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Abstra ct   P o s i t i o n in g  o r  l o ca l i za t io n  o f  wi re l e s s  ad  ho c  ne t wo rk s  has  ga ined  muc h  r e sear ch  
a t t en t io ns  fo r  seve ra l  yea r s .  T h i s  p ap er  p ro p o ses  a  h yb r id  po s i t i o n i ng  a l go r i th m wh ich  ex p lo i t s  
Rece ived  S igna l  S t r en g th  (RS S) -b ased  r ang i ng  and  Se l f  Organ iz i n g  Map s  (SOM) -b ased  ran ge  
f r ee  lo ca l i za t io n  me th od s  to  o b ta in  the  t r ad eo f f  be t wee n  co s t ,  po wer  and  lo ca t io n  accurac y.  
D i s t ance  in fo r ma t io n  f ro m RSS meas ure ment  has  b een u t i l i z ed  in  the  l ea rn in g  s t ep s  o f  SOM -
based  lo ca l i za t io n  a lgo r i th m to  ge t  mo re  accu ra t e  lo ca t io n  e s t i ma te s  whi l e  r ed uc ing  n u mb e r  o f  
l earn i ng  s t ep s .  Me tho d  o n  RSS unce r t a in t y  r ed uc t io n  i s  a l so  i nco rp ora t ed  in  t he  p ro po sed  h ybr id  
RSS -SOM a lgo r i th m.  Resu l t s  f r o m ex tens i v e  s i mula t io ns  p ro ve  t ha t  t he  h yb r id  RSS -S OM 
a lgo r i th m o u tp e r fo r ms  seve r a l  ex i s t i ng  p o s i t io n ing  a l go r i th ms  fo r  a l l  no d e  d ens i t y ,  a n cho r  
u t i l i z a t io n  and  the  nu m ber  o f  l ea rn in g  s t ep s .  
K eyw o rds   RSS ,  SOM,  Po s i t i o n ing  

I .  I N T R O D U C T I O N  

Wire le ss  ad  ho c  ne t wo rks  have  b een  co ns id e red  a s  p ro mis i ng  to o l s  fo r  ma n y lo ca t io n  a war e  
ap p l i ca t io ns  l i ke  env i ro n me nta l  o b ser va t io n ,  mi l i t a r y  s urve i l l anc e ,  b u i ld ing  mo ni to r ing  and  
d i sa s t e r  r e l i e f ,  and  t rack in g  mo vin g  t a rge t s ,  e t c .  Al tho u gh  a  l a rge  n u mb er  o f  p o s i t i o n ing  
a lgo r i th ms  have  b een  p ro po sed  so  fa r ,  i t  i s  s t i l l  a  cha l l en g in g  p rob le m d ue  to  ex t r e me l y  l i mi t ed  
re so urces  ava i l ab le  a t  e ach  senso r  no d e .  T hese  a lgo r i t h ms  can  b e  ca t egor i zed  in to  t wo  gr o up s :  
ran ge - f r ee  [1 ]  and  r ang ing  [2 ]  app roaches .  

Range - f r ee  a lgor i th ms  d e te rmi ne  the  no d es ’ l o ca t io n  b y u s in g  the  no d es ’ co nnec t iv i t y  
in fo r ma t io n ,  t he  n u mb e r  o f  ho p s  b e t ween  t he  n od es  and  the  nod e  d i s t r ib u t io n  d ens i t y,  wi t ho u t  an y 
sp ec i f i c  ha rd ware  sup p or t .  T hese  app ro aches  f ea tu r e  r ed uced  o ve rhea d  a t  t he  r e so urce  co ns t r a ined  
senso r  no d e  s id e ,  nev er the l e ss ,  wi th  l e s s  accuracy d epend in g  o n  the  ancho r  dens i t y,  ne t wo r k  
co n nec t iv i t y  a nd  the  no de  d i s t r ib u t io n .  Our  p r ev io us  wo rks  [3 ,  4 ]  p rop o sed  SO M -b ased  
loca l i za t io n  me tho d s  t o  so lve  these  p rob le ms  and  sho wed  b e t t e r  l oca t io n  accuracy t han  o the r  
ran ge - f r ee  ap pro aches .  

