller CR(s). The following steps 
were to be taken in order to establish the parame-
ters and specifications of CR(s): 
 

Step 1: Given the model parameters of the plant, P
(s), using any applicable tuning method for FOPD 
controllers, e.g. *13+-*15+, determine the constant  
triple C* = (K *P , K *l , µ). It is important that 0 < µ 
< 1 is satisfied. (The asterisk “*” as superscripts 
means that the desired constants are to confuse 
with the constants KP , and Kl  from the existing 
classical PI controller.)  

Figure 1. Architecture of an existing closed-loop system retrofitted 
with an external controller CR (s)  by acquiring the difference  
between the input and output signals as the input to CR (s) 

Figure 2. Equivalent block diagram of Figure 1 where the 
new controller CR (s)  is defined as a function of the                 
external controller CR (s) and the existing classical                           

controller CR (s) 

(2) 
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(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Step 2: Given the parameters of the existing                    
classical PI controller and the FOPD constant triple, 
obtain the coefficients of the external controller 
transfer function of the form 
 
 
 
 
 
where, 
 
 
 
 
and 
 
 
 
Step 3: Design and implement the hardware      
system that would allow acquisition of input and 
output signals from the existing control system, 
and produce a new signal based on equation (3). 
The new signal from CR (s) will be added to the 
original input signal to serve as a new reference 
input signal to the existing control system. 

 
 The three—step process is rather straight               
forward and actually rely on the accuracy of the              
information gathered from the existing control system 
and the efficiency of the hardware retrofitted into the 
overall system. The basis of the external controller                    
CR (s) in Equation (3) is explained as a theorem as               
follows: 
 
Proposition: Let CR (s) in Equation (3) be the external 
controller where K1 , K0 , KP , KI > 0 and 1 < α < 2              
following the architecture in Figures (1) and (2). The 
resulting equivalent controller C * (s) will be an FOPD 
of the form 
 
 
 
 
where  
 
 
 
 
and 
 
 

 Proof: By incorporating equations (8)-(10) into 
equation (3), and then incorporating it again in                
equation (2), the equivalent controller obtained is as              
follows:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Incorporating equations (4) - (6) in equation 
(11) and re-arranging the terms results in 
 
 
 
 
 
 
A Numerical Example 
 
 Consider a hypothetical control system in the 
configuration of a unity-feedback where the plant is 
identified as the second-order system P(s) = 1.52/s
(0.4s + 1), which is taken from a dynamometer setup 
*13+, while the controller is determined to be a classical 
integer-order PI controller with the transfer function C
(s) = KP + KI /s , for KP , KI > 0 . From the experiment 
in *13+, assume further how to obtain the following 
robustness criteria: a guaranteed gain crossover                 
frequency is at ωc — 10 rad/s, a guaranteed phase 
margin of ϕm = 70 °, and guaranteed robustness to 
gain variations in the plant, i.e. iso—damping. To              
obtain these desired robustness criteria, the desired 
new controller constant triple should have the                     
following values: K *µ - 13.860 , K *µ - 5.100 , µ = 0.844  
as presented in *13+. (9) 

(10) 

(11) 
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 Step 1 has already been fulfilled and it can be 
noted that the order of the new controller is between 
0 and 1. The external controller can then be obtained 
from Step 2 which results in 
 
 
 
 
 
 
by investigating Equation (12) further, it can be seen 
that the coefficients of 2nd and 3rd terms of the                      
numerator polynomial, and all the coefficients of the 
denominator polynomial are functions of the existing 
classical PI controller constants. The last step is to             
design the actual controller based on Equation (12). 
 
Hardware Implementation of CR (s)  
 
 There are many ways in implementing                  
fractional—order controllers. One can choose to go for 
all-analog or utilize the flexibility of digital control. 
However, the discussion in this paper is restricted on 
analog hardware implementation using operational 
amplifiers (OP-AMPs). 
 
 It can be observed that the external controller 
CR (s)  in Equation (3) can be represented as a sum of 
three subsystems as  
 
 
 
 
 
 
Each subsystem can be implemented using OP-AMP 
circuits where the feedback and arm elements in each 
OP-AMP circuit shall define the effective impedances 
that would mathematically represent each numerator 
and denominator expression in Equation (13). 
 
 The first expression of equation (13) has a   

fractional-degree numerator polynomial, which means 

that there is a fractional—order impedance in the                  

OP—AMP circuit. Since resistor and capacitors are             

integer—order elements, there should be a special 

way to incorporate a device that can act as a                               

fractional-order impedance. This device is called a       

fractional-order element (FOE) *7+,*16+-*20+ which can be 

approximated as an RC ladder. The final architecture 

for the first subsystem is defined as an RC ladder acting 

as the arm impedance and a parallel resistor—

capacitor network at the feedback impedance. 

 

 The second and third expressions of Equation 

(13) are rather easier to implement. The second                     

subsystem contains a parallel resistor—capacitor                   

network as the feedback path element and a capacitor 

at the arm. Similarly, the third subsystem also contains 

a parallel resistor-capacitor network as the feedback 

path element, but with a resistor at the arm. The      

arithmetic Ladder circuit can also be implemented               

using OP—AMPs accordingly. 

 

 It is worth taking note though that the choice 

of OP-AMP is very crucial in its implementation                 

especially its gain-bandwidth product (GDP) when             

operating at higher frequencies. If the operating              

frequency of the entire control system is at lower     

ranges, i.e. below 10 kHz, then the GDP of the                  

OP-AMPs to be used may not be an issue. 

 

 Another note is that the input and output               

signals of the entire control system may be beyond the 

specifications of the OP—AMP circuit or may even be 

of a different physical quantity, e.g. air temperature or 

water pressure. Therefore, interfacing techniques may 

need to be applied accordingly. 

 
CONCLUSIONS 
 
 This paper has presented a way to retrofit an 

external controller into an existing feedback control 

system to incorporate fractional-order dynamics. The 

retrofitting architecture would require acquiring              

signals from the input and output of the system where 

its difference is used as input to the external                       

controller. The output signal of the external controller 

is then added to the original input signal of the system 

which then results in a new reference input signal. 

 
 The 3—step procedure is rather straight                

forward in terms of calculation but would require         

careful consideration when implementing using                 

OP—AMP circuits. The numerical example shows that 

the procedure actually works as the architecture of the 

entire control itself from Figures 1 and 2 would                 

automatically make the benefits of fractional—order 

dynamics inherent in a properly prepared case.  

