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Abstract

Aedes aegypti mosquitoes are a small slender fly insect that spreads the arbovirus from flavivirus
vector through its sucking blood. An early detection of this species is very important because once these
species turn into adult mosquitoes a population control becomes more complicated. Things become worse
when difficult access places like water storage tank becomes one of the breeding favorite places for Aedes
aegypti mosquitoes. Therefore, there is a need to help the field operator during the routine inspection for
an automated identification and detection of Aedes aegypti larvae, especially at difficult access places.
This paper reviews different methodologies that have been used by various researchers in identifying and
counting Aedes aegypti. The objective of the review was to analyze the techniques and methods in
identifying and counting the Aedes Aegypti larvae of various fields of study from 2008 and above by taking
account their performance and accuracy. From the review, thresholding method was the most widely used
with high accuracy in image segmentation followed by hidden Markov model, histogram correction and
morphology operation region growing.
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1. Introduction

Aedes aegypti mosquitoes are small slender fly species that suck the blood of
mammals as their essential feeds [1]. Aedes aegypti mosquitoes are one of the most dangerous
living organisms in the world which have contributed to a huge number of death annually. These
mosquitoes are agents which spread the flavivirus vector that is related to arboviruses such as
dengue fever, chikungunya fever, yellow fever and Zika fever [2, 3]. An early detection of this
species is very important because once these species turn into adult mosquitoes, a population
control becomes more complicated. Urbanization, demography, and environment are the main
factors that contribute to the global distribution of this arbovirus [4]. The main problem arises
when difficult access places like water storage tank become one of the breeding favorite places
for Aedes aegypti mosquitoes. Things become worst when field operators from the health sector
face a difficulty to do a routine inspection to identify the larvae, especially at difficult access
place [5].

In order to curb the spread of flavivirus vector, the agents need to be eliminated. Thus
far, several practices are implemented to control the widespread of this vector such as
environmental management, chemical control and also biological control [5]. However, studies
that involve technology in this field a scarce. Aedes Aegypti larvae identification and
segmentation using technology are rarely studied in the field of entomology. In the world of
signals, signals can be categorized dimensionally like one-dimensional (1D), two-dimensional
(2D), three-dimensional (3D) and also multidimensional signals based on their characteristics
and behavior [6].
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A 1D signal characterized has only one independent variable and is often in time
waveform form. Acoustics is one example of communication and it poses the 1D signal [7].
Moreover, 2D signal consists of two independent variables. This 2D intensity signal is commonly
known as an image. Image processing method is widely used all over the world in many fields of
study [8]. In entomology field, this method has also been implemented in the counting of A.
Aegypti eggs in the image of ovitraps [9]. When an image is added with a time variable, the
signal represents 3D and it is also known as video signals.

In this context, it is found that the best way to identify and count the Aedes aegypti
larvae is by posing the 2D signal of image processing. The significance of choosing this method
is due to its wide-spread and deep exploring techniques usage by many researchers.
Nevertheless, only digital image can convert the image to numerical representation which allow
it to be analyzed compared with the analog picture which uses film that can be only printed [10].

2. Pre-Processing

Pre-processing technigques used are briefly discussed in this section. In image
processing, pre-processing is the most vital step that must be taken to make sure that the image
information content and quality are prepared for further processing [11]. As this project is
dealing with the underwater organism, thus a camera will be placed under water. In underwater
image processing study, image enhancement and image restorations are very important
because the medium of water itself causes the light absorption and scattering which make the
visibility of underwater is only within 20 meters [12]. The underwater hazy image formation
model that is contributed by Koschmieder can be simplified as [13]:

I,(x)=J,(x)*t,(x)+(@—t,(x))*B,,1 €[red, green,blue] 1)

where |, (X) is input image captured by the camera, J, (X) is radiance scene at point x, t, (X) is
reflecting residual energy ratio J(x) from point x, B, is homogenous background light and A light
wavelength of the red, green and blue spectrum.

Many methods can be implemented for underwater image enhancement and
restoration. However, it is found that the traditional method of generalized unsharp masking,
probability-based method and histogram equalization cannot effectively adapt the degradation
of underwater images [14]. The studies of [15] and [16] have proposed a method of the dark
channel prior (DCP) in which this approach is physically able to handle heavily hazy image. It is
found that at least one color channel of red green or blue (RGB) has very low intensity except
for the region of sky image. The dark channel concept can be formally described as:

dark H H c

I () = min ( min_J"(y)) )
where J “* is a dark channel of the image, J ® is the color channel of the image (red, green, and
blue) and Q is local patch centered. The dark channel prior technique has been improved [17] in
order to make it capable as an underwater environment. The author has found that the red
channel can be a variant for the dark channel prior which restored the contrast lost in an image.

