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A b s t r a c t  
 
T h e w ides p rea d a va ila b ility  of  inex p ens ive eq u ip ment f or c rea ting  th e 
w ireles s  s ens or netw ork s  ( W S N )  [ 1, 2] , h a s  ena b led th eir ma nif old a nd 
innova tive a p p lic a tions  in nu merou s  f ields . PAS T A s y s tem ( Pois s on 
Arriva ls  S ee T ime Avera g es  )  [ 3, 4 ]  f or modeling  “ ma ny -to-one”  ty p e 
W S N  netw ork  h a s  b een u s ed in th e p a p er. I n th e p rop os ed s olu tion, s ing le 
s ens or-s ender u nits  rema in ina c tive a ll th e time ex c ep t f or th e moments  
w h en th ey  tra ns mit inf orma tion a b ou t th e mea s u red va lu e ra ndomly   
a t Pois s on ep oc h s  [ 5]  to a  c entra l b a s e s ta tion. Prob a b ility  of  c ollis ion 
oc c u rrenc e h a s  b een determined f or th e f ix ed op era ting  c onditions  of  th e 
netw ork . T h e c onc ep t of  a  c ollec tive ra dio-op era ted mea s u ring  netw ork  
w ith  one-w a y  tra ns mis s ion s y s tem ( s imp lex )  b a s ed on ra ndom a c c es s  of  
p a rtic u la r s ens or-s ender u nits , c ons titu te th e mos t innova tive a s p ec t of  th e 
p a p er. T h e p rop os ed s olu tion ena b les  th e s ens ors  w ith  a  s imp le h a rdw a re 
p a rt to b e u s ed a nd a llow s  a  very  s h ort tra ns mis s ion p rotoc ol a nd th e 
c omp lete indep endenc e of  ea c h  p a rtic u la r s ens or-s ender. C ons eq u ently , it 
res u lts  in s a ving  th e energ y  f rom th e p ow er s ou rc e of  s ens ors -s enders .  
 
K e y w o r d s :  w ireles s  s ens or netw ork , p rob a b ility  of  c ollis ion, PAS T A 
s y s tem, Pois s on p roc es s . 
 
Bez p rz ew o d o w a z b i o rc z a si eć  p o m i aro w a  
z  l o so w ą  p ro c ed u rą  d z i ał an i a 

 
S t r e s z c z e n i e  

 
Pow s z ec h na  dos tę p noś ć  niedrog ieg o s p rz ę tu  do b u dow y  b ez p rz ew o-
dow y c h  s iec i c z u j nik ó w  ( W ireles s  S ens or N etw ork  W S N )  u moż liw ia  ic h  
w ielora k ie i now a tors k ie w y k orz y s ta nia  w  w ielu  dz iedz ina c h . W  p ra c y  
w y k orz y s tu j emy  s y s tem PAS T A ( Pois s on Arriva ls  S ee T ime Avera g es )   
[ 3, 4 ]  do modelow a nia  s iec i z b iorc z ej  W S N  [ 3, 4 ] . W  p rop onow a ny m 
roz w iąz a niu  p oj edy nc z e c z u j nik i-na da j nik i p oz os ta j ą niea k ty w ne p rz ez  
c a ł y  c z a s , p oz a  momenta mi, k iedy  w y s y ł a j ą inf orma c j ę  o w ielk oś c i 
mierz onej  w  momenta c h  los ow y c h  p ois s onow s k ic h  [ 5]  do s ta c j i b a z ow ej . 
W y z na c z ono p ra w dop odob ień s tw o w y s tę p ow a nia  k oliz j i w  tra ns mis j i dla  
u s ta lony c h  w a ru nk ó w  p ra c y  s iec i. I nnow a c j ą tej  p ra c y  j es t k onc ep c j a  
z b iorc z ej  ra diow ej  s iec i p omia row ej  z  tra ns mis j ą j ednok ieru nk ow ą 
( S imp lex )  w  op a rc iu  o los ow y  s p os ó b  dos tę p u  p os z c z eg ó lny c h  c z u j nik ó w -
na da j nik ó w . Prop onow a ne roz w iąz a nie j es t niez w y k le p ros te s p rz ę tow o. 
Poz w a la  z a s tos ow a ć  b a rdz o k ró tk i p rotok ó ł  tra ns mis y j ny  i da j e p eł ną 
niez a leż noś ć  c z u j nik ó w -na da j nik ó w  ( b ra k  s y nc h roniz a c j i i k a na ł u  
p ow rotneg o) . W  k ons ek w enc j i s k u tk u j e to du ż ą os z c z ę dnoś c ią energ ii z e 
ź ró deł  z a s ila j ąc y c h  c z u j nik i-na da j nik i, ł a tw oś c ią rea liz a c j i i rek onf ig u ra c j i 
s iec i.  
 
