
NATIONAL RAD IO  ASTRONOMY OBSERVATORY 

TUCSON, ARIZONA

June 5, 1981 

To: 12 M Memo File

From: J- M. Payne

Subject: Errors in Encoders, Addition to Memo # 27

As an addition to my memo #27, I would like to include a note on the 

Measurement and Correction for Periodic Baldwin Encoder Errors. This 

note was written by the staff of the MWO at Fort Davis and supports 

my belief that any errors in the encoder are periodic and may easily 

be removed by the software.

Interoffice

12 METER MILLIMETER WAVE TELESCOPE

MEMO No. -£t

I think I am correct in saying that Bill Horne now agrees with this and 

we may now consider the encoder question closed.



Interoffice

N AT ION AL RAD IO  ASTRONOMY OBSERVATORY 

TUCSON, ARIZONA

April 30, 1981 

To: Bill Horne

From: John Payne

Subject: Errors in Encoders

It seems time to resolve our differences of opinion about the accuracy of 
the encoder system on the present 11 M telescope.

The encoders used are 20 bits (LSB » 1.24 arc sec) and the manufacturer 
claims an absolute accuracy of 1 bit when the unit leaves the factory.
The encoders are checked using an autocollimator and an optically ground 
16 sided reflector. This appears to be similar to the familiar pentaprisim 
in that it comes from the manufacturer calibrated to better than 1 arc sec. 
To put the pattern on the disc, a Divided Circle Machine is used and the 
absolute accuracy is claimed to be better than 0.3 arc secs.

Bits 13 - 20 on the encoder are synthesized from sine and cosine tracks on 
the encoder and it is my belief that after a time, repeatable periodic 
errors could appear as a result in the synthesising electronics. John 
Davis, at Texas has measured such an effect on identical encoders. Note 
that such an effect is repeatable and is very simply compensated for in 
the software.

At the telescope at the present time, we have about 5 arc sec RMS random 
pointing errors after one week of operation and we believe that the encoders 
contribute very little.

I do not believe that the present encoders will limit the performance of 
the upgraded telescope.

— ■' ■ ■ M .. ........ . LJBiw i r n t a e — a m

12 MEIER MILLIME. L'a WAVE'- TELESCOPE-

No. £ 7



M e a s u r e m e n t  a nd  C o r r e c t io n  fo r  P e r io d ic  B a ld w in  

E n c o d e r  E r r o r s

T he  B a ld w in  2 0 - b it  e n c o d e rs  a r e  s u b je c t  to  a n  e r r o r  w h ic h  h a s  a 

p e r io d  o f e x a c t ly  128 e n c o d e r  bits- T h is  s te m s  f r o m  the  fa c t  th a t the  

e n c o d e r  c o n s u ls  of ;j r o d e  d is k  w ith  a d is c r e te  r o p r e s e n ta t io n  fo r  Liu; 

m o s t  s ig n i f ic a n t  14 b its  and  an  a n a lo g u e  p o r t io n  fo r  the  le a s t  s ig n i f ic a n t  

7 b i t s .  (T h e re  a r e  tw o  r e p r e s e n ta t io n s  fo r  b i t  14 w h ic h  a r e  fo r c e d  to 

a g r e e .  ) T he  a n a lo g u e  p o r t io n  h a s  tw o  t r a c k s :  a  s in e  a n d  a  c o s in e  w ave  

w h ic h  a r e  e le c t r o n ic a l ly  c o m p a re d  to p r o d u c e  th e  le a s t  s ig n i f ic a n t  6 b it s  

o f th e  e n c o d e r  r e a d in g .  I f  the  tw o c i r c u i t s  a r e  im p r o p e r ly  b a la n c e d , a 

p e r io d ic  e r r o r  r e s u l t s .  T h is  c a n  b e  r e m e d ie d  b y  r e m o v in g  the  e n c o d e r  

a n d  b a la n c in g  the  tw o  c i r c u i t s  ( r e q u ir e s  a d ju s tm e n t  o f s ix  r e s is t o r s ) .  An 

e a s ie r  m e th o d , h o w e v e r , is  to  c o r r e c t  fo r  th e  e r r o r  in  s o f tw a re : A  ta b le  

