
 

 

 

早稲田大学大学院情報生産システム研究科 
 

 

 

 

博博博博    士士士士    論論論論    文文文文    概概概概    要要要要 
 

 

 

 

 

 

 

 

論論論論     文文文文     題題題題     目目目目  

 

Research  on  Mult ipo in t  

Transmiss ion  Pro toco ls  f or  

Wire less  Sensor  Network  

 
 

 

 

 

 

 

 

 

申  請  者 

Jiaqi ZHANG 

 

情報生産システム工学専攻 

モバイルシステム研究 
 

 

 

 

 

 

2012 年  12 月

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Waseda University Repository

https://core.ac.uk/display/286937082?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 

2 

In  recent  years ,  w i re less  sensor  networks  (WSNs)  have  ga ined wor ldwide 
a t ten t ion  dr i ven  by advances  in  min ia tu r ized  hardware,  and mot iva ted by a  
vas t  ar ray o f  po ten t ia l  app l i ca t ions.  A  WSN is  composed by many low-cos t  
sensor  modu les w i th  l im i ted  memory,  comput ing capabi l i t y  and energy 
resources .  There  are  s t i l l  many research  cha l lenges in  WSN,  espec ia l l y in  the  
aspect  o f  mu l t ipo in t  t ransmiss ion  pro tocol .  In  many par t i cu lar  app l i ca t ions 
such as  t ra f f i c  con t ro l  sys tem,  au tomat ic  gu ided veh ic le  sys tem,  e tc . ,  
w i re less  sensor  modu les have to  sense the target ’s  s ta te  in fo rmat ion such as  
speed,  acce lera t ion ,  res t  power  o r  fue l ,  pos i t ion ,  e tc . ,  and  then exchange the 
s ta te in fo rmat ion w i th  a l l  the  o ther  modu les  o r  in fras t ruc tu re  in  rea l  t ime .  
The mul t ipo in t  t ransmiss ion i s  requ i red  fo r  data  exchanging,  and i t  i s  
commonly per fo rmed in  a  mob i le  mu l t ihop  pat tern .  However ,  des ign ing such 
a  t ransmiss ion  pro tocol  based on  the low-cos t  WSN module  i s  a  great  
cha l lenge.  The convent iona l  p ro toco ls  in  low-cos t  so lu t ions  such as  Z igbee  
over  IEEE802.15 .4  are  not  su i tab le  fo r  such a  mul t ipo in t  app l i ca t ion  o f  
mobi le  WSN due to  the i r  low per fo rmance.  Hence,  p ropos ing new protoco l  to  
ach ieve h igh  energy e f f i c iency and h igh  t ransmiss ion  e f f i c iency fo r  
mul t ipo in t  t ransmiss ion  in  WSN is  the  research  ta rget .  

F i rs t l y,  energy i s  the  most  impor tan t  concerns  o f  WSN s ince sensor  
modu les  use bat te r ies  as  the power  supp l y in  most  cases .  Convent iona l  
b roadcas t  based pro tocols  cos t  h igh  power  consumpt ion  a l though they are  
easy to  be imp lemented  fo r  mu l t ipo in t  t ransmiss ion  by low-cos t  w i re less  
sensor  modules .  Recent  research  ind ica tes  that  the  network  l i fe t ime o f  WSN 
can be s ign i f i can t l y p ro longed by reduc ing the redundan t  t ransmiss ion  data  
in  the  network .  In  th is  research ,  there  are  two research  sub jec ts  to  improve 
the energy e f f i c iency o f  the  network  based on  broadcas t .  One is  to  reduce the 
redundant  b roadcas t ing data  f rom the source nodes .  The o ther  one i s  to  
decrease the amount  o f  in termed ia te  nodes ’  fo rward ing.   

Second ly,  t ransmiss ion  e f f i c iency i s  another  key i ssue fo r  the  pro toco l  in  
WSN.  In  man y app l i ca t ions  fo r  detec t ion  sys tems,  there  i s  a  h igh  requ i rement  
fo r  the  t ransmiss ion  de lay.  As  a  convent iona l  med ia access  cont ro l  (MAC)  
layer  p ro toco l ,  t ime d iv is ion mul t ip le  access  (TDMA) i s  wide l y used in  the  
WSN. However ,  i t  adopts  the  cons tan t  t imes lo t  ass ignment  wh ich  cannot  
adapt  to  the  dynamic  t ra f f i c  f low o f  the  network .  It  l eads  to  much 
unnecessary wa i t ing t ime when the t ra f f i c  f low is  less  than the t imes lo t  
ass ignment .  There fore ,  a  h igh  e f f i c ien t  t ransmiss ion  i s  des i red  fo r  the  de lay 
sens i t i ve  app l i ca t ion  o f  WSN by reduc ing the redundancy i n  t ime domain .   