S ł o w a  k l u c z o w e :  b ez p rz ew odow e s iec i c z u j nik ó w , p ra w dop odob ień s tw o 
k oliz j i, p roc es  Pois s ona , s y s tem PAS T A. 
 
1 .  I n t ro d u c t i o n  
 

T h e ad v ent of  M ic ro E l ec tro M ec h anic al  S y stems ( M E M S )  
tec h nol og y  h as mad e it tec h nol og ic al l y  f easib l e and  ec onomic al l y  
v iab l e to d ev el op  l arg e sc al e netw ork s c omp osed  of  l ow  p ow er 
d ev ic es th at integ rate g eneral -p urp ose c omp uting  w ith  mul ti- 
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p urp ose sensing  and  w irel ess c ommunic ations into “ w irel ess  
sensor netw ork s”  ( W S N ) .  A  w id e rang e of  ap p l ic ations is b eing  
c onc ep tual iz ed ,  d esig ned  and  d ev el op ed .  T h e most p romising  
ap p l ic ations are ( see [ 1 ,  2 ] )  in ind ustrial  c ontrol  and  monitoring ,  
h ome automation and  c onsumer el ec tronic s,  sec urity ,  and  h eal th  
monitoring .  W ith  w irel ess sensor netw ork s it b ec omes p ossib l e to 
inex p ensiv el y  and  rel iab l y  monitor temp erature,  v ib ration,  and  
oth er c ritic al  state v ariab l es of  mac h ine c omp onents.  T h is in turn 
enab l es th e op timiz ation of  maintenanc e sc h ed ul es w ith  minimal  
imp ac t on th roug h p ut.  R etrof itting  of  c ab l es is ex p ensiv e,  
p artic ul arl y  in h arsh  env ironments or in situations w h ere mov ing  
p arts c oul d  d amag e th e c ab l ing .  I n al l  of  th e ab ov e W S N  
ap p l ic ation ex amp l es,  mul tip l e sensor nod es in a c ommon 
neig h b orh ood  sense an ev ent.  T h ese sensor nod es sub seq uentl y  
transmit sensed  inf ormation to a remote p roc essing  unit or b ase 
station.  B ase stations are resp onsib l e f or c ol l ec ting  and  p roc essing  
d ata f rom th e p h y sic al  l ay er ( sensor nod es) .

W e ap p l y  P oisson A rriv al s S ee T ime A v erag es ( P A S T A )  to 
mod el ing  a w irel ess sensor netw ork  ty p e many -to-one.  P A S T A  
( see [ 3 ,  4 ] )  is a w el l  k now n p rop erty  ap p l ic ab l e to many  stoc h astic  
sy stems.  

S ec tion 2  p resents assump tions of  our w irel ess sensor netw ork .  
A  maj or p rop erties of  P oisson p roc ess are d esc rib ed  in S ec tion 3 .  
I n S ec tion 4  p resent mul ti-sensor measurement mod el  b ased  on 
P oisson’ s p roc ess is d esc rib ed  ( see [ 5 ] ) .  F inal l y ,  w e summariz e 
resul ts and  d raw  c onc l usions.  

