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is to develop Strategic Information Systems fo r  integrated traffic management. 
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information system has been built by integrating a Statistical Information 

System (STATIS) with a Geographic Information System (GRADIS-GIS). 
The article reports objectives, methods and results o f  this project.

T raffic c o n g es tio n , a ir  a n d  n o ise  p o llu tio n  
a re  c o m m o n  fe a tu re s  o f  o u r  m o d e rn  w ay o f 
life. T h e  traffic  v o lu m e  is in c re as in g  rap id ly  
w ith  n o  sign  o f any  slow  d o w n . T h e  G e rm a n  
s ta te s  o f  th e  fo rm e r G D R  a re  ex p erien c in g  
a  re a l traffic  ‘e x p lo s io n ’. C u r re n t  e s tim a te s  
fo r  G e rm a n y  fo rec a s t an  e ig h ty  p e r  cen t in ­
c rea se  in th e  a m o u n t o f  p r iv a te  traffic  a n d  a 
fo rty  p e r  c en t in c re ase  in  th e  traffic  v o lu m e  
in th e  ro a d  tra n s p o r t  in d u s try  o v e r th e  n e x t 
tw e n ty  y ears. T h e  o n ly  d e fin ite  s ta te m e n t 
th a t  can  b e  m ad e  a b o u t th e se  traffic  a n d  r e ­
la te d  p ro b lem s is th a t th e  c u r re n t  traffic  
m a n a g e m e n t m e th o d s  a re  n o  lo n g e r ab le  to  
cope.
T h e  traffic  p ro b lem s a re  th e  m o st e x tre m e  
in  th e  la rg e  c ities a n d  b u ilt-u p  a reas. T h is 
h a s  le a d  to  a n u m b e r  o f  in itia tiv es  a n d  c o ­
o p e ra tio n s  e m e rg in g  from  th ese  a rea s , w ith  
th e  a im  o f finding so lu tio n s  to  th e se  p ro b ­
lem s. O n e  o f th e se  in itia tiv es  is th e  p ro jec t 
S C O P E  th a t s ta r te d  in e a rly  1992. T h e  
m em b e rs  o f  th e  p ro jec t a re  th e  c ities o f  
S o u th a m p to n , C o lo g n e  a n d  P ira eu s  a n d  a 
n u m b e r  o f in d u stria l p a r tn e rs  ( th e  p ro jec t 
n a m e  is an  acro n y m  d e r iv e d  fro m  th e  
n a m e s  o f th e  th re e  c ities). T h e  S C O P E  p ro ­
je c t  a im s to  d ev e lo p  an d  te s t  n ew  te c h n o l­
o g ies in th e  field o f  in te g ra te d  traffic  m a n ­
ag em en t. T h e  p ro jec t is su p p o r te d  by  th e  
E u ro p e a n  C o m m u n ity  as p a r t  o f  its A d ­
v an ced  T ra n sp o rt  T elem a tic s  (A T T ) P ro ­
g ram m e.
T h e  a im s o f  in te g ra te d  traffic  m a n a g em e n t 
a re  n o t on ly  th e  o p tim isa tio n  o f  traffic  flow 
b u t  a lso  ch an g in g  p e o p le s  a tt i tu d e s  to w a rd  
tra n s p o r t  in g en era l. A n  e x am p le  is th e  use  
o f  p u b lic  tra n s p o r t  in th e  c ities . T h e  fields o f  
c ity  p lan n in g  a n d  e n v iro n m e n ta l p ro te c tio n  
a re  th e re fo re  as e q u a lly  im p o r ta n t  as m e a ­
su re s  o f c o -o rd in a tin g  a n d  d irec tin g  th e  
flow  o f  traffic.
M e a su re s  a im ed  a t in flu en cin g  th e  traffic  
p ro b le m s a re  h igh ly  in te rd e p e n d e n t. N ew  
tec h n o lo g ie s  a re  th e re fo re  re q u ire d  to  in ­
te g ra te  th e  system s fo r p lan n in g , d irec tin g  
a n d  co n tro llin g  traffic  a n d  its a sso c ia ted  
p ro b lem s. T h e  c o n tr ib u tio n  fro m  th e  c ity  o f  
C o lo g n e  to w a rd  th e  S C O P E  p ro je c t e m ­
p h asise s  p a rticu la rly  th is in te g ra tio n .
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th e  c rea tio n  o f  a  S tra teg ic  In fo rm a tio n  Sys­
tem  (S IS ) th ro u g h  fu r th e r  d e v e lo p m e n t o f 
th e  ex isting  S ta tis tica l In fo rm a tio n  S ystem  
(S T A T IS ). ST A T IS  w as d e v e lo p ed  by  a 
c o n so rtiu m  o f  G e rm a n  cities an d  s ta te s .

