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Abstract
To update a portion of an existing cattographic database,

the common'practice-is to relate a new data fiLe to an exist'

ins, file bv means of suwey control points that ate included

in"both files. tn the absence of sqch survey contro-l points-'

ielt-defined points such as niilding cornerc can be used'

This paper presents an algorithm to petfotm matching o^f-

;;;;"; niildingt and building coriers in vectot data files' .
The als.orithm sians with a Foirier-based initial matching' A

,"ou"i"" of validitv checks combined with robust estimation

iiiiatt a'compleie recognition of common buildings' M"!"\-
'ing 

of individual corner points is perlotme.d by usng a:!n1-

laiity parameter, followed by a se4es of checks and vahcta-

tioni.'fhe two maps may have different scales, different -
coordinate svstemi, ond no identifying cartographic labels'

nierimentil resu/fs have demonsiratbd the robustness of

the algorithm,

lntroduction
Dieital cartographic data files in vector format iue now com'

-o'"lv usedin ill aspects of engineering: design, plalning' .
constiuction, and op-eration and maintenance' With the rapid

a"u"f"o*""i of modern societies, there is a real need for al-

eorith;s that can facilitate the automatic updating of exist-

i"ng databases. To update a portion of an existing carto-

nrlofti" database, th" 
"o**ott 

practice is to relate the new

E"ti nf" to the existing file by means of survey control points

that are included in both files. However. such suwey conmol
points are often not available, and matching of-corresponding

ioi"tt Utt*"en the two files is often performed manually'

ihi, p"p"t presents a matching algorithm for automatic^up-

J"ti"g oi 
"*n*o.t 

building feaiures without q pri91i informa-

ti;; .;f corresponding poinls in two -c-artographic files'
Consider, for eximple, the two files graphically repre-,

sented in Figures t and z. The fiIe in Figure t has an orig-i-

nal scale of i:2,500 and may be consideied to be a part-of an

"r.fri"" 
a"tuUase for an entiie city, The file in Flgure 2 has

"" 
oriei""t scale of 1:500, and is a cAD file-that has been

*""Lt"itJ for the redevelopment of a neighborhood' There

ir" .l"og"i"uUle buildings^that are common in both files' al-

thoueh iiff"r"rr"", may Sxist in the details of the correspond-

i"n Uliifii"st in the two files. The cnn file is more current in

iffi;li;ie seen that new buildings have been added' an

o1J t"ifai"g has been removed, and Jome old buildings have

been expan-cled. There are no known homologous-points. any-

il;; #ltttitt the area. The purpose of the algorithm to be.

oresented here is to automafically match building corners in

ih; t*" files. The process consisis of two maior steps: (1)

recoenition of cornmon buildings, and (2) matching corners

in th-"e identified common buildings'
For the purpose of genelality, the algorithm assumes that

the two data fite^s contain only sirings of coordinates (x' y)

,"p."r"ntitts each building. with no identifying information

i"i."v of tf,e buildings' Tihe string of coordinates for a

ersitY-of Illinois at Ur-

laia-Champaign, 205 ti. tllattt"ws Avenue, Urbana' IL 61801

(h-hsiao@uiuc.edu; k-wong1@uiuc'edu)'
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building must form a closed polygon-, but the building cor-,

,r"r, 
""i 

be arranged in eithei a clockwise or a counterclock-
wise direction. T[e starting point for the sequence of corner

Doints representing a buildlig can be completely random'
and be different belween the two files' As is the case com-
monly encountered in practice, the lnme,building in-each of

Itt" i'ito caD fi.les -"y 
"lto 

consist of a different number of

corners due to cartographic generalization or interpretation'
The two fiIes can alJo 6ave different scales and different co-

ordinate systems.

Matching Buildings
Shape aialvsis iJ an important phase of pattern recognition,
and^many techniques can be found in the literature relating

to this isiue: B-spiines (Jain, 1'989), autoregressive models

flain, 1989; Kauppinen et o1., tggs), Fourier descriptors

i2ahn and RoskG, 1972; Richard and Hemami, l974; Per

soon and Ftt, 1977; Wallace and Wintz, 1980; Proffitt' 1982;

i"i", rges; Arbter et ol', 19s0; Kauppinen et ol', 1995; Rothe'et 
ai., tgga; Tseng et al., tssz), etc' In general, the Fourier-

based methods uJing different models for boundary-represen-
tation provide superlor performance in most cases (Kauppi-

nen et'oi., 1995)'ihe algorithm to be presented in this paper

is also based on the use-of Fourier descriptors for initial
-"t"ftng. The innovatiorr of the algorithm lies in the devel-

oo*e"t 
"of multiple levels of checking procedures without

nirmalization of rotation and starting point to solve the spe-

"ifi" 
ptobt.*s relating to the recognition of common build-

i"gr i" cartographic dlata files. The algorithm consists of the

following main stePs:
(1) Rearrangement of all data points within each polygon into a

counterclockwise sequence ;
(2) Computation of the Fourier descriptors of each polygon;
igi N,Iutdtti"g of polygons in the two files by cross correlationi

