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Abstract
The Mobility First network architecture is introduced to differentjategt human
readable names with corresponding Global Unique ldentifiets (GUIDg); e dynamic
network address locators. The human readable name c anag nal assigned to a
unique GUID by Name Certification Services (N S ass network objects
(Things) are mapped to a set of network address@ﬁ |srupt|on Tolerant
Network (DTN) is used in the Mobility First fo |C|en nlcatlon GUIDs are

assigned to Internet of Things (loT) andg}ernet 0 rwater Things (loUT).
Underwater things can collect the unde data u ensors, underwater modem,

underwater Medium Access Control board, and transducer etc. Internet of
Underwater Things (IoUT) can com te s in the ocean environment to the
offshore 10oT. Underwater th| constg%b in offshore investigation, disaster
anticipation, data gatherl S|sted navigation, pollution checking and strategic
inspection. To achieve these features, thls%r proposes architecture with three layers.
They are loUT Iayer mmunl ayer and loT layer. lIoUT layer gathers the
information with thé f under thmgs DTN communication layer sends this
information to loT h he f Global Name Resolution Service (GNRS). Dynamic
binding of n ddres by GNRS. By using loT layer ocean data can be
broadcasted erent |ons like scientific applications, military applications,
industrial ap tlons V|I|an applications. Results are shown by using the GUID
accessing based on p ty

Keywords: In of Underwater Things; Delay Tolerant Network; Underwater
Things; Global gue ldentifier; Global Name Resolution Service; Mobility First;
Internet of

1. Int@tlon
%I ity First network architecture is a part of future internet architecture program and
itis

esently under development. This architecture is planned to separate human readable
names, the corresponding Global Unique Identifiers (GUIDs), and the dynamic network
address locators [4]. The human readable names are assigned to a unique GUID by Name
Certification Services (NCSs). GUID space is huge, so the probability of collisions is
negligible. For this reason no coordination is required between NCS providers. GUIDs
which are assigned to network objects will be mapped to a set of Network Addresses
(NASs).

GUIDs are assigned to underwater things for efficient communication. Underwater
things are used in offshore investigation, disaster prevention, data collection, assisted
navigation, pollution checking and strategic inspection. Underwater thing outfitted with
sensors, will allow the examination of underwater resources [6] and gathering of technical

1 Corresponding author

ISSN: 1975-0080 IJMUE
Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.8 (2014)

data in collaborative monitoring operation. Internet of Underwater Things (loUT) [3] find
the changes in the ocean environment and communicate to Internet of Things (loT) [5].
The changes send to the offshore IoT with the help of Mobility First. Global Name
Resolution Service (GNRS) is used for dynamic binding of names to address. Delay and
Disruption Tolerant Network (DTN) is used to communicate between the underwater
acoustic sensor network and internet with help of Mobility First [14]. By using internet,
ocean data can be broadcasted in different applications like scientific applications,
military applications, industrial applications and civilian applications.

This paper is organized as follows. Section Il explains Internet of Underwater Things
Architecture using Mobility First. Section Il shows internal architecture of Underwater
Thing. Section IV explains Assigning GUIDs. Section V gives the details of Delay and
Disruption Tolerant Network. Section VI explains applications of loUT. Section M| d als
with the GUID results. In the last Section, we conclude our paper and o ure
works. %V

2. Architecture of 1oUT Using Mobility Flrst\ﬁ
The proposed IoUT architecture is shown in F ff

%(rs loUT layer,
Q\)’V

DTN Communication layer and loT layer.

. Q \
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[ loT Name Certification Service ] 4@ &\
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@O Figure 1. Architecture of loUT using Mobility First

[ loUT Name Certification Service ]

IoUT layer gathers the information from underwater and communicate to 10T
layer with the help of DTN communication layer. Underwater things query the
GNRS for 10T mapping with the help of gateway. GNRS provides 0T network
information to the underwater things. Communication between 10T layer and loUT
layer happens with the help of DTN nodes. DTN nodes store and forward
mechanism is used between the DTN nodes to pass the information. Reliable hop by
hop transmission is used in DTN communication layer.

