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n t . r C ) d U C  1 Cf l

In s ~~1di e~ or h~ s t .ru ~~t u r e  cf ’  ex i  s t i n g  i n r c r ~ r~ ion ~~~

as o l s o  ~r ’ ~he r l a n n i n p  cf ~ new ~e’~hno1 oc~i c o ~ s o lu ~:ions , ~n wh~~~ ~~e

ex r io~~t. h & “~e~~hods of sy~i~~ens an aly s is “8! the re  oc~ ur~ a neei c

~err’l~ r,e losses of ¶nf’ormat ion in convers~ on sys t ems  ~ r,, ‘h e  c~- ’;e

he , in r1ann~ ng •~o b s — — a  need for  c ou r l i n~ ch a n n e ] s  of ri~~ch t i~~ ’jn ~~~t ~~~~~~~

es as ‘;o r r c rh i -’ e or’~ i mal  c o n d i t i o n s  of in fo~’r n a t i c n  “ l e

Mri~~~n~ u se  o~’ a d i a gn o st i c  m e t h o d  in ~he r i a n r i ~~~i’ of ’ ~ Re o—

. 
~nf ’o rr~~~~

’ o’: ~ y ,  -
~~~ b’~s i c  s~~a r t . irw ~~~ er~ ql w~’ ‘~o ’e~~’~ ~

‘ i~ ’

“~~~“~~~~s o~ ‘ rri~ ~cn~i l  ech nolc~~? ’a1 qn e l v s l  s . 7~he ‘~~~~~~‘‘~‘ T ~~~ f l ’ ’~~ rY’

or 3 r l a ly s i s  i a s S r ’~~a t f ’  I ~~ ‘h  ‘he  i e e l  for  ~h e  “~or ’ in r ’ P of’

n~~’~e m ode l of th e n ow c~’ i n r r r m a ’ io n  in  t h e  sys t em as  ~‘e 1. 1 o, :~ 4
~~e ‘~~~~~~

torrr i H~ ~~~~ ~~~ t L ~~ ~~ y~~~~tHr ’ s r th is f lo w  on the b a s i s  of q

~ eo:~U r e .

In the  ~~‘ “e ‘u n ’ e  ~o’’~ !t~ ” ‘ h e r e  ~;~~s b u i l t  ~ oo’ : in~~c’ :1’ Ofl

ie 1~ o~’ a 1e 1”  ? n f orrr r i~~~on sv , R ’ P ~n — _ w h ~~ch r e o i~~~’ c I  ~~~i:” ~ ‘s  ‘o’

r u c t , u r e
c a t .. io n  s ’ ru~~ri1 ~~~. :‘h~ r~ cri~ n~~~ a t i o~ ~~~~~~~ “r ’” q r~~~~~~~

s
~~

- n t~~,e ‘~v~~l (”~

is  ~y r ’ :r a 1  “or ‘ hr ’ ~r n .~or~ t .y  of pr o ces s  o :  the r v r ’ em ~~~~~~ ~i ’t  ~~~~~~~~~~

~H o n , oonv ~’r t ~ t. ~~~ p r e s e n t s  I t. i t  th e  o u t ~ nI n i  ‘ h ~~s h the ‘ ‘ “ i• —

no 1 o On 1 1 l I n e S  -s ’ 
~~ ~~V i  em th  r e f e ?  I (~‘-!O ‘~ ‘1 nw - ‘ f ’ 

~~, f r ”~’ on

Yrr ri n~l s r q ” e  . Y’ er ‘ i°- se r ’ ~ric~ ~~~~~ q q
s ~~~~~~~~~ in’’ hr ~‘e ‘i . ’~~’n~ ‘

~ ‘ i f  I

~‘ i ’ ~ r i  f ’ s r  ‘i w i i n  ‘n’ ’~ ~fl ‘e ‘ ‘ (‘O” 1 ’ or~ : iV f l t e l Of .
~1

..~.,
‘
‘ ‘s ’~~~~) ’ ’ 

-

~ 
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te ~ e..’ om~~’L 1fl a ’ ‘I n: ; r i ‘~e r’ r c 3 1 V ¶ 1ì ! 1 y ‘ 1  r sh ‘h ~ r i’

t i o n  t~~~~i o f  a n • r ’ ‘~ ‘ ‘h r : o i o g ; c a l  l i n e s  of’ the  s y st e m .

2 .  1’h e on ” e ’~~ of the ~ i cw  of G e o d e t , l c  1r ~f e r m at i o n

‘h~ e ?hno 1c~’v ~f a ~‘e cl e t  ~~~ n !’( r mn i co 5~; tc ”~ i s  c h a se ”  en -

-‘ t ’d h ;  b y — ~~r’ ’’ n e y o ~
‘ h ~ ‘ t n  rms of ‘he  e 1 ~‘mer ‘ ~ :‘ , nor s ‘o’er

~‘hes e t r e r s~t c t ’s i r e  ~~ oser ’r’l ir ’ l v ’  ~ca11y $ 13 w € J 1  ~~S i r r ’ n h ~~’al f’c5”~
t ? ~~~~, ~~~~~~~~a n  v a r i o u s  s m  ~cs.  ~n ao~~cr i e n~~c WI  t .h var ’  cus  n 1 r o r ~ h s f o r  “c ~r y  i n

i’ c r’ ‘ he  :iho ve men~ onno -i e l ernen ’ or y  nc ss~o~os c ” t~h e sy:~ etn , ~~~&~~~~~
-
~~ -~~ —‘-

we m u s t  ~i r c e n t  a oonrn or ~ base of r ef e r e n c e , - - - e u n 5 f o r m  ro~ n t  of ~~~~~~p.1,s on

e ’~ ’O5 ~~yr e  of ~n forma i on i n  the  s ys te m .

A~ a c ommon b t s e  of r e f e r e n c e  for  eiemen ’ ar y  m e s s a oe o  of t h e

the sy s t e m~t h e r e  was rr or ’osed in  the  r e f e re t ce i~ork  “ i t t h i  f l ow  of

~ e ’~~~ie~~ic i nf o r m a t i o n  -

‘ho flow of ~eodet.ic information is then a fu n c t ~~on le ’ e r ’ m i n e ~

on he s et  A - — o f  t h e  ou ’~~uts of the det;erm~nate measuremen t c h a n n e l .
c~- r~ ~ r~ ~or of a c a s c a d e  of ’ eh a n n e i s  of  the sys t5em ~ind w h i c h  ( f u n c t i o n ) a ’ r e~~’

r a l u e s  i n  t h e  se’ of e l em en ’u r y  m e s s n~~es A.  The e l e m e n t s  of the s o t  A

or e  n o t u r a l  n u m b e r s  w h i c h  c o n st i t u t e  t e rms  of an nir ’ i t h m o t i c  s e qu o r ’r e ,

i n  4 h i c h  t h e  d i f f e r e n c e  r is the  s ma l l e s t  d i , ~, 4 i n g u ~~~h s b l e  in t e rv o l

of t h e  o u tp u t , of a ( I e t e r m : n a t e  m e a s u r e m e n t c h a n n e l  or of a c n r i c~~de ~~f’

c h a n n el s  of ’ t h e  s y s t e m .

