M-Aware Strip Map Generator
Main Case:
1. Inputs:
a. An M-Aware polyline feature
b. A Station Interval
2. Outputs:
a. Intermediate table containing “From Station” and “To Station” columns. Each row corresponds to a page in a map series. 
b. A shapefile or feature class containing rectangular polygon feature geometries that represent page outlines. Each feature corresponds to a page in the map series.
Alternate Case:
1. Inputs:
a. An M-Aware polyline feature
b. Intermediate table containing “From Station” and “To Station” columns. Each row corresponds to a page in a map series.
2. Outputs:
a. A shapefile or feature class containing rectangular polygon feature geometries that represent page outlines. Each feature corresponds to a page in the map series.
Additional Input Parameters for Strip Map Generator:
1. Strip Map Name (used in conjunction with page numbers to generate page titles)
2. Path of output shapefile or feature class. (Overwrite existing shapefiles)
3. Path of output intermediate table. (Overwrite existing tables)
4. Flip Line, yes/no.
a. If yes, order the polygon features from highest station to lowest station.
b. This option may no longer be needed.	
5. Map Scale, with three options:
a. Current map scale (retrieved from map)
b. Manual (a numeric value)
c. Absolute Size (containing a width and height in map units, which is used in conjunction with the map layout width and height to calculate a scale)
i. This option may no longer be needed.
6. Data Frame Size (with two options):
a. Use current data frame (retrieved from map layout)
b. Specify Data Frame Size (in map layout units) (Width and Height) (typically in inches)


Hard-Coded Attribute Names:
For the ArcGIS 10 version, we should hard-code the following shape-file attribute name. In later versions, we could allow the user to over-ride these defaults with their own names.
1. SMAP_NAME – Page Name
2. SMAP_ANGLE – Rotation Angle 
3. SMAP_NUM – Page Number
4. SMAP_SCALE – Scale
5. FROM_STAT – From Station
6. TO_STAT – To Station
7. IN_GRID – In Grid (Set to ‘N’ if polyline segment does not fall entirely within polygon feature.)
Validation:
1. Polyline feature must be M-Aware and MinM <> MaxM.
2. Interval is a positive number.
3. Polygon width is at least 10% larger than Station Interval.
a. As a general guideline, the polygon width should be 12-15% larger than the length of stationing displayed, with 10% being the absolute minimum.
b. For example, a polygon containing 10,000 feet of stationing might be 11,280ft wide, or 12.8% larger than the length of stationing.
Calculating Height and Width of the index polygons:
1. Height and Width of the index polygon (in map units) are calculated based on the Height and Width of the data frame (in map layout units) and the scale.
2. PolygonWidth = DataFrameWidth * scale * UnitsRatio
a. For example: 28.2inches * 4800 * (1ft/ 12inches) = 11,280 ft
3. PolygonHeight = DataFrameHeight * scale * UnitsRatio