h e a d e d  by  th e  C ity  o f  C o logne. A lth o u g h  
o rig in a lly  d es ig n ed  to  th e  n e e d s  o f  d e p a r t ­
m en ts  o f  sta tis tics , S T A T IS  can  b e  c o n s ; '’'  
e re d  as a  g e n e ra l p u rp o se  in fo rm a tio n  äv 
tern. I t  se rv es to  se t up  a n d  p ro cess  in fo rm a ­
tio n  fo r p lan n in g , d ec is io n  s u p p o r t  a n d  s t r a ­
teg ic  co n tro llin g .
ST A T IS  loads, d e sc rib e s  a n d  co n v erts  raw  
d a ta  fro m  o p e ra tio n a l system s. Typical raw  
d a ta  co m es from  p u b lic  re g is tra tio n s  a n d  
o th e r  e v en ts  such  as e lec tio n s, po lls  a n d  
census. T h e  p re p ro c e sse d  d a ta  can  b e  se ­
lec ted  an d  a g g re g a te d  to  ‘in fo rm a tio n  
p a ck a g es’ ta ilo re d  to  m ee t specific  u se r 
n eed s . T h ese  in fo rm a tio n  p ack ag es , w hich  
can  be re g a rd e d  as m u lti-d im en sio n a l t a ­
b les , can  b e  fu r th e r  p ro c essed  to  c rea te  r e ­
p o r ts  o r  to  in p u t in to  sp ec ia lised  a p p lic a ­
tio n  p ro g ram s. O n e  m a jo r  ta sk  o f  th e  C o ­
lo g n e  p ro je c t w as th e  in te g ra tio n  o f a  G IS  
w ith  STA TIS. T h e  m ain  o b jec tiv es o f  th is  
in te g ra tio n  a re  to  p ro v id e  u se rs  w ith
*  a g en era l a n d  e x te n d a b le  d a ta  m o d el fo r  

u rb a n  in f ra s tru c tu re  a n d  traffic  re la te d  
in fo rm a tio n

*  in fo rm a tio n  re tr ie v a l fu n c tio n s  b a se d  on  
a ttr ib u te s , tim e  p e r io d s  a n d  g e o g ra ff  
loca tio n s , w ith  any  o f  th e se  a sp ec ts  co m ­
b in ed
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*  G IS  fu n c tio n s  fo r d a ta  c a p tu re , sp a tia l 
analysis a n d  th em a tic  m ap p in g  

T h e  SIS  p ro je c t g ro u p  c o n sis ted  o f  m e m ­
b e rs  o f  th e  D e p a r tm e n t o f  S ta tis tics  a n d  U r ­
b a n  A ffa irs  in C o lo g n e , th e  S o ftw a re  A G  
a n d  s trä ss le  In fo rm a tio n ssy s te m e  G m b H , 
w hich  p ro v id ed  th e  G IS  so ftw are , s trä ssle  
In fo rm a tio n ssy s te m e  is a G e rm a n  so ftw are  
c o m p a n y  w ith  a b o u t 500 em p lo y e es  th a t 
sp ec ia lises  in tech n ica l in fo rm a tio n  sys­
tem s.

