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. / 0 4x $x� € € €秽 33 櫃櫶 € � ( 愾 吏 p�@ 劤� 8�� 1� ( ] m 泾 8 1 D� ( @ p  8�� 1 9 � :��� $�� $ � $ € z  s 5 In digital cartography and GIS, it is frequently necessary to know if a point locates within a certain polygon. If a raster data structure is used, this problem can be easily solved: let the whole polygon be 刡lackened (be assigned with certain special gray value). And then using the position of the point (i, j), and test if the gray value of the pixel (i, j) to be the given special gray value for this polygon. If the answer is yes, this point locates within the polygon, otherwise, 

it locates outside of the polygon. Using vector data structure, it is more accurate but a little bit more complicated. The principle can be expressed as the following: first, to make a plumb line which starts from the given point (x0, y0). Second, to calculate and count all the intersection points between the plumb line and all the edges of the given polygon. If the number of the intersection points is odd, the point locates within the polygon; if the number of the intersection points is 0 or even, the point is outside of the polygon. / € �/ /� ��� /�  ���� /� � /� ��� / /� ��m /� �� /�  ���� /� �� /�  ���� /� �� 0 0 408龝 dd���� 408龝 dd���� (1 1 1 8 . 0 4x $x�3 F4�沣 3 3烫 € € € � ( 吏 愾 @ p� 8�� 1� b�� V�� ( 圊 U 8�� 1 :��� ~� $凱L �PL € = 8 &� 5Hachuring in a Polygon (1) /�  ���� /� ��1 /�  ���- /� ��� /�  ���� /� �� /�  ���7 /� �� /�  ���� /� ��� /�  ���� /� �� /�  ���� /� �� 0 0 � 408龝 dd���� 408龝 dd���� (1 1 � 1 8 . 0 4x $x�3 F4�沣 3 3烫 € €
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PL %�� ( 蔸 H  8�� 1 :��� e� $� € 5o  Xmax or X0 < Xmin) or (Y0 > Ymax or Y0 < Ymin)) then there is no need to calculate and count the intersection points between the plumb line and all the edges of the polygon. The answer is: this point does not locate within the given polygon. Point-in-Polygon Test (2) (Xmin, Ymin) (Xmax, Ymax) (X0, Y0) Secondly, only those edges of the given polygon need to be taken for calculating the intersection points between them and the given point (X0, Y0) that satisfy the condition: If ((X0 <= Xi and X0 >= Xi+1) or (X0 >= Xi and X0 <= Xi+1)). Point-in-Polygon Test (3) (x0, y0) (Xi, Yi) (Xi+1, Yi+1) Care must be taken when the plumb line or the extension of the plumb line passes through one endpoint of certain polygon edge. In case for the plumb line starting from the point P1, the number of the intersection points between the plumb line and the successive polygon edges should be zero or two, while in the case for the plumb line starting from the point P2, the number of the intersection points between the plumb line and the successive polygon edges should be one. The difference lies in the fact that in the former case the successive polygon edges lie on the same side of the plumb line, while in the latter case, they lie on the different sides of the plumb line. The calculation for 
the intersection points between the plumb line and a polygon edge which has the plumb direction should be avoided, because they have either no intersection point or infinite number of intersection points (such as the plumb line starting from P3). If these special cases have been found, we can rely on the strict conditions to deal with them correctly. Or, more practically, we can give a very small increment temporarily to the X-coordinate of the given point. In this way, the troublesome processes for the special cases could be avoided. A better method is to give an increment which is half of the resolution of the given data to the set of points to be tested or to the polygon set. In this way, there is no need to find the special cases anymore. Point-in-Polygon Test (4) P1 P2 P3 If a polygon is to be added with hachure lines, the central problem is to calculate the intersection points between the polygon edges and the hachure lines. Suppose that the angle between the hachures and the X-axis of the original coordinate system is θ. And the distance between two parallel hachure lines is d. The polygon vertices are stored in the 1-D arrays X_polygon and Y_polygon. Hachuring in a Polygon (1) o X Y θ d One suggested way is to rotate the coordinate system XOY by the angle of 枽 around the origin O. After the rotation transformation of all the polygon vertices to the new coordinate system X慜Y', the polygon vertices are stored in the cooresponding 1-D arrays X慱polygon 
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the pixel (i, j) to be the given special gray value for this polygon. If the answer is yes, this point locates within the polygon, otherwise, it locates outside of the polygon. Using vector data structure, it is more accurate but a little bit more complicated. The principle can be expressed as the following: first, to make a plumb line which starts from the given point (x0, y0). Second, to calculate and count all the intersection points between the plumb line and all the edges of the given polygon. If the number of the intersection points is odd, the point locates within the polygon; if the number of the intersection points is 0 or even, the point is outside of the polygon. $��0 T��&/��=6������ >���1��-���� 7 餒� 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 . � ;久� !粬� 0� �S���餕� $��疸��� (� $���餢� $ �C ��� $ ��餕�� $ �S ��€ �$ 0� $ � 疱� C� It is possible to test the positional relations between a series of points and the given polygon. To be more efficient, some improvement can be adopted: First, to define the minimal X-coordinate Xmin, the minimal Y-coordinate Ymin, the maximal X-coordinate Xmax, and the maximal Y-coordinate Ymax of the given polygon. If ((X0 > Xmax or X0 < Xmin) or (Y0 > Ymax or Y0 < 