 
2 .  N et w o rk  M o d el  an d  Assu m p t i o n  
 

R eal iz ation of  w irel ess sensor N etw ork  used  f or measurement 
resul ts ob tained  at d if f erent p oints to b e transmitted  to one 
rec eiv ing  p oint,  is a rev erse issue to th at of  b road c ast netw ork s.  
T h is issue is muc h  more d if f ic ul t as a c ertain f ix ed  ac c ess 
p roc ed ure b etw een p artic ul ar sensor-send er units and  rec eiv er is 
req uired ,  w ith  one sing l e ind ustrial  c h annel  assumed  to b e at 
d isp osal .  T h is issue c an b e sol v ed  in a numb er of  w ay s b ut eac h  
time th e ac c ess p roc ed ure mak es d ata transmission sy stem more 
c omp l ic ated .  T h is c omp l ic ation ap p ears in resp ec t of  b oth  
h ard w are and  sof tw are.  O n h ard w are sid e,  it is nec essary  to ensure 
sy nc h roniz ation and  th e rec ep tion of  return inf ormation,  i. e.  to 
eq uip e th e send ers w ith  a b ac k w ard  c h annel  rec eiv er al l ow ing  th e 
ac c ess p roc ed ure to f unc tion in a c orrec t w ay .  T h is mak es th e 
d esig n of  measurement sensors b e muc h  more c omp l ic ated  as,  
ap art f rom rad io transmitter,   th ey  must b e ad d itional l y  eq uip p ed  
w ith  rec eiv ers and  c ontrol  units.  M oreov er,  it is c onnec ted  w ith  an 
inc reased  energ y  c onsump tion of  p artic ul ar measurement p oints,  
w h ic h  is v ery  d isad v antag eous.  W irel ess sensors are used  in ord er 
to av oid  th e ap p l ic ation of  sig nal  l ead s and ,  esp ec ial l y ,  th e p ow er 
c ab l es.  T h us,  th e sensors are b attery -op erated  w h ic h  means 
a l imited  c ap ac ity  and  time of  use.  
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In the case of some special applications of wireless 
measu rement network s,  a completely  new approach to this issu e 
can b e proposed . L et u s d efine the rang e of application for the 
proposed  solu tion and  the assu mptions for su ch a network  d esig n. 
T his work  has b een aimed  at analy z ing  the operation correctness 
mod el for the proposed  network . 

L et u s assu me a measu rement network  to b e performed  
operating  in one rad io channel ( at one freq u ency )  comprising  an  
n-nu mb er of sensors which are capab le of emitting  the information 
ab ou t the v alu e of a phy sical q u antity  measu red  at the points 
where the sensors are placed  and  set to the selected  rad io 
freq u ency  with a preset power lev el.  C hang es in the measu red  
parameters are assu med  to tak e effect v ery  slowly  in relation to 
the time of measu rement protocol transmission. O ne-way  
transmission is assu med  ( from the sensor to information ex it,  i.e. 
for ex ample,  to the compu ter eq u ipped   with d ata transmission 
rad io receiv er and  the appropriate commu nication software 
d estined  for information processing ,  especially  for d ata b ase 
archiv ing  and  processing  accord ing  to the necessary  alg orithms) . 

T here is q u ite sig nificant d emand  for su ch ty pe of conv erg ecast 
( many -to one)  network  in nu merou s eng ineering  areas. F or 
ex ample,  it can b e the monitoring  of temperatu re or other phy sical 
parameters of the env ironment ( hu mid ity ,  su n ex posu re,  rainfall 
lev el,  atmospheric pressu re,  etc.) ,  on a certain selected  area within 
the network  rad io rang e. 
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F i g .  1 .   I n  m a n y -t o  o n e  n e t w o r k  t o p o l o g y  e a c h  s e n d e r -s e n s o r  t r a n s m i t  i t s  

i n f o r m a t i o n  i n  t h e  p r o t o c o l  a t  pt  d u r a t i o n  t i m e ,  t o  a  c e n t r a l  b a s e   
s t a t i o n  r a n d o m l y  a t  P o i s s o n  t i m e s  