2.1. 1oUT Layer

IoUT layer is associated to underwater environment and collects the information
related to the underwater environment. Underwater things can gather the
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information like pH, CO2, and current temperature etc., with the help of different
kind sensors. Underwater thing equipped with sensors, which allows the inspection
of underwater properties and measuring of technical information in collaborative
monitoring applications. These applications are disaster anticipation, offshore
exploration, and strategic inspection so on [9]. loUT Name Certification Service
(NCS) assigns the public key based GUIDs to underwater things.

2.2. DTN Communication Layer

Delay and Disruption Tolerant Network (DTN) is wused to establish
communication between heterogeneous networks. In this paper DTN is used for
establishing communication between underwater acoustic sensor networks and RF
(Radio Frequency) communication [18]. In this layer storage aware DTN%t)n’g
enables the access of the data from underwater and transmits th ired

information to the base station center hop by hop transmission, routing
protocols are considered to support network storage wheq essentiaktg overwhelmed
connection quality variations and disconnections [IN]: NRS i to mapping

omain routlng

between the GUIDs to corresponding NAs. Mohit rst
ani fluctuations and

protocols are used to support store and forw

disconnections occur [10]. x
2.3. 10T Layer

This layer provides the underwate N{ to the @grent things like mobile devices,
PCs, laptops and air vehicles. 10T Cert ervice (NCS) assigns public key

based GUIDs to the thmgs

3. Underwater Thing

In 1oUT layer unde thm S a& Underwater thing is assembled with various
components like tra ers, senﬁslnterfaces sensors, Medium Access Control (MAC)

board, under dem, or power supply etc. Underwater thing is designed
with diﬁere@d of sen h underwater thing is equipped different sensors like
pH, turbidity temp sensors and related sensor interfaces. Based on the sensor
type underwater th| send appropriate data. Underwater thing is protected with

underwater proofi as shown in Figure 2. Underwater thing is pulled down into
underwater by tb@anchor with the help of chain. Battery is placed in the underwater
thing, to supply *electric power to underwater modem, MAC board and sensors.
Transduc&ﬁerts the electric signal corresponding to the sending data to the acoustic
signa:,.\@ ucer is one of the main internal components of the underwater thing. Figure

e internal architecture of underwater thing.

: Acoustic Transducer

Battery for Acoustic
Modem +14.8V

Battery for
Base-board +5V

Transducer Protective Communication Base-board Cover & Anchor

Figure 2. Internal Architecture of Underwater Thing
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In this section we explain the internal architecture of underwater thing available for the
IoUT. Underwater thing can have three functionalities.

3.1. Sensing

For sensing sensor and sensor interfaces have been used together. Sensors are used to
sense the pH, CO2, turbidity, etc. Sensor interface is used to make interfacing among
sensors and main board.

3.2. Processing

Microcontroller contains a processor core, memory, and programmable input/output
peripherals. In our experiments, we used Cortex-M3 MCU (Micro-Controller Unit).
Microcontroller process the sensing data. Cortex-M3 is used as MCU tt* Mhe

underwater acoustic modem.
3.3. Communication % QRC?
Underwater acoustic modem, MAC Board and tra g}r re u‘ii?? nderwater thing
C

communication. Acoustic modem directly conng rd for underwater

communication. Underwater acoustic modem corita - of t lar boards. They are
an analog transmission layer, a digital | and an_ an g reception layer. The
underwater acoustic modem is equippe STM a main processor, Serial
Peripheral Interface (SPI) and Univer nchro eceiver Transmitter (UART)

communication ports for interlocki ith er or other device. Transducer
converts electrical signal into a Ugﬁ ignal versa This transducer conducts 70
KHz frequency and half-duph& unlcatl underwater modem.

