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ABSTRACT 

Flat a acrlnisi~ ion for Gronraphic Inlormalion S y s t ~ m ~  
is bot l~ t imp ronsumiug and expeiislrc. Most existing 
work is undrrtakeil usit~g manual methods which sub 
Cer the additional problrrn ol producing; resuIts whir11 
vary arid show iuconsisre~~cy. I\ variety of automatic 
attd srmi-automatic melllorls liave bWll devclopcd to 
try lo reduce thcsc difTiculties. F'niortunatcly. many 
of! hesc reclmolopies fail to work w i ~  k the noisy. soiled 
or corruptcrl matcrial with which borrau companies 
typically work. '1 he ralk dcscribcs two solutions de- 
s i ~ n ~ d  to Iowtr 111~ msl :u~d i t trrcsr thc rcljabiLitv of 
GIS data cap1 urp. T)FC;IS~I" is a product designed to 
rs t ra t t  liriec horn p a p r  d o c u ~ n c ~ ~ l s .  D1I;IS'T oper- 
atcc with mmplcx or soiled rlocumcnts aud has been 
sl~orrbn t o  si~liihcanl1y rcducc t lic cost of pmeratinp, a 
(.:IS, h sccond technology tackles the problem of tpr- 

sirin ge11rrario11. .\1'TO-ZZ is a f~ilrp aulomatic svs- 
I cIn fur i ltc ~enpra~ ion  of terraill surfaccs from s t ~ r m  
i i n a ~ e  pairs rapturpd from aircralt or satellites. 

'Tl~e world <;IS markpt i s  r u r r ~ r ~ t l y  crtimated to be 
wort11 arounrl %.ti Ilillior~:'. Of I his. at 1~ast 7% i s  di- 
rcrtty attr ib~ltablc lo data  colivcrsion cos~s .  Work by 
an indcp~ndent consult ant in Sort h .Ammica [HargZ] 
ha! s u ~ ~ e s t e d  lliat morp than 70% of GIs dara con- 
vrrsiotl is rlo11e n~a~lual ly  and ~l l a t  this currently rep- 
rescnls a serious hottlcneck to thr widr scalp d e v ~ i -  
oprnent and uptake 01 (;SS[iYcl~flI]. 

Ovrr the lasi 1rt4 years. a rallsidtrablc rfliart has 
gorir into developing technology which is designed to 
s s i s t  or aillomatt? tlre riala c o ~ ~ v r r s i a ~ i  !.ask. I'11ior- 
lunatcly. whilst most of tlkrsr drvr~lopmeuts Ilare pro- 
ducer] high quality drmonsf rat ions with carefully se- 
lecl rd dal a, pcrlormatlcr d r ~ r ~ d r s  w l i e ~ ~  used with 
I hr rlocuments or i m a ~ ~ s  cornmonlv used by bureau 
con~patiies. lIr1c11 OF llic data ronvcr~ion task takes 
plarr. w i f l l  paper doruments which are stdnrd or 
11ave bmn hand-crasetl or Land-trlited. Photographic 
rrrords may also be dcnradpd. .4lt houg1i a variety of 
computer-has~d products have llow enterrd the mar- 
kct for assisting or au~oniatiug ~ h c  data conversion 
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task. many have yet to cwss thc commercial thresh- 
old for solrink, the bulk of scal dal a conversion. 

This papPr desrrib~s a new product. DIGIST. 
~vh ic l~  is athe to lrack lines and contnuss on soiled 
or complpx documcrils and CoIlvprt the data  to a 
GTS. \Z;. d s o  sl~ow some results ~ ~ n r r a t e d  by a f a !  
.;rcree matching algorithm, Al'TO-%, wllirlt automat- 
icall!. KcticratPs a n i ~ i t a l  Cleva~iou Stodd (DF,\I)  
from slereo Imagcs. 

Slost Iirre I r ~ k i n g  systcrlls \vr.nl.li tvit11 bi~iary (only 
black and white) d a ~  a in whctl t l ~ e  I l~rrslloldinp; coni- 
mod!: occurs in t h p  scatlncr ilsrll. r\pplying :L fisrd 
t hresl~old to soilrd or compl~x imagcs of d o r u m ~ n l  s 
may rcsvlt in a s i~i~i l icant  Ioss o[ image clarity. ror  
complex ituagrs. tllcrc i s  no s i n ~ l c  thrrshold valuc 
that can adequately he applied lo the ~ n t  ire image. 
Thcr~forc,  not hav~ng to apply a threshold at scan- 
ning time i s  a disti~ict ad van tap;^. The new problem 
is one or workiue, will1 grey ralucd irnag~s. 