In addition, instead of the dark channel prior, there is another method called
Unsupervised Colour Correction (UCM) method [18]. This technique has basically improved the
contrast of RGB color model and hue-saturation-intensity (HSI) color model. It also effectively
removes the bluish color in the image based on color balance and histogram stretching. This
approach also improves the low illumination and low red problem in order to obtain better results
in segmentation. Improving the red channel can be referred as contrast enhancement
technique. In another study, UCM has been extended and modified [18]. This study has applied
histogram stretching to red, green and followed by blue which significantly minimized over
enhanced and under enhanced contrast in an image [19]. The histogram stretching in the RGB
colour mode can be defined as:
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where P;, and P, are the input and the output pixels of the image, ini, and imax are the minimum
and maximum intensity values for input images meanwhile, 0ni, and o0y, are the minimum and
maximum intensity values for output image respectively.

Acquiring clear images in underwater is very important. A study has proposed an
enhancement method by wavelength compensation and dehazing which eliminates the
distortion that is caused by colour change and light scattering [13]. This algorithm is a derivation
work from the dark channel prior technique. Besides, this algorithm is designed to remove the
presence of artificial light in the image which increases the red channel in the picture. As the red
colour has the longest wavelength, the high intensity of it causes the noise in the image. In
another study, there is also another technique called single image dehazing which estimates the
depth prior of a scene from the image which exploits the wavelength-dependent attenuation of
light in water [20]. This technique filters all the turbid water, fog and large suspended filter that
exist in the transmission medium.

Nevertheless, Laplacian and Median filters have applied 3x3 kernels to the squared
image [21, 22]. The purpose of applying this filter is to improve the contrast of the image that
occurs due to imbalanced illumination so that the edges of the region are highlighted. The
Laplacian filter of the image can be described as:

0%l ol
LXY)=—F+—= (4)
ox° oy
2 I 2
where 8_2 is a derivative of x Cartesian and F is a derivative of y Cartesian. Meanwhile,
X y
the median filter operation can be described as:
y[m, n] = median{{i, j]. (i, j) € w} )

where w represents the neighbourhood defined by users [3x3 kernal] and [m,n] is the central
location in the image. Hence, the image processing can be performed effectively and efficiently
in segmenting the region of interest. Both papers, shows that the authors have to repeat the
filter several times to ensure that the image is enhanced enough to proceed for thresholding.
From the review that has been made, it is observed that various techniques exist in image
enhancement and restoration.

3. Processing

Image processing is part of pattern recognition which is widely applied in various fields
including agriculture, biomedical, engineering, rehabilitation and many others [23-25]. Only few
studies in entomology field implement the image processing technique, thus, the best way of
selecting is by reviewing the techniqgue and method that are related and similar to the shape of
Aedes aegypti larvae. This section explores on several methodologies whish are significantly
implemented by different authors in identifying and counting Aedes Aegypti larvae. The most
challenging part in the review is that the technique that is selected must have high accuracy.
The significant fields that relate to this project and widely implement the image processing are
agriculture and biomedical field. The review of the technique used is briefly discussed.

In agriculture, image processing is widely used as a survey method in controlling the
population of pests in the farm. Pest identification, segmentation, and automated counting are
often discovered and developed by many researchers in algorithm evolution. A study has
implemented a detection and count system of pests population at a paddy field in India [26].
This study has used the region growing method in order to provide the clear edge and good
segmentation of images. The region growing technique is a technique which classifies the same
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property of connected pixel as one identified region. This technique has first converted the RGB
colour model into the greyscale. Then, the horizontally and vertically coordinates of each insect
in the image are determined and the matrix is noted. The matrix noted is extracted as the
detected pest and the accuracy rate of this technique is 80%.

A quantitative survey is very important in agriculture. In China, automatic planthopper
counting has been used in open paddy field based on image processing [27]. The system used
by the author is a portable and mobile system which only uses camera and smartphone during
the surveyed-on field. The automated count planthopper system has adopted 3-layer detection.
Figure 1 shows the flowchart of the layer 3-layer detection.

planthoppers

!

