2266024 1 METHOD AND APPARATUS FOR PREPARI NG MAP DATA W TH REG ONAL
PROPERTI ES BACKGROUND OF THE | NVENTION Field of the Invention: 5

The present b/Btes to a nethod and apparatus for preparing a map
data with r &g srties, and nore particularly to a nethod and
apparatus that facilitates the preparation of map information t hat
I ndi cat es t he regi onal 10 tharacteristics and properties of regions

and points on the map. Description of the Prior Art: Until now, maps have
been used in various ways to indicate information graphically. Maps,
presented in 15 col or. have been widely used to indicate the propeﬁ%fes

of regions and spots VNETEQR ANBi XPBARRTUS| HPR PREPARING to a particular
property or characteristic. Such _col or. ﬁ i ncl ude ma s t hat show | and- use

conditions of fields, YARiPaRR WLTH, BEESIO AduSROFERT, areas, and the
| i ke wherein the properti f the IE g E S Eggg Eed by respective

col ors; regional maps OLJ§§5§EQB¥ ] %' lustrate different
region in dH;Ig{ nt.c Iorfﬁ' Ll _maps t hat - depi ct different geol ogi cal.

features [ - 25 ‘adm ni strative-district maps

that ghow urban QHQ r%?@sent invention relates to a method and

apparatus for preparlng a map data-w1th regional
properties; ahd more particulafly té'a method and
apparatus that facilitates the preparatlon of map ()
information  that- -lndlcates  fhe regional

10 characteriétibs and propertles.of fégions and points
on the map.

Description of_thé Prior Art:

Until now, maps have beep used in various ways to

indicate information graphically; Maps,'pfesented in

15 color have been ﬁidely used to.indiéate the properties
of regions_and'spots whefein individual cblors

correspond to a particular property or characteristic.

Q-

Such color maps include maps'thaf show land-use
conditions of fields, residéﬁtiai areas, industrial
20 areas, and the like wherein thé properties of the land
are indicated by respective coiois; regional maps of
'a nationwide census that illustrate different region
in different colors; soil maps.that"depict different
geological features in different colors;

25 administrative-district maps that show urban and rural

i



2 prefectures, as well as cities, towns and villages in different colors;
and, charts or maps that depict public utility systens for electricity,

wat er supply, sanitation, and the like. These naps are wi dely used 5 by
| ocal governnent as control data, and by school systens as educati onal
material. It is advantageous to store such,map data in conputers, because
map information can then be updated relatively easily. Further, storing nap
data on 10 conput er al so nakes it possible to create new maps by
over |l api.ng maps that show different types of information for the sane
geographi cal area. pFofe8¥aPBLe, ag WRRIPIAPAHLEidY, SUPRhENRHE RGLldages in
regional map for planned road construction over a soil map is 15

conveni ent for checkdigfidiers®i boleitiiang,pralvarts hegimapsy that depict

constructi on. Further, maps that contain the sanme type of information
can be used to nunepubkityuylaspyt bgstegsefonf , edartrdniitsonneaiter supply,
contam nation and i nprovenents thereof in a given area 20 provi ded t hat

t he measurenent resusasivatios,mgrsl bdiegl $kper MhesRse MIRP caBHt Hilded yrused
different tines. In one conventional used to store map_infornation intg a
conput er, the5 nput P¥rkos@l @ovegngienz3si Sontel ndaka,| PAsPEd SEhegl
t he edges of a graphical 25 form (which shows Ql ocks and spots on an
ori gi nal - systems as educational material.

It is advantageous to store such map data in
computers, because map information can then be updated
relatively.easily. Further, storing map data on

10 computer also makes it possible to create new maps by
overlapping maps that show different types of
information for the same geographical area. For
example, a map preparéd by superimposing a regional
map for planned road construction over a so0il map is

15 convenient for checking the soil conditions prior to

beginning construction. Further, maps that contain

the same type of information can be used to

.

numerically grasp the dégree of, say, environmental

- contamination and improvements thereof in a given area

20_ provided that the measurement results on the maps
being superimposed were obtained at different times.

In one coﬁventional used to store map information

. into a computer, the input terminal of a digitizer is

first manually passed along the edges_of a graphical

25 form (which shows blocks and spots on an original



3 map). In this way, notion data read by the input termnal is stored in:
the conputer as plane data that outlines graphical fornms for the various
regions and points. 5 However, even when | and-use nmaps of Japan's
relatively small prefectures, (such as Ckinawa and Tottori) are prepared
on a scal e of 1/25000, approximately 100, 000 pi eces of plane data are

required. Since this plane data is“nmanually input 10 usi ng the
digitizer as described above, preparation of the data requires an enornous
anount of tinme and | abor. Mdreover, in order to assign properties”,

di ng- he pl ane. dz hus | t. for each .l i ndi vi dual &
o oo e | B4 bt B PR b 28R4 by  heDinphe dat
Taon | o e SaaRial! fCsebbal 8 U U Plt BE) p30H8 UEEYALE P, A0C

out of ‘such dpteiiadt 8apRiBhIT ¢oPls forl hPevariShY. rOyildis UAgr hand,
even if an operator feels that the outline of the plane data displayed on a

conput er scrgffhis. continuous, the conputer in fact often registers a

discontinuity in the data. Consequently, the operator nust be extrenely

carefd 25  whesweRdiR) | gvidibuivhely Dande WkéamapSJolEtherapare s
relatively.smail:prefectures, (such as Okinawa and

Toftori) are prepared on a scale of 1/25000,

Pers

"/

_apprOXimatély 100,000 pieceSny plane' data are
' reduiredé’sih¢e=this'plane'data'is manually input
10 using the digitizér'as-deSCribed-abbve,fpfeparatioh of
the data'reQﬁifes an enormous émohnt“of-time and

labor.
Moréovér;: in order to assign properties
COrrespondiﬁg.td fhe plane data thus input f&r each
15 ' individual'fegidn and.pdint'throughfcompute:
processing, each item of plane data must form a closed

plane. If the boundary (outline) obtained by -the plane -

o

data is intériupted, the'propefties:chrespOnding to
this plane data flow out of su¢h interrupted point to
20 the periphery. On tﬁe other hand, even if an operator
feels that_the ou£line of the plane data displayed on
a computer sdreen is continuous; the Computer in fact
often fegistérs a discontinuity in the data.
Consequehtly; the operator must be“extremelf careful

25 when ménually'inputting plane data using the above

m



3

4 nmentioned digitizer technique, taking care to avoid the generation of

discontinuities. As a result, such inputting operations require

hi ghl y-skill ed operators and sophisticated procedures.:5 For the

above reasons, it is said that a 50%to 90% of the preparation costs of map
information are allotted to manual | abor. And because maps prepared in

this way are very expensive, the w de appl écation of map information to

various fields is economcally 10 ~ difficult. In addition, since it may

t ake as;puch as several nonths to conplete the plane data, when used as a
control data, such plane data tends to be outdated. For contour maps as

wi dely used in civi merstionedngiisictingrafechnieyengtafiaie ¢arg to avoid

conventi onal apparatus for automaticall ensating for distortions in
graphical forns.  The @WWRSO%W%FGRP GOUFHIRE or i A TRF Heu aSuch

such as that used for to aphi cal s through e and
t hen Efor![ ng tgetgré‘ﬁm%tg %;ﬂ?ﬁﬁ?&lpﬁ Ii?(ﬁ?’b’ﬂ'f%ag 9&'?% F%ﬁ'gﬂﬁ %?TTr‘—i“ °Ft§
possible to update gr c ormgdata rela y easi |y using manual inpu
operations.  Howev Qéhﬁﬁﬁ%F g%%r%fﬁ?e Fﬁ P& is no concept of the

above- menti ongd plane<knﬁbﬁp€héegb%@e redfohf® 942RY G4Ah 2ch8tP8 508 to

processed. nsequent |y
90% of the preparation costs of map 1nformat10n are

allotted to manual labor. @ And because maps prepared
Lg ' in this way are very expensive, the wide application
of map information to various fields is economically
10 difficult.

