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Introduction

OpenLR™ is a method for map-agnostic location referencing. It enables systems to communicate location information, even when they use dissimilar maps.




Executive summary

This document provides suggestions for strategies that can be followed when implementing a OpenLR™ line location decoder. Line locations are a subset of OpenLR. They reference a path through the road graph (a set of roads and junctions).




Scope

This document gives a simplified overview of the process of decoding, and how to choose which roads are part of the location. Multiple roads can be chosen at various points when decoding a location reference. This document helps with selecting the appropriate roads for a line reference, which is called map-matching.
The content provided in this document is provided free of charge, and has no warranty expressed or implied. You can use these tips at your own risk.




Intended audience

The audience for this document is any developer who is interested in how map-matching works and who wants to implement these techniques.




What is map-matching in OpenLR?

When we obtain a line location, it consists of a line location path (a path through the road network) and optional offsets on both ends.
The line location path is referenced by location reference points (LRPs). Each pair of successive LRPs reference a part of the line location path. The goal is to obtain the most appropriate route between each consecutive LRPs, and then putting the parts together.


First step: list candidates

The first step is obtaining roads within a certain radius near each LRP. This is implementation specific; you should use the method based on the map you are using. Since the target map might be missing certain junctions, we have to also consider points between junctions as candidates. The candidates are then the points on the nearest roads that are closest to the LRP coordinates.




Second step: score candidates

The second step is scoring (rating) the various candidates (which are points on line segments) to determine how well they meet the LRP information. The LRP information referring to the line location part is:


	The position of the source map junction (The candidate’s position should be close to that),


	The physical appearance of the road (defined as the “form of way”),


	The functional road class (the logical type of road based on importance, for example a motorway or a secondary road),


	The direction of the first few meters of road (in relation to due north).







Third step: route

For every LRP, you should now have candidate points on roads coupled with their scores. For each pair of successive LRPs, we take their best-rated candidates. The shortest path between the two roads is computed. While this is happening, roads that are lower than the FRC threshold are ignored. This FRC threshold comes from the lowest FRC next point attribute (LFRCNP).




Fourth step: track back or go further

For the shortest path calculated in the third step, we verify that the length of the path matches the designated DNP (distance next point) value. DNP is an attribute of the left side LRP.

If our route is inappropriate, repeat step 3 with the next-best scoring candidate pair.

If our road matches the DNP, go on to the next LRP pair.




Fifth step: finalize

If we reach the end of the LRP sequence, we can assemble the line location path. This means, all shortest paths between the best LRP candidates that matched the DNP are concatenated. We remove the positive offset from the beginning of this path and from the end of the path we remove the negative offset. We now have the line location.






OpenLR Python dereferencer

TomTom provides an implementation for readability of the decoding process in the following repository: https://github.com/tomtom-international/openlr-dereferencer-python/

In the previous section, we described the map-matching process and broke it down into its fundamental steps. Now we show examples of how those steps can be implemented.


Example line location decoding with explanations

[image: _images/Legend.svg]Figure 1

Here is an example road network that shows line segments along with their FRC and the FOW, according the legend (previously shown).

[image: _images/1_Example_Map.svg]Figure 2

Imagine that the encoder references the following line location path (the blue line):

[image: _images/2_LRP_Attributes.svg]Figure 3

The red dots in the previous figure represent LRPs. The arrows in the figure represent attributes of the next line starting from the LRP. The direction is computed by a certain distance into the path. The last arrow points in the direction of the origin (rather than the destination).


Finding candidates

We now list lines around each LRP.

[image: _images/3_Candidate_Lines.svg]Figure 4

In the previous figure we found candidate lines for each of the LRPs. For simplicity, we won’t consider partial lines here.

As we stated in the first step, finding candidate lines is achieved by obtaining roads within a certain radius near each LRP. We ask our map reader to get all roads within a certain radius around the LRP coordinates. On the returned roads, we consider the points closest to the LRP as candidates. As a sub-step we compute the score of each candidate. The last sub-step is returning each road along with its score.
The following code snippet shows our implementation of this step:

    for line in reader.find_lines_close_to(coords(lrp), config.search_radius):
        yield from make_candidates(lrp, line, config, is_last_lrp)
    ...





It calls the find_lines_close_to method of our map implementation to get map objects within a certain radius.