AdaBogst classifier based on The first layer detection
Haar features

v

Support vector machine

(SVM) classifier based on The second layer detection
histogram oriented gradient

(HOG) features

!

Threshold i { The third layer detection

planthoppers

Figure 1. Flowchart of 3-layer detection for automated counting of white back planthoppers

The accuracy of this system of counting whiteback planthoppers is up to 85.2 %
detection and 9.6% of false detection rate from 5800 images of trained data. The high accuracy
of this algorithm is because of the population density of the planthoppers.

In another study, an adaptive algorithm has been developed based on hidden Markov
model (HMM) in order to identify the images of the stored-grain insect [28]. The algorithm has
improved the k-mean method which is used to initialize the HMM. k-mean is a classical
technique for clustering in which its iterative method can minimize the quantization error by
repeatedly moving all code vectors to their Voronoi sets of the arithmetic mean [29]. The
Voronoi sets is defined as:

Vie={x € DIk =arg min |/ x —w; |} (6)

Where D ={x}_,, W ={w,},. w, € IRYand K <<1. Code vector of W, is set vector of D

in which W, is:

Loy @)

W, =
‘ [V | e

where |V, | is the cardinality of V, . Thus, k-means can allocate quantization error by finding

the local minimum. Improving the K-mean can increase the efficiency and stability of the
algorithm. The algorithm that has been proposed is capable to segment and detect 98% of the
normal image and 85% of lateral image of the stored-grained insect. The number of images that
has been trained is about 100 pictures.
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In Brazil, digital image processing has been used to quantify the nymph and the adult of
whiteflies on soybean leaves [30-31]. Before threshold value can be obtained, the author has
first analyzed the best colour model transformations which includes Cyan-Magenta-Yellow-Key
(CMYK), CIELab, hue-saturation-value (HSV) and XYZ. Then the best colour model
transformation is selected. CMYK has been selected and only channel C and Y colour are
binarizing for further analysis. The best thresholding value that is selected to isolate the region
of interest is between 150 and 100 in 8 bit. The algorithm is capable of quantifying the numbers
of adult whiteflies within -1% of deviation from 748 images.

Thailand has become the world-leading shrimp exporter. Besides automated counting
for the insect in field application, image processing method has been implemented in the
counting of shrimp larvae by capturing the image above the tank [21]. This study has proposed
the method of the co-occurrence colour of the histogram. The algorithm developed can be
categorized into several distinct parts which include separation of larvae from the background,
shape classification, and also the larvae count in the image. The larvae image can be classified
to those connected to each other and not connected to each other. The algorithm cannot differ
the false negative and true positive precisely because it is developed on the shrimp larvae count
and not on the larvae position. From the statistics, the system has 97% precision on automated
counting compared to manual counting.

Apart from shrimp, a biologist from Peru has acquired a sample of Peruvian Scallop in
order to identify, count and establish its size by image processing through microscope [22]. The
task was conducted in the lab in which the image of the scallop is captured within Sedgewick
Rafter Cell slide in order to make it easier for thresholding process by establishing a region of
interest. Likewise, a study has classified the image captured by two groups, those who are
connected with each other and also to those which are not connected in way of border edges
[21]. Thus, the algorithm counts the scallop as one when the scallop is attached to each other.
Statistic in the spectral analysis by Fourier Transform of the histogram gives the main frequency
of the signal. The number of scallops can be attained by counting the peak number of the FFT
graph. The radius of the scallop can also be determined by assuming its circular shape.

Medical is one of the oldest fields that has been discovered by many researchers. A lot
of application has involved image processing in the medical fields such as MRI, CT scan, x-ray,
microbiology and many others. Although various fields exist in medical, only relevant
applications that are significant to the task will be reviewed. It is observed that the medical
application that fits the most is automated blood detection and count because it is almost
identical to the Aedes aegypti shape. The enhanced threshold technique of Otsu’s method has
been used in segmenting the foreground and background of the blood cell [32, 33]. By
converting the greyscale into a binary image, the author has successfully detected and counted
the number of blood cell within 80% to 90% of overall accuracy.