Ymin)) then there is no need to calculate and count the intersection points between the plumb line and all the edges of the polygon. The answer is: this point does not locate within the given polygon. ZD�G��� $� B� 餒� $ 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 .�D久�` 0� �i���餫� ,��瘗��� (� ,���餢� ,  �C ��� $ ��餫�� ,  �S ��€胺$ 0� $ � 瘥� Secondly, only those edges of the given polygon need to be taken for calculating the intersection points between them and the given point (X0, Y0) that satisfy the condition: If ((X0 <= Xi and X0 >= Xi+1) or (X0 >= Xi and X0 <= Xi+1)). $��  ��  �� $� 餒� , 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 .�G久� B�� 0� � 鸷 4��餜 (� 4���餢� 4 �C ��� $ ��鸷 � 4 �S ��€悢$ 0� $ � 餞 Care must be taken when the plumb line or the extension of the plumb line passes through one endpoint of certain polygon edge. In case for the plumb line starting from the point P1, the number of the intersection points between 
the plumb line and the successive polygon edges should be zero or two, while in the case for the plumb line starting from the point P2, the number of the intersection points between the plumb line and the successive polygon edges should be one. The difference lies in the fact that in the former case the successive polygon edges lie on the same side of the plumb line, while in the latter case, they lie on the different sides of the plumb line. The calculation for the intersection points between the plumb line and a polygon edge which has the plumb direction should be avoided, because they have either no intersection point or infinite number of intersection points (such as the plumb line starting from P3). If these special cases have been found, we can rely on the strict conditions to deal with them correctly. Or, more practically, we can give a very small increment temporarily to the X-coordinate of the given point. In this way, the troublesome processes for the special cases could be avoided. A better method is to give an increment which is half of the resolution of the given data to the set of points to be tested or to the polygon set. In this way, there is no need to find the special cases anymore. Z 4���� ���G��i{��H "� �� 餒� 4 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 .�N久�p杧|� 0� �2��� *���� <��鹇��� (� <���餢� < �C ���
�������� $ �� *�� < �S ��€X $ 0� $ � 鹉� If a polygon is to be added with hachure lines, the central problem is to calculate the intersection points between the polygon edges and the hachure lines. Suppose that the angle between the hachures and the X-axis of the original coordinate system is . And the distance between two parallel hachure lines is d. The polygon vertices are stored in the 1-D arrays X_polygon and Y_polygon. P m�� ������� ������� @� 餒� < 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 .�X久�PKi8� 0� ����� D��瓞��� (� D���餢� D �C ��� $ �� D �S ��€`~L 0� $ � 甬 One suggested way is to rotate the coordinate system XOY by the angle of � around the origin O. After the rotation transformation of all the polygon vertices to the new coordinate system X� OY', the polygon vertices are stored in the cooresponding 1-D arrays X� _polygon and Y� _polygon, and the direction of the required hachures will be horizontal. Then Y� min and Y� max are selected. With the equations of the hachure lines Y� = Y� min + n d (n = 1, 2, & ) if (Y� < Y� max), the intersection points between the hachure lines and the polygon edges can be calculated. 
All the intersection points on a hachure line are sorted according to their X-coordinates in an ascending sequence and are stored in two special 2-D arrays X' and Y'. After all the sorted intersection points have undergone a rotation transformation by the angle around the origin O, they are stored in the two corresponding 2-D arrays for intersection points, i.e., X and Y, and hachure lines are really drawn from the sorted intersection point 2i+1 to the point 2i+2 (i = 0, 1, 2, ...). The result is the required hachure lines and the original given polygon just like the last projection. If a hachure line will just pass through endpoints of the successive polygon edges, it is easier to give a very small increment to the hight of this hachure. So that special problems which were mentioned in the problem of point-in-polygon test can be avoided without any sensible negative graphical influence. T� 2����� �� ?� �#�� ��Z� �Y�� ��4� �v�� ��9� �<�� ��T� ���� ���� ���� ���� �4�� ���� � �� �� 6�� ���� ���� ��  �� J  ����� q C A  ����I� <� 餒� D 0 藿h 師 ?���� € € €秽 33 櫃櫶� 8� 0 ___PPT10 .�]久�p`豢�  � 0� � 饘 0�� L�� $ �� (� L���餢� L �C ��� $ ��饘�� L �

S ��€紐L 0� $ � &� In order to compress the data of a series of vertices of a string, a global routine which processes the entire line is famous and frequently used. This routine is called the Douglas-Peucker algorithm. The first endpoint of the line is set as the � anchor� point and the other endpoint of the line is designated the current � floating point� . If the perpendicular distance between each intervening point and the straight line connecting the anchor and floating point is less than the tolerence, all of the intervening points are deleted and the anchor point is updated to the floating point. Otherwise, the intervening point having the maximum perpendicular distance becomes the new floating point and the intervening point check is repeated. These iterations continue until the anchor point becomes the last endpoint of the line. In this example, 28 vertices has been compressed into 8 vertices 
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