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ABSTRACT

This paper reports about design and development of a novel
mobile electronic nose assembly, which is an inspection cum
controlling system. It is used to detect and control the fungi
growth. The Model is tested in North-Eastern (Shillong) Region
of India. The diseases like Aspergillosis, mucor amphibiorum,
penicillium marneffei and hypersensitivity pneumonic are caused
due to long term exposure of Aspergillus Sp., Mucor Sp. and
Penicillum Sp. fungi which causes severe breathing problem,
bleeding lungs, cancer and even death . The developed system
can be used in the room/laboratory/library or any closed
environment in which the fungal growth control is needed to
prevent the spread of fatal diseases.
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1. INTRODUCTION

In Shillong, Meghalaya, India, rain begins in the month of April
and continues till the end of the month of July. During this
period, it receives an average rainfall of 2163 mm. Along with
rainfall the temperature varies between 14°C and 24°C [1].
Hence, these moderate conditions provide excellent breeding
environment for fungi, both harmful as well as useful.

Residing in a fungal environment can be fatal in extreme cases
and even a short term exposure to such conditions is highly
injurious to human respiratory system. Dieses like asphergillosis
and hitoplasma are caused due to long term exposure of various
fungi in particular by crypococcosis and blastomycosis which
causes severe breathing problems [2]. Short periods of exposure
to lower levels of mold may include the common symptoms of
sneezing, skin irritation, itchy, watery eyes and headaches. People
are also suffered by runny nose, nasal congestion, coughing,
postnasal drip, swollen eyes, dark circles, crusty eyes, itchy nose
and itchy throat. Long term exposure results aspergillus which
can lead to skin rashes, hair loss, abdominal pain, tinnitus, hearing
loss, long-term memory loss, bleeding lungs, cancer and even
death [3].

The growth of fungus depends on temperature, humidity and light
intensity [4]. Temperature and humidity can efficiently be
controlled by air-conditioners readily available in the markets.
However, due to poor cleaning practices of the appliances in long
period, the air-conditioner filter provides hospitable conditions for
fungal growth upon them. Hence, the preventer become a fungus
spreader.

There is no readily available solution for detection and deletion of
fungi in a single integrated system particularly in Shillong.
Presently, available techniques require direct human contact with
the fungi for eradication. There is no system that is designed for
specific fungus detection in the North-Eastern region of India
encountered in rainy season.

We proposed and developed a novel electronic nose assembly,
which is an inspection cum controlling system used to detect and
control the fungi growth. The system can be used in the
room/laboratory/library/any closed environment in which the
fugal growth control is needed.

The research in field of electronic nose technology has been
carried out since late 1982 [5-8]. The electronic nose functions to
imitate odors and flavors similar to human nose. The human
system works in a systematic manner following specific
procedures to identify, compare, quantify and other applications.
The imitation cannot be perfected since the olfaction is
prerogative of every individual. Recently, electronic nose finds
potential application in the field of winery, bakery, tea and
agriculture [9-13].

A considerable work has been done in study of fungi diversity in
North-Eastern India. These include work in the classification of
fungi on the basis of their symbiotic relationship with other plants
[14].

Also, there are some fungi (Aspergillius elegans, A. humicola, A.
ustus, A. wentii, A. candidus, A. tamccrii and A. japonicus) which
remain dormant for the major part of the year [15].
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2 EXPERIMENTAL
2.1 Design of Mobile Electronic Nose
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Figure 1. Block diagram of designed mobile Electronic Nose

The block diagram shown in Figure 1 consists of a mobile vehicle,
gas sensor, fungicide dispenser, wireless camera, microcontroller,
and computer.

Fungicide Dispenser:

A broad spectrum fungicide has been used to eradicate the
detected fungi. The fungicide has been filled in compressed form
in a can for spraying on fungi. A mechanical system is designed
that triggers fungicide’s spray remotely (wireless).

Wireless CMOS Camera:

The camera gives the freedom to the user to stay out of the
infested area. It has 100 m range and works at 24 GHz frequency.
The images or videos of site are viewed on computer to take the
decision.

Microcontroller:

The 8051 microcontroller help the gas sensors to send the desired
signals to the computer wirelessly. The sensors send the output to
the signal conditioning circuit followed by ADC.

Mobile Vehicle:

The CMOS camera, fungicide dispenser, gas sensors unit are
mounted on commercially available remote control car which
works at 27 MHz frequency. This vehicle works on basis of RF
(Radio wave frequency) module with paired transmitter and
receiver. An IR (Infra-Red frequency) module was also available

but with poor range of about 6 inches and line of sight control
only. The RF circuitry gives the freedom to operate at long
distances (at up to 30 metres) and is more efficient even if
obstacles are present between the transmitter and receiver hence
overcoming the line-of-sight operation drawback.

2.2 Data Acquisition

The fungi sample was obtained upon a substrate in a petri dish.
This experimental was put in a closed room for 24 hours under the
room temperature from 24 to 16 °C. After 24 hours, sample was
sent for laboratory testing. The image of fungal growth is shown
in Figure 2.  The gas sensor TGS 822 interface was put in the
same room along with the petri dish to estimate the gas levels
[16]. The sensor is commercially available from Figaro Company,
Japan.