In another study, a method of count colonies has been suggested in microscopic
images using morphological operation [34]. Morphology operation involves geometric analysis
which implements structuring element as an input and generating an output image of the same
size. The approach of this operation is based on correlations between pixels instead of
arithmetic correlations. The geometric features of the blood cell are extracted by choosing the
best shape as a probe. Author has first performed the top-hat filtering to extract small elements
before thresholding. From the review, the method has capabilities to identify more than 90%
correctly from the cases. 8% overall deviation is accounted for.

In another study, an auto adjustable observation model has been proposed in which this
method has combined different observation models in a particle filter framework [35]. This auto
adjustable observation model has been tested with mosquito larvae which significantly move
randomly and relate to the animal behaviour. By applying the k-means to cluster, the pixels in
the merged blob. This method can track the mosquito larvae that overlap. Moreover, by marking
the foreground of the segmented image and traiting it to the closest centre using Euclidean
distance, the processing cost can be lessened. This method provides a better and correct
classification by achieving 85% of mean classification rate using 500 particles. Summary of
technique used in various applications is shown in Table 1.
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Table 1. Summary of technique used in various applications
No. Author Technique Result Description
1 Martin [26] Region growing 80% accuracy of pest RGB is transformed into
detection greyscale first and the test is
conducted in lab
2 Yao [27] 3 layers of detection 85.2 % detection and 9.6% The test is conducted at open
include AdaBoost of false detection rate from paddy field
Classifier, SVM and 5800 images
Thresholding
3 Lu [28] Improve K-means via Detect 98% of the normal The test is conducted in the lab.

HMM

image and 85% of lateral
image of stored-grained
insect from 100 images.

4 Barbedo [30], [31] Thresholding Quantify the numbers of It has been tested with CMYK,
adult whiteflies within -1% of CIELab, HSV and XYZ
deviation from 748 images transformation before CMYK is
selected to proceed for
thresholding. The test is
conducted at open soybean
farm
5 Wongnaret [21] Co-occurrence colour  97% precision on automated RGB is transformed into
of histogram counting compared to greyscale first and the test is
manual counting. conducted in lab
6 Andres [22] Thresholding The scallop quantifies by RGB is transformed into
counting the peak number of greyscale first and the test is
the FFT graph. The conducted in lab
numbers of images tested is
20.
7 Kanti Das [32] Thresholding The edge of the blood cell is RGB is transformed into
85% accurately detected greyscale first and the test is
from 20 images conducted in lab
8 Mohamed [33] Thresholding The nucleus of red blood RGB is transformed into
cell is 80.6% accurately greyscale first and the test is
segmented from 365 images conducted in lab
9 Barbedo [34] Morphology operation Identify more than 90% After greyscale transformation, it
correctly from the cases and  performs the top-hat filter before
the overall deviation is 8% thresholding
10 Pistori [35] Auto adjustable 85% of mean classification

observation rate using 500 particles.

3. Discussion

From the review, various techniques have been discovered that are suitable in identify
and counting the number of Aedes aegypti which includes image pre-processing and image
processing. Pre-processing is an important step that needs to be performed before segmenting
an image. In this review, the best pre-processing techniques which are suitable to be suggested
in image dehazing using DCP technique that has been proposed by the [15-17] and also
Laplacian with median filter that is proposed by [21, 22]. The significance of suggesting this
method is because experimental constraint; conducting in nominals dark in a room. The
attenuation of the red colour channel causes the degradation of image quality because this
experiment is carried out in a dark room. Thus, the DCP technique will restore and enhance the
contrast of images. Meanwhile, the Laplacian and median filter can reduce noise and preserve
the image information so that the contour of the edge can be clearly seen when it is segmented.

Many studies have been conducted in segmentation method, where thresholding is one
of the simplest methods of segmentation that converts a greyscale image into a binary number.
It has been reviewed the best technique to be suggested is one proposed by [30] and [31] for it
has been tested by the authors with several methods of greyscale transformation before the
thresholding process. The greyscale transformations that have been tested include CMYK,
CIELab, HSV and XYZ colour model. From the analysis, it has been found that CMYK colour
model has produces the best thresholding accuracy. Besides, the algorithm has tested at the
open soybean field which portrays the stableness and robustness. Figure 2 shows the
structured of the pre-processing and processing technique in identify and counting Aedes
Aegypti larvae.
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Figure 2. Structure of the pre-processing and processing technique suggested

The technique in identifying and counting Aedes Aegypti larvae is suggested literally.
However, future work is recommended in order to cooperate with any pivots that may occur
during the experiment.