In addition, since it may take as much as several
months to complete the plane data, wﬁen used as a

control data, such plane data tends to be outdated.
For contour maps as wideiy used in civil
15 engineering and surveying, there is a conventional
apparatus for automatically compensating for
distortions in graphical forms. The method works by
picking up the original map data, such as that used
for topographical maps through an image scanner, and

20 then storing the graphical form data in a computer.
With this system, it is poséible to update.grapﬁical
form data relatively easily using manual input
‘operations. However, with this'apparétus, there is
no concept of the above-mentioned plane data applied

25 to the graphic data to be processed. Consequently,



5 the graphical formdata is processed as vector data which nerely
represents lines. Another drawback of this systemis that it does not
allow one to automatically detect points discontinuity. In 5

addition, if houses and roads are individually recognized after the
graphical formdata thus stored are transfornmed into vector data, and
further if an object to be recogni Zed through such vector data
classification is, for exanple, a pair of adjacent 10 houses, each of
which is hexagonal in shape, it is inpossible to identify one of the  ;
adj acent houses because the outline of the house cannot be divided into six
itens of |intheagraphicadhfopahlabands Progrsadi 88l Mpatefsfait®ed into
vector data so as to 15 conbine as a.single polygon. _In this case, it
i's necessarywhéphtﬁ?%%%Veﬁ?Hﬁ%ﬂe%Bﬁa}éP&§1()é#%égﬁ€ grgvkagkdPdni ng in
whi ch the pieces adjacent to eacg qQt her, ar.e previ ously. renoved. I ng so

entails nuchtfirfe FgBorispothat 1t pdog 'cﬂ%‘éq- Q¥ PRE pFCor art
doss ot b oL SLAIRITRY o PRRY SRt PESIAARRINI HIOITRET -
25. 5 The pifsenld NVeR 190, @dE ahdr vl L34k vidually
recognized after the.graphical form data'thds_stored
are transformed into vector.dataﬁ:and_further if ag.
object.tO'be.recognized-through such-vectbr daté _ ;;
-classification is, for example, a_pair.of_adjacent

10 houses, each of which is .hexagonaljin éha?e,'it isf
impossible to identify one of the~adja¢ent houses
because the outline of the house cann6t be divided
.into six items of line data and such items cannot be
auntomatically transformed into vector data so as to

15 - combine as a single polygon. In-thisvcase, it is
. necessary for the conventional apparatus to. prepare a
traced drawing in which the pieces adjacent to each
other are previously removed. Doing so entails much
~time and labor..

20 As described above, the prior art does not
_provide for method or apparatus for-prepariﬁg map
information from original maps. predisely' or
. automatically. |

SUMMARY OF THE INVENTION .

25 . - The present . invention aims at providing a methgd



6 and apparatus for automatically preparing nap data with regi onal
properties at a high speed by-reading the original map, preparing plane
data, and allotting regional properties to the plane data. 5 In the
present invention, two-dinensional vector data is first prepared from
raster data obtained by reading an ori-gi nal map, such as a topographi cal
map pl ane data, which is constructed of atéleast point data and |ine data,
is then automatically prepared 10 =~ from such vector data; next, another
set of {ine data, corresponding to any other desired batches of point or
line data, is generated froma point of discontinuity of the Iine data
form ng the pl ane dared t appapadpes eflori putpmakdgaldysprienpad nntBaps data
corresponding to this plane data is prepared, stored, displayed, and .
printed together wi tWithcpegipned Prepessiemial 2ohinhs snerd ¥ egading
To realize the above, a |ine-data output neans issues two-dinmensional )
vector |ine data badd® @riginab map,  preparding RiIfRe fet8pt fefliptting

automatically readi ng the topographj cal and, othet original map. This |ine-
dat a out put means m%%Qiﬂﬂﬁ%sﬂﬁk?é#ékﬁﬁ ?e?gﬁnpﬁﬁgﬁe%§% ner, a
attern-recogrd ti on nodul | i ne-data i.nmage .nrocesgsi i

Rccess Menor 3;}"' 25 fn %I %ﬁ%§8333183t%5ﬁ'%'an@wﬁ[’]'gg%@?}%ﬁ?%g( lngr,[[E ?ﬁ%r

that data is first prepared from raster data obtained by

reading an original map, such as a topographical map
1\ ' plane data, which is constructed of at least point
data and line data, is then automatically prepared
10 from ‘such vecfor data; ' next, another set of line
‘data, corresponding to any other desired batches of
point or line data, is generated from a.point of
discontinuity of the line data forming the plaﬁe data
;thus preﬁared; in this way, closed-area data
15 corresponding to this plane data is prepared, stored,
displayed, and printed together with property data
corresponding to this closed-area data.

To realize the above, a line-data output means
- issues two-dimensional vector line data based on the
20 ' raster data which is obtained by automatically reading
the topographical and other original map. This line-
data outbut'meéns'maf comprise, for example, an image
scanner, a pattern-recognition module, a line-data

image processing unit RAM (Random Access- Memory).

25 ' 'A plane-data output means issues plane data that




7 consists of at least point and |ine data based on the vector line dafa
i ssued fromthe |ine-data output neans. This plane-data -output nmeans may
conprise, for exanple, a CPU (Central Processing Unit) and ROM (Read 5
Only Menory). A closed-area data output nmeans issues closed-- area data that
Is formed by generating |ine data (which connects to any other point or
line data) fromthe point of discon¥inuity of the line data formng 10
t he plane data issued fromthe plane-data output nmeans. The cl osed-area"
data out put neans may. conpri-se, for exanple, a personal conputer. A 'y :
map-data generating neans classifies the closed-area data (which is ié%ued
from t he abowensists pHsal- dragtdRei™3ugnd - Haesfaby PrSeS Serthe dat a
thus input and allotted. The closed-area data is then. stored, displayed,
and printed KPFReTmdr-RRt dadenctSEPRE o8, theh LIREp IRt g8 tting
means may conprise, Efr exanpl e _an inqge rocessing unit.  _.RAM - 20 a
keyboard, a JISPHSy t ?,pgggeaaBEStH&: q#nﬁﬁﬁgf'%ggoﬁPPBFﬁﬁﬁﬂngagsues -
t he pl ane-data | Ch | SaisSS % m b -%ggg—d@%ﬁ QULRL e 2
& ; 31" ing- £ alr :
nunber of cl _oesfge e %:&%ﬁoﬂ?%ﬁ %greangggger Bre '_e-t-ér'm- Lr#eéiaéfs %y&dat:a i s
aIIott%f to'dHf?“M&Hé?b)?5 ~point data.qf_phe.llne data t hat forns the
above pl ane : - | :
_ - A closed-area data output means issues closed-
area data that is formed_by.generatipg 1ine'data'
~ (which connects to any other'point'or-lipe_data)'frbm-' k)-
the point of.discontinuity_pf"the linéjdéta forming 
10 the plané.data-issuedffrpm the pLaneedata-output
means. The closed-area data output means may;comprise,
for example, a personal computer.
.H-Afmapfdafa'generatingwméans”claSSifies the
closed-area data'(whichzis'issued_frqmnthe'above
15 closed-area data output means) by the property data
thus input and allotted. The closed-area data is then .
stored, displayed, and printgq_by-the map-data
generating means. This map;data~generéting means may
‘comprise, for example, an imagerroceSSing_unit, RAM,
20  a keyboard, a display unit, and a plotter.
- Finally, a control méans”iésues_the,plane-data-
(which is issued from the planerdata outpup:méans) to
‘a number of closed-area data output means'after

predetermined display data is allqtted'fo interrupted-

25 point data of the line data that forms the above plane

|



8 data. The control nmeans al so issues the closed-area data (which is issued
fromthe plurality of the closed-area data output neans) to the map-data
generating means. The above control means may 5 conprise, for exanple,
a CPU, ROMin which a programis stored, and other devices. BRI EF

DESCRI PTION OF THE DRAWNGS Fig. 1 is a bl gck diagram that -shows an 10
enbodi nent of the present invention; Fig. ZAis a block diagramof data in
an L-file 2a for line-data imge processing of a unit 1 that generates

I mge-vgetor |ine-data, and Fig. 2B is a block diagramof data in a D-file

2b for closed-area- 4o . gﬁ%aﬁdﬂ¥¥5f"ﬁ&§ﬁ§iggég s Bnbo1RRNRL 4 Pda

cl osed-area. Fig. 3 1s a bloc agram that shows an 1 nternal construction

of a data convertergfid AhSch) PRC U4 R4l MERAnd PRIludd16R3 82 the
shows the steps usetii{%gpr(ze%arg't he _lei%e 2b for the cl gsed--a-r eg?itciata

| mage processing of d1gsEdlablelh aalty ?Bu%%ﬁﬁﬁt i hlsowchar ttK Bamia B} ddes
shows the steps used to prepare the D-file 2b for the closed-area-data

i mage processing of gdRe@A4LiRY means. FihebAbsve \dethidl slkassamay
exanpl e of IR
5 . comprise, for example, a CPU, ROM in which a program

is stored, and other devices.

\/ | _ BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram”that shows an
10  embodiment of the present_invention;

Fig. 2A is a block diagram of data in an L-file
2a for line-Qataiimage_processing of a up;t 1 that
generates image-vector line-data, and Fig. 2B is a
block diagram of data in a D-file 2b for closed-area-

15 data image processing of a unit 3 for preparing
closed-aréa.