Chapter  1  [ In t roduct ion]  Th is  chapter  b r ie f l y in t roduces  the overv iew o f  
WSN and the cur ren t  research  s ta tus  o f  the  t ransmiss ion  techno log ies  fo r  
WSN. The research  target  o f  mul t ipo in t  t ransmiss ion i s  d iscussed as wel l .  
F ina l l y,  the  ob jec t i ve  and scope o f  the  research  i s p resented .  

Chapter  2  [Energy e f f i c ien t  sys tem data  shar ing protoco l  fo r  mu l t ipo in t  
t ransmiss ion in  WSN]  In  th is  chapter ,  an on-demand dynamic  mul t ihop  data  
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shar ing (On-Demand DMDS) pro toco l  i s  p roposed to  improve the energy 
e f f i c iency o f  network  by reduc ing the redundant  b roadcas t ing in  source node .  
Wi re less  sensor  network  (WSN) i s  energy res t r i c ted  in  most  cases .  Des ign ing  
an  energy-e f f i c ien t  and re l iab le  t ransmiss ion pro toco l  fo r  a  mob i le  mu l t ihop  
WSN is  a  great  cha l lenge s ince the topo logy o f  the  network  changes  rap id ly.  
Some convent iona l  mul t ipo in t  t ransmiss ion  pro toco ls,  such  as  synchronous 
dynamic  mul t ihop  data  shar ing (S-DMDS) pro toco l  assign  each node to  
b roadcas t  data  b l ind l y.  Hence,  much  redundant  b roadcas t  i s  genera ted  and 
much unnecessary energy i s  consumed.  The proposed pro tocol  employs  the  
on-demand mechan ism to reduce the redundant  b roadcas t ing in  source nodes .  
On-demand mechan ism ass igns  node to  b roadcas t  data  accord ing to  the  rea l  
demand by detec t ing whether  there  i s  changed data  that  needs to  be broadcas t  
and how much changed data  needs  to  be broadcas t .  There fore ,  the  amount  o f  
da ta  b roadcas t  to  the  network  is  s ign i f i can t l y reduced.  Fur thermore,  a  
ne ighbor  node tab le  and a  repor t  mechan ism are  in t roduced to  p rompt  a  node 
to  check  i t s  ne ighbors ’  s ta tus  in  the  mobi le  s i tua tion .  The resu l ts  show that  
under  a cons tan t  a r r i va l  ra te ,  On-Demand DMDS pro toco l  reduces  the to ta l  
t ransmiss ion data  o f  the  network  to  12 .7% and ex tends  the network  l i fe t ime 
to  9 .2  t imes a t  most ,  in  compar ison w i th  the  convent iona l  mul t ipo in t  
t ransmiss ion pro toco l  S -DMDS protoco l .  As  a  summary o f  th is  chapter ,  a  
nove l  mul t ipo in t  t ransmiss ion  pro toco l  On-Demand DMDS is  p roposed and i t  
i s  p roved that  the  proposed pro toco l  reduces  the redundant  b roadcas t  data 
and improves  the energy e f f i c iency remarkab l y.  

Chapter  3  [Mu l t ipo in t  re lay w i th  energy awareness  fo r  sys tem data  
shar ing pro toco l  in  WSN]  A mul t ipo in t  re lay w i th  energy-awareness  
(EA-MPR) fo r  sys tem data  shar ing pro tocol  i s  p resented  in  th is  chapter .  I t  i s  
abbrev ia ted  as  EAMPR-SDS pro toco l .  The proposed protoco l  a ims to  improve 
the energy e f f i c iency o f  the  network  by op t im iz ing the data  fo rward ing in  
in termed ia te  nodes .  Because the  redundant  fo rward ing prob lem in  
convent iona l  fo rward ing method causes  low energy e ff i c i ency,  the  proposed  
pro toco l  employs  EA-MPR to reduce the redundant  fo rward ing in  the  network .  
I t  ass igns  the send ing node to  dec ide  wh ich  o f  i t s  ne ighbors  to  fo rward  the 
data  on  the bas is  o f  the  in fo rmat ion  o f  1 -hop ne ighbors ’  res t  energy as  wel l  
as  the 2-hop ne ighbor  in fo rmat ion .  There fore ,  ins tead o f  a l l  the  nodes in  
network ,  on l y a  subset  o f  nodes (MPR nodes)  i s  se lec ted to  fo rward  the da ta  
and s t i l l  guaran tee comple te  network  connect i v i t y.  Fur thermore,  energy 
consumpt ion  o f  the  MPR nodes i s  au tomat ica l l y ba lanced by the energy 
awareness  mechan ism.  The s imu la t ion  resu l ts  p rove that  the  redundan t  
fo rward ing  data  in  EAMPR-SDS is  much less  than that in  On-Demand DMDS 
and S-DMDS which  adopt  convent iona l  fo rward ing method.  In  compar ison  
w i th  the  On-Demand DMDS,  the to ta l  t ransmiss ion data  i s  reduced to  52 .46% 
and the network  l i fe t ime is  ex tended to  3 .4  t imes  at  most .  As  a  summary o f  
th is  chapter ,  a  new fo rward ing op t im ized pro toco l  EAMPR-SDS is  p roposed 



 

4 

fo r  the  mul t ipo in t  t ransmiss ion pro toco l  in  WSN and i t  i s  p roved that  the  
proposed pro tocol  e f f i c ien t l y reduces  the amount  o f redundant  fo rward ing  
and fu r ther  improves  the energy e f f i c i ency.   

