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STUDIES OF GEODETIC INFORMATION FLOW CONTENT PASSING THRU SOME CONVER-
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!'. Introduction

In studies on the structure of existing information systems
as also in the planning of new technological solutions, in which we
exploit the methods of systems analysis /8/ there occurs a need to de-
termine losses of information in conversion systems or, as the case maf
be, in rlanning jobs--a need for coupling channels of such thruput ca-

pacities as to produce optimal conditions of information flow.

Making use of a diagnostic method in the planning of a ge o-—
ietic information system, as basic starting material we accept the
results of traditicnal technolcgical analysis. The cakrying out of such
an analysis is associated with the need for the acceptance of a defi-—
nite model of the flow of information in the system as well as the cio-
termination of the mapgnitudes of this flow on the basis of a proposed

measure.

In the reference work /li/ there was built a communication mo-

iel of a geodetic information system--which resulted from its communi-
structure

cation structure. The communication system for acting in the system
is typical for the majority of processes; the system extracts informa-
tion, converts it and presents it at the output and thus in the tech-
nological lines of the system there follows a flow of information in
time and space. After accepting such a structure *there arreals additi-

‘

tionally a need for a wide use in the in

ormation system of wmodern
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telecommunication means in order to significantly diminish the reac-

tion time of some technological lines of the system.

2. The Concent of the Flow of Geodetic Information

The technology of a geodetic information system is characteri-
zed by by the great variety of the forms of the elementary messages:

These messages are presented analytically as well as in graphical form

3 : . p . PRCMICT AN
at various scales, in accordance with various algorithms for copying.

For the above mentionned elementsary messages of the system, we-must ]

we must accept a common base of referencej--a uniform point of view on

every type of information in the system.

As a common base of reference for elementary messages of the
the systeq{here was proposed in the reference work /l/ the flow of

geodetic information .

The flow of geodetic information is then a function determined
on the set X--of the outputs of the determinate measurement channel,

(ENCATENATICN - ,
or of a cascade of channels of the system and which (function) accepts
)

values in the set of elementary messages A, The elements of the set X
are natural numbers which constitute terms of an arithmetic sequence,
in which the difference r is the smallest distinguishable interval

- Co n CATENATION
of the output of a determinate measurement channel or of a cascade of

channels of the system.

From the flow of information we can sevarate out a finite

sequence of elementary messages.




which is a function of arguments (of the outputs of the determinate
(oNtaTEnATLR . z

measurement chnnne&or of a caseade of channels), contained in the

interval E, called a unit of measurement. Such a sequence we will call

a uvnit flow .

3. Entropy of a unit source as information flow content

The acceptance of the communication structure of the system,
the creation of a common base of reference in the form of information
flow, as well as the sevarating out from it of a unit flow)constitutes
a consistent realization of a set of conditions for the use of a pre-
cise method of investigation--information theory ((the mathematical

theory of telecommungcation) of C. E, Shannon.

Let us now create a source of messages /1/ from the unit flow

by providing ? for the elementary messages the probabilities:

P(s s Plaals wes Pia (2)
19 S- P(bq)

with which they are selected. The above source we will be calling a

unit source.

For simplification we assume that the probabilities (2) are

equal to each other,
P(sy) = P(s,) =..., P(s )== (3)

as well as that the unitary source created is a source without memory,

that is the elementary messages are statistically independent. The
. - Ri S .‘\'n_c i l.(‘A W :
acceptance of the above assumptions can evoke certain coanditdiens /|

since the sources of the geodetic system are characterized by a low

level of organization, however such assumptions, unimportant for the

COA Y ICERATEAN S
vy the argumendis.

examination of the problem, significantly simplif
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Let us compute now the average amount of information ?déiz:;
"~
to an elementary message that is supplied by the socurce created. The

entropy /1/ of a source without memory is given by the expression:

H(S) =) P(s;)log, f bits (L)
e = Plag)
i
which in view of the simplifying assumptions (3) assumes the form:

H(S) = 1eg,g bits (5)

It is neccessary to stress that the value of the entropy presented with
expression
the help of eguation-(5) is identical with the value deduced in the
2 (NG NCISED
(reference) work /li/ of the maximal transinformation of the determinis-
tic 1input channel in the information measurement systems of the over-

all system.