More  p rec i se  lo ca t io n  e s t i ma t io n  can  b e  ach i eved  b y r ang i ng  ap pro aches  whic h  a r e  typ ica l l y  
based  o n  RSS,  t i me -o f - ar r iva l  (TOA) ,  ang le -o f -a r r iva l  (AO A) ,  o r  t he i r  co mb i na t io ns .  T hese  k ind s  
o f  l o ca l i za t io n  me t ho d s  have  h i ghe r  accuracy.  Ho weve r,  a l l  o f  t he se  me tho d s  b u t  RSS  r eq u i r e  
sp ec ia l i zed  ha rd ware  fo r  r ang i ng ,  t hu s  co ns u min g  mo re  po wer  and  add i t io na l  co s t .  T he re fo re ,  t he  
use  o f  RSS  a s  a  d i s t ance  e s t i ma t io n  t echn iq ue  has  l ed  to  a  nu mb er  o f  RSS  b ased  po s i t i o n in g  
a lgo r i th ms .  Ho weve r,  r e sea rche r s  have  exp re ssed  do ub t s  o n  the  r e l i ab i l i t y  o f  RSS  meas ur ement s  
[5 ] .  Mo re  wo rks  o n  tha t  p ro b lem ha ve  b een  prop o sed  b u t  a  h i gh  n u mber  o f  ancho r  u t i l i z a t io n  has  
been  r eq u i r ed  [6 ] .  H yb r id  a lgor i th ms  l i ke  RS S-DVHOP [7]  and  SR SSQ  [8 ]  wer e  p ro po sed  to  app l y  
co s t  e ffec t ive  RSS  in to  the  range  f r ee  p o s i t i o n in g  a lgo r i th ms .  Ho we ve r,  t he  me tho d  p r op o sed  in  
RSS -DVHOP r eq u i r e s  a  r e l a t ive l y  h ig h  d ens i t y  o f  ancho r s  in  t he  n e t wo rk .  SRSSQ uses  i nd i r ec t  
map p ing  o f  RSS  in to  d i ffe r en t  r ad io  r ange  l eve l s  t o  i mp ro ve  the  lo ca t io n  e s t i ma t io n  accur acy o f  
t he  r ange - f r ee  a lgo r i thms .  

I n  th i s  pap er,  a  ne w h yb r id  p o s i t i o n in g  a lgo r i th m has  b een  pro po sed  which  g i ves  h i ghe r  
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po s i t i o n in g  accur ac y wh i l e  r ed uc in g  co s t ,  p o wer  and  ancho r  u t i l i z a t io n .  As  mo t iva t io n s  to  o ur  
p r ev io us  wo rk s ,  o ur  p ro po sed  a lgo r i th m mo d i f i e s  ex i s t in g  SOM -b ased  app ro aches  b y ap p lyi n g  
RSS -b ased  d i s t ance  in for ma t io n  in  t he  l ea rn in g  s t ep s  o f  l o ca t io n  up da te  p ro cess .  To  s mo o th  o u t  
t he  RSS  i ns t ab i l i t y,  a  mean  f i l t e r  ha s  b een  u t i l i z ed .  Ex tens i ve  s i mula t i o ns  have  b een  ca r r i ed  o u t  t o  
eva lua te  the  p e r fo r ma nce  o f  t he  RSS -SOM a lgo r i th m a nd  the  r e s u l t s  s ho w a  h i gh  d egr ee  o f  
accuracy co mp ared  wi t h  o the r  ex i s t in g  wo rk s .  T he  r e s t  o f  t he  p ap er  i s  o rgan ized  a s  fo l lo ws :  
sec t io n  2  d esc r ib es  de t a i l  exp lana t io n  o n  th e  h yb r id  RSS-SOM a l go r i th m.  Sec t io n  3  p r o v id es  
s i mula t io n  r e su l t s  a nd  pe r fo r mance  eva l ua t io n s .  F ina l l y  i n  sec t io n  4 ,  we  su m mar ize  o ur  r e su l t s  
and  d i scus s  the  fu tu r e  wo rks .  

I I .  P R O P O S E D  W I R E L E S S  A D  H O C  NE T W O R K  PO S I T I O N I N G  AL G O R I T H M  

This  sec t io n  in t ro d uces  the  p rop o sed  h yb r id  R SS -SOM p o s i t i o n in g  a l go r i th m whic h  e ffec t i v e ly  
exp lo i t s  b o th  RSS -b as ed  d i s t ance  e s t i ma t io n  and  d i s t r ib u ted  SOM -based  r ange  f r ee  po s i t i o n ing  
me tho d s  to  b r id ge  the  gap  b e t wee n  lo w co ns u mp t io n  o f  p o wer  and  c o s t ,  and  h i gh  accurac y.  T he r e  
a r e  t wo  ma i n  s t ages  i n  the  RSS-SOM a lgo r i th m:  ( i )  i n i t i a l i za t io n  s t age  and  ( i i )  l e arn in g  s t age .  
Be fo re  go ing  i n to  d e t a i l  o f  t he  a lgo r i th m,  l e t  us  fo rmula t e  ma t he ma t i ca l  no ta t io ns  used  in  th i s  
pap e r.  A wi r e l e ss  ad  ho c  o r  senso r  ne t wo rk  i s  rep r e sen ted  a s  an  u nd i r ec t ed  co nnec ted  g r ap h  wher e  
the  ve r t i ce s  a r e  nod es ’ lo ca t io ns  and  ed ges  a re  the  co nnec t i v i t y  i n for ma t io n  (d i rec t  co nne c t io n  
be t wee n  ne ig hb or  nod es ) .  T he  ne t wo r k  i s  fo rmed  b y G  ancho r  no d es  wi th  k no wn lo ca t io n s   λ i  
( i=1 ,2 ,…,G )  and  N  no des  wi t h  u nk no wn lo c a t io ns  ω i  ( i=1 ,2 ,…, N ) .  T he  e s t i ma ted  lo ca t io ns  o f  
no d es  a r e  d eno ted  a s  𝜔𝜔�𝑖𝑖   ( i=1 ,2 ,…,N ) .  