K,, 21 TT .   
R y s .  1 .   W  s i e c i  o  t o p o l o g i i  w i e l e -d o -j e d n e g o  k a ż d y  c z u j n i k  n a d a w c z y   

t r a n s m i t u j e  s w o j ą  i n f o r m a c j ę  w  f o r m i e  p r o t o k o ł u  w  c z a s i e  tp  
d o  c e n t r a l n e j  s t a c j i  b a z o w e j ,  w  p r z y p a d k o w y c h  c h w i l a c h   
c z a s u  T1,  T2 … ,  o  r o z k ł a d z i e  P o i s s o n a  

 
C haracteristics of the proposed  network :  

1 . Q u ite a larg e nu mb er of sensor-send er u nits ( N )  ( F ig .1 ) . 
2 . S ensor-send er u nits remain completely  ind epend ent and  

switching  them on or off is of no influ ence on network  
operation. 

3 . A ll sensor-send er u nits,  or a part of them,  may  b e mob ile 
prov id ed  that they  are located  within the rad io rang e of the 
receiv ing  station. 

4 . T he slowly  chang ing  phy sical parameters are su b j ected  to 
measu rements what means there is no need  to transmit the d ata 
v ery  freq u ently  ( e.g . ev ery  sev eral minu tes or sev eral d oz ens of 
minu tes) . 

5 . T he transmission is of one-way  ty pe,  i.e. from the sensor-send er 
u nit u p to the receiv ing  point at T  av erag e time interv als. 
Information is transmitted  in the protocol at pt  d u ration time. 

6 . A ny  selected  sensor starts transmitting  rand omly  at P oisson 
times. P A S T A  will b e u sed  to j u stify  the send ing  of prob es at 
P oisson epochs. 

7 . A ll sensor-send er u nits remain rand omly  ind epend ent and  they  
will transmit the information at a rand omly  selected  moment of 
time of pt  d u ration and  of T  av erag e time of repetition. 

8 . If one or more sensors start transmitting  while the protocol of 
pt  d u ration is b eing  transmitted  from another sensor,  su ch  

a situ ation is called  the collision. C ollision mak es it impossib le 
for central b ase station to receiv e the information in a correct 
way . 
 

3. S t o c h a s t i c  m o d e l  
 

H ere we g iv e a formal d efinition for a P oisson process [ 5 ] . T his 
process we u sed  to mod eling  ou r wireless network . A  P oisson 
process is the stochastic process in which ev ents occu r 
continu ou sly  and  ind epend ently  of one another. O ften the arriv al 
process of cu stomers can b e d escrib ed  b y  a P oisson process. In 
teletraffic theory  the “ cu stomers”  may  b e calls or pack ets. 
M athematically  the process is d escrib ed  b y  so called  cou nter 
process tN  or )(tN . T he cou nter tells the nu mb er of arriv als 
( ev ents)  that hav e occu rred  in the interv al ],( t0  ( 0≥t ) . 

 
Definition 3.1.  

 
L et 0>λ . B y  d efinition,  a P oisson process with rate λ  is  

a rand om process )(tN ,  )0( ≥t  su ch that 
N 1 . )(tN  is a cou nting  process,  
N 2 . )(tN  has ind epend ent increment ( the nu mb er of occu rrences 

cou nted  in d isj oint interv als are ind epend ent from each 
other) ,  

N 3 . )()( sNtN −  has the P oisson ))(( st −λ  d istrib u tion for 
0≥≥ st ,   

 
),2,1,0(,!

)]([})()({ )(
K=

−
==−

−− k
k
steksNtNP

k
st λλ   

 
T he rate parameter λ  is the ex pected  nu mb er of ev ents that 

occu r per u nit time. If kT  d enotes the time of the k -th arriv al 
( ev ent)  for 1≥k ,  then )(tN  can b e d escrib ed  b y  the seq u ence 

)( kT . O r,  if 11 TU =  and  1−−= kkk TTU  for 2≥k ,  then )(tN  
can b e d escrib ed  b y  the seq u ence )( kU . T he rand om v ariab les 

K,, 21 TT  are called  the arriv al-times and  the rand om v ariab les 
K,, 21 UU  are called  the inter-arriv al times. It is the following  

well-k nown characteriz ation of a P oisson process ( see [ 5 ]  ) . 
 

