J. Biol. Chem. Chron. 2020, 6(2), 11-15
ISSN (Print): 2454 - 7468

ISSN (Online): 2454 — 7476
www.eresearchco.com/jbcc/

Internet of Things (IoT) to Study the Wild Life: A Review

Pawitar Dulari', Ajay Bhushan?, Brijender Bhushan®" and Vivek C. Chandel*

'Department of Physics, Government PG College, Una (H.P.) -174303, INDIA
2 M. Tech (1.T.),Galgotias College of Engineering & Technology Greater Noida, (U.P.)-201306, INDIA
® Department of Zoology, Wazir Ram Singh Government Degree College, Dehri (H.P.)-176022, INDIA
“Department of Botany, SCVB Government Degree College, Palampur (H.P.)-176061, INDIA

“ Correspondence: E-mail: bantu.sls@gmail.Com

DOI: http://dx.doi.org/10.33980/jbcc.2020.v06i02.002

(Received 27 Jul, 2020; Accepted 01 Sept, 2020; Published 09 Sept, 2020)

ABSTRACT: Internet of Things (I0T) has emerged as an efficient technical support for the biological researchers.
Present study has been focused on four applications of 1OT used for wildlife monitoring; location tracking, habitat,

in situ observation,

and behavioral studies. IOT based monitoring unit for wildlife studies mainly includes sens-

ing, communication, software and relative hardware components.
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INTRODUCTION: The vision of smart world has
been proposed for many years, and the research on
Internet of Things (IOT), pervasive and ubiquitous
computing, Cyber-Physical Systems (CPS), Wireless
Sensor  Network (WSN), Machine-to-Machine
(M2M) systems have been discussed extensively in
both the academic and industrial fields."® There is
an increasing overlap and merger of research
topics, and these technologies have been applied
in many areas such as agriculture, disaster, health,
environment, industrial control, transportation, etc.*

Similarly there has been a simultaneous modification
in the components of IOT. These days, a typical 10T
platform consists of three components: wireless
communication, sensing and cloud service.> >’ As per
the requirements of industrial field or research prob-
lem undertaken, the 10T architecture can be designed
and made to perform accordingly.” ®*

In the past years, the natural environment is in-
creasingly destroyed, and the monitoring and pro-
tection of wildlife is becoming more and more
important. Development and survival of animals and
plants is possible under appropriate environmental
conditions. Here the environment conditions include
both the biotic and abiotic factors related. The interac-
tion of wild organisms with various factors of sur-
rounding environment is very hard to ascertain as of
limited direct social communication between wild
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organisms and human. This communication is far
more apart in case of wild animals, which reside in
their normal habitats. In order to understand the be-
havior of these organisms and make them survive on
this planet for longer durations, we need to study the
various aspects related to their normal life under natu-
ral environmental conditions. Presently there are
many protocols are still more added in routine basis to
ascertain such aspects. “Internet of Things (IoT)” is a
promising software-hardware network including the
same aspect related to study of animal life for their
well-being."™

In this paper, we introduce the research on IOT for
wildlife monitoring, and we mainly focus on four
important and fundamental application topics: lo-
cation tracking, habitat, natural environment(in situ)
observation and behavior recognition. Data collected
with this software may help the biologists working in
the same field to understand the hazards faced by
natural threatened species and ecosystems. This un-
derstanding will definitely be helpful in framing com-
paratively more effective conservation strategies. Here
we have observed some frequently used research me-
thods for animal and plant population ecology, and
tried to investigate the current and futuristic applica-
tions of the “Internet of Things” technology. > >

Components of a typical wildlife monitoring unit:
A typical wildlife monitoring unit consists of sensing,
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hardware, software, and communication components,
as is shown in Figure 1. The hardware component
includes Micro-Controller Unit (MCU), memory, and
power supply (solar panel and/or battery). The soft-
ware component includes lightweight operating sys-
tems (UCOS, TinyOS etc), drivers (memory driver,
sensor driver etc.), identification mechanisms and
middleware. The middleware deals with the issues on
standardization of heterogeneous hardware and soft-
ware interface, data stream processing, location and
context analysis, etc.® In sensing component, we apply
different sensors for different observing applications.
For tracking, various localization methods are used
such as, satellite positioning receivers namely GPS,
Galileo, Glonass, Beidou etc. This variation in loca-
tion techniques is preferred since wild animals have a
broad roaming range. For behavioral studies, we apply
acceleration, gyro sensors.*'® For the habitat envi-
ronment observation; we apply monitoring sensors for
parameters such as humidity, temperature, height,
light, wind, camera, etc.