The fan in front of sensor extracts air and blows the detected gas
on sensor surface. Based on the software algorithm an
electrochemical reaction, the sensor function identifies the fungi.
The circuit diagram of sensor consist mainly of load resistance
(RL) which serves multiple purposes of obtaining output and
regulating sensor power consumption as shown in Figure 3a.

All the R are finally connected to signal conditioning circuit
consisting of amplifiers and filters.

The sensor TGS 822 has been used since a long time and
presently its successor TGS 2620 is found to be of same capability
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with added features. This new sensor manufactured by same (+)
company has reduced number of pins from 6 in TGS 822 to 4 in (3 5
TGS 2620. This reduces the complexity in the interfacing l 3+(+)

circuitry. Moreover, the power consumption i.e., circuit voltage
has reduced by over 50% making it more efficient. The reduction
in sensor size and pins helps mounting on the vehicle easier.
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As shown in the Figure 4, the temperature varies from 14 “C to
24°C in months of April-July which are considered as summer in
Shillong. Months of November to February have temperature
range from 4 °C to 21 °C and are winter. June is the hottest and
January is the coldest. The annual rainfall is 2163 mm with
highest in the month of June of 350 mm [1]. These
environmental conditions are best suited to grow very fatal fungi.
The microscopic view of Mucor Sp., Penicillium Sp., and
GND o & P o0 Aspergillus Sp. are shown in Figure 5 (a-c) respectively. The
Japan) diseases like Aspergillosis [17-19], mucor amphibiorum [20-21],

penicillium marneffei [22-23] and hypersensitivity pneumonic are
caused due to long term exposure of Aspergillus Sp., Mucor Sp.
and Penicillum Sp. fungi.
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(c): Aspergillus Sp. and its effect shown on human hand

Figure 5. Microscopic view of fungi and its affect

For the purpose of data computation, the computer is installed
with the software Matlab R2009a which is used for the detection
of fungi after image processing. The software comes with several
toolboxes which are efficient in determining the presence of dark
spots in an image. The dark spots here are fungi colonies provided
having a single colored background.

3. RESULT AND DISCUSSIONS

3.1 Data Interpretation:

The experimental was tested in the advance Biotechnology
laboratory, of NEHU, Shillong. The following fungi species were
found in abundance on the substrate: Aspergillus Sp., Penicillium
Sp., Mucor Sp. The further study on these fungi and their
environment ill effect were studied from literature. Some ill
effects have been shown in Figure 5. This gave better
understanding on the behavior, characteristics and effect of fungi
common in Shillong, the North-Eastern part of India. The
fungicide was thus selected and pressurized into a can to eliminate
the fungi.

3.2 Computer Programming:

The wireless camera captures the image and sends them to
computer. The computer is installed with the Matlab R2009a. The
images are operated with functions of color segmentation,
simplification and then edge enhancement. The aim is to identify
the fungi in the form of circular spots in a uniform background
image. The Matlab software comes with various inbuilt toolboxes
for image processing. The Matlab program first converts the
original RGB (Red Green Blue) image in to gray scale image
followed by color enhancement. The result is shown in the figure
6a. A histogram is also available for a theoretical review of the
image as shown in the Figure 6b.

Figure 6a. Images of steps taken using the image processing
software.
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Figure 6b. Image of resulting histogram.

3.3 Functionalities:
The image of developed mobile electronic nose with computer
and remote control setup is shown in Figure 7.
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Along with the primary objective of fungi detection, some other
prominent functions are also done by this assembly. For visual
assistance of the user sitting at the remote and safe surrounding,
the vehicle uses a wireless CMOS camera. This camera gives
high resolution videos at 20 fps and with resolution of 600 x 900
pixels. The spray gives a modest range of 1.5 feet from its nozzle
up to the target.  Though, the vehicle gives a wide area of
movements i.e. forward, backward, left and right directions, but
the fungicides spray is limited in forward direction. Hence, the
operator of the vehicle needs to be trained in handling its
movement from remote.

Figure 7. Image of developed mobile Electronic-Nose with
computer and remote control setup in NEHU Shillong, India.

Once the fungicide has been spread, it was found necessary to
remove the debris. This was achieved with a mechanical setup for
cleaning the path of the RC vehicle by close surface contact. Also
a small suction pump was used to suck in the dry fungus and other
surface particle.

Since the spray is not currently free to move, we need to increase
its degree of freedom to be elevated and moved left and right.
The image obtained can be further worked with algorithm to give
the nose capability of image processing and pattern recognition.
The advancement in nanotechnology and VLSI can give more
advance sensors required for rapid and more accurate detection.

4. CONCULSIONS

A novel mobile Electronic Nose is designed and developed with
features of detecting the most commonly fungi i.e. Aspergillus
Sp., Penicillium Sp. and Mucor Sp. were found in closed
environment of Shillong. The developed mobile Electronic Nose
is remotely controlled and has facility to kill the harmful fungi
present on the surface of wooden tables and workbenches. Hence,
it plays a great role to clean the workplace environment and
preventing the spread of fatal diseases like mucor amphibiorum,
penicillium  marneffei, hypersensitivity phenumonics and
asphergillosis. Therefore, the mobile Electronic Nose will serve
the human being if this prototype developed model is
commercialized.
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