Spatial Reference Systems
N e arly  all traffic  re la te d  d a ta  c o n ta in s  a  lo ­
c a tio n a l re fe re n ce . I f  d a ta  fro m  d iffe re n t 
so u rc es  has to  b e  c o m b in e d , a g g reg a te d  an d  
a n a ly sed , lo ca tio n a l re fe re n c in g  using  a 
G IS  is a  p o w erfu l to o l fo r  d a ta  in te g ra tio n . 
L o ca tio n a l re fe re n c in g  in itia lly  re q u ire s  th e  
e s ta b lish m e n t o f  a u n iq u e  sp a tia l re fe re n c e

^ '" v s te m  c o v erin g  th e  c o m p le te  a re a  o f  in te r-  
st. A v a ilab ility  an d  q u a lity  o f  d ig ita l m ap  

d a ta  hav e  to  b e  c o n s id e re d  a n d  ev a lu a te d . 
A lth o u g h  a c o n s id e ra b le  a m o u n t o f  d ig ita l 
m ap s  a re  av a ilab le  today , it is still a  critical 
task  to  find  d ig ita l m ap s su ita b le  fo r  in te ­
g ra te d  traffic  m an a g em e n t. T o p o lo g ie  in ­
fo rm a tio n  -  n ecessa ry  fo r  m o st traffic  m a n ­
a g em en t p u rp o se s  -  is n o t av a ilab le  in m o st 
cases.
F o rtu n a te ly , a  sp a tia l re fe re n c e  system  co v ­
e r in g  th e  c o m p le te  c ity  a re a  o f  C o lo g n e  an d  
its su rro u n d in g s  is p ro v id e d  in d ig ita l fo rm  
by  th e  D e p a r tm e n t o f  S ta tis tics  a n d  U rb a n  
A ffa irs . T h e  sp a tia l re fe re n c e  system  is 
b a se d  o n  re c o m m e n d a tio n s  fro m  th e  
'D e u ts c h e r  S tä d te ta g ’ fo r a d m in is tra tiv e  
p u rp o se s  in G e rm a n  cities. I t  is b asica lly  a 
su b d iv is io n  a n d  o rd e rin g  sch em e  fo r  r e ­
g ions a n d  c ities , co n ta in in g  h ie ra rc h ie s  o f 
a d m in is tra tiv e  a rea s. T h e  sm a lle s t e le m en ts  
o f  th is su b d iv isio n  a re  s tre e t seg m en ts , in ­
te rsec tio n s , b u ild in g  b lo ck s a n d  asso c ia ted  
ad d resses .

{ 'h is  sp a tia l re fe re n c e  system  is w id e ly  used  
- tO in d ex  an d  to  ag g reg a te  d a ta  o n  a g e o ­

g ra p h ic  b a se  w ith o u t h av in g  to  k n o w  g e o ­
g ra p h ic  c o o rd in a te s . L o ca tio n a l re fe re n c ­
ing  is v ery  easy  to  ach ieve , s ince  in m o st 
cases e ith e r  a d d resses  o r  n a m e d /n u m b e re d  
sp a tia l su b d iv is io n  h e re  can  b e  u sed . T h e  
h ie ra rch ic a l s tru c tu re  o f  su b d iv isio n s a lso  
fo rm s th e  basis fo r ag g reg a tio n  p u rp o se s  
a n d  th e  in te g ra tio n  o f  d a ta  w ith  d iffe re n t 
leve ls o f  sp a tia l re so lu tio n .
In  C o lo g n e, as in o th e r  G e rm a n  cities , th e  
s ta tis tica l sp a tia l re fe re n c e  is s to re d  to g e th ­
e r  w ith  th e  a sso c ia ted  c o o rd in a te s  a cc o rd ­
ing to  th e  G E O C O D E  a p p ro a c h . T h e  re f­
e re n c e  system  th e re fo re  fo rm s a  fully  to p ­
o log ica lly  o rg a n ised  an d  seam less  base  
m ap , c o n ta in in g  p la n a r  n e tw o rk s  in d iffe r­
e n t  leve ls o f  re so lu tio n .
T h e  sp a tia l re fe re n c e  system  o f  C o lo g n e  
h o ld s  a b o u t 140,000 a d d re sse s , 15,000 s tre e t 
se g m en ts  an d  10,000 b u ild in g  b lo ck s a t th e  
h ig h es t level o f  re so lu tio n .
O n e  o f th e  p ro jec t task s w as to  c o n v e rt  and  
im p o rt th e  sp a tia l re fe re n c e  d a ta  in to  th e  
S tra teg ic  In fo rm a tio n  S ystem . T h e  lim ita ­
tio n s  o f  th e  G E O C O D E  m o d e l sh o u ld  
th e re b y  b e  o v e rco m e, e.g. in th e  tre a tm e n t 
o f  a re a s  c ro ssin g  th e  b o u n d a r ie s  o f  ad m in is-

