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Abstract:

Nowadays, wireless sensor networks are used in many different fields and applications. Enemy tracki-
ng and wildlife habitats monitoring are some examples of target tracking by using a large number of
sensor nodes. The main idea in this area is the availability of target information such as location,
speed, and movement direction at any time. As the sensor nodes in this network model have a severe
energy limit and cannot be recharged, in this paper, an efficient tracking algorithm, namely EAASA, is
presented to reduce energy consumption while maintaining the quality of target tracking. The
simulation results compared with the cluster-based tracking algorithm AASA (auction-based adaptive
sensor activation) show that the proposed algorithm is able to reduce the energy consumption
significantly while maintaining tracking quality. This has increased the lifetime of the network and
reduced the loss of target rate.
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Figure (1): Estimation of the target loaction through the average weight of the three node locations [6]

1/d,

W, =———,(i=1273) )
> 1/d,
j=1
3
X =) W, *X, ™
j=1
3
y=2 Wy, )
j=1

el a3, 550 Bae Cyz sl (F) dolas g Ban S s a1 (V) dolee
G 4l b0 Bas gom S Gy @
Li-i(Xi-1,Yi-1) Sas Ld e jaseis g Li(XiYi) Guas Jed Casdge aseis 4 d>gi b Bus o 56 g in ¢l

Jeslaul b1y Gos o8 1> Cqa g Sy Tal dligs s jolain pl (gl c0gd g0 colainl o o yien by, S5
[P] aiS o i 1) B sam 56 (V) 5 () slaadasl, 51 oolitul b (oo § 0 oo dulons (0) 5 (F) (sloalal,

¥Y)



i S (gled 3l pan b - pad (p o0 [ (210 i (Sl B9 4]

\/(Xi X ,)? (Y~ i)’

V= P )
it
0=cos™ Xi—Xia )
\/(Xi —Xi1)? + (Y = Yia)?
X;,; = X; +Vtcos0 *)
Yia =Y; tVtsin® ™)

Abg> gac w8 slawi i g Bad S5 > (00gdoxe) lads o in @
4 (Nmo) 4892 gz slao S slasi 9 (Rpr) Baa (35> glad (2boy SudeS 5 (6551 6h90 0 m a2dlas ol sl
CoksS byl Slr ol plie 4 PE) (it lbs ) dishige pelals (e (old) CobS @ 4255 b by Ojp0
OUd S s g BUD 300l 00 eSS pae (o Slydl leie @ o sl oS ao)fsn ool b,
Lgs &ygoas (A) alaly 3, 5l PE slae o (V+) 9 (1) Lalg, 5l oolawl U Nmb g Rpr ooy ol a0 .l ooy ys

PE PE, +PE,. "
o 2
w‘ ‘;u.é )5;} )b AW CLML?DQ PE 5PEpre 9 w‘ 6)L? PE ‘PEcur 4.5
R
R, =PE + )
ol )i...> LgLa:o)f (e 00gdTe oMéQL&J R a5 d)#‘\:’
N, =|(=—2).3 ()
’ Rir—low

ol Rpr 00l gm Gion jlade J8la> Rpriiow 45

aise> slacl g ddgs 1w 0,5 Ll gl msg_auction aws JLo,l @

PL a5 {PL,Rpr,Penenf oledbl fols Msg_auction slo oSG abgs s csom adli T, Baa oK s i 5l dm
Poh cgam a4l t )0 dlgs S (gl ool a8 5 Jlai o elad Rpr cgam 4l t )0 Bua ool cn i Slaises
o g Sl gl 1) el 6l ABgS s 0,5 oile B (63,5 ljee Boh 5 Bad Ay S (51> AdigS o alols
IS (o8 (SASyden 93 (oluen sl

0 dulore (6 )l Adigs juw lawgl AT 0l Slusien 00g9ue b 1) 095 Slaie dmsg_auction slo <8l o 5l as 0 )5 e
St 0090t o Bl o Aty sasS Cdl 0 0,5 ST .aS o anglae 00l cols 1,8 msg_auction aiw JSls o g
el ol msg_bid sl 4 ply o B 45 5 03,5 aalone |, g0 Gliee o V) alal, 5ok 5l cadls L5 oad
- oo Loyl g3 1 (6l Cal 0,5 Lawgs oo dulone (g0 yliee DIl g aiay 00iiS” Jlo,l 0,8 aliss id a5 1, {id,bid}
Y