4. Conclusion

A review of different methodologies that have been used by various researchers in
identifying and counting Aedes Aegypti has been conducted. The best technique of image
processing is a technique which has high efficiency with less time of processing. Pre-processing
is an imperative step that is required in any application that involves image processing. An
important things that needs to be highlighted is the best method to be suggested in identifying
and counting of Aedes Aegypti larvae. The success in identifying and counting of Aedes Aegypti
larvae relies mostly on the algorithm and technique selected. Although the best technique has
been suggested, it is unethical to criticize other techniques because the technique has been
suggested based on the application inquiries. Nevertheless, other techniques has also have
their own drawbacks.

Acknowledgements

The authors would like to acknowledge Universiti Teknikal Malaysia Melaka (UTeM)
and Ministry of Education (MOE) for the support. The research has funded by Knowledge
Transfer Programme Grant (KTP Grant) Grant No. Gluar/KTP/2/2015/FKE/1/G00039.

References

[1] JR Powell, WJ Tabachnick. History of domestication and spread of Aedes aegypti - A Review. Mem
Ins Oswaldo Cruz. Rio Janeiro. 2013; 108(1): 11-17.

[2] JP Messina, OJ Brady, TW Scott, C Zou, DM Pigott, KA Duda. Global spread of dengue virus types:
Mapping the 70 year history. Trends Microbiol. 2014; 22(3): 138-146.

[3] D Veasna, P Dussart, P Buchy. Zika virus in Asia. Int. J. Infect. Dis. 2016; 54: 121-128.

[4] EL Pang, HS Loh. Current perspectives on dengue episode in Malaysia. Asian Pac. J. Trop. Med.
2016; 9(4): 395-401.

[5] B Kay. Dengue vector surveillance and control. Curr. Opin. Infect. Dis. 1999; 12(5): 425-432.

[6] FY Shih. Image Processing and Pattern Recognition (Fundamental and Techniques). Piscataway:
John Wiley & Sons Inc. 2010.

[7]1 L Beranek. Seeking Concert Hall Acoustics. IEEE Signal Process. Mag. 2007; 24(5): 126-130.

[8] Roger P Woods. The Image Processing Handbook. Second Edi. Philadelphia: Raven Publisher.
1995.

[9] CAB Mello, Wellington P dos Santos, Marco AB Rodrigues, ALB Candeias, CM Guasmao, NM
Portela. Automatic Counting of Aedes aegypti Eggs in Image of Ovitraps. Recent Adv. Biomed. Eng.
2009; 11: 211-221.

[10] J Kuruvilla, D Sukumaran, A Sankar, SP Joy. A review on image processing and image
segmentation. 2016 Int. Conf. Data Min. Adv. Comput. 2016: 198-203.

[11] D Kolhatkar. Detection and Counting of Blood Cells using Image Segmentation: A Review. World
Conf. Futur. Trends Res. Innovention Soc. Welf. 2016.

[12] M Boudhane, B Nsiri. Underwater Image Processing Method for Fish Localization and Detection in
Submarine Environment. J. Vis. Commun. Image Represent. 2016; 39: 226-238.

[13] JY Chiang, YC Chen. Underwater Image Enhancement by Wavelength Compensation and Dehazing.
IEEE Trans. Image Process. 2012; 21(4): 1756-1769.

A Review on Methods of Identifying and Counting Aedes Aegypti... (Mohamad Aqil Mohd Fuad)



1206 = ISSN: 1693-6930

(14]

(15]
(16]
(17]

(18]

(19]
(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]
(28]
(29]
(30]
(31]
(32]

(33]

(34]

(35]

CY Li, JC Guo, RM Cong, YW Pang, B Wang. Underwater Image Enhancement by Dehazing with
Minimum Information Loss and Histogram Distribution Prior. IEEE Trans. Image Process. 2016;
25(12): 5664-5677.

K He, J Sun, X Tang. Single Image Haze Removal using Dark Channel Prior. IEEE Trans. Pattern
Anal. Mach. Intell. 2011; 33(12): 2341-2353.

R Gao, M Liu, X Fan, Y Wang. Fast Algorithm for Dark Channel Prior. Electron. Lett. 2014; 50(24):.
1826-1828.

A Galdran, D Pardo, A Picon, A Alvarez-Gila. Automatic Red-Channel Underwater Image
Restoration. J. Vis. Commun. Image Represent. 2015; 26: 132-145.

