
A ne w  grid bas e d w ire le s s  ad-h oc ne tw ork  te s tbe d

Introduction
To profile  th e  pe rform ance  of an ad-h oc ne tw ork ing protocol, th re e  pos s ible  m e th ods  can be  
applie d. Th e  firs t is  to de ve lop a m ath e m atical m ode l for th e  e xpe cte d pe rform ance , th e  s e cond 
is  to run a s e rie s  of com pute r s im ulations  on th e  protocols  and th e  th ird is  to do analys is  on a re al 
te s t be d ne tw ork  w h ich  h as  im ple m e nte d th e  ad-h oc ne tw ork ing protocol. Th is  pape r conce rns  
th e  th ird option. Mos t re s e arch e rs  w h o h ave  done  w ork  on te s t be d e nvironm e nts  h ave  us e d 
e ith e r indoor W ifi inte r-office  link s  or outdoor W ifi inte r-re s ide ntial link s . Th is  pape r pre s e nts  a 
ne w  te s t be d e nvironm e nt w h ich  us e s  a grid of clos e ly locate d W ifi e nable d com pute rs  to carry 
out e xpe rim e nts

One  of th e  k e y ch alle nge s  for re s e arch e rs  in th e  fie ld of w ire le s s  ne tw ork ing protocol de s ign is  to 
ve rify various  pe rform ance  m e trics  of th e ir protocol. Th e y w ill w ant to te s t fe ature s  s uch  as  
s calability, s e ttling tim e  afte r addition or re m oval of a node , de lay ove r m ultiple  h ops  and m any 
oth e r fe ature s . 

Math e m atical m ode ls  are  one  of th e  tools  to unde rs tand tre nds  and e ffe cts  of various  ne tw ork  
param e te rs  on pe rform ance  m e trics  s uch  as  BER vs . num be r of h ops  or m axim um  data rate  vs . 
num be r of h ops . 

For e xam ple  th e  fam ous  e q uation be low  is  us e d to unde rs tand th e  m axim um  pos s ible  data rate  
in a ne tw ork  ve rs us  th e  num be r of h ops  ove r a s h are d radio ch anne l. [1] Th e s e  s ort of e q uations  
are  us e ful for unde rs tanding tre nds  but w ill not h e lp w h e n trying to be nch m ark  protocols  agains t 
e ach  oth e r.

Sim ulations  are  anoth e r m e ch anis m  to te s t protocol pe rform ance  but unfortunate ly om itting de tail 
or ove rs im plifying th e  m ode l can le ad to am biguous  or e rrone ous  re s ults . Th e re  is  als o a lack  of 
cons is te ncy be tw e e n th e  re s ults  of s am e  protocol be ing run on tw o diffe re nt s im ulators  [2]. Th e  
follow ing table  s h ow s  th e  re s ults  of a s tudy done  on 114 pe e r re vie w e d Mane t re s e arch  pape rs  
be tw e e n 2000 and 2005 [2].

Cons truction of th e  49  node  w ire le s s  te s t be d 
To ove rcom e  th e s e  ch alle nge s  a large  w ire le s s  7x7 grid of 49  node s  w as  built w ith in a large  
s ingle  room . A grid w as  ch os e n as  th e  logical topology of th e  w ire le s s  te s t be d due  to its  ability to 
cre ate  a fully conne cte d m e s h  ne tw ork .

Eve ry node  w as  conne cte d to a 100Mbit back  h aul Eth e rne t ne tw ork  th rough  a s w itch  to a ce ntral 
s e rve r w h ich  allow e d th e  node s  to boot th e ir ope rating and load th e ir file  s ys te m  from  th e  s e rve r 
us ing a com bination of PXE booting and NFS. Th e  robot us e d th e  5.8GH z  radio inte rface  as  a 
back  h aul ch anne l for m anage m e nt and s e nding back  m e as ure m e nt inform ation.

To fit th e  node s  into a 7m  w ide  room , m e ant th at th e  grid s pacing ne e de d to be  about 600m m . 
Th e  firs t ch alle nge  w as  to find out if it w as  pos s ible  to locate  th e  node s  in s uch  clos e  proxim ity of 
e ach  oth e r and cre ate  a m ulti-h op m e s h . 