Then, a function is called to return all possible candidates for this line. In the Python implementation, this is the point on the road that is closest to the LRP.




Scoring candidates

The second step is scoring each candidate so they can be properly sorted later, and consider which candidate is the best. The third step takes the scored candidates and sorts them by the best score. This score is chosen by determining which line has the best matching attributes. Considerations include direction, starting point, FRC (functional road class), and the FOW (form of way).

score = score_lrp_candidate(lrp, candidate, radius, is_last_lrp)





The decoder should include some configuration that determines the weighting of each attribute.

Let’s assume that our configuration weights the FOW higher than the geo location, because we don’t trust the map similarity. In this case, the best-scored candidate for the first LRP is not the proper one. This will be corrected by backtracking.

[image: _images/Example_map_sorted_candidates.svg]Figure 5




Routing between the candidates

For each consecutive LRP the decoder searches for a route between the best candidate points, like described above. In certain circumstances, the route may not be found or may not have the right length. In this case, we try to use the next best candidates.

[image: _images/Example_map_secondbest.svg]Figure 6

If we have exhausted the entire list for that specific LRP, we must go back to find the next best candidate for the origin. This backtracking may or may not include the entire path we’ve determined to this point.

In the Python decoder, the implementation of the backtracking feature is done recursively. For a given LRP with its candidates, there is a certain function called match_tailthat resolves the rest of the path. The signature is as follows:

def match_tail(current: LRP, candidates, tail: List[LRP], reader: MapReader, radius) -> List[Line]:





The tail in this context is the remaining list of LRPs. The match_tail function generates candidates for the first LRP and routes the candidates of the previous LRP to the new candidates, as described previously. After that, the function calls itself for the remaining LRPs, if there are any. The empty list is a recursion anchor.




Finalizing the line location

We should now assemble the line location path. We must cut off the positive offset from the beginning of that path, and similarly, we must cut off the negative offset from the end of the path. We have now dereferenced the line location. This means we can link the line location reference to objects on the map.






Locations also based on the line location path


Point along line location

The “point along a line location” is a point on the road network. It is referenced by two consecutive LRPs and a positive offset. The LRP pair expresses a line location path, while the positive offset expresses the location of the point in the path. Decoding is a two step process. In step one, we decode the line location path, as shown in the previous figures. In step two, we traverse the path proportionally based on the positive offset. The resulting point is our “point along line location”.

def decode_pointalongline(
    reference: PointAlongLineLocation, reader: MapReader, radius: float
) -> PointAlongLine:
    "Decodes a point along line location reference"
    path = dereference_path(reference.points, reader, radius)
    absolute_offset = path_length(path) * reference.poffs
    line_object, line_offset = point_along_linelocation(path, absolute_offset)
    return PointAlongLine(line_object, line_offset, reference.sideOfRoad, reference.orientation)








POI with access point

The “point of interest with access point” is a point location that is not bound to the road network, but has an access point on some road. The access point is decoded exactly like the point along line location while the actual point is just passed through.

def decode_poi_with_accesspoint(
    reference: PoiWithAccessPointLocation, reader: MapReader, radius: float
) -> PoiWithAccessPoint:
    path = dereference_path(reference.points, reader, radius)
    absolute_offset = path_length(path) * reference.poffs
    line, line_offset = point_along_linelocation(path, absolute_offset)
    return PoiWithAccessPoint(
        line,
        line_offset,
        reference.sideOfRoad,
        reference.orientation,
        Coordinates(reference.lon, reference.lat),
    )










Conclusion

OpenLR offers users a map-agnostic way to communicate line locations. Developers who would like to learn more about OpenLR can consult the OpenLR whitepaper [https://www.openlr-association.com/fileadmin/user_upload/openlr-whitepaper_v1.5.pdf].
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openlr_dereferencer.decoding package


Submodules




openlr_dereferencer.decoding.candidate module

Contains the Candidate class


	
class openlr_dereferencer.decoding.candidate.Candidate

	Bases: openlr_dereferencer.decoding.routes.PointOnLine

An LRP candidate, represented by a point on the road network along with its score


	
score = None

	The candidate may be bundled together with it’s precomputed score.












openlr_dereferencer.decoding.candidates module

Contains functions for candidate searching and map matching


	
openlr_dereferencer.decoding.candidates.get_candidate_route(c1: openlr_dereferencer.decoding.candidate.Candidate, c2: openlr_dereferencer.decoding.candidate.Candidate, lfrc: openlr.locations.FRC, maxlen: float) → Optional[openlr_dereferencer.decoding.routes.Route]

	Returns the shortest path between two LRP candidates, excluding partial lines.