(4) Performance of three separate, but increasingly rigorous' va'
Iidity checks of matched PolYgons:
o by size-distance ratios,
o by cottfotmal transformation with robust estimation' and
o by geometric overlay after coordinate transformation'

These steps will each be discussed in details in the following

paragrapns.

Counterclockwlse Sequence
ih"'t.on"tt.e olpoints within each polygon in the two data

ni"t it ihecked fiist by calculating the unit scalar $ at each

corner Point i: i.e.,

f; : Sgnt(4 - Vj-,) x (Vi,, - V)l (1)

where the vector V, of point i has three component-s \x, y'' o)

""a 
tl4 - V,-,) x (4., '- 4) 

-is 
the cross product of the vec-

torr  i l  -  i , , l  and ( { - ,  -  v) ' f t  canbe seen f rom Figure 3
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Figure 1. Archive map of Case | (original scale 1:2,500).

that, when the corner points are arranged in a counterclock-
wise sequence, the vertex 7 has a positive (negative) value of
$ in the z direction and is a convex (concave) corner of the
building. For a clockwise sequence, the sum of the $ values
for all the corners forming a building will be negative. Such
a sequence is rearranged into a counterclockwise sequence.

Fouder Descdptors of Polygons
The next step is to compute the Fourier descriptors to extract
useful attributes for each polygon. Two different procedures
for computing the Fourier descriptors of polygons are com-
monly used: cumulative angular function (Zahn and Roskies,
1,572) and complex coordinate function (Richard and He-
mami, 1.974; Persoon and Fu, 1977; Wallace and Wintz,
19B0; Proffitt, 1,982). The Iatter was selected in this study for
its simplicity. Equation 2 is the formula for computing tle
Fourier descriptors of a polygon (Persoon and Fu, 1,977). The
(bo , - bo) term is actually the curvature vector of a corner,
and will also be saved as an attribute for point k.

r r :  t  $ "u': 
QrnY 

L lbx-' - bt) exP (- i?rnlolL)
( 2 1

The Do term, which is not included in the above equation,
represents the centroid of a polygon and is obtained by com-
puting the center of mass (Prisley ef d1., 1989) of the poly-
gon. Although the D, term will be set to zero to normalize
the translation of the polygons, it is an important attribute
and is saved for use in later steos.

Because two corresponding buildings may differ in posi-
tion, orientation, size, starting point, and a certain degree of
dissimilarity, the computed Fourier descriptors must be nor-
malized prior to cross correlation. Unlike the normalization
algorithms in the literature (Zahn and Roskies, 1972; Richard
and Hemami, '1.974', Wallace and Wintz, 1980; Proffitt, 1.982;
Arbter et aI., 1g9o; Rothe ef o1., fseo), only the removals of
translation and scale factors are considered, because two
maps are usually subject to conformal transformation. As-
signing zero to the Do term normalizes the translation factor.
The size in the frequency domain is normalized by dividing
the Fourier descriptors by the square root of the summation
of the-power spectrum (Proffitt, 1982), i.e., the mean quad-
ratic distance of all points to the center of gravity

D:=D"I

for n : L, ..., N - 1. After normalization of translation and
size, the center of the building lies at the origin and the
norm of the new Fourier descriptors is equal to one. The
mean quadratic distance will be used later as a size factor o
for performing the validity check.

