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Abstract 

A min i computer based int e ract ive l a rge scale mapp ing system has been devel 
oped in Monikartta Oy/SOFTMAP . 
System uti 1 i zes var ious i nput sources such as ste reop lotting instrument , 
d i git i ze r, tacheometer . Al l i nput data i s sto red on database wh ich can be 
created and updated by espec i a ll y des i gned management prog rams . The ve ri f i
cation and ed i t i ng i s carr i ed out by graph i ca l d i sp l ay un i t . Fi na l map i s 
drawn by a digital f lat bed p lotter . 
On th i s paper the fea t ures of MON IKA, both hardware and software as we l l as 
the exper iences so fa r acch i eved will be d i scussed . 

1. Introduct ion 

S i nce the beg inn i ng of 1977 the prob l ems concern i ng the l and i nformat ion 
systems e. g . t he spat i a l referencing , data management a nd gr aph i ca l pre
sentation of la ndre l ated data has been i nvestigated at the Institute of 
Geodesy , He l s i nki Unive r s i ty of Techno logy (HUT) / 1 , 2/ . Th i s research pro 
ject has been g ranted ma i n l y by t he Academy of Fin land . It was becom i ng 
obv ious , that some i deas rea li zed du ri ng the project cou l d be app li ed to 
the deve lopment of an i nfo rmation system for the l a rge sca l e mapp ing . On 
Octobe r 1978 sta r ted the project " Deve l opment of the ADP - system fo r map 
p roduction" f i nanced by the Fi nn i sh Nat ional Fund for Research and Deve l
opment (S ITRA) . Mon i kartta Oy/Softmap , Finn i sh survey in g company , took 
the ma i n respons i b ili ty for the deve lopment of the software whereas at the 
Inst it ute of Geodesy , HU T some spec ia l prob l ems were i nvest i gated . A board 
of profess ional surveyors was appo i nted by S ITRA fo r the techn i ca l super 
v i s ion of the project . In the begin ni ng of 1980 the f ir st vers ion of the 
interact ive mapp i ng system , ca ll ed MON IKA , was imp l ement ed . The genera l 
structure of the MO NI KA system i s g iven i n Fig . 1. The system can be ut i l
ized for the l arge sca l e mapping and for the mapp ing of underg round ut ili t ies . 
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The map data system , such as MON IKA , i s only a pa r t of the mun i c i pa l i nfor 
mat ion system . When deve l oping MON IKA it has been taken i nto cons i dera ti on 
relat ionships between map data and other data resources . By now two other 
systems wil l util ize the po i nt reg i ste r of MO NI KA . The structure of the 
integration i s given i n Fig . 2 . 

2 . Data co ll ect i ng and process i ng 

Raw mapp i ng data must be processed and stored in compute r compat i b l e form . 
The MO NI KA system has comp leted software fo r the man i pu lat ion of data col 
l ected by f ield surveying , photogrammetr i c p lott i ng and d i g i tiz i ng of 
graph i cal mate ri al . 

The program packagefo r the horizontal and vertical cont ro l survey wil l 
hand l e measurements of d i stances , hor izontal and vertica l a ng l es as we ll 
as l eve l led d i ffe rences in he i ghts . Al l the requ i red correct ions and re 
duct ions due to eccentr ic observations , athmosphere , e l evat ion d i f f e re nce 
of the measured l i ne and map project ion system can be computed and i nserted 
i n t he above mentioned observat ions . The programs i nc l ude a l so a lot of 
check ing procedu res . The l inear equat ions of the least squa r es ad j ustment 
of hor izonta l and l evel ling networks a re so l ved by the con j ugate grad i en t 
method . All the Gauss - Kr Uger gr i d coord i nates can be transfo r med i nto geo
grap hi ca l coo rd i na t es a nd v i ce versa . The program for the conversion of 
coordinates a ll ows the t ransformat ion of plane coord i nates from one gr i d to 
anot her with a d i ffe rent centra l me ri d i a n. 