(12) 

(13) 
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5. RECOMMENDATION 
 
 There is still more work to do in this area as 
the results in this paper and in previous publications 
just only give the tip of the iceberg and are yet far from 
the real—world industrial application. The authors  
recommend the conduct of more studies with re-
searches dwelling more in the circuit implementation 
of the  external controller either through analog, digital 
or hybrid means.  
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ABSTRACT 
 

Disasters are life-threatening, sudden events triggered by environmental causes that injure people and 
damage property. Earthquakes, typhoons, floods, and volcanic eruptions all incur anywhere, often without warning. 
People need to be prepared before occurrence of any disaster. Disaster prevention and mitigation are integral to 
development activities. Through utilization of technology, this can be used to assist human needs in various                  
methods of monitoring different types of parameters leading to preparedness of communities. Taal Volcano had 
several violent eruptions in the past causing loss of lives. Inside the small Crater Lake within Taal Volcano is a tiny 
volcanic island that emits sulfur and steam. These also rise from yellow fumaroles on the slopes of Taal Volcano and 
the cliffs on the interior of the crater. Because of its proximity to populated areas and its eruptive history, the                 
volcano was labeled a Decade Volcano, commendable of close study to avoid forthcoming natural disasters brought 
by eruption. As an active volcano people should be prepared when eruption occurs to save lives, properties, and to 
prevent possible casualties. These reasons prompted the researcher to develop a device, “Taal GEM”, a gas                   
emission monitoring device for predicting volcanic activity of Taal Volcano.The tools in developing and designing 
the Taal GEM were available gas sensors; data acquisition technology; communication technology; and                          
environmental constraints. Furthermore, data was deployed to an online system and integrated a Decision Support 
System Platform via Global System for mobile communication. Performance system testing of the project using       
efficiency and safety requirements was done. Specifically the design and development of Gas Emission Monitoring 
Device made use of 2SH12-SO2 sensor module, GSM module responsible for the transmission of data from the                
device to Online DSS and use non-corrosive and heat-resistant materials in the construction of the device suitable. 
Taal GEM was tested and proven to be efficient and passed its safety requirements based on safety practices. 

 
Keywords: gas emission, monitoring device, sensor node, Taal volcano 

1. INTRODUCTION 
 
 The Philippines, being oceanic in origin and 
part of circum—Pacific belt of fire is home to several 
active volcanoes. There are hundreds of volcanoes in 
the country, locally, there are twenty-three (23) active 
volcanoes which are closely monitored by PHILVOCS.  
 
 Among the active volcanoes is Taal Volcano,  
regarded as the second most active volcano in the 
country situated in the municipality of Talisay and city 
of Tanauan in Northern Batangas which is part of a 
chain of volcanoes along the island of Luzon. Based on 
the history of Taal volcano, one of the sign precursors 
to eruption is sulfuric odor and acrid fumes 
(PHILVOCS). 
 
 The Taal Volcano Observatory is the                         
government agency mandated to conduct regular 
monitoring of the Taal volcanic activities. Various   

monitoring methods  such as asseismic monitoring to 
monitor number of volcanic quakes and tremors, visual 
observations through live streaming of the crater’s  
activities and monitoring of the main Crater Lake’s  
water level and temperature are done. The agency 
monitors sulfur emission of Taal Volcano through             
direct sampling done on irregular basis. The use of  
correlation spectrometer, a known device capable of 
measuring sulfur emission in other volcanic sites was 
found inefficient due to several factors affecting the 
functions and operation of the device. 
 
 Within this project concept, monitoring can be 
done in a technology- integrated approach. Gas Emis-
sion Monitoring device “Taal GEM” will provide auto-
mated data collection from the immediate environ-
ment. Integration of data acquisition technology will 
make the data transmission to online decision support 
system possible. Moreover, sulfur dioxide  level  of  
alertness   will  be  indicated  in  the  online  monitoring  
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interface. This process will make the data accessible to 
the online system without any hazard to the user. 
 
 Significant Influence of SO2 on Climate. Global 
climate change, prior to the 20th century, appears to 
have been initiated primarily by major changes in              
volcanic activity. SO2 is the most voluminous                       
chemically active gas emitted by volcanoes and is               
oxidized to sulphuric acid normally within the weeks. 
Trace amounts of SO2 exert significant influence on 
climate. All major historic eruptions have formed              
sulphuric acid aerosols in the lower stratosphere that 
cooled the earth’s surface 0.5°C for typically three 
years. Large volume of SO2 erupted frequently appear 
to overdrive the oxidizing capacity of the atmosphere 
resulting in very rapid warming. Such warming and  
associated acid rain become extreme when basalt is 
erupted in much less than one million years. There are 
times when volcanic eruptions do not occur for                   
decades to hundred years, the atmosphere can oxidize 
all pollutants, leading to a very thin atmosphere, global 
cooling and decadal drought. Prior to the 20th century, 
increases in atmospheric carbon dioxide (CO2) followed 
increases in temperature initiated by changes in                 
SO2. *1+ 
 
 Electrochemical Sensor. This is used primarily 
to detect oxygen and toxic gases. Each sensor is               
designed to be specific to the gas it is intended to              
detect.  Electrochemical sensors are essentially fuel 
cells composed of noble metal electrodes in an                  
electrolyte. The electrolyte is normally an aqueous              
solution of strong inorganic acids. When a gas is                  
detected, the cell generates a small current                   
proportional to the concentration of the gas. *2+ 
 
 Gas Sensor Systems for Environmental                  
Monitoring and New Technology. Gas emissions                
resulting from volcanic eruptions may be monitored 
using sensors. According to Wilson (2005), a sensor is a 
device that converts a physical phenomenon into an 
electrical signal. As such, sensors represent part of the 
interface between the physical world and the world of 
electrical devices, such as computers. The other part of 
its interface is represented by actuators, which convert 
electrical signals into its physical phenomena. *3+ 
 
 Data Acquisition Technology. Data acquisition 
(DAQ) is the process of measuring an electrical or          
physical phenomenon such as voltage, current,                  
temperature, pressure, or sound with a computer. A 

DAQ system consists of sensors, DAQ measurement 
hardware, and a computer with programmable                   
software. Compared to traditional measurement               
systems, PC-based DAQ systems exploit the processing 
power, productivity, display, and connectivity                       
capabilities of industry-standard computers providing a 
more powerful, flexible, and cost-effective                          
measurement solution. *4+ 
 