Fig. 3 is a block diagram that shows an internal
construction of a data converter; _

Fig. 4 is an operating flowchart (Part 1) that

20 shows the steps used to prepare the D-file 2b for the
closed-area-dafa image processing of the CPU;

Fig. 5 is an operating flowchart (Part 2) that
shows_the steps used to prepare the D-file 2b for the
closed-area-data image processing of the CPU;

25 Fig. 6A is a view that shows an example of



9 image information that the inmage-vector line-data generating unit 1 has
read, and Fig. 6B is a view that shows an exanple of a graphical formin
whi ch the line data having been generated on the basis of the 5 above
i mage information is drawn; Fig. 7 is a view that shows an exanple of an
unfini shed graphical formof a map that has been prepared fromthe plane
data issued to the closed-area propgrty-data preparation unit 3; 10

Fig. 8 is a viewthat shows an exanple of a conpleted graphical formof a
map constructed froma nunber of areas that have been interpolated in
portions of discontinuity and specified by nunbers; Fig. 9 is a V|em1th%t
shows an examﬂagefunﬁnﬂﬁatlonrthaMBmhﬁ1tmamaﬂwdcbpnﬂlnmehm;tme

regi onal properties to the thus specified areas; Fig. 10 is a block di agram
t hat shows agﬁmendtmnmdunem:kﬁhaﬁermaﬁenandeNU+oﬁBFig a view a

bl ock diagram that shows .a 20 construction of PG (i =1, 2, ..

n); Fig. 12Athat sn%tmw%mkemé BQFPEhQFraﬂof-OéF'oééU%l@dl dhe i mage

processing of. the closed area property-data preparation unit 3, and Fig.
12B i s a vi ediMfardekaudaring i keaR MeMTRR %41 8P &b&&ﬁﬁi‘éanzéihe dat a

conpensation; -
P % 'above image’ 1nformat10n is drawn;

Fig. 7 is a view that'shbws-an exémﬁle of an
unfinished graﬁhical form of a map that has been
prépéréd frbm thé-plane ééfé iéSued tb the.closed-aréa \J
prOpérty—déta'preparatidn unit 3;

10 Fig. 8 is a view that shows an example of a
qdmpléted'graphical form of_éimap constructed from a
number of areas.that have beén'iﬂtefpolafed'ih
portioné of discontinuity and specified by numbers;

Fig;:9 is a view that sﬁows'aﬁ'exémple'of map

15 ' 1nformat10n completed by allottlng the regional
properties to the thus specified areas; o
| Fig. 10 is a block diagram that shows a second  -i}

embodiﬁent of the present invention; o
"Fig. 11 is a block dﬁégraﬁ”that shows a

20 coﬁstruétioh of PCi (i =1, 2, ..., n)}'
Fig;_iZA is a view that shows the D-file 2b for
cibsedéarea-data imageiprocéSSing of the closed-area
. property-data preparation unit 3, and Fig. 12B is a
view that shows data in an Mffiie 2c for closed-area-

25 = data compensation;



10 Fig. 13 is an operating flowhart that shows how an Mfile 2c is
prepared for closed-area-data conpensation in the CPU, and Figs. 14 A and

14B are views illustrating the 5 | i ne data. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Enbodi nents of the present invention will be described belowin
detail with reference to the 10 acconpanying drawings. Fig. 1 is a block
di agram of an enbodi nent of the present i ntion. In Fig. 1, an

i mage-vector |ine-data generating unit 1 is constructed of: an inmage
scanner_ 1-1 that 15 automatically reads an original map, such as a

t opogr aphi cal map or a circuit-diagramlike that shown in Fig. 6A _and then
i ssues an el ectrical sigflg- al:bai’ﬁe?ﬂ-@Bé§§ﬁilﬂgorf]rﬁﬂﬁﬂ%r§-gh?ﬁaﬁhp&ﬁeir\%
the electrical signal issued fromthe image scanper 1-1(%@ _and gener.ates
a digital-i mage si g@ Mrohiife €Fect?i &FeBRFRS fRE 2te -agea-data
| ine-data image processing unjt 1-3 that g@nera es vector line data by

extracting fine-linEWREFFGRT 1P dFF t S Y1 @32 signal --said signa

havi ng been generated by the 25., .pa r n-J4£C it = oA
prepares, for exanpl e,PtJt%%'l flrzlle-lga lt<'318i %élng %ﬁ%mﬁi%%?gﬁhgﬁjt%%lng the

5 line data.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

\or : - Embodiments of the present invention will be
described below in detail with reference to the

10 accompanying drawings. '
Fig. 1 is & block diagram of an embodiment of the

present invention.

In Fig. 1, an image-vector line-data generating
unit 1 is constructed of: an image scanner 1-1 that
- 15 automatically reads an original map, such as a
topographical map or a circuit-diagram like that shown
in Fig. 6A, and then issues an electrical signal; a
pattern-recognition module 1-2 that receives the
" electrical signal issued from the image scanner 1-1
20 ‘and generates a digital-image signal from ‘the
electrical signal thus received; a line-data image
. processing unit 1-3 that generates vector line data
by extracting fine-line data from the digital-image
signal --said signal having been generated by the

25 pattern-recognition module 1-2, -- and prepares, for



RAM (1) .1-4, which stores the vector |line data (which has been prepared by
the line-data i mage processing unit 1-3) as the L-file 2a for |line-data

i mge 5 processing, which wll be described later. "NSXPRES5000"
is an automatic drawi ng system CAD of Shin-Nttetsu, Japan which can be
‘used as the inmage- vector line-data generating unit 1. The data converter 2
has its input side connected 10 th the i mage-vector |ine-data
generating unit 1, and has its output side connected with the closed- area
property-data preparing unlt 3. The L-file 2a for line-data inmage

Then, Ting 18=anghBs Gn ﬁreutte?rl%g%t R R T L
d D- I d which.
wil e descPUBEd T hbrF ¢ AOFRE cr%éfe%e;‘crhi%“%%%%%fﬁat%8%%2par.l‘rt§’ﬁn.L°3

Common per sofgl s CoIpH! g&%g%freci%y@éﬂgp'l‘iné:i&é{:ﬁumm%% PECeslEMg et .

can be used as the dat erter” 2. The cl osed-area property at a

~preparation wywi+3 1009951 48 ehed ELeSede anga- #3ka 1 FRGE P4 RGESShABGIN t
3-1; RAM (11) 3-2, in which the D-file 2b for closed- area-data inage

processi ng | prbeeukiROY (1Whid®, @811 wbbch deserated tdathe .
cl osed-area-data i nage 12 processing unit 3-1; a keyboard 3-3, through
whi ch , "NSXPRES5000" is an automatic drawing system CAD of
Shin-Nittetsu, Japan which can be used as the 1mage-

. vector line- data generatlng unit. 1

The data converter 2 hasg;ts,lnput $ide connected
10 with the image-vector line-data geﬁétaﬁipg unit 1, -and
has its output side connectéd with the closed-area
-property-data preparing unit 3. The: L-file 2a for
line-data image-processing is retrieved from the
~ image-vector line-data generating.unit;;g__Theﬁ, line
15 -  data of the L-file thushretrieved;za'istanalyzed_and
issued as D-file 2b line daﬁa for“plosed—area-data

image processing (which will be described.later) to

«

the closed-area property-data prepaping unit 3.
Common.personal computers of, for examp;e, Fujitsu,

20 NEC, IBM, etc. can be used as the data_con?erter 2.
The closed-area property-data preparation unit 3
consists of a.closed-area-data.image processing unit
3-1; RAM (II) 3-2, in which the D-file 2b for closed-
_area—déta image processing is stored:; RAM (II) 3-2,

25 ~which connects to the closed-area-data image -



conmmands are input to execute interpolation of the line data in the D-file
2b for closed-area-data i nage processing, to allocate property-to
correspondi ng 5 regions or points, to print the output and so forth
and, a plotter 3-4 which prints the map information on the basis of print
out put data issued fromthe cl osed- area-data inage processing unit 3-1.
The cl osed-area property-data preparation &it 3 can be, for exanple, 10
the ARC/ I NFO of ESRI of America. Fig. 2A is a block diagramof the L-file
2a for {{ine-data image processing, the L-file 2a being stored in the RAM
(1) 1-4 of the i.mage-vector |ine-data generating unit 1. Fig. 2B is a block
di agram of 15 t REaressingh urskt cBoddd-aarkavheexd g pitdaaughgwhdgh
D-file 2b being stored in the RAM(I1) 3-2 of the closed-area property-data
preparation unit 3.Cﬂﬂ@iﬁ@?lé?ﬁa%%ﬁ“Fi&9(%&%@Pﬁ§@éﬂﬁ%ﬁ@9%?ﬁj$h ?%g?@ﬁ\

eparat ol y shovs & GARELHSER Ut HPRGOSFLAR ARdST SREoReRSREPE BPLE HERRS
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and, a plotter 3-4 which prints the map information on
the basis of print output data issued from the closed-
v area-data image processing unit 3-1. The closed-area
property-data preparation unit 3 can be, for example,

10 the ARC/INFO of ESRI of America.