Fr om ‘he  f l o w  of i n f o r m a t i o n  we can  s e n a r a t e  ou t  a f i n i t e

S e q U e f l ( ’O  of e l e m e nt a r y  m e s sn o e s .

~ ~~~~ ~2 ’ ‘ “‘
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w r ~~cu ~s ~ f~~r : ’ o ri 0 ” a r r u m e n t o  (y ~ ‘he ou ’ ru ’.s ~ 1 ‘h e  I e t e r m ? r i n ’ o

c’.~ ~~~~~~~~~~

~h’ nne lAor 0 1’ 0 c..M-a..ø-gd.e o f ’ ch ’ i nr i e l s  ) , r. t ’  i ned in t ,h € ~

: n er v o~ i , ‘ : l l e l a u n l  of m o a su r e n e r ’ . ‘u~ h a :3#’~ u.eo~e we w i l l  r o l l

o or. ‘ i c ’ w -

3. r ej~ of i urt~~ t. S O U ! ’ ” t ~ as n f ’ or” ’i t i o n  f’ ow ‘on ten t.

‘ he ’ ‘ic c en ’ onc ’ of ~~~ con ’ .~n or . s ‘ r u c ’ur ’ e of t h e  s y s t e m ,

ho ‘r’~ i. ’ i o n  c’~ n common h~~se of  r e f ’~’r enc ’ e i n .  t h e  fo rm ‘ f  i n fo rr .at  icr

• q5 ~,‘f ~l l ~ a~ ~~~~~~ S ~~~~~~~~~~ i f l i~ Ou t f r o m  t o f ’  a un i  ~h ow . cons ’ r u t e s

0 ~~-s O. S~~ 3 ’ ” fl ’ r e n l H a ’i o n  of ‘~ ~~et  of c o n , H t i o n s  fo r  t h e  u se  of .n rr e~

me ’ h o I  of  i r ~ves~~1~~o t i o n — — i n f o r m R ’o e n  ‘Theory ( ( ~~ho r ’ ema ’ i c a

t h e o r y  of ’ ‘ e l e c om mu n ~~c n t i o n ) of ~~. I~ , th ’~nn o n .

et  us now c r e a t e  a sou r c e  of mes s r ioe s  / 1 /  f rom t h e  u n i t , f ’ 1o’~•~’

by nrov id ing ? fo r  the  e l e m e n tar y  messages  t he  n r c h a b i l i t i e s :

~
‘ F( s o ) , •. . , ( s )  ( 2 )

w~~th w h i c h  ‘ hey  ore  s e l e ct e d .  The above  s o u r c e  we w i l l  be ‘a l 1 in ~’ ‘i

u n i t  s o u r c e .

For s i m p l ~~f i c q t i o n  we assume t h o t ,  the  p r o b a b i l it i e s  ( 7 )  ore

equal ~o each o the r ,

r(~~1 ) = f ’ ( s - , ) = . • ., ~~~~ )~~± ( 5 )

n o well as t h a t  the  un t o r y  ~our’ n r’ ‘rio ‘ ed i a sour ’~ w ‘hou’ s1~”n ory

‘-h ’ ’ i s  the  e l e m e n t a r y  me ss ’n ~es a re  5 ’ n, ¶~~~‘ i c o  l i v  m n Ie r ~e; le n . ‘The
C .~ K 

, ~, A V

0 ‘~~O ’  ‘ccc’ of’ the abov e assumr’t ions ‘u’ ‘vo~”r or ’ ,ln tondi t4omr ~ /

s in c e  ‘ he r e t i r e e s  of ‘h o  geodo ’ Ii’ syr ’ em q”e ‘fl r’ ’ c ~ er ‘‘‘‘ I by o low

1 ’ ’ .’ei of or~’’uH “ii ’ I on , h o w e v e r  :rii”}, i r c o m ? - ’ i o ns , r i c h n or ’ a n t .  fe ’ ‘he

e x a m i n e ’ i on  of’  ‘ h e  pr’~~b 1o~’ , s i c - i f~ ~on t 1’c ~~~~~~ L t’ v ‘h e  ‘~~~~~t~n t ~~
- 

— ‘
I
,

- V - -~~~~~~~~~~~~~~~~ --
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I e ’ u~ ‘c - r ut e now ‘ h~ over  ,I ~~E s” oun ’ of in f o ” i r ,~~’ ion f~~~~i~~~

‘o an elemen ’ ncr messt~nt the ’ s zu’~n 1. ~ h y  t he  s o u” c e  crea r;1 . The

en ’ r or ’ r  - ‘~~ / 0 ” o s o u rc e  W r thc ’4 ’. memory is ni ’Ieri by ‘h e exPression :

F ( s~ )~~oo ____  b i t s  (
~~

)
1D (~~ )

‘.‘j ’r : ic h in V s -w c f ’  t h e  si ’o~’ l i f y i n R  o s su m n t i o n s  ( 3 )  : r s u m ~-s the foss,:

HV’) 1 ~~~~ bi~~c 
( n i )

is nE :ccessary to s~~ress ‘ho ’ the ‘~‘ilu e of th€ en ror- ’~ rr~~~er t , e—i w ’ th
express ion

‘ i c  heir of e~~&~-i-o~i- (~~) ~ ~1entL’al wi t h the value i , , ’~u o e~ in  t h~

(re erence) work ~i~/ of the  m’~x i c ’ : 1  ‘ r an s i . n 1’orm a ’~~on ’ of the determi r~is-

t h t ru t ;  channel in the inform ’t t  cr m e a s u r e m e r  t systems of t h e  over-

all sy stem .

The en t r cr v  of ‘-he uni~ soun’r’e cr ca’eI fr ’cn  the fJow of’ infor-

m o t i o n , p reser~~ed w~~’h  th e  h e ir  of t h e  e x - ’ r e s s io n  ( f ~ we w i l l  c~~]l

‘he  flow con ’ent (caraci’ y).

r ,~‘ ince we car also •rea ’ an oo ’le ’. ch’ rnol of n~~c o nv e r s i o n  syn -

as n f’~ o”: of inform’ t~ or , thus we w ill also be us incn ‘he erii v r,ler ’

ci ty of an i r5 ‘c rm a  i c r  c’hanriel 
—. 

the sugj-~es ted. agreed-- - u r on

me’c,sore of’ he ‘ h r ;r’u~ c~ rn -’i ‘p ’i’ ke~ r’osslblo ‘he  eh a r a ct e r i  ~, n t i  c o ”

a broe ~ r n n c ~e of ~nf’ormn ’ I c r  “lows oni chnr’nels~of ‘he o,eodet hr ir formo—

On , °:i~ ‘ em.

M~h:
’nr u s e  of ’ h ’  ub oc i -~~~r o r c i u c d  ae n5 u r e ,  - f ca coci ty (coiY er~~)

r ind  o r  t ~~‘l I oh in~; ‘he .o~~ret’ f un or in ~ . of m e ar u r e  E (as  ) eqi:~~l ‘ c I n~~—

