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ABSTRACT: The Computer Aided Resource Information System (CARIS) has been extended with on-screen, hybrid, and 
correlation-based digital map-rev~sion environments to support the revision of digital maps using imagery acquired 
from airborne and satellite sensors. The on-screen environment is an implementation of the now-familiar integrated 
raster-imagelvector-graphics display (within the existing CARIS map-editing environment), but with a novel raster image 
organization scheme. The hybrid environment has an integrated raster-imagelvector-graphics display for visual change 
detection, while supporting h~ghly accurate manual digitization from hardcopy aerial photographs and relief displace- 
ment correction using a digital elevation model (DEM). The correlation-based environment ~ncludes relief displacement 
correction of digitized points without a DEM when overlapping photographic coverage is available. The hybrid and 
correlation-based environments are being generalized to accomodate imagery from the SPOT and Landsat satellites. 

INTRODUCTION 

T HIS PAPER DESCRIBES extensions to the Computer Aided Re- 
source Information System (CARIS), a GIs developed and 

marketed by Universal Systems Ltd. (US,) of Fredericton, New 
Brunswick, to facilitate the revision of digital map data from 
digital and analog imagery. These extensions are in the form of 
three separate map-revision environments: on-screen, hybrid, 
and correlation-based. The different environments are suitable 
for different accuracy requirements, and for using elevation data 
from different sources when correction for relief displacement 
is important. Software for this project has been implemented 
on a Sun workstation with an 8-bit-per-pixel color display. 

CARIS was initally designed and implemented to store, dis- 
play, and manipulate point-vector data and to interface with a 
commercial database management system that manages the as- 
sociated lexical data (Lee, 1983; Masry, 1982). CARIS has since 
been extended to handle, in a similar fashion, map objects that 
are stored as 1-bit-per-pixel raster data and to convert between 
raster and vector formats (Reedijk, 1990). The capabilities de- 
scribed in this paper are a subset of those that were developed 
for storing, displaying, and processing multiple bit-per-pixel 
raster image data within CARIS. 

ON-SCREEN MAP EDITING ENVIRONMENT 

The CARIS map editing module, CARED, was extended with 
raster-image display capabilities that allow users to edit a vec- 
tor-based map file through a workstation screen display of the 
map data on a raster-image background. All of the pre-existing 
CARED operations work as they did before the extension, in- 
cluding those for changing the display window and scale. 

A major objective in the design of this extension was to provide 
an environment in which displays could be created from a wide 
variety of raster-image data with as few pre-processing steps as 
possible. This objective was met through the use of a flexible 
raster-image data organization scheme. 

In most software systems that display and process raster 
imagery, particularly remotely sensed imagery, thh raster-image 
data are organized as collections of lavers where each laver is 
assumed toke a rectangular array of piiels from a single sdurce. 
An example of a raster-image layer in such a system is a single 
channel of a Landsat MSS scene. Layers that are often combined 
in color-composite displays or for multispectral machine 
processing may be collected into distinct data sets. Typically, 

layers in such sets are required to have the same raster definition 
(pixel-depth, pixel-size in ground units, and geographic position) 
and extent (number of rows and pixels-per-row). This scheme 
facilitates multispectral machine processing but is restrictive with 
respect to image display. For example, a user of a system that 
conforms to this scheme who wishes to view a color-composite 
display of a SPOT panchromatic scene and two Landsat Thermatic 
Mapper (TM) channels would have to first resample the TM 
channels into new rasters that have the same raster-definition 
and extent as the SPOT raster. 

In CARIS, a raster-image layer is a set of one or more regions. 
A region corresponds to a layer in the scheme described above. 
Multiple regions that belong to the same layer are not required 
to have the same raster definition, and a region may belong to 
more than one layer (Figure 1). As in conventional systems, a 
layer represents the data that controls a single color in color- 
composite display. Layers that are intended to be used to create 
various backdrop displays for the same map are collected together 
in a single raster image. The CARED raster-image display system 
supports this scheme, which means that data from different 
sources may be displayed together in a monochromatic display 
or as a single color in a color-composite display without requiring 
the user to first resample the data to a common pixel size and 
physically merge them into the same file. 