Fig. 2A is a block diagram of the L-file 2a for
line-data image processing, the L-file 2a being stored
in the RAM (I) 1-4 of the image-vector line-data
generating unit 1. Fig. 2B is a block diagram of

15 the D-file 2b for closed-area-data image proceSSing,
the D-file 2b being stored in the RAM ('Ii) 3-2 of the
closed-area property-data preparation unit 3.
| The L-~file 2a for line-data image processing of
Fig. 2A consists of one record data. This record

20 represents a line that separately shows a contour or
outline of an image, and consists of a header portion
21 and a data portion 22. The header portion 21
consistg of a‘cléss portion 21-1 for showing the
record's class; a code portion 21-2, for showing the

25 cdnfiguration and the like of a line indicated bj,the



| ength of the data portion 22. The data portion 22 consists of a paranmeter.
portion (i) 22-i (i =1, 2, ..., n) for storing coordinate data which 5
represents a line. In this line data, for exanple, the cross i mage shown
in Fig. 14A may be represented by two sets of |line data (lines A and B)
wherein line A connects a point (xa-0Q, ya-0) and a point (xa-1, ya- 1), and
line B connects a point (xb-0, yb- 0}3and a 10 point (xb-1, yb-1).
Further, as shown in Fig. 14B, it is also possible to divide the line at an
intersectlon point of the cross inmage into four pieces of line data (lines

, B, C and hé d d d Sed
M nes, AB andrastrE D She Y |#%:§at RO hage f% §ss.#e§n5‘.esen‘l‘e Cas
ded,
'gregcgs& ﬁgq]‘j?j(;%@%hyﬁf (l% e%gsf& gogqllsdslﬁeg% Q:’)g{l131 Lb%tz?i* SUC as t hat
shown in Fi gféﬁs;%%.@oof adaé@raﬁllgtté'frpotlfﬁgﬁf l(lle Zﬁzf—‘lr

= 1,
cl osed- area-data i1 mage processing of Fig. 2B is qU|te dlfferent in file
constructionfromthe Lpfyilgoza _L,Qroffiﬁ? dabd ¥ APHE tE OGRSEANOwAR JN 0. 2A,
‘and has the sahe construction 25 hat of, for exanple, a DLGfile for
handling thereprddesitesed-niga. data thanel yinéhaakd, | forbekampiledsed- -
the cross image shown in.Fig._14A”may be represented

by two sets of line data (lines A and B), wherein line

P aiid

]

A connects a pdint (kafo, ya—0) and arpoint (xa-l,_Ya-
1), and lihe.B connects a pbin# (xb-0, yb-0) and a
10 point (xb-1, yb-l),=Further,;as sthn'in Fig. 14B,
it is also possible to divide the line at an
intersection point of the cross'image into four pieces
of lihe data.(l{pes A,lB, C and D). Moreover, the line
data may also be represented by dashed lines, AB and
15 DC. .

The line-data image proceSSing unit 1-3 may, as
needed, sequentially retrieve the L-file 2a for line-
data image processing from thefﬁAM (1) 1-4, and issue
a graphical form, such as that shown in Fig. 6B, as

- 20 - data.

Further, the D-file 2b for closed-area-data image
processing of Fig. 2B is quite different in file
construction from the L-file 2a for line-data image"
processing Qf.Fig, 23, and’has_the same_constrﬁctiqn

25 as that of, for example, a DLG file .for handling the



area-data i mage processing of Fig. 2B consists of a header portion 2b-1 for
storing data that indicates the file construction; a point-data portion
2b-2 for 5 storing point data that indicates a 'bend or bent point of

t he polygonal line, and a line term nal thereof; an area-data portion 2b-3
for storing data that indicates at |east one of the properties of the
closed area; and, a line-data portion 2b-414or storing the line 10

data. Next, the internal structure of the data converter 2 is shown in
Fig. 3., As shown in Fig. 3, the data converter 2 conprises a CPU 31 with
m croprocessor and ROM 32, in which a programis 15 stored. Based on
the program stored iglodedRawed date. Ovamelvt,r dthe oPnEidedln £Prt gdosed-
L-file 2a for line- data image processing into the D-file 2b for closed-
area-data i mage pro@EstndatRoimags nereaessing Rf tEighod® i9PPF§stss ohe
5, 20 t he operating_procedures and data flow wthin theaggg 31 gwhich
transforns the data RF9ERE POEBiOD Lol EPXe SERTIPgadd s JORL hRdrmares

I nci dent al 1y, 1 he ofiSf hbS pPOPEFTHECLRY dar BotPanisse PoRtESheap fedor
using registews i and i (00t SN Nsta ASt! fnfidatds bMBehi di® ihd Point
| - of the polygonal line, and a line terminal thereof; an
area-data portion 2b;3 for storing data that indicates
\oe at least one of the properties of the closed area;
and, a line-data portion 2b-4 for storing the line
10 = data.
Next, the internal structure of the daté
cbnverter 2 is shown in Fig. 3. As shown in Fig. 3,
the data converter 2 comprises a CPU 31 with
microprocessor and ROM 32, in which a program is
15 stored. Based on the program stored inlthe'ROM 32, the
CPU 31 transforms a data of the L-file 2a for line-
data image processing into the D-file 2b for closed-
area-data image processing.
Now, using the flowcharts shown in Figs. 4 and 5,
20 the operating procedures and data flow within the 'CPU
31 (which trénsforms the data of the L-fiie 2a for
line-data image processing into the D-file 2b for
closed~area~data image processing) will be déscribed.
Incidentally, the operating procedures and data flow

- 25 are realized using registers i and j (not shown).



processing is first read in step S1, followed by step S2, in which thé
nunber of elenents is retrieved fromthe list portion 21-3 of the '

file-header portion 21 5 and stored in the register i. Then, the val ue
of the register i is determned. Wen the value is not "0", there.is the
element to be read so that a step S5 follows. In this step S5 an el enent
record i is retrieved so that el end® data in the | eadi ng portion 10 of
elenent i is retrieved and stored in register j. Then, in step S6, the
value of register j is determned. Wen this value i s any .one of "1" to

"7", steps- S7 to. S13 ted, . re Co ate data¥
whi chsl gp:tored i g ig ?éc%ﬁ(rjzl'ogéleégﬁef&lé eég sftéi'ﬁvle\l“%nteo ‘?‘Tﬁgl glléme % gata

the el t ] tr d_, T t ta, th
etrioved | s PROFEPEIPELEoEREY FREGuIn SRR G orolipred 8P Bee b
ror  closed agga- 4Rl fniiRARL AR e 87dnthik! 9B f%‘&fe\%tfdfi‘gﬁlm ned

| ocati on. register |, ranging 7"
represent. a Sfcﬁé' ghisd ';I&uagsmg'se cb@néheokm@lfﬂeéaa@ poritiskepd -
pol ygonal line, ..., a“seven-bend polygonal line, and an €ight- or - nor e bend

pol ygongl Ilnsnars%e%.w i1 ytné5re ister AU UMgn, | Bnst GRISR f the val ue
of reglster ] IS nore than % the el ement type indicates non- I|ne
reglster iis. determlned._ when the. value is not "0",
there is the element to be read so that a step S5
fol;qws. In this step SS;_én:element record iﬂis_ iJ_
retrieved so that element data ih_thé leading portien
10 of element i is retrieved and stored in.register j}
Then, in step.Sﬁ,_;he.value of register j is
determined. When this value is;any one of "1" to.“7",
- steps. 87 to. S13 are executed, respectively.
Coordinate data, which is stored in a second ldcation
15 | subsequent to the element data in;thg_element record
i, is then retrieved.  The coordinate data thus
retrieved is transferred to the line data'po;tion 2b~4
of the D-file 2b for ¢}oggd—a;eaedata image:
processing,_and-written:intq a p:edetermined location.
20 o The values of register j, ranging from "1" to
"7", represent a straight lihe, a single—béﬁd
- polygonal line, a two-bend polYgonal line, ..., a
seven-bend polygonal line, and an eight}or-more bend

. polygonal line,.respectively.

25 . .Further, in step S6, if the value of register j



datd. In this case, step 14 imredi ately follows. Next, in step S3, if the
val ue of register i is "0", the entire el enent record has already been 5
retrieved, and thus, processing of one graphical form has been conpl eted.
In this case, step S15 follows, in which plane data is prepared. The
procedures in this routine are thereby conEIeted. Now, using the flowchart
showmn in Fig. 5, 10 preparation process'ﬁg of the plane data will be
described. First, in step 51, the line date which is prepared on the D-file
2b for glosed-area-data image processing is retrieved, ‘@nd divided into

line segnents through a divisjon process. In this dijvisiqgn 15 roces

the line data thus rPét MXRIERANG; V] de-aﬁ‘(eatelpﬁi?‘?ﬁ-‘g B?PEOM%‘F%%%? ‘E‘Ffé‘fine

remaining |ine data,, gnd at_poj.nis of intersecti,on_thrQqu [ t

retrieved |ine dataq%}Qﬂw; ciﬁ@stﬁgs?enﬁiﬁPng4lFW@?&Q%%~#%¥é§E%$§%’

segments free fromsuch pelprs of CQULAMSande2hne Yl S HBRister 1 is
entallofte u d.