~~~ ~L-$’~4nn~,4t -e r f ’c,r a l l  of our  ~~~~~~~~~~~ we w~~ll - ‘ h a r n o f e r i c e  th e  in f or m a ’ I o n  con ~~

‘inr, t. (~~n Pnci ’ y) of se’;’-:rol f 1 o w ~ en ’ e r i n g  ‘he  sys t em / h /  or appear ing

n ’ ‘h o -  ou ’ ’u t  0 0 nu m eri cr, 1-- ’~~~grninh ~ o ( 1~~g — n n ’ : I o ~~) con v e r si o n  s y ’ k .e ’c: ;!~~~1

- — - -~~~ -____



- , I’  ‘pia ,:, ódLt j t ’dno—
I Li” . ~i ~j L~ z iód l a  j edno- -

- 
- stki ’~ egti (;‘ ‘j , i , ’~c

Stiumk’ñ lub Lui,tt s~ ste I I1 U ‘“‘ ~~~“ ~~~~~~~~~ ~~ ‘, ir uinkn ia if , ’: .,~j i lub

A yh i ,, ru wj , , , f ,  ‘i ~~~~~~~ . - -
p&,J ,_ :iii,(’’~ in f , ’i n:. .;~j na

e1ci i ie , r ta in ~eh (s,}) k a n i l u )  
,
tô wJ

Stru rnj cñ wiado rrio i ira ~ yj~~iu po:l:~,ru 10
liniow ego dal t iik riem r eduk cvjnvm j edno-

P ohr aiowym; r ot rô LIIiaiI l )’  inici  wal
dctcrministycincgo wyj~cia 0, 1 in

Strumi cñ ~ iadoi no~ci na ~~j~~iu ponriaru 100 6,644
liniowego ta~m4; r o,r ó~nial ny i iu t ciwal
k.trr ~~u det c r ini n isty cz net’o wyj kia - -  0, 01 in

