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C tno rol of rU ban ciffarT  isU ng oL w-Co ts  and 
nE gre y- aS v ni g for Wi eler ss Sensor eN twork:  

Study na d S mi ulati no   

hpatsuM a aK b  ,enar 2Sa hal - idd n  e K  ,tir 3 uohaL cin  lE e mai uom n  ,i 4 aJ l  la Laa iss ri 

 
 

tcartsbA — nabrU  ciffart  si  t eh  traeh  fo  ynam  lborp e :sm  more  
tnecer  ,sraey  t sih  lacitirc  as tcep  devlovni  e yrev  yad  si   nu  

elbarovaf  rof  ynam  eif l ,sd  hcus  sa  ce ono scim  ro  e ygoloc . This  
repap  eserp stn  a ol w- tsoc  dna  ygrene - gnivas  nabru   ytilibom  

etsys gnirotinom m rowten rosnes sseleriw no desab k )sNSW( s .  
roF  eseht  ,snosaer  ni t tnegille  tr na s tatrop i no  smetsys  ( )STI   era  

e grem ed si ecn  the etal  1 ,s099  ot  tpo i im ze eht  tseb  c stso   dna  
ex ecneirep  fo  eht  u res  no  eht  netfo  co elpm x ten w .skro  nI   siht  

,repap  retfa  st gniydu  t eh  snoziroh  s hcu  tsys e sm  w lli  sucof   a  
egral  trap  fo  ruo  etats  fo  eht  art ygolonhcet  nyd a cim  dna  su e  d  
citrap u ylral  in d irtsi b detu  etsys m :s  if x de  w sseleri  es n os r  
rowten ks. eW  w lli  ees  taht  eseht  ved i sec  nac  eb  elbixelf  ni   eht  

etnoc xt fo  STI  dna  citrap i ap te ol w tsoc  ot  bo t nia  i etn r nitse g  
is OMUS dna DLG gnisu stluser um tal or.  

 
xednI  reT ms— ,sNSW  tnegilletnI  tropsnart  ,smetsys   nabru  

rt a STI ,ciff  .  
 
 

I. I TN R OITCUDO N  
Ro da  psnart o tr  na  eussi  ihw ch imp il es several asp tce s  .  

omA ng t eh  mo ts  i tropm a tn  ,seno  ew  can quote some o en s  :  
,stnedicca(  ciffart  ja ,sm  ene rgy consumption, po itull on .. .)  .  

T seh e elpmas s rev ae l the elohw  txe e tn  of our iad ly  
moveme tn s. T eh  aor d ffart ic saw  de lev oped ni  o dr er ot   

dnopser  t  o eht  en e  d for moving  .  
T eh  myolped e tn  fo  a se rosn  ne krowt  ni  bru an saera  si  edeen d  
to nah d el  t eh  traf cif . aE ch ed ploy es nsor node si  eq iu p ep d  

iw th a ettab ry ivorp d de  li im ted b ce a su e e en gr y is a sca ecr   
ecruoser  for es n sros  taht  mu ts  be nam a eg d to prolo gn  il fe  

rud a it no . T eh  rene gy noc sump noit  may be due to  eht  
ttimsnart i gn  and viecer ni g fo  data to en i hg b ro ing no ed s o  r  

fart fic co tn ro ll re . T eh  wa ets  of ene rgy nac  be d eu  to o en  o  r  
mo er  af c .st  gnidroccA  ot  ]2,1[  eht  rebmun  of se tn  ad ta si   a  

am ni  secruos  of detsaw  ene r yg .  

