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0 ABSTRACT O

Recent years there has been a rapid development in wireless technologies and
Internet, opening the way for the Internet of Things (IoT) to become an important
part of our daily lives. Localization is one of the most important applications related
to the Internet of Things. Some Internet of Things applications depends on the
deployment of a large number of sensors and wireless devices to carry out various
operations in the network. Network operation requires a set of protocols to locate
those nodes. A large number of Localization techniques have been proposed.
Localization techniques depend on different methods of Localization and different
technologies and devices, making them suitable in some applications and not suitable
in others. Some applications include traditional locating technologies such as GPS,
but they are expensive and ineffective in many applications.

This research present a new algorithm to locate the nodes that depends on the
principle of Barycentric in space. The method depends on calculating the strength of
the received signal at the nodes surrounding the target node and calculate the
weights, then determining the polygon that includes the nodes that surrounding the
target and calculating the Barycentric of the shape, which we identified with the
expected location of the target. We used the NS3 simulator to build simulation
scenarios, study the method used and compare it with the reference studies. The
simulation results showed that the proposed method provides a higher performance
than the reference algorithms in terms of accuracy in determining the location in the
case of fixed or moving nodes, as it deals with the 3D environment.

Keywords: Localization, 10T, Barycentric.

* Teacher of Communication Technology, Faculty of Information and Communication Engineering, Taratus
University, Taratus, Syria.

38




In flight
services

Tartous University Journal.eng. Sciences Series 2021 (11)232]l (5) dlaall dsuxigll o lall @ (s b jla Zaals Alas

shopping . -y L

it -

tdadda

Oos cbagd Sl Jlae b Al clalasy) gaal 58l @il 8 (10T) cld) cugy) gl
Lt gl e Gaagll o) 1] 2025 e Jsls e 150 ) e Ls¥) i) sieal e Juay sl
Chladl ) aal) daisie clubual)l e o el JuaVl e v of (Sa Slea S diag s
Gy calias ) galladll e dpuld degens Bale oLVl cajy) A0 Ay olbig Laalall A5l 3aied)
e banly A 385 L ymidiall agaills dcadiiall Al <3 83eaY) (e S 2ae Juag a8 Gl aay clgaliglal
i adoall oY) il auly 138 Caped AN 5 lacly Alaidl siead) oda e o oLl g
Al gl ool 28y (Jisha dplay pees (midie g3 Jane g 05K 405 3 536 (o € 22 Juas
cemdl <8 Al o3 pailad culs 8 ) JLa) NS5 dn gy sk aped S e LdY) a8
Gl L) ) seal Jlall Jeus sl 408 a9 Narrowband-1oT s daslll eyl aal
AS e ASLY 3ial dasiall o LY cu i) sjeal aaiis L Bale L(LPWAN) Zilhll daiiie daly Ak
20l (8 (lld pag amige 2aad iy Lee ¢ leall haall pmsal) Lo € OS2 iV il sieal adia
A8lsall pan Al QS (e iy laall Gulall Gaa (WSS ISE) A 8 56 o2 (e Jile)
eallal) plsal) st olas 5o li€ e JIES All dagada (D e sdle [2] Slea S e (GPS) Al
waa3 o L L [Blasbos ohas Qala ol giias Jals 5% 8 Cua Sleall GaNI adodl e sl i ((GPS)
Go i) 138 e daall i€ adse doat A8 ) Aalal) e apgy ol add dan Gen 35023 (gsadl pdsal
4] 388 bl

- / \
’ S N T [ !
7] \ | \ 1 ]
Online E \ ’ .
I\ ' . "= / Wearable N ® ° Vehicles

\ .
A '\.TEC'_‘2°|°8Y ,/Smartphones .-~
o .\‘\ )’ \.I. .’.—"

3 \.\“ i \. ."'. ’ \
N -/ Internet e 4 O L
P L { of I"- \\?_// Lighting

="\ Things

-'\_\I . =
Analytics .-~ \ ‘., . ~
// st ’./- .’ \'—./ ,\ s.\-\// \\
- '4 N io P . . .
S| i ' \
\ L) ; P St ‘.\ ! \
\ \ 8 | :
~-~.u-’ / \ )
/ ! - Music ! ; Homes and
i ! B \ i appliances
: ! Personal / . N /
\  — — / [ \ \ 7/
< , Computers \ ; A P
~ 7 \ s -~ - =