Strt:ni ieñ ~ iadoiir o~ci na w~j~,ciu ponliaru I 000 9,966
ni~~d,ieyjnego (n iv~eLtcja t~,-ehnki na ); roz-
rO /rl i4In y int er ~~.~l k an a lu  delc r min istycr n ego
r~yj~~ia - 0 ,00! m

-. Kanal wyj~cia ukiid u p i / e tw a r / a n i a  cy fr owo- 10000 13 ,288
gr a f Icin cgo Inctod4 t radyL)j m~; ro ,ró2n ialny
interwal opcracyj ny —-  0, 1 mm

Kan a l wyj~cia uk la dn pr /.etwar/ u i,; . c, fr,iwo-
gr afic~nego przy wyko r z~ staniu plottc r Ow
stcr owa nych nu mery cin ic; pa lam ctO’ typo -
we ~11a plott erôw ~r edniej i wysokicj dok iad-
noki:

dokIadno ~é wvj~ciowa —0 ,05 mm 20 000 14 ,288

— c1okla dj ro ~é ~~~ Iow a - 0,02 mm 50000 15 ,610

~ ‘: i o c t s)  ~~~~~
- ‘ or o r00’;L o. u.:e o, ioll . ‘: ;~~~~~~ ~~~- ‘ , : :, . c- 1 ~~

o t J ~~i,~ s o u t ; , i i I , . . )  o f ’ ~~~~~~ o ’ ocej. -~~ of  t o  ‘~~o.c~~ ol’ lc:. .::itm’ ,’~~.,c.,,’

) 
~ ct r u~~ ’ of o cn it  , : -o:iOce: ~ - i u u r : t Oi ’ u. ’. ~nfo: . ~

_ -.,:i iho . o~‘S

O L i O o ca c o L t ”  c i  t o  0. 00001) /b i t :/ .
i O ~’! Of . . . Q o T - ,

~’ c -  not an octiet . uth j j :~o- .. u .  01 o.ect b~’ o~~~’c- :-c 1. - , u i

in c - c  tr c; otec  ~~
-;

~~ cc ; o u o t ± o  - cioc. b ico in L ~ u~. - of tio oc t  t - i i : L u  Lie out

Cc :oie.L —— - • 1 iu

1’:i~ of’ roe 0 at no outlet v’ith .Liuc:r ‘ ‘ r i ,ro ,  oct n ta ~o; ~~

0 0 )10 _ Ot L ’  i i i . O t ’ ~~ i ;~~~ . ‘.~~Li ’ I ’ : r . j  ‘i .r t t c  o c t - i t  cc;~oi1Ol — — 0 . 0 1  u.~- tei’r.

t ot’. n; e c , — c, 0:: oL crc outlet ‘oiL Lo’.’c-Lic .o:o .u’c ~~~~ t o n i c  .~

~ o t t .  :,:‘ .:c ’~L c - .u :’.~. - 1 - ’, -~i of’ h~ - :,oi ,o .  ,c L i_ c u : i t - t L .  r .u , -el —— - ‘ 1  Lr - t ( c u .

~~~~ L~~~f ~~ ,,o.rn rej o:’ ci co bn .:yn’ tu ’ : i :r onroo ric : j - - - t o - - , r - c i ’~~i” c u . t ~~o1’ ..t. -o r  7

Lio ’ io .~ :..C L ou; ‘- ir  ti - ; L : r . -nuio 0 icr-stir ,’ I, ~‘rvri • 1 L i i

‘ - i L  ‘it  o~~ 1.~~i~iJ _ 01 0 ii 1 , : e 1 ’ L C -  ‘1u no ; , L C . - t , rc -0 ’.-’ cI’ - i O O  u- l i .  j O t  -~~~ . .  ilil :0—

‘I c i L - ’ , t,io : ui t ori ’. !i. -’ c o ; ;t x o t Lc ’ u ,  ,Lo t - i ’ : ; t - ,r j _ c r - l . _ -nU ’O. C~~n’1’: on r~lot—

1-c ...’: :  -~~ O0~ O l ’n ~ C i l rO . -“. C o i t f ; . ( y .

— — ‘ ) n t t it  ace ‘ . C] — — 0 .  i ,,, 1 ,1::

OC t 0 kt’ . ( ,j ~l • U ]  f .  10
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a ch:i r a c t e n ’ i s ’  i - c  i s  p r e s e t - t e d  on t’&l’le 111

11.. : ‘ q t o ’  ‘ 0 11  of Tnfcrm ’i ‘- io n Flow ro ss  in ’ ‘ ‘I n-c 0 (~or r v e r ’  or ’

T a k in o  h r t o  a c c ou n t ‘ he  f ’a c  ‘ ha~ a n u n n er  ca l  - t o - -gr ar ’h i  c con --

i.’ e r s i c r  ~s ‘ v~- i o a l  ‘-~nd err .  of’ rhe  h a s i - n  rrc ces ces of ‘ h e  sys tem under

Ji sccss~.ot., we~~~i l l  do~~ti -n e theore ’- i c a T  ronsidero ’ i cr- s for in s ’ ’ln r, - ,

‘in, i n f o r m a t  on f iy s ’- rni lii r in~ nrlsSri cC- thru o riumer n c- ni l-- ’ n -c-~’a’~hic

cor ,’,’, r : ’ s i . ’r s ’r b s y s  enn~

A ‘ he  o u t - r u t ,  of ’  ‘- h i s  sub sys ’ em we o b t a i n  an T h o m o r rb t c n ’ n c n i - ~

of t h e  term, i n — — a  m a p .  It  is  o b v i o u s  ‘-h o ’ one of the i m r ’o r f - a n t ~c - r . 1 i —

i cr c  ~n c rea r i ng the mode l , in o rde r  o s i m n l i  f’y the  c a r r y in g  out  of ’

O r e r o t r n n s  on i t , is i t s  d i m m n u t i o n  i n  r e l a t i o n  ‘ o  t h e  o r ’ c ~i n n 1 . c- 0

i ’hsinu ’- i o n  de ’- e rm i ned  by ‘he  s c a l e  of t h e  m o n o  1 :‘-~ is one of ‘he  h a s i - ’

conve r s ioncrc  ons of t -he d i sc u s s e i 1~su~~sys t~ -m . Then the flow of nn I crr:r ‘- ‘.or.
C -

~‘r t”~ r,

i oh a rr e a rs  a t the i n r u t  is sub r ec t e d  c a den~ 4- f i c o~~ion of v a l u e

log 7 y , as a consequence  of which  t h e  i n f ’ orrorr ~ ion  f l o w  con t en t ( c a p o c h r y )

i n  the co n v e r t e r  i s  equa l  ‘ o th e  sum 0 ° ‘ h e  o r i c i n n l  con t en t ( c a r ’ o c h r y )

‘ mrn d of’ ‘he bin ary ion of the ‘lenonninn t o r  of ‘he  s ca l e  of e o n ve . r s  i cr . .

This flow a n pear s  in ‘ u r n ’i ’ ‘he on ’ non’ of’ ‘he c r-f ver~ er t h rii u

c h a n ne l  of in f o r m a t i o n  r a p a c i t y  Ic t e r r ~Hr , e d  h~r ‘ he  c o n s . ’ m e t  i o n  0 ” ‘-he

cOnver t e~ • I f  we a ssu m e  ‘h a t  n o i s e  - l ee s  n o ’  : I c r o m n o n n ’ ,n ‘- lie o’ oration

of ’ ‘he  sy s t e m  ‘1 1, / 2 ’ , then  we nor ,  d e sc r i b e  “ h e  wor ’l ’  o:’ ~~~~~~~ oonver em

w i  t~ : t h e  h e l p of the  e q u a t i o n  m orose1 in ( m e  fererro’ ) w o r k  /L~/:

II( 
~~r- ~ iO~ ~1 H( i) _