If it is longer than maxlen, it is treated as if no path exists.


	Args:

	
	map_reader:

	A reader for the map on which the path is searched



	c1:

	The starting point.



	c2:

	The ending point.



	lfrc:

	“lowest frc”. Line objects from map_reader with an FRC lower than lfrc will be ignored.



	maxlen:

	Pathfinding will be canceled after exceeding a length of maxlen.







	Returns:

	If a matching shortest path is found, it is returned as a list of Line objects.
The returned path excludes the lines the candidate points are on.
If there is no matching path found, None is returned.










	
openlr_dereferencer.decoding.candidates.make_candidates(lrp: openlr.locations.LocationReferencePoint, line: openlr_dereferencer.maps.abstract.Line, config: openlr_dereferencer.decoding.configuration.Config, is_last_lrp: bool) → Iterable[openlr_dereferencer.decoding.candidate.Candidate]

	Return zero or more LRP candidates based on the given line






	
openlr_dereferencer.decoding.candidates.match_tail(current: openlr.locations.LocationReferencePoint, candidates: List[openlr_dereferencer.decoding.candidate.Candidate], tail: List[openlr.locations.LocationReferencePoint], reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver]) → List[openlr_dereferencer.decoding.routes.Route]

	Searches for the rest of the line location.

Every element of candidates is routed to every candidate for tail[0] (best scores first).
Actually not _every_ element, just as many as it needs until some path matches the DNP.


	Args:

	
	current:

	The LRP with which this part of the line location reference starts.



	candidates:

	The Candidates for the current LRP



	tail:

	The LRPs following the current.

Contains at least one LRP, as any route has two ends.



	reader:

	The map reader on which we are operating. Needed for nominating next candidates.



	config:

	The wanted behaviour, as configuration options



	observer:

	The optional decoder observer, which emits events and calls back.







	Returns:

	If any candidate pair matches, the function calls itself for the rest of tail and
returns the resulting list of routes.



	Raises:

	
	LRDecodeError:

	If no candidate pair matches or a recursive call can not resolve a route.














	
openlr_dereferencer.decoding.candidates.nominate_candidates(lrp: openlr.locations.LocationReferencePoint, reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, is_last_lrp: bool) → Iterable[openlr_dereferencer.decoding.candidate.Candidate]

	Returns a list of candidate lines for the LRP along with their score.








openlr_dereferencer.decoding.configuration module

Contains the configuration object that can be passed to the decoder, as well as default values


	
class openlr_dereferencer.decoding.configuration.Config

	Bases: tuple

A config object that provides all settings that influences the decoder’s behaviour

Customize the values where the default won’t fit you:

>>> myconfig = Config(min_score=0.9, search_radius=10)






	
bear_dist

	The bearing angle is computed along this distance on a given line. Given in meters.






	
bear_weight

	Defines the weight the bearing score has on the overall score of a candidate.






	
candidate_threshold

	Partial candidate line threshold, measured in meters

To find candidates, the LRP coordinates are projected against any line in the local area.
If the distance from the starting point is greater than this threshold, the partial line
beginning at the projection point is considered to be the candidate. Else, the candidate
snaps onto the starting point (or ending point, when it is the last LRP)






	
fow_standin_score

	When comparing an LRP FOW with a candidate’s FOW, this matrix defines
how well the candidate’s FOW fits as replacement for the expected value.
The usage is fow_standin_score[lrp’s fow][candidate’s fow].
It returns the score.






	
fow_weight

	Defines the weight the FOW score has on the overall score of a candidate.






	
frc_weight

	Defines the weight the FRC score has on the overall score of a candidate.






	
geo_weight

	Defines the weight the coordinate difference has on the overall score of a candidate.






	
max_bear_deviation

	Defines a threshold for the bearing difference. Candidates differing too much from
the LRP’s bearing value are pre-filtered.






	
max_dnp_deviation

	Tolerable relative DNP deviation of a path

A path between consecutive LRPs may deviate from the DNP by this relative value plus
tolerated_dnp_dev in order to be considered. The value here is relative
to the expected distance to next point.