A.  In i t i a l i za t io n  S tag e  

For  the  in i t i a l i za t io n  s t age ,  we  ap p ly t he  me tho d  s i mi l a r  t o  DV-H OP [9 ]  to  ge t  t he  in i t i a l  
e s t i ma ted  lo ca t io ns .  I n  DV-HOP,  un kno wn no des  ha ve  to  use  t he  av er age  ho p  d i s t ance  va l ue  (𝐻𝐻𝑖𝑖 )  
o f  nea rb y ancho r  i  whic h  i s  ca l cu la t ed  us in g  (1 )  t o  e s t i ma te  d i s t ance  to  o the r  ancho r  no d es .  

𝐻𝐻𝑖𝑖 = ��𝜆𝜆𝑖𝑖 − 𝜆𝜆𝑗𝑗 �
𝑗𝑗≠𝑖𝑖

/�ℎ𝑖𝑖𝑖𝑖
𝑗𝑗≠𝑖𝑖

 (1 )  

whe re  ℎ𝑖𝑖𝑖𝑖  i s  t he  ho p  co unt  b e t ween  t wo  anc ho r s  i  and  j .  Af t e r  ob ta in in g  the  d i s t ance  b e t ween  
un kno wn  no d e  and  o ther  ancho r s ,  l a t e r a t io n  me tho d  i s  ap p l i ed  to  e s t i ma te  the  lo ca t io n  o f  t h e  
un kno wn no d e .  I n i t i a l  e s t i ma ted  lo ca t io ns  o f  u nk no wn no d e s  a re  ob ta ined  a t  t he  end  o f  t h i s  s t ep .  

B.  Lea rn in g  S ta g e  

This  i s  t he  co r e  s t ag e  o f  t he  p ro p o sed  a lgo r i th m whic h  ap p l i e s  b o th  RSS -b ased  d i s t ance  
in fo r ma t io n  and  d i s t r ib u ted  SOM-b ased  p o s i t i o n ing  a l go r i th m to  e s t i ma te  the  lo ca t io n  o f  un kno wn  
no d es .  T here  a r e  fo ur  ma in  p hase s  in  t he  l ea rn ing  s t age  wh ich  wi l l  be  r ep ea ted  in  a  t o ta l  o f  T  
l e arn i ng  s t ep s .  

1 )  Ph a se  1 :  Lo ca t io n  exch an g e  ph a se  
I n  the  f i r s t  p hase ,  t he  no d es  exchan ge  the i r  l oca t io n  in fo rma t io n  so  tha t  each  no d e  has  lo ca t io n  

in fo r ma t io n  ab o ut  i t s  o ne  ho p  ne i ghb o r s  𝜔𝜔�𝑖𝑖𝑖𝑖   ( j=1,2 ,  . . .  ,  N i )  whe re  N i  i s  t he  n u mb er  o f  no d es  
wi t h in  no d e  i ’ s  co mm unica t io n  r ange .  T he  exchan ge  p acke t  co n ta ins  the  cur r en t  le a rn in g  s t ep  
nu mb er  ( m ) ,  nod e ID and  the  no d e ’s  e s t i ma ted  lo ca t io n .  Upo n  r ece iv ing  o f  t he  lo ca t io n  exc han ge  
packe t ,  t he  no d es  meas ure  the  RSS  va l ues  o f  t he  p acke t s  f r o m each  ne ig hb or  and  keep  the m fo r  
fu r the r  r ang i ng  b ased  e s t i ma t io n  p rocess .  

2 )  Ph a se  2 :  D i s tan ce  e s t ima t io n  u s ing  Rece ived  S ig na l  S t ren g th  (RS S )  
To e s t i ma te  the  d i s t ance  b e t ween  the  t wo  co mmu nica t in g  no d es ,  we  ad op t  t he  lo g -no rma l  

shad o w mo d e l  [ 1 0]  which  i s  a  mo re  gene r a l  p rop aga t io n  mo d e l  s u i t ab le  fo r  bo th  ind o o r  and  
o u tdo or  en v i ro n ment s .  T he  s ig na l  s t r en g t h  o f  t he  r ece ived  p acke t  (RSS)  can  b e  r e l a t ed  to  the  
d i s t ance  b e t wee n  the  two  no d es  b y the  fo l lo wing  exp re ss io n :  



 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 = 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 − 10𝑛𝑛𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙10 �
𝑑𝑑𝑖𝑖𝑖𝑖
𝑑𝑑0
� + 𝑋𝑋𝜎𝜎  (2 )  

whe re  𝑑𝑑𝑖𝑖𝑖𝑖  i s  t he  d i s t ance  be t wee n  no d e  i  and  j ,  𝑛𝑛𝑖𝑖  i s  t he  p a th - lo ss  exp o ne nt  co r r e sp o nd ing  to  th e  
p r op aga t io n  chan ne l ,  and  𝑋𝑋𝜎𝜎  d eno te s  a  zero  mean  Gau ss i an  r and o m va r i ab le  wi th  s t an da r d  
dev ia t io n  (𝜎𝜎) caused  b y s had o win g .  T he  t e r m 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟  i s  t he  p o wer  measured  a t  a  r e fe r ence  d i s t ance  𝑑𝑑0 
wh ich  i s  se t  t o  1 .  T hen ,  ( 2 )  b eco mes  