~~~ii ,

wh e r e  H ( S )  — — i s  + he in f ’oi ’ts a ion f l o w  con f - OT-1 ( ‘~ u - ’ , c ’  i t y  ) a t  he n nr ,u
r

of the  c o n v e rt o r ’  : ‘1— — s t i e  l en  or’r in  t or  of - ha ‘- rc a  1 e o f ’  ‘on v o n  i on

—— ~~s he r i i f ’ o,~r , b  i on . 0 t t ~~L ’ i t Y  c t ’  t h e  ou t r u ’  oh . n o i  of ’  t h u  c - n ~~~~~

-
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~

“ -
~ 

~~~~-~~~— ‘---- , ‘ - “ , .

he a’-,’er are  loss of i n f ’ o m m i~ ’ i o n  c ( c r  n cc .rn r l i~r ’~ -loess , u n t ’ ’ l le~~r, e n s

t ’~~l l ’ nci ‘o ( o c c u r r i ng  a ’ )  t h e  e lemen ’- a r y  ou t r u ’ r I ’ ’,hc c c ,r : v e r s~~on i3~,r- ’

.

l b ’  r e l a ’ ‘ or (~
) we w i l l  he c a l l in g  - h e e: ia i o r :  of i!,~~~( t ”

f l ow t ’tlss in g  hr ~~ he c o n v e r t e r .  From t h i s  e - l u cj t. ion we c - n t :  de er n . i n c

‘be locses of inf’orno ’:ior, ~n numeri cal-—to--gr aphic corve~~s~ or rrocerrec

of ’  - n ’ -~n s - ’ i r t i n g  ( f o r w a r . i in r )  ~ri a c c o r d a n c e  w i o h  ‘-he ,; hr .n l+-  ‘r a n s-

o”— ’ ’ S on :

H( S )
~ 

— 

~~~~
“
~~r 

‘~ log2~~) ( 7 )

A s~ ud~~~c-f some conversion subsystems of the s~~s ’-em

11 nass on ‘o exrerimer.tal 5i .1~ ’-’ c-n - ‘i’r,res of’ ‘he

~o nt e n t  (capaci ~ i)  I n  o rocess  c i ’  n r .i r r i e r i n n a l — t o  r m n t r h t~

c-al c-ot .vcl’ci r. The ccmru ’- a ’- ions we p e r f o r m  on n : i r : e r i” s . i  v a l u es  i’c~ C t  0

ton’ from ‘he  i n s t ru c ’-ion  — i n  - f o r c e  / ‘~ / , th ’t ’; h o s  ‘-o do w i t h  n € ’s . s u r e n r e n f  It

o f  ~oc n n i o n  for  d a t a  of ‘-he r e qu 5  c ernen,’ r for  - a c cu r a c y  of ’ Grout ” I ot ”