	
min_score

	A filter for candidates with insufficient score.
Candidates below this score are not considered.
As this value is a score, it is in the range of [0.0, 1.0].






	
search_radius

	Configures the default radius to search for map objects around an LRP.
This value is in meters.






	
tolerated_dnp_dev

	Additional buffer to the range of allowed path distance

In order to be considered, a path must not deviate from the DNP value by more than
max_dnp_deviation (relative value) plus tolerated_dnp_dev.
This value is in meters.






	
tolerated_lfrc

	For every LFRCNP possibly present in an LRP, this defines
what lowest FRC in a considered route is acceptable










	
openlr_dereferencer.decoding.configuration.DEFAULT_FOW_STAND_IN_SCORE = [[0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5], [0.5, 1.0, 0.75, 0.0, 0.0, 0.0, 0.0, 0.0], [0.5, 0.75, 1.0, 0.75, 0.5, 0.0, 0.0, 0.0], [0.5, 0.0, 0.75, 1.0, 0.5, 0.5, 0.0, 0.0], [0.5, 0.0, 0.5, 0.5, 1.0, 0.5, 0.0, 0.0], [0.5, 0.0, 0.0, 0.5, 0.5, 1.0, 0.0, 0.0], [0.5, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0], [0.5, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0]]

	The default value for the fow_standin_score config option.
The values are adopted from the openlr Java implementation.






	
openlr_dereferencer.decoding.configuration.load_config(source: Union[str, io.TextIOBase, dict]) → openlr_dereferencer.decoding.configuration.Config

	Load config from a source


	Args:

	
	source:

	Either an open text file containing a JSON dict, or the path to it, or a dictionary







	Returns:

	The read Config object










	
openlr_dereferencer.decoding.configuration.save_config(config: openlr_dereferencer.decoding.configuration.Config, dest: Union[str, io.TextIOBase, None] = None) → Optional[dict]

	Saves a config to a file or a dictionary


	Args:

	
	config:

	The config.



	dest:

	Either a path, or an already write-opened text file, or nothing.







	Returns:

	If no destination was given, returns the config as dictionary












openlr_dereferencer.decoding.line_decoding module

Contains the decoding logic for line location


	
openlr_dereferencer.decoding.line_decoding.decode_line(reference: openlr.locations.LineLocationReference, reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver]) → openlr_dereferencer.decoding.line_location.LineLocation

	Decodes an openLR line location reference

Candidates are searched in a radius of radius meters around an LRP.






	
openlr_dereferencer.decoding.line_decoding.dereference_path(lrps: List[openlr.locations.LocationReferencePoint], reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver]) → List[openlr_dereferencer.decoding.routes.Route]

	Decode the location reference path, without considering any offsets








openlr_dereferencer.decoding.line_location module

This module contains the LineLocation class and a builder function for it


	
class openlr_dereferencer.decoding.line_location.LineLocation(route: openlr_dereferencer.decoding.routes.Route)

	Bases: object

A dereferenced line location. Create it from a combined Route which represents the
line location path. The attribute lines is the list of involved Line elements.
The attributes p_off and n_off contain the absolute offset at the first/last of these
line elements. They are measured in meters.
The method coordinates() returns the exact coordinates of the line location.


	
coordinates() → List[openlr.locations.Coordinates]

	Return the exact list of coordinates defining the line location path






	
lines

	The sequence of lines involved in this location






	
n_off

	This location ends n_off meters before the last line






	
p_off

	This location starts p_off meters into the first line










	
openlr_dereferencer.decoding.line_location.build_line_location(path: List[openlr_dereferencer.decoding.routes.Route], reference: openlr.locations.LineLocationReference) → openlr_dereferencer.decoding.line_location.LineLocation

	Builds a LineLocation object from all location reference path parts and the offset values.