R ~ c ~ n t  clrariges iu workstation Itartlwar~ perfor- 
mance now mean that there is no prul)lpn~ ill <tori tlq 

large data s t ~ s  ill computer memory. Fbr rxan~plc .  
a 1:1250 Ordnar~ce Survey rnap s c a n ~ l ~ d  at l5n dots 
per inch (dpi), rakcs up less than li rnagabytrs (lib): 
workstations are now rarely instdird with lrss than 
It? LIb of memor!.. 

To start I l ~ c  process. the docu111rtir i s  s c a ~ n r d  wld 
loaded into the system. I:olloui~lg arl irnagv warpitig 
operation to arljusl I he coortlirtal c frail~r. I he uspr ap- 
plirs a red- t imp clippir~g oprrat ion which help$ make 
the lines more visiblc. Clippiug iq an operation which 
filtcrs out grcy rall~cs ontside a partic~rIar rarigr. 
Compone~its are the11 placed niatir~ally otrto the dor- 
umcnt image and I heir ar tribute< stored. Lxarnplcs 
01 components could I)? ,jt~nctior~-boxes. nianholc coy- 
rrs. rransformcrs. pumps or whatevrr t l ~ c  applicatior~ 
r ~ ~ a i r ~ s ' ' .  'I'ht- usvr points ro t IIC lirle witll I lie rnousr 
and 1)lC;IST then autumaticalIy tracks 1Le linc a114 
connects l o  I hc componcnts. Tliis nltans that ill a 
s i n ~ l e  proccss. tlte line is automatically I racked, if '2 
conl~~ctivily is ~ n a d c  cxpliril arid I11r user can verily 
the operation via tllr uscr i n t r r i a t ~ .  

'Thc f i r ~ t  fttUv rrp~raiionel Fyqtrrn Inr Inass data tonwr- 
sron IR for utditv companlrs ~rrvolvrd lib I h p  plrr tr i r i ly  rlrpplr 
ind!~ntry 



Sllould I he document coutajn a portion which has 
a torally different conlrast t o  elseuuhere. t l ~ p  user can 
dynamically alter the clipping value using a simple 
slider control whirti is built into t l ~ c  inieriacc. In 
this wav the nser lias total control or the application 
ria a simple and intuitive interface. The use of grey 
scale erlsures that lines are tracked dong their ccntre 
and that junction ambiguities arr  handled correctly. 
Should rbe system makc a. tracking error. the operaror 
ran immediately I lal?  the tracking process, cut it back 
ro where the error occurred and then continue dong 
I he right track. 

The DlGIS1' technoIo~v has r e c ~ n t l ~ '  bcm re- 
I~ased  in a commercial product. Ovcr tlre nrxt 12 
months versions will be available to solre various ap- 
plications including t he gas. water and telecommu- 
11ications utilitim as wrll aa hantll i~g F O I Q U ~  and 3L) 
data. 

F i g ~ ~ r e  3 shows a view of the nser interfacc with 
a grey-scale i n a v  loaded loaded in. Thc Ittiage has 
been processed by the system and a rolo~ircd graph- 
ical overlay is used to map rbe lincs back ovcs the 
original irnagc. 

For many GIS applications, XD inlormation is rc- 
quimd, A common approach is t o  capture stereo pairs 
of acrid images. Tllesc are then subjccted to pho- 
tagrammetric conversion and scaling lallowcd by a 
rnatcl~ing process which identifies common points in 
the TWO imagcs. The vast bulk of this wark is carricd 
out by hand. 

The automatic discovery ol left-right matches 
in stcrco-pair imag~s. Ficreo m m s p n d r n c ~  [JulTI, 
SIFR I ,  Pt'R.11 is an intensively researched probl~m.  
Correct matches are thoec wliicti project to the same 
points in t be scene. 