(3)

where
k

r  - T lV, - V, rl for -k > 0 and 1o : 0,

' Vu*. - Vu
h : - -

l v k * ,  -  v k l '

n : 1 , , . . , N - 1 , a n d

N : number of corners in a polygon.
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Figure 2. New map of Case | (original scale 1:5OO).
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SizeDistance Ratio Check
Because matched pairs in the set 3 are similar in terms of
normalized Fourier descriptors, two corresponding buildings
misht not be matched if the difference between them is sig-
nificant. On the other hand, two entirely different buildings
might be matched as a pair when their normalized Fourier
des'criptors are very similar. Such circumstances happened
frequently when two maps have very different map-scales'
Inc6rrect'matches could be identified by some validity
checks. A clustering technique (stockman, 1987) can be em-

oloved to determin6 the scale between two corresponding'oUlects. 
Solving for the transformation parameters, however,

is not necessa{' during the stage of building matching'-More-
over, using the edge sJgments bf all buildings for matching
*o,rid inciease th6 computation burden. Matching buildings
at this point is regarded-as point pattern matching using. the

centroihs, but the'size information is also used to simplify
ift" o.oUI"-. The validity of the matched pairs obtained from

cross correlation is first ihecked by comparing the relative
size and separation distances between two matched pairs' It

is noticed t^hat the centroids are derived from the building
polygons and are subiect to variation due to cartographic'eenLia[zation, 

interpietation, actual remodeling, and/or
Ether error sources. iherefore, matching the centroids by

clustering in a parameter space had been found through test-

ing to be"an iniPProPriate method,- 
As shown in Figure 4,let o! a" As shown iir^figure 4, let o! and o,t denote the size at-

tribute, representedisihe radius of a cirgle, of buildilgs intribute, represented as the radius ot a clrcle' or Duuorngs rrr

the archive and new files, respectively. These two-buildings

ii""" 1."" matched and saved^ as pair i in the set 3 contain-

Matching by Ctoss Conelation
The m'ethod of cross correlation is used to identify the most

fil"fy *"rcttes of correspon'ljng buildings in the two files'

i"if, t"pt.t"nt the Fouiier descriptors of.a building in the

u..tii.r" file, and q, represent the Fburier descriptors of a

buildine in the new file; where i : 0, "', M - 1; i : 
9' ""

l,r: ii?"a M > N. The cross correlation is computed as

(4)

K;'
! nrd^ exP (- iznkglM

M - 1

) uu u*p (- j2trkgllun

where g : 0, ..., M - 1. The cross correlation is equi.v3l.e1t

to o"tf8t*i"g the discrete Fourier transform of uo, which-is.

ifrJ*"liipfi.i"tion of pu and the complex coniugate-of qu (Ri-

.ild, rs7+), and u','..', u.,-, are padded zero (Proffitt'

ise2j. r}t" simitarity *""irrt-" Sonbf pair (p, q) is then ob-

tained as

S-:  #-a '* lc" t  (5)

and does not deal with the normalization of the starting

r"i"i If tft".e were m buildings in the archive fiIe and n

[;iieil;t in the new file, ther6 would be m x n possible

pairs of"matches. The similarity measures of the m x n pos-
'sible 

matches are computed to construct a similaritytable for

*"i.ttrtU buildings' A^palr of buildings is considered a pre-

li-i"*y"*"tch iiits similarity T"l?tt".Sog,is 
the maximum

along both the row and column in the similarity table (Hu-

""Jift"i", 
1994)' Let 3 be a set of matched pairs' A.pair Pon

is inctuded in this set if it meets the following criterion:

Pone 3, if nflax(S,,) : 
itltS",l 

(6)

whe re  1  <p<m and  1<  qS  n '  Se t t i nga th resho ld fo r the
ri*llutity -""rrrt" Son is discouraged,-because lnding 3n aP-
propri"t6 value is unreasonable aid difficult. The validity is

l*airined by the Seometry of the centroid pattern'
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Figure 4. Matched building Pairs.
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il{-*( l?- 'l lt - ' l)} ' " (7)
where r. = oflo! and ro, = diildi.

ing f matches. Furthermore, let df and df; represent the dis-
tances between the centroids of buildings i and I in the
archive and new files, respectively, To investigate whether
pair i is a correct match, the other temporarily matched pairs
should give supports to pair i, and the best support should
meet the following criterion:

The size ratio alone is insuffrcient to identify incorrect
matches. Including the distance ratio provides the ability to
examine the geometry of centroid distribution. If pairs i and j
are correct matches, then two size ratios and one distance ra-
tio should consistently reflect the scale. It is better to normal-
ize the ratios so that the criterion is independent of data sets.
The design of Equation 7 forces the computed value of a cor-
rect pair to be very close to zero, Defining the threshold is
crucial to filter out mismatched pairs. It is not expected that
the difference in distances between two buildings on two
maps would exceed ten percent of the actual distance. The
robustness of the size-distance ratio check lies in its ease to
distinguish the correct pairs from the mismatched ones. It
should be noted that this procedure requires that there be at
least two correctly matched pairs in the set 3. Atthough the
derived centroids are not as accurate as survey control points
to compute transformation parameters, they are insensifive
enough for identification of incorrect pairs.