The entropy of the unit source created from the flow of infor-

mation, presented with the help of the expression (5) we will call

the flow content (capacity).

{+J
Since we can also treat an outlet channel of a/conversion sys-

tem as a flow of information, thus we will also be using the equivalent

termcapacity of an information channel . The suggested agreed-upon
\
measure of the t_hruput cabacitxpakes possible the characterization of
s

a broad range of information flows and channelaof the geodetic informa—

tion system.

Making use of the above proposed measure of capacity (content)

and establishing the agreed upon unit of measure E (as) equal to 1 me-

Qon MvERATIONS
2P T UM OT-E

, we will characterize the information con-

teifor all of our
tent (capacity) of several flows entering the system /li/ or appearing

at the output of numerical-to-graphic (dig-analog) conversion systemhlwl

4
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Entropia zr6dla jedno-
stkowego (pojemnodé
strumicnia informacji lub

o8¢ wyjéé Zrodia jedno-
sthowego (liczno$é pod-

Strumien lub kanal systemu ¥ ;i 5
zbioru wiadomosci

A - pojemno$¢ informacyjna
A clementarnych {s,}) kanaty) [Bitow)
Strumied wiadomoéci na wyjsciu pomiaru 10 3,322

liniowego dalmierzem redukcyjnym jedno-
P obrazowym; rozr6znialny interwal kanatu
deterministycznego wyjscia — 0,1 m

Strumien wiadomosci na wyjSciu pomiaru 100 6,644
liniowego ta$ma; rozréznialny interwat
kanalu deterministycznego wyjscia — 0,01 m

N

Strumien wiadomos$ei na wyjsciu pomiaru 1000 9,966 Xz
( niwelacyjnego (niwelacja techniczna); roz-
réznialny interwal kanalu deterministycznego
wyjdcia — 0,001 m
. Kanal wyjécia ukladu przetwarzania cyfrowo- 10 000 13,288
G graficznego metody tradycyjng; rozréznialny
interwal operacyjny — 0,1 mm
Kanal wyjécia ukladu przetwarzania cyfrowo-
graficznego przy wykorzystaniu plotteréw
r\ stecrowanych numerycznic; parametry typo-
we dla plotteréw $redniej i wysokiej doklad-
nosci:
-~ doktadnoéé wyjsciowa -~ 0,05 mm 20 000 14,288
dokladnodé wyjsciowa —- 0,02 mm 50 000 15,610
T o N
B : +« (callouts? A 3 ) agw or channel of the overall 211 B
tlets \outputs’/ of a unit u'n‘cf_-i(;';;.;k of the subset of elementary message:
“\’5;&) G- sntropy of a unit source ((content of tre information flow or
nformation capacity of tihe channel! /bits/.
Ve tlow of mecsAges at an outlet with linear measurement by a reducing single-—
irage telemeter device; distinguishable interval of the deterministic outpu®
channel ==0,1 m
ime Flowy of messages at an outlet with linear measurement by tape; distinguj.-—
ble interval of the deterministic output channel --0,01 meters
fwe Flow of messages at an outlet with leveling measure ((technical leveling/)
tiguis le interval of the deterministic output channel == 0,001 meters.
U U 1t channel of : L for numeridcal—to~—gl: iLc mversior ,
Ltional method; -distiguishable operating interval O.1 mm
P viutput channel of a numericalsto-graphlical conversion subsystem with eX-
itation of numerically controlled plotters; typlcal araiieters for oplot=-
veragce ¢ hi accuracys




Such a characteristic is presented on table #1.