Proposition 3.2.  
 

L et )(tN  b e a cou nting  process,  and  let 0>λ . T he following  
are eq u iv alent:   
( a)  )(tN  is a P oisson process with rate λ . 
( b )  T he inter-arriv al-times K,, 21 UU  are mu tu ally  ind epend ent,  

)(Exp λ  rand om v ariab les ( mean λ1 ) . 
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By Proposition 3.2 the inter-arriv al  tim es are ex ponential l y 
d istrib u ted  w ith param eter λ , and  the arriv al  tim es 

nn UUUT +++= K21  ),,( K21=n are g am m a-d istrib u ted  w ith  
a shape param eter n , and  an inv erse sc al e param eter λ . I n the 
nex t proposition w e show , that f or eac h 0>t , K,,21=n  and  
assu m ing  nNt = , the v ec tors ),,( nUU K1  and  ),,( nTT K1  are 
u nif orm l y d istrib u ted  ( on the sets ∗

tΩ   and  tΩ , respec tiv el y) . 
 
Proposition 3.3.  
 

L et 0>λ , 0>t , K,,21=n . T hen assu m ing  nNt =  
( a)  the arriv al  tim es of  n  arriv al  d u ring  ],( t0  are the sam e as 

n -ind epend ent u nif orm l y d istrib u ted  on the interv al  ],[ t0  
rand om  v ariab l es, reord ered  to b e non-d ec reasing . T hat is 

),,( nTT K1  is u nif orm l y d istrib u ted  on the set 
},,,:),,{( tttttttt nnnt ≤≤≤≤≤≥= KKK 2111 00Ω  w ith 

the c ond itional  d ensity n
tn tnnNttf !)|,,( ==K1 , f or 

tntt Ω∈),,( K1 , and  0  el se. 
( b )  the rand om  v ec tor ),,( nUU K1  is u nif orm l y d istrib u ted  on 

the set },,,:),,{( tuuuuuu nnnt ≤++≥=∗
KKK 111 0Ω , 

w ith the c ond itional  d ensity n
tn tnnNuuf !)|,,( ==K1 , f or 

∗∈ tnuu Ω),,( K1 , and  0  el se. 
 
Proof. By Proposition 3.2 the inter-arriv al  tim es K,, 21 UU  are 
m u tu al l y ind epend ent, )(Exp λ  rand om  v ariab l es f or som e 0>λ . 
T hu s f or 1≥n , the f irst n  inter-arriv al  tim es ),,( nUU K1   
hav e the j oint prob ab il ity d ensity f u nc tion 

),,(
),,( ),,( n
n

uun
nUU euuf K

K

K

1
1 1

λλ −
= , f or 001 >> nuu ,,K ;  0  

el se. T he v ec tor ),,( nUU K1  is the im ag e of  ),,( nTT K1  u nd er 
the m apping  ),,(),( nn uutt KK 11 →  d ef ined  b y 11 tu = , 

1−+= kkk ttu , f or 2≥k . T he m apping  is inv ertib l e, b ec au se 

kk uut ++= K1  f or nk ≤≤1 . T he J ac ob ian 
t
u
∂
∂  has u nit 

d eterm inant, and  the J ac ob ian 
u
t

∂
∂  has u nit d eterm inant. T hu s the 

prob ab il ity d istrib u tion of  the f irst n  arriv al s nTT ,,K1  is g iv en b y 
n

n

tn
nTT ettf λλ −

=),,(),,( K

K 11  if  ntt <<< K10 ;  0  el se. F ix  0>t  
and  an integ er 1≥n . T he ev ent }{ nNt =  is eq u iv al ent to the 
ev ent tnn BTT ,),,( ∈+11 K , w here 
 

}0:),,{( 1111, ++ <<<<<= nnntn ttttttB KK

. 
 