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 = 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 − 10𝑛𝑛𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙10𝑑𝑑𝑖𝑖𝑖𝑖 + 𝑋𝑋𝜎𝜎 . (3 )  
F ro m (3 ) ,  t he  d i s t ance  be t wee n  a  t r ans mi t t e r  and  a  r ece ive r  can  b e  e s t i ma ted  f ro m 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖  a s  

𝑑𝑑𝑖𝑖𝑖𝑖 = 10
𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 −𝑅𝑅𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖 +𝑋𝑋𝜎𝜎

10𝑛𝑛𝑖𝑖 .  (4 )  

Ho weve r ,  e s t i ma t in g  the  d i s t ance  f ro m a  s i ng le  RSS  meas ure me nt  i s  e r ro neo us  d ue  to  RSS  
va r i ab i l i t y .  T wo  co mmo n f i l t e r s  t o  s mo o th  o u t  i t  a r e  s i mp le  ave r ag in g  ( mean)  f i l t e r  and  fee db ack  
f i l t e r .  T he  mean  f i l t e r  s i mp l y ca l cu la t e s  t he  a v er age  o f  RSS  va lue s  (𝑅𝑅𝑅𝑅𝑅𝑅�����𝑖𝑖𝑖𝑖 )  f r o m the  f i r s t  t o  cur r en t  
l e arn i ng  s t ep  m  ( t=1  to  m )  i n  whic h  we  can  a s su me  t ha t  t he  d i s t ance  and  the  env i ro n me nt  b e t ween  
the  t wo  co mmunica t i ng  nod es  do  no t  change  s i gn i f i can t l y .  

𝑅𝑅𝑅𝑅𝑅𝑅�����𝑖𝑖𝑖𝑖 =
1
𝑚𝑚
� 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖

𝑚𝑚

𝑡𝑡=1
 (t) (5 )  

The  feed back  f i l t e r  u se s  o n l y a  s ma l l  p a r t  o f  t he  mo s t  r ecen t  RSS  v a lues  fo r  each  ca lcu la t io n  
i l l us t r a t ed  a s  fo l lo ws :  

𝑅𝑅𝑅𝑅𝑅𝑅�����𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 (𝑡𝑡) + (1 − 𝛼𝛼)𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 (𝑡𝑡 − 1) (6 )  

whe re  𝛼𝛼 ≥ 0.75. T hen  the  d i s t ance  meas ure men t  in  ( 4 )  t u rns  a s  fo l lo ws :  

𝑑𝑑𝑖𝑖𝑖𝑖 = 10
𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 −𝑅𝑅𝑅𝑅𝑅𝑅�����𝑖𝑖𝑖𝑖 +𝑋𝑋𝜎𝜎

10𝑛𝑛𝑖𝑖  (7 )  

The  RSS va r i ab i l i t y  o ve r  a  t i me  p e r iod  o f  0  to  30  i s  i l l us t r a t ed  in  F i g .1 .  Acco rd ing  to  the  
re su l t s ,  t he  mea n  f i l t e r  sho ws  the  mo s t  s t ab le  r e su l t  co mp ared  wi t h  o t he r s .  Resu l t s  sho wn  in  F ig .2  
p r e sen t  t he  co mp ar i so n  be t wee n  t he  d i s t ance  e s t i ma te s  b ased  o n  d i f fe r en t  f i l t e r in g  me tho d s  and  
the  ac tua l  va lue .  I t  i s  p r o vab le  tha t  t he  d i s t ance  e s t i ma t io n  us i ng  R SS o u tp u t  f r o m mea n  f i l t e r  
ap p ro aches  we l l  t o  t he  ac tua l  va lues .  Acco rd in g  to  the  ev id ences ,  us i ng  a  to t a l  o f  m RSS samp les ,  
we  f i l t e r  t he  RS S  unr e l i ab i l i t y  wi t h  the  mean  f i l t e r  (5 )  and  then  ca lcu la t e  d i j  us in g  (7 ) .  

  
                  F i g . 1 .  R S S  v a r i a b i l i t y  o v e r  t i m e .                 F i g . 2 .  D i s t a n c e  e s t i m a t e s  u s i n g  R S S  f r o m  d i f f e r e n t  f i l t e r s .  

3 )  Lo ca t ion  up da te  p h a se  
The  th i rd  p hase  i s  t he  lo ca t io n  up d a te  p hase .  Each  no d e  wi th  lo ca t io n  𝜔𝜔�𝑖𝑖  beco mes  the  SO M  

wi nne r  fo r  each  r eg io n .  B ased  o n  c l a s s i ca l  SOM, i t  wi l l  up d a te  the  we ig h t s  o f  i t s  ne i ghb or ing  
no d es  wi th  lo ca t io n  𝜔𝜔�𝑖𝑖𝑖𝑖  us ing  the  fo l lo win g  fo r mula ,  

𝜔𝜔�𝑖𝑖𝑖𝑖 (𝑚𝑚 + 1) = 𝜔𝜔�𝑖𝑖𝑖𝑖 (𝑚𝑚) + ∆(𝑚𝑚) (8 )  
whe re  m i s  t he  cur r en t  l e arn i ng  s t ep .  ∆(𝑚𝑚) i s  ca l cu l a t ed  us in g  (9 ) .  