r er r a t n de ’ ,’ai ls  ( ( p a g e  ‘
~~~~~~~, ‘n o b l e ‘V II). i~es i I c r  t he  t vr - i c a l  s c r l e e

c h r - ’-?r , i n  i ns  - r u c t ic n ,  ‘h~ in t he  ecr inh t a t~~cns ‘h e r e  h a s  b oor ‘. ake n  i n ~~c

cons He ra ’ i o n n l s o  t h e  - t u r ~’e r, f lv  us e - d  sc’J e of  a bas~ e m a j~- — l  ~ fl: ’, • ‘~~~~~~ -

in fo rm a ’, i cc-n ‘,n-’r c i ‘ y of th e  on ‘ r’-u t chann e~~of ’ lie c o n v e r ’ er wa s  ~le err *—

n”’~~n”. the b a s i s  of ’ the  d is t i  n o n  i s h a bl e  o re ra t  I n c  ~n t e r v ai  i n  the corn -
4

v cr er by  ~~~ ‘n ’ ,- ii tinn a l m e t h o d  ( ( t a b l e  - ‘ - ‘ 1 ) .  °he “‘omru ’ .’i ’~~nr: c h o v e

b een  ‘,, r~ ’ T n i  Out lfl ~,b le 
]2 1’or s i m n l i f ’ i c a ’ ion t h e  r e s u l ’oi o f ’  the

‘omr ’tta ~ inr s, averanc: losses of i n f o r n - a t  t 0r, occ:ir ’rini a ’ an  e l e ’ - : + ’ n ’ c - r v

ou’  l e~ of th e  cor ’,ver ’ m n ~‘ rb s ’ ;c cm , - ‘ c.. :‘r - rrerrr, ’ ccl ~~
‘ ‘ he  “or”: 0 e

ch ,r s on li -i n r’ ni m :~1

The nra .n i ri dr - ,o -h o ’ ~n r t r~~. ’ l - c I  of’ l o s s e s  of h r f - c m r a a t i o n ,~’ + n ’ + lr ’ ’ ’ - t  —

on i ~ € - -- i by ‘ h ’- 1 r i c k  o t ’ c e ~‘ ~‘ (‘1 8 ‘ i oi~ h O ‘ ‘ -7001:  ‘ ‘o so i i  00 C: t ’ ‘ hr  ‘ he ho
7

- - - - - -~~~~- -- ~~~~~~~~~~~~~~~-~~~~~~~~~- ‘ —-- ~~~~~~~~- - - --
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‘ron’ n’ r’ o \’ - ‘he it ‘he Ins t r~i° i o n , ‘ he - :,c -1:r ’’t c or’ of’ r(~ 0 io’ff of I is’

i n  i t n c i i v i  h i ’ l ‘a r e gr r ’i e s  of ‘ er ’ r a r: , as wof l  ‘ c  (‘: ‘:cnc) t h e -  ~~t,,i ’~ i n g u ’ _

:rhe bl , )  o r - er a ’ ~n~’ ~m t ’ e r v a l  of o h - - ” ’  ‘ ni’ by ‘- he ‘ n o  I ‘ o n n , l  me ’ h o - I .

— 
Tabe la 2 - - hl€ ’ °2

( -

- Ilo~-i~ wvj~~
Ka t ~gor ia Ff( .St),,, 1ród ~a ff(,5’), - 

~ log2 M
tcrcnu fbit ówj ()(fkgi ’

~ .’ ,’i 
j ed iic.atko - Lhi t ów l [hi tôw l

I -- -

1:500 8,966 -2 ,322
4, B 13,288 0,01 m 100 6,644 1:1000 9,966 - 3,322

I 1 :1000 9,966 - -1 ,000
C 13 ,288 0,05 m 20 4 , 322 1:2000 10 ,966 

-- 

- --2 .000

1:2000 10 ,966 -2 ,000
D 13 ,288 0,05 m 20 4 , 322 1:5000 12 , 288 3 , 322

( ca l lou ’ c- for  Table  :2 )  A : — —  c at e r c r v  of’ t e r r a i n  F —— ( s y~ hel) in bits

l’ :— — a : c c r a c y  of t h e  r e a d — o f f  of ’  I T h -  t t n o e s  D : — - . n r ~c~ir ~t of’ o ut h r : ’ s ( l e t s )

of he rn  i + s o u r c e .

— Kategoria ~ereru

A,B C 0

I i I I
1 500 1 1000 1 7:00 1 ,‘~0C 1 2000 1 ,~000

Rys . 1 , ~r cttn ’ie str a ty in for ncac j i (w bitach) pr lyp ada j 4cc na clc i iwn t ar n c wy$cic ukla:l u I~r /c lw ~irza —
nia : ohlicLenia wykon ano na p~’~l~ta~s lit ~v t r t ’ ’4d lici l’osvyitli i ~‘b. ’o , l / : c j ~lo-J iu~tr zck ~_tj i C-I - Pomiary

t’\ ¶: I ,+ C\’jflc

‘Y o ”or  I Av ~~r t m c e  losses o f ’  in f ’ o m r : a t  i o n ’
~~n h ‘ s )  o ’ c ’r t ’ - r ’ rn ~ ~~t ‘ifl elo -~

“ ir ni t o r v  Ot1~ nut-  of a ~‘onv”n ’ t or  :;uhs’~rs ‘- +‘ ‘~~: “ b e  ‘ c - r’:r’ il ’ a ’ ion s r- ’ -t ’o on,””

o u t  on the  b a s i  it of n i n o r t - ‘‘i i v a l u + ’ : ’ t r ’ o ’r  t he- I n s t - ’ ‘ i - ’ l o n - t n force C— .
A

— — m e ’n s u r e n t e n t s  of ’ l o c a t i o n . A :—— c’ n ’ c : , - o ’ r ’ r o t ’

1’ ’ rern ‘h ~ losses shown t ,hor - e ti e ‘~ i i s ’ n - c ’ l~~- i ’,’’ 510 ,:,’” ’ Hns  -‘i hon i ’ ‘h i  m u

- -  -.— V .— ~~. ~~~~~~- ____‘
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r a t ’ ’ F ” ’,’o f - h i m i r r u ” ‘ on o f ’ ‘-he o c ’I ’n ’e n r  c - n :  l i t :  -- I ”t - n  t c -n i ’- en ’ S o t -  the  o u f : - ’, i t