 Global System for Mobile Communication 
(GSM). This is the most widely used cellular technology 
in use in the world today as it has. It has been a                   
particularly successful cellular phone technology for a 
variety of reasons including the ability to roam                  
worldwide with the certainty of being able to operate 
on GSM networks in exactly the same way - provided 
billing agreements are in place. GSM system was               
designed as a second generation (2G) cellular phone 
technology. One of the basic aims was to provide a 
system that would enable greater capacity to be 
achieved than the previous first generation analogue 
systems. GSM achieved this by using a digital TDMA 
(time division multiple access approach). By adopting 
this technique, more users could be accommodated 
within the available bandwidth. In addition to this,   
ciphering of the digitally encoded speech was adopted 
to retain privacy. Using the earlier analogue cellular 
technologies, it was possible for anyone with a scanner 
receiver to listen to calls and a number of famous                
personalities had been "eavesdropped" with                          
embarrassing consequences. *5+ 

 

 Web-Based Decision Support System. This is a 
computer-based tool used to support complex decision 
making. Although this applies very well to decision 
making in many purely technical areas, it falls short of 
reflecting one extremely important aspect of the             
decision making process, that is, the role of human 
factor. 
 
 One of the biggest challenges for DSS in                
facilitating access to information by a broad spectrum 
of stakeholders is that available information must             
directly address their concerns, how information is  
obtained from and presented, and how the access to 
the information is managed. Another challenge is               
associated with enabling nontechnical professionals to 
obtain answers to their questions, especially in                   
cases where both questions and responses need not 
be  expressed   in   technical   terms.   The   information  
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presented to non-specialists cannot substitute or hide 
the facts. This information must contain the same             
value as far as real consequences of options, but the 
form of this information should allow the straight             
forward description of impacts, perils, and benefits in 
layman terms*6+. 
 
Objectives of the Study 
 
 The study aimed to design and develop a gas 
emission monitoring device for predicting volcanic             
activity of Taal Volcano. 
 
 Specifically, the study aimed to (1) design and 
develop gas emission monitoring device with the              
following considerations: available gas sensors, data 
acquisition technology, communication technology, 
and environmental constraints; (2) implement the              
system in a controlled environment and integrate a 
Decision Support System Platform via Global System 
for Mobile communication; (3) perform system testing 
of the project using the following parameters:                    
efficiency and  safety requirements.  
 
2. MATERIALS AND METHODS 
 
 Pertinent to the gathered information the 
hardware used and its functional specification were 
made. This made possible the development of                 
microcontroller—based real—time monitoring system 
that will assist in the prediction of volcanic activity. 
Table 1 presents the Taal GEM hardware                           
requirements. 

 The study aims to continuously monitor the air 
quality of the specified location. Sulfur dioxide sensor 
will be used as it is the principal gas emitted by the 
volcano prior to eruption. Continuous sending of the 
collected data from the sensors to the remote online 
system Decision Support System will ensure the                    
regular periodic monitoring in the vicinity of Taal                
volcano. Background information like previous volcanic 
activity before the actual, present monitoring                   
procedure which will provide accurate and                            
circumstantial information’s are necessary to                     
completely understand the design of Taal GEM. Project 
realization will undergo the process of planning and 
conceptualizing, designing, canvasing, purchasing,               
assembly, coding, testing and debugging. 
 
 
 
 
 
 
 

 Figure 1 shows the Taal GEM solar power                  
system architecture indicating the devices and                     
components that complete the operation used by the 
researcher. Solar panel is used to generate electricity 
from sunlight since the device will be deployed to the 
main crater where there is no commercial supply of 
electricity. The energy from the sun will be stored on 
the 12V-DC battery as the source of power during night 
time. Charge controller protects the battery from over 
charging from the solar panel, over discharging,                 
overload, short circuit, and reverse polarity connection 
problem. Taal GEM which is the load of the circuit is 
connected to the charge controller to attain the                  
required voltage 5V for the Taal GEM circuit. 
 
 
 
 

Hardware Description 

Global System 
for Mobile  
Communication 

Communication medium responsible for the 
transmission of the collected data to online 
DSS 

Microcontroller 
(Arduino Uno) 

Main component that act as the brain of the 
proposed monitoring device 

GSM Modem 
Communication Protocol that is                  
responsible for receiving the collected data 
from Taal GEM 

GSM Antenna Transmit GSM signal at specified  frequency 

SO2 sensor 
module 

Responsible for sensing the quality of sulfur 
dioxide presence in air in the locale 

Solar Panel Main power source of the device 

Battery 
Secondary power source of power in absence 
of solar energy 

Charge  
Controller 

Prevents overcharging of the battery from 
the power drawn from the solar panel 

Table 1 
Taal GEM’s Hardware Requirements 

Figure1. Solar Power System Architecture 

  Figure 2. Taal GEM Sensor Node Architecture  
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 Illustrated in Figure 2 is the sensor node                   

architecture. SO2 gas sensors commonly have an               

output of analog signals; This will be interfaced and 

read by a microcontroller Arduino Uno with built—in 

Analog to Digital Converter. This feature is very useful 

to the project since it converts analog input from the 

sensors to digital signals needed for the transmission 

of sense value to the remote online system. 

 

 From the remote online system, transmission 

of data values is possible by the incorporation of GSM 

module in the MCU. The MCU, GSM shield allows its 

board to connect to the internet, send and receive 

SMS using the GSM library. Subscription to a mobile 

network, GSM Shield and a SIM card either prepaid or 

postpaid will allow the access to the network. SIM card 

contains Taal GEM’s SMS recipient mobile number. 

Periodic monitoring has 5 schemes and can be         

configured through texting the device. Table 1 shows 

the periodic configuration’s text format of Taal GEM.  

 

 

 

 

 

 

 

 

 

 

 

 

 Shown in Table 2 are the Taal GEM’s                    

configuration text formats for the device auto sending 

scheme. The format varies in every 30 minutes, 1 hour, 

2 hours, current and the default time interval of every 

24 hours. 

 

 The GSM modem was also included in the               

system design. This modem is connected to Online DSS 

computer which also allows the computer to                     

communicate with the GSM module of Taal GEM. This 

will be used to send and receive SMS from Taal GEM 

for data recording. 