∆(𝑚𝑚) = 𝛼𝛼(𝑚𝑚) �𝜔𝜔�𝑖𝑖(𝑚𝑚) − 𝜔𝜔�𝑖𝑖𝑖𝑖 (𝑚𝑚)� (9 )  
whe re  𝛼𝛼(𝑚𝑚) i s  t he  l ea r n in g  r a t e  exp o nent i a l  d ecay func t io n  a t  i t e r a t io n  m a s  de f i ned  in  (1 0)  



 

𝛼𝛼(𝑚𝑚) = exp⁡(−𝑚𝑚+1
𝑇𝑇

) .  (1 0)  
Upd a t ing  b y ( 8 )  mea n s  tha t  t he  no des  wi l l  mo ve  to ward s  the  lo ca t io n  d e te rmi ned  b y 𝜔𝜔�𝑖𝑖 .  I f  

d i s t ance  in fo r ma t io n  f ro m no d e  i  t o  j  i s  ava i l ab le ,  i t  wi l l  b e  po ss ib l e  to  d r a w no d e  j  t o war d s  th e  
loca t io n  d e te r mi ned  b y  tha t  d i s t ance .  T he re fo r e ,  we  u t i l i z e  𝑑𝑑𝑖𝑖𝑖𝑖  r e su l t ed  f ro m the  seco nd  p hase  a nd  
ca l cu la t e  t he  r ev i s i ng  vec tor  V i j  fo r  a l l  ne i g hb or ing  no d es  j  (1 ,2 ,  . . .  , N i )  t ha t  ha s  t he  d i r ec t io n  
to ward s  the  lo ca t io n  o f  d i j  a wa y f ro m no d e  i  u s ing  (1 1 ) .  

𝑉𝑉𝑖𝑖𝑖𝑖 =
𝑑𝑑𝑖𝑖𝑖𝑖 − �𝜔𝜔�𝑖𝑖 − 𝜔𝜔�𝑖𝑖𝑖𝑖 �
�𝜔𝜔�𝑖𝑖 − 𝜔𝜔�𝑖𝑖𝑖𝑖 �

�𝜔𝜔�𝑖𝑖 − 𝜔𝜔�𝑖𝑖𝑖𝑖 � (1 1)  

Then ,𝑉𝑉𝑖𝑖𝑖𝑖  i s  used  a s  a  gu id a nce  to  up d a te  the  lo ca t io n  o f  each  ne i ghb o r  b y changi n g  (8 )  to  (1 2) .  
𝜔𝜔�𝑖𝑖𝑖𝑖 (𝑚𝑚 + 1) = 𝜔𝜔�𝑖𝑖𝑖𝑖 (𝑚𝑚) + �∆(𝑚𝑚)(1 − 𝛽𝛽)� − 𝑉𝑉𝑖𝑖𝑖𝑖  𝛽𝛽 (1 2)  

whe re  𝛽𝛽 i s  t he  l ea r n in g  b i a s  p a r a me te r :   

𝛽𝛽 = �0 𝑖𝑖𝑖𝑖 𝑚𝑚 ≤ 𝜋𝜋
1 𝑖𝑖𝑖𝑖 𝑚𝑚 > 𝜋𝜋

� (1 3)  

whe re  𝜋𝜋  i s  t he  l ea rn in g  th r e sho ld .  T h i s  t h r e s ho ld  d e t e rmi nes  the  s t ep s  to  app l y the  p r op o sed  
mo d i f i ca t io n  a nd  the  n u mb er  o f  RSS  sa mp les .  B e fo r e  m  r e aches  th e  th r e sho ld ,  t he  top o lo g y i s  
re l a t ive l y  co n ve r ged  b y (8 )  and  RSS meas urement  p ro cess  in  the  f i r s t  p hase  t akes  p l ace  o n  each  
s t ep .  I n  the  r e s t  o f  t h e  l ea r n in g  s t ep s ,  t he  p rop o sed  mo d i f i ca t io n  i s  ap p l i ed  and  d i j  f r o m the  
l earn i ng  s t ep  m=π  wi l l  b e  u t i l i z ed  wi t ho u t  an y ad d i t io na l  R SS  measure ment  p ro cess  an d  the  
d i s t ance  e s t i ma t io n  p h ase  to  r ed uce  co mp ut a t io na l  co s t s  s ince  s t a t i c  ne t wo rk  en v i ro n ment  i s  
co ns id e r ed  whic h  wi l l  no t  b e  changed  wi th i n  the  po s i t i o n in g  p ro cess .  