Chapter  4  [Hybr id  MAC fo r  h igh  e f f i c ien t  mu l t ipo in t t ransmiss ion in  
WSN]  A hybr id  MAC is  p roposed on  the bas is  o f  EA-MPR fo r  mul t ipo in t  
t ransmiss ion pro toco l  in  WSN.  The new pro toco l  i s  abbrev ia ted  as  
HMAC-EA-MPR-SDS protoco l .  I t  a ims to  improve the t ransmiss ion 
e f f i c iency o f  the  convent iona l  TDMA,  wh ich  i s  adopted  in  the  above 
mul t ipo in t  t ransmiss ion  pro toco ls ,  v ia  reduc ing  the redundancy in  t ime 
domain .  Convent iona l  TDMA ass igns  a  constan t  t imes lo t  fo r  a l l  nodes  to  
b roadcas t  data .  However ,  each node  has d i f fe ren t  demand to  occupy the 
t imes lo t  s ince some o f  nodes  have to  fo rward  o ther  nodes ’  data  and some o f  
nodes  jus t  b roadcas t  the i r  own data .  Convent iona l  TDMA leads  to  much 
wasted  t imes lot  and low t ransmiss ion  e f f i c iency.  In the  HMAC-EA-MPR-SDS 
pro toco l ,  a  shor t  t imes lo t  TDMA is  in t roduced fo r  each node to  b roadcas t  i t s  
own data .  Meanwhi le ,  the  fo rward ing nodes  (MPR nodes)  are  a lso  se lec ted .  
A f ter  tha t ,  a  h igh  speed access  method  ( token cha in)  i s  p roposed fo r  the  MPR 
nodes  to  fo rward  data  th rough the who le  network  e f fi c ien t l y.  Hence,  the  
proposed method can improve the access e f f i c iency of  network .  Addi t iona l l y,  
a  res tar t  mechan ism is  employed fo r  dea l ing w i th  dynamic  topo logy and  
ba lanc ing the energy consumpt ion  o f  MPR nodes .  The s imu la t ion  resu l ts  
p rove that  HMAC-EA-MPR-SDS pro toco l  can  ach ieve a  much less  
t ransmiss ion de lay and h igher  network  sca lab i l i t y in  compar ison w i th  a l l  the  
above mul t ipo in t  t ransmiss ion pro toco ls .  For  example ,  the  t ransmiss ion  de lay 
i s  reduced to  18 .4% at  most  in  compar ison  w i th  On-Demand DMDS pro toco l .  
As  a  summary o f  t h is  chapter ,  a  nove l  hybr id  MAC based on  the EA-MPR is  
p roposed fo r  the  mul t ipo in t  t ransmiss ion in  WSN and i t  i s  p roved that  the  
proposed pro toco l  can  s ign i f i can t l y reduce the t ransmiss ion  de lay and i t  can    
ach ieve a  h igh  e f f i c ien t  mu l t ipo in t  t ransmiss ion  in WSN.  

Chapter  5  [Conc lus ion]  In  th is  chapter ,  the  conc lusion  i s  d rawn and the  
fu tu re  work  o f  the  research  i s  p resented .  

Th is  research  concent ra tes  on  propos ing mul t ipo in t  t ransmiss ion  
pro toco ls  fo r  the  mob i le  mu l t ihop  WSN wi th  energy ef f i c iency and 
t ransmiss ion e f f i c i ency.  A  nove l  on -demand mechan ism is  p roposed to  
improve the energy e f f i c iency b y reduc ing the amount  o f  redundant  
b roadcas t  data  in  the  source nodes .  An op t im ized forward ing method 
EA-MPR is  p resented to  improve the energy e f f i c iency fu r the r  by 
decreas ing the amount  o f  redundant  fo rward ing as  wel l  as  by ba lanc ing the  
energy consumpt ion  o f  the  fo rward ing  nodes .  A  new hybr id  MAC based on  
EA-MPR is  p roposed to  ach ieve a  h igh  e f f i c ien t  t ransmiss ion by reduc ing  
the redundancy in  t ime domain .  These proposa ls  are  favorab le  cont r ibu t ions  
fo r  the  mul t ipo in t  t ransmiss ion  app l i ca t ions  o f  mobi le  mu l t ihop  WSN. 

 