For any given map display on a window-based display system, 
the window's drawing surface (or canvas) represents a certain 
geographic extent, depending on the scale at which the data 
are drawn on the screen and the geographic location that the 
data represent. Furthermore, each pixel in the canvas represents 
a certain area and location. Thus, the canvas may be thought 
of as having a raster definition for which the pixel size, raster 
dimension, and location parameters are set by the display scale 
and location. When displaying raster imagery as a backdrop to 
a digital map, CARIS obtains the canvas raster definition 
parameters as set by the map display and automatically resamples 
(by nearest neighbor) the image-region data to that raster 
definition when transferring the data from disk to main memory 
(Figure 2). Because of this resampling, the dimensions of the 
canvas only influence the spatial resolution of the raster image 
display, and not the extent of an image region that can be 
displayed at any one time. Also, for each image region in the 
display, only the part that intersects the geographic extent of 
the display is read from disk. When reading a layer that is 
composed of multiple overlapping regions from disk, CARIS 
arbitrarily selects one region to be visible in the overlap area. 

A current raster image that has been input into CARIS consists 
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FIG. 1 .  A schematic example of a raster image in 
CARIS composed of four regions (R1-R4) and five 
layers. 
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FIG. 2. Regions comprising a single layer are dynamically 
resampled to a uniform raster definition when displayed. 

of ten single-rt,gion Icivers of geophysical data having 250- 
metre pixt'l sl/tX, sc'veri s~ngle-region layers of Lands'it Pl~c~rn~itic 
M c ~ ~ l p c r  data having '1 30-metre, pixel size, , i ~ ~ c i  o11c. ~n~~l t ip lc , -  
region laycr tli,it rv,is cre'itt>ci by scanning  adj,icent ac)ri,il 
~1iotogr.iphs t i )  a 7-metrtt pixel s i re  (one region per photo). 
Color-cc)nit3ositt, ~iispl,iys of any three layers tii~iy be cre<~ted ,it 
'irly scale. 

In the currt~tit implcriient;ltion, the descriptive Jdt'i for Ic>yers 
c i ~ ~ c l  rc'gio~is '?re storecl in tabular form in ,111 ASCII text tile ci~icl 
tht, ,ict~~,il pixel v , ~ l ~ ~ t ~ s  ‘ire. storccl in one or more separate binary 
files 'is ~ ~ n s t r ~ ~ c t ~ r r c d  strings of bytes. The descriptivt~ cl,lt,~ for 
a rt,gion includes tllc d,ita needed to impart a structu~.e to thc 
stored ilnC1gc. pixt.1 vcilues, as  well as tlie parameters of ec~c.li 
region's r'ister ~1c.finition. This implementcition allows ,ill of tl~c, 

dc~.;crit7ti\~c~ dat'i to be read and modified using ,I t'xt cditor. 
Alsci, it woulci be r'isy to use the relation,ll dritriL3r~st' I ~ I ~ I I I ~ ~ ~ ~ I ~ I C I I ~  

systcvm that is currently coupled with C'AI;IS to rn~iti~lgc tlicse 
ci 'I t<l . 

Wlicn ,I r,istc~r-i~li~ige clisplap is crtxc1tctj, the rc~s,lr~iplc~ci ciC~ta 
tor c,cic-li I.1yt~ .irt3 lociclrd into a buffer of tight-bit vciluc~s in rn'lin 
mc.mory, dncl L>itmclp tor e'ich layer  is crc~,ttt~cj \vllicli 
cliscrimin,itc\ the "non-null" clisplay pixel5 tor eac.11 I~ve'r. (I>ispl,iy 
pixc~ls ,irc "n~111" it n o  im'ige data are r e < ~ d  tor tlicrn, ~ n d  thcy 
occur \v\lcn the r'lster-image data do not co\.t,r tlic c ~ ~ i t i r t ~  cutent 
ot '1 displa!~ w1nduw.j In addition, a t r e ~ t ~ ~ ~ c ~ r i s y  liistogrci~ii of tlic 
\~, i l~~e,s  o t  the non-null pixels that ,ire displayc~cl from c~~icli Io'idc~ci 
I,~ye>r is cl~~tomciticcilly corlipiled. Thew fe,itures support in- 
rncmory r,i\ter-irn,~ge er~l~ancement  operC1tiol1s. Such oper,~tions 
m'iy hc requireel tor cl'~rifying det,iils in a raster-i~n'lgc b,ickcirop 
during ,in 011-srrerli mapping session. 