The MON IKA system i nc l udes an interactive program package fo r the numerical 
g round surveying . The dialogue language commands are mnemon ics in order to 
he l p users who are not fam i l iar wi th compute r s and p rogramm i ng . The f ie l d 
data may be i n tabu l a r or coded form . In the former case f ie l d notes are 
punched on a paper tape or the f ield reco rds can be g iven du ri ng the i nter
act ive comput i ng session . In the case fi e l d data has been coded and stored 
i n memory of data co l lecto r of e l ect ron i c tacheomete r i t ca n be tra nsfer r ed 
d i rectly to computer for process ing . The softwa r e can hand l e data co ll ected 
by various methods of terrestr i a l survey i ng e . g . i nte r sect ion of points by 
angle or d i stance measurements, orthogona l, po lar , extens ion and trave r se 
me t hod . Fu r ther a lot of subp rog rams take care of some spec i a l computat iac 
such as sect ion and ta ngency of li nes and c i rcles , coord i nates of po i nts lo
cated on a su rvey l ine , or on a perpend i cu l ar d i stance to a su r vey 1 i ne and 
determin i ng the beari ngs and d i stances f o r t he sett i ng out of computed 
po i nts . 

The data co ll ec ti ng of gro und deta il s is accomp l is hed nowa days by photogram
metr i c means . The conf iguration o f the reco rd i ng system i s g iven i n Fi g . 3 . 
The codes a re i nse r t in g i n x , y- data r eco r ds of po i nts , 1 i ne s and areas 
us i ng men u- keyboard . The key board wit h rep l aceab l e code sl i des (F ig . 4) 
seems to be mos t su i tab l e fo r the numer i ca l cod i ng of stereop l ott in g . The 
con t ents of the tape casette i s t ransferred to t he comp uter for data man 
agement. MON IKA i nc l udes prog r ams f o r the b lock adjustment o f i ndependent 
two- o r three - d imensiona l mode l s a nd fo r t he bu nd l e b l ock adj us t me nt . 

Pl enty of da t a fo r ur ba n mapp i ng are i n grap h ica l mode , which mus t be con 
ve r ted i nto nume ri cal mode before t he p rocess in g . The graph ica l mater i a l 
cons i sts of f ie l d sketches of gro und s urvey ing and ut ilit y su rveys , c i ty 
p l ans and maps , e t c . The menu of d ig i t i z i ng by tablet i s a na logous 
to the menu -keyboa r d of ste reop lott i ng . Di g i tized coord ina t es a re t rans 
formed us i ng four -or - s i x -paramete r mode l to ground coord i nates befo re the 
da t a transfe r t o the data base . 
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3. Data base struct ure 

The complex i ty o f ha ndling spatial 
purpose character of va r ious data . 
day use shou l d meet t he demands of 

data i s due to the l a rge sets and mu l t i
The organ i zat ion of data base for eve r y

econom ics and re l iab il ity of the system . 

The data structure of the MON IKA system was des i gned to manage data for 
l arge scale mapp i ng . Points , l ines and areas are t he necessa r y topolog ica l 
e l ements to comp il e a l l features of base maps . The MONI KA system can deal 
with these elements and attribute data re l ating to them /3 , 5/ . Po i nts 
and l i nes have a spec i fied li st of p lott i ng parameters i ncl ud i ng common 
text and symbo l i sm . The location of e l ements can be expressed by refe re nce 
t o a geograph i c l abel or to a geomet ri c location . The gene ra l st ructu r e of 
MON IKA i s g i ven i n Fig . 5 . 

Pr imary data ident i f i e r cons i sts of two i nteger codes T1 and T2 . The ident 
i fier T1 may have va l ues from 1 to 999 and T2 va l ue between 1 and 9999 . 
For example geog raphic l abelling can be def ined us in g thes e ident i f i e r s in 
wh i ch case T1 may ind icate a d i st ri ct number and T2 may have a quar t er num
be r. Further c l ass i f i ca ti on wi l l be accomp li s hed by mea ns o f i de nt i f ie r T3 
ranging in value from 1 to 999 . Wi th i n a c l ass a s i ng l e data i tem may have 
an ind iv i dual identif icat ion numbe r T4 . Thus i n t he MONI KA structu re a n 
object may have four i dent ifi ers and i t makes a who l e of 15 numer i c d ig i ts . 
That wi l l be eno ugh for the ma j o r i ty of pract i ca l app l ications . 