c a n  b e  p r o d u c e d  w h ic h  c o n s is ts  o f the  e n c o d e r  e r r o r  a s  a  fu n c t io n  o f the  

l a s t  s ix  b i t s  o f  th e  a c tu a l  e n c o d e r  r e a d in g .  T h u s  the  c o m p u te r  p r o g r a m  

n e e d  o n ly  u s e  the  la s t  s ix  b its  o f the  e n c o d e r  r e a d in g  as  an  in d e x  in  the  

t a b le ,  g e t th e  c o r r e s p o n d in g  e r r o r  a n d  s u b t r a c t  i t  f r o m  the  e n c o d e r  r e a d in g  

to p r o d u c e  a n  e r r o r  f r e e  e n c o d e r  r e a d in g .  T he  r e m a in d e r  o f th is  d o c u m e n t  

d e s c r ib e s  h o w  one  c a n  p ro d u c e  th is  ta b le  so  th a t  th e  e r r o r  c a n  b e  r e m o v e d .

L e t  th e  a c tu a l e n c o d e r  r e a d in g , r ,  be  w r it te n

r  = e + E  (2 t t  e , / l 2 8 )  == e + E  (G )
C O  c c

w h e re  e is  the  t r u e  e n c o d e r  r e a d in g  a n d  E  is  the  e n c o d e r  e r r o r  as  a  fu n c t io n
c

o f th e  le a s t  s ig n i f ic a n t  s ix  b i t s ,  e ^ , o f the  t r u e  e n c o d e r  r e a d in g .  F o r  s m a l l



z

e no u g h  E ^ ,  th e re  a ls o  e x is ts  a s in g le  v a lu e d  fu n c t io n , E , o f th e  le a s t

s ig n i f ic a n t  6 b its  fo r  r ,  r,  , s uch  th a t
6

r  = e + E (2 ir r ^ /1 2 8 )  : e + E (0 )

(If E ^  is  too  la r g e ,  1^(0) w i l l  be m u lt i- v a lu e d  and  s o f tw a re  c o r r e c t io n  

w i l l  b e , a t  b e s t ,  o n ly  a p p r o x im a te . In  th is  c a s e , one  m u s t  a d ju s t  the  

e n c o d e r  h a r d w a r e  to  m a k e  E c s m a l le r .  ) S in c e  E (e )  is  p e r io d ic  in  0 a n d  

h a s  z e r o  m e a n  (any  n o n - z e r o  m e a n  h a s  b e e n  a b s o r b e d  in  the  s o f tw a r e  e n ­

c o d e r  z e r o - p o in t ) ,  i t  c a n  b e  r e p r e s e n te d  as  a f o u r ie r  s e r ie s :

00 00 

E (0 ) = ^  S. s in  (i0 ) + ^  co s  (i©) 

i= l  i= l

S u p p o se  w e now  d r iv e  the  a n te n n a  at a c o n s ta n t  v e lo c ity ,  v , a n d  s a m p le  

e n c o d e r  r e a d in g s  a t  a  c o n s ta n t  r a te .  T he n  the  a p p a r e n t  a n te n n a  v e lo c ity ,  

v , a s  ju d g e d  by  d i f f e r e n c in g  e n c o d e r  r e a d in g  is

v  = e - e + E (0  ) - E (0  . J  
n e w  o ld  n e w  o ld

We h a v e  e - e . = v b y  d e f in i t io n  
n e w  o ld  c

and  0 «  0 +  2 tt v  /1 2 8  =  0 , J +  m
n ew  o ld  c. o ld  ™

128
We c a n  no w  w r ite  v (0 , cp) ---■■?  + E (0 ) - E (0  - cp)

2rr

w h e re  w e h a v e  s u b s t i t u te d  0 = 0
new

If w e  c h o o s e  a  v e lo c i ty ,  v , s u c h  th a t cp = it, a nd  s u b s t i t u te  the  f o u r ie r  s e r ie s  

fo r E (0 )  w e  f in d  tha t th e  even  h a r m o n ic s  o f 0 c a n c e l a n d  we h a v e