Com ponents o f  
the Strategic 
Information  
System

tra tiv e  su bd iv isions. T h e  costs to  m a in ta in  
th e  sp a tia l re fe re n c e  system  sh o u ld  a lso  be 
s ign ifican tly  re d u ced .

GIS Integration
G R A D IS -G IS , a so ftw a re  p ack ag e  su p ­
p lied  by  S trässle  In fo rm atio n ssy s tem e , w as 
ch o sen  fo r th e  G IS  c o m p o n e n t o f  th e  S tra ­
teg ic  In fo rm a tio n  System . G R A D IS -G IS  is 
b u ilt as an  o p e n  system , e sp ecially  su ited  
fo r  th e  in te g ra tio n  in to  ex is ting  in fo rm a tio n  
system  e n v iro n m en ts .
G R A D IS -G IS  is d iffe re n t fro m  m o st G IS  
so ftw a re  p ack ag es  in th a t  it is a c o m p le te ly  
d a ta b a se  o r ie n te d  system . A ll sp a tia l o b ­
jec ts  inc lu d in g  th e ir  g e o m e tric  an d  to p o lo g - 
ic p ro p e rtie s  a n d  th e ir  a ttr ib u te s  a re  s to re d  
in o n e  sing le  co m m erc ia l d a ta b ase . In  th is 
w ay th e  w e ll-know n p ro b lem s o f  m a in ta in ­
ing  co n sisten cy  b e tw e e n  g e o m e try  a n d  a t ­
tr ib u te s  a re  av o id ed . T h e  u se r d o es  n o t 
h av e  to  d ea l w ith  d iffe re n t s to ra g e  a n d  d a ta  
m a n a g e m e n t sch em es fo r  g e o m e try  a n d  a t ­
tr ib u te s .
F e a tu re s  o f  G R A D IS -G IS  th a t lead  to  its 
se lec tio n  include:
*  o b je c t-o r ie n te d  an d  to p o lo g ic  d a ta  

s tru c tu re s
*  b u ilt-in  d a ta  s tru c tu re s  an d  fu n c tio n s  to  

h a n d le  p la n a r  n e tw o rk s  a n d  n o d e -ed g e  
to p o lo g y

*  seam less d a ta b a se  s to ra g e
*  m u lti-u se r cap ab ility  a n d  d a ta  secu rity  

fe a tu re s
*  p o w erfu l to o ls  fo r  c u s to m isa tio n  a n d  d a ­

ta b a se  in te g ra tio n
*  c u s to m isab le  O S F /M o tif  U se r  In te rfa c e
*  o p e n  system  s ta n d a rd s  like  U N IX , S Q L , 

X I 1, C G M  an d  T C P /IP

Data Modelling
T h e  first s te p  in th e  in te g ra tio n  w as the  
sp ec ifica tio n  o f an  un ified  logical d a ta  m o d ­
el c o v erin g  all sp a tia l en titie s . T h e  d a ta  
m o d e l is d iv id ed  in to  sev e ra l ap p lic a tio n  a r ­
eas , en ab lin g  th e  ex te n sio n  o f  th e  m o d e l to  
new  ap p lica tio n s . In  th e  d a ta  m o d ellin g  
s tag e, th e  SIS  p ro jec t g ro u p  to o k  a d v an tag e  
o f  th e  use  o f  C A S E  too ls. T h is  a p p ro a c h  has 
u n til now  b een  ra re ly  u sed  in th e  G IS  a rea .