~ - i -

£ L) iyl ASud (1) Je

39



asiaa ¢ sl ik 8 AL dial) adlge Clua 383 Gl

radlaaly cuad) Liaal

G 83aY) o S dae Jae 4als A clasill aal (e LSLOUI Sial) adge 2083 Ayl 2
5] ey cligpally ASA clpally AL ciluluall G 5362 230 o Lo LY cul 45
Gl Jeo oy Gl (B aiee JS0 53] gise waad ) Greasiall S AN e plisg
LKL diall pga apnil Allad 2 alay) ) Condl 138 Cangy (GPS ) o Lgd Ll p gl a0
ARG A3l ae Jaladll aodiind Gl (Alaliadly depudly aal saal) o Badine p dualy) A3k,
Ldiall S a xa5 3D 2l
0)lgay Cad) 3k

Slas zalip aladinly sSaall lagylin ely asii Coges dajiial) Aaphll Gukd Jal (e
acd Hiadl Fgibe Gl Slas e 3le a5 « Network Simulator 3 it jlaay) el
Dledily bl el Ay Dbl o ha) Al ae Al SIS ENSSsp e DS s
s IS AV bl Auhs ae Ad hoC ISGET Cilagyyling e acag Liad . Lelldaty il
tldl Slad) alasiuly

daplall o M) adsa) Gn 3l s cadgall aaas Uad 1
cgiial) adgalls o apay
yaad 8 ladll hgie sa adigal) yaad bd bugia 2

SAgie) DIy sae IS adsall

Techniques of localization adgall ayaad culyiss -3

Slo sadieall bl Jie pludl sae ) st i ae o LSLOUN Sal) adse lua Ading
sl Cilua il pal (adli Coge Al o ) il o 5 Al ol e ) Adlad) Gl
LE

Time of arrival (ToA) Jsasl ¢ 1-3

Gy oy blujall Baies ddgyma e Baie G LY LI () Guld o adiad
Caxgl) saiall (py Aildll o Jpmall (sgall deju) 3HLEY) LI de gy Jsuasl) (e
dADLaL) (385 3Lusyall Baic

dy =0 =02 = — )2 =v.(t; — t) (1)
dy =0z —x)2 = (2 —y)? =v.(t, — t) (2)
d; = \/(x3 —x)2 = (3 —y)=v.(t3 - t) (3)

138 die AlEid) $,LEY1 U ) By 5 1 a8y Blusell saie saiall G 2xd) dy Cas
L) sluall saie cillan) (Xp,Y) cesaall depu AV
Bl e BN Jhw) ) T s

40



Tartous University Journal.eng. Sciences Series 2021 (11)232]l (5) dlaall dsuxigll o lall @ (s b jla Zaals Alas

(x1,y1)

$ls yall ic O

(x3,¥3) 85 0me )Lm .

dsash oa) Ak (2) s
s Ll LS (Aids Ao o Jpeanll JIY) o d8he sie DG ) ey lsal) £ liad
s sluye de DB Aladiuly adsell pasd Ak JSE ek [6]AE Se on Gali )
AL sl Ja e (XY) @dsadl e Jseanl
Time difference of arrival (TDOA) Jgagll () iMid) 2-3
3Lyl die (p Jseal) daejl D) e adiad
Vo =02 =1 =92 =0 =02 = (. — )2 = v.(t, — t1) (4)
VO =02 =1 =92 = (3 =02 = (3 = )2 =v.(t: = t1) (5)
osaall xie dlwia) 5LEY) HLE) ety s
22 saal) nie Alia) 5,L3Y) LI eyt

spall Aoy AV
(3) S i LS [7] 5inl i) sl e Jpomall Zldl el O i

(x2,¥2)

dz-ds

Jgagl) () CdEa) Adyh (3) Joad
:Radio signal strength dldiual) §LaY) 568 (uldé 3-3
LY g8 bl L[8] Jutally Junpall cn Adleall Gy Ulad Al 5)LaY) 548 (jailis
5 TOA il (Jie 4y Caagll saiall wige aail Al Lles 3 e Jiy ¥ L (RSS) il
lSas Juspall zpa 3)08 Al ol LLaliil) oda Lialhe ) Aaladl axe e a2l e (TDOA

