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 T he p urp ose of  thi s p ap er i s to d oc ument the c onstruc ti on,  use and  ap p li c ati ons of  
the autonomous 8 0 2 . 1 1 b  antenna ali g nment sy stem d ev elop ed  f or my  seni or p roj ec t i n 
N etw ork C omp uti ng  at N orthern M i c hi g an U ni v ersi ty .  
 I  ori g i nally  started  thi nki ng  ab out thi s p roj ec t d uri ng  the summer of  2 0 0 2  w hi le 
w orki ng  f or N M U  T elec om.  P art of  my  j ob  i nv olv ed  i nstalli ng  w i reless netw orki ng  
eq ui p ment on and  around  the uni v ersi ty  c amp us,  w hi le w orki ng  I  reali z ed  the lac k of  
p rec i si on i nv olv ed  w i th the c urrent method s of  antenna ali g nment.  W e w ould  hav e tw o 
p eop le c ommuni c ate v i a hand held  rad i os and  mov e antennas around  to g et the b est si g nal 
out of  the eq ui p ment.  T he p rob lem w i th thi s sy stem i s mov i ng  the antennas b ac k to the 
b est sp ot af ter shi f ti ng  them around  a f or a half  an hour w i th nothi ng  to rec ord  the 
p osi ti on of  the antennas.  T hi s normally  g av e d ec ent results b ut I  knew  that i n some 
i nstallati ons the si g nal c ould  b e i mp rov ed ,  b ut ti me and  lac k of  a g ood  w ay  to rec ord  the 
az i muth,  elev ati on and  si g nal streng th i n one p ac kag e p rev ented  thi s.  T hi s i s w here the 
i d ea f or thi s p roj ec t c ame ab out.  
 
 I  started  looki ng  around  f or i nf ormati on on the sub j ec t b ut c ould  f i nd  nob od y  that 
w as i n the same si tuati on as I  w as.  T hi s led  me to f i nd  v ari ous p i ec es of  sof tw are and  
l i b rari es that w ould  d o p art of  w hat I  w anted  to d o.  Af ter ac q ui ri ng  the sof tw are,  I  b eg an 



to r e a d  th e  sou r c e  c od e ,  w h i c h  sh ow e d  m e  w h a t c ou l d  b e  d on e  w i th  th e  h a r d w a r e  I  h a d  
a v a i l a b l e .  M y  n e x t ta sk  b e c a m e  a sse m b l i n g  th e  h a r d w a r e ,  th i s p r ov e d  m or e  d i f f i c u l t th a n  
I  h a d  i m a g i n e d .  M y  f i r st p r ob l e m  w a s U S B  su p p or t on  th e  l a p top .  I t tu r n s ou t th a t th e  
U S B  c on tr ol l e r  on  th e  N M -1  l a p top  w a s n ot su p p or te d  b y  th e  L i n u x  k e r n e l .  A f te r  a  w e e k  
or  tw o of  tr y i n g  to g e t th e  c u r r e n t k e r n e l  to w or k  w i th  th e  c on tr ol l e r  I  p u t th e  p r oj e c t on  
h ol d .  H ow e v e r ,  a b ou t tw o w e e k s a f te r  th a t a n d  m a n y  se a r c h e s on  th e  i n te r n e t f or  h e l p  i t 
f i n a l l y  c a m e  i n  th e  2 . 4 . 2 1 -p r e 4  p r e -p a tc h  to th e  2 . 4 . 2 0  k e r n e l .  Y e s,  c oi n c i d e n ta l l y  
som e b od y  m a d e  th e  e x a c t d r i v e r  I  n e e d e d ,  w h a t l u c k ! T h e  l u c k  d i d  n ot f l ow  i n to b oth  of  
m y  U S B  to se r i a l  a d a p tor s th ou g h .  I  m a n a g e d  to g e t on e  w or k i n g  ( a  X i r c om  P or t G e a r )  
on  th e  N M -1  l a p top ,  b u t n e i th e r  th e  N M -1  n or  th e  N U -4  l a p top s w ou l d  w or k  w i th  th e  
B e l k i n  a d a p tor .  T h e  n e x t p i e c e s of  h a r d w a r e  I  ta c k l e d  w e r e  th e  se r v os a n d  th e i r  
c on tr ol l e r s.  I  m a n a g e d  to a c q u i r e  f i v e  se r v os a n d  tw o se r v os c on tr ol l e r s f r om  th e  
H e x a p od ,  w h i c h  I  b e l i e v e  w a s a  p r e v i ou s se n i or  p r oj e c t.  B oth  of  th e  se r v os c on tr ol l e r s 
w or k e d  p e r f e c tl y ,  u n f or tu n a te l y  n ot a l l  of  th e  se r v os d i d .  O u t of  th e  f i v e  se r v os I  g ot tw o 
w or k i n g  a n d  th r e e s su b  p a r  on e s.  O n e  c on ti n u a l l y  r ota te d  on c e  i t g ot p a st a  c e r ta i n  p oi n t 
a n d  n e v e r  stop p e d  w h i l e  th e  oth e r  tw o m ov e d  so sl ow l y  th a t th e y  w e r e  of  l i ttl e  u se  to th i s 
p r oj e c t.  A c tu a l l y ,  th e  M i n i  S S C  se r v o c on tr ol l e r s d i d  h a v e  a  p r ob l e m ,  str a i g h t f r om  th e  
f a c tor y .  T h e  p r ob l e m  i s th e  u n i d i r e c ti on a l  c om m u n i c a ti on  b e tw e e n  th e  c om p u te r  a n d  th e  
c on tr ol l e r .  T h i s p r e se n ts p r ob l e m s w h e n  m ov i n g  th e  se r v os l a r g e  d i sta n c e s b e c a u se  th e r e  
i s n o w a y  to c om m u n i c a te  b a c k  to th e  c om p u te r  th a t i t g ot to th e  p l a c e  y ou  a sk e d  i t to g o.  
I t i s f or  th i s r e a son  th a t I  h a d  to c a l l  sl e e p ( )  or  u sl e e p ( )  w h e n e v e r  I  m ov e d  th e  se r v os,  th i s 
sl ow s d ow n  th e  se a r c h i n g  b u t p r e v e n ts r e c or d i n g  si g n a l  i n f or m a ti on  b e f or e  th e  se r v os 
h a v e  g otte n  to th e  r i g h t p l a c e .  T h e r e f or e ,  w i th  th e se  se tb a c k s ( b a d  se r v os a n d  f l a k e y  U S B  
to se r i a l  a d a p tor  su p p or t)  I  b e g a n  to a c c e p t th e  r e a l i ty  th a t m y  i d e a  of  h a v i n g  tw o 