The result will be a trimmed list of Line objects, with minimized offset values






	
openlr_dereferencer.decoding.line_location.combine_routes(line_location_path: Iterable[openlr_dereferencer.decoding.routes.Route]) → openlr_dereferencer.decoding.routes.Route

	Builds the whole location reference path


	Args:

	
	line_location_path:

	Consecutive Routes, like those partial routes resulting from matching an LRP list
onto a map







	Returns:

	The combined route










	
openlr_dereferencer.decoding.line_location.get_lines(line_location_path: Iterable[openlr_dereferencer.decoding.routes.Route]) → List[openlr_dereferencer.maps.abstract.Line]

	Convert a line location path to its sequence of line elements








openlr_dereferencer.decoding.point_locations module

Decoding logic for point (along line, …) locations


	
class openlr_dereferencer.decoding.point_locations.PoiWithAccessPoint

	Bases: tuple

A dereferenced POI with access point location.


	
access_point_coordinates() → openlr.locations.Coordinates

	Returns the geo coordinates of the access point






	
line

	Alias for field number 0






	
orientation

	Alias for field number 3






	
poi

	Alias for field number 4






	
positive_offset

	Alias for field number 1






	
side

	Alias for field number 2










	
class openlr_dereferencer.decoding.point_locations.PointAlongLine

	Bases: tuple

A dereferenced point along line location.

Contains the coordinates as well as the road on which it was located.


	
coordinates() → openlr.locations.Coordinates

	Returns the geo coordinates of the point






	
line

	Alias for field number 0






	
orientation

	Alias for field number 3






	
positive_offset

	Alias for field number 1






	
side

	Alias for field number 2










	
openlr_dereferencer.decoding.point_locations.decode_poi_with_accesspoint(reference: openlr.locations.PoiWithAccessPointLocationReference, reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver]) → openlr_dereferencer.decoding.point_locations.PoiWithAccessPoint

	Decodes a poi with access point location reference into a PoiWithAccessPoint






	
openlr_dereferencer.decoding.point_locations.decode_pointalongline(reference: openlr.locations.PointAlongLineLocationReference, reader: openlr_dereferencer.maps.abstract.MapReader, config: openlr_dereferencer.decoding.configuration.Config, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver]) → openlr_dereferencer.decoding.point_locations.PointAlongLine

	Decodes a point along line location reference into a PointAlongLine object






	
openlr_dereferencer.decoding.point_locations.point_along_linelocation(route: openlr_dereferencer.decoding.routes.Route, length: float) → Tuple[openlr_dereferencer.maps.abstract.Line, float]

	Steps length meters into the route and returns the Line + offset of the point in meters.

If the path is exhausted (length longer than route), raises an LRDecodeError.








openlr_dereferencer.decoding.routes module

Defines data types out of which line locations consist


	
class openlr_dereferencer.decoding.routes.PointOnLine

	Bases: tuple

A point on the road network


	
distance_from_start() → float

	Returns the distance in meters from the start of the line to the point






	
distance_to_end() → float

	Returns the distance in meters from the point to the end of the line






	
classmethod from_abs_offset(line: openlr_dereferencer.maps.abstract.Line, meters_into: float)

	Build a PointOnLine from an absolute offset value.

Negative offsets are recognized and subtracted.






	
line

	The line element on which the point resides






	
position() → openlr.locations.Coordinates

	Returns the actual geo position






	
relative_offset

	Specifies the relative offset of the point.
Its value is member of the interval [0.0, 1.0].
A value of 0 references the starting point of the line.






	
split() → Tuple[Optional[shapely.geometry.linestring.LineString], Optional[shapely.geometry.linestring.LineString]]

	Splits the Line element that this point is along and returns the parts










	
class openlr_dereferencer.decoding.routes.Route

	Bases: tuple

A part of a line location path. May contain partial lines.


	
absolute_end_offset

	Offset on the ending line in meters






	
absolute_start_offset

	Offset on the starting line in meters






	
coordinates() → List[openlr.locations.Coordinates]

	Returns all Coordinates of this line location






	
end

	The point on which this location is ending






	
length() → float

	Length of this line location part in meters






	
lines

	Returns all lines that take part in the route






	
path_inbetween

	While the first and the last line may be partial, these are the intermediate lines.






	
shape

	Returns the shape of the route. The route is has to be continuous.






	
start

	The point with which this location is starting












openlr_dereferencer.decoding.scoring module

Scoring functions and default weights for candidate line rating

FOW_WEIGHT + FRC_WEIGHT + GEO_WEIGHT + BEAR_WEIGHT should always be 1.

The result of the scoring functions will be floats from 0.0 to 1.0,
with 1.0 being an exact match and 0.0 being a non-match.


	
openlr_dereferencer.decoding.scoring.angle_difference(angle1: float, angle2: float) → float

	The difference of two angle values.