4. Assigning GUID
Internet of Und ‘é’hmgs (loU® faces two major challenges. One is the universal
identity of und th| other is standardizations of the data format for
underwater t abling t requires a global identification system for things to
be distinguis .rom trill of internet things and underwater things and to make them
globally accessible fro@nternet. The current Internet architecture uses an IP address
r identification of thing. In the internet physical objects are

as both ID and Ioca(b
identified at pr evel through attached tags and network objects are directly

identified at a ion level. In the current Internet, both physical and network objects
cannot be ed or identified directly by the core network which leaves the 1oUT just
another t applications.

t IP addressing from computers to underwater things, i.e., assigning all things an
IPvByaddress, which has a huge addressing space. IPv6 defines the lowest 6 to 8 bytes of
addressing space as device ID, inherent from the 6 bytes of Medium Access Control
(MAC) addresses. Although 6 bytes are long enough for identifying all physical objects
connecting to the Internet, there are a few fundamental issues with directly using IPv6
addresses as object identities. Firstly, it does not support mobility. The devices' dynamic
connectivity or lost connectivity and multi-homing cannot be handled efficiently in I1Pv6,
and IP tunneling may be necessary between different operators. Secondly, it is inherently
insecure at the network layer; neither the source nor the destination can prove their
authorities through their identities. Most sensors and tags may not be able to run an IP
stack directly due to their cost and energy constraints. Therefore, there is no need to stick
on IPv6 for assigning network identities to underwater things. For these reasons the
concept of GUIDs is introduced for loUT.

Theﬁ otocol stacks for underwater environment is explained [16]. One approach is
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4.1. GUID (Global Unique Identification System)

Global Unique Identification (GUID) technique is the separation of naming and
addressing. Every Thing is assigned with a GUID, which is independent of its addressing
scheme and locations. Fig. 3 shows the internal architecture of GUID.

Primary Key

Figure 3. GUID Structure

The first principle of 10T and IoUT is the name and address separation, g '\éry
network object a GUID independent of its network address. In Iegacy ems GUID
Address is defined by 128 bits. Realization of GUID with4128 bits mentatlon
issues in under water. RF communication does not w S in th water because

of attenuation. Instead of RF communication, acous tion»s used in under
water. But acoustic signals have low bandwi ation delays [1].
Underwater things are usually powered by batterl hich icult to recharging and
replacing in underwater environment [8] |mple entifg” GUID in underwater
environment is one of the challenging is ashlng‘ application of a function to
the key value that results in mapping th N@ of po ey values into a smaller range
of relative addresses. GUID structur owner public key and sequence
number as shown in Figure 3 r ma\% e key pair for multiple underwater
things he owns with seque ers. NCS n owner selected service to publish a
GUID for underwater things he/she own% aps a human readable semantic string, for

example, "temperature of L@rwater Q‘Q

4.2. Global Name Resbldtion Se%:e

Global N lution @@ce (GNRS) provides the mapping between GUIDs and
the correspo NAs 1 S [4] is similar to today’s DNS (Domain Name Server)
service which maps a U Resource Locator (URL) to an IP address.

&

NCS Server

Underwater

Figure 4. Global Name Resolution Service
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There are three types of events in GNRS: insert, update and query operations. These
operations are shown in Figure 4. When Jim’s phone moves to another network, it sends
an update message to the GNRS to report the new mapping. If another underwater thing
wants to communicate with Jim’s phone, it sends a query message to the GNRS asking
for Jim’s phone network address before their communication, and then GNRS will return
Jim’s phone mapping to underwater thing.

4.2.1. GNRS Query Operation: In the GNRS query operation, assume Thingl is in
network NA1 and wants to query Thing2. GNRS query operation is shown in the
Fig. 5. Thingl first sends out the query request message to its border gateway router. The
border gateway router forwards the query request message to GNRS for Thing2 mapping.
GNRS returns the Thing2 mapping to Thingl’s border gateway router, who will then
reply to Thingl’s query with the mapping information. Using the mapping i fMOh
Thingl communicate with Thing2. %V

. Q%ﬁure 5.@5 Query Operation

4.2.2. GNRS U \}Ope ati In the GNRS update operation, suppose Thingl
belongs to netwe Al and S 10 update its mapping (GUID, NA2). Thingl sends an
update mess the

r ateway router. The border gateway router sends the update
guery to GNRS as showmigFigure 6.

