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Abstract

Introduction: Uncertainty management in geometric data is an important issue for spatial databases and
geographic information systems. Currently, spatial databases can only manage those geographic applications
that interact with deterministic data. But in reality, many spatial data do not have definite area and boundary,
but many of them have fuzzy surface and boundary. Researchers have provided different definitions of point,
line and fuzzy area.

Method: In this research, a method for modeling two-dimensional fuzzy regions based on the concept of
direction is proposed. The proposed method, membership function, and temporal operators are formally
defined and implemented using SQL Server 2019.

Results: The proposed method has been compared with existing methods including grid, vector-carrier and
triangulation in terms of memory complexity, time complexity and accuracy of data storage (creating noise)
and its application. The proposed method is better than grid, vector-map and triangular methods in terms of
memory complexity. It is also better than vector-map and triangulation methods in terms of time complexity.
The accuracy of the proposed method is better than the grid and vector-map methods.

Discussion: The proposed method can implement and query Direction-based fuzzy regions with better
performance than other methods.
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is_inside (Point, Area) > (True, False)

is_on_the (Point, CircularString) - (True, False)

Euclidean_Distance (Point, Point) > R

CircularString_Lenght (CircularString, Point) > R // Returns the Circular String length from beginning to a specified point

Point = {(x,y)|x ERand y € R}
Area = {(Pointy, Point,, ..., Point,) [n =3 and V1 <i <n = Point; € Point
andA1<1i,j<n = i#jand Point; = Point;}
CircularString = {(Pointgq,, MiddlePoint,, MiddlePoint,, ..., MiddlePoint,y..,, Pointg,q, MV alueg,gre, MV alueg, )|
0 < MValueg,y < MValuegiry < 1and 0 < k
and Pointgq,., Pointg,, € Point and V1 < i = MiddlePoint; € Point}
Polygon = {(PolygonArea, MValue, CirStr)|
PolygonArea € Area, CirStr € CircularString,0 < MValue < 1
if (MValue == NULL) = CirStr # NULL
if (CirStr == NULL) = MValue # NULL}
Region = {(Polygon,, Polygon,, ..., Polygon,,)|
V1<i<n= Polygon; € Polygon
v1<i#j<n:if (Polygon; MValue # NULL and Polygon;. MValue # NULL)
= Polygon;. PolygonArea n Polygon;. PolygonArea = @
if (Polygoni. CirStr # NULL and Polygon;. CirStr # NULL)
= Polygon;. PolygonArea n Polygon;. PolygonArea = @}

Membership_Value (Point p, Region r)

if (Apg € Polygon | pg € r and is_inside(p, pg. PolygonArea)) Then
Return "Point is not in the Region."
if (Apg € Polygon | pg € r and is_inside(p,pg. PolygonArea and pg. MValue # NULL))
Return pg.MValue
Else {
CSP = {P € Points |is_on_the(P,pg. CirStr)} /[CircularString_Points
ANP € CSP |Vt € CSP = Euclidean_Distance (p, NP) < Euclidean_Distance (p, t)) /INearest_Point
CircularString_Lenght(pg. CirStr, NP)

- CircularString_Lenght(pg. CirStr,pg. CirStr. Pointg, )
Return pg. CirStr. MValueg,q,c + (D * (pg. CirStr. MValueg,,; — pg. CirStr. MValueg,q.t))
}
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Regions
% FRcode

Description

CircularStrings
% CScode

Start_Membership_Value
End_Membership_Value
Geo_Object

Versions
% FRcode

% Vcode
Transaction_Time
Valid_Time_Start
Valid_Time_Middlel
Valid_Time_Middle2
Valid_Time_End

Polygons
% Pcode

Rcode

Veode
Membership_Value
CScode
Geo_Object
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Region

Rcode Description

1 Factory Smoke

Versions

Rcode Vcode Transaction_Time Valid _Time_Start Valid_Time_Middle1 Valid_Time_Middle2 Valid_Time_ End

1 1 09/21/2010 09/20/2010 09/22/2010 09/28/2010 09/30/2010

Polygons

Rcode Vcode Pcode Membership_Value CScode Geo_Object

1 2 1 0.15 NULL  0x0000000001000400000000000000000008400...

1 2 2 0.1 NULL  0x000000000104040000000000000000003E400...

1 2 3 0.9 NULL  0x0000000001040400000000000000004060400...

1 2 4 NULL 1 0x000000000104040000000000000000A4A040...

1 2 5 0.7 NULL  0x0000000001040400000000000000200DF440...

1 2 6 NULL 2 0x0000000001040400000000000000E4F82D41...

1 2 7 0.3 NULL  0x000000000104040000000000000000D5C140...

1 2 8 0.05 NULL  0x000000000104040000000000000000DSC140...

1 2 9 NULL 3 0x00000000010404000000000000000000F03FO0...

CircularStrings

CScode Start_Membership_Value End_Membership_Value Geo_Object

1 0.9 0.23 0x000000000204030000000000000000000000...

2 0.9 0.25 0x000000000204030000000000000000005940...

3 0.85 0.2 0x000000000204030000000000000000A08940...
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