l{. Equation of Information Flow Passing thru a Converter

Taking into account the fact that a numerical-to-graphic con-
version is typical and one of the basic processes of the system under
discussion, wewill deduce theoretical considera*ionsbfor instance,

of an information system during passage thru a numerical-to-gravhic

conversion subsystem,

At the output of this subsystem we obtain an isomorphic model

of the terrain--a map. It is obvious that one of the important condi-

+
U

pede

ons in creating the model, in order to simplify the carrying out of
operations on it, is its diminution in relation to the original. The
diminution determined by the scale of the map 1:M is one of the basic
; b conversio i R

functions of the dlscusse.Asugsygtem. Then the flow of information

. COMPALCT e
which appears at the input is subjected to a demsification of value
log M, as a consequence of which the information flow content (capacity)

in the converter is equal to the sum of the original content (capacity)

(a2
and of the binary log of the denominato r of the scale of conversion.

This flow appears in turg@ﬁ the output of the converter thru a
channel of information capacity determined by the construction of the

converter., If we assume that noise does not accompany the operation

of the system /1/, /2/, then we can describe the work o: Lue converter

with the help of the equation proposed in (reference) work /4/: {

WY

H(S), + log,M = H(s) -AH ,

where H(S)p—-is the information flow content (capacity) at the input

of the converter: M--is the denominator of tha scale of conversion:

H(S)w --is the information capacity of the output channel of the comemﬁg

6




A\H--1s the average loss of information((or incompletedness, unfilledness)
falling to (occurring at) the elementary output of the conversion sys-

tem.

The relation (6) we will be calling the eguaztion of information

flow passing thruthe converter., From this equation we can determine
[A)

the losses of information in numerical—to-graphic conversion processes
and of transmitting (forwarding) in accordance with the simple trans-

formation:

-]
~—

hH = H(S) - (H(S) + log M) (

1

. A study of some conversion subsystems of the system

Now 11 pass on to experimental studies on changes of the
inform: sontent (capacity) in a process of numerical-to graprhi-
cal conversion. The computations we perform on numerical values scooped
up from the instruction-in -force /9/, that has to do with measurements
of location for data of the requirements for -accuracy of Group I of
terrain details ((page #38, table #VII), Besides the typical scales
shown in instruction /94 in the computations there has been taken into
considera‘ioqflso the currently used scale of a basic map--1:500, The
information capacity of the output channe%of the converter was determis
nea?n the basis of the distinguishable operating interval in the con=-
verter by the traditional method ((table #1). The computations have
been carried out in table #2. For simplification the results of the
computations, average losses of information occurring at an elementary
outlet of the converting subsystem, we_re presented in the form of

charts on diagram #1.,

The magnitudes distinguished of losses of information were deter-

mined by the lack of correlation bﬂx/wcon the scales of the the basic
7




map provided in the instruction, the accuracies of readoff of distances
in individual categories of terrain, as well as (among) the distingui-

shable operating interval of charting by the traditional method.

. Tabela 2 table #2
¥ < ot wyjs IR
' Dokladnoéé 036 Wy}
Kategoria H(S) ‘Odwm #rodia HSh | g loga M AH
terenu [bitow]) odleglodci jednostko- [bitow] [blt%w]
F Wego r
s 1:500 ‘I 8,966 —2,322 :
A, B 13,288 0,01 m 100 6,64 | 171000 | 9,966 1322 |
1:1000 9,966 —1,000
“ C 13,288 0,05 m 20 4,322 1:2000 10,966 ~-2,000
| J . - — —_ -
| 1:2000 { 10,966 —2,000
D 13,288 0,05 m 20 4,322 ; 1:5000 i 12,288 3300
(callouts for Table #2) A:-- category of terrain F-- (symbol) in bits
Ci--accuracy of the read-off of distances D:--amount of outputs(lets)
of the unit source. i

A ~ Kategoria terenu

AB D
30 — e e — 4 s : B
20— — iR y :