Router

1. Update
2. Send Update query

Figure 6. GNRS Update Operation

4.3. Name Certification Service

The NCS provides translation between human readable name and GUID. It acts as a
certificate authority in distributing the public key based GUIDs.
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i Acoustic ta
Sensors 8
RFID tag
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Name Certification Service

: °
GUID = “1001000101010” Primary Key x)

Figure 7. Name Certification Service

PIT tag

IT tags and

Figure 7 shows example assignment of GUIDs to seuggﬁacoust'
i publlc keys to

RFID tags. NCS provides a facility to generate auto

use as GUIDs. Q x)

4.4. Naming Convention and Mapping
5 nd ad

GUID technique is the separation of-q ng. Every network object is

assigned with GUID, which is inde t of i dressing scheme and locations.
Naming Certification Serwce (N I%gns s to different underwater things.
Name convention and map n in %ﬁ . Global Name Resolution Service
(GNRS) provides the mappl ween GU S a the corresponding NAs.

Qnderw@ﬁmgs
\ ors, Acoustic T FIDTag, PITTag
Network Level Identifiers
GUID : Public Key
y

Q& ( Global Name Resolution W

Service

: [ Routable Topological Address ]

e.g. IP Address

( Name Certification Service W

Figure 8. Naming Convention and Mapping

4.5. Steps in Message Delivery between Two Things

As shown in Figure 9, the user registers his devices such as mobile phone and laptop to
the NCS and NCS assigns GUIDs to the user devices, i.e., 10T things.
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O

. N @@V’
v N
EderwaterlOT QQ A\)l\)

Things

Figure 9. Steps in Message@'%ery be@en Two Things

An Underwater thing wishing to mes @all of 10T Things like mobile or
laptop will obtain the correspo er the NCS or the end user. The
underwater thing sends GN@ to |ts ay for 10T things network addresses
corresponding to the current s of atta ent of user devices, in this case NAl and
NA2. GNRS prowdes ex ocatlon mgs to under water IoUT things. So they
both can communlcate sfuIIy ellvery failure occurs due to disconnection or

mobility, the pack inside the"hetwork and the GNRS is periodically queried for
a rebinding of th wm\r@

5. Delay a isruptigh Tolerant Network

Tolerant Network (DTN) is wuseful for establishing
eterogeneous networks. In this paper we used DTN to establish

0SS, noise, attenuation and propagation delay. Due to these reasons DTN
very useful communication technique in underwater. Figure 10 shows the
example of DTN which is used in lIoUT. In our architecture 10T layer uses the RF
communication techniques and loUT layer uses the acoustic communication
mechanisms. Underwater acoustic communication [7] is influenced by ecological
parameters such as temperature, density and conductivity. Also bandwidth is low in
underwater acoustic communication, whereas bandwidth is high in RF
communication.

DTNs overcome the problems associated with intermittent connectivity, long or
variable delay, asymmetric data rates, and high error rates by using store-and-
forward message switching. Whole messages (entire blocks of application program
user data) of such messages are forwarded from a storage place on one node to a
storage place on another node, along a path that eventually reaches the destination.
The nodes of DTN need storage, because communication link to the next node may
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not be available for a long time. If one of the communicating node is sending data
much faster than the other node then DTN node must maintain storage. If
transmission error occurs the data must be resent. So DTN needs storage for above
reasons.

Node A Foward

Node B ?&
Figure 10. Example of DTN '4% d &

In Figure 10 DTN nodes are shown to transfer d de A forwards

by lop
the data to the node B, once data reaches su %yemoves the data

from its storage. If any failure occurs in data issi A resends the data.
In the same way data is transmitted to nod from node

6. Applications of loUT

Applications of loUT fall into fo&%gon%\z)

6.1. Scientific Appllcatlons

In the scientific ications derwater thing observes the ocean
characteristics like [2 vels ture salinity, bacterial and other pollutant
content, dlssolve e help of different sensors to counting or
imaging animal I |cro o isms, fish or mammals.