 flit^ c-~~rrent ly av,iilable image cnh,incernc,nt opt.~,,itions 'ire 
11istogr.11-n e q ~ ~ ~ i l i ~ a t i o n ,  clircct histogr,im s p ~ c i t i c ~ i t i o n ,  
~lc~igliborhooci 'iveraging, bi-dirt,ction,il g r , ~ d i e n t ,  ,inel the 
intensity-h~~e-sciturcition (IHS) to rrd-gret,n-blue (I;c;I~) color sp~ict. 
trcinstorrnc1tic~~i. T h r  color space transform,1tion is usctf~~l in 
crc'lting ,117 el:tcctivc~ clisplay with one I,lycr cl)ntCiiliing high sp,iti<iI 
resolution d,ltCl JIIJ two others containing low spciticil resolution 
,inti high spCc,tral rt>solution ciat,l. An  in-memory t~nh, lnct~mcnt  
oper'ition is per.formed on data in one or mart, of the, Iciyc~r 
b~rffc>rs for the currcnt displ'iy, and the, trequc>ncy histogra~n for 
ecicli c ~ f f t ~ t c ~ c l  butter is automatically recompittc~cl ditring thc 
opc>r,~tio~i.  Tht, null-pixel indicator- bitrn'ips allorv ~ L I I I  pixells to 
be, rcvogni~c,d ~ 1 1 d  exilucleil t rom tht. opc>r,ltions ,incl the  
t r c q ~ ~ ~ ' n c y  histogram rrcc~11ip~ctatio1is. 711~. exc.lusion of ~ i ~ ~ l l - p i x t ~ l s  
trom '1 trt.qut3ncv histogram, anti the, fact t h ~ t  '1 lii\togr,im 
rcpresc,nts only the subset ot the raster-im,lgc, d'ite ~ ~ ~ t ~ r ~ ~ l l y  L~t'ilig 
displ,~yed, optimiles the results troni opc~s,itions thcit ~1st. this 
intorn~~it ion (such as  l?istc>gram rcl~~~ili/,ition). Tilt, o p p o r t ~ ~ n i t y  
to rc3cogni~c.c 'and skip 11~111 pixels can c ~ l s o  sig~iitic'lntly increList3 
thtt cxccut~on speed at a n  operation. 

'Tl~e otl-screen map-revision system recl~~irt,s th,lt r,isttlr-image 
r~'gioris b ~ '  in registration with the digit,il maps with ruliich th t~y  
~ r t ,  to bt. clispl,iyc~d. In many cdscs, the r,lster-image, d,it,l c ~ ~ ~ i n o t  
be oblciined rilre'iJy transforl~ied to the dc.sired c~ordin~itc .  systctrn. 
A raster-irnage/rii:ip registration packcigtt hCis beeti i m p l c m e ~ ~ t e d  
in orc1c.r to Ii~i~iclle this situation. 

O n c  compo~ie~i t  of this package is '1 tool for ~ ~ i , l n ~ ~ , i l l y  sc~lc~cting 
ground control point (cCI') lc)cL~tion in a cligital rn'lt-, .ind ~i 

r;1stc3r irncige which are s i rnu l tan t~o~~s ly  displ,iyed in sepLir,ite 
windows (Fip11.1' 3). This capability is rrquired in c~1st.s \ s h c ~ ~ . r  
\c3l\sor oritxntation pclrclmrtel.s are no t  ci\,;lilcihlc~ 01- \~lfticic~nt tor 
registration. A tile of CCI1 coordin,lte p'lirs is O L I ~ ~ L I ~ .  The, us t~r  
ccln check (hc resiclual error for any ccll according t o  '1 yrojcctivc 
tr~in5torni~tion function or a polynomial tr;lnsform,ition function 
of '1 spe~cific~ci degree and reject ,1ny <;<-I' with ~1n~1rcct3t'>lilc~ 
rcxsiclu,ll t,rro~-. Th15 package make.; L I . ; ~  ot ,I f,lcility in1t3lt~mt~1itc~d 
'it (151 for c.;t,lL?liihing interprocess commurlic'ition bct\veen a 
('AI<I 1 )  process ancl n seconcf process. In thi5 c,i\c, thc scc-ond 
procc35s disyl'iys tlie uncorrected raster i~n,ige, controls then ovt~r,~ll 
(;('I' collc-ction ~roceclurt,, and c o n i p ~ ~ t e s  the resid~r,lls ,lnd root- 
rnt,dn-sclu,lre ?rrors. The CARED yroccss can display rCister 
i~i i~lgery thcit is already registered to the, mclp, ancl this m'iy be 
usc, t~~l  tor vst~~blisliing further Ccr' locations. 