Table 1: Power consumption of G-tracker.

Item Power consumption
Power: 2.5-5.5v;
MCU Current: Typical 4-6mA; Idle
1mA; Power off ImA
Satellite Current: Typical 20mA
Power: 3.2-4.8v; Current: Typi-
GSM cal 20mA
Sensors Total current: Typical 3mA
Application: Application: Applieation:
Tracking Behavior Recognition | Habitat Observation
Long distance communication: Short distance communication:
Mohile, WMN802.11 WEN(802.15.1, flow pan,.), RFID
Sensors: “Omze:f!;nw. Sensors:
Satellite positioning: ’ I ol Motion Sensor:
; enperatue, :
GPS, Beidou i Acceleration
humidity

Software; 08, middlew are drm er, Wentification
Hardware: MCU, Power Supply, Memory

Figure 1: Construction of wild life monitoring unit.

There are two types of communication components:
cellular and capillary. For cellular type, we apply
Global Systems for Mobile Communication (GSM),
Third and fourth Generation (3G/4G), Long Term
Evolution (LTE) for long distance communication. In
case of capillary type, IEEE 802.11 protocol can be
applied for long distance communication, while IEEE
802.15.4, IETF, 6LoWPAN, Radio Frequency Identi-
fication (RFID) etc., can be applied for short distance
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communication.*™ Although both cellular and capil-
lary communication components can be applied for
long distance data transmission, the cellular compo-
nent may cover nation-wide communication range and
require big size base station; while the capillary com-
ponent can provide better mobility and have self-
organizing characteristic, the size of the base station
could be small according to the application require-
ment.

Figure 2 shows typical scenario of wildlife monitor-
ing. Habitat environment observation, sensor nodes
are set up in the observation area, and are connected
through sensor networks, such as IEEE 802.15.4. A
sink node collects the observation data and connects
with a backbone Wireless Mesh Network (WMN),
such as IEEE 802.11s. The sink node performs as a
mesh Access Point (AP) in WMN. Capillary commu-
nication is required in this work.*™*°

Information
Server

Tnformation
Serer

(4) Infor mation
Semvie {4 Information

Zavize

AutoID 1D

Figure 2: Auto-1D (left) and ulD (right) architec-
tures.

Functioning of IOT for wildlife monitoring:

a. ldentification: Some wildlife organisms such as
migratory birds travel in very wide area, so an ID is
required for identification. The architectures of Net-
worked Auto-1D and ulD 10T are shown in Figure 3.
Each device (or tag) has a global unique ID in the
communication platform, and main data processing is
in the back information server (1S). For wildlife track-
ing, the Networked Auto-ID and ulD IOT could work
similarly; while for habitat monitoring, the ulD IOT
may have better performance since the terminal in the
architecture could acquire both identification (uCode)
and context information. In practical implementation,
we could record identification information in the
analysis server and information server, and install a
Near Field Communication (NFC) module in the
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hardware, and add unique identification code in the
transmission data.'”**

b. Mobile Access Point(MAP): The mobile access
point (MAP) should have two functions:

(1) Gateway function for connecting internet and sen-
sor network: In unconstrained internet, we apply
HTTP and TCP in the application and transportation
layer, and apply IPv4/IPv6 in the network layer; while
in constrained sensor network, we apply IETF CoAP
and UDP in the Application and Transportation layer,
and apply IPv6/IETF 6LoWPAN in the Network layer.

(2) Function for Ad-hoc networks: In the research and
development of mobile ad-hoc networks (MANETS),
vehicular ad-hoc networks (VANETS) have been stu-
died in the framework of Intelligent Transportation
System (ITS). In some other cases the vehicle (or a
balloon, or a drone) could be equipped with commu-
nication device, and it could act as a communication
station to form a MANET with other WMN AP. Di-
rectional antennas should be applied for extending
IEEE 802.11s transmission range, and solar panels
should be installed on the mobile AP for power charg-
ing.17'23