Af t e r  ca l cu la t ing  the  l oca t io n  up d a te s  fo r  a l l  ne ig hb or s ,  no d e  i  wi t h  lo ca t io n  𝜔𝜔�𝑖𝑖  bro ad cas t s  a  
packe t  co n ta in i ng  c ur r en t  l e a rn in g  s t ep  nu mb er  ( m ) ,  nod e ID and  a  l i s t  o f  up d a ted  loca t io ns  f o r  i t s  
ne ig hb or s .  Upo n  r ece iv ing  o f  t h i s  p acke t ,  e ach  ne ig hb o r  ex t r ac t s  i t s  e s t i ma ted  loca t io n ,  a s  we l l ;  
t he  nod e  i t se l f  a l so  r ece ives  the  s i mi l a r  up d a te s  f r o m i t s  ne ighb o r s .  Then ,  t he  no d e  wi t h  lo ca t io n  
𝜔𝜔�𝑖𝑖  ca lcu la t e s  i t s  ne wl y e s t i ma ted  lo ca t io n  b y av erag in g  i t s  cur r en t  l oca t io n  and  the  up da te s  f ro m 
i t s  ne ig hb or s  us i ng  (1 4 )  i f  i t  i s  no t  an  a ncho r  no d e .  

𝜔𝜔�𝑖𝑖 =
1

𝑁𝑁𝑖𝑖 + 1
��� 𝜔𝜔�𝑗𝑗𝑗𝑗

𝑁𝑁𝑖𝑖

𝑗𝑗=1
� + 𝜔𝜔�𝑖𝑖� (1 4)  

4 )  An cho r  in fo rma t io n  u t i l i za t ion  p ha se   
As in  o ur  p r ev io us  works ,  we  u t i l i z e  kno wn in fo r ma t io n  o f  anch or s  in  th i s  p hase  to  ad j us t  

no d es ’  l o ca t io ns  to  ap p ro ach  to  the i r  ab so lu te  loca t io ns  b ased  o n  eq ua t io n  (1 5) .   
𝜔𝜔�𝑖𝑖 = 𝜔𝜔�𝑖𝑖 + 𝜑𝜑𝑖𝑖 (1 5)  

 

where  𝜑𝜑𝑖𝑖 = 1
𝐺𝐺𝑖𝑖
∑ ,     𝑊𝑊(𝑥𝑥)𝐺𝐺𝑖𝑖
𝑗𝑗=1

(𝜆𝜆𝑗𝑗−𝜔𝜔� 𝑖𝑖)

�𝜆𝜆𝑗𝑗−𝜔𝜔� 𝑖𝑖�
, 𝑊𝑊(𝑥𝑥) = �  

−𝑥𝑥2   (−1 ≤ 𝑥𝑥 ≤ 0)
𝑥𝑥2         (0 < 𝑥𝑥 ≤ 1)
1                    (𝑥𝑥 > 1)

�   𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 =
�𝜆𝜆𝑗𝑗−𝜔𝜔� 𝑖𝑖�

ℎ𝑗𝑗𝑗𝑗  𝑅𝑅𝜃𝜃𝑖𝑖𝑖𝑖
− 1. (1 6)  

h j i  i s  t he  nu mb er  o f  ho p s  f ro m ancho r  j  to  no de  i ,  𝜃𝜃𝑖𝑖𝑖𝑖  i s  t he  r a t io  o f  t he  ho p  d i s t ance  to  r ad io  
ran ge  R  and  G i  i s  t he  to ta l  nu mb er  o f  ancho r  no d es .  Al l  t he se  p hases  a r e  d o ne  in  o ne  lea rn i ng  s t ep  
and  a l l  t he  no des  r ep ea t  fo r  T l e a rn in g  s t ep s  to  ge t  d e s i r ed  lo ca t io n  accurac y.  T he  we igh t s  
ob ta ined  f ro m t he  f ina l  l ea r n in g  s t ep  a r e  the  e s t i ma ted  lo ca t io ns  o f  th e  nod es .  

I I I .  S I M U L A T I O N  E V A L U A T I O N S   

To eva lua te  the  p e r fo rmance  o f  t he  p ro p o sed  a lgo r i th m,  ex tens i ve  s imula t io n s  have  b een  ca r r i ed  
o u t  fo r  s ma l l  t o  l a r ge  sca l e  ne t wo r ks ,  d i f fe r ing  anc ho r  u t i l i z a t io n ,  no d e  d ens i t y  and  co nne c t iv i t y  
l eve l .  T he  fo l lo win g  mean  er ro r  va lue  i s  u sed  a s  a  lo ca l i za t io n  accuracy e va lua t io n  func t io n .  

𝑒𝑒𝑒𝑒𝑒𝑒 = �
1
𝑁𝑁
� |𝜔𝜔𝑖𝑖 − 𝜔𝜔�𝑖𝑖|2

𝑁𝑁

𝑖𝑖=1
 (1 9)  

whe re  N  i s  t he  to t a l  nu mb er  o f  no d es  wi t h  un kno wn lo ca t io ns .  A l l  t he  s i mula t io n s  ha v e  b een  
co nd uc ted  in  MAT LAB  s i mula t io n  env i ro n ment .   



