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Uncertainty € Modd of Spatial Circular Curve Featuresin GIS
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Abstract :With the development of three-dimendon geographica information science, the uncertainty of three di-
menson Patiad dements has become more and more important. Based on the uncertainty and statigtic theory, an
uncertainty model for three-dimenson circular curve in GISis devdoped. Frgly, the differentia formula for any
point on the three-dimenson circular curve is derived. Then, the variance for any point on the three-dimendon cir-
cular curveisgiven. Fndly, the€s; modd for three-dimensgon circular curve isobtained. With a case sudy, it is
shown that the error band of three-dimendon circular curveiswith the shgpe of‘ larger extreme points and less mid-
de’.
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3 GIs a=(y1- y2) (z1- z3) - (y1- y3) (z1- 22)
3 b=(x1- x3) (z1- z2) - (X1- X2) (z1- 23)
[2] 2 c=(y1- ys) (x1- x2) - (x1- x3) (y1- Y2)
3 ' 3 d= - (axy+ by; + czy)
’ 3 (3)
, A1A2A3
Lo AnAzAs 3 (1) (2), A1 Az, Az
3 S At s i (1
i , , (2) A1, Az, Az
Ssi As s (1), (X0, Yo, 20)
ST T sy (2,
1 sy ; (x1- x0) >+ (y1- yo)*+ (z1- z0)* = R?
’ (x2- )2+ (y2- yo)®+(z2- 20)°= R
3 fo (xs- x0) >+ (ya- yo)?+(z3- 20 =R’
axo+ byo+czo+ d=0
’ (4)
(4 X0, Yo, 20, R
Xo NAxp Dy Nz “Hody
> Yo| =| D xiz3 Dyiz A zy3 d2
/ Y Zg a b c -d
: R= (x1- X0) 2+ (y1- yo) *+ (z1- 2z0)°
1 3 GIS ,
Fg.1 An arbitrary point on three-dimenson circular A Xij = X[ - X
curve
di=x3- xi+ys- yi+z5- 7
2 do=x5- xi+y3- yi+75- 73
2.1 X0, Y0,20, R
Ar (x1, y1, z1), A2 (X2, y2, 22), (4) ’
As(Xs, Y3, 23) ALArAs A xo1(dx1 - dxo) +A yor(dys - dyo) +
3 3 | 3 A zp1(dzy - dzg) = RdAR (5)
3 A Xo2(dx2 - dxo) +A yoa(dyz - dyo) +
, | 3 A zgp(dzy - dzg) = RAR (6)
ALAsAs A xo3(dx3 - dxo) +A yo3(dys- dyo) +
D @ A zp3(dzz - dzg) = RdAR (7
(x- %02+ (y- y)?+ (2~ z)2=RE (1)  °0X0* bdvorcdzoxodayodb
ax+ by+cz+d=0 (2) Zodc+dd=0 (8)
. (D) A, Az, Az 9 '
R , (X0, Yo, 20) (2
A1,A2,A33 ;

a,b,c,d 3 )
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da= -A zpdy; +A z13dy; - A zipdys + (9) (8, (5 (6) (7 (8)
A yxdz; - A yi13dz; +A y1pdz3 dxg

db=A zp3dx1 - A z13d X2 +A z1,d X5 - dyo| = Ad (10)
A xp3dzq +A x13dz5 - A x1od 23 © dzg

dc= -A yxpdxy +A yi3dxz - A yid X3 +
A xz3dys - A x13dyz +A x12dys3

dd=- (adx; + bdy1+Cd21+ xida+

yi1db + z;dc)