Li ne-segnent nunbers are to the line segnents t obtal ne

Step S52 follows nexign | NefbeRntizre {NC. | ¥AGh L S+aEbLR0 Kl £08oR0I 1506k

each of the line segnent eterm ned. Through this processing opeéeration,

the 25 st.gf ti g QRG- Kb PO & Bhus2Chpebckhgihigh@£S A Hrfaphiddl Webeh

have been divided at these points to produce ' _
' has been completed. 1In this case, step S15 follows,
in which plane data is prepared. The procedures in

) g{ S this routine are thereby completed.
Now, using the flowchart shown in Fig. 5,
- 10 preparation processing of the plane data will be
described. First, in step 51, the line date which is
prepared on the D-file 2b for closed-area-data image
processing is retrieved, and divided into line
segments through a division proéess. In this division
15 . process, the line data. thus refrieved.is.divided (at
points of contact with the remaining line data, and at
points of intersection through which. the retrieved
line data is crossed by the remaining line data) into
line segments free from such points.of contact and
20 intersection. Line-segment numbers are then allotted
to the line segments thus obtained.

Step S52 follows next. .In .step $52, the types of
starting and :end points of each of the line segments
determined. Through this processing -operation, the

'25 - starting and end points of each of the line segments



| i ne segnments conpletely free fromthese points therein are classified as

I ndependent point (not connected to any line data), branch point (i.e., 5
contact point) or mdpoint (i.e., bends or bent points in the pol ygonal
lines), and are then registered by category. Next, in step S53, these |line
segnents are sorted based on the starting and end points. Then, in 10 a
subsequent step S54, the line segnermt® thus sorted are connected in a
predet erm ned direction, either clockw se or counterclockw se. If the end
point of the line segnent is a branch point, there are a nunber of |ing;
segnents each of which has the sane starting 15 poi nt. By  previousl¥
ori enting t hewhiole havecbeiery dividedorat ntheser trointsr &t iphoduce s
possi ble to automatically sort desired |ine segnments which form conmon

pl ane data frdhne ngpg@ents| igRUBdGRel ¥, ErRehfrOBuEReRSI RYLptFe -
segnents connected with each_20 , other. Then, in step S55, the, point type
of end point SPaFRIBEFFRMtCLAGSLEARE AT LB %?ﬁﬁ@%tpﬁéﬁ¥rﬁg&q, when

the end point _has th _ di;nat t hat starg ipt_of th
st 1ine ScGRBMSTEes by 987 1IAL) 4888 roi P=ARSTRGPRELLcbtBert | ne
segmentg . 18,090080 bod Ry %Cre%?-_ﬂd-‘ﬁbi’z‘it-t{‘f._élP_%é&&é‘eglt?béﬁt points

in the polygonal lines), and'a:e?thenfregiSteréd by

category.

Next, in step §53, these line segments are

sorted based on-the-starting}éndﬂehdfpoihts. Then,  in
10 'a'subséquént:sfep S54, the linéfsegménts thus-sdrted
" are connected in"a”predetéfmined'airectiOn, either
clockwise or couritérclockwise. ifﬁfhe'eﬁd:point of the
line'segment is a branch point, thereiare=a-humber of
line éegmentsTeach of which hés.the:same Starting
15 - point. By preViously-Orienting the above connecting
direction in a certain direction,.itzis}péésible to
automatically sort desired line'segments which form. -~
common plane data from a-numbér-df_line;segméﬁts, and *e'.
have such desired line Segments'connecﬁed'with each
20 - other. o
| Then, in sfép S55, ‘the point;typevof end ﬁoint of 
the segment thus connected is détéfmined. As a résult,
-when the end'point has the same coprdihate-as that of
- a starting point of the first linefsegment_or is.an~

25 ‘isolated point having no subsequent: line ségmeht,.



conpl eted so that a subsequerit step S56 may follow. In step S56, a

pl ane-data nunber is allotted to the plane data constructed of -a series of
line 5 segnments thus connected. Such nunber-allotted plane data i's then
stored in the D-file 2b for closed-area- data inage processing. In the
previous step S55, if the end point of the connected |ine segnent has

di fferent coordi nates, and 10 thereforel@& different point type, fromthe
starting point of the first line segnent, and further is not an isol ated
poi nt, {he processing procedures in the flowhart return to step S54 to
perm t Efsubsequent i ne segnment to be connected. 15 . The .
cl osed- ar ea- dat a | megnpestekenngpufceIsing pify. the ndinet SegBefes is
pl ane data (which is transformed fromthe |line data as descri bed ove and
stored in the 1ine- #amplfiad ¢ Jthat @ sWeSeRrenE SkepoS 8 - Mrat a

| mge procesel ng) s a5, Lo haue 220 p SARD SRbrh et METBRERISN %o
0Ty t0e O, TP A T RO XA COEER e A0S, e pane
e R e Bt 2 o oo, B AGARI 1 el Bane
data is then stored in the D-file 2b- for closed-area-
- data image processing.
O : " In the previous step S55, if the end point of the
connected line segment has different.ccordinates, and .
10 therefore a different point type, from the starting
point of the first line segment, and further is not an
isolated point, the processing procedures in the
flowchart return to step S54 to permit a subsequent
line seghent to be connected.

15 * The closed-area-data image processing unit 3-1 of
Fig. 1 may retrieve the plane data (which is
transformed from the line data as described above and
stored in the line-data portion 2b-~4 of the D-file 2b
for closed-area-data image proCessing) so0 as to have a
20 graphical form of the map (such as that shown in Fig.

7) displayed on a CRT display unit (not shown).
. In addition, the CRT display unit may notify an
operator by flashing a prédetermined mark on each line

discontinuity, the discontinuities being indicated in

25 . Fig. 7 by arrows A, B,..., F, respectively. The line



whereby |ine are nmade continuous using a nouse or ‘the |like, the nouse (not -
shown) being connected to a cursor key (not shown)[err]a keyboard 3-3. The
line data, 5 which is thus transfornmed into correctly interpol ated

cl osed-area data, is again stored in the |line-data portion 2b-4 of the
D-file 2b for closed-area-data i mage processing. At the sane tine,
correspondi ng point data in the poik-data portion 2b-2 of the sanme 10
D-file is automatically corrected and stored again therein. In order to
specify the individual regions and points (which are shown in closed ateas

consi sting exclusively of graphical formdata map as prepared in 15 ™ the
above using Fﬁécﬂéﬂ&ﬂﬁﬂf¥?$3a?ﬁuﬂ%&%ﬁ?%ﬁ%ﬂ B¥ 2hEETSREMTHPTEAGSS®s in

Fig. 8 are a al and se uent| allotted to these cl osed areas .
of i he map ag'“sﬁ%dﬁﬁm%oamm e SBeRtH ﬁegﬁs R AR ear rfi?pon-di g
| ocati ons of t %§ dat a %ort on 2b t he sane

b.
Further, b SRR AP nEQ?%nRe& +@9 &Qﬁ%??l %HCW
" egi onal proaﬁglgslé&e Qe dislot P2k, 0o 5R8LY | ednf,00h g0 g poi nts.

Such property data is-al'so store correspondi ng Focations of the

ar ea- dgt a pog,haan 2 3% trpfbrbPRed? Thdd fdderdbe1701hRRkpBIRHRLPT M ned

nap 20 information 1's conple
closed-area data, is again stored_in the 11ne-data:

portion 2b-4 of the D-file 2b for cldse&-area—data;f'
image prbceésing‘ At the same time,fCOxresponding :RJ
point dafa-in the point-data portion bez,Qf fhe same
10 D-file is automatically corrécted-aﬁd,stbred again
therein. . |
In order to specify_the.ipdividﬁal :egions and
- points (which are shown in cloSed areas_consisting
-exclusively of graphical form dataimap és'prepared in
15 . the above using  the keyboard 313;_numbers (such as
those shown by circles in Fig. 8).are autpmatically
and- sequentially allotted to these closed.areas of fhé -
map ‘as an undivided whole. Such numbers are stored in
- corresponding ‘locations of the.afea-data'portion'Zb;s
20 of the same D-file 2b. Further,_by,inputting data
indicating the regional properties,isuch regiona1H
properties are allotted to each-of,specified regions
and points. Such property data is also'stbred in the
corresponding locations of the area-dafé;portion 2b-3