~ t’ th~ (c ’ ’,’e r a l i)  s , ’ s t t ’n : : ‘ ho n e f ’ ’Io - -is COin ,  t O ’ be s i r t  ~ec- t~~l to losses ~n

o ’ t i e ” r c - r r v e n ’ er s  of t i n ’  ( ov e r ’~ l 1) 3’i’~ ~enr , C o n ’  ‘ n s t a r i ’ e  I i :  a n ’ i i y ’ ‘

torsIon .

We c-h ’i~~i n - a s s  no -.: “ o  ‘ - he  ‘~~“o’-i ta ’ ion s of  chi n , os ‘I n, ‘ h e  i n’, ” m m m i  i o n

“ b i t  ,‘on ’- ”c ( c ’ n n a ’ ’ ’- ,r )  i on  ‘ h e  r ’ ~~, ’e~~-~n 0 ” c , ’: l i”i~ t h i n ’u - ‘“ 'a n h ’  ‘o l i ’ca:r n -s

cC m ar s  o h m ’ .: -a ‘- ei ecc-rni n n n ” ’ ‘i ’ ‘ on I i n i c . I t ’  i s  n ec  os ’~r~ 0 st i r :  ose

i n h e  “ r, ” e r t n ’ c - i on  s ys h r r c  ‘ h i s  m p H ,  t o e - i r i s  c f  t r ’~no:’~i ~nc of ce’ -~

I - :  d o c - - i r n~- ’n ’- ,~~,-~T l l  be w~ l e l y  n o e l .  In C u : ’ r o ’ m s — : r n n ts  we - ‘r l : o  o :h r a n ’, a :r e

o f c- c r ’,: I c - i l  I : t ’ ni of ’ he ~e f ecom: ” i ’r ’n ’ c a t i o n  s e t — u t ” , cho se  i n r t r t :-in’l ou ’-

pu t  o r e - a t e  on ‘ hr  h :~n I s  o f ’  the I e v e l o t - t n ~:n t  ol ’ a r ’ i c -~~u r ’ e .  l~ u c i l  con ’ ,’

o n -  th e  cn: - : ’ -n r ’- a Y ri s f o r  the  :l~~’ q of ‘ he  hi i rn l :  l - e m o x  ~~~~ 1 ,V, ‘1 1/  fcc—

I “ I I c  ~-e 1cc-on I er . ~h i s  o le  t o - I  e r  ma -:es r o ss ’ b I t t  t n ’~~ns”’ as  Ion  o f ’  - i cc- i-

~ en ’ so” ‘ h e  A-t i  :‘o r m o ’ - t h o u  a ‘ e le rohone  l i n k  i n  t he  c ou r s e  of ’  ~ c - n i n u ’ es

n-i h a n ’oo ol’J i n g  sower of 2 -~.2 i i  t i e s  o’er cm , mind — ‘-in r h . ’  course c’- ’l’

or ‘ nu es w ’ th a resol ’z i no  p o w e r ’ of ~ 7 . ii ne:i - - o r ’  + ‘sr . Tine -s ted r’ esoiv 1

oowers  of’ ‘ h e  ‘e l e c - o p i e r  a l l o w  t h e  obt :~ in ’ ng ~t the  ,outnu ’~of 2~~? \  and

3~’° eler len ’ o m y  :t:eSs’O-~ ’ t ” t  n t h e  a s s u m e d  un t — — l  me c-r . The i n ”c - r r n o t i  on

~:‘,r -~~c T  ‘‘i of t h e  out nu ’ c-h an n e ]Arimo r n t s  ‘ h o r n t~ 1~ 
‘
~ I b i ” s Ce” c - u i ’ ’ -nmr

~. ans~n t so on - a n tI  11 • R8 for  s l ower  t m n i n s m i s s  i O n .  I f  we a s s ur e  ‘ -h ’f n,’~
—

+ t n - l  ‘-h r  c i it car  t - c - ’ n ’ ’ :  - hi ‘ ‘ Ha oe of  for  nj : ;  aliC e 0 ‘ c ’ :m ner ni”:

“ e so lv ln c  c- ~r ’ih l i  t~~ , h en  in ’-o ‘-he  ~n n u t, of — he s uh sv s ’-em m ’ndo r :15, —

c - U 5 o i m r n ’~ ,c l i r e - ’’ a fHw o” inn f’ct ~ nat m oflOf c - C f l t , C t t ’ 12 . 2 0  h I ’ .;. 7 ’~ ‘eA

m’’’i e’n t  ( s a : ” u c i r - T ) of ‘ i r s f l o w  s ct’ea ’ er th an  t h e  Hn C n r ’ o i n i t ’ I o n  c a t - a o l — ’

y o ” ‘ h e r, a~~~~ m - ’~~t i o n n ’ : i s  u n d e r  I i s~ru ss i o n ~ we ‘n~~s t  en ~er i n , t o  he ’ 

rn o’’ n - n r a g e  I “format ion ios:~~ t ’ O .(?1? h I t s  fo r  ‘ he g r e a t - e r  nin i

1 . 1 1 b i t s  f o r  t h e  l - ’ : m s r ’ ’  s : - , ’~ l of’ ‘ r ano ’a ’ o o i n ’ n  of t ’he ‘ ‘ o l e c o n - e r  on u r n

I e l r” c ’’i ’ o ’’ ‘he  ~niage .
- .._~~~ , .,44._

C)

-.
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a . s- -

As i r e  ‘e - ~ ; i f - ,- Son ; : ;  h m ~’e :1:- - w n r  — n’,(n”:e of’ re cases ur i c - c I i so ns— -

I - n . - C T c n , ’ e r ’ n n ’I an; , - hose rn se ic h er  )cc r~’e t m _, Cc - m~;: na ~ i o n  l o s s e s .  To

,.he s ‘ c i  h - c  o ’’ - he losses of’ I n t ’  - “‘ ‘a n ’ io n  t i s  r :e - n - : -sona r c “ C ti t ‘ a In

c i l e m a b l e  ‘ -;e i gh t  ( : rn ’p or t : a rn - se )  S flL’ c: toe sca ’:t,erirn - of ‘ n f or ’ r o n - n, is

i n  i :‘re ’yers I n i e  oroces:;  . It’ b’m i r n f ’o r ” -~u t : o n  ‘
~~~~ 