41



asiaa ¢ sl ik 8 AL dial) adlge Clua 383 Gl

Wy Jalall Al Gubs Al 5LY) 38 (b O LS Tt Leiine i () Jlsel)
AT ) G (8 lial ) (g2 8

:Angle of arrival (A0A) Jsagll 4yglj 48y )k A

e o Alaall lage e Madin) by Cubl) Rl e Al o3 adiad
Clia i [9] Aliiedd) BLEY) Jpeas Ausly cannd day) saic JS .4 S g jaa 3Lyl
A Alsbaal Aladinls h Al 5LaY) ¢ i)

h= d sin(@4) sin(@5) (6)

sin(@1+95)
di = Sin?qjl) ()
d2 = Sin?(bz) (8)
gl gl olatl 3 lilidll o3 wllis GGk e g pall s
A (x,y Slas jall e

(x1,¥1)
Jsmasl) 4gly 48k (4) Jedd)
Single reference area  daasall Baiall adgi dih .B

estimation

Caain) 13 ¢ AT ey [RMax Wyl Cuad syilay eyl dodaaill dihaie jpad oSa
A Gl Rmax (e o dilee o (560 YT Gyl (s Ll ¢ A sasall ) B sasal)
G 058 o) g ¢ dayy die Basy Blare A5 pea e saie (o cilS 1Y ¢ JB) Jue e
Lyl dic e 35Sl Rmax hd caas il adalis ddandsy A< dgigl) dalid)
(5) JSal & LS L [10] o3

42



Tartous University Journal.eng. Sciences Series 2021 (11)232]l (5) dlaall dsuxigll o lall @ (s b jla Zaals Alas

~

/ _— - ‘A\ "

\ L
i A - -~
! o ’
. -
(X4.¥4)
5\ £
s
t. y . Anchor node
~ e

Aaaal) Bakal) adgi A3y 4k (5) Jsdd)

el sheal & JLENy Jla¥) Slea o dul [11] 8 osialll o8 .C
c oY) bl fase ARl adsall et A8y Gt Caags LY
8aY) oo Qi sl aaad lasend dil [12] & ogiald) o .D

leligat & RSS dldidl 35L3Y) 58 wlua e adiad Device—free localization (DFL)
&sall o dpanll dac 4003 e Byseall dallae o5 Claglaall JalS Gaai 5y 900 )
LBl lladl)
Sal) adlga aaasl £ A & Luulial) sla) 48k .4
3D Barycentric localization (BL):
OSe Ay o adied L) gl GlSs 8 el aise waatl eyl Gl I el
Aa¥) 3l bl Tasall mamgd Cogas Angidall Adgylall 2y J8 L adsall daa 8 Laliiall 2l
sl
(G VAN B Aalital) Ma¥) S5 1-4
=il goanal ()5 AkE oy slane () o alae¥l JSAl punigd) JEI S5 Ge Ble s
Lasana LS O (gl gpanall (sSs VT Ty ety pn Lisliia ()5S0 pania e Aighse Lol (o (paiall)
EA S i) 8 Ll Ao sanad ) kil 3K 13 ol (S
Aadadll sy G Apuliial) slad) e Cannd Wo=1, Wp=2 ()35 idais Iy B 5 A pdais Ll 1S 13)
LY e Ganliie JS Aka JS e G andis 3 gl isY) g seaad Aysle oLl ) AB

Onila! Apaliial) sla¥) 385a (6) Jsad)
Al 3S5e lun (Ko Wi 35 ey JSIg Py i) (e e same o O5Se oaeain <G Ll oIS 13
IS oSy JSAN 385e e Jpemnll Jia Aall) Ll dpliial) sladYl 3S5al Clua 23 cpilads JSI Al
43



asiaa ¢ sl ik 8 AL dial) adlge Clua 383 Gl

AsY) gsana o aundilly Ll clilaly (Y] Gy Gub oo Dauliiall 2l 550 Glua il
(9) W 8 LS [13]

G = Yiwipi o)

Riwi
AalSally ¢l 3lanl) in mntigh il pa oy Jlaa (8 Gl 3] 5S0n pakian

e lzadll agle s

:da yial) 48y hat) 2-4

0o Ao sane o aains LAY) Cojil s 3 da)) adse el Aiph Gl 13 b s
1l ghadl)

saiall salg e dy bl gl pasins of (Sa tobaall bl (il 1
s o Ju s RSS alfiall HLAY) 38 (uld phadiul Jie Adhall e s (A