Us ing a re ce ive  s e ns itivity of -74dBm , w ith  th e  node s  lock e d at 54Mbps ,  a fre q ue ncy of 
2412MH z  for ch anne l 1 in 802.11b/g, a trans m it pow e r of 18dBm , a 2.15 dBi ante nna gain for a 
rubbe r duck  dipole  and a dis tance  of 600m m  be tw e e n node s , it can be  s h ow n us ing th e  fre e  
s pace  los s  e q uation and a link  budge t e q uation th at th e  re q uire d atte nuation on e ach  radio 
be tw e e n th e  pigtail and ante nna w ill ne e d to be  approxim ate ly 28dB.

Oth e r factors  to cons ide r are  th e  le ak age s  from  th e  W ifi card th rough  th e  box h ous ing th e  
m oth e rboard. Fortunate ly th e  box is  m ade  from  m e tal w h ich  s h ie lds  m uch  of th e  RF le ak age  from  
th e  card and conce ntrate s  all trans m itte d pow e r at th e  SMA conne ctor at th e  e nd of th e  pigtail.

For th e  initial e xpe rim e nts , e nough  atte nuation to cre ate  a s ingle  h op dis tance  lim itation w as  
ach ie ve d s im ply by re m oving th e  ante nna from  th e  W ifi card due  to th e  m ajority of pow e r be ing 
re fle cte d back  to th e  card.

Re s ults
A proactive  routing protocol calle d OLSR [3] (Optim iz e d Link  State  Routing) w as  loade d on th e  
ne tw ork  us ing ETX (Expe cte d Trans m is s ion Rate ) as  a path  m e tric. ETX is  th e  pre dicte d num be r 
of data trans m is s ions  re q uire d to s e nd a pack e t ove r th at link , including re trans m is s ions . A 
pe rfe ct s ingle -h op link  h as  an ETX of 1, w ith  h igh e r num be rs  indicating s om e  pack e t los s . 

Th e  follow ing figure s  s h ow  re s ults  w h e re : all th e  node s  are  fitte d w ith  e xte rnal ante nnas , w h e re  
only th e  m iddle  node  (M44) is  fitte d w ith  and e xte rnal ante nna, w h e re  all th e  node s  h ave  h ad 
th e ir ante nnas  re m ove d and w h e re  M11 and M77 are  fitte d w ith  e xte rnal ante nnas . It is  cle ar th at 
th e  routing protocol is  s ucce s s fully building a optim al m e s h  bas e d on s ignal q uality. 

In th e  ne tw ork  w ith  no ante nnas , th e re  is  a s urpris ing am ount of non-uniform ity in th e  re s ultant 
m e s h  ne tw ork . Som e  node s  form  m any conne cte d route s  w h e re as  s om e  node s  don’t e ve n 
conne ct at all, th is  is  due  to variability in re ce ive  s e ns itivity and pow e r le ve ls  of th e  W ifi cards . 
Th e  ETX value s  at th e  e dge  of th e  m e s h  te nd to be  low e r (be tte r) th an th e  ETX value s  in th e  
ce ntre  of th e  m e s h  due  to a large r h idde n node  proble m  in th e  ce ntre  w ith  m ore  pack e t collis ions  
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Conclus ion
Judging by re s ults  s o far, a clos e  proxim ity grid ne tw ork  is  a fe as ible  m e th od to be nch m ark  and 
te s t ad-h oc routing protocols  alth ough  a m ore  s cie ntific atte nuation m e ch anis m  w h ich  is  be tte r 
th an re m oving ante nnas  is  re q uire d. Th e  m ulti-h op grid doe s  cre ate  a w ors t cas e  s ce nario m e s h  
ne tw ork  w h ich  s uffe rs  from  a large  am ount of h idde n node  proble m s  and it is  s us pe cte d th at a 
vas t Im prove m e nt w ill re s ult if an im prove d MAC laye r w ith  a be tte r s ch e duling algorith m  th an 
802.11 DCF is  run on th e  ne tw ork . It is  going to be  inte re s ting to s e e  if optim al pe rform ance  is  
ach ie ve d as  th e  num be r of s ingle  h ops  approach e s  th e  m agic num be r 6 as  dis cus s e d by Le nard 
Kle inrock  [4].
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Figure  1: W ire le s s  7x7 grid de s ign

Figure 2: All node s  w ith  e xte rnal ante nna Figure 3: All node s  w ith  no ante nna

Figure  4: Node  M44 h as  e xte rnal ante nna Figure  4: Node  M11,M77 h as  e xte rnal ante nna

Table  1: Mane t s im ulation is s ue s