1-500 I!ODU- 1:1000 1:2000 ' 12000 15000

Rys. 1. Srednie straty informacji (w bitach) przypadajace na elementarne wyjécie uktidu przetwarza-
nia; obliczenia wykonano na podstawie wartosei ticzbowyeh z obowigzujgeej instrukeji C-I-—~ Pomiary
svtuacyine

Diagram #1 Average losses of inf’or'mmionk(in bits) occurring at an ele~
mentary output of a converter subsystem: the computations were carried
out on the basis of numerical va]nos’\f‘rom the instruction-in -force C-d

--measurements of location. At--category of terrain

From the losses shown above we must not draw supggestions about the sui-
3
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fnbil"ﬁy? diminution of the corresponding flow contents at the output

’

of the (overall) system; these flows can not be subjected to losses in
other converters of the (overall) system, for instance in analytic con-—

version.

§

We shall pass now to the computations of changes in the information

~ 1

flow content (capacity) in the process of sending thru graphical images

1

of maps thru a telecommunication link. It is neccessary "o suppose

that in the information system this rapid means of transmitting of geo—
detic documen\iyill be widely used. In our reascnings we take advantage
of technical data of the telecommunication set-up, whose input and out-
put operate on the basis of the development of a picture. We will carry
out the computations for the data of the Rank Xerox 400 /10/, 711/ fac—
simile telecopier. This telecopier makes possible transmission of docu-
men‘apf the A-l; format thru a televhone link in the course of L minutes
with a resolving power of 25.2 lines per cm, and -~-in the course of 6
minutes with a resolving power of 37.8 lines per cm. The cited resolving
powers of the telecopier allow the obtaining at fthe putpu}ef 2520 and
3780 elementary messages in the assumed unit--1 meter. The information
capacity of the outpu! channeaamounts then to 11.30 bits for quicker
transmission and 11.88 for slower transmission. If we assume thd we
wan' to send thru a cartographic image of for instance 5 lines per mm
resolving capability, then into the input of the subsystem under dise~
:ussioq@e direct a flow of informarioqef content 12.29 bits. Since the
content (canacity) of this flow is greater than the information capaci-
by of the $RPEYRASE5AOBhannels under discussion we must enter into the
accounts an average information los%ef 0.99 bits for the greater and
).41 bits for the lesser snéﬁ of transmission of the telecopier on an

analysis element of the image.
- v—Ab\A\ul‘*_ Y 377




6. Summary

As the computations have shown in some of the cases under discus-
s?ouof conversion, there arise rather large information losses. To
the study of the losses of information it is neccessary fto attach con-

siderable weight (importance) since the scattering of information is

an irreversible process. If the information is the result of our opera--

tion in the system behind whic

o

there is hidden a conversion of energy

and ma‘erisls, then it is obvious then—iHt—3s—ebwiens that the loss of

information is a negative (undesirable) phenomenon.

An (verall) information system produces for us real opportunities
to elMininate or significantly diminish losses of inforwmation in con-—
version processes. The removal of the losses can be realized in the
case of the preservation (storage) and conversion of information, in

inalytic form, for instance in the form of a numerical map /6/. More-

.

o

over in the case of charting, losses can be significantly diminished
by the use oqutomafic conversion with the help of plotters /3/, /5/,
'
/6/, &/7/. And thus from among several economic advantages, also signi-—

ficant diminution of losses of information((See table #1) 1is a valua~

ble advantage of an information system device.

The proposed measure of flow content as well as of the capacity
of an information channe¥€an be one of the tools in the study operations
on the solution of some problemgin the planning of information systems.
(" Mg AR g T Sy : :
I:Acan find application in correlation studle%gn flows and channels of
a system in which there flow not—directly~comparable sequences of ele-.
RETRCT )

mentary messages and in varied forms they are suggested for processes
~

of storage convesion and transmission.

i Y D Y 11
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