Al Sie e saall g8
s ) ALl HLEY) 58 Kt lmy agi taedl At il 2
A Al o el e il s 3$e Claal asstiuall el
led) RSS luld ad S o Cumy aliall dinne GaiiS RSSypey dad 3
Bl o dad aeat Gy
o= — (0-1) (10)

~ RSSmax
g alime auy (Cingdl saiall e Jlail e ) diall) layall se i 3
Ji Al el aae B S L AED de e Ble dugy) aliae e Hle ay A aaaa
Cangl 3iall o8 giall B gall lad 33le Appel) Sl S50 ADAe GGl ¢Sy cplunal

Yiai a'ci N Yiai 3'11' N Yai .Zl' (a1
Y ai Y ai Y ai
Ba3all 28 gial) a8 sall cildlaa) & (X)Y,Z) Cus
o dall a8l ge aii (Biad BlSlae Ry Alasiuly AT adsall ae el qdgall 3 lie o
Al Al (A Jeall 33 plall Jaseat La ) 13) cala¥) 4500 2l (8 Jaall As yital) 43,5kl (3883 il
) Z=0 s} Jiall e gl V) cililaal cuyii WiSay alasY)

X,Y,2) =

44



Tartous University Journal.eng. Sciences Series 2021 (11)232]l (5) dlaall dsuxigll o lall @ (s b jla Zaals Alas

sl o sal A
o gounall 2 gall *

adaall Apualiial) ) 3S5e b (7) S

sl Qs iyl e (7) S

1AdBlial)y malilt) .5

Ad hoc (g1 dad Ay (s lenamy pe Joali 5362 (e A sana (3o Lis€a o Lol il Al el

NS3 il Slas plasiuly slSaall cilagyline ol Lad oY) il adld ) Jgeasll 435l ALyl
ladiga aled 2050 3 Sial (o e gane Ll il 2avia g ladiuly et Lad cilesleall siall (ol ([14]
o) Wgeae all mige a3 ol e A0AN o dajiall Aphl) Guliy L adsd) Dgeae 3l Scg
(1) Jsandl (e - laspliondl (e Ao sena (385 pmayall Sluhall po il 455laa5 Adsl) adgall po 4%)liag

Slstaall cfiialy (1) Jgiadl

lSlaly A0 < gial)ly

Ad hoc all g3
1000x1 dalis
000m2 PTRA|
200s R
3\Sladl)
11Mbps Jaza
Jad)

45



asiaa ¢ sl ik 8 AL dial) adlge Clua 383 Gl

3mw Ao
Jlsy)
0.1J il
sl

il Jdai 1.5
o A giial) Akl Al Jal e ccbaall 3 ASLAA) Sall s e adpal Gl 23 adiad
BlSlad i 2185l el adsd) ae sl sl 4lia

sl @A Cles Gpb e sl Clea lad deg 3 A
A AR (385 sl adsally o gunal)
error= [Ix — X'l (14)

casmnall qisall X' 5 adall pigdl X Cam
2 [15] (15) adally s18laall ey A M Uadl) Jassgie las oy
M= <35, lxi — xi'f| (15)

cosll) Le oy Al Aadl) ) e S dua

(Y i) 2.5

aas Y Cuny 1000X1000M slals Ala aca 3yd000 aie 20 e 40sSe 4S5 ol Lid
de ay GPS a8 gall yans Ay siall (o desene Lag) Jamsll (3 5LEY) LI G Ohas 5l Gilse
JSall yeday Uadlly adgal) lny Ao gital) Al Gudaity Ll L odsall lggae saie Ll Laty A8)ll
leanys NS3 maliny o geiliall 3] 5 58l () DIA pigall Clm 8 (uliall Uaall Ualaae (8)
) iy aladily

46



Tartous University Journal.eng. Sciences Series 2021 (11)23)l (5) alaall &gl o slall @ (s gha yha Zaals Alaa