25 of the same D-file 2b, so that predetermined map



The'thus prepared D-file 2b for closed-area-data i mage processing of the
RAM (11) is retrieved by the cl osed-area-data i mage processing unit 3-1 of
Fig. 1, 5 and output through the plotter 3-4 as map information. The

i mge thus output may, for exanple, take the formof a | and-use condition
map such as that shown in Fig. 9. As descrjbed above, the present invention

can 10 .acconpl i sh such preparatjon of %%p i nformation within a few
days, whereas using the prior art several nonths nay be required. In the
above enbodi nent of the present invention, the interpol ation process used

to fiII\discontinuiLi2§ 1515 i, the fecéive graphical map data is
performed by using th C%F%%éﬂyhfé%‘%?ﬂ%ﬁ???-ﬂata'preparatibn unit 3.
However, even when prepat) - ARPS _fAQr td vel 0 -
prefectures (such as I M%J$Wf%p§r %%lréa?ie$yf%%0€b€%égi g%%s? Oata
pl ane data are 20 Spapo VeE SRVekAM (8RS Afs A Sl fYvel S5e
are required for coﬁpggﬁf g t%%ggﬁggt%g%ta. | f se&erzl f%ns of pygtuﬁég are

corrected using onl y;@RedllidealfitdUiags "Broees@dty &thi©. 301 0pft Fag. 1,
drastic reduction in operation tinme acconplished by automating 25 t he

glansjdaf? prgparat p@d Putput thiodghSuwiepib¥tert 38 BESHaR Ariformation.
resteR The image thus output may, for example, take the form
of a land-use condition map such as that shown in Fig.
(s - 9.
As described above, the present invention can
10 accomplish such preparation of map information within
a few days, whereas using the prior art several months
may bé required.
In the above embodiment of the present invention,
the interpolation process used to fill discontinuities
15 in the defective graphical map data is performed by
using the closed-area property-data preparation unit
3. However, even when preparing a land-use maps for
relatively narrower prefectures (such as OKINAWA or
TOTTORI) approximately 100,000 pieces of plane data are
20 - needed. Moreover, several tens of display pictures
are required for correcting thé input data. If
several tens of pictures are corrected using only one
unit, too much time is required to enjoy the drastic

reduction in operation time accomplished by automating

25 the plane-data preparation. step.



reduce the operation tine required for such correcting operations by
enploying a plurality of correction- data input units sinultaneously
such that the 5 correction process is divided into a plurality of steps
corresponding to a nunber of correction-data input units and processed
therein. In this way, correct graphical formmap data is obtained and
reinput into the cl osed-area proper%&-data preparation 10 unit 3,

wher eby a subsequent property-allotnent step is perforned by the sane unit
3. This is realized in the foll ow ng second enbodi nent of the presenf*

A mhod f . th H ;
roal 1765 ihe anov %%ﬁ@%&e”r‘?ﬁyﬁeac%- Bl BaPahOH g b0 O@ras%l%?mh,cdl o
f th d di t ¢ t
gs thgszeg?nfﬁ qé)l %;ﬁégf f?ﬁ% ré&&fpééggormgﬁEﬁ'Bo parts

esent Invention's mn inFig 1

are denot ed %é{aﬁtf 88 £¢ o empié‘{,% 1°8 ram.t@iﬁtgso@ﬂ%f@e&%io the

parts of the rst e I'n” Fi Q. the data converter 2 is:
connect ed W g 8a Pl Blit yuaflwrmhlmab@mfl EuERl)thdt2 ¢BR),

4-n (PCn). O course, it is also possible 25  to use a plurality of
convensi onal. do¥Fésgliomipbotess ¢ giadaied sndo perpLNAlaXDOPUICE S.
steps corresponding to a number of'correctionfdata

input units-aﬁd:procéssed therein. In this way,

correct graphical form map data is obtained and

<

‘reinput into the closed-area'propefty~data preparation
10 unit 3, Whereby'a-éubsequent property-allotment step
is perfofmed.byvthe same_unit 3.-'Thi$'is-realized in
the following second embodiment of the present
invention..
' AISecbnd embodiment of the present. invention,
15 which realizes the above concept,-iszdescribed below.
Fig. iO is_a block diagram. of the second
embodiment of the present invention, wherein the same
parts as thdse of fhe first embodiment of the present
invention éhown in Fig. 1 are denoted by the same '
20 reference numerals as those applied to the parts of
the first embodiment.
In Fig. 10, the data converter 2 is connected
with a plurality of pérsonal computers'4f1-(P01), 4-2
(PC2), ...,_4-n_(Pcn). Oof course,-it-ié also possible

25 . to use a plurality of conventional terminal units in

M



~

Fromthe D-file 2b for closed-area-data i mage processing, which file 2b is
prepared based on the L- file 2a for |ine-data i mage processing which file
2a 5 is issued fromthe i nage-vector |line-data generating unit 1, the
data converter 2 prepares an Mfile 2c for closed-area-data correction
processing divides the sane into a pluraliﬁé of data sets each of which
corresponds to one display inage, issues t t hus 10 di vi ded data sets
to a plurality of personal conmputers PG (i =1, 2, ..., n), and, issues
dat a, W@QCh has al ready been corrected and issued fromthe personal
conputers PG, to t%ﬁnclosed-are progertg-data g%e aring unit 3 as the
data of the D-file B3 13F SUCR BeEFORPLCHEPEPAEGe processing. Fig. 11

is a bl ock diagram of the,abov ersonal ¢ uters | Do H% - ddea R
4-i-1 conprises a mcr op&éﬁ%‘gs%rhoean% %5%&8@ %ﬁg vé?%%eéygﬁee% on tﬂelltr)‘lldas es
of a program stored {n BOMA-I- : . SOAREA SEasel M it A6-
for cl osed-area- dat g&rrecﬁ%hz‘ﬁlr%gésw!sfli%g Z?ggass IE)rage ar easfor wor ks.

Based on a control igsigushi @By S54R d40M 1h8gEPErdeskiry GRlith. €ile 2a
di splay unit with cathode-ray tube) 4-i-4 dlspFays data (such as the

graphical form of a f@pigSued frdMVEHe hhdgeiveitorhaivdidatacgemerating

cl osed- area-dat a 23 correction processing of the RAM 4-i-3. A nouse
4-i-5 : unit 1, the data converter 2 prepares an M-file 2c for
closed-area-data correction processing divides the
&z' ' same into a plurality of data sets each of which
corresponds to one display image, issues the thus-
- 10 divided data sets to a plurality of personal computers
PCi (i =1, 2, ..., n), and, issues data, which has
_aiready been corrected and issued from the personal
computers PCi, to the closed~area property-data
. preparing unit 3 as the data of the D-file 2b for

15 closed-area-data image processing.

Fig. 11 is a block diagram of the above personal
computers PCi. In Fig. 11, CPU 4-i-1 comprises a
microprocessor and controls the whole-system on the
basis of a program stored in ROM 4-i-2. RAM 4-i-3
20 comprises an M-file 2c¢ for closed-~area-data correction
processing and a storage area for works. Based on a
control instruction issued from the CPU 4-i-1, a CRT
(i.e., a display unit with cathode-ray tube) 4-i-4
displays data (such as the graphical form of a map

25 shown in Fig. 7) of the M-file 2c for clésed—area—data



that controls a cursor on a desired point on the screen of CRT 4-i-4, nmakes
It possible to input a coordinate value for said point. 5 Fig. 12A
shows the D-file 2b for closed-area- data inage processing shown in Fig 2B.
Fig. 12B shows the data structure of the Mfile 2c for closed- area-data
correction processing, which file 2c is prepared on the basis of the
Dfile 2b for 10 cl osed- area-2&ta i nage processing described above.

In the same Figs. 12A and 12B, the Mfile 2c for closed-area-data
correction processing consists of a file-number portion 2b-1 that storﬁs a
file nunber for clarifying which D-file 2b is used in data 15

retrieval ; ardry@chian pyonesring pof t top BAM24trHha8- stbr@@uﬁﬁeéeﬂeﬁn1ned
dat a (such as for a small _yellow circul ar- dd%%:tlaced around the

coor di nate ofthit| SONHi%RLFoittCLESAFoi AT 8 Bﬁﬁrﬂﬁ%?f(ﬂReEP&jfrom

th t - dat d the | t, f the D-f | dat
po(rat PglnnZC Zs?qﬁ??ne’é‘t B%esdé]'f gad:t'lg' r‘@?ﬁi éi/e’Jd fPSﬁﬁlﬁ%l‘Fl ﬁ(? d?ﬂ% gf alt Eg . we

D-file 2b. Now, sech nd e of the present invention .

havi ng t he aﬁﬁﬂfﬁ?ﬂ%ﬁﬁtuéi %ﬁe %?%S#%%R%roce53|ng of the Mfile 2c for

cl osedgar ea-dat a %%_ (ﬁ?é&?lgggp§§5fgg tdéghlérggrforned
es

by 24 the data ¢ ver crl erence
' data 1mage process1ng shown in F1g ZB.- Fig. 12B.

shows the data structure of the M-file 2c for closed- .
‘area-data éorrection.proceSSing, which file Zc.is : :3_
prepared on the basis of the D-file 2b for
10 - ' closed-area-data iﬁége'procéssingfde5cribédzabove.:h
%31 theramerFigé. 12A and 12B, the M-file 2c
for closed-area-data correction processing consists of
a file-number portion 2b-1 that stores a file number
for clarifying which D-file 2b is used in data
15 retrieval; an isolated-point-data portion 2c-2 that
stores predetermined data (such as for a small yellow
circular mafk) placed aroundfthe‘coordinate of an = .~
"isolated point (a point of disdontinuity)-detectéd
from the’ point data and the line data of the D;file
20 © . 2b; and, a line-data portion 2c<4 that stores line
data retrieved from the liné.data-of'the D-file 2b.
"Now, as for the second embodiment of: the prééent :
invention having the above construction, preparafion
processing of the M-file 2c for closed-area-data