A s t ~ o n d  system has been implementeci to gt~omc~tric,illy 
tr'inslorni the r:,lster imdgery on tlle b'lsis of <;<.il clat,, or dirc,ctly 
t7rovidt~cl orie~it'ition parameters (in the cast) of sicinned ,i~>rial 
photogr.iphs). Con~~ent iona l  projective and poly~iomial ( L I ~  to 
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FIG. 3. GCP selection system. 
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degree 5) transformations have been implemented, in addition 
to a transformation based on surface splines (Goshtasby, 1988). 
This system can also use a digital elevation model (DEM) in grid 
or triangulated irregular network form in order to apply a 
correction for relief displacement to rasterized aerial photographs 
and produce an orthographic image. This system is being 
extended for use with data from non-camera sensors for which 
orientation parameters are available. 

meen 
coo~dinatcs 

user prompts 

Even though good overall registration may be achieved with 
the raster imagelmap registration package, an unacceptable degree 
of mis-registration in some subregions of the coverage may 
remain. This may often happen when a DEM is not available to 
correct for relief displacement error in rasterized aerial 
photographs of hilly terrain, or in subregions lacking distinct 
points that could be used as GCPs. In order to address this 
problem, an incremental geometric correction module has been 
implemented within CARED that allows the user to interactively 
improve the registration of the map to the raster-image display 
without having to select GCPs. This is done by incrementally 
translating, scaling, rotating, and skewing the vector-based map 
graphics, which are redrawn on top of the raster-image backdrop 
after each adjustment step. Although the different types of 
adjustments are performed in separate steps, their effects 
accumulate to provide a full affine transformation capability. 
Once the desired registration improvement is obtained, the user 
can edit the "warped map graphics. When new points are 
digitized on the display (using the mouse and standard CARED 
commands), their coordinates are put through the inverse of 
the registration improvement transformation before being written 
to disk. This causes newly digitized vector-based map objects 
to be in registration with the uncorrected map graphics (Figure 
4). 

-PI correction 

P 

object in raster image digitizing 

EEtt I 
correction 

FIG. 4. Map objects digitized after local registration improvement 
are automatically registered to the uncorrected map. 
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HYBRID MAP-REVISION ENVIRONMENT 
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image 

,display . 

The task of manually selecting out-of-date features in a map 
is facilitated in the CARED environment when the map is dis- 
played on top of recently acquired raster imagery. However, 
new map features may be more accurately digitized from hard- 
copy images than their rasterized counterparts. This is partic- 
ularly the case when aerial photography is the source of image 
data. In order to obtain a digital version of a photographic print 

4 
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having comparable resolution, high-cost scanning equipment 
must be used and the disk file that is produced may be ex- 
tremely large. This has led to the development of a hybrid map- 
revision environment in which aerial photographs that have 
been digitized with low-cost document scanning equipment at 
a modest resolution (e.g., 70 points-per-inch) are displayed in 
CARED as a backdrop to the digital map that is to be updated, 
but in which new features may be digitized from the photo- 
graphic print on a digitizing table. The raster imagelmap display 
allows for convenient visual change detection, while features 
may be more accurately digitized from the photographic print. 
Enlargements of the photographs may allow even higher digi- 
tizing accuracy, up to the level of second-order photogram- 
metric restitution instruments (Faig et al., 1988). 