The data base i ncludes four data g roups i . e . po i nts , li nes , a r eas a nd att ri
butes . Po i nts are devided into two subgroups . The f ir st one i s termed 
reg i ste r of ca l cula t ed po i nts and po i nts a r e identif i ed by primary i den t 
i fiers (T 1 , T2) , class ident i fier (T3) a nd by a n i nd i v i dua l numbe r (T4) . 
Po i nts of the second subg roup termed reg i ster of graph i ca l points , are i dent 
i fied by T1, T2 and T3 on ly . Coo rdinate data of po i nts i s a l i st of x,y , z 
coord i nates . Li nes are subgrouped an d i dent i fied ident i ca ll y wi th po i nts . 
A l i ne in the fi r st subg roup is def ined by reference t o po i nts of reg i ster 
of calcu lated po i nt s . Li ne s of second type are def i ned by a st ri ng of x , y,z 
coord i nates . Areas are composed so that lines a r e lin ked togethe r. 
Nodes a re fu r n i shed wi th a prope r code for the exact match i ng of li nes . 
Attr i bute data ca n be assigned to eac h comp lete l y def i ned po int , line and 
area . That approach makes po s s i bl e to select the cont en t s of mapsacco r d in g 
t o needs of use r s . 

4 . Appl i cat ion i n mapp ing process 

The conf igurat ion of hardwa r e used fo r the developme nt of t he MONI KA system 
i s given in Fig . 6 . The ma i nf rame i s a PDP 11/3 4 processor with 64 Kwords 
of 16- b i t core memory . Per i phe ra l equipment consists o f a double d i sk RK05 
with 2x2 , 5 Mbyt es, alp hanume ri c term i na l Ta ll y 1612 , paper t ape reader , 
vector refres h graph ica l system Megrap hi c 7000 an d f l atbed p l otter CIL 4/74 . 
The ste reoplott i ng instrument Topoca r t C i s con nec t ed t o the i ns t a ll at ion 
via the photo reco rd in g dev ice . Softwa r e wr i t t en i n Fo r t r an IV i s run unde r 
t he operat ing system RSX - 11M. 

The mapp i ng p rocess us i ng the MONI KA system can be desc ri bed as follows . 

Phase 1: Fie l d su r vey i ng and computat ions necessa ry t o prepa re data fo r 
data base, 

Phase 2 : Encod i ng photographs on a ste r eop lott i ng i nst r ument and dig i tiz i ng 
graphica l mater ia l on a tablet . 
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Phase 3 : Verif icat ion and inte ract i ve ed i t ion of the content of data base 
on a g raph i c d i sp l ay . 

Phase 4 : Drawing map s heets on a f l atbed p lotter . 
Phase 5 : Inspect ion of map sheets and i f necessary manua l ed i t ion a 
Phases 1 and 2 a re descr i pted i n t he chapter 2 . Some deta il s deal i ng wi th 
the other phases wi l 1 be out li ned . 

Dur i ng ed i t i ng sess ion data are d i s pl ayed i n the use r def i nab l e order ac
cording to i dent i f ier T3o The un r emovab l e data wi l l take pr ior i ty over the 
data that can be ed i ted unrest ri cted . For example property boundar i es have 
priority over natu ra l featu res , po i nt numbers and text . The man i pulat ion 
of the map image uti ] i ze the software based on Megatek- subroutines /4/ . 
One screen image can be outputted d i rectly by t he f l atbed p lotte r o r the 
p icture may be stored on a d i sk f il e fo r draw i ng afte rwards . Data base 
f il es are updated accord i ng to the co r rect ions made on the d i sp l ay fi l e . 

The symbo l ogy and text of the MO NI KA system i s completely user def i nab le. 
Symbo l s may be assoc iated wi th each identified po i nt , 1 i ne and area . Symbo l 
def i n i t ion language a l lows the use r to generate any kind of symbols, that 
can be sto red on the symbo l reg i ster . 

Examples of produced maps are shown i n Fi gu res 7 and 8 . 

5 . Conc l us ions 

The project for the develop i ng the MO NI KA system demonstrated that a min i
computer based i nteract ive graphic system prov i des an effect i ve in strument 
for the product ion of c i ty maps at l arge sca l e . Standard izat ion of data 
collecting and recording as we l l as of the symbo l ogy cou l d be a g reat he l p 
for the users and fo r the organ i sat ions that a re deve l op i ng computer sup 
ported mapp i ng systemso In the near futu re standa r d iza ti on will become 
ve ry important fo r the reason that numer i ca l maps stored on a data ca rri e r 
wi l l subst i tute p l ast i c sheets as org i na l ev i dence . 

Even i f the pro j ect was comp leted in t he spr i ng of 1980 the MON IKA system 
i s under cont i nu i ng development and ma j o r object i s to improve the ed i t i ng 
f ac ili t ies . 
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Figure 5. Data structure of MON IKA . 
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Figure 7. City bas e map . 

Figu r e 8 . So il map . 
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