25 . correction processing which operation is performed by



to the flowhart shown in Fidg. 13. In Fig. 13, in a step S1201, the D-file
2b for closed-area-data inage processing is first read so 5 " that a file
nunber corresponding to the D-file 2b thus read is prepared on the basis of
the data of the header portion 2b-1 and stored in the file-nunber portion
2c-1 of the Mfile 2c for closed-area-data_ correction processing. 10
A subsequent step S1202 next determ nes whether the fileis in "END'. If
the file is not in "END', step 1203 foll ows, whereby the data of the D-file
2b is qg%sequently read to determ ne whether the data thus read consists of
oint data (i.e., data retrieved 15 frogt he point - dat oriion 2h-2 of
the D-file 2b) or e dads (‘i"?’é‘.’?r‘é%’fazrg??rle\?e?d ‘?%‘Ff?’ﬁh%& fiEh fhretend
portion 2b-4 of theé%ﬁiﬂgaé%Qw tggéwgﬁkﬁr§5§g0¥$ j udgnment, the data
4°Y0

| f
thus read is identified as pmlﬁhﬁﬁﬁa, a step llows 20  to

det ermi ne whet her the poiﬁeﬁlﬁ%a [lgo'liO?_ es gge-'%,sg_]ﬁ@ﬁ, PeHB! D-BY Fe | JHIFHY

al so determ nes whet her nmber ine data itens whi ch connects one

item of point data wildbS90hPek-ightd\0i RhgBDHrdbe8sing 1$ ¥Bes4d read so

nunber of line data is two, the point data in question 25 corresponds to

a bend or ben§ poi nttHat & FE MO HMber corresponding to the D-file 2b thus

read is prepared on the_basis of the data of the

" header portion 2b-1 and stored in thée file-number

) portion 2c-1 of the M-file 2c for.closedrafea—data
correction processing.

10 A subsequent step S1202 next determines whether
the file is in "END". If the file is not in "END”,
step 1203 follows, whereby the data of the D-file 2b
is subsequently read to determine whether the data
thus read consists of point data (i.e., data retrieved

15 from the point-data portion 2b-2 of the D-file 2b) or
line data (i.e., data retrieved from the line-data
portion 2b-4 of the D-file 2b).

If, through the'above judgment, the data thus
read is identified as point data, a step S1204 follows

20 to determine whether the point data indicafes an
isolated point.

.This judgment also determines whether the number
of line data items which connects one item of point

data with another is two or more than two. If the

25 © - number of line data is two, the point data in question



line. If the nunber of line data itens is three or' nore, the point data in.
question represents a contact point (i.e., a convergent point or the
starting point 5 of diversion). Therefore, in both cases .described
above, the point data in question is not identified as that of the isol ated
point. And, if the nunber of line data itens fromthe point data is only
one, such point data is identified a5t hat of an isolated point. 10

If the point data is judged to be that -of an isolated point, a step S1205
follows such that the coordinates of the isolated point are read. After>
that, a step S1206 foll Qws ,such ghat circle data,. i data for [ e

(havi ng the. | SSTRLTPRBAM SR 505N (9% BERFoPARE 21 SadkSHRPRAEY adi us,
i s prepared. IF@\ C.I_rK]JE?i ﬁg‘ ggx'xfmégi"so%t gri%% '-&%_Qei'taﬁxlsatie __-@R]lrgg- oq_,at a

portion 2c-2 0O e or cl oSed-area-- data correction processing.
Operati on thep refuris, t P 0 dgéﬁ;lﬁﬁg,agg% _ s
t hrough the j&gg%ént&geeré)%?ﬁngdd%gstggp 12§0 , the -%?%%‘Qtd%tg anr%lt ®

identified asplfighe qfi &, i s@! aaﬁdepﬁéﬂb gaqe&atdxontﬁmés%%ﬁeb%&wws to

t he above step S1202. 1f,” through the judgnent performed int step 25

S1203, the dab¥ r@pfekBisrOP. S12A8rieFcied o IhNebEle E8ses AHesépendat a, a
step S1207 fol |l ows such that the line o _ _ _ .
- above, the point data in question is not identified as '
‘that of the. isolated point. . And, if the nuﬁber_of.
line data items from the point da#a is oply-one,.such {:
point data is identified as that of an isolated point. N
10 . : If the point data is judged to be that of an
isolated point, a. step s1205-foliows such that the
coordinates of the isolated point are read. After

'thét,.a step S1206 follows sgchlthat circle data,

- i.e., data for a circle (having_the_isqlated point as

15 - its center and_a.predetermined radius, is prepared.
The-circle data is thus stored in the;isQlated-point—

- data portion 2c-2 of the M-file 2c for closed-area-
data correction processing. Operation then returns to
step S1202 described above.

200 If through the judgment performed in step 81204;3

" the point data is not identified és.that of an
isolated_point, operation immediately returns to the
above step $1202.

. If, through the judgment performed in the step

25  S1203, the data read in step 51203 is determined to be



data is classified by type. In other words, the line data is classified as
one of the followng: a straight line (coordinate corresponding to a pair
of points); 5 a one-bend pol ygonal |ine (coordinates corresponding to
three points); ..., a six-bend polygonal |ine (coordinates corresponding
to seven points); or, an polygonal |ine mgﬁ? seven bends or nore

(coordi nates corresponding to at |east ei poi nts). Based on 10 this
classification, step S1208, S1209, ..., S1213, or S1214 is executed such
that the, coordinates of the |line data are read and step S1208, S1209',

., S1Z13',..0r S1234 é‘_%gg@ res %5; ¥¢bry WSy gBYdl | dclﬁlﬁrt?ﬁctoﬁétgg%g

of poi nt-coordinate data us‘rea above 1s store e |1 ne-

porti on 263 of the di |45 201 {81 €108y A4 6BE021 AL QUEIREL | GOBLOCRRS N0 R0

as to permt the operation to return t¢ _1201. I's at
in the above step 1ga4a Lk QRRIAIF QYUY s IS SRt ee £0110wing: al BtidGght
manner descri bed above, the Mfile 2c for cl osed-area-data correction

processing-is issuedine t(HATSHY cOrPesgsAdEhly to = d.pdir. of, pblints);

i.e., PClL, PC2, ..., PCn shown in Fig. 10, and displayed on these
conmputers. Th& oper at @nd-dsend f beiygbhalr Upiresl POoordinates - coeresponding
of discontinuity in the graphical 27 formof the map by neans of

circular marks that to three points); ...; a six-bend polygonal line
(coordinates cbrreSponding to seven points); or, an
kg polygonal line with seven bends or more (coo;dinates
corresponding to at least eight points). Based on
10 this classification, step S1208, S1209, ..., S1213, or
81214 is executed such that the coordinates of the
line data are read and step S1208', S1209', ...,
S$1213', or S1214' follows respectively, whereby line
data consisting of point-coordinate data. thus read
15 above is stored in the line-data portibn 2c-3 of the
M-file 2¢c for closed-area-~data correction. processing
so as to permit the operation to return to step S1201.
If the file is at "END" iﬁ the above step 1202,

the operation is terminated.
20 . In the manner described above, the M-file 2c for
closed-area-data correction prodessing is issued to
the personal computers PCi (i =1, 2, ..., n), i.e.,
PCl, PC2, ..., PCn shown in Fig. 10, and displayed on
these computers. The operator identifies interrupted

25 points, i.e., points of discontinuity in the graphical



i ndicate where discontinuities occur. If a fiscontinuity is too
small, making it too difficult for the operator to identify it, the point
of 5 di scontinuity may be enlarged on the display and taken care of
usi ng the nouse through a process of interpolation. Data thus interpol ated
Is stored as new line data in the line-data portion 2c-3 of the M file 2c
for closed-area-data correction procdssing.- 10  After data correction is
conpleted, the newwine data is retrieved by the data converter 2 and

i ssued to the cl osed-area property-data preparation unit 3. The abovg;]tmo
enbodi nents describe the preparation of the mgp data but tQ% pgﬁs nt.">

i nvention 15 ¥fon® QR Fhey t BYt MECRARS it aCt BN heFediPH 0 B 8% cuit
pattern shown.in, Fig.,. 6B,. . an atiribut y .he given t espective
portions of tﬁé’%ﬂ'?gdﬁ FERe&Fn sl%?8§"gcd{r§‘r%é'3:slﬁg%l aggic%”ftér rra%r?erato-the
above enbodi reby. cqloring theipes i o] - ; s -and
then the resgggs;%voeﬁ%?éggﬁy;(rlesgsﬂégyé‘gglgési 'y lﬁ%t?%ggisg)hggp?ffﬁ%ﬁgg?h_

other.. 25 - gt k%&l gig@eaker lto ANdedPOES USt ; f OfhePPBRKItJo£MBD
data for generating cloSed-area data corresponding to plane 5 data by

generat 6ng t wai ARSIy WG He lditasifdd@ o the @8splapf ahdstakedat a
obt ai ned by reading an : o - |
o care of using the mouse through a process of
'interpolatiOn.' Data'thué ihtérpdlated;is_storedias
new line data in the linéedéta_portion 2c-3. of the M-
file 2c for élbsed-area4data'¢OrreCtiohfp;ocessing.
10 After data correction is completed, the new.line data
is retrieved by the'data'cbnvefter“zﬁandqiSSued to the
-Closedéareé property—data-preparation unit-3.
The above two embodiments ~describe the
preparation'bf-the map_data_but.the”presentsinvention _
15. is not limited to . the mapfdata.  With regard to a.
circuit patterﬁﬂshdwn'in Fig;”EB,fah:attribute-may be.'
o given to respective'portionS'6f‘the'circgit?pattern=as
'closed-afeas'in-a similér:manner_to thé above
embodiments, thereby colOrinQ the respective closed-
20 ' 'areas and then the reépecti?e-CIOSed areas may be

easily distinguished from each other.