6.1.1. Envi ental |tor|ng - Disaster Prevention: Tsunami is a series of

long water waves C% by underwater earthquakes. Underwater things can
measure the seismi ity from remote locations and provide Tsunami warnings
to coastal areas@ y the effects of submarine earthquakes.

6.2. Induﬁ%rAppllcatlons

Underfyater things can be widely used in Industrial applications [3]. These
1& applications monitor and control commercial activities, such as
u%/ater equipment related to oil or mineral extraction, underwater pipelines or
compnercial fisheries. Industrial applications involve in control and actuation
components.

6.2.1. Fish Farming: Fish agricultural is the wildest growing food manufacturing
segment in the globe. Computer controlled and automatic remote monitoring
intensive cultivation is the upcoming development in fish farming. Water quality
plays a significant role in the fish farming. Proper control of the water quality to
preserve the concentration of the water atmosphere constraints in the optimum range
can improve the fish development rate, affect nutritional consumption and decrease
the amount of large scale fish illnesses. Without collecting information of physical
and biochemical constraints of water quality together with the associated
environmental aspects, it is practically difficult to accomplish the appropriate water
quality control at right place in right time. In traditional methods, samples of water
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send to a chemical laboratory to examine the hazardous ingredients. It is time
consuming process. Instead of traditional methods, underwater things can be used to
check the level of water quality.

Monitoring

Server

Figr 11.@

Fish Farming scenario is show ﬁ%]ur &g%wmerous underwater things can
constantly read certain para te@u&hlch desi the water excellence level such
as temperature, pH, salinj@ olved ox , turbidity, etc. Fish information
monitoring is planned to be cafried ou@n a remote location. So the information
from underwater things v@be senW@ sly to the base station.

[ ]
6.2.2. Pipeline N@ing: ipte%fnes are an essential part of shipping the
hydrocarbons t nstr cesses in underwater oil and gas construction
fields. Com@t ns may a pipelines because of deterioration, mechanical

failure and formati ue to hydrocarbon biochemical processes. These kinds
of difficulties lead to ufacture, revenue defeat in addition to high maintenance
I

expenditures. Ad ﬁ@w y, today's ecological concerns govern that hydrocarbon
leaks into the&w be avoided to prevent environmental disasters. Pipeline
monitoring scermario is shown in Figure 12. Decreasing these difficulties by
anticipatoi@d appropriate action is of vital attentiveness to the productiveness.

Continu ipeline monitoring delivers the necessary information to make the

acqecisions.

ol  am

Integnet,

Figure 12. Monitoring of Pipelines

102 Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.8 (2014)

Underwater things and sensors are located along the pipeline to gather data that
can be transported to the surface.

6.2.3. Environmental Monitoring — Chemical and Biological Changes: In
Oceanographic underwater things are used to record and capture a multitude of
oceanographic variables such as ocean currents, salinity, temperature, pressure, and
dissolved oxygen with the help of sensors. Underwater things can be used to detail
the chemical slurry of antibiotics, estrogen-type hormones and insecticides to
monitor streams, rivers, lakes and ocean bays. Monitoring of ocean currents and
winds, improved weather forecast, detecting climate change, understanding and
predicting the effect of human activities on marine ecosystems, biological
monitoring such as tracking of fishes or micro-organisms, are other jossible
applications, where underwater thing is useful. V

6.2.4. Undersea Examination: Underwater things can help to detect erwater
oilfields or reservoirs, determine routes for layingsunadersea c ywand assist in
exploration for valuable minerals. g\

6.3. Military Applications Q xy

Military and home land security applic [3] invol ecuring or monitoring
port facilities or ships in foreign har@ , deminilrgyand communicating with
submarines and divers. Underwater t%@ an be éjd military applications in the
sea.