 
 

3. RESULTS AND DISCUSSIONS 
 
Design and Development of GEM Device 
 
 The design and development of a gas emission 
monitoring device was done through the analysis of 
available gas sensor, data acquisition technology,            
communication technology, and environmental                 
constraints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 3 presents the parts of the device and 
how they are assembled. The device is composed of a 
solar panel, a PVC pipe post, a GSM antenna, asbestos 
roof, panel box, and battery. The parts of the device 
are made of metals, plastics, and other heat resistant 
materials capable of withstanding sulfur dioxide and 
high temperature.  

Text format Function 

“0” Give the current time sulfur level 

“.30” 
Setting the periodic auto sending to 

every thirty (30) minutes 

“1” 
Setting the periodic auto sending to 

every one (1) hour interval. 

“2” 
Setting the periodic auto sending to 

every two (2) hours interval. 

No text  

configuration 

Default to every twenty four (24) hours 

interval of auto sending. 

Table2.Taal GEM’s Configuration  
Text Format  

1 

2 3 

4 
5 6 

Figure 3. Taal GEM’s physical structure 

Figure 4. The Completed GEM device 
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 Figure 4 shows the actual picture of Taal GEM 
based on the specified design and materials                   
requirements. The device has a total height and width 
of 1,805mm x 650mm, respectively. It has a solid and 
rigid support for the sensors and the solar panel. 
 
 
 
 
 
 
 
 
 

 
 Off-the-shelf gas sensor module capable of 
detecting the amount of sulfur dioxide gas in the area 
in threshold form was used in Taal GEM. Among the 
obtainable choices, the higher nominal range (0-500 
PPM) that could detect larger amount of SO2 gases in 
the location was chosen. This was interfaced to a               
microcontroller to further convert the said threshold 
into parts per million units.  
 

 Table 3 shows that the sulfur dioxide sensor 
module has specific size, weight, concentration range, 
heating voltage, working current, loop voltage, clean 
air voltage, response time, power consumption,               
working temperature, load resistance, sensitivity,             
recovery time, humidity and service life. Specifications 
were   given and pre-determined by the manufacturer. 
 
 
 
 
 
 
 
 
 
 
 

  
 Figure 6 illustrates the data acquisition from 
the device to mobile phone and to an online DSS. The 
process of monitoring the presence of sulfur dioxide in 
the air began with sensor reading. After determining 
the amount of the target gas, the sensor converted the 
value into measurable electrical signals threshold.  
Sensor module was interfaced with microcontroller 
digital inputs that converted the electrical signal to 
digital equivalent, the PPM value. This value was 
passed to the communication shield, the GSM module. 
The GSM module then sent the PPM value into a               
computer interfaced with GSM modem through an 
UART cable. The researcher used a basic phone as one 
of the message recipients of Taal GEM for monitoring, 
testing and simulation.  
 
 

Figure 5. SO2 Sensor 

Gas Sensor Specification 

S02 sensor   

module (2SH12) 

Size: 35mm X40mm, a X28mm 1* w *h 

Weight: 15g 

Concentration range: 1 – 500ppm 

Heating voltage: 5 + 0.2V (AC – DC) 

Working current: 150mA 

Looping voltage: DC5V (DC 24V) 

Clean air voltage: <1.5V 

Response time: <1S 

Power consumption: <0.8W 

Working temperature: - 10  ̴50 degrees 

Load resistance: 10K (adjustable) 

Sensitivity: 3% 

Response Time: <1S (pre 3-5 minutes) 

Recovery Time: less than 30S 

Humidity: 95% RH (nominal humidity 65%RH) 

Service life: 5 years 

Table3 
Sulfur Dioxide Gas Sensor Module Specification 

Figure 6. Data Acquisition Technology 

Figure 7. GSM Module Connections to the  
External GSM Antenna 
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 To maintain communication technology from 
Taal GEM to the online DSS, GSM/GPRS module was 
utilized. A SIM card was inserted into this module and 
it operated through subscription to a mobile operator.  
 
 As illustrated in Figure 7, the GSM module was 
connected to an external GSM antenna. This module 
allowed Taal GEM to send and receive messages from 
the online DSS. The external antenna boosted network 
signal level in the location. The said antenna                     
polarization type, either linear or vertical, had a rated 
power of 30W, and frequency of 2400-2500MHz.  
 
 Corrosion poses a high risk to the device due 
to exposure to different types of toxic gases and              
particulate matter in the area; thus, non-corrosive            
materials were used to ensure its safety, functionality, 
and durability.  
 
 Table 4 shows the characteristics of the             
materials used in the construction of Taal GEM. A      
common characteristic is the resistance to corrosion 
that will enable the device to last for a long period 
even after being exposed to noxious environment. 
 

 

 As can be gleaned from the table, polyvinyl 

Chloride PVC pipe, aluminum flat bars, aluminum angle 

bars, acrylic boards, aluminum screws, and asbestos 

roofing sheets were used in development of the                

device. The chemical properties of the                             

abovementioned metals or non ─ metals were the               

basis for selection these materials. Moreover, some of 

the factors considered by the researchers were the 

strength requirement, capability of being fabricated 

into the desired form, low cost, and availability for use 

at the required time and quantity. 

 

Implementation of the System and Integration of a 

Decision Support System Platform 

 

 Data from Taal GEM was transported to online 

DSSvia communication protocol integrated in the              

device.  This was done in periodic scheme set by the 

online DSS.  

 

 Figure 8 shows the periodic sending set at               

30-minutes time interval. 

 

  

 Level of alertness was also indicated in the  

interface based on the data collected from Taal GEM. 

 

 Shown in Table 5 are the effects of sulfur              

dioxide based on Occupational Safety and Health 

Standards (OSHS). Sulfur concentration, alert level and 

possible health effects.  