25



original map, aUtonaticaIty generating plane data consisting of at |east
point and |ine data, and generating |line data obtai ned by connecting a

poi nt of 10 discontinuity in line data form ng pl ane dat

point data or line data on the basis of said vector line dat |“““
storing, displaying, or printing said clo %d area data toget ‘“““‘\
attribute data assigned to said closed-aré&a data. 15 2. aratus"fo&

preparing map data, said apparatus conprising: a I|ne data out put neans
(1) fOéFISSUIng two- di mensional vector line-data on the basis of raster 20
dat a obtai ned by ayhoggthaJié rqadtng an original map, such as a '
t opogr aphi cal map e-data output neans (2) for
generating and issuing plane data sai d plane data (which consists of at

| east point data and |ine data) being genherated on 25 the basis of a

vector line data igsued ,{Igor%ﬁ?laq_.gtng foﬂatﬁrglﬂ}é&l}_n@alﬂ‘%é aag’d, for

map- dat a generati ng neans or storing, displaying and printing

cl osed-area data 5 generatin ? closed-~area da%ﬁr@%&ﬁwsﬁémﬂfﬁgnﬁo“ﬁlhne
data that connects a poi nt of discontinuity in line data that forns plane

gat a to ot herg poi nigefa |by GyetadPat iy r ewdoadnagstionalll Mdauticr dailrte tdeta hes
een Tnput. the basis of raster data obtained by reading an
‘original map, automatically generating plane data

K; | consisting of at least point and line data, and

| generating line data obtained by connecting a point of -

10 discontinuity in line data forming plane data to any

other point data or line data on the basis of said

vector line data, and for storing, displaying, or

printing said closed-area data together with attribute

data assigned to said closed-area data.

15
2. 'An apparatus for preparing map data, said
' apparatus comprising:
N~ a line-data output means (1) for issuing two-
dimensional vector line-data on the basis of raster
20 ‘data obtained by automatically reading an original

map, such as a topographical map and the like;

a plane~data output means (2) for generating and
issuhﬂ plane data, said plane data (which consists of
at least point data and line data) being generated on

25 the basis of a vector line data issued from said line-



3. The apparatus for preparing nmap data, acéordl . to Claim 2, -
wherein the line data outputted by said |ine-data ut 1 consist of
1-record data indicating a contour line of an i W&% i [ ecor

consi sting of a header part and a data part, said W l] I sting of
a 15 class part indicating the ghass of said record,‘a t

indicating the line formof said record, and a list part indicating the
nunber of elenents in said data part, and said data part consisting of a-

plurality of parameter parts for storing as said 20 - elenent record é}
coordi nate [ 'éﬁ%iﬂghﬁbl'f . & The apparatus for preparing nmdg®
data, accor |ng'fgg£ alm 2, mh%rgln ?%é pl ane data outputted by said

pl ane-data 25 S&%Qﬁtd@@é‘%&h@ﬁ@.ﬁﬁgd_n@aﬁswgfik:‘%za@téeii&igf,t of = *
* a e

C L M eader part for storing data indicating a fi
confi gur at i @ispl3MEndigripand ciosedtareagdpgant data indicating top
poi nt and end point %in a graphit line, an area data part for storing data
indicating at 5  |least. one attribute of a closed area, and a |line data

part for storing line data. 5. The apparatus for preparing map data,
accorggng to Caim2, wherein 10  formedddy generatidng ddnsutdata
nmeans( 2) gener at es pl ane _ _

that connects a point of discontinuity in line data

that forms plane data to other point or liné data;

corresponding to attribute data that has been input.

3. | The apparatus for preparing map data,.according
10 to Claim 2, wherein
-the line data outputted by said line~data output
means 1 consist of l-record data_indicating a contour
line of an image, said l-record consisfing of -a header
~part and é-data part,-said'heédér part consisﬁing of a
15 class part indicating the class of said record,.a code
part indicating the line form:of'said record, and a
list part ihdicating the ngmber of'elements in said
data part, and said data part consisting of a EJ
'.plurality_of parameter partsffo: éforing as said

20 ‘element record coordinate data indicating a line.

4. The apparatus for preparing map data, according
to Claim 2, wherein |
the plane data outputted by said plane-data

25 output means(2)are based on a DLG file and consist.of



*

data by readi ng the nunber of elenent records froma i st iart I n

header part by reading 1-record |line data outputted by sjm“ IM?M”““I

out put neans(1), sequentially reading said el ement recor
data part, reading el ement type data at the head of said el erfent” r écot d,
anal yzing coordinate data read after said el enent type data, and storing
sai d anal yzed coordinate data in a predet &®&i ned area of said |line data
part in accordance with the file 20 configuration of a DLGfile. 6.
The appa aratus for preparing map data, according to Caim 2, mherein sai d

[ t hi cal Th t

ot a, "abcor o ng & JeRBaR Pafeash sxc b dRtnand Eehdi g8 i te

hot h. 5 Th t f, t
to Gaim2, 5h o ncsoamigva%ﬁp e RoRgidte SrSRR ikt Bstntf BRGNP he
data. 10 : : h
1a 3herei n: sal d ap?z%&?aa% %é?‘re rrﬁjr e:gag %ﬁtnigeerrﬁis ﬁ(‘}#'r(gtszce) haralagncciéaé\g
output means (4-1, 44gqe . -an éEéQ d&a CHEPLCELRIsTRd Nl WA W ASating at
cl osed-area data by

5 " least one attribute of a closed area, and a line data

part for storing line data.

./ 5. The apparatus for pfeparing map data, according
to Claim 2, wherein

10 said plane-data output means (2) generates plane

data by reading the number of élement'records from

a 1ist.part'in a . header part by reading l-record

line data outputted by said line-data output means(v,

' sequentially reading said element records from «q =

15 data part, reading element type data at the head of

said element record, analyzing coordinate data read

after said element type data, and storing said

analyzed coordinate data in a prédetermined area of

said line data part in accordancé'with'the file

20 configuration of a ' DLG file.

6. The'apparatus for preparing map data, according -
to Claim 2, wherein
said original map is a topographical map.



15 generating said line data, said |ine data connects—sai-d—point of -
di scontinuity of said |line data form ng said plan not her poi nt
data or line data, said plane data thus conpl et eﬂ“ﬂ'@@”iﬂﬂﬂﬂlﬂmﬂsm d
plurality of said closed-area-data output means (4+1,c20 "7y A52lIIEL. . 4-n);
and, pl ane-data output neans (2) ggnerates said plane data, said plane data
(whi ch consists of at |east .point bta and line data) being generated on
~the basis of vector |line data issued from | i ne-data 25 out put means

(1) divides said plane data into a 32 plurality of pieces of pI%gg
data; allot a d | i Spl ) il S C L nu ' dat*¥f or
P ﬂi?oﬁgéﬁ%‘é Ckéxp_gi‘%ﬁaﬁsinbo f“ﬁpﬁ @8t %'c':%dl%ﬂfl%

the line data that each of sai eces o ane data thus divided;
i ssues sai d i @251 Rf2 Pléra@in data to each of said closed-area-data
out put means (4- 1, 4-2, ..., 4-n); and, issues closed-area data to

map- data gener at i gl dressg{gal méplbs28n28erophotograph.

5 8. The apparatus. for preparing map data, according
to Claim 2, wherein
said plane data consist of at least point data

-and line data.

10 9.  An appaiatus for preparing map data, as set forth
in claim 1, wherein: |

said apparatus further comprises a number of
,closed—area—data_output means (4-1, 4-2, cees 4-n) for
completing said plane data as closedjarea data by
15 generating said line data, said line data connects
said point of discontinuity of said line data forming
said plane data to another point data or line data,
said plane data thus completed being issued from said
plurality of said closed-area-data output meéns (4-1,
20 4-2, ..., 4-n); and, | .
plane-data output means (2) generates said | |

plane data, said plane data (which consists of at

least point data and line data) being geherated on the

basis of vector line data issued from : _.. line-data

25 output means (1) divides said plane data into a
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Plurality of pieces of plane data; allots a
predetermined display data to discontinuous point data
for the line data that forms each of said pieces of
plane data thus divided; issues said pieces of plane
data to.each of said closed-area-data output means (4-

1, 4-2, ..., 4-n); and, issues closed-area data to

- map-data generating means (3).