 
 

22 lirpA deviecer tpircsunaM 6102 ,  

ahpatsuM  Ka enarb  dna  halaS - enidd  tirK  yranilpicsidyloP  ytlucaF   fo  
,etazazrauO  tnemtrapeD  scitamehtaM  na d scitamrofnI  na d Ma an emeg n  ,t  

yrotarobaL  fo  gnireenignE  secneicS  dna  ,ygrenE  nbI  hoZ r ytisrevinU -  
A occoroM 836/PB ridag .  

aL h nicuo e El m ia m inuo ,,  loP y ranilpicsid y F tluca y of tazazrauO e,  
yrotarobaL  fo  gnireenignE  secneicS  dna  ,ygrenE  nbI  oZ hr ytisrevinU -  

 occoroM 836/PB ridagA  

lalaJ  irissaaL , ytlucaF  fo  secneicS  tnemtrapeD  fo  citamehtaM   dna  
,scitamrofnI  yrotarobaL  fo  citamehtaM  in scitamrof  na d  ,snoitacilppA  

emahoM d V U evin r tis y- Ag ad l baR a  t  
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lareveS  stud sei  ha ev  neeb  detcudnoc  no  em t oh ds of savin  g  
ygrene  ni  rosnes  skrowten . erA  detseretni  ni  gnilaed  htiw  siht   

,melborp  ni  ruo  is tu ita on eliated d below, ab es d on  eht  
erutaretil  3[ - ,]71  22[ -24] and si alum tion ,81,61[ 1 ]9 .  

T sih  repap  ai sm  at ivorp ding a so itul on to the si alum tion o  f  
eht  ru b na  rt a ciff  by resp gnidno  ot  ht e is us e of e en rg  y  

itpmusnoc on fo  eht  esu d srosnes  ni  eht  management fo  t  eh  
ciffart  ni  ca es  of orc ss or ads.  

At if r ,ts  el t s'  laed  iw th so em  tasks r etale d to the us bj  tce  
1[ 2-14]. eW  tseggus  na  hcra i erutcet  ot  eht  en t krow  fo  t  eh  

srosnes  esu d at a j nu c it on.  
tA  a dnoces  ,pets  ew  erutaef  owt  srotalumis   & DLG( desu ew  

)OMUS  in redro  ot  d ngise  and simulate road ciffart . T eh   
si alum t noi  er s tlu s era  vlovni ed ni  eht  a irogl thm to d lae  w ti h  

eht  detats  rp bo lem.  
llaniF y, sid ot nward si noisulcnoc a p al  y eht  r se ults a dn   

ezirammus  eht  niam  noitubirtnoc  of uo r ow rk  dna  
eser rehtruf a cr h.  

 
 

II. ALER T DE  WORK  

T yado  ynam  to slo  fo  si lum a noit  era  elba  ot  si etalum  an  d  
eveihca  seiduts  ot  eht  mo ot rway ciffart .  

nO  eht  ot reh  edis  fe rew  t oo sl  era  d ngise ed to sug seg t  
itulos o sn  rof  si italum on fo  daor  ciffart  in na  nabru  f lei d.  

T sih  si  d eu  ot  t eh  tcaf  t tah  urb na  en t ow r sk  p ser e tn  not onl  y  
j noitcnu  )stniop(  of lf ow isuf on e.i(  noitcesretni  in a lf ow of  

,)selcihev  tub  daorssorc  snoitcesretni  fo  swolf  e.i(  gnissorc  fo   
a lf ow of ve lcih e )s  sa  llew  .  
B ise d se  ht e es  etni r snoitces  ro  cro ss road (j tcnu ion) ar  e  

reffid e tn  b esuace  they imply co ilfn ct ,saera  t eh  ettal r ar  e  
detacol  ni  a daor  ciffart . ehT  ,eussi  erofereht  si  ot  is m etalu   eht  

nabru  i itcesretn o ,sn  ot  li kn  t eh  av rio su  traf cif  lf o sw  or t  o  
etanidrooc  eht  si etalum d vehi elc  snoitca  by gnisu  se sn ors by  

sdaor  nal es  .  
T eh  ma gan eme tn  fo  aor d ciffart  si  vni lo dev  ni  ht e ITS. ehT   

rettal  ha ev  a ev ry iw de leif d of app itacil on in an urba :n  The  
ITS egnahc  t eh  ma gan ement dna  co lortn  of tni ersec it on  s  

deppiuqe  htiw  rt a ciff  ligh st .  
ruO  study is og i gn  ot  cof su  on ruo  niam  retni e :ts  T  eh  

cilppa a it on fo  dexif  en twork of leriw ess osnes rs  
ortcelE( -ma eng t ci  se )srosn  to ht e ITS ni  the sac e of a  n  

itcesretni on. The bo j vitce e si  to er d cu e eht  ygrene   
itpmusnoc on fo  eht  se srosn , ni  ord re  ot  gnel then t eh  il ef   

oitarud ,n  ni  saerced i gn  eht  ebmun r of pac gak es se tn  to th  e  
rtnoc o ll er.  
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III . T SLOO  S MI LU AT RO  IV. P GNIDEECOR  NA D CONTE TX   
suoY ef & la . [1 ]9 , Tu ab tahsi  & la . ]02[  dna  hZ ou & a .l  2[ 1]  

desu  eht  leriw e ss  srosnes  en t skrow  ot  ma egan  rt affic il ghts  .  
T eh  curtsarfni t eru  esu d si  sho nw  on giF . 3 by tes ting th  e  

sisehtopyh  taht  hcae  enal  sah  owt  es ,srosn  eht  tsrif  rosnes  C( 1  )  
si  decalp  erofeb  eht  t ar f if c il g sth , and ces ond (C2) is p al ec d  

,retfa  )d(  si  eht  d cnatsi e eb tween eht  two senso sr .  
eroM o ,rev  a rtnoc o ll re  si  pr se e tn  on eht  is de of the road to  

tcelloc  snes ors data. T sih  ledom  allo sw  su  ot  rp o ep r  yl  
erusaem  eht  htgnel  fo  q ueu es dna  ht e reva a eg  iaw t gni  time at  

a j noitcnu .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Mo led  on a ezilareneg d itcesretni on iw th  
t ow  se srosn  p re  nal e  

 
We esu  ni  t tah  esac  t eh  ele ctric- am g citen  es nsors [ 12 ]. eht y  

evah  t eh  sa em  b roivahe  sseldrager  fo  eht  j nu c it on : hw en  a  
latem  obj tce  sessap  ov re , ht is sensor ed t ce st  v ra iations in the  

lairtserret  ngam e it c f lei .d  nehW  a itairav on sah  errucco d  
snaem  ht at a elcihev  is ,detceted  ni  ord re  to nk ow sti  typ  e  

gnidrocca(  ot  eht  tni en is ty of eht  airav tio sn ), to em a us er  it  s  
deeps  ro  sti  le gn th.  

uA th ro s S. Fa ey  & la  . [1 ,5  ]61  am de a com rap si on eb tw nee   
edom ls of r rem ly eserp nted  .  

 
 
 
 
 
 
 
 
 
 
 

We edivorp  a eliated d tcepsa  fo  eht  es ns ro s ene r teg i  c  
nam ageme tn  ht at stneserper  o en  fo  the am j ro  rtsnoc a ni ts (A  

rosnes  si  limi det  by energy <1.2 )V . tI  si  rof  t ih s aer son ht a  t  
tnerruc  hcraeser  sesucof  rp i iram ly on wa sy  to redu ec  th  si  

itpmusnoc on [1, ]2 .  
 
 

V. PROP DESO  WO KR  
nI  siht  trap  ew  su tsegg  a me ht od desab  no  eht  rebmun  o  f  
em s gas es nes t by eht  se rosn  C1 ot  eht  ciffart  thgil  lortnoc el r  
s'tel  d ebircse  eht  dohtem  ni  deta sli .  

W neh  a ssorc ing fo  ve lcih e si  eted ct de  by a es ns ro ,  ti  
secudorp  a itceted on me ss a eg  na d nes d ti  to eht  c no rt o ell r ni   

redro  ot  laer  emit  rt a ciff  manageme tn . Howe rev  t eh  er aep t de   
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esU  nI  t sih  p ,tra  ew  c esoh  ob ht  G DL  na d US MO simu tal ro s:  

A. eerG n iL ght irtsiD ct S mi ulator (GL )D   
 

DLG  ]02,91[  si  a margorp  t ah t rep for sm  d csi r ete  simula it ons  
aor fo ten d w skro . stsisnoc noitacilppa lluf ehT  fo  owt  :trap   na  
rotidE  dna  rotalumiS . rotidE ehT  selbane  eht  resu  ot  etaerc   na  

erutcurtsarfni  ( a daor  )pam  dna  evas  ti  ot  ksid . ehT  rotalumis   
nac  t neh  lo da  eht  am p na d r nu  a simula it on ba es d on tha  t  
am p. B rofe e gnitrats  a simulation, ht e su re  can ch oo se which  

ciffart  li thg  co rellortn  dna  w ih hc  rd vi i gn  po il cy lliw  eb  su de   
gnirud  t eh  alumis tion ,.e.i(  i  t seificeps  iffart c-li sthg  neerg -red  

cilop y).  

A ciffart  thgil  rellortnoc  si  na  mhtirogla  taht  seificeps  eht  w  ya  
ciffart  hgil ts era  tes  during the si italum on.  
erugiF  b le ow sho sw  t eh  software etni r af ec  ]02[   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

:1.giF  neerG  Light tsiD r tci  Simulator  
 
 

B. talumiS or of rU b na  oM b tili y S( OMU )  
 

OMUS  si  a si rotalum  op ne  sour ec  at a d si creet ti em ,  
itnoc suoun  ecaps  dna  cipocsorcim  ylluf  dezilaer  ni  C ++   

ot  om d ezile  or ad tr iffa c lf ow. 1[ 8]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iF g. :2  Si rotalum  of rU b na  Mob ili ty  
 

seidutS  era  gnidnatstuo .  erutuf ni meht tneserp lliw eW w kro .  
redrO  ot  erapmoc  ht em wi ht  t eh  user l st  of G DL  simu tal ro  .  
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nwapS  :ycneuqerf  si  eht  ro(ycneuqerf  )ytilibaborp  ta  cihw h on a de  snwaps  
wen  r ao d sresu . stI  v la u se  egnar  eewteb n 0 dna  1. roF  ,elpmaxe  a  nwaps  

ycneuqerf  fo  2.0  rof  a edon  snaem  taht  eht  edon  lliw  waps n eno  rac   yreve  
 emit rehto s c ro (pet y lc )e .  

nI  eht  iverp o su  ca ses  (G DL ,) hcae  si noitalum  is la nu che  d  
gnirud  eht  0007  yc c sel  a dn  se it etam  t eh  eva ra eg  tiaw i gn  ti em   

fo  elcihev . ehT  si rettal  derapmoc  ot  eht  emit noitarutas   eht fo  
iaw ting enil  T as t . eW  enifed  Tsat si  eht  gareva e va eul  o  f  

eht  A WJ  T stluser(  of the GLD- itceS on IV  ).  
ehT  rosnes  C( 1) erusaem  eht  tnenamrep  slavirra  yb(  gniyfirev   

eht  cissalc  al ,)mhtirog  rehw e sa  eht  osnes r C( 2) arepo et  ta   a  
neerg  ,thgil  ihw ch lliw  to se dn  a gakcap e to t eh  (C1)senso  r  

( eht  enil  is fr ee )d .  
 
 

T elba  :1  T lato  numb re  fo  se tn  stekcap  duri gn  7 0 00   
- lC ass ci  glA o ir t mh -  

pS a nw  erf q neu cy .0 2 0.4  
 

revA( a eg  fo  JA WT)  

 
: dnE  fo  ht e ve ih cle dete itc o  n  

= T ki - T kf : T emi  fo  eht  ed t ce it on 

: gnitratS  ti em  rf om wh hci  the que eu  si  sa ut ar ted  

 
T eh  snes or vlovni es t ow  ts atus:  

· sutatS  0: No hev icle det ce ted  
· tatS us 1: Ve elcih  d ete cted. W er’e  i etn er ets d in  

sutats  1.  
W neh  a ve elcih  has j tsu  b nee  etceted d by ht e se sn ,ro  ht e  

rettal  sdnats  ats( t su  0 ,)  ew  t ereh  of r say that ti  si  ht e  
igeb nni gn  of eht  dete itc on.  

eht nehW  elcihev detceted  seog  yb  rosnes eht  segnahc   sti  
sutats  tats( us )0  s'taht  t eh  end of ht e d ete c it on. T eh   emit  
spale ed eb t ew en eht  ch na ge fo  the se sn ro  morf   

si  dellac  eht  ted ce it on du ar it on ( giF . 4)  .  

We osla  de enif  t eh  T as t eht  time hw en eht  q ueu e  si  

tarutas ed. ehw n Td  ³ T tas  th ta  em an que eu  is  

detarutas  , eht  rosnes  will nes d a p egakca  to t  eh  
rtnoc o ll er.  

· glA o tir h sm  fO  Pa kc ega s rT an efs r  
nI  siht  bus -  eht fo rebmun egareva eht tneserp lliw ew ,noitces  

tnes  kcap ages irud ng t eh  gla o mhtir  e ex c itu on. It s'  sab ed o  n  
eht  si lum ita o sn  hcihw  erew  pe ofr r dem  no  a cesretni tion iw th  

seitilibaborp  e tn ry eht  on des (1 pS a nw  uqerF ency) 0.2; 0.  4  
dna  0 8.  .  

We lliw  p tneser  t eh  arg p sh  gnidrocca  ot  eht  two fo ll o iw gn   
gla o mhtir :s   

a) cissalC  lA g tiro hm  
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of r draw ing of the em s as ges etareneg s an i pm o natr t  
itpmusnoc on of ene r yg  .  

oT  ecuder  ygrene  ,noitpmusnoc  ew  tseggus  ot  ecuder  rebmun   
fo  se tn  p kca a seg . eW  d enife  t eh  erp nes ce of a ve ih c el  as ht e  

tcaf  fo  ieb ng etacol d ni  eht  ted ec it on zo en  of ht e se sn ro  .  
B ,sedise  hcae  noitceted  ro  ve elcih  pas egas  is re ef re cn ed b  y  

emit eht  )T( . iF g. 4 eht setartsulli  selcihev  noitceted   a hguorht  
fi dex  es nsor.  

 
 
 
 
 
 
 
 
 
 
 

iF g. :4  noitceteD  si lang  of eht  ihev c sel  by sens ro  C1  

fi  (Td  ³ T as t ) 

then T refsnar  fo  ekcap st   
esle  lamroN  fu itcn o in ng  

1 

cy  selc -  
 

 8.0  

 53  

T0 : etaD  dna  ti em  of ht e rep formance 

K : rebmuN  fo  ve (selcih  eb tween eht  2 se sn or )s  
Tki : nnigeB i gn  of t eh  ve ih c el  d itcete on  

T fk  

8. 95  2 7.5 8  T tas  

To lat  rebmun  of es nt p stekca . 91 0 33 8 772 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)b  rP opo es d Al og tir hm 
 
nI  redro  ot  lpmis i yf  a dn  ma ek  o ru  mhtirogla  iciffe e ,tn   ew  

cof u des  no  eht  obj sevitce  dni e tn i deif  rp ive ously  .  
T eh  up detad  gla o tir hm )b  T as t egarevA(  of JA W ,T  w  e  

note Tsat = T taS  eR  f . T eh  av l eu  fo  AJWT si  compared  ot  

T d 

T tas  

0 ®  1 ® 0 

imes( -d ny a cim ). We fed ine T tas  as  T tas  eht  new ulav e of 

T aS t eR  f 
llof o :gniw  Tsat  = T aS t eR  f  +  

2 
A p tra  of t eh  algo mhtir  is de cs ribed belo :w  d( e lev po ed b  y  

mmargorp i gn  nal g egau  C Sharp)  
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eht  rebmun  fo  se tn  ekcap ts by C  1 se sn or has decr sae e  d t iw  ec  
sel s  .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iF g. :7  Co rapm i nos  bet neew  t eh  two a gl ro i ht sm  
 
 

VI. ALUMIS T NOI  RESULTS  
ni  ruo  ,esac  ew  esohc  a elpmis  erutcurtsarfni  na(  )noitcesretni  .  

A ercs en tohs  fo  t eh  fos t eraw  si  ava ali ble in Fig. 7  

 
 
 
 
 
 

 elbaT 2: 000 7 gnirud stekcap tnes fo rebmun latoT  
 selcyc - htiroglA m )b -  

pS a nw  erf q neu cy .0 2 4.0   8.0  
 

revA( a eg  fo  A WJ T)  
 

To lat  number of s ne t pa kc e st . 105 82 8 14 7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iF g. 5 and giF . 6 hs ow eht  numb re  of p ekca ts se tn  by the  
en two kr  1C  se rosn  d gniru  7 0 00  lcyc es a cc dro gni  to Spa nw   

cneuqerf y. Fig. 5 hs o sw  ht at eht  rebmun  fo  stekcap  tnes   si  
hgih  277(  1C/stekcap  rof  eht  yrtne  ytilibaborp  fo  egdeh  stonk   

8.0 )  .  
We osla  eciton  taht  this n rebmu  increases iw th eht  e tn r  y  

ytilibaborp  fo  eht  ,stonk  siht  deifitsuj si  by eht  tcaf  eht  latot  o  f  
eht  tiaw i gn  ti em  saercni es sa  llew  as el ngth of t eh  tiaw ing.  

Howe ,rev  fi  ew  co erapm  eht  arg p sh  of se tn  cap ke st  iF g. 7  
cca ro d ni g to algor ti hm a) on( r lam ) and al og r ti hm b  )  

tpO( i )dezim  rof  ht e sa em  sp nwa  uqerf ency, we rem ra k that  
 
 
 

49

Se im -dyna im c  T tas  

iF g. :7  neerG  Li thg  tcirtsiD  Simu tal ro   
 

elihW  gninnur  a ,noitalumis  DLG  nac  kcart  tnereffid  sepyt  fo   
sitats t sci  such sa  t eh  n rebmu  fo  ro da  esu rs ht at re ca hed ht eir  

itanitsed o ,n  eht  egareva  j tcnu i no  tiaw i gn  ti em  (AJ )TW  ro  eht   
egareva  pirt  ti em  sho sw  ni  iF g.  8  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8a pS a nw  erf quency 0 2.  
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nI  redro  to evig  ot  ruo  ow rk co itaunitn on, ew  pro iv de a more  
lpmoc ex :esac  lareves  itcesretni o ,sn  2C  es nsor and  eht  

gla o smhtir  t tah  oc n lort  nam a eg  rt a ciff  lig sth .  
tI  si  sla o cen e ass ry ot  ofrep rm aga in t eh  simula it on iw t  h  

OMUS  dna  co erapm  ht em ot  t eh  ob niat ed r luse ts.  
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iF g. b8  Spa nw  erf q neu cy 0 4.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F gi . c8  pS a nw  uqerf ency 0 8.  
 

iF g. 8 d si plays ht e reva a eg  j cnu tion wa ti i gn  time (AJWT  )  
etartsulli d hguorht  t eh  simulation of 7 00 0 cycles. T eh  c  elcy  

gnieb  a ti em  un ti  fo  G ,DL  and ti  cor er sponds to a softw era   
moveme tn , eht  simula it ons rew e frep or em d on  na  

itcesretni on iw th tne ry ytilibaborp  fo  egde  edon  2.0  ; 4.0  dna   
8.0  f( or hcae  elcyc , for cae h edge n )edo .  

T eh  desolcne  at ble su sm  up the va ul es a ihc e ev d: 
 

T elba  :3  luseR ts fo  si italum on: garevA e AJWT dur gni  eht   
tsal  0.7 0  0 cycles  

pS a nw  erf q neu yc  0 2.  .0 4 0 8.   

egarevA  of eht  A WJ T .8 59 25.78 3  5  

Si italum on luser ts era  desu  ni  eht  a gl orith sm  me itn o en d  
iverp o su ly ( eS c it no s V. a) and .V  ) b )  

 
IV I. OC N NOISULC  DNA  FUT ERU  W RO K  

nI  siht   repap we ylfeirb  debircsed  ruo  m dohte  ot  taert  w hti   eht  
ygrene  tniartsnoc  fo  srosnes  detnemelpmi  ni  eht  nabru  ciffart   

nam ageme tn  sa  llew  sa  eht  si rotalum  DLG  u es d to eva aul te  
eht  me ht od s detseggu .  

T ,neh  ew  ha ev  show eht  e ciff i ne cy fo  o ru  itulos on cca dro gni   
to ht e llof owing :cirtem  - eht  emusnoc d ene rgy si   

porp o lanoitr  to eht  mun b re  of kcap e st  se tn  by the se sn ro .  
T eh  si italum o sn  hparg s hs ow t eh  opti zim a it on of t eh  numb re   
fo  p stekca  tnes  to eht  noc t ,rellor  hcihw  ael ds to lowe  r  

citegrene  noc s mu p it o ,n  dna  fereht ore l ne gthens eht  life  
noitarud  fo  ,metsys eht  osla  stluser  ni  a ol w re  tsoc  fo   gnippihs  

tekcap  sA(  t eh  rettal  si  t eerh  ot  four ti sem  m ro e cos lt y tha  n  
eht  rec pe it on co ts  of a sens ro ). T ih s makes htopyh e is s erom   
ilav d.  

 
 
 
 
 

59  



 hcraeseR gnireenignE fo lanruoJ lanoitanretnI A  )MREJI( tnemeganaM dn  
9432 : NSSI - emuloV ,8502 - eussI ,30 -  6102 lirpA ,40  

 
 

32[ ] F. ,tollioB  J. ,ellivessolB  .J  ,troseL  V. ,akytoM  M. dna ,uoigroegapaP  enicuohaL  LE  INUOMIAM  saw  nrob  ni   ,arogaZ  
S. S lle .a  lamitpO  langis  co lortn  fo  nabru  tra ff ic netw ro ks. N rebmu  4 27 , ,occoroM  ni  1970. eH  deviecer  ni  ,5002  eht  Ph D. .  

281 segap – 991 ,681 2. eerged  ni  scinortcele  morf  etutitsnI  fo   ,scinortcelE  
2[ ]4  ,ardnahC  eiggeR  na d ,yrogerG  .sirhC  cnysnI  evitpada  ciffart  langis  ortceleorciM ni sc  dna  onhcetonaN ol gy (I  )NME  

ygolonhcet  : laeR - emit  laicifitra  ecnegilletni  ireviled ng laer - ow rld ytisrevinU  fo  V ,senneicnela  ,senneicnelaV  ecnarF .  
re us l luJ .st y .0102  nI  02 0 ,6  he ioj n de  eht  yranilpicsidyloP  ytlucaF   fo  

,etazazrauo  nbI  rhoZ  ,ytisrevinU  .occoroM   ,1102 nI  
he cer e vi ed ih s atilibaH t oi n à iD ri reg  des  

ahpatsuM  narbaK e deviecer  sih  eht  tsrif  s’retsaM  ceR morf )RDH( sehcreh   eht F uca lty ics fo ences, Ibn  
eerged  ni  ,scinortcelE  scitamotuA  dna  pmoC tu ,re   ,ytisrevinU rhoZ A ridag  . itca hcraeser sih ,tneserp tA v  desucof era seiti o  n  

morf  eht  F tluca  y fo  ,secneicS  vinU e tisr y of Per ip g an n citsuoca  evaw  p noitagapor  in cirtceleozeip  ,serutcurts  B WA  r ose tan  ,sro  
aiV  aitimoD  , ,ecnarF  ni  02 1 ,2  dna  his the es cond cirtceleozeip  ,rosnes  citsuoca  evaw  srotanoser  dna  sretlif  rof  FR -  ,SMEM  

s’retsaM  eerged  ni  retupmoC  secneicS  morf  etutitsnI  sivoidua dna u qinhcet la u egami rof se  dnuos dna .  
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