 

For  t he  r ang in g  b ased  d i s t ance  e s t i ma t io n ,  RSS  va l ues  a r e  ca l cu la t ed  f ro m each  ne i gh bo r  
acco rd ing  to  ( 3 ) ,  s e t t i n g  n i  to  2 .5  a nd  the  sha do w fad ing  X σ  i s  s i mul a t ed  a s  a   Gauss i a n  r and o m 
va r i ab le  wi t h  ze ro  me an  and  s t and ard  d ev ia t io n  o f  4 ,  a s su mi ng  p ro p aga t io n  mo d e l  fo r  i nd oo r  
env i ro n me nt  wi t h  No n  Line  o f  S igh t  co nnec t i o n .  To  ap p ly o ur  p ro po sed  a lgo r i th m in  r ea l  f i e ld s ,  
va lues  o f  n i  and  s t and ard  d ev ia t io n  can  b e  chan ged  to  cha rac t e r i ze  the  p ro p aga t io n  chan n e l .  W e  
a ssu me  a l l  t he  no d es  have  the  sa me  t r ans mi t  po wer  and  r ad io  r ange  R .  Lea rn i ng  th r e s ho ld  π  o f  1 0  
and  to t a l  l e arn in g  s t ep s  T  o f  1 00  have  b een  use d  in  o ur  s i mula t io ns .  

A.  Per fo rma n ce  fo r  S ma l l  Sca le  Ne two rks  

At  f i r s t ,  we  co nd uc t  expe r i ment s  o n a  s ma l l  sca l e  ne t wo rk  o f  1 00  nod es  d i s t r ib u ted  r ando ml y  i n  
a  1 0 x1 0  me te r 2  a r ea  wh i l e  va r yi ng  co n nec t iv i t y  l e ve l  and  n u mb e r  o f  anc ho r s  u t i l i z ed .  T he  
co n nec t iv i t y  l eve l  r ep r e sen t s  ave r age  nu mb er  o f  ne ig hb o r s  p er  nod e .  He re ,  we  u se  the  r ad io  ran ge  
o f  2  me te r .  T o  ea se  th e  p er fo r mance  co mp ar i so n ,  we  ca l l  o ur  p r ev io us  wo rks  in  [3 ]  and  [ 4 ]  a s  
SOM and  LS-SOM resp ec t ive l y ,  and  the  me tho d  b y [1 1]  a s  CSOM.   

F ig .3  i l l us t r a t e s  the  pe r for ma nce  co mp ar i so n o f  f  RSS -SOM wi th  o th er  a lgor i th ms  fo r  d i f fe r en t  
nu mb er  o f  ancho r  u t i l i z a t io n .  RSS -SOM s ho ws  the  b es t  re su l t  a mo ng  o the r  a lgo r i th ms  even  in  the  
ca se  o f  t he  min i mu m nu mb er  o f  ancho r  u t i l i z a t io n .  No t i ceab le  lo ca l i za t io n  accurac y has  b een  
ach ieved  wi t h  10 % anc ho r  u t i l i z a t io n .  

 
 

             F i g . 3 .  P e r f o r m a n c e  b y  n u m b e r  o f  a n c h o r s .                           F i g . 4 .  P e r f o r m a n c e  b y  c o n n e c t i v i t y  l e v e l .  

Mean  lo ca t io n  e r ro r s  o f  d i f fe r en t  a lgo r i th ms  o n  va r io us  co nnec t i v i t y  l eve l s  a r e  sho wn  in  F i g .4 .  
Resu l t s  i nd ica t e  tha t  o ur  p ro p o sed  RSS -SO M a lgo r i th m ach ie ves  ve r y go o d  accurac y o ve r  t he  
o the r  a lgo r i th ms  f ro m sp a r se  to  dense  ne t works .  F ig .5 .  i l l us t r a t e s  p er fo r mance  co mp ar i s o n o f  
t op o lo g y r egene ra t io n  fo r  a  r and o m ne t wo rk  wi th  1 00  nod es  us in g  4  ancho r s .  RSS -SOM sho ws  tha t  
i t s  p er fo r mance  i s  sup e r io r  to  o the r  a lgo r i th ms .  

B.  Per fo rma n ce  fo r  La rg e  Sca le  Ne two rks  

Topo lo g y ge ne ra t io ns  fo r  l a rge  sca le  ne t wo r ks  a r e  i l l us t r a t ed  in  F ig .  6  whe re  50 0  nod es  a r e  
rand o ml y d i s t r ib u ted  wi t h  0 .8  % anc ho r  u t i l i z a t io n .  S ymb o l s  ‘o ’  a nd  ‘* ’  r epr e sen t  t he  ac tua l  
l oca t io n  and  e s t i ma ted  lo ca t io n  r e sp ec t ive l y ,  and  the  co n nec t ing  l i ne  be t wee n  the m s ho ws  the  
po s i t i o n in g  e r ro r .  DV-HOP  ge t s  h ig he r  e r ro r  d ue  to  the  hop  d i s t anc e  e s t i ma t io n  e r ro r .  Al t ho ug h  
LS -SOM ap p ro ach  ach ieves  b e t t e r  accurac y  than  DV -HOP ,  RSS -SOM ge t s  t he  b es t  l o ca t io n  
accuracy a mo n g the m.  