Two approaches to using a DEM to correct for relief displace- 
ment when digitizing from photographic prints are being imple- 
mented for testing (a technique for correcting for relief displacement 
when a suitable DEM is not available is described in the following 
section). The iterative approach (Masry and McLaren, 1979) in- 
volves projecting the image point onto a plane set at average 
terrain elevation to obtain approximate map-space coordinates which 
define a new projection plane. The procedure is repeated with 
successive projection planes until the change in the elevation co- 
ordinate is within a preset tolerance. The direct approach involves 
a preliminary operation in which an image DEM is created by 
projecting the map DEM onto the image plane, with respect to an 
arbitrary elevation datum, and then calculating the relief displace- 
ment at each image DEM point and storing it in place of the terrain 
elevation. When digitizing, the relief displacement at any digitized 
image coordinate is obtained by linear interpolation and applied 
as a correction, and the corrected image coordinates are repro- 
jected onto the selected elevation datum to obtain the planimetric 
map space coordinates. 

The iterative approach has the advantage of not requiring a 
preprocessing step but the number of computations required 
while digitizing may create a bottleneck. The direct approach 
requires fewer on-line computations but instead requires a sig- 
nificant pre-processing step. 

CORRELATION-BASED MAP-REVISION ENVIRONMENT 

This scheme is useful when sigruficant relief displacement oc- 
curs in the imagery and no DEM is available to correct for it, but 
the imagery has stereoscopic coverage and elevation data exists 
for selected ground control points. The imagery must be in digital 
form. The current system is suitable for use with aerial photog- 
raphy that has been scanned using an inexpensive document 
scanner. Typically, the scanning is done at 300 points-per-inch. 

First, at least three GUS are selected for each image using the 
GCP selection tool described earlier. An elevation value is re- 
quired for each GCP and, if this cannot be obtained from the 
digital map data, then it must be operator-input. The GCIJ co- 
ordinates are used in a space resection routine to compute cam- 
era parameters for each image. 

Features are digitized in a screen display of one of the images 
of the stereo pair. The corresponding points in the other image 
are located by digital correlation techniques which make use of 
the pre-computed camera parameters. The computation of the 
parallax and the elevation of the points follows, and the plan- 
imetric position of the digitized points is corrected for the relief 
displacement. 

Image correlation is accomplished by an area based matching 
algorithm (Rosenholm, 1986; Hannah, 1989). Specific points with 
known coordinates in one of the images are matched. Because 
the relative orientation parameters are known, it is a simple matter 
to pre-calculate the approximate location of the corresponding point 
in the other and keep the search window of the correlation small. 

Most planimetric map objects are well defined points, or have 
well defined boundaries in the imagery and matching is usually 
readily performed. With this approach, there is likely to be more 
success in locating the corresponding image point as compared 
to the approach of generating a DEM by correlation over a large 
area. Also, elevations are generated primarily for removing the 
effect of the relief displacement and not for DEM production. 
Therefore, the accuracy requirements can be relaxed. Neverthe- 
less, this approach has ihe pbtential to produce height information 
as well. The accuracv of the relief disvlaanent correction and height 
measurements obtAned from this sistem has yet to be evaluatzd. 

An integrated raster-image/vector-graphics display may be used 
for visual change detection, as in the hybrid environment. This 
is useful even when there is noticeable image/map misregistra- 
tion due to the unavailability of a DEM in the registration process. 

CONCLUSION 
A Variety of environments for manual digital map revision 

have been implemented as extensions to the CARIS GIs. These 
provide options that are suitable for different accuracy require- 
ments, and for the use of elevation data from different sources 
when correction for relief displacement is important. The on- 
screen map-revision environment is suitable when relief dis- 
  la cement-is not significant, or if an orthographic image has 
been generated to compensate for relief displacement. The hv- 
brid map-revision environment is suitable when high digitizi~;~ 
accuracy is required and a DEM is available for relief displace- 
ment correction. The correlation-based map-revision environ- 
ment allows for relief displacement correction when a DEM is 
unavailable, but the imagery provides stereo coverage and ele- 
vation data for select ground control points is available. The cor- 
relation-based environment is appropriate when the digitizing 
accuracy of the hybrid environment is not required. The hybrid 
and correlation based environments are currently limited to use 
with scanned aerial photographs but are being generalized to ac- 
comodate imagery from the SPOT and Landsat satellites. 
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