6.3.1. Distributed StratagQS veilla c& UVs and underwater things can
collaboratively monitor areas" for § dllance, reconnaissance, targeting and
intrusion detection syster@s.)For ex n underwater thing which is designed for
a tactical surveillanc em that e to detect and classify submarines, Small
Delivery Vehicle s) and, divers based on the sensed data from mechanical,
radiation, magnefl d aoqgc icro sensors which are fixed in the underwater
thing. Und@t things cam‘reach a higher accuracy, and enable detection and
classificatio low §i éwre targets by also combining measures from different
types of sensors fié&%ﬂ the underwater thing. Figure 13 shows the strategic

surveillance sce'&
Q ; Internet 1 — : -

Suspicious
Submersible

Figure 13. Strategic Surveillance

Copyright © 2014 SERSC

103



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.8 (2014)

Underwater things together with underwater and surface vehicles can contribute
to protect harbors. Stationary platforms that contain buoys and sea-mounted
equipment are also included. A large variety of sensors can be mounted on the
vehicles. Another certain number of underwater things are deployed to cover a large
volume of water. The sensed data is sent to the surface station (sink), which floats
on the water surface and uses long distance radio communication to send this data to
an onshore station directly. Further analysis of the data is performed at the onshore
station. These underwater things can search for intruder submarines and send alert
messages to AUVs in case of detection.

6.4. Civilian Applications

[}
6.4.1. Assisted Navigation: Underwater things can be used to identify Non
the seabed, locate dangerous rocks or shoals in shallow waters, moori itions,
submerged wrecks, and to perform bathymetry profiling with the }‘@ sensors.

DY

Assisted navigation scenario is shown in Figure 14.

.......

N
Q
OT§ >

O Figure 14. Assisted Navigation

7%ults and Discussion

The number of queries for any GUID depends on its popularity amongst Internet
and underwater hosts. In order to capture the effects of the wide variations in the
host popularity, Mandelbrot-Zipf distribution can be used to model the varying host
popularity. Mandelbrot-Zipf distribution is the general form of Zipf-like
distributions. The rank distribution of the websites follows the Zipf law. The
Mandelbrot-Zipf distribution [2] defines the probability of accessing an object at
rank r out of N available objects as:

P(r) =H/(r+q) *

Where H=1/> Nr=1 1/(r+q) awith a determining the skewness ‘a’ and plateau

factor ‘q’ affecting the “flatness” of the peak. We use a value of a=1.02, q=100
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following arguments [15]. The probability of accessing GUIDs is shown in the
Table 1.

Table 1. Probability of Accessing a GUID

No of Highest Lowest
GUIDs | Probability Probability
10 0.1091 0.1000
20 0.0596 0.0500
30 0.0250 0.0193
40 0.0146 0.0104
50 0.0098 0.0065
60 0.0072 0.0045
70 0.0055 0.0033
80 0.0044 0.0025 °
90 0.0037 0.0019
100 0.0031 0.0015

Table 1 shows the number of GUIDs, probability of accessing po
probability of accessing least popular GUID. The gr is\dfawn iSi s table.
curve drawn
h

drawn based on

Figure 15 shows GUID probabilities for a=1.0 =100.
based on the probability of using popular GU nother cyy,
the probability of using least popular GUID fo ber g @ :

Parbability ofacN' s if a=1,02dq=1©
012 T T L ) T

Highest

(b 10 223 3ﬁ AiD 50 w70 a 100
No.of GUIDs
F@lSS. GUID Probabilities for a=1.02 and q=100

X—axis@xv\/s the number of GUIDs on the scale of 10 and Y-axis shows the
pro ak@ . The higher value of g means the objects are requested less often. A
M%a ue of ‘e’ and a large value of q resulting in popularity being spread out
am objects more evenly [15]. That is approaching a uniform distribution.

In Figure 16, GUID probabilities are calculated using a=0.65 and g=5. Here
highest probability of using a GUID among 10 GUIDs is 0.1814 and least
probability of using a GUID among 10 GUIDs is 0.1000. In the same way
probabilities are calculated for 20, 30, 40, 50, 60, 70, 80, 90 and 100 GUIDs.