Confomal Transfomation wlth Robust Estimation
A second validity check of the remaining matched pairs is
conducted by performing a conformal transformation of the
new file into the archive file. Incorrect matches are identified
in the process by robust estimation. Figure 5 shows the cen-
troid locations of the remaining matched pairs in the two
files. The conformal transformation parameters between the
two coordinate systems are computed using the centroids of
the corresponding buildings in the two files. Any incorrectly
matched pair is identified by the large residuals in the corre-
sponding centroid coordinates in the least-squ€ues solution.
The following weighting function (Krarup ef a1., 1980; Chen
and Lee, 1992) for the coordinates has been found to be ef-
fective in filtering out the incorrectly matched pairs:

are represented as a single polygon. It is also possible that a
single building is actually represented by more than one pol-
ygon. These situations often occur when buildings have 

-

courtyard, patio, or attached structures, or have undergone
remodeling. Table 1 illustrates how the groups of matched
buildings are auto-matically organized. For eiample, Groups
0 consists of buildings that are found in only one of the two
files, and buildings that have been mismatched. Group 1
contains only building No. 1 in the archive file, but the
building has been remodeled. In the new file, the additional
polygol No. 7 must come with the original building No. 6
through the individual group transformation. Group 2 con-
sists of one matched pair of buildings: building No-. 2 in the
archive file, and building No. 19 in the new file. Group 3
shows that building No. 3 in the archive overlaps with build-
ings Nos. B and 12 in the new file; building No. 4 overlaps
with buildings Nos.-B and 11 in the new fi,le; and building
No. 19 overlaps with buildings Nos. 8, 11, and 12 in the new
file. The mi.sslnt Groups 7 and'l,L are thus categorized as
mismatched pairs collected in Group 0. It can be seen that
organizing the matched pairs into different groups is highly
complex,_because it requires recursively searching the ar- 

-

chive and new feature ID numbers. However, these matched
pairs have been stored in the database, and the task is
achieved !y on"- standard SeL query. At the end of this step,
the task of matching common buildings from the two files is
complete.

Matching Comers
The matching of common building corners between the ar-
chive file and the new file is performed among buildings
with each match group. Although a group may consist of
more-than 6ns frrilding, the sequence ofbuilding corners
that form a closed polygon is maintained for eacl individual
building within a group. The matching process may be sum-
marized as follows:

. Perform preliminary matching by means of a similarity
palameter.

*n[-o.ou(4)'"]

when lv , l  <  26o

for iterations 1,2,3
when lv , l  >  2&o (B)

for iteration 4 and
afterwards*o[-o ou(!d)"]

Although the size-distance check can usually filter out
most mismatched pairs, this step is not redundant at all. In
addition to providing an additional check on the match re-
zults, this step also provides preliminary values for the coor-
dinate transformation parameters for the new file [BesI and
McKay, 1992).

Geometrlc 0verlay after Coordinate Tnnsformation
After coordinates of the new file have been transformed into
the same system as the archive file, a geometric overlay anal-
ysis is performed to serve three purposes: (r) verify the va-
Iidity of the matched polygons, (2) identify any additional
matches that have been missed by the previous steps, and (3)
organize the matched buildings into match groups. In large-
scale maps, buildings can be represented by polygons of 

-

rather complex shape. Sometimes several separate stuctures

Atchlve

a
a

a
a

a

a O a

a

Figure 5. Location of matched building centroids.
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Trare 1. Gnoupeo PoLYGoNS

old

Mismatch

One to many

One to one

Many to many

5 S One to one

6 1q One to one

7 7g One to one

g 2f One to one

construct a similarity table for all possible combinations of
matching cotners belween the two groups' Define N as a col-
lection of matched pairs of building corners. Pair pu is in-
cluded in the colleclion if it satisfies the following criterion:

m n

pu e N , if max (s1) : m-ax(sJ and t,€i > O (10)

where l. 3i< m and 1< l< n' Even if two matchedbuildings
in the two files are identical in shape, the building corners
may still have some differences in coordinates due to the
or"iit tittutn transformation of the new map using the cen-
iroids of buildings as described previously. Unless the new
map is exactlv tr-ansformed into the coordinate system of the

ur"itiu" map, assigning a threshold value to the distance Dt,

is of no meining.-thJmerit of Equation 1o lies in eliminat-
ing the need foithreshold values of su and Du. The €'€1 > o

ter-m is used to distinguish convex/concave corners'