Axp Dyp DAz Y -Dxa -Dyy -Dzw Dxp Dyp Dz O 0 0
A=A xz Ay Az DAxy Dy -Dzy 0 0 0 Axp Ay Azyg =

a b c C1 C2 C3 C4 Cs Ce C7 Cs Co
aj; Az a3 a4 as  ae A1y s a9

S

A1 Az Az A Az Az A7 Az A9

az1 Az a3 az4 Az Az Azr  Azg A3y
& =(dx; dys dzz dxz dy, dzz dxs dys dz3)'

c1= a+l yo zo3-A 2o ya3 (9) (12) ,
Co = b-A xod 723 +A zpA X035 adx; + bdy; + cdz =
c3 = C+A xo yo3 - A yoA X2 (a1,a2,a3,a4,8s,a, a7, ag, ag) & (14)
ca= - yoA 713 +A 7oA yi3
cs =0 X 713 - A 2o\ x13 a1 = a-AyiA 23 +A 1A yog
G = - A Xod y13 +A yoA X3 2= b+A x1AA 23 - B 217 xa3
c7 =0 yolA 212 - A 7o y12 a5 = ¢~ A X1/ yo3 A y1fA xas
cg = -A Xof 715 +A 7oA X315 a1 =0 y1A z13-8 ;A yis
Co =A XoA y12 - A yo X1z a5 = -8 x1AA 213 +A 1A xi3
i 3 A1A>A3 as =A x1A y13- D y1A xi3
, (xi,Yi, z) [ a7= -D yi Az +A 1A y1o
1 2, , ag =0 x1A 712 - D 23 A x12
A xoi (dx - dxg) +A yoi (dyi - dyo) +A 75 (dz - dzo) as= -A x1A Y12 +A\ Y1A X12
= RdR (11) A1A2A3 Ar(x1,
adx; + bdy; + cdz; + dd+ xjda+ y;db+ zdc=0 Vi, 21) , Sy 15y
(12) (x - X1)2+(Yi' Y1)2+(Zi' 7)) % = ¢
(5) (10 (11, :
A xoidx; +A yoidy; +A zp;dz; = A x3i(dx; - dx1) +A yi;(dy;i - dyy) +
(by, by, bg,ba,bs,bs, by, bg, bo) & (13) A z1;(dz - dz1) = s,,ds;, (15)
(13) (14) (15)
by =A xo1 +A xiia11 +A yiia0 +A 73583 (dx; dy; dz)'"=Bd (16)

b, =A yo1 +A xpja12 +A yiia, +A z1ia3
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A xoi DAvyei Azg| Y b bz bs by bs bs by bg by O
B=| a b c a az ag a4 a a ay ag a O
Axyi Ay Az Axiy Ay, Azz; 0 0 0 0O 0 0 s
S5 (13) (dx" dy" dz") "= cd (17)
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S =TUEF;. 1 3 Al LAY L AS
. A1, Az o - 3 - , Da,a, =0,
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, 3
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1
Tab.1 The original data
X/ cm Y/ cm Zlem  o%em®  o%/em®  Oylem® O om?  Oynlem? 0% cnf
Az 500.0 500. 00 100.00 3.13653 1.30311 0.21942 0.11423 0.11468 0.15791
Az 505.0 505. 00 110.00 3.13653 1.30311 0.21942 0.11423 0.11468 0.15791
Az 510.0 515. 00 105.00 3.13653 1.30311 0.21942 0.11423 0.11468 0.15791
2
Tab.2 Theerror elipsoid parameters on the space circular curve at the point of normal plane
r of/em’ o%/cn? oy, /cm’ E/cm F/cm EF/ cn? @i/ (")
0.10 1.146 9 1.244 4 0.407 5 1.267 3 0.886 1 1.1230 - 8310-26
0.30 1.052 4 0.371 8 0.162 9 1.0437 0.578 6 0.603 9 25353
0.50 0.813 4 0.1991 0.041 6 0.903 4 0.443 0 0.400 3 7-43-3
0.70 1.002 3 0.284 1 -0.074 3 1.004 9 0.5259 0.528 5 - 11-41-17
0.90 1.703 1 0.7254 - 0.261 3 1.3299 0.812 4 1.080 4 - 28 7-35
3 A1, Az AY
Tab.3 The main axle of error elipsoid and direction co
sine at end points Az, Ag /cm
)\i Li Mi Ni
1.473 8 0.576 8 0.8130 - 0.0796
0.986 1 -0.816 3 0.576 8 -0.0327 ‘i
0.1377 - 0.0327 0.120 3 0.992 2 Tl
2 3 ’
A1,A2, A3 2 3 €
2 2 3 Fig.2 €&; modd of three-dimensgon circular curve
So’ )
( ) “
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