Figure 8. Taal GEM’s Online Monitoring Interface 
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Material Characteristics 

Acrylic Board 

- flexible and shock resistant than glass; abrasion resistant 
- UV and chemical damage resistant; can transmit or filter 
ultraviolet light 
- easily cleaned and cut 
- corrosion resistant 
- good insulator 

Asbestos 
Ridge Roofing 

Sheet 

- Naturally occurring fibrous material that, due to its                
non-corrosive and thermal properties has been used to 
manufacture a vast range of asbestos – cement roofing 
product 
- known properties are ability when heated, strength under 
tension, chemical resistance or absorbency, electrical                 
resistance and heat resistance 

Aluminum 
Flat Bar 
(6061) 

  
Aluminum 

Angular and 
Tubular 
(6063) 

- easily formed, stamped, machined and welded 
- accepts coating and paints 
- resistant to corrosion 
- High strength and low weight 

Polyvinyl 
Chloride (PVC) 
pipe 

- Plastics are not conductive and are therefore immune to 
galvanic or electrolytic erosion, because plastics are              
corrosion resistant, plastic pipe can be buried in acidic, 
alkaline, wet or dry soil and protective coating are not 
required 
- possesses outstanding chemical resistance properties 

Table 4 
Characteristics of the Materials used in the  

construction of Taal GEM 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
System Testing of Taal GEM 
 
 The system testing of Taal GEM was based on 
efficiency and safety requirements. The said testing 
was based on trials and scientific procedures.   
 
 Testing the efficiency was done through SO2 
module testing and periodic auto-sending of data to 
the online DSS. 
 
 Table 6 shows the different ppm readings 
when the device was used in a controlled                      
environment. Based on the table, four materials, 
namely cigarette, matchsticks, used motor oil, and  
rubber were used for system testing.  

 
 System testing was performed in the                  
Chemistry Laboratory of the College of Industrial             
Technology of Batangas State University with the             

assistance of a chemistry Instructor. The DENR and 
DILG consultants advised the researcher not to set—up 
the device in Taal Volcano’s crater as the said place is 
considered part of the danger zone. It was too risky on 
the part of the researcher with the recent earthquakes 
(April 4, 2017 epicenter at Tingloy, Batangas) and April 
8, 2017 epicenter at Mabini, Batangas) with                      
magnitudes of 5.4 and 5.9, respectively. 
 
 The testing comprised of five (5) trials as              
reflected in Table 6. The trials were done by burning 
the materials and allowing the device to draw in 
smoke. After five trials, the sensor was able to detect 
the SO2 present in the materials used. Based on the 
results, the burned cigarette, matchsticks, used motor 
oil, and rubber had averages of 0.0406PPM, 
0.0306PPM, 0.0300PPM, and 0.0356PPM, respectively. 
The said readings were acceptable to the 0-500PPM 
specified SO2 range.  
 
 Simulation testing was also done using dummy 
data as shown in Figure 9. This aimed to show               
variations in the indicated levels based on the range 
set by OSHS standards stated in Table 5. 
 
 
 
 
 
 
 
 
 
 

 
 Another system testing was done using the 
online DSS interface as reflected in Figure 18 This               
figure shows the online interface screen shot of the               
30-minute periodic monitoring scheme of Taal GEM. A 
discrepancy of about 3-4 seconds was found as that 
the device had no real-time clock and it only counted 
the delay. The device was able to transmit data for 
PPM level of SO2, notwithstanding that the mark                 
indicated “Level 1” which suggests that the air was still 
good to health and had minimal effects according to 
OSHS. 

Sulfur Concentration Alert 
Level Effects 

< 0.1 PPM Level 
1 

Has minimal health 
effects or  occupant 
complaints 

0.1 - < 5 PPM Level 
2 

Can produce some 
negative health 
effects among               
vulnerable              
populations, including 
asthmatics and others 
with respiratory    
issues 

>5 PPM Level 
3 

Likely to cause serious 
health effects or  
discomfort among all 
populations 

Table 5 
Adverse Health Effects of Sulfur Dioxide Exposure                    

based on OSHS Standards  

Table 6 
System Testing of Taal GEM in Controlled Environment  

Trial Cigarette 
(PPM) 

Matchstick 
(PPM) 

Used 
Motor Oil 

(PPM) 

Rubber 
(PPM) 

1 0.0400 0.0280 0.0290 0.0360 

2 0.0410 0.0330 0.0280 0.0340 

3 0.0400 0.0290 0.0310 0.0340 

4 0.0410 0.0320 0.0330 0.0380 

5 0.0410 0.0310 0.0290 0.0360 

Average 0.0406 0.0306 0.0300 0.0356 

Figure 9. Results of the Simulation using Dummy Data 
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 Alternatively, Figure 10 shows the periodic scheme 
configuration text confirmation of Taal GEM. 
 
 
 
 
 
 
 

 The periodic scheme configuration was                  

possible when the online DSS texted the device to 

schedule the auto-sending by a text format. From the 

figure, it can be seen that the device was able to                

confirm the set-up done by the online DSS through 

SMS every 30 minutes. No reply was needed once the 

confirmation was done by the online DSS.  

 

 In terms of materials used, the analysis on               

environmental constraints proved that the device was 

resistant to corrosion and temperature. The material 

specifications are shown in Table 4. 

 

 Conversely, the electrical components were 

checked and safety requirements were met as                     

indicated in a certification given by a professional                 

electrical engineer. The certificate states that Taal GEM 

underwent careful technical evaluation through a              

series of simulations and testings and it was found to 

be operationally functional and safe.  

 
 
 
 

 The safety inspection checklist of the Taal GEM 
can be gleaned from Table 7. From the                             
abovementioned, the device was properly grounded 
and insulated. Flexible cords and cables were free of 
splices or taps that made connections more secured. 
Moreover, cords jackets were securely held in place 
with all cords/cable and raceway connections intact 
and secure. For wet or damp locations, the Taal GEM 
can be used with interior wiring systems properly 
grounded. There is also sufficient access and working 
spaces provided were all unused opening in electrical 
enclosures and fittings were closed with appropriate 
covers, plug or plates for safe operations and                 
maintenance. With all aspects innocuous and secured, 
Taal GEM is accepted as a safe device for monitoring 
sulfur gas emission. 
 
 Furthermore, it was attested that the                      
installation and wirings of the device conformed to 
relevant and applicable safety practices.  
 
4. CONCLUSIONS 
 
 Based on the study, the following conclusions 
are deduced: (1) the completed gas emission                   
monitoring device dubbed Taal GEM has an SO2                 
sensor, a microcontroller, a communication technolo-
gy, and a computer as data acquisition technology with 
GSM module. Its parts are made of non-corrosive ma-
terials; (2) the system is successfully integrated into an 
online decision support system; and (3) Taal GEM is 
proven to be efficient since it responds to the config-
ured periodic scheme of data auto sending. Also, it is 
found to be safe to electrical wiring and installation 
practices.  