T h e  ex p erien c e  fro m  th e  G IS  in te g ra tio n  
show s th a t  fo rm al d a ta  m o d e llin g  a n d  th e  
use  o f  C A S E  to o ls  c o u ld  sign ifican tly  sp e e d  
u p  th e  d a ta  m o d ellin g  stage.
A  cen tra l p a r t  o f  th e  d a ta  m o d e l a re  th e  
sp a tia l su b d iv isio n s th a t  a lre ad y  ex ist in th e  
s ta tis tica l re fe re n c e  system . T h e  su b d iv i­
s io n s d esc rib e  th e  sp a tia l re fe re n c e  a n d  
p ro v id e  th e  links to  d e m o g ra p h ic  an d  a d ­
m in is tra tiv e  d a ta . T h e  sp a tia l b a se  fo r p r i ­
v a te  a n d  p u b lic  tra n s p o r ta tio n  p lan n in g  is 
m o d e lled  c lose  to  th e  G D F -fo rm a t.

Data Conversion
T h e  sp a tia l re fe re n c e  d a ta  co u ld  be  c o n ­
v e r te d  a n d  im p o r te d  in to  G R A D IS -G IS  by 
m ea n s  o f  re la tiv e ly  s im p le  c o n v ers io n  p r o ­
g ram s. B esid es th e  G E O C O D E  d a ta , a 
n u m b e r  o f  d iffe re n t files w e re  u sed  to  r e ­
tr ie v e  th e  n ecessa ry  in fo rm a tio n . T h is 
m ain ly  a u to m a tic  d a ta  im p o rt w as fo llo w ed  
by tw o fu r th e r  s tep s. F irs t th e  city  b lo ck s 
w ere  fu r th e r  d iv id ed  in to  sm a lle r  su b d iv i­
sions. S econdly , so m e  re la tio n s  b e tw ee n  o b ­
jec ts , w hich  w ere  n o t  m a in ta in e d  in  th e  e x ­
isting  files, h a d  to  be  d e fin ed  a n d  e n te re d . 
C o n v e n tio n a l m an u a l d ig itising  w as u sed  to  
re fin e  th e  b lo ck  subd iv isions.
A d d itio n a l e x p e rien c e s  have  b e en  m ad e  
w ith  th e  usag e  o f  o r th o p h o to s  (scale  
1:5,000), th a t  w e re  sc a n n ed  a n d  d isp lay ed  
as g rap h ica l b a c k g ro u n d  in G R A D IS -G IS . 
T h is  a llo w ed  a  very  fa s t o n -sc ree n  d ig itis­
ing. I t  a lso  tu rn e d  o u t th a t  th e  o r th o p h o to  
as b a ck g ro u n d  d a ta  can  se rv e  as an  im p o r­
ta n t  h e lp  in u n d e rs ta n d in g  an d  in te rp re tin g  
th e  re su lts  o f  m an y  q u e rie s  a n d  analyses.