Lo ca l i za t io n  accuracy  o ve r  d i f fe r en t  va l ues  o f  r ad io  r ange  has  b een  p r e sen ted  in  F ig .7 .  
I nc r eas in g  t he  r ad io  r ange  d r a ma t i ca l l y  r ed uc es  the  lo ca l i za t io n  accurac y o f  co mp ared  a lgo r i th ms ,  
excep t  t ha t  o ur  p rop o sed  RSS -SOM s ho ws  mo s t l y  s t ab le  r e su l t s  a nd  the  h ighes t  accurac y.   

Ad d i t io na l l y ,  we  co nd uc t  ano the r  exp e r i ment  o n  a  r and o m ne t wo rk  o f  20 0  no d es ,  5  % anc ho r  
u t i l i z a t io n  and  the  r ad io  r ange  o f  1 5  me te r  t o  make  the  co mp ar i so n  wi th  h yb r id  sche mes ,  RSS -
DVHOP  and  S RSSQ.  Acco rd in g  to  the  r e s u l t s  i n  F i g .  8 ,  o ur  RSS-SO M a lgo r i th m sho ws  6 8  % and  
30  % p e r fo rma nce  i mp ro ve ment  o ve r  RSS -DV HOP  and  SRSSQ r e sp ec t ive l y .   
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F i g . 5 . T o p o l o g y  r e g e n e r a t i o n  o f  s m a l l  s c a l e  n e t w o r k s .  

    
F i g . 6 .  T o p o l o g y  r e g e n e r a t i o n  f o r  l a r g e  s c a l e  n e t w o r k s .  

`

  

F i g . 7 .  P e r f o r m a n c e  b y  d i f f e r e n t  v a l u e s  o f  r a d i o  r a n g e .        F i g . 8 .  P e r f o r m a n c e  c o m p a r i s o n  w i t h  h y b r i d  s c h e m e s .  

 

 
Mean  er ro r  t h ro u gh  each  SOM learn in g  s t ep  o f  

RSS -SOM sc he me  i s  p r e sen ted  in  F i g .  9 .  T he  RSS -
SOM sche me  r eq u i r e s  o n l y 20  to  3 0  l ea rn ing  s t ep s  
to  ach ieve  s t ab le  r e su l t .  Co mp ar ing  to  tho usa n d s  o f  
l earn i ng  s t ep s  in  c l a s s i ca l  SOM and  3 0  to  40  s t ep s  
in  LS -SOM,  p ro p o sed  RSS -SOM r ed uces  
co mmu nica t io n  and  co mp uta t io n  o ve rhead s .  

 
 

IV .  C O N C L U S I O N S  

I n  th i s  wo rk ,  we  ha ve  p rop o sed  a  ne w h yb r id  RSS -SOM p o s i t i o n in g  a lgo r i th m wh i ch  e f f e c t i v e l y  
e x p lo i t s  t h e  b e n e f i t s  o f  b o th  R SS  r an g i n g  an d  S O M - b a s e d  lo c a l i z a t i o n  a p p ro a c h e s .  Lo ca t io n  accur acy o f  
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SOM a lgo r i th m has  b een  i mp ro ved  b y in t e gra t ing  a  mo re  p r ec i se  d i s t ance  e s t i ma t io n  me t ho d  based  
o n  RSS meas ure ment s .  Fac to r  o n  RSS va r i ance  s mo o th in g  has  a l so  b een  co ns id e red  in  the  
p rop o sed  a lgo r i th m.  Ac co rd ing  to  the  r e su l t s ,  o ur  p rop o sed  h yb r id  a lgo r i th m wo rks  we l l  o n  bo t h  
s ma l l  t o  l a rge  sca le  ne t wo rks .  As  we l l ,  i t  d ep ic t s  t he  h i ghe s t  l o ca l i za t io n  accurac y a mo ng o the r  
a lgo r i th ms  even  in  the  ca se  o f  l o w ancho r  u t i l i z a t io n  and  a l so  fo r  spa r se  to  d ense  no d e  dens i t y.  
L ike wi se ,  t he  p ro po s ed  h yb r id  RSS -SOM  a lgo r i th m ha s  r ed u ced  the  co mp uta t io na l  and  
co mmu nica t io n  co s t  s in ce  i t  need s  o n l y a  fe w nu mb er  o f  l ea rn in g  s t e p s  to  ge t  s t ab le  lo ca l i za t io n  
accuracy.  Achie v in g  t r adeo ff  b e t ween  co s t ,  po wer  and  accurac y i s  t he  ma i n  bene f i t  o f  o ur  r e s ear ch .  
L i mi t a t io n  o n  th i s  wo r k  i s  t ha t  i t  wo r k s  we l l  o n l y o n  the  s t a t i c  ne t work  en v i ro n me nt  and  mob i l i t y  
i s  no t  co ns id e r ed .  Fu t u re  wo rk  wi l l  b e  to  ex te nd  cur r en t  wo r k  to  g iv e  lo ca t io n  accur acy o n  b o th  
s t a t i c  and  mo b i l e  ne t wo r ks  and  to  d ep lo y i t  i n  rea l  s ys t e ms .  
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