t,~~~ r e o n 1 ’~ a t  our’  c. m ’I r’a--

i on: I n :  n. h it ovo ’ en-n beh ind wh ‘h ~hec’e in ; ho ‘ :1-Icr: a ~‘c r - -~7c ‘ci on of ’ c n e m : r ,’y~

~,rJ -at~ e” ’ ”l’t , - h en  ‘ . i s  o h v : nu . ; ~~~~~~~~~~~~~~~~~~~~~~ ‘- h a t ’ he  I -nc - s  0 ”

‘i n Con ’ - : I DC a nn e- ~ R ’ ‘Te (ut l” ’r  - 

~‘‘;t~le ) r hc ’rno’o encn

An ~- “ - r n , j l  ) it ~t”orn’ ’ I or : 375 -cr1 n r c  l i n e s  fo- ’ us n ’ea l  o r r o n ’ ’ ; on  I

~o Ci~~ l n ’ , :nu e- or s 7nr 1’’ mf l ” l ’ ,n - 5 H~~r : t ot ; S o~~so:: of ’ ~~~~~~~~~~~~~~~~~ i n  to -n ’—

von ’ s i o n ,  o r 00 0 s s e s .  The r ’ - -nc ’. - ‘ 1 c-f ohcc losses nc -n he re’;ji n’ed i r  t he

case of the ~- r e s r n r v : ’i t , i cn-, (atorao’e ) an1 co r ’.’er s i o n  of ‘ 5 ” crnri c~~t n , S r

- i s  form , for in. ; - once  in “no f o °r o  of  a nti”;nr icc - I n un  ‘6/ .  V o r e —

I n’ t ,he c - n s e  of’ t h a ” t : i n c , l s -s s eo  I O n  be l oir f - c- ’I n’:’:1’c i ’ n,~ e ’ c~tot

117 t t;p u s e  -“-f ’ -. : ‘ ‘ -  ccnc -qt i° sor:vei’s i o n ‘-: 1 ‘h the hem of ‘ole ‘~ er ’s ‘ 
- 
, 

/

o ‘, h ,- 7 / . An I t h u s  f r o m  a ’reamc s eve ra l  econnm •
,‘ “~~~V O f l ’ n- ,7e5 , o lso 0 ’ : r n i —

f m c o r t. d ’ ci m ntJ ,~ io n  c- ” losses  c ’ in ”o~ rr’ i ” i  :n ( L’-e, ’ table c~ ) H, ~

ble c - d ’caro ui nn” -of an In f c : -, i : n t~~on sys ’ em d e v i c e .

2he rr on’-o se  ‘I m ’-’ t s n n c - r  o f  flo ,4  c o n t e nt  in s we l l  u s 0 ” “ h e  c n n ” n c I’ ”

of ann i n :  f or n n a ’ io n  ch ” n n e i  c - n t :  be one o f ’  t h e  ‘~ools in L S n  u d v  onme r a ’ io n s
A

on ‘-he s o lu t  ion of o o’-~ n - r o b l e m ~~In  t h e  rn i a r n n  t ao of S nfo:’ro o t i o n  sy s ,eris .

~ 
‘
~ 

-

I an’ i an ri ‘ -
~ 

r~ or—n l i t  r ud -n ‘ -n t 
~~

“j (  C ~
‘-i l~ ,‘)Pl ‘

-. 0
A A

on -Tn -: r ”  ‘ i n ’  ; j h 5 , r h  t h~n n ’ r’ f l o w  n o  ml Irec ’ ly’.cort o~rable so i n ences  of ele- ..
‘-‘ ‘-+“  “ Imen , ” a:’ r ,“, e c - c - °oer -  ‘in-i i n  vc-i r l e d  fc ”n ’n o ~~~~~ ‘ “c c n c ~ r es t ed fo”  sr’oeessec-

0~
’ it ’ ( t’’~ ’ .T’ ‘C)flVCS On, ‘ m c d  r an o m a  so i o n .

— “ ‘- ‘ -
- 
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