T he c ond itional  prob ab il ity d ensity f u nc tion of  ),,( 11 +nTT K , 
g iv en that }{ nNt = , is ob tained  b y starting  w ith the j oint 
prob ab il ity d ensity f u nc tion of  ),,( 11 +nTT K , nam el y )( 11 +−+ ntn e

λλ  
on }:),,{( 1111 0 ++ <<< nn tttt KK . S etting  it eq u al  to z ero of f   
of  the set tnB ,

, and  sc al ing  it u p b y the f ac tor }{ nNP t =1   
on }{/)/,,(:, nNPenNttfB t

tn
tntn

n === +−+
+

11
11

λλK  f or 
110 +<<<<< nn tttt K ;  0  el se. T he j oint d ensity of  ),,( nTT K1  

g iv en that }{ nNt = , is ob tained  f or eac h ),,( ntt K1  b y integ rating  
the d ensity )/,,( nNttf tn =K1  w ith respec t to 1+nt  ov er R . I f  

ttt n ≤<<< K10 , then this d ensity is non-z ero f or ),( ∞∈+ ttn 1 . 
T his integ rating  w ith respec t to 1+nt  ov er ),( ∞t  yiel d s 

)(/)/,,( nNPenNttf t
tn

tn ===
−λλK1  f or ttt n <<<< K10 ;  

0 el se. T hu s the c ond itional  d ensity is c onstant ov er the set 
}:),,{( tttttt nnt ≤<<<<= KK 211 0Ω  and  this c onstant is 

ntn! . T hu s a)  is prov ed . T ak ing  into ac c ou nt that the J ac ob ian 

t
u
∂
∂  has the u nit d eterm inant w e ob tain that the c ond itional  

d ensity n
tn tnnNuuf !)|,,( ==K1  f or ∗∈ tnuu Ω),,( K1 . T he 

theorem  is prov ed .  
 

4. N o d e  M o d e l . P r o b a b i l i t y  o f  c o l l i s i o n  
 
Bef ore g oing  into the d etail s of  nod e transm ission m od el ing , l et 

u s state ou r m ain assu m ptions. 
T here are N  id entic al  sensors ob serv ing  a d ynam ic al  system  

and  reporting  to a c entral  l oc ation ov er the w irel ess sensor 
netw ork  w ith one rad io c hannel . F or sim pl ic ity, w e assu m e ou r 
sensor netw ork  to b e a sing l e hop netw ork  w ith star topol og y. W e 
al so assu m e ev ery nod e ( send er-sensor, shortl y sensor)  al w ays has 
pac k et read y f or transm ission. W e assu m e that sensors send  prob e 
pac k ets at Poissonian tim es. T he av erag e tim e b etw een send ing  
( the w ak e-u p- tim es)  of  a sensor is T  ( the epoc h period ) , and  the 
d u ration of  the on-tim e pt  ( the aw ak e interv al ) . A ssu m e that the 
w ak e-u p- tim es c orrespond ing  to sensors are ind epend ent eac h of  
other . L et )(tN  b e the Poisson proc ess representing  the tim e 
c ou nter of   send ing   sensors. L et  K,, 21 TT  b e the send ing  tim es 
( the w ak e-u p- tim es)  of  sensors, K,, 21 UU  the inter-send ing  
tim es. T hen the av erag e tim e b etw een send ing  of  sensors is NT , 
the av erag e nu m b er of  send ing  sensors in the tim e interv al  of  
l eng th T eq u al s N . W e say that a c ol l ision oc c u rs in the tim e 
interv al  of  l eng th pt  , if  at l east tw o sensors start send ing  w ithin 
this interv al . W e say that a c ol l ision oc c u rs in the tim e interv al  of  
l eng th s , if  there ex ist at l east tw o sensors w hic h start send ing  
w ithin this interv al  w ith the d if f erenc e b etw een the b eg inning  of  
their send ing  tim e not ex c eed ing  the v al u e of  pt . 