Validlty Check Accordlng to Point 0der
Figure 6 shows the matched corner points between two
bu'ildings derived from similarity analysis as described
above. Eecause of differences in the cartographic details be-

tween the two maps, corners Nos, 159, 1'66, 1'67, and 168 in

the archive file are mistakenly matched to corners Nos' 160'
1.6'1., '1.52, and 159 respectively in the new fi le, These mis-
matches can be identified by means of the sequence order of
points within the original polygon in the new file'' 

First, matched piirs of corner points are arranged in a

counterciockwise s6quence in the order of the archive fi'le, as

shown in Figure 6' The unit scalar f; i'" computed for each

matched poi-.tt ln both the archive and new file using Equa-,

tion 1. The two points in a matched pair should have identi-

cal values of (,, i.e., both -r or both *1. For the example in

fig"rr o, ttt" i*o pairs (toz, 152) and (168, 159) can thqs be

idEntified as false rnatches. After eliminating false matches in

this manner, a search is made through the sequence of cor-

ner points for the new fiIe. Logically, at corner point i' either

the next point (i + 1) or the previous point (i - 1) should be

in proper sequence order. If neither is in order, then the

maich'pair including point i in the new fi le is also elimi-

nated from the list oJ matched pairs. For the example in Fig-

Group ID Archive New Comment

0
0
0
0
0

1
2
3
4

1 0

0
0
0
0

I C

1 B

6
7

19

8
7 2

I
7 7

I
L1.
7 2

New

1 6
20 Many to many
1 6
20

14
1 5
l o

1 7

8
1 3

1
1

3
3
4
4

19
1 9
1 9

4

6

I

10

1 2

1 0
1 0
1.L
7 t

12 L7 One to one

18 S One to one

. Perform validity check according to sequence order of points

within each building.
o Perform validity chJck according to estimated accuracy of

data points.
o Perform conformal transformation with robust estimation to

identify remaining mismatched points .
o Pointshom both Fles are combined and merged to form

closed polygon, representing the building corners in the up-

dated file.
o Cartographic rendering is perlormed to square the building

Cornet Matching by Slmilarity Parameter
Let s,, represent the similarity parameter between corner I rn

* #ftiirt group of buildingi ind corner i in the matching-

;;";t "f 
bu"ildings in the ne"w file' It is computed by the fol-

Iowing expression:

-  (b,_,  -  b , ) . (b i_,  -  b)  (9)s , i  : _ 1  
+ D

where (b, , - b) is the curvature vector of corner i n-omputed

from nqnaiio n i, 1n, , - 4) is the-curvature. vector of corner f
compuied from Eqriation 2, and D, is the distance between

."."[t" i and I in 
'the 

archive coordinate !]stem' The similar-

ity parameter provides a measure of similarity of the curva-

trire of the two corner$, and the closeness of the two corners'

Suppose that there are m corners in the building group

in the archive frle, and n corners in the matching group- in

ii;";;;;"p. Totally, m X n values of s,t are computed to
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ure 6, after the elimination of two matched pairs from the
list, the remaining pairs are arranged in seqrlence as follows:

(3) Points from both files are combined and merged to form
closed polygons.

( ) Finally, cartographic rendering is performed to square the
building corners.

Test Results
Figure 7 shows the file resulting from matching and merging
the new.file in I'igure 2 to the archive file in Flgure r. ffiis'
case included three buildings with inside courtlards, repre_
sented by smaller polygons 

-enclosed 
within ttre Uuitaings. In

this case, the scale of the archive map is smaller than tliat of
the new map. The resulting matched^file showed that the al_
gorithm was effective in aciommodating these situations.

Figures Ba, Bb, and Bc show the archive, new, and
merged files of a second test case. Most of the buildings in
this case,had gniq.ue shapes, arrd the Fourier descriptJrs
ye1_e_highlV effective in providing the correct matchies.
Building No. 3 in the archive maf, in Figure Ba had been ex_
tensively-remodeled, with a large part olthe original build_
ing demolished. The remnants of ttris buildings were repre_
sented as two buildings (Nos. 14 and 15 in Fi"gure Ab) iri the
new map. Corner matching was successfully aicompiished.
Because the new files in Cise I and II were"more current and
had a larger scale, i.e., more details and higher positional ac_
curacy, the me-r^ged map looked essentially"like 

^the 
new map.