Figure 10. Online DSS Interface in a 30-Minute 

Figure 11. Periodic Scheme Configuration   
Text Confirmation  

Checklist Yes NO 

● Device is properly grounded and insulated V   

● Flexible cords and cables free of splices or taps V   

● Cord jacket are securely help in place V   

● All cord / cable and raceway connections intact 

and secure 
V   

● In wet or damp locations, device is appropriate for 

the use or location or otherwise protected 
V   

● Interior wiring systems include provisions for       

grounding metal parts of electrical raceways,         

equipment and enclosures 

V   

● Sufficient access and working space provide and 

maintained about all electrical equipment to permit 

ready and safe operations and maintenance 

V   

● All unused opening in electrical enclosures and 

fittings closed with appropriate covers, plugs or 

plates 

V   

Table 7. Electrical Equipment Inspection Checklist  
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RECOMMENDATIONS 
 
 Based on the aforementioned conclusions, the 
following are hereby recommended: 
 

1. Additional sensor nodes in a wireless sensor 
network set-up may be deployed in different 
sulphur emitting spots in the main crater of 
Taal volcano to gather more data. 

 
2.  Additional testing parameters such as                  

detecting the amount of carbon dioxide,              
methane and other gases may be used by                
future researchers. 

 
3. An android application may be developed so 

that the data becomes available for viewing by 
mobile inquirers. 
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ABSTRACT 
 
 Tsunami is a wave, or series of waves in a waves train, generated by the sudden, vertical displacement of a 
column of water. This displacement can be due to seismic activity, explosive volcanism, landslide above or below 
water, an asteroid impact, or certain meteorological phenomena. As a coastal province, Batangas, Philippines is 
identified as a tsunami hazard province, specifically the municipalities of Nasugbu, Lian and Mabini. The recent 
earthquake swarms in April 2017 in different municipalities of Batangas which caused fear among coastline                   
communities paved way for the researchers to develop a technology that can assist in detecting the occurrences of 
tsunami. This research aimed to develop a wireless sensor network for detecting the occurrence of tsunami. It 
aimed to make use of a ZigBee – based mesh network and GSM for data transmission. All electronic components 
were mounted on a fabricated buoy. The study made use of the innovative development approach. Evaluations of 
appropriate sensors, wireless transmission protocol and design standards were considered. After the conduct of 
thorough testing and evaluation of the system, the following conclusions were drawn. The sensor nodes composed 
of capacitive sensor arrays effectively detected possible presence of tsunami based on the sudden change of sea 
water level. The effective distances of the 1st, 2nd and 3rdsensor arrays were 25m, 50m, 75m, and 100 m away from 
the seashore respectively, the combined ZigBee and GSM wireless protocol was effective in transmitting the status 
of the sensors which indicated the possible occurrences of tsunami. Overall, the system was found to be functional 
and efficient after series of actual in-situ testings.  
 
Keywords: wireless sensor networks, tsunami detection, ZigBee, GSM 

1. INTRODUCTION 
 
 Disasters are one of the common problems of 
the country, which are a burden since the cause             
massive loss of life and properties. One of the most 
destructive natural disasters is the tsunami, because as 
the waves strike the land it tends to clear or destroy 
everything on its path. A tsunami is a wave, or series of 
waves in a waves train, generated by the sudden,            
vertical displacement of a column of water. This            
displacement can be due to seismic activity, explosive 
volcanism, landslide above or below water, an asteroid 
impact, or certain meteorological phenomena *1+.  
Greatest damage is caused by the mass of water that 
may result to great smashing force and flash flood. 
Through this great smashing force caused by massive 
water, a tsunami destroys buildings, infrastructures 
and different properties, while flash floods can kill   
people by drowning.  
 
 According to Philippine Institute of                     
Volcanology and Seismology (PHIVOLCS), a strong 
quake in Manila Trench could cause a 32-ft tsunami. A 

strong earthquake in the Manila Trench, an ocean 
trench west of the country that runs as deep as 5,400 
meters, could trigger tsunamis up to 11 feet tall that 
can hit Metro Manila in a little more than an hour. The 
PHIVOLCS said that Metro Manila and western Luzon 
have more than just the West Valley Fault to worry 
about. He mentioned that if the Manila Trench shakes 
and causes a magnitude 8.2 earthquake, western           
Bataan can expect a wave up to 10 meters tall (around 
32 feet) within 5 to 10 minutes. The tsunami could also 
hit Occidental Mindoro, Zambales, Batangas and Cavite 
within minutes. The same quake could send a tsunami 
through Manila Bay to hit Malabon, Navotas, Manila 
and Las Piñas, (Solidum). The effect would reach the 
NCR areas more than an hour with an estimate height 
of 11 feet. 
 
 Although it is impossible to predict when an 
earthquake will happen, a strong earthquake will likely 
be followed by a tsunami. Among the signs that                
residents of coastal areas should watch out for are          
unusual changes in sea level and a rumbling that                 
precedes a tsunami *2+. 
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 There are natural signs of an approaching               
local tsunami such as shake - a felt earthquake,                  

drop - unusual sea level change, sudden seawater            
retreat or rise, exposure of corals, underwater rocks 
and marine life and roar, rumbling sound of an              
approaching waves. *3+. 

 
 The aforementioned problems prompted the 
researchers to conduct a study on the development of 

a tsunami detection system dubbed as wireless             

acquisition for vigilant earthquake in the sea or 
WAVES. The system could detect and monitor tsunami 
in the province of Batangas. The system has detection 
sensors, a ZigBee – based mesh wireless network, a 

data communication system using Global Mobile             
System (GSM), graphical user interface for viewing of 
analyzed data, and interpretation. The detection              
sensor is used to detect water rushes away from the 

shore which may signal an impending tsunami. The 
four sensors are connected to mesh network via 
ZigBee. The mesh topology allows the sensor nodes to 
reconfigure routing paths based on the new network 

structure. Information generated by the sensors is sent 
real-time by mesh network gateway and then sent to 
the Data Receiving Center by GSM communication.  
 

 With this study, it is hoped that Batangas      
Province would be greatly benefited by the WAVES 

since a big portion of this province lies along Batangas 
Bay, making prone to tsunami.  

 
Objectives of the Study 
 
 This study attempted to develop a tsunami 

detection device dubbed as wireless acquisition for 
vigilant earthquake in the sea (WAVES). Specifically, 
this research sought attainment of the following: (1) To 
integrate a monitoring system that will detect tsunami 

with considerations on the dry and wet sensors and 
tsunami standards and protocol; (2) To configure  
ZigBee/ Mesh and GSM data network transfer; (3) To 
construct a buoy  that can carry the solar panel, sensor 

and ZigBee module and withstand the high impact of 
sea waves; (4) To simulate and deploy  the device 
based on the design requirements; and (5) To               
characterize the proposed design’s functionality,              

performance and robustness relative to accuracy, 
effectiveness, efficiency, safety and speed. 
 
2. MATERIALS AND METHODS 

 
Research Design 

 
 This study used the developmental and                 
experimental method of research. A descriptive                
approach was used for the evaluation of the device. 

 
Pre-Design Stage 
 

 The pre-design stage was comprised of data 

gathering activities. The researchers collected and           
examined relevant information regarding tsunami, 
power generator, solar power, communication system, 
and sensors and their application, specifically in               

relation to the development of WAVES. The related 
studies and concepts used by previous researchers 
were likewise examined for other relevant inputs on 
the development tsunami detecting device. 

 
Design Stage 
 
 This stage involved the conceptualization the 

overall design of the device including the components 
to be integrated to form WAVES. The data collected 
from the previous stage were used as reference to 
come up with the design. The researchers identified 

the specifications and technical qualifications of the 
components as well as methods required to   perform 

the implementation of the design. 
 

Methods of Fabrication and Assembly 
 
 Figures1 and 2 show physical setup of WAVES. 
To attain the desired output, the researchers followed 

these procedures: (1) preparation of materials and 
equipment. The availability and price of needed            
materials were checked. Tools and equipment for             
assembly were tested before purchasing them. The 

design consisted of detection sensors, a data               
communication system using GSM data                               
communication modules, data visualization,                    
interpretation, local tsunami emergency decision tools, 

mechanical component, solar panel, wires and other 
miscellaneous parts. (2) Fabrication of the monitoring 
system. The researchers fabricated the mechanical 
parts of the system specially the four buoys and                

three-meter pole for the ZigBee and GSM gateway. (3) 
Installation of detector sensor and data communication 
system. The researchers used a ZigBee wireless                 
network   and   GSM   data  communication  module  to 
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to transfer data into remote server. (4) Installation of 
solar power system. (5) Assembly of the components. 
Components were assembled construct the system. (6) 
Wiring and connection. The system wiring connections 
were properly connected according to the schematic 
diagram. Electrical safety was main consideration.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Method of Data Collection and Transfer 
 
 The researchers used ZigBee/mesh wireless 
network for data collection from sensor.  
 
 GSM data connection was used by the                     
researchers for transferring the collected data into  
remote area server. Figure 3.shows the block diagram 
of the flow of the wireless sensor network.  
 
 
 
 
 
 
 
 
 
 
 

Legend: 
Wired               ; Wireless ZigBee Mesh;                      and                 
Wireless GSM                        . 
 

Method of Testing 
 
 The system was tested to know the                     
prototype’s capacity, accuracy, efficiency, speed,             
functionality and safety Figure 4 illustrates the                    
experimental set-up of the study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Materials and Components 
 
 This stage includes the system components 
used, their features and their functions in WAVES              
sensor. 
 
Capacitive Sensor 
 
 Capacitive proximity sensors can detect                
nonmetallic targets and lightweight or small objects 
that cannot be detected by mechanical limit switches. 
They provide a high switching rate for rapid response 
in object counting applications. They can detect liquid 
targets through nonmetallic barriers, like glass, plastic 
and among other *4+. 
 
 This study’s sensor is used to detect if the sea 
water rushes away from the seashore which is a sign of 
an impending tsunami. In the selection of sensor, the             
system requirements were given more importance to 
choose the most applicable sensor. The possible                
sensors were also evaluated using their specification 
sheets, their market availability and their cost.  

Figure 1. Design of WAVES Chasis 

Figure 2. Dimensional Views of WAVES 

Figure 3. Flow Diagram 

Figure 4. Experimental Set-up of the Study 
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 Figure 5 shows the actual picture of the                 
capacitive sensor module used by the researchers in 
the system. This was installed in the bottom center of 
the buoy. 
 
ZigBee module 
 
 The ZigBee module was used as                         
communication medium between the four sensors and 
Gateway. ZigBee protocol features include support for 
multiple network topologies such as point—to—point,                            
point—to—multipoint and mesh networks, low duty 
cycle which  provides long battery life, low latency,         
direct sequence spread spectrum (DSSS) which                 
provides up to 65,000 nodes per network, 128-bit AES 
encryption for secure data connections and collision 
avoidance, retries and acknowledgements . 
 
 Specifically, the XBee PRO S2B module was 
used as this has the technical specifications that met 
the application perquisites. It has the  range up to 90m 
(indoor) and 3200m (outdoor) among other modules, 
its receiver sensitivity of—102dbm was also a plus         
factor *5+. 
 
GPRS/GSM module 
 
 GSM communication is a digital cellular             
telephone system designed to use the service of SS7 
signaling and an all-digital data network called                  
Integrated Services Digital Network (ISDN) *6+. 
 
 GSM communication is used to send the data 
from the ZigBee gateway into remote server HANDA. 
The range of GSM then is unlimited. The main                 
advantage of GSM is its range because any place on 
earth where mobile signals are present is a working 
area of GSM module. The whole earth is the range of a 
GSM communication.  
 
 

Microcontroller 
 
 Arduino is an open-source physical computing 
platform based on a simple input/output board and a 
development environment that implement the process 
language. It has 14 digital input/output pins (of which 6 
can be used as PWM outputs), 6 analog inputs, a 16 
MHz quartz crystal, a USB connection, a power jack, an 
ICSP header and a reset button *7+.In this study, it 
serves as the brain of the WAVES; it sends a command 
based on the data gathered from the sensor. 
 
Solar power system  
 
 Solar power system required a power output 
of has a voltage of 12v DC and a power of 20w while 
the battery showed have voltage of 12v dc and               
should have capacity of 20 ah. 
 
 Formula for power consumption was also             
considered to be able to determine if the power                
system can sustain the power requirement of WAVES. 
For power, the current reading between the battery 
and load was multiplied by 12v and for the capacity of 
the battery, 100ah was divided by the current reading. 
 