antennas aligning themselves autonomously would not in fact become reality. I nstead,  I  
chose to use a C isco wireless access p oint as the other end of the wireless link . T his is 
actually a decent way to test a network  anyway since it is the most common ap p lication 
for a wireless network ,  a client attaching to an access p oint.  
 
Algorithms 
 T here are three searching algorithms incorp orated into this p roj ect. F or reference,  
I  tried to scan the whole area ( 1 4 0  degrees of az imuth by 6 0  degrees of elevation) in 1 x 1  
degree increments,  but this took  far too long for my small battery p ack  and me to 
comp lete so I  cut it off. B efore I  cut it off,  I  measured the time one az imuth sweep  took  
( 9 5  seconds),  multip lied it by 6 0  degrees of elevation,  and came up  with 5 7 0 0  seconds ( 1  
hour and 3 5  minutes) for a full scan had it actually comp leted. T he first algorithm I  
imp lemented searches the area in a five-degree increment both ways ( I  labeled it a 5 x 5  
scan in the p rogram). I t starts the antenna at -7 0  degrees az imuth and -3 0  degrees 
elevation then moves the antenna 5  degrees to the right until it reaches + 7 0  degrees. I t 
then increments the elevation by 5  degrees and scans from right to left. T his increase in 
elevation and  swap p ing of az imuth directions continues until the elevation reaches + 3 0  
degrees. A t each increment of the scan the link  q uality,  signal strength in dB m and the 
noise level in dB m is samp led 1 0 0  times to account for any anomalies and recorded to 
arrays. T his scan records 3 7 7  data p oints in 2 1 5  seconds ( 2  minutes 3 0  seconds). T he 
p rogram then searches the through the signal strength and determines the best alignment 
for the antenna. D uring the search p rocess the az imuth,  elevation,  q uality,  signal level,  
and noise level are recorded in a comma sep arated value file ( stats.csv) so that the results 
can be look ed at in a sp readsheet p rogram lik e M icrosoft E x cel. T he link  q uality and 



noise level were not taken in to consideration when determining the best alignment,  
becau se I  f ou nd that q u ality  was directly  related to the signal level and the noise level 
never varied more than one dB m.  T he nex t algorithm ( p atch scan)  was based on the 
p reviou s bu t was designed to search the area mu ch f aster.  I t starts ou t like the p reviou s 
algorithm at a -7 0  degree az imu th and -3 0  degree elevation bu t does a p reliminary  scan of  
the 1 4 0  by  6 0  degree area in 2 0  degree step s both way s.  T his p rodu ces 3 2  data p oints f or 
the initial scan.  T his is enou gh to start becau se of  the antennas high degree of  
directionality ,  see f igu re 1 .   

