Sgln gs“"ﬁ‘))é oKiils

S S

WWAY Lo b iy (5 5 5unelS (sl 4

S e slog olsle g, iz owy

(e ol S 250 Bl ol bl

SBBT e o jgls 5

eETADYY + ¥ & gl o,los

\YAY e




et ettt ettt et heb et e heea e eae st ee et bek ek eke s et eaeeea eR e e e ek b ek aes ek ehenen bt et st e b s se bt ens doddo -\
e SALMN(Self Adapting Localization for Mobile Nodes) Ll o551 -Y
B ettt et et e et bR st Rt et es et eaeaen e ben st eneeae senene oy <S> sl 55l 095 Slogdass -Y-)
B et Rt s s R RS ee e e Rr s Rt e brnen TDOA 53, 3l ool b olilSa -
B ettt e R r s A s AR e £ RS8R R R e RsR Rt nene TDOA olowls -¥-)
Y ettt s e sttt e e et bt b e Slaye (82 g8 dolae Jo JSie Y-V
ettt ettt ettt h et et ea e e b 4 st b eh ea b et e St ek e e eaea et et et eheaee St heat et et e e et she st bentet et ea aree Loz 931 =¥
N ettt s s R R R e cluster-based MDS ;I solizl L LIS -F
NF e eeeeee e eee e e et e et e oo ses e eeeeeenee b e sl sy k Koy s ¥
YO ottt ettt ettt et ras bbb Inter — cluster slasg ;I oslizl L inter — cluster Jlas! sl -f-Y
Y ettt e bbbt e e s RA s e e e st b e e as bttt et SIS 5o 5 MDS-f-¥
A ettt ee et eee e eet et e ete et teaeat et eteateata e tes et aatetesaeateaeateseeseateaeeueaterensenteeeeeeeeneen 895 Sl gy SO (omy 2 0
ettt et s et e ettt teae s eae eea et es et et neae erataen b OB Julbos s 5 sl alols Cosgass —0-)
Y ettt e e e bbb Re bbb bR R SRR e bR he et et a st be et Rigidity !, Lalys -0-¥
T ) et e as et et as et e et et ettt e se e Rigidity oLl sl aleess,sSI-0-Y
T Y et e e eeeees et e e e et 1228t e o2t se e e eererses e ol sl -0-f
T oo oo e oeeeeseee e et et e e et e Can g -F




1do o

ond ity olar yeb 4y awe 10 Ygene 45 Wl oot LSi3 K 09 (6 ke Slasi 5 Ysene WSN sla oSt
ylsg 5l 635y 055 4 00ls Jlusl 5 00ls 53105 ools (555] maz Coil (oS (65 51 B s (oS Ayie 45 Cbls azgd Wb wil
] oo 35 S ul atie W e o e aSl &5 Sleo IS 5l gl j0 all oo oyl Sliogas 4
5 ol jeb 4 i wil e LS Wl oo el oany Lo cowd 4y (gl dhais ax 1 Sledlbl aS pilay Lo Al aSSe
Loy |, LuilSe Sledbl ail jol8 g bl pusS Jloo |y 5o S 50§ &8 o e putlss o Lo a5 Koy jgiile sloo IS
Sleedsy ool Coenl Fl ooy DLl 5 o ools )s) ez SelSgn b ol SiSSsn 0 rizen S o ple
23,5 peedl Ol (o0 225 (IS W 93 4 45 Cesl oad sledn 5 (o 09 B oy Gl (il (et (sl (Al

ol S caxdge b ol GPSelfus G Jols 045 0 a5 :(Absolute PositioningGPS jl eslazul 5l L -
kilSe (dnr )3 (izmen 9390 (oo jlo JSido oo Lasgi ojlul Bl 5l e 50 9 Sl p dije oS w2l (el
e Sl

LLs,l 5,k 5l Vsens ((Relative Positioning)coloulxe w55 5l oolaiwl b g ANCHOT slasg 5l solazl b -
il S e allys o baogi oS by azgi Wb aidl gl o 00 pest 09 56 ANChOrsg aw b sy

13,5 el awd 99 4 Hlate Gl (L Slees )5Sl Gl (oo S50

Seliwl sl )
Sealizs slgaty oS Y

TOA,TDOA, AOA, RSSI Jw. :Distance-Base-\
DV-Hop, Convex Programming, MDs-MAP | :Non Distance-Base Y

S oo oolinl (6 15 o5l sleSiiss 5l Distance-Baseulilse slpes ;931 =51

(AOA ) 99,9 4.:5‘) 6)5 o)’|..\.3‘ -\
TDOA .46 ,bgs 5 48,1, salols 5,15 ojlail Y
(RSS (5355 JiSews Gls5 655 ojlil ¥