c. Monitoring Device: Three kinds of devices could
be applied for tracking under such wildlife study con-
ditions: mobile communication (GSM) based tracker
(G-tracker), wireless communication based tracker
(W-tracker), and satellite communication based track-
er (S-tracker). Besides the device components (soft-
ware, hardware, sensing, and communication), re-
source saving mechanism is necessary since a unit
may work for more than 1 year for acquiring consecu-
tive monitoring data. Standardization is important for
the monitoring unit. For communication, in Physical
layer, we could apply IEEE 802.15.4-2006; in MAC
layer, we could apply IEEE 802.15.4e, low power
IEEE 802.11; in Network layer, we could apply IETF
RPL and IETF 6LoWPAN. For system control, we
could apply IEEE 1888 series standards."’ %

c. Wildlife tracking: A tracker with a satellite posi-
tioning receiver sends the location data to the data
center through cellular network or IEEE 802.16.,
when the tracker is within the effective communica-
tion area. Mobile AP (drone, balloon, vehicle, etc.)
could be applied to relay the data when the tracker is
out of the communication area. The behavior recogni-
tion unit with acceleration and gyro sensors could be
installed in the tracker. Cellular and capillary commu-
nications could be integrated in this scenario. There
are many IOT research issues on communication top-
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ics such as WSN, WMN, Mabile Communication,
next generation internet, cloud service, etc.'** 222
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Figure 3: Behavior recognition process.

d. Output: In many wild areas, there are few mobile
communication base stations, so Location Based Ser-
vice (LBS) doesn’t work efficiently, and the main
localization method is satellite positioning system.
Figure 4 shows behavior recognition process. Feature
extraction is performed on the base of the acquired
location, motion, environment, and physiological data.
Behavior recognition and recognition model could be
concluded on the base of the learning from structural
and statistics features.*
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Figure 4: Graphical representation showing 10T
arrangements for wildlife monitoring.

e. Checklist for undergoing wildlife tracking: If we
have started the research and practical implementation
on 10T platform for wildlife monitoring for 1 year, the
aim of the preliminary research is to develop an effec-
tive monitoring unit for tracking and behavior recog-
nition. The device power and memory are limited, so
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resource saving mechanism is an important issue.
MCU rest and activation, local data computation and
integration, data storage, effective data transmission
and communication area indication, are the mechan-
isms one need to be concerned about in order to pro-
mote system’s working efficiency. The cooperation of
these four mechanisms is must for active working:

(1) For MCU rest and activation, usually a timer is
used to wake up MCU in a certain cycle. For some
research applications however, the MCU can be made
to wake up according to the wildlife’s behavior status.

(2) For local data computation and integration, the
MCU analyze the positioning and sense data. Since
some data amount is very big, so it takes more power
during transmission. For example, the MCU performs
behavior recognition on the base of the acceleration
and gyro data, and only stores behavior data in the
memory.

(3) For data storage, the memory may get overflowed
if the positioning and sensing data increasingly stored
in the memory before transmission. Data should be
separated by the status and feature. For example,
when the wildlife moves from “resting” to “flying”,
the data should be defined as “important” data.

(4) The new data replaces the “unimportant” data
when the memory is overflowed. Coding algorithm
and processing could also be applied.?*?®

Present and further scope: 10T will definitely be a
better option for the wildlife ecological and behavioral
research programmers and users. 10T is still growing
continuously, incorporation many new features on
daily basis, finding new users and replacing old tradi-
tional methods used for the similar type of studies and
events. Presently it is possible to study various eco-
systems with much accuracy and clarity. This may
help the researcher to get something more meaningful,
which will definitely improve and enhance the know-
ledge of society about something unexplored. Such
development and thought can also help in further
modification of existing system, addition of some new
features to the existing ones.* #2032

CONCLUSION: We observe an increasing require-
ment on ease of use of networks and services while
maintaining privacy, and a proliferating number of
“endpoints” including sensor clouds and of new net-
works types, such as vehicular networks. To solve the
ensuing problems, this paper has proposed using iden-
tities, more precisely virtual identities, as representa-
tions of entities of all kinds as the endpoints of com-
munication. It also proposes using digital shadows
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that represent projections of the entities involved in a
communication use or in sessions. The handling of the
privacy of data in the network and the infrastructure
will be one of the vital issues to solve, as the tempo-
rary collection of session data is a potential asset that
can be exploited. Future work will need to ensure that
privacy needs of users and governmental requirements
on handling data are met. The increased ease of use
and improved flexibility to support new services and
means of access in a dynamic and collaborative envi-
ronment must be matched with an increased support
for privacy protection if the solution is to be accepted.
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