AL s ) ) il

Jiadly Allia il
Al e o pdiallan
el

3¢l doliva b b cuils | (9 8N ja o ddlidal) claal) (e daed) & gkl (pe aaad) Ualle 3¢5
(A I e ¢ adShall Jag (al ) Edkad ¢ Bl Cpmlls W) S Y (Ally sl paay
) S L ol 53 Jlay) A Sasluall cilad jall g Glas¥l) cra maall o ja) a3 ¢ agall B il giud)

PRV

gl g clad Al e manll [ gaa A g @ jadtall Caval ¢ Al iU B gal) (e Ll G (e
OSal S ¢ Alld aa g Laddit g Sagand) cliadaill fya yaad) £ 80 ¢Sy ¢ 4 i) il ridiiesal) aladiuly
U Jlad g alia J8 AGUEY Slae) quay (Lghudal alga g cilaa] (gfad (e 4 i) @ mdiinal) A0l
O sl gia Yluat) 4 gl ) pmdiienal) ASpdd ) il JgSgign G O g LAl Ala ja
Juayl o 308 e Gl il (1 de gana O Ena ALY B dadaliia alud] 0 685 adlal @il jrdiieaal)
Cla gleal) aan Al ¥ i gl LA adal Adagioed) ABhiall 4818 Adait g oAl allall Lgila slaa
53 gasal) 43Uall Ble ) yal ABUY) Mgl (al8AT) (landa aag ¢ ) el g Adagiuual) dBhaiall (ha ¢ jas Aaldl)
g8y iy e (e bl LAl JeS g AL o) o dld o 3 e A gl ol jrdiiall

.53 ganall AL gL <) jmaitiall

(o A gLl mdiienal) (s el il quaast) cilaa i) o e cad) (A I o jridiaal) 3 g1 1S
g e glaall a8 Aad) Jamal) Jia cilpaasl) (e e el el Gl ey | ) ) cilaa 5
caikad Jiad Juu ) @iy Jual sill dilwa Jual sil) Al (B Baga gall iy al) 58 g goi L
G il A8l pid A g8 (AN A ) clpaait) A gilil) ) el 3 gasall cuf jaill g il )

A g



ARNAA) i) il il Al g3 MR (pa A I il mudiional) 3 58 LS W) Crs AU da gl o2 B
Al g AL @ mdiial) ASud 0 CBMEAY) waat g A gl <l jrdical) ASudd Aa B
Cra Ao I &l el ASWd i Jo g AN ABNA) cladd) daad ¢ UL g 48 il ) i)
OMEd ) a8 el Jual gl Ay A Baa gial) ciliy Jad) £ i g A il ol mdiinall G Jua) gl Adlia
4 il ) jrdiinal) Adaa) g Lgaan Al (Al il glaal) ()88 A Capnidly a8 433 il ) pdiiasal) Gy Jay)
Juall Glads g8 (o 1) LiBaa (b (A agalgad 405 ilil) <l pdiiall £13) Baga e 0o M (b,
L B plal) iy 58l alad Bas Al DA (e i) Ales DA A5 53l @ jrdiial) (o paiesal)
) JLia Lgab Cranday (Al A gL ) mdiisal) (i dag Sl JSY) Adlicall daad ¢ Alldy ALAY | Jua) gl
4o ganeal Alinial) iy il 3 L&) A8l comad ¢ ULl aladiialy A mlady Al jall 2 jadl aSadial)
)8y LB ol 55 50 i 50 B g8 Ao 0 il g Adleaall g iy Jad) il Ble) e aa Adlidal) cldlusal) (e
40 aie asariall jlgal) G (e 0 Al 8 5 g AT aly Ay gesaal) dBlsall o saling jdd JgS g5 0
Al ) ) AT i) I e pling Al Axdga ) rdiens JS ey i ¢ A I ol jrdliual) i

Ao asatial) Slgad) ) B adiacal) ) adad) Jla ¥ Aall a5 asatiall Slgall ) adadl Ju Y

4 Il i pliial) Al ) gdadl HEAN Jilda Uy aldd) 7 jilall &l JgSgigon #1a) anliy Ui
O pdlal) ASpd pdd o a8 Uy (aldd) ¢ hall Al (g8 gign Of Uaiiiad 2B asud 0 aladiudy
fad O el Jualy) Glada g 48Ul elgin) Qalial) g ¢ ASudd) Aalil) dua cre da s il 4 3L

ASadiall Jlgad) 94 gLl i jrddaal)



Efficient Deployment Protocol to Ensure
Coverage and Connectivity in Wireless
Nanosensors Network

Amani Saleh Bamugabel

Supervised By
Dr. Saoucene Mahfoudh

Our world has witnessed many advancements in many different fields
throughout the centuries. The concept of creating nano devices that can't be
seen by the naked eye, to cure diseases and solve problems was considered
a pure fiction up until recent years. Today, many researches and studies are
been conducted to help bring nanotechnology into reality.

Among many Nanodevices, Nanosensors have become the focus of many
studies and researches. With the use of Nanosensors, many new applications
can be invented and executed. Nonetheless, in order for the wireless
nanosensors network (WNSN) to be capable of accomplishing the goals and
missions of the application, the network must be setup appropriately and
efficiently during the deployment stage. A good deployment protocol for WNSN
has to guarantee a continuous connectivity between Nanosensors to prevent
the creation of partitions in the network, a sufficient coverage for the target area
to prevent the creation of holes where the information about a part of the target
area is not collected. Finally, a reduced energy consumption to consider the
limited power of Nanosensors should be ensured. Furthermore, a good
deployment protocol has to take into account Nanosensors limited capabilities
and constraints.

Due to Nanosensors constraints, researches proved that the most appropriate
signal for Nanosensors communications is the Terahertz signal. The Terahertz
band has some unique peculiarities such as the high propagation loss impacted
by the mediums' molecules composition which effects the distance of the
communication and the transmission range. The combination of the Terahertz
peculiarities and the limited capabilities of Nanosensors represent the main
challenges facing the deployment of WNSN.

In this thesis, we account for Nanosensors constraints by studying the different
deployment strategies proposed for WNSN and identifying the differences
between the deployment of wireless sensor network (WSN) and WNSN.
Consequently, we identify the different attributes that impact the deployment of



WNSN from the distance between the communicating Nanosensors to the
molecules composition of the deployment medium. We recognize that loosing
the connectivity between Nanosensors will cause the loss of the information
collected by Nanosensors regardless of how well Nanosensors performed their
tasks. Therefore, our main target is to ensure the continuous connectivity
between Nanosensors during the deployment process by studying different
water vapor concentrations in the deployment medium. To do that, we identify
the most convenient distance between Nanosensors in which the successful
reception of the packets at the Nanocontroller is guaranteed. For that, using
MATLAB, we calculate the received power for a range of distances taking into
account the effect of molecules, distance and frequency on the terahertz
signal's power. Then, we propose a deployment protocol based on the
computed distance. This deployment protocol is executed by the
Nanocontroller when the mobility of NS is possible only at the beginning, until
each NS reaches its final position dictated by the Nanocontroller. Based on this
deployment, a forwarding mechanism for transmitting packets to the
Nanocontroller is introduced. The forwarding mechanism limits packets
forwarding to only the neighboring Nanosensors nearest to the Nanocontroller.

We evaluate the performance of our proposed deployment protocol against the
random deployment of WNSN using TeraSim. We concluded that our proposed
deployment protocol is able to deploy WNSN with a good performance in terms
of the network's throughput, reduced energy consumption and ensured
continuous connectivity between all Nanosensors and the Nanocontroller.