	Args:

	
	angle1, angle2:

	The values are expected in degrees.







	Returns:

	A value in the range [-180.0, 180.0]










	
openlr_dereferencer.decoding.scoring.score_angle_difference(angle1: float, angle2: float) → float

	Helper for score_bearing which scores the angle difference.


	Args:

	angle1, angle2: angles, in degrees.



	Returns:

	The similarity of angle1 and angle2, from 0.0 (180° difference) to 1.0 (0° difference)










	
openlr_dereferencer.decoding.scoring.score_bearing(wanted: openlr.locations.LocationReferencePoint, actual: openlr_dereferencer.decoding.routes.PointOnLine, is_last_lrp: bool, bear_dist: float) → float

	Scores the difference between expected and actual bearing angle.

A difference of 0° will result in a 1.0 score, while 180° will cause a score of 0.0.






	
openlr_dereferencer.decoding.scoring.score_frc(wanted: openlr.locations.FRC, actual: openlr.locations.FRC) → float

	Return a score for a FRC value






	
openlr_dereferencer.decoding.scoring.score_geolocation(wanted: openlr.locations.LocationReferencePoint, actual: openlr_dereferencer.decoding.routes.PointOnLine, radius: float) → float

	Scores the geolocation of a candidate.

A distance of radius or more will result in a 0.0 score.






	
openlr_dereferencer.decoding.scoring.score_lrp_candidate(wanted: openlr.locations.LocationReferencePoint, candidate: openlr_dereferencer.decoding.routes.PointOnLine, config: openlr_dereferencer.decoding.configuration.Config, is_last_lrp: bool) → float

	Scores the candidate (line) for the LRP.

This is the average of fow, frc, geo and bearing score.








openlr_dereferencer.decoding.tools module

Some tooling functions for path and offset handling


	
exception openlr_dereferencer.decoding.tools.LRDecodeError

	Bases: Exception

An error that happens through decoding location references






	
openlr_dereferencer.decoding.tools.compute_bearing(lrp: openlr.locations.LocationReferencePoint, candidate: openlr_dereferencer.decoding.routes.PointOnLine, is_last_lrp: bool, bear_dist: float) → float

	Returns the bearing angle of a partial line in degrees in the range 0.0 .. 360.0






	
openlr_dereferencer.decoding.tools.coords(lrp: openlr.locations.LocationReferencePoint) → openlr.locations.Coordinates

	Return the coordinates of an LRP






	
openlr_dereferencer.decoding.tools.linestring_coords(line: shapely.geometry.linestring.LineString) → List[openlr.locations.Coordinates]

	Returns the edges of the line geometry as Coordinate list






	
openlr_dereferencer.decoding.tools.project(line: openlr_dereferencer.maps.abstract.Line, coord: openlr.locations.Coordinates) → openlr_dereferencer.decoding.routes.PointOnLine

	Computes the nearest point to coord on the line

Returns: The point on line where this nearest point resides






	
openlr_dereferencer.decoding.tools.remove_offsets(path: openlr_dereferencer.decoding.routes.Route, p_off: float, n_off: float) → openlr_dereferencer.decoding.routes.Route

	Remove start+end offsets, measured in meters, from a route and return the result








Module contents

The module doing the actual decoding work.
This includes finding candidates, rating them and choosing the best path


	
openlr_dereferencer.decoding.decode(reference: LocationReference, reader: openlr_dereferencer.maps.abstract.MapReader, observer: Optional[openlr_dereferencer.observer.abstract.DecoderObserver] = None, config: openlr_dereferencer.decoding.configuration.Config = Config(search_radius=50.0, max_dnp_deviation=0.1, tolerated_dnp_dev=30, min_score=0.3, tolerated_lfrc={<FRC.FRC0: 0>: <FRC.FRC0: 0>, <FRC.FRC1: 1>: <FRC.FRC1: 1>, <FRC.FRC2: 2>: <FRC.FRC2: 2>, <FRC.FRC3: 3>: <FRC.FRC3: 3>, <FRC.FRC4: 4>: <FRC.FRC4: 4>, <FRC.FRC5: 5>: <FRC.FRC5: 5>, <FRC.FRC6: 6>: <FRC.FRC6: 6>, <FRC.FRC7: 7>: <FRC.FRC7: 7>}, candidate_threshold=20, max_bear_deviation=45.0, fow_weight=0.25, frc_weight=0.25, geo_weight=0.25, bear_weight=0.25, fow_standin_score=[[0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5], [0.5, 1.0, 0.75, 0.0, 0.0, 0.0, 0.0, 0.0], [0.5, 0.75, 1.0, 0.75, 0.5, 0.0, 0.0, 0.0], [0.5, 0.0, 0.75, 1.0, 0.5, 0.5, 0.0, 0.0], [0.5, 0.0, 0.5, 0.5, 1.0, 0.5, 0.0, 0.0], [0.5, 0.0, 0.0, 0.5, 0.5, 1.0, 0.0, 0.0], [0.5, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0], [0.5, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0]], bear_dist=20)) → MapObjects