By D ef inition 3.1  
 

),,,(!
][)( K10=== k

k
tekNP
k

t
t

λλ  
 
w here 

T
N

=λ . L et kp  ),,,( K210=k  b e the prob ab il ity that the 
nu m b er of  sensor transm issions that hav e oc c u rred  in the interv al  

],[ pt0  eq u al s k . T hen, f or K,,, 210=k  
 

!/][!
][ kT

tNek
tep kpT

tNkpt
k

p
p

−
−

==
λλ .             ( 4 .1 )  

 
I n other w ord s, f or K,,32=k  kp  is the prob ab il ity of  ex ac tl y 

k c ol l isions in the interv al  ],[ pt0 , and  c onseq u entl y, b y 
stationarity of  Poisson proc ess on ev ery interv al  ],[ pttt +  )( 0>t . 
L et sA , '

sA b e the ev ents that d enote the c ol l isions oc c u r and  
the l ac k  of  c ol l isions, respec tiv el y,  on the interv al  ],[ s0  )( 0>s . 
L et )( ptAP  b e the prob ab il ity of  c ol l isions on the interv al  ],[ pt0 .  

T hen 

T
tNpT

tN
t

pp

p eT
tNeppAP −−

−−=−−= 11 10)( . 
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Thus we have 
 αα −+−= eAP pt ][)( 11 ,                   ( 4 .2 )  

 
wher e 

T
Nt p

=α . 
 

5. E x a m p l e s  
 

L et  st p
51023 −⋅= , , 

• sT 10= , 20=N , 51046 −
⋅= ,α , 910052 −

⋅= ,)( ptAP , 
• sT 10= , 100=N , 41023 −

⋅= ,α , 810125 −
⋅= ,)( ptAP , 

• sT 180= , 20=N , 610563 −
⋅= ,α , 1210326 −

⋅= ,)( ptAP , 
• sT 180= , 100=N , 510781 −

⋅= ,α , 1010581 −
⋅= ,)( ptAP . 

C o n si d er  t he i n t er val  ],[ s0 , wher e pts > . A ssum e nsN =)( , 
i .e. t he n um b er  o f  sen so r  t r an sm i ssi o n s o n  t he i n t er val  ],[ s0  
eq ual s n  )( 1≥n . B y  P r o p o si t i o n  3 .3  t he r an d o m  vec t o r  

),,( nUU K1  o f  i n t er -t r an sm i ssi o n -t i m es i s un i f o r m l y  d i st r i b ut ed  
o n  t he set  }:),,{( suuuu nnt ≤++=∗

KK 11Ω  wi t h t he c o n d i t i o n al  
d en si t y  n

n snnsNuuf /!))(|,,( ==K1  f o r  ∗∈ tnuu Ω),,( K1 , an d  
0  el se. Then  t he c o n d i t i o n al  p r o b ab i l i t y  o f  t he l ac k  o f  c o l l i si o n s 
o n  t he i n t er val  ],[ s0 , assum i n g  nsN =)(  i s 

 
n

p
pnps s

nt
tUtUPnsNAP 



 −=>>== 11 ),,())(/( '

K . 

 
Thus we have 

 
n

p
s s

nt
nsNAP 



 −== 1))(/( ' .         ( 4 .3 )  

 
N o t e t hat  t he ex p ec t ed  n um b er  o f  sen so r  t r an sm i ssi o n s o n  t he 
i n t er val  ],[ T0 eq ual s N . B y  ( 4 .3 )  wi t h Ts =  an d  Nn = , we 
o b t ai n  t hat  t he c o n d i t i o n al  p r o b ab i l i t y  o f  t he l ac k  o f  c o l l i si o n s o n  
t he i n t er val  ],[ T0 , assum i n g  NTN =)( , i s 
 

 
N

p
T T

Nt
NTNAP 



 −== 1))(/( ' ,           ( 4 .4 )  

 
an d  t he c o n d i t i o n al  p r o b ab i l i t y  o f  c o l l i si o n s o n  t he i n t er val  ],[ T0 , 
assum i n g  NTN =)( , i s 
 

 
N

p
T T

Nt
NTNAP 



 −−== 11))(/( .             ( 4 .5 )  