Aol bog obul> o 4 Real-Timealedb! 4 Lo ,o3! ol el Scsline slan ;o3 s, 4o S e sloogs

w20 o0 g )0 abg e (leets 651 5 LLlSe hg; vz oy Vb Cdlas 4 ax g 4 >

-




LISALMN(Self Adapting Localization for Mobile Nodes) oLslSe g ;9! -¥

CBS dgugy sl Xyl Real-TimeoleM! o gl Ll sloein oSl oS oxie sloogi [0 ol azaS S jshiles
55 Ll IS 1280 5 il | asgs S (a5 st g 5 s sl S

o Lo g S it glite &S o lete e Gub p 1y ol e S B Wil oo 5l 093 o 5a SALMN
S LB S e la oy ele St ladgs (S5 > Candg i Sbml sln | s (S a4 addy SG il
Sloog <85> Cepw (1) Gloy 10 9 (28 A oo Conlio s g U ob e Slej addy goy0 Sl axie s
Wb i+1) som @l e b alols ATy 5 wsb (Regi)» Vig)) oo 3 Ot(i) oo a2gly 5 5L Vi) S ot
39 (s G Wl oo 25 (S S b (i) po S yoxte 098 (Xe(ivn) » Yiegin)) o

| Negiay = Yoy T Vr(x] . i\‘rr(x) ®COs 6:»(0 1)
[Viaen = Ve + Vi AT #5106 |

el Vigiy dolae 5 Jgo 8 oo

. \/(x:(f) = X)WV = Vi)

. (2)
t(7)
A‘Tr{z—l)
Viy = Ve
arctap —& -~ 1@ Xy~ Xympy 2 0
Xy — X,
(i) t(i—1) 3
6?“;) _ 3)
ity ~ Vi -
T+ a1‘cranM Yy xr(f—]){“o

xr(f) - xr’(r‘—l)

Shoolatal Lol ails 9929 Joeme 995 (Slple glads jo beaconsy 4w Jsla> il o oSl ol o a9
Ja.n)B d’“‘L’ » .é; 6;5 oj‘JJ‘ beaCOI'by aw ‘) J9.e‘.’>v.4 05_; d3 9 dz 5d1 alols \b}w < TOA L RSSIGLQ,“.@)
)

[u_%f+@—hf:%z )
ix—x) +(—-n) =d, i
l_(*\‘_:‘}): +(J'_J"3)2 :d;




145 S (o0 (6 S Azl Sl g ol S0 Bk 4y DY gzme g B,k SO ) poles slael Jlal 5l o

AX =B (7

= {2(7(1 —x,) 2(n J"z)}

2(x—x;) 2(y,—y3)

(8)
_[=
X=|
L) ©)
p| X —x, 4y =y, —d] +d,
*Tz’ _'\_32 +J'32 “32 _dzl '*'("33 (10)
] oo Gy dolee Colys yo a5
X=U4"4"4B (11)

9095 oo Sl O §F IYolee I VL doles ol 3925 Jseze 998 (Slpbe gl (o beaconsy g Lias aSalXin
ool o)Ll ol 4 alie cpl jo a5 o, il o BB i o Cdl jieS SVgpmme slaw )l Yolee olaad 4SS
B S il oy Jsbo 3 1y ol Casdyn i o Lo 035 o e |, 5 e sloogs 25 Jo sl
S (K Ya) » Xy Yp) STl Cssy gazly Jo ol 058 Bl Wil o ailol glelo ol 05 Blol oS > Zgogame
o 5ldp 9dy alols .ol (ﬁt(i)’f’t(i))}l Oloy nl 50 08 CuBge pesd g Flie YU g0 ax 0 (g, Aol
05 Sy dadd aSile ) el o 0l 00 uedd S 4 ZSU05 Fwl aisd oo dwbne dolre Fuwly 5l eald 08 (yuedd
a5 sl opls Jame 5l Wil oo b o5 azt ams od Slyz S Sl e o cl Sl ple glas o DEACON
L RSSI 51 eslaial L oo 65 ojlasl alols 51 o] glad 5 opls o] 5550 Glsin (6)l> cuxdse ;o) DEACONSS
Sy Fopls doles 9 (V) e85, dloles doles glﬁl 55 oo YU 50 5950 1,65l o Lol .00 ,F dwle ool s TOA
3 oS ool oals 005 (a3 (WS 5 U ol (e dnalie (g, 5l eils (oo Lo LU oS ool Graly (5901 Sy
oS (o0 ooliul Ly Sl (S (2IGE LS (sl DRACOMSS 50 2,58 jo peldes b,

oy oS cS‘)'.")b‘}L“ 3¢5 Wlouddss -Y-)
kB o 0 4) IS o Je 5l 4l (BT 5l eess Gl Ry s Ticiy) 1 09 pol Sl ondse g o0

u‘?‘ = u}.S‘ 2O g0 CL"""‘*" u:"l" QlS.a p.u)ﬁl d""c BT ;fu 00 6)—:5 o)'LA.'s‘ QlS.a g o oolaiwl (Gl oo o)L’;}‘ UT L
ges demle ) Jso 8 kol (5505 o3l Ol g0l 003 (s 3,1 e e