 
F ig 1 .  V ertical F ield P attern f or the A ntenex  Y E 2 4 0 0 1 5  

F rom these 3 2  p oints,  the best is chosen and a 1 0  by  1 0  area on all sides in scanned in a 5  
degree increment.  T his p rodu ces resu lts close to the f irst algorithm in only  2 7  seconds,  



almost 8 ti me s th e  sp e e d  of  th e  5 x 5  sc an  an d  2 1 1  ti me s th e  sp e e d  of  th e  1 x 1  sc an . T h e  
n e x t alg or i th m I  tr i e d  i s b ase d  on  r an d omn e ss;  I  th ou g h t I  sh ou ld  se e  i f  r an d om lu c k  
w ou ld  f i n d  a g ood  ali g n me n t f or  th e  an te n n a i n  a r e ason ab le  amou n t of  ti me . F or  th i s,  i t 
loop s th r ou g h  3 0  r an d om p oi n ts,  v ar y i n g  i n  az i mu th  an d  e le v ati on ,  an d  f i n d s th e  b e st 
si g n al ou t of  i t. T h e  sc an  tak e s 6 6  se c on d s to c omp le te ,  3 .2 5  ti me s f aste r  th an  th e  5 x 5 ,  2 .4  
ti me s slow e r  th an  th e  p atc h  sc an ,  an d  86  ti me s f aste r  th an  th e  1 x 1  sc an . T h e  r e su lts f r om 
th i s sc an  w e r e  su r p r i si n g l y  g ood . 
 
RESULTS 

 I  te ste d  e ac h  alg or i th m te n  ti me s on  th e  same  tar g e t an d  c omp ar e d  th e  r e su lts,  se e  
tab le  1 . T h e  r e su lts ar e  i n  d B m,  f or  w h i c h  e v e r y  3  d B  d i f f e r e n c e  i s a d ou b li n g  of  th e  
r e c e i v e d  si g n al str e n g th ,  d B  =  1 0  x  log 1 0 ( p ow e r  ou t/  p ow e r  i n ) . I  c on si d e r  th e  slow  5 x 5  
sc an  th e  w i n n e r  f or  r e li ab i li ty  an d  b e st si g n al ov e r all w i th  -3 1  d B m te n  ti me s i n  a r ow . 
T h e  p atc h  sc an  an d  r an d om sc an  e ac h  f ou n d  a si g n al e q u al to or  b e tte r  th an  th e  5 x 5  sc an  
3  ti me s. T h e  p atc h  sc an  an d  r an d om sc an  f ou n d  th e  same  si g n al le v e l si x  ti me s. F i n all y ,  
th e  r an d om sc an  ou tp e r f or me d  th e  p atc h  sc an  f ou r  ti me s,  w h i c h  w as a su r p r i se  to me . 

 5 x 5  p a t c h  r a n d o m  
 -3 1  -3 4  -3 4  
 -3 1  -3 4  -3 4  
 -3 1  -3 4  -3 4  
 -3 1  -3 4  -3 3  
 -3 1  -3 3  -3 2  
 -3 1  -3 2  -3 2  
 -3 1  -3 2  -3 2  
 -3 1  -3 1  -3 1  
 -3 1  -3 1  -3 0  
 -3 1  -3 0  -2 9  

A v e r a g e s  -3 1  -3 2 . 5  -3 2 . 1  
T ab le  1 . R e su lts of  te n  te sts of  e ac h  alg or i th m 

 



USE OF THE SYSTEM 

 T h e  s y s t e m  i s  v e r y  e a s y  t o  u s e  a n d  r e q u i r e s  m i n i m a l  s e t u p .  
1 )  C o n n e c t  t h e  U S B  t o  s e r i a l  a d a p t o r  t o  t h e  s e r v o  c o n t r o l l e r . 
2 )  I n s e r t  w i r e l e s s  c a r d  i n t o  c o m p u t e r . 
3 )  A t t a c h  s m a l l  c o a x i a l  c a b l e  t o  a n t e n n a . 
4 )  T u r n  o n  c o m p u t e r  
5 )  L o g i n  
6 )  T u r n  o n  p o w e r  t o  s e r v o  c o n t r o l l e r  
7 )  T y p e  ./ A l i g n  

 
E x a m p l e  o f  a  f i n i s h e d  s c a n  
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