Rules for generating intermediate table containing “From Station” and “To Station” columns:
1. In JAMB for ArcGIS 9.3, the intermediate table is saved as a .DBF file. For the new strip map generator, we want to save the intermediate table as either a .CSV file or an excel file.
2. Each row corresponds to a page in a map series.
3. For multi-part lines, give the user the option to begin a new page at the start of each part.
a. If the user picks this option, sort the parts by the M value of the first point in each part. Process each part separately, in order.
b. Otherwise, treat as one continuous line and ignore breaks.
4. Find the minimum M (MinM) and maximum M (MaxM) of the line (or line part).
a. Raise an error if MinM and MaxM are the same.
5. The “FromStation” of the first page is MinM.
6. Calculate the “ToStation” of the first page as follows:
a. ToStation = Round((FromStation + Interval)/Interval) * Interval
b. If the page contains more than 110% of the interval, split it into two pages:
i. If (ToStation – FromStation) > (Interval * 1.1) Then ToStation = ToStation - Interval
7. For each page after the first, “FromStation” is equal to the “ToStation” of the previous page.
8. For each page after the first, ToStation = FromStation + Interval.
9. If ToStation > MaxM then ToStation = MaxM. This is the last page.
10. If the last page contains less than 10% of Interval, remove the last page and set the ToStation of the previous page to MaxM.
a. If (ToStation – FromStation) < (Interval * 0.1) then
i. Remove the last page.
ii. ToStation of previous page = MaxM.
Steps to Generate a Polygon Feature:
1. Retrieve a point at the “FromStation” M value. (FromPoint)
i. If a point has an M value within 0.000001 units of the desired M value, consider it to be an exact match. This is the point we are looking for.
ii. If an exact match is not found, retrieve the point before and the point after the desired M value. Interpolate to find a point location for the desired M value.
iii. If the desired M value < MinM use the first point in the polyline.
2. Retrieve a point at the “ToStation” M value. (ToPoint)
i. If the desired M value > MaxM use the last point in the polyline.
3. Calculate the distance between FromPoint and ToPoint. (FromToDistance)
i. Throw an error or show a warning if FromPoint and ToPoint are identical. Move ToPoint slightly to produce a non-zero length and avoid a crash.
4. Generate a “straight line segment” connecting FromPoint and ToPoint.
5. Get the rotation angle of the “straight line segment”. (Angle)
6. Calculate Polygon Width based on Scale and Data Frame Width. (PolygonWidth)
7. Calculate Polygon Height based on Scale and Data Frame Height . (PolygonHeight)
8. Calculate a Buffer Width: BufferWidth = (PolygonWidth - FromToDistance)/2
9. Extend the “straight line segment” on both ends by BufferWidth to generate a new straight line segment having the same width as the polygon.
i. The “From Point” of this new line will be on the left edge of the polygon. (B1)
ii. The “To Point” of this new line will be on the right edge of the polygon. (B2)
10. We want the page to be centered (from top to bottom) by the “polyline line segment”, not centered by the “straight line segment”. We need to determine the offset distance between the center of the polyline feature and the “straight line segment”. Refer to this distance as “Horizontal Offset”.
i. The “polyline line segment” is composed of each point vertex whose M value is between FromStation and ToStation.
ii. Find the offset distance of each point from the “straight line segment”.
iii. Some points are above the “straight line segment” and other points are below it. (We will referrer to these as right-side and left-side points.)
iv. Find the maximum right-side offset. (MaxRightOffset)
v. Find the maximum left-side offset.  (MaxLeftOffset)
vi. Find the difference between the left and right offsets. This is the Horizontal Offset:
vii. HorizontalOffset = MaxLeftOffset + (MaxRightOffset * -1)
viii. Apply a limit to the Horizontal Offset: The absolute value of the horizontal offset may be no greater than 95% of half the polygon height. This restriction prevents the line feature from being within a reasonable distance from the upper and lower edge of the page. It allows room for the polyline feature labels and station labels.
11. The height of the upper portion of the polygon is: (PolygonHeight/2) + HorizontalOffset. (UpperHeight)
12. The height of the lower portion of the polygon is (PolygonHeight/2) – HorizontalOffset. (LowerHeight)
13. Generate the polygon geometry from 4 points:
i. P1.x = B1.x + (sin(Angle) * LowerHeight), P1.Y= B1.y – (cos(Angle) * LowerHeight)
ii. P2.x = B1.x - (sin(Angle) * UpperHeight), P2.Y= B1.y + (cos(Angle) * UpperHeight)
iii. P3.x = B2.x - (sin(Angle) * UpperHeight), P3.Y= B2.y + (cos(Angle) * UpperHeight)
iv. P4.x = B2.x + (sin(Angle) * LowerHeight), P4.Y= B2.y – (cos(Angle) * LowerHeight)
14. Test if the polyline segment fits entirely within the grid polygon. If so, set the ”In Grid” attribute to ‘Y’. Otherwise, it is set to ‘N’.
i. Get the segment of the polyline that exists between the FromPoint and ToPoint. If the segment intersects the polygon then set to ‘N’.
ii. If the first test passed, determine if the polyline (as a whole) passes through the polygon at one or more points. If not, set to ‘N’ because the page is in the wrong place. Otherwise, set to ‘Y’.
15. Set “Page Number” attribute to a 4 digit number left-padded with zeros (for sorting purposes).
16. Set “Page Name” attribute to Map Series Name concatenated with page number.
17. Set “Rotation Angle” attribute (in degrees).
18. Set “Scale’ attribute.
19. Set “From Station” and ‘To Station’ attributes.
Ideas for Improvements in Polygon generation:
1. Develop a technique to extend the last page such that it contains a standard station interval:
i. Extend the polyline by adding a fictitious “To Station” point at the desired M value. Center the page using the fictitious “To Station” point instead of the point at MaxM.
ii. The goal is to generate a map in which both the plan view and profile view contain a standard station interval that is consistent with the other pages in the map series.  A fictitious (and invisible) point will have to be added to the data graph to achieve the desired effect in the profile view.
iii. If the first page is shorter than the standard interval, a similar algorithm should be applied to the first page by adding a fictitious “From Station” point.

We are considering creating the following additional Python Geoprocessing tools:
1. A tool to output of copy of the index layer with attributes mapped to standard names.
2. A tool to update the “rotation angle” attribute of a single index polygon feature by calculating the slope of the “top” edge of the polygon.
a. The question remains how to determine which of the four sides of a rectangle is considered the “top”.  An M-Aware polyline feature must run through the polygon feature with its M values increasing from left to right.
b. Optionally, return the slope of all 4 edges and let the user decide which one is the top.
c. Include an option to update all of the features in the index layer.
3. A tool to update both the geometry and the “Rotation Angle” attributes of a single index polygon feature based on a polyline feature that runs through it and based on the values of the “From Station” and “To Station” attributes.
a. Include an option to update all of the features in the index layer.

