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ABSTRACT

Dengue is an Aedes aegypti-borne viral disease that is
boosting to become worldwide serious issues. Currently, due
to lack of specific treatment or vaccine against dengue, many
forms of vector control remains a key strategy for dengue
fever prevention. In response to the issue, this paper
introduces a new Aedes trap, AedesTech Mosquitoes Home
System (AMHS) that is equipped with a special trade secret
formulation or also called as pheromone or Insecticide
Growth Regulator (IGR) and combines with IR 4.0
technology for vector control. An IGR is a pheromone-like
liquid formulation that is a chemical that serves to stimulate
and have sexually attract the male and female that will attract
and lure adult female mosquitoes in laying their eggs, and die
afterwards. Approximately 99% of total eggs that already
contaminated with the chemical do not hatch or die or go
beyond the pulp level. Our sustainable approach offers for
two (2) novel features. First, to monitor the collection of
Aedes eggs in our MHS, we develop a mobile apps called
AedesTech Apps (ATA) for Aedes eggs auto-counting and
data collection are stored in cloud based server. Second, to
monitor the level of liquid formulation (IGR) in AMHS, we
utilize an Arduino water based sensor to real time track the
IGR level status and we called as Intelligent Mosquito Home
System (iMHS). Our iMHS will automatically alert the user
when refill is needed. Both technologies are related to IR 4.0
that could be a new approach for preventing and monitoring
of dengue outbreaks. This sustainability integrated approach
is environmentally friendly and cost saving that provide the
solution to the world’s global issue of dengue. The results by
our ATA tool indicate a satisfactory figure with only 0.01 to
0.04 percent of error rate compared to existing 1Count and
EggCounter tools. Meanwhile in our iMHS with water based
sensor, testing results reveal that the battery lifetime solely
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depends upon the setting of interval time of sending data to
cloud server. Results show for a half an hour interval, battery
could last for a half of a month whereas for an hour interval
time set, it could last for a month.

Key words: AedesTech Mosquitoes Home System (AMHS),
Intelligent Mosquito Home System (iMHS), AedesTech Apps
(ATA), Insecticide Growth Regulator (IGR)

1. INTRODUCTION

Aedes aegypti is the main vector borne and
epidemiologically diseases include dengue, Chikugunya,
Zika and yellow fever [1]. It is a domestic endophilic
mosquito that has expanded its habitable range in recent
decades and will likely continue to spread [2]. The four (4)
Aedes mosquitoes life stages are egg, larva, pupae and adult.
These mosquitoes can survive and breed both inside and
outside the house. The entire life cycle resumes in just 8 to 10
days. The growth from pupae into adult mosquitoes in
approximately 2 to 3 days. Dengue hemorrhagic fever (DHF)
or dengue fever (DF) cases are arising. Total number of
dengue cases in Malaysia for 2019 to 130,101, beating the
previous historic high of 120,836 cases reported in 2015 [3].
The Aedes aegypti and Aedes albopictus are two (2) major
vector mosquitoes of DHF and DF. Vector control is one of
the most effective approaches in combating DHF or DF. As
DHF and DF can be transmitted transovarially [4-5] vector
control of Aedes species in the immature stages is very
important.

The researches have proved that Aedes aegypti is resistant
towards organophosphate like temephos, malathion,
fenthion and propoxur) [6-7], permethrin [8], DDT and
dieldrin [9]. The IGR that contains a pyriproxyfen (PPF) also
proved to be effective against vector mosquitoes such as
aegypti [10], Culex [11-12] and Anopheles [13]. The PPF
mimics a natural hormone that could disrupts their growth
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and prevent the immature mosquito to be emerged to adult. It
affects the young insects and eggs as well as other insects
including fleas, cockroaches, ticks, ants, carpet beetles,
and mosquitoes. The Environmental Protection Agency
(EPA) has registered the PPF to be used in pesticides [14].

This paper presents two (2) novel approaches in preventing
and controlling dengue outbreaks. First, our AedesTech
mobile Apps (ATA) that able to scan and capture images of
Aedes eggs and transfer for an automated image processing
system to first segregate between Aedes eggs with non-Aedes
eggs and then, count its total for a further data analytic
process. Second, our intelligent AedesTech Mosquito Home
System (iMHS) with the embedded water-based sensor in our
AedesTech Mosquito Home System (AMHS) to track for the
liquid formulation, Insecticide Growth Regulator (IGR)
status, equipped in our AMHS. Our approaches offer for an
efficient automated counting of Aedes eggs while reducing
manpower cost to check and change for IGR refill in each
particular AMHS.

2. METHODOLOGY OF DENGUE CONTROL
USING AEDESTECH MOSQUITO HOME SYSTEM
(AMHS)

The design of AedesTech Mosquito Home System (AMHS)
and the actual AHMS trap are shown in Figure 1, which
consist of devices designed to attract Aedes mosquitoes and
target container-breeding mosquitoes. AMHS is provided
with an attractive water source (IGR) for gravid females in
searching for its oviposition sites. Those females who has
attracted to the device will be contaminated with that IGR
and thus kill and eliminated its reproduction. The device is
an auto-dissemination device, consisting of a regular ovitrap
containing pyriproxyfen, to contaminate gravid female
mosquitoes during oviposition, allowing them to disseminate
the chemical to other Aedes oviposition sites.
Auto-dissemination is a ‘pull” and “‘push’ technology which
allows mosquito control professionals to treat larval habitats
in a timely and economical fashion [15]. The objective of the
AMHS is by using the “Lure & Kill Technology” to control &
eliminate mosquitoes during all development stages, be it as
eggs, larvae, pupae or adults, and thus to reduce the overall
mosquito population.

(a) AMHS Interior design

(b) Real AMHS and its
IGR

Figure 1: AMHS Interior Design and the Real Physical AHMS
with the Water Based Attractant Refill
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3. DEVELOPMENT OF AEDESTECH APPS FOR
MOSQUITOE EGGS COUNTING

Through this project, the maobile AedesTech Apps (ATA) is
developed to collect data related to Aedes mosquito eggs
directly from AMHS and stored in a cloud database. For this
purpose, a rectangular piece of tissue is clipped to similar
size of transparency slides and both materials are circularly
attached around the inner part of AMHS. The reason is to
allow for a slowly absorption of the IGR into the tissue that
allow for breeding process of female Aedes mosquitoes. The
tissue is then taken out to be scanned by ATA and transfer the
digitized images to the Excel file for an auto counting for
Aedes eggs via MATLAB AutoCountMe [16] system.
Through this system, the exact images of Aedes eggs are
identified from non-Aedes eggs through digital image
processing technology to be developed. A new algorithm will
be proposed to expedite the process of counting the mosquito
eggs directly using only mobile devices or mobile phones
either offline or online. Refer to Figure 2 for the overall
project framework. The large data from various installations
of the whole AMHS in geographically apart locations are
then collected and compiled into the central cloud database
for further numerous data mining and forecasting analysis.
Example of the analysis would be to projection of the
mosquito population rate for a region or location and it can
extend to the parties for follow-up actions and comparative
results that can be utilized for the manufacture decision [17].
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Figure 2: ATA Development Framework

apps

The unique feature that ATA offers is for an in-situ data
collection. All digitized images of an Aedes eggs are
collected and auto-counting using this apps. Using ATA,
several data mining tools could be retrieved based on image
captured. Figure 3 illustrates and ATA algorithm and Figure
4 depicts an ATA user interface.

1. Start
2. Login id and password (need to turn on location)
3. Pot or MHS trap Setup and labeling using QR or Bar
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Code

4. Setup and configure the location of the trap using
Global Positioning System (GPS)

5. Click the camera inside the apps and scan the
QR-Coded

6 select the image

7 click scan and

8. count the Aedes eggs.

9. Save in cloud or in the mobile if no internet coverage

10. Statistical and data visualization by each AMHS trap
will visualize automatically.

11.Finish

Figure 3: ATA Algorithms
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Figure 4: ATA User Interfaces

4. DEVELOPMENT OF IMHS: INTELLIGENT
MOSQUITOE HOME SYSTEM USING WATER BASE
SENSOR

The iMHS design framework relies upon 3-tier architecture.
The Presentation tier is User Interface part that interfacing
with client. The Application tier is the middle part where
logic operations are undertaken to ease of communication
between client and data layers. Then, the Data tier refers to
actual database that includes insert, delete, update and get
data from/to database operations.

4.1 Hardware Component

The three (3) basic components of iIMHS devices include the
microcontroller, a water level sensor to perform the intended
task and the source of power, an AA battery. The ESP8266
microcontroller [18-19], a Wi-Fi embedded microcontroller
that utilizes 2.4 GHz frequency. Then, an Arduino water
level sensor [20], an effective water-based sensor to indicate
for water level drop status that shows signals conversion of
water to analog. The Arduino development board simulates
the value to give the readings of water level alarm. Lastly, the
power source that refers to the AA battery [20] or the
standard size dry battery. It composes of a single
electrochemical use in a disposable battery or a rechargeable

2614

battery. A prescription of all components is shown in Table 1
and iMHS circuit board connection is illustrated in Figure 5.
The actual implementation of our Arduino water level sensor
in AMHS is depicted in Figure 6. The iMHS adopts MySQL
Database Management System (DBMS) and PHP 7 for page
scripting.

Figure 5: iMHS Circuit Board Design
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Figure 6: Arduino water level sensor in AMHS
5. DISCUSSION

5.1 Result for ATA

Our running dataset is extracted from [21] together with
their ICount tool. We set five (5) macro images (from
camera) and five (5) micro image from microscopic (as
shown in Figure 7). Our ATA method is compared to ICount
[21] and EggCounter [22] which are free downloadable.
ImageJ (from manual counting) is set as a benchmark for an
accuracy validation of each tool. Table 1 shows the
comparison results between ATA, ICount and ImageJ. The
EggCounter could not detect any single egg.

(@) Macro Image

(b) Micro Image

Figure 7: Macro and Micro Image of Aedes Eggs
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The ICount requires most user intervention and the results Smmbef Wonsocs | B & Sy s e semme [Beemelle__o 9 2
are depending upon setting parameters, thus could affect the Y b= B B
estimation process. In contrast to 1Count, the ATA requires
only the loading of the image to automatically count eggs.
The results from ATA are satisfactory with the small error
rate of 0.01 to 0.04 percent.

Table 1: Evaluation on ImageJ, ATA method, ICount and
EggCounter on Macro Images

Dataset ImageJ ATA % ICount % Egg %
Method Error Error Count Error
er

;L\)?SG‘ZZ 3 1% 001 146 005 0 100 Figure 8: User interface of iMHS

IMG_22 479 479 004 482 001 0 100

53bis 6. CONCLUSION

IMG_22 348 352 001 344 001 O 100

S,i;)g_zz 21 213 004 315 003 0 100 The development of AMHS, Aedestech Apps (ATA) and
57bis iMHS is considered to successfully embed the Internet of
é%ﬁ-zz 38 363 001 334 0.07 0 100 Things (IOT) technology for our dengue innovation project

related to Industrial Revolution (IR) 4.0. This research
collaboration has transferred the knowledge and technology
between universities as well as its industry partner. As a
recapitulation, AMHS offers for effective alternative in
controlling dengue. The ATA provides effective way in
getting the input images of Aedes egg to further process of
auto-counting of Aedes eggs send to cloud storage for
extensive analysis. And lastly with our iMHS, the cost for
labor to manually check and track for the emptied IGR is
significantly reduced and cut-off through the real-time IGR
status visualization. The main objective of this project for
reducing manpower usage in controlling the dengue disease
at the national as well as international level. The concept of
auto-detection device can be applied for other industry
domain that might as well create new business opportunities
in the near future.

5.2 Result of iIMHS

In iIMHS, the issue arise regarding the battery power source
lifetime. We run several tests to Arduino water based sensor
with the AA battery in two different interval of data sent to
cloud database. The results are as depicted in Table 2.
Implementation results reveal that the battery lifetime solely
depends upon the setting of interval time of sending data to
cloud server. Changing in interval time proportionately
resulting in changing the lifetime of battery power energy.
The iMHS overall results show for a half an hour interval,
battery could last for a half of a month whereas for an hour
interval time set, it could last for a month.

Table 2: Results of battery lifetime in different interval

Interval time (in second) | Battery lifetime (in ACKNOWLEDGEMENT
of Data Send month)

(AA Battery) We thank all our research institutions-industry collaborators
;288 (1’-5 i.e. UniSZA, UMT, UniKL and One Team Networks (OTN)

Sdn. Bhd. under matching grant, UniSZA/2018/PKP/01
with project code R0047-R001. A sincere gratitude goes to
the MHS co-founder, One Team Network Sdn. Bhd. As well
as for supporting our work in reviewing for spelling errors
and synchronization consistencies and also for the

The Arduino water level sensor reads only low (blue),
medium (yellow) and high (red) status (as depicted in Figure
8). For each status, different distances in centimeter (cm)

have been set to read in the sensor device. The different constructive comments and suggestions.
iMHS device locations are represented through its longitude
and latitude, whereas Google map will redirect into exact REFERENCES
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