() bl s

) Y ¥ ¢ ° 1 y A q ¢
) dgles o3

i il 43 L)
il Alee JS ie gl Gl U (8) s
laamss ) Glua & ey Aliiual) 3LIY) 38 Cilaglan pany Zhall die asfi (uld Dlee S e
Ladl L (8) Al s bl & Uadll duhyny i pisall il S ey o) 328all i) psall il
o Aliiad) 5LV 58 (b 3 Jualad) Uadll 1) agny @llds (uld Glee S i Ut ded Cdlad) JK30 0
il el Gllee die 5105.3 5 5 3.7 Cm st Uadl Aed o LaadU L Cangl) skl

Lomayall il p)ealls Aa i) dgplall Badat ae 4l 20 32 s Jaadsy Ll B
aat 6 Uadl) lasgiad Unlais (9) JSa Jiay el C3S 3 ilaay lsall 1ol 43)lie Cang,
Ua o Wil e g dsjid) diphal)l 8 Uaall of 2l ((15) 4Dkl 38y Lulie adsal

‘RSS e dylie e 4.4 s AOA so djlie 5 2.75 () Al Jua Tunayall il

10
4,
j 8 B Aaiiall alaY)
2 6 B ToA
)
E| m TDoA
:i 4
541) M AoA
3\‘ 2 B RSS
0

Bl 2aai i A

hsall waas A Uadl) laugia (9) Joi)
gaie 100 532 516 J) sie 8 (e Laywi 480 3 sal) 23 53l L .C
Lgial Uabie (10) JSall Jiey cculay lsall ol o sall 4S50l Ll 4y G
aae ol of Jaadl LA 3 dad) daed Aaball cVA) die gl aa ol Gl Uasl)
LS 50l oY Agpesal) Gl lsal) (o ASHe Bhe s adsal) lua AB) (e )y el
o Bl L adgall i 3 AS)LAA 28all dae 30y AS0AN 3 58 gial) chlilal) 30k ) s
38 o gysladd) siall il Ca A die sae 0L ae gy (it RSS daph of Ja)
47



asiaa ¢ s il i€ 8 AL diall adlge Clua 383 Gpund

oo Al Ziphll b cluall 3 g3 sxe 100 s xie 4 Iaadl Al 3,L3Y)
. 5wl.05 lsie; AOA i)k
16

Bl oY) mToA mTDoA EAOA HRSS
14

=
o

(<)}

() Uail) Jani gia
o

N

dial) dac
Al sie s s Jla b add) Jaugia (10) Jsill
:L“,."L:m sl 3.5
Db G saiall Wt e (e 0o 0SE Gl splisndl B Ll & Al sl
daphll 8 adsall Gl 48 elaf Al ) slad) Congy L 10M/S e ju 403N 8 Jlsdie e il

el A a Alla b s gl

TDoA
10
TDoA
daaliadl ol
MJ&A\&UY
45);4439

Omaalgal) 45a Jla b b lsad) o)l 4jlaa (11) Jel)
e s b Ay dagiall Gl dasial ve ()l Javgid Ualae (1) JS8) maay
Al ol aladinl yie de)) ASa Ala 8 2y Uadd) Jangie o JSA (e JaadU LASjaie die s A3
O ADEAL S IS8 Dl Clap Al (b gl GalE by Tasll o Laay L adsall aaail
iSn Jla b paidie thd e dagia) diphll 5l JAOA Alla 8 5 2.19 ) Gl deay oilal
el Glua g aliaall JiS g 3)LEY) 548 LJMGAMJJJ}@SMMJ‘)LL@-\Y sal)
48

18
16
14

12

U.u.nkujru




Tartous University Journal.eng. Sciences Series 2021 (11)232]l (5) dlaall dsuxigll o lall @ (s b jla Zaals Alas

Gluagilly claliiay) .6
Ol aladind e adied e A0 Al 8 Nl adse yasil Saoa Ay lsa i) 13 8 L

) i) 8 e Jpemall w5 ) il Gadli WSy cpdsall (32 luall

lriall sl Ak alae Yl adgal) aaail Alled dualyy 401 Aiphll auis 1

Al G Jeadl adiind L35S dmagal) cluball ge dajiall daphll juam 2
calag¥ ) A dasal)

Jualall sl adll e 0l adsall aand (4 s Uad (g Adll) ilas 3
Jas 2885 sl yaat 3 Aauigl) Aalll o aey dalse Bae e 5LIY) 858 el 8