3. RESULTS AND DISCUSSION 
 
 Locally available components and materials 
were utilized in the design and development of the 
WAVES. The system has three major components: the 
sensor nodes, the central station and the wireless             
protocol.  
 
Design and development of WAVES 
 
 The design and development of WAVES               
involved initial planning and conceptualization of              
prototype. The block diagram of the prototype, as  
contained in Figure 6 was prepared. 
 
 

Figure 5. Capacitive Sensor 

Figure 6.  Block Diagram for WAVES sensor 
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 The figure presents the components included 
in the development of the prototype. Electricity enters 
and is stored in the system by solar power system. This 
comprises the connection of all major components of 
the system including the solar panel, charge controller, 
battery, microcontroller, GSM / GPRS module, GSM 
antenna, ZigBee modules and ZigBee antenna. The  
energy stored in the battery is made available for              
consumption of the wet and dry sensors,                        
microcontrollers, ZigBee modules, and GPRS/GSM 
module.  
 
Design and development of the buoy 
 
 Figure 7 shows the design of the buoy; it is 
made of stainless steel, polyurethane and cement. The 
fiber glass coating was used to ensure the durability of 
the buoy. 
 
 
 
 
 
 

 

Testing and Evaluation 
 
 After the construction and wiring connection, 

the prototype was set for testing. In the testing of the 

prototype the  all the system components considering 

each technical specification of materials used                      

microcontroller, capacitive sensor, ZigBee modules and 

solar power system. 

 

Testing of Wet and dry sensor 

 

 Four trials were conducted for the                    

effectiveness and efficiency of wet and dry sensors   

inside a cylindrical glass tube. In every trial, the            

researchers used different materials such as clear              

plastic container, colored plastic container, clear glass 

container and colored glass container as a barrier             

between water and sensor.  

 

 Table 1 presents the results of each trial. The 

wet and dry sensors could detect water using plastic 

and glass barrier.  

 
 

 
 
 
 
 
 
 
 
ZigBee Communication Test  
 
 Table 2 shows the total time of receiving data 
of the ZigBee gateway as reflected from                               
microcontroller serial monitor.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
GSM Communication Initial Test 
 
 Table 3 shows an alert message was received 

when the wet and dry sensors changed their status 

from wet to dry or dry to wet. The accuracy of the GSM 

was tested by lifting and submerging the sensor so that 

the latter detects a wet and dry status, and then               

automatically sends messages to the registered               

numbers for the alert and monitoring of the sensor’s 

status. The messages must be appropriate to the             

status of wet and dry sensors 1234 for wet and 6789 

for dry. 

Figure 7. Design of Buoy 

Trial Wet Dry Result 

1. Clear Plastic Bottle On Off Passed 

2. Colored Plastic Bottle On Off Passed 

3. Clear Glass Bottle On Off Passed 

4. Colored Glass Bottle On Off Passed 

Table 1 
 Effectiveness and Efficiency Test for Wet and Dry Sensor 

Table 2 
Speed Test of ZigBee Gateway Receiving Data from 

 Four Wet and Dry Sensors  

Output of Serial 

Monitor 

Time 

H:M:S 

Total time of 

transmission 

1234 00:00:01 1s 

1234 00:00:02 1s 

1234 00:00:03 1s 

1234 00:00:04 1s 

6234 00:00:06 2s 

6734 00:00:08 2s 

6784 00:00:10 2s 

6789 00:00:12 2s 

6789 00:00:12 1s 
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Final Testing of WAVE   
 
 Final testing of the functionality of the system 
was conducted. The purpose of functionality test was 
to identify if the hardware and data communication 
were compatible and worked smoothly when                  
operated. Results in Table 4 show the WAVES sensor 
functioned 100% as designed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. CONCLUSIONS 
 
 After thorough testing and evaluations of the 
system, the following conclusions are drawn.  
 
 The sensor nodes composed of capacitive              
sensor arrays can effectively detect possible presence 
of tsunami. Based on the simulation conducted it can 
detect the receding sea water level which is a sign of 
impending tsunami. The effective distances of the          

sensor array, for the system to work are 25m, 50m, 75, 
m and 100 m away from the seashore. The combined 
ZigBee and GSM wireless protocol is effective in                
transmitting the status of the sensors which indicate 
the possible occurrence of tsunami. The test on                
functionality of the system shows system hardware 
and software work compatibly.  
 
5. RECOMMENDATIONS 
 
 Based on the findings and conclusions of the 
study, the following recommendations were given: (1)
Add decision support system in the gateway that can 
interpret the data coming from the sensor specifically 
numbers 1234, 6789 and letters ABCD; (2) Use                 
postpaid subscription to a mobile network to avoid 
loading time to time; (3) Develop a GSM module                 
program that can receive messages from authorized 
person to be able to change the messaging status              
interval; and (4) Add P2P network to be able to                 
transfer data from gateway to remote server in times 
of system down of GSM communication.  
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Table 3. Efficiency of Alert Message of 
Wet and Dry Sensor 

SMS Status Time received 

WAVES is now online Online 1:04 PM 

1 Sensor1 submerged 1:04 PM 

2 Sensor 1 submerged 1:04 PM 

3 Sensor 1 submerged 1:04 PM 

4 Sensor 1 submerged 1:04 PM 

1234 SMS status hourly 2:04 PM 

1234 SMS status hourly 2:05 PM 

6 Sensor 1 lifted 2:32 PM 

6234 SMS status hourly 3:04 PM 

7 Sensor 2 lifted 3:20 PM 

8 Sensor 3 lifted 3:25 PM 

9 Sensor 4 lifted 3:33 PM 

6789 SMS status hourly 4:06 PM 

6789 SMS status hourly 5:04 PM 

SMS Time Status 

1 1:02 PM 

Normal status 
2 1:02 PM 

3 1:02 PM 

4 1:02 PM 

9 1:34 PM No tsunami  alert / check sensor 4 

6 2:14 PM 

No tsunami alert/ Low Tide 
7 2:40 PM 

8 3:30 PM 

9 4:45 PM 

6 6:14 PM 

No tsunami  alert / check all the  

sensors 

7 5:50 PM 

8 5:43 PM 

9 4:50 PM 

7 6:31 PM 

Tsunami detected 8 6:32 PM 

9 6:32 PM 

6 7:30 PM 

Tsunami detected 
7 7:30 PM 

8 7:31 PM 

9 7:31 PM 

Table 4 
 Final Testing of WAVES 
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