System Integration Functions
M e th o d s  b a se d  on  th e  d a ta  m o d e l a re  sp e c ­
ified a n d  im p le m e n te d  e n ab lin g  b o th  sys­
tem  c o m p o n e n ts  -  ST A T IS  a n d  G R A D IS -  
G IS  -  to  access d a ta  fro m  each  o th e r. T h e  
b asic  in te g ra tio n  fu n c tio n s  a re
*  sp a tia l se lec tio n  o f  a tt r ib u te  d a ta , using  

g e o m e tric  o r  to p o lo g ic  o p e ra to rs
*  se lec tio n  a n d  v isu a lisa tio n  o f  g eo g rap h ic  

p ro p e rtie s  to  g iven  a ttr ib u te  d a ta
*  c rea tio n  a n d  u p d a te  o f  sp a tia l re la tio n s  

(n e ig h b o u rh o o d , c o n n ec tiv ity  e tc .)
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T h e  sp a tia l se lec tio n  is o n e  o f  th e  m o st im ­
p o r ta n t  to o ls  u sed  to  in te g ra te  traffic  re le ­
v a n t d a ta  fro m  d iffe re n t so u rc es , e.g. traffic  
flow a n d  a ir  p o llu tio n  a lo n g  a d e s ig n a ted  
ro ad . T h e  in te g ra tio n  o f  ST A T IS  an d  
G R A D IS -G IS  p ro v id es  tw o  g e n e ra l w ays 
to  p e rfo rm  sp a tia l q u e rie s . T h e  u se r  can  
s ta r t  w ith  a g e o m e tric /to p o lo g ic  q u e ry  an d  
th e n  re tr ie v e  th e  a sso c ia ted  a ttr ib u te s  o r  in ­
fo rm a tio n  p ack ag es . C on v erse ly , th e  u se r 
can  s ta r t  w ith  a  se lec tio n  on  a ttr ib u te  d a ta  
a n d  th e n  re tr ie v e  sp a tia l  en titie s . B o th  
m e th o d s  can  b e  co m b in e d  in a  se q u e n tia l 
m an n e r. T h e  re su lts  o f  sp a tia l q u e rie s  can  
b e  u sed  to  b u ild  in fo rm a tio n  p ack ag es  in 
ST A T IS  fo r fu r th e r  p ro cess in g . In  m an y  
cases an  (a d d itio n a l)  v isu a lisa tio n  in  fo rm  
o f  a  th e m a tic  d isp lay  o r  m a p  allow s a very  
in tu itiv e  a n d  c o m p re h en s iv e  p re se n ta tio n . 
A  spec ia l fe a tu re  o f  th e  in te g ra tio n  is th e  
u se  o f h e te ro g e n e o u s  h a rd w are . S ince  S T A ­
T IS  is d e s ig n ed  fo r  very  la rg e  a m o u n ts  o f 
d a ta  a n d  th e  u se  o f m an y  te rm in a ls  its first 
re le a se  ru n s  o n  m ain fram es. G R A D IS -G IS  
ru n s  on  U N IX  w o rk s ta tio n s . T h e  tw o  sys­
tem s  a re  c o n n e c te d  by  a  n e tw o rk  so  th a t 
ST A T IS  can  be  accessed  o n  th e  w o rk s ta ­
tio n . A  new  re le a se  o f S T A T IS  is a lso  ava il­
a b le  on  U N IX .

Summary
L o ca l g o v e rn m e n t a u th o r it ie s  as w ell as

SIS Data M odel 
Subdivisions

m an y  la rg e r  p r iv a te  c o m p an ies  h o ld  v ast 
a m o u n ts  o f d a ta  w hich  a re  sp a tia lly  re fe r ­
en ced  by  a d d re sse s , by  a d m in is tra tiv e  a rea s  
o r  o th e r  re fe re n ce s . T h e  in te g ra tio n  o f  a 
G e o g ra p h ic  In fo rm a tio n  S ystem  w ith  a S ta ­
tis tical In fo rm a tio n  System  in C o lo g n e  
show s h o w  th e  sp a tia l a sp e c t o f  in fo rm a tio n  
can  be  accessed  a n d  u sed . M o d e rn  G IS  
tec h n o lo g y  can  se rv e  as an  im p o rta n t too l 
fo r d a ta  in te g ra tio n  a n d  fo r s tra te g ic  d ec i­
sion  su p p o rt.
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