oo

E (e )  - E (0 - ( , , )=  ^  { S2j . i  s >n ( f2 j - l]e>  - S J s in  ([2 j - l][e - n ] ) 

j  = l

+ c 2 j _i  cos ([2j - i]e) - c 2j_i cos - H f e  - ■” ]}

ui

E (0 )  - E (6  - n) = £  { 2  S2 . _ ,  Hin [ (2 j - I )h I + i C 2 - i co s  f 2 j  - 

j  = l

S in c e  E (0 )  - E(G - t t )  h a s  z.ero m e a n , w e c a n  c a lc u la t e  E (0 ) - E (0  - tt ) by  

s im p ly  r e m o v in g  the  m e a n  f r o m  v (0 , rr)- (In  p r a c t ic e  w e c h o o se  cp to  b e  

s l ig h t ly  d if f e r e n t  f r o m  tt s o  th a t w e  s lo w ly  d r i f t  t h r o u g h  an  e n t ir e  p e r io d  

in  0 a s  w e  s a m p le  v (0 , tt )  )

T h u s , w e now  h a v e  a m e a s u r e m e n t  o f th e  o d d  h a r m o n ic s  in  0 o f E (0 ) 

a n d  c a n  u s e  th is  to  c o n s t r u c t  a  c o r r e c t io n  ta b le ,  T (0 ) , to  r e m o v e  th is  p a r t  

o f  E (0 ) .  T (0 ) = £ (v (0 , rr) - (v (0 , n )))-  O n c e  th is  is  d o n e , w e  c a n  r e m e a s u r e  

v (0 , t t )  to  v e r i f y  i t  is  now  f la t .  I f  n o t, the  new  v (0 , t t ) c a n  b e  u s e d  to  c o n ­

s t r u c t  a  m o r e  a c c u r a te  T (0) by a d d in g  th e  new  c o r r e c t io n s  to  th e  o ld . I f  

n e c e s s a r y ,  the  p r o c e s s  c a n  b e  i t e r a te d  u n t i l  a  T (0 ) is  fo u n d  w h ic h  p r o d u c e s  

a  f l a t  v (0 , Tt) -

H a v in g  r e m o v e d  the  odd  h a r m o n ic s  o f E (0 )  w ith  th e  c o r r e c t io n  ta b le ,  

w e  c a n  n o w  r e m o v e  the  e v en  h a r m o n ic s  by  a  s im i l a r  p r o c e s s :  w e  c h o o se  a

TT 3 T T  3 t T
v c s u c h  th a t  o r  ~  • (W e u s u a l ly  c h o o se  —  b e c a u s e  o u r  a n te n n a  s le w s

m o r e  s m o o th ly  a t th is  v e lo c ity .  ) S in c e  w e h a v e  r e m o v e d  the  odd  h a r m o n ic s

3-n
in  0 w ith  T (0 ) , v (0 , —  ) c a n  be  w r i t t e n

w

3
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v ( 0 ,* ~ )  ^  ^  2 + ^  s in  (2 j0 ) - S s in  (2 j[ 0 - ]) -»

+ co s  ( 2 j0) - C 2j co s  (2j [0 - y 1])]-

CO

v ( e , y ) K  96 + £  { 2  S s in  (2 j9 ) + 2 C 2 _ c o s  (2 je )}  

j = l  3

T h u s , w e now  h a v e  a  m e a s u r e m e n t  o f th e  e ven  h a r m o n ic s  in  0 o f E (0 )  «

3t t  * 3tt
i ( v ( 0 . “2 " ) -  (v (0 ,- ^~ ) ) ) .  T h is  new  c o r r e c t io n  c a n  b e  a d d e d  to T(0)  to  p r o ­

d u ce  the  c o m p le te  c o r r e c t io n  ta b le  fo r  the  e n c o d e r . A s a b o v e , the  p r o c e s s

3t t
m a y  be  i t e r a te d  s h o u ld  th e  new  v ( 0 ,— ) n o t be  q u ite  f la t .  U s in g  th is 'p r o -

M

c e d u re , one  s h o u ld  b e  a b le  to  r e d u c e  the  p e r io d ic  e n c o d e r  e r r o r s  to  <  1
/V

e n c o d e r  u n i t .