Sl Jamy Apmanall Ll e Ji pdsall Guld 8 Waall o Laag 4
AOA 5 Lmasall Al ae A3jlie s 1.05

Consy Aajiid) diphll 8 Clus Llee S die pigd) Clas A Calias 5
csmnall wisally V) Cadla) Il Aldiall 3)LIY1 858 (uld & sy

a3 A8y % G le IS0 eyl sl e dial) sae sal i .6
RSS ik i 48l (mids (Kl adsal

33 I 5% Lae ASyatia) dhall adge LK) 8 dypaa il lsall il 7

sie aall adsall sy sV Cuany oy Adaal LY e ool dagitall Al axi . bl Uas
BHLIY) 358 a8 4 s S

cpadiie (b8 Uad ae adsall aaad 8 Ao yudls Aalindl da i) digylall 0 .8

b1 AEE Ll 3 Jandy 4880 Aayyes L A pitd) Aiplall 2ladinly amsh Aaall il (st as

axiy Sla) A iy b Akl LAl ag Lies JerS el A Ala g Jelell i Ll LS

49



asiaa ¢ sl ik 8 AL dial) adlge Clua 383 Gl

1]

2]

3]

4]

5]

6]

7]

8]

9]

10]

11]

12]

13]

14]

15]

gl
LU International Telecommunication Union Internet Reports, "The Internet of
Things,"2005.

F. J. Dian, R. Vahidnia and A. Rahmati, "Wearables and the Internet of
Things(loT), Applications, Opportunities, and Challenges: A Survey,"|IEEE
Access,vol.8, p. 69200-69211, 2020.

3GPP TS36.211, "Evolved Universal Terrestrial Radio Access (E-UTRA);
PhysicalChannels and modulation”.3GPP TS 36.211 version 14.2.0 Release 14.

D. Miorandi, S. Sicari, F. D. Pellegrini and 1. Chlamtac, "Internet of things:
Vision,applications and research challenges,”Ad Hoc Networks,2012.

Edureka, "loT Applications,” [Online]. Available:
https://www.edureka.co/blog/iot-applications/. [Accessed July 2020]

A. M. H. Khalel,Position location techniques in wireless communication
systems,2010.

A. Norrdine, "An AlLgebric Solution to the Multilateration Problem,"”
inInternational Conference on Indoor Positioning and Indoor Navigation, 2012,

S. A.Zekavat and R. Buehrer, HANDBOOK OF POSITION LOCATION :
Theory,Practice, and Advances, WILEY, 2012.

T. Cheng, P. Li, and S. Zhu, “An algorithm for jammer localization in wireless
sensor networks,” IEEE 26th International Conference on Advanced Information
Networking and Applications (AINA), pp. 724-731,2012.

A. K. Paul and T. Sato, "Localization in wireless sensor networks: A survey on
algorithms, measurement techniques, applications and challenges, "Journal of Sensor
and Actuator Networks, vol. 6, p. 24, 2017.

Mongay Batalla J., Mavromoustakis C., Mastorakis G., Xiong, Naixue N.,
Wozniak J, “Adaptive Positioning Systems Based on Multiple Wireless Interfaces for
Industrial 1oT in Harsh Manufacturing Environments IEEE JOURNAL
ONSELECTED AREAS IN COMMUNICATIONS Vol. 5, pp. 899-914, 2020.

Lingjun Zh, Chunhua Su, Huakun H, Zhaoyang H, Shuxue D and Xiang Li
“Intrusion Detection Based on Device-Free Localization in the Era of 10T,” Wireless
Networks, vol. 17, no. 2, pp. 531-547, 2011.

WAREEN, J. SCHAEFER, S. HIRANI, A and DESBRUN, M. “ Barycentric
coordinates for convex sets”. Advances in Computational Mathematics volume 27,
(2007), pp. 319-338.

Ns3. Portal. [Online]. Available: http://www.nsnam.org, LAST VISITE
1/5/2021.

WANG,T and WEI, X. “ GSA-based Jammer Localization in Multi-Hop
Wireless Network” 2017 IEEE International Conference on Computational Science
and Engineering (CSE) and IEEE International Conference on Embedded and
Ubiquitous Computing (EUC), 2017, pp. 410-415.

50


http://www.nsnam.org/