Highest probability of using a GUID among 100 GUIDs is 0.0086 and least
probability of using a GUID among 100 GUIDs is 0.0018.
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o
]

Porbability of acessing GUIDs if a=0.65&¢=5

; : ; : “— Highest
; R e e s e Lowest 1

S
@

Probability
o =1 =1 e — — =
E 8§ &8 = SR >
T T T T T T

o

o

=]
T

0 i 1 I i i -
10 20 0 0 50 B0 008 90 100
No.of GUIDs

[ ]
Figure 166. GUID Probabilities for%{%S and’%)
In Figure 17, GUID probabilities are calcin%a&?.and q=25. Here
09

highest probability of using a GUID amo 0 G is 0.1178 and least
probability of using a GUID among 10 Ds is . In the same manner
probabilities are calculated for 20, 50 60 80, 90 and 100 GUIDs.
Highest probability of using a G mong UIDs is 0.0032 and least
probability of using a GUID amongg 015

Porhabmty of acessing GUI if a=0.! 55&q'25

—— Hnghest
#— Lowest

: : : : — +
10 20 30 40 50 60 70 80 90 100
No.of GUIDs

@ Figure 17. GUID Probabilities for a=0.55 and =25

In Figure 18, GUID probabilities are calculated using a=0.60 and q=40. Here
highest probability of using a GUID among 10 GUIDs is 0.1126 and least
probability of using a GUID among 10 GUIDs is 0.0999. With the same approach
probabilities are calculated for 20, 30, 40, 50, 60, 70, 80, 90 and 100 GUIDs.
Highest probability of using a GUID among 100 GUIDs is 0.0029 and least
probability of using a GUID among 100 GUIDs is 0.0017.
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Porbability of acessing GUIDs if a=0.60&g=40
0.12 T T T T T T T

4 #— Highest
—&— Lowest

0.14 "\; ....... ......... ......... ......... .......... S T g

o
o
@

Probability
o
o
[a2]
I

o
o
=

0.02

0 ; i i ; —— e
10 20 30 40 50 60 70 80 90 100
No.of GUIDs

Figure 18. GUID Probabilities for <=X and

In Figure 19, least used GUID probabilities lated ifferent o and q
values. Graph is drawn based on the probabl i w opular GUID for
number of GUIDs. X-axis shows the numb ro UID§%ﬁ e scale of 10 and Y-

axis shows the probability. Four curves a awn _b the different q values

like 5, 25, 40 and 100.
~ %gofmwe roab @

0.14

009

o
=}
@

Q@

Probabili

o

%« 010 2i[J 3‘U AiU SE IJ [J 1‘0
0 No.of GUIDs
&O Figure 199. Least Used GUID Probabilities

igure 20, most used GUID probabilities are calculated with different o and q
values. Graph is drawn based on the probability of using most popular GUID for
number of GUIDs.
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X-axis shows the number of GUIDs on t le of{1O\and Y -axis shows the
probability. Four curves are drawn based 0@6 different ues like 5, 25, 40 and

100. Q) . \C‘,
8. Conclusion {?\ \Q)

In this paper GUID for M‘%bigg@rst archi e is used to support the IoUT. In this
architecture we explained T layerQwith help of underwater things, DTN
communication layer wit RS an er with NCS. In underwater environment
underwater things arge @sense %F nt kinds of information like pH, Temperature
and Turbidity. Int n&%] chitectute underwater thing helps to sense, process and
communication. % ent,0 Ds is done by NCS in Mobility First Architecture.
GUID contai ry key a gdence number. Functioning of the GNRS is explained
using query upda Jerations. In this paper naming convention and mapping is
explained with the help NCS. Detailed steps are given to deliver the message between
two things. Functionalfty0f DTN is explained with store and forward mechanism. 1oUT is
useful in scienti military, industrial and civilian applications. Environmental
monitoring and ®isaster prevention comes under scientific applications. Fish farming,
%I

pipeline itoring and undersea explorations comes under industrial applications.

Strategic illance is a kind of military application. Assisted navigation is a civilian

app 'c@w. inally results are shown with least used GUID probabilities and most used
babilities.
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