K Igbal, M Odetayo, A James, RA Salam, AZH Talib. Enhancing the Low Quality Images using
Unsupervised Colour Correction Method. Conf. Proc. - IEEE Int. Conf. Syst. Man Cybern. 2010:
1703-1709.

AS Abdul Ghani, NA Mat Isa. Underwater Image Quality Enhancement Through Integrated Color
Model with Rayleigh Distribution. Appl. Soft Comput. J. 2015; 27: 219-230.

N Carlevaris-Bianco, A Mohan, RM Eustice. Initial Results in Underwater Single Image Dehazing.
MTS/IEEE Seattle, Ocean. 2010.

W Khantuwan, N Khiripet. Live Shrimp Larvae Counting Method using Co-occurrence Color
Histogram. 2012 9th Int. Conf. Electr. Eng. Comput. Telecommun. Inf. Technol. ECTI-CON. 2012: 1-
4,

A Flores, P Cris6stomo, J Lépez. Peruvian Scallop Larvae Counting System Using Image Processing
Techniques. 2008: 8-11.

MH Jali, TA Izzuddin, ZH Bohari, HI Jaafar, MNM Nasir. Pattern Recognition of EMG Signal D uring
Load Lifting Using Artificial Neural Network. IEEE Int. Conf. Control Syst. Comput. Eng. 2015; 11: 27-
29.

TA Izzuddin, MA Ariffin, ZH Bohari, R Ghazali, MH Jali. Movement Intention Detection using Neural
Network for Quadriplegic Assistive Machine. Proc. - 5th IEEE Int. Conf. Control Syst. Comput. Eng.
ICCSCE. 2015; 11: 275-280.

MH Jali, TA Izzuddin, ZH Bohari, MF Sulaima, H Sarkawi. Predicting EMG Based Elbow Joint Torque
Model using Multiple Input ANN Neurons for Arm Rehabilitation. Proc. - UKSim-AMSS 16th Int. Conf.
Comput. Model. Simulation, UKSim. 2014: 189-194.

A Martin, D Sathish, C Balachander, T Hariprasath, G Krishnamoorthi. Identification and Counting of
Pests using Extended Region Grow Algorithm. 2nd Int. Conf. Electron. Commun. Syst. ICECS. 2015:
1229-1234.

Q Yao, D xiang Xian, Q jie Liu, B jun Yang, G giang Diao, J Tang. Automated counting of rice
planthoppers in paddy fields based on image processing. J. Integr. Agric. 2014; 13(8): 1736-1745.

Y Lu, S Qin. Stored-Grain Insect Image Processing Based on a Hidden Markov Model. 2010 Int.
Conf. Electr. Control Eng. 2010; 2: 1997-2000.

F Camastra, A Verri. A Novel Kernel Method for Clustering. IEEE Trans. Pattern Anal. Mach. Intell.
2005; 27(5): 801-805.

JGA Barbedo. Using Digital Image Processing for Counting Whiteflies on Soybean Leaves. J. Asia.
Pac. Entomol. 2014; 17(4): 685-694.

J Garcia, A Barbedo. Automatic Method for Counting and Measuring Whiteflies in Soybean Leaves
Using Digital Image Processing. Proc. IX Braz. Congr. Agroinf. 2013.

B Kanti Das, K Kumar Jha, H Sekhar Dutta. A New Approach for Segmentation and Identification of
Disease Affected Blood Cells. Proc. - 2014 Int. Conf. Intell. Comput. Appl. ICICA. 2014: 208-212.

M Mohamed, B Far. An Enhanced Threshold Based Technique for White Blood Cells Nuclei
Automatic Segmentation. 2012 IEEE 14th Int. Conf. e-Health Networking, Appl. Serv. Heal. 2012:
202-207.

JGA Barbedo. Method for Counting Microorganisms and Colonies in Microscopic Images. Proc. -
12th Int. Conf. Comput. Sci. Its Appl. ICCSA. 2012: 83-87.

H Pistori, VV Viana Aguiar Odakura, JB Oliveira Monteiro, WN Gongalves. Mice and Larvae Tracking
Using a Particle Filter with an Auto-adjustable Observation Model. Pattern Recognit. Lett. 2010;
31(4): 337-346.

TELKOMNIKA Vol. 15, No. 3, September 2017 : 1199 — 1206