 
 

6. S u m m a r y  
 

The p r o b ab i l i t y  o f  c o l l i si o n  i s q ui t e l o w when  m em o r y l essn ess 
i s assum ed  b et ween  sub seq uen t  sen so r -sen d er  un i t ’ s t r an sm i ssi o n  
m o m en t s sen d er -sen so r  p r o p er t y  P A S TA , when  pt   p r o t o c o l  
d ur at i o n  i s ver y  sho r t  i n  r el at i o n  t o  T  aver ag e r ep et i t i o n  t i m e an d  
t he n um b er  o f  sen so r -sen d er  un i t s i s n o t  l ar g e. A s t he t r an sm i ssi o n  

i s ef f ec t ed  r an d o m l y , t he n et wo r k  r eal i z at i o n  i s si m p l i f i ed  
si g n i f i c an t l y . N o  sy n c hr o n i z at i o n , n o  b ac k war d  c han n el  ( n o  
c o m m un i c at i o n  b et ween  t he r ec ei vi n g  st at i o n  an d  sen so r s)  
si m p l i f y  t he c o m m un i c at i o n  p r o c ed ur e an d  r ed uc e t he c o m p l ex i t y  
o f  sen so r -sen d er  d esi g n  whi c h r esul t s i n  pt   t i m e d ec r ease, i n  t he 
l o wer i n g  o f  c o l l i si o n  p r o b ab i l i t y  an d  al so  i n  t he d ec r eased  en er g y  
d em an d  o f  p ar t i c ul ar  sen so r s ( t hey  ar e usual l y  b at t er y -o p er at ed  
d evi c es whi c h i m p o ses st r o n g  l i m i t at i o n s) . 
 
7 . I n d e x  
 
• sA - t he even t  t hat  d en o t es t he c o l l i si o n s o c c ur i n g  o n  t he 

i n t er val  ],0[ s  )0( >s , 
• '

sA - t he even t  t hat  d en o t es t he l ac k  o f  c o l l i si o n s o n  t he 
i n t er val  ],0[ s  )0( >s ,  

• n  - t he n um b er  o f  sen so r  t r an sm i ssi o n s o n  an  i n t er val , 
• N  - t he n um b er  o f  sen so r -sen d er  un i t s, 
• )(tN , tN  - t he P o i sso n  p r o c ess r ep r esen t i n g  t he t i m e c o un t er  

o f   sen d i n g   sen so r s. 
• )( ptAP  - t he p r o b ab i l i t y  o f  c o l l i si o n s o n  t he i n t er val  ],0[ pt , 
• kp  - t he p r o b ab i l i t y  t hat  t he n um b er  o f  sen so r  t r an sm i ssi o n s 

t hat  have o c c ur r ed  i n  t he i n t er val  ],0[ pt  eq ual s 
k ),2,1,0( K=k , 

• t , s - t he m o m en t s o f  t i m e, 
• T  - t he aver ag e t i m e b et ween  sen d i n g  ( t he wak e-up - t i m es)  o f  

a sen so r  ( t he ep o c h p er i o d ) , 
• pt  - t he d ur at i o n  t i m e o f  t he p r o t o c o l  ( t he awak e i n t er val ) ,  
• K,, 21 TT  - t he sen d i n g  t i m es ( t he wak e-up - t i m es)  o f  sen so r s,  
• K,, 21 UU  - t he i n t er -sen d i n g  t i m es o f  sen so r s, 
• λ  – t he r at e o f  a P o i sso n  p r o c ess )(tN  ( t he ex p ec t ed  n um b er  

o f  even t s t hat  o c c ur  p er  un i t  t i m e) , 
• M E M S  - M i c r o  E l ec t r o  M ec han i c al  S y st em , 
• P A S TA  - P o i sso n  A r r i val s S ee Ti m e A ver ag es, 
• W S N  - W i r el ess S en so r  N et wo r k ,  
• R  - t he t r an sm i ssi o n  r an g e o f  a c en t r al  b ase st at i o n . 
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