AhgP A5 g0 (Ginas ) Ty ool Cdl o Slslpiien luws slao,S lawgs MSg_bid slaang il o sl om abes
Jlsyl o5 o1 6l 1, msg_head slo g oS oo bl (0w aligs s lgie a1y ol olpidan o ydon sl)lo &S gle 5
ailaisls 1) Slolpaion cp s a5 Hloo )T Cod F 4 091 00l duwlore aldiss pw Jagy a5 Nimp olowd 4y (piored (43S 0
&l msg_member oU 4 sly G jshaie pl gl p a5 Wgd oo Sl Sbo ;) Sllas plol gl adgs> gac 05 g 4
Bgben Juo)l alg> gae (lgie 4 oud DLl slae S

Flep) = o) +1-a).(2) an

ch

()



YA-FY VA9 500 faw g Jez o)l (o203l Sl /50 Cariio )0 diadign slo by, 4 i

oxilo Bl (55,50 B gy 0nilo Bl (6550 Bch Pon Bus 31 L3 ool o i e g Ades s e alold ] o oS
oo O g Bud 5l ool o i 86 g olpiiny ais coisS Jlujl 0,8y alold Pi colpiinn aiey oo Jlol o8
el abold 5 (6550 (S5

3 g se patdie 2oy i yeRl Wy dalol b (gamy aligs g 09l oo DLl (Guns AligS s (LOIAS oylie 4y 05l b
45 S oo laboS pu ouilanBl (6551 Ol 2 e 9 03,5 Sl 1) At a5 slo)F owilanBly (6351 Sl i i o
ol 00 im i 45 iited Slosgame 1 B 0,5 alold i oS5 4 aS Pig Pon - el 00,5 il T ) A
o D yeS o0 ,l8 ol jo (gom asli t )0 Bua g Cal 00,5 (S AdgS o A5 Cowl SIS b aldigs s alold 150 Pen
Slalols e pi Lol o 25118 Ll jo gam 4l t )0 Bas 05,5 o jin 45 Sl Y 9 X b algs puw ol aliold Popy piite
Aalgdn a8 ;e e )l Slaide (pl b aiS aibrw 1) (B0 slpiing waly> o ol Jlo 0 a5 gl o)F a5 cun
Ogdos frle 09 lime WIL eS alold judz ja g 0gb o0 eI ABd e Sleiny &S (GO0 (lie WBL i aloll
aSl b asl ddgs a5 Wil bl olee S lgie 4 wilaid I )18 cogasme Jlo 0 aS oleo 5 0l o Eely ol aS
g Qi adgs o gae plee S (st a4y wialyy

el VL gan 4l Sl ogdle aS wil atily wo 1) bbb pl Wb dlies gae g b pw al Sl adl
Cand yiaS 35l )18 odgame (pl o a5 e,S cpl alols oSl bl 4 acdl a5 wil 48,8 13 o» cogaze JSb
00995 5l Z 15 ;0 48 (o5 oo i 3 ol ds gl co Ll AdgS s lgie 4 g 0 S o 1) (6 5YL AT, 0B Togst
e a5 slo)S ol el 2 a5 (gana;  odle 9 sl Ll pae b gum adis s (lgie 4 0yl 518 (i
45,5 8 e o0pma 55 0,5 51 45l (al %00 by o5 s Bl (sey s e ol & 3 |, gty
algS o Sly g ard ooyl 3 Ay SIS 53 5005 dnlone 1) 095 Sty 09s Gliee 05 2 5o (nl 4 azgs b ol
Gl S8 a5 (glo 5 slaws o1 5 cglads (o5 Sllail 4 a5 b a5 Cel (] 098 0 7 koo el a5 Jgus .aiS o Lo
5 alold (yor Jolas 5 Jolss Sy o8 53 0 > Sybon dbna S50 4 4 Wiglh 45,5 L5 4o iy e lyie &
S5 lgr asin |y b obs) caaS Baa b S alold ol busl )0 .0uS o ol (65,5l oailendl