Slarr and Grirnsor~ (see [Gtial])  built ilieir rnatcll- 
ing algorithm on thr  zero-crossings o l  a number of 
T3G filtered imagcs. The bcliwiour of zero-crossings 
derived from filters of different size (varying a) li;ls 
culminated i f )  t l ~ e  linger-print theorem which states 
that zero-crossings will not occur abruptly in thc ( 2 -  

o) scalc spacp [WEtR3]. This is of great heuristic \ d u e  
and laid a solid mntlwmaticd foundatiol~ for token 
t raring over a variely of scdps. 

A n  alternative approach to ihc tokcu-based meth- 
ods is t o  perform matchi~~p, on the complete ~ a y - l e v e l  
image or on its conrrolutions. li'itkin el ol's [kVTKR6] 
approach is representativr of such methods. Here. 
ttic syslem traces down the scde space continnousll; 
as tlip fin~erprint  theorem indicates. T h r  approach 
avoids t t ~ e  problem of linking tokens of ncighbouring 
scales by pmdurin~ a dense (pix~l-by pisel) cst imaie 

" P ~ D ~ U C ~  release datr tor Europc and North Arncnca: 26th 
OrCober 191)". 

F ~ R U ~ P  1: llultiple Scale Signal IlatcI~ing. 

of thp disparity map as wcll as implicitly maintain- 
ing a con~inuily constraint inherpnt in the nature or 
contiuuous blur fnnct ions. 

'The matrliing process ased here is a muhi-scale 
signal matcher (.ItSS.lf) [JllH(T). Its inpur is an im. 
agc pair and its output is a pixel-by-pixrl. continuolls 
nleasilrp of all imagcn discrepancies. niscrrpar~cics are 
represented by two images. one nhhich depicts all her- 
izout d discrepancies and the ot hrr  wl1ic11 dcpicts all 
rcrt icd rlisrrrpanri~s. 

Eigurp I sliows ille soitware architectur~ lor the 
muIl i-scale signd matcl~inp, algorithm. Ear11 of thp 
~ w o  input i m a r ~ s  is blurred u s i ~ i ~  a large G2G fil- 
rer whosc sizv is dcicrmined by o. For each pixvl 
in one irnaple, the matching pixrl ill tlw other im- 
age is searched lor, using a cross-correlation function. 
Thc cross-corrclat i o ~  scarches t hr nriglrhourhood of r 
pixel rat her than a single pixel to pravid~ the match- 
ing scorr. 'The scarcli starts from the initial discrrp- 
aricy cslimate, t.y.. 10aO) and elids at a local opti- 
mum around that i t ~ i  tial discrepa~icy est imat r. For 
the roarscst filter. the displacemtnt of t l ~ e  pixel in 
rhe irnagc i s  the initial discrepancy estimate lor the 
algoritl~m. T l~r  output discrepant?. maps (vertical 
and IrorizontaI) arr usrd as t h e  iniiial rliscrrpaucy rs- 
timates lor the input images convolvrd rvilh a smaller 
y2C: fdtcr of u/Z. 1'11~ prowss is r ~ p e a t ~ d  and so past 
t h r o u ~ h  to finer s c d c  fillers fol!owi!lg a coarse-to-linc 
r e~ imc .  Thc output Irom the smallcst Rlier is t hp. 
l ind estimate of the iniap;r discrrpancits. 

Figure 2 sIlows a stprco pair of irnagm of Irish 
Canyon i i ~  t h e  I'nitetl Statcs. The strrco pair was 
inpt~t to StSSM and rac l~  poinl in t h ~  two images 
was match~ri. bllowinp; photograrnmetrir scaling, a 
Digital I':lcvatiot~ nlodol war constructpd and tllr orip 
iual image eeln<~ icxlly sl retched bark over the surrxe.  
nccause rbr model was constructed dircctly from the 

stereo imagcs, the i r n a e ~  trxture is guarant~cd to be 
in perfcct correspor~dcnce with the terrain. The 31) 
view a1 the hot tom of figurc 2 i s  o w  from a sequence 
'fly thtougl~'. 

rZ1"I'O-Z is a C program w11i~Ii rcqliir~s no SPI-up 
parameters and Euarantccs ari optimal match which 
is accurat? lo approxirnalelv o11c ciglltl~ or a pixcl. 
tWrm rurtuilrg oil a Sun I P X  rvorlstation wit11 no 



spccid bardware accelerators. the algorithm produccs 
approximately four thousand heigl~t estimates per 
second. 
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Figure 3: Screendump from DEGIST during operation, The converted lines, objcc& 
and conectivity have been overlaid on the original document.. 