1 Self-Adapting




=
A Z

2
P 4
E = \/('Tr(ﬂl) _-Tp'f:}']_)) +(:|}(?-+1) _:l‘f{ifl}) (l:)

D98 258 Tipip abold Bla> 3 Tpay 2L o Taidg Al g 098 28 By wly oo b o s il

sl el & le

(@°AL,_ +o,l, E>E, (13)
AT =4 : ;
W |@AL,, + oL, E<E, (14)

aSalSain el [0,1] 5, anels aninn pulati bl 45 Wgd oo iy yai o odusiw (5l Wy g W1 YU aolas o
aady > wela gl Tnin & b S0 4y il iy Uas jl aidy aSalSin 5 093 ools S Wy 5 955 o3l Jao g
aady oud odpmin 3 el b o0 R Tinax 4 (2b oS 4y il Uas 5l a8 4y 28y g il o0 228
gl ol e Sbls & Wl go 055 (85l il ] 4> 1 o s ASaolSim .m0 a s oy Sl ) s lSe
A2l555 @ s Sy 053 gl 5 955 (o0 28 Trnax sttt e 4y el yiaS ailin] v 5l Las aSelSin Lol 05 oS
g iy ya 4355l Wb Wa 5 W1 AT aad e (LS ) 05 59, 4 Wi w5 Jke g 392

o, =m,=0.5 (15)
2 Threshold
3 Interval




for (i=1. #(1)=0. @, = @, = 0.5 . initial of motion model. £, . I . T . areset. #(i)is less than simulation time

{ the current location is be estimated on the basis of motion model (1)

If three beacon nodes at least are existed within the range of comumunication. the nearest three nodes are selected and
triangular localization is executing. according to simultaneous equations (4). (5). (6)

Else if only two beacon nodes are existed within the range of conumunication. the solution but not unique is derived.
the node nearer to the estimated location should be selected. according to simultaneous equations (4). (5).

Else if only one beacon node is existed within the range of communication, the node nearer to the estimated location
should be selected. according to the solution of simultaneous equations (1), (4).

Else can not be located. the estimated location according to motion model is set the current location of mobile node.

End

End
End
The motion model is updated. Km ; Hm') are calculated by simultaneous equations (2). (3).
E between estimated location and measured location is calculated by equation (12)
EE<E,
aT, ., canbe calculated by equation (14).
Else
all,y canbe calculated by equation (13).
End
t(i+1)=1() +all,
i++
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MDS pseudocode in each cluster.

Input: role = {ClusterHead, Inter-cluster node, Member} //The role of each node
Output: Array MemberCoordinate[]
1 if role of node is Inter-cluster node or Member

2 then Estimate distance to all neighboring nodes

3 fori— 1ton [/ nisthe number of neighbor nodes
4 do NeighborDist[i][0] — ID of Neighbors

5 NeighborDist[i][1] — Estimated distance

6 Send NeighborDist and member_id to ClusterHead

7 if role of node is ClusterHead

8 then m — Number of Cluster Members

9 fori—1tom

10 forj—1tom

11 do Matrix[i][j] — o

12 fori—1tom

13 do Matrix[member_id]{ NeighborDist[i]J{0] — NeighborDist[i][1]
14 ShortestPath(Matrix)

15 MDS(Matrix)

16 return MemberCoordinate(]
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A . A
. _dy+dy —d _ dy +dy —dy
costh =———"——2  costh=—7"——"3
Zd,fdj,l A‘.d“ﬁlﬂ
2, 2 g2 2,2 2
cosdh, = m Cos (Jb2 — m
- 2dydy 2d,;d;

S99 k 9 Cluster head}: O aS el Ls‘A.LoL‘B d|k 9 YLa J}A)S )l oolazwl L: ‘) 9 = 91 + 92 .\5‘5‘0 uL«»} U"‘

Sl

dizk = dlzl + dlzk - Zdil dlkCOSQ (3)

Merge step pseudocode.

Input: Array MemberCoordinate(],
Boolean cluster confirm — false
Output: Array merged MemberCoordinate

1 while entire network is not merged

2 do if role = ClusterHead and the lowest ID among its neighbor
ClusterHeads

3 then send MPM to neighbor ClusterHeads

/| MPM = Merge Phase Message

4 cluster confirm — true

5 else if role = ClusterHead and cluster confirm = false
6 then if received MPM

7 then Calculate the rotation angle

8 Calculate the coordination of all members

9 send MemberCoordinate to all Cluster Members

10 cluster confirm — true
11 send MPM to neighbor ClusterHeads
12 return MemberCoordinate
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