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Abstract: Data quality in GIS hasbeenw idely recognized asone of themost critical issues in G IS gpplications
in recent years T here are numerous effective error models for managing error propagation in the process of
datamanipulation and analysis such asBoolean operations How ever, there is a lack of models for dealing
with errors in node snapping w hich is one of the basic operations in most GIS ftw are packages such as
ARCED IT in ARC/NFO. Node snapping involves changing the position of pointsof a gatial feature o that
pointsw ithin a fuzzy tolerance of each other are connected automatically. A Ithough this involves an adjust-
ment of feature coordinates, inw hich the coordinatesof the snapped node are smply themeansof cordinates
of wo or more points, there are no quantitative techniques for assessing the gatial accuracy of the final node
created by automatic sngpping

In thispaper, wepropose a generalized algorithm of node snapping using the least squaremethod and develop
a universal model for handling error propagation related to node sngoping Simplified algorithm s and models
are derived for some ecial casesw ith different statistical characteristicsof point errorsw ithin a fuzzy toler-
ance The mpact of statistical dependency of the existing pointson the coordinatesof the point obtained after
snapping and the accuracy of the snapped point are exan ined through theoretical analysis and numerical simu-
lation Our results indicate that the level of influence dependson the coefficientsof correlation betw een points
involved in the snapping operation W e have show n theoretically that the sngpping algorithm w idely used in
the past merely represents a gecial case of the generalized algorithm. Several exanples are al provided to
demonstrate the potential gpplications of the generalized algorithm and the related error model
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Fig 1 Effect of correlation coefficients of Fig 2 Effect of equal correlation coefficients of
smple auto-correlation and cross multiple auto-correlation and cross-corre-
correlation of existing data pointson lation of existing data points on the coor-
the ooordinates, standard deviation dinates, standard deviation and coefficient
and ooefficient of auto-correlation of of auto-correlation of the sngpped point

the snapped point

1
Tah 1 M ultiple auto-correlation with approximately equal coeff icients of correlation
(P= Pz P3, P2= P1z= Ps= 0)

e 02 Ps Ax/m Ay/m Ac/m Agy/Mm AP
-Q7 - a8 - Q9 4 556 7 39377 - Q0917 -Q0917 - Q0029
- Q5 -Q7 - a8 5 8856 4 954 4 - Q01626 - 01626 - Q0023
-Q2 - a3 -Q5 2 0486 Q 7912 - Q0561 -Q051 - Q0010
-Q1 -Q2 - Q3 1 6870 Q7773 - Q0295 - Q00295 - Q0005

0 0 0 0 0 0 0 0
Q1 Q2 Q3 - 16962 - Q0775 - Q00295 - 00295 Q 000 5
Q2 Q3 a5 - 26206 Q 963 2 - Q0561 - 00561 Q 0010
Q5 Q7 Qs - 47547 22396 - Q01626 - 01626 Q 002 3

Qv a8 a9 - 56834 4 5130 - Q0917 - Q0917 Q 002 9
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2
Tah 2 M ultiple auto-correlation with sign if icantly different coeff icients of correlation
(= pi= Ps= 0)

P 02 Ps Ax/m Ay /m Ac/m Ag/m AP
-Q9 - Q5 0 - 138407 - 88200 - Q7169 - Q7169 - Q 003 5
- Q5 - Q2 0 - 57555 - 31109 - Q2329 - Q2329 - Q0016

0 - Q5 Qa5 37783 11 846 9 - Q6997 - Q6997 - Q 000 6

0 - Q5 Q9 - 15046 0 30 728 6 - 21116 - 21116 Q 000 2

0 0 0 0 0 0 0 0

0 -Q9 Q9 13102 48 715 8 - 46141 - 46141 - Q 003 4
Qa5 Q2 0 38643 Q8290 - Q02329 - Q2329 Q 0016
Q9 Qa5 0 55817 - Q 5884 - Q7169 - Q7169 Q 0035
Q9 - Q9 Q9 27 3487 30 3338 - 85747 - 85747 Q 006 5
Q5 - Q5 a5 11 697 0 135845 - 18531 - 18531 Q0010
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3
Tah 3 M ultiple cross-correlation with approxmately equal coeff icients of correlation
(P1= Po= Ps= 0, Pr= P15 Pos)

Pro Pis P2 Ax /m Ay/m AG/m Aoy /m AP
- Q2 - Q03 - Q5 10 1709 10 1709 - 8 5872 - 8 5872 - Q0612
-Q1 - Q2 - Q3 52045 52045 - 34680 - 34680 - 0 0038

0 0 0 0 0 0 0 0
Q1 Q2 Q3 11917 11917 Q 158 9 Q 158 9 Q 0001
Q2 Q3 Qa5 36 118 3 36 118 3 - 64946 - 64946 - Q0190
Q5 Q7 (K] - 77.8064 - 77.8064 - 36140 - 36140 - Q0042

4
Tab 4 M ultiple cross-correlation with signif icantly different coeff icients of correlation
(D= po= Ps= 0)

Pr2 P13 Pas Ax/m Ay/fn AG/m Agy/m AP
- Q5 - Q2 0 36546 36546 - 52039 - 52039 - Q0097

0 - Q5 Q5 21 674 8 21 674 8 16852 16852 Q 000 6

0 - Q5 Q9 Q8560 Q 8560 Q 2338 Q 2338 Q 000 1

0 0 0 0 0 0 0 0

0 -Q9 Q9 8 292 6 8 2926 Q 6847 Q 6847 Q 000 3
Q5 Q2 0 303 056 1 303 056 1 15 673 4 15 673 4 Q 000 7
Q9 Q5 0 151711 151711 7 7330 7 7330 Q 0009
Q9 - Q9 Q9 12 764 3 12 764 3 7791 77941 Q 0009
Q5 -Q5 a5 20 339 6 20 339 6 5 7432 5 7432 Q 0009
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A RC/N FO rithmsfor data points of equal accuracy
CL EAN UNION NTERSECT CLIP PointNo _ x/m yf o/ o/ Py
19004 763289 41 2959 325 3210 00 10 00 0
' (4 Part 1 19005 763284 27 2959 334 56 10 00 10 00 O
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Fig 3 Node sngopingw ith three nodes of equal accuracy
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Fig 4 Node sngoping with three statistically indepen-
dent vertices of varying accuracy
6

Tah 6 Different reaults fran different siapping algo-
rithmsfor pointsof varying accuracy

PointNa x,/m y/m &/M  oy/Mm Py
97063 768 570 60 2935308 40 20 00 20 00 O

Part 1 97064 768 515 80 2935367 90 40 00 40 00 O
97065 768 664 50 2 935 230 48 100 00 10Q 00 O

A 768 583 63 2935302 26 -- - -

Part2 N 768562 89 2935317 52 17 61 17 61 0
N-A - 2074 15 26 - - -
NM - 771 912 - 239-239 -
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