s (2o, alold @ los Sisl Gago e 9 2be,y CotS el by Jlgte ST g0 giloy alold (ol alsld
U ailgd oo Bon obo, codS a5 Jb jo cnl ol Jlade G ol alold wezge b, slaps ol g o o)l
L 0gd oo drmloee dligs pw hawgi bgy &jgo 4 a5 obo, alold 0,5 )8 ).».:lamwl) Sloy alols g ol a>
48,8 i o oligS obo, alold cul gy el oby Bue CS o Sy aF Sy 1y o)ls ddaly Bas S > Sy
P55 it S g |y Ban s, Jolsh e 55 SIS (sl i o5 B S5 o e 5 il 5 093
by Jolsd canlin ol aile sl VY alaly 3l oolatnl b Gas &S > Copw @ a g b jshaie ol sl 083

Sl oo ool

At=—" A\Y)
C g Ol Vg oS &S o A Sl alold jo Bu cuwl (Saw a5 glalold Jlade 3¢ obo, Jolgd ouisS (s AL oS

Bad (o oF) ooy Cawd jI-Y-F
w00l 12l Wy, 5 S IS U Jalse b g 09 obnl (ISt adgs slasl g 4ty il plonil &g, 53 5
ol Bas obo) wgy adien Ll ogd co plxl St gy g pliie Dg0 4 Ban b, J..UT)S QiSS olm! M

(Y'0)



i S (gled 3l pan b - pad (p o0 [ (210 i (Sl B9 4]

Slp phie Oigo 4 (2bs, Sldbl 0sd oo el a5 Wil e BT S, sl W) o elss 5 998 ed planil )50
o5 5 oSl gzl wgy o s bl el 5 Llaolayg, 4 lul o 05 b8 Gas LMol b 5 95 Sl Sipes
oS 01 aolagsy 51 alaS 52 el |y 60T, B oS o (3 s 102519 520 eigidon By

Hlasbe S oo Pl ) by wig) o5 elge

Qs <8l g MSg_auction  aiws Jlo )l b dligs jw 0,5 ol a8 iy a5 ,ebjlea msSg_bid aiw, il o puc @
oS o0 dex 5l alize Yo a4 S o aiS o gom adss glacl 5 adigs 0,5 Sl 4y pladl msg_bid
AgB pus 0,5 AS Dgd co sl dw i AdgS 1w 0,5 4 MSP_bid ainy Ko alise Yo g milge 092 o 4 L g aluen
WS OBl by gy aelol sl 1) gam adigB s Wilsi (6>

S s (ohoy gy oSl 055 SLSU Caz et Sz 355 (S5, Wgy 0 Bus S1idan SLSU ez s @
g W8 518 Olos Cundg )0 5 aSed lae S dule 29 o0 092 00D (G o5 Slodgacne 3)ly Bua 1) 098 o
Glro S ads 5 oad Bun ad oS Az g S 0,305 ol gloy b b oz jo o Bas ol 4 08
el o 555 () o 355 5 1 oo, g, B as oy i Jlb Sl & oo, g, s sl | 45
S aalyS aSed slee S alS 038 Sl Il o Vb (655 SBran v g o) B0

b3y Wgy 53 o zrke WS @8 sl gl Ty -Y-F

S egad ;0 slanald la g oS (egad ;0 iyl (G S s 4 b Sl 0¥ olering S, 258 5l )3
oS oolatl ouls 7 jlae O 235 (sl (5, laie Ay 0ol ilae sl g G lai ! T e pol0 e Bue
s *

5 o)S el pur o3game S g (bl eogaze S sl 0,8 o conl sl cols las (V) UK j0 oS jghailes
Omizees S 18 L bLs )l S0Ss b oS asies jolB cl ouds ools Las Re cudle b JSUo j0 aS 095 bl )l oogusxs
DS glolis 1) jlas o550 Bun wiiws [0l Cowl ool ools Lis Rs cuadle b JSKo )0 a5 045 cw 000zt o o )
o> 03gaza ply 90 3 s o I bl )l eogasme a5 Conl Ojso ol 4 canl 1,8 o0gams 50 (] A (sladal,
Ll (R>2R5)

oo bl f 5 (5S> Joka oY) S

Figure (2): Communication and sensory model of nodes
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Figure (4): The proposed algorithm flowchart
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Table (1): Simulation parameters
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Start of target tracking:
All of State’s Node is Active and Every Node can Detect Target Assign for Cluster Member
And Nearest Mode to Target Assign Cluster Head
Start Purposed Algorithm:
Task of Cluster Member:
Detect Target And Send msg_detect Message include information of detect to CH
Tasks of Cluster Head:
Send Information of Detect to Sink as periodical
Calculate Target's Location with Improved Trilateration Method
Prediction Next Target’s Location (PL & R,,,.)
Calculate N,
Broadcast megacolon Message for Neighboring Node
Receive msg_bid Message and Rank bid Number
Send msg_head Message to Node that have highest bid
Send msg_member Message to Nodes that have highest bid before CH (count nodes=N,,)
Wait for Receive msg_detect from Next CH:
If (Receive) {
CH go to Sleep mode}

Sad oboy as 4l (8) S
Figure (5): Pseudo code of target tracking

Find Target Algorithm:

If (don’t receive msg_bid Message) {
CH’'s Node Compare Target's Speed with R’fT .
if (speed < Bs/p )t
CH Send msg_auction to The common space of the two closest nodes to the
target}
Else {
CH Send msg_auction to The space community of the two closest nodes to
the target}
}
If (CH's Node don't Receive msg_detect from Next CH’s Node) {
If (detect target) {
CH resumes the tracking process again}
Else {
Active all Nodes That Located in space community of the two closest nodes to the
target}

SBad (40,5 louy o5 4l :(F) JCb
Figure (6): Pseudo code of finding the target

0 oo il -Y-0
eIV el ke gy core il Sln S o0 oo r Ol oSl o Shee 59y ) A e b JIEE TN
aS Heblen e oo lid ley Job o Cglaie sla a bl 00 0 (slae 5 slaws (V) S .l ool Gl Y g + /Y /D
Ll ol 0 A Cand 65T G000 slro S dlass sl /0 co e L oodye sleo S slaw clwwl comlie LB
sob 4 000 slee,S sl 09l (6 eS 00 slro,S Slawi 4 i Wil o 65yl g ALl o Jol sl L
ol ol aS el g 0ailondl (65,3 5l alols sl il SGop jhe 4 0 a5 e ool agly O lade b yusSas
oS Sl (nl L5 0 VL ke 5800 o5 6351 L oS 5l (S o095 Se s 58l Sras ol pae e
208 655 b laoS o yiSass o8 o s gt Qliil 8l Bas b sl il e sb 5T L 50 slao
S oo oy Glial g0l o U asis glallas wed oo oo VY 4 O aS Sy o Jlopl b aiile oo S Olgs cdl>
38l (658 B pan o jo el YU Nmb 9 Rpr Jdos YU P lade 05 oo YLPE g (ol caws 1 &5 cely jul cpl a5

b oo a8l e s a5 00 0 (sloo )T sl el SO gl O aST Sley o ed 45 0l oo

(fv)



YA-FY VA9 500 faw g Jez o)l (o203l Sl /50 Cariio )0 diadign slo by, 4 i

NUMBER OF DEAD NODE

el ((=0.0 === =0.5 ==@=01=1.0 0=0.3 === 1=0.7
200
150
100
50 ’_-/.
0 =
5 6 7 8 9 10

(05 30 b 0,5 Sluxi gog08 g (ARBS 1 Bl yg2ro) iliio WWT polio by 03 po (s 0,8 Sloxi loges (V) JSis

Figure (7): Number of dead nodes with different o values (horizontal axis: Minutes, Vertical axis: number of dead nodes)
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Figure (8): Target missing rate with different o values (horizontal axis: minute, vertical axis: target missing rate)
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Figure (10): Comparing the number of dead nodes of proposed method vs. AASA (horizontal axis: minutes, vertical axis: number of dead
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