However, it differed from the original ne* -ap in Figure gi
in that it had been transformed iito the archive coord'inate
sJstem and the precision information of points had been up_
dated.

Figures 9a, 9b, and gc show the archive, new, and
pelged files of a third test case which included several
buildings of similar shape (rectangular) but different sizes.
The normalized Fourieidescriptois could not distinguish
them. and had to rely on the size-distance ratio chec"k to
identifii the false matches. In order to demonstrate the ability
of the algorithm to merge small-scale maps into archive
maps of larg-er scale, the archive map in 

-thi, 

"ase 
was as_

signed a scale of 1:500, while the ,ro" mup had a scale of 1:
2,500. In such a circumstance, the merging strategy was still
based on the feature in the new mup bE"air" the"information
was more_current. Any details that appeared in the archive
map-but did not show in the new map would be retained if
the details were invisible in the smaller scale of the new
map, such as building 1 in the ar-chive map and building 2
rn.the new map. Otherwise, the details would be treated"as
oerng remodeled and removed from the archive map, for ex_
lppt", building 20 in the archive map and buildinj 2z ii
the new map.

Conclusions

. An algorithm has been successfully developed for the
automatic recognition of common buildings u.rd brrildirrg

159 160 1.61, '1,62 
163 .1.64 

165 166
1 6 0  1 5 3 ' t 5 4  1 5 5  1 5 6  1 . 5 7  1 5 8  1 6 1

A-t point No. 154 in the new file, the next point along the list
of matched pairs is No. 155 and the previous point iI No.
153. A comparison with the original order in the new file
(see Figure 6) would indicate thit the order is correct in both
directions. At point No. 160, the next point should be No.
153,, and the previous point should be ior (wrapped around):
both of which are incorrect and therefore the piir (1bs, 160i
is a false match. Similarly, the pair (tOO, rOt)^can also be
identiffed as a false match in this manner.

Distance Check
A secondlalidity check of the matched pairs of corners i- ^ "]-".-^." Lrrv rrrdLulruu pitu,s ul cornels ls
perfbrmed lsing o prion knowledge about the positional a
:yl1"y of-the two maps. Based on the mup scal"s and the
National Map Accuracy Standards, the esiimated standard er_
ror of the coordinates in both the archive and the ,r"- -"o,
a,re compuled. Let p,,. denote the pair of matched 

"o.rr"r, 

'

that include corner i in the archlvt file, and corresponding
corner i* in the new file. The following criterion must be iat-
isfied if it is considered a correct pair:

t

min(da-) < m€rx (o,, o,.) + max to, o,_)',ii
where

d, j . : \ /W,  (11)
Xij : Xi - X,, Xrj" : xi. - xl_,

I,i = !, - li, Yi'i' : !'- - y,-, and
f : number of matched pairs within group.

Conformal Transfomation with Robust Estimation
Let N denote the remaining matched pairs of corner points
for two building groups. Alonformal'transformationbf the
coordinates from the new ffle to the archive file is performed
with robust estirnation to further eliminate poor mitches. A
stable solution is usually obtained after three iterations.

Meging of Infomation fiom Two Files
The process of merging information from the new file into
the archive fi le involves the following steps:

(1) Compute mote accurate values for the conformal transfor_
mation parameters by using the coordinates of the matched
corner points.

(2) Transform the point coordinates of the new file into the co_
ordinate system of the archive file. Estimated standard er_
rors of the transformed coordinates are also computed by
means of error propagation.
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corners foom two cartographic data files. and for mer-8ing the

information contents of th" tlrlo files. The algorithm has been

found to be robust, and computationally efficient' For the

three reported test cases. the entire process ot recognrzrng

"o-.noi 
buildings and merging the two files was accom-

olished automatiiallv in lesi than 2 minutes of time using a

ioo-ruH, desktop peisonal computer. The algorithm does not

require any pred-etermined threshold values' However' it

dolt .uoni." that there be at least two common buildings in

PHOTOGRAMMETRIC ENGINEERII{G & REMOTE SENSING

the two data files. As a by-producl of the merging process.'

estimated, standard errori are computed by enor propagation
for all the position coordinates in the merged files' Al-
thoueh the aleorithm has been developed specifically for

the Jutomatic"updating of existing cartographic databases, it

also has potentiil applcations in the matching of common

features ir stereo piirs of photographs, for change- detection
in remote sensing, and for-accuracy verification of new map

files.
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