	Translates an openLocationReference into a real location on your map.


	Args:

	
	reference:

	The location reference you want to decode



	reader:

	A reader class for the map on which you want to decode



	observer:

	An observer that collects information when events of interest happen at the decoder



	config:

	A definition of the decoding behaviour providing various settings







	Returns:

	This function will return one or more map object, optionally wrapped into some class.
Here is an overview for what reference type will result in which return type:







	reference

	returns





	GeoCoordinateLocationReference

	Coordinates



	LineLocationReference

	LineLocation



	PointAlongLineLocationReference

	PointAlongLineLocation



	PoiWithAccessPointLocationReference

	PoiWithAccessPoint








	Raises:

	
	LRDecodeError:

	Raised if the decoding process was not successful.



















          

      

      

    

  

    
      
          
            
  
openlr_dereferencer.example_sqlite_map package


Submodules




openlr_dereferencer.example_sqlite_map.primitives module

Contains the Node and the Line class of the example format


	
exception openlr_dereferencer.example_sqlite_map.primitives.ExampleMapError

	Bases: Exception

Some error reading the DB






	
class openlr_dereferencer.example_sqlite_map.primitives.Line(map_reader, line_id: int)

	Bases: openlr_dereferencer.maps.abstract.Line

Line object implementation for the example format


	
distance_to(coord) → float

	Returns the distance of this line to coord in meters






	
end_node

	Returns the node to which this line goes






	
fow

	Returns the form of way for this line






	
frc

	Returns the functional road class for this line






	
geometry

	Returns the line geometry






	
length

	Length of line in meters






	
line_id

	Returns the line id






	
near_nodes(distance)

	Yields every point within a certain distance, in meters.






	
num_points() → int

	Returns how many points the path geometry contains






	
point_n(index) → openlr.locations.Coordinates

	Returns the n th point in the path geometry, starting at 0






	
start_node

	Returns the node from which this line comes from










	
class openlr_dereferencer.example_sqlite_map.primitives.Node(map_reader, node_id: int)

	Bases: openlr_dereferencer.maps.abstract.Node

Node class implementation for example_sqlite_map


	
connected_lines() → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Line]

	Returns lines which touch this node






	
coordinates

	Returns the lon, lat coordinates of this node






	
incoming_lines() → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Line]

	Yields all lines coming directly to this node.






	
node_id

	Returns the id of this node.






	
outgoing_lines() → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Line]

	Yields all lines coming directly from this node












Module contents

The example map format described in map_format.md, conforming to
the interface in openlr_dereferencer.maps


	
class openlr_dereferencer.example_sqlite_map.ExampleMapReader(map_db_file: str)

	Bases: openlr_dereferencer.maps.abstract.MapReader

This is a reader for the example map format described in map_format.md.

Create an instance with: ExampleMapReader(‘example.sqlite’).


	
find_lines_close_to(coord: openlr.locations.Coordinates, dist: float) → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Line]

	Yields all lines within dist meters around coord






	
find_nodes_close_to(coord: openlr.locations.Coordinates, dist: float) → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Node]

	Finds all nodes in a given radius, given in meters

Yields every node within this distance to coord.






	
get_line(line_id: int) → openlr_dereferencer.example_sqlite_map.primitives.Line

	Returns a line by its id






	
get_linecount() → int

	Returns the number of lines in the map.






	
get_lines() → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Line]

	Yields all lines in the map.






	
get_node(node_id: int) → openlr_dereferencer.example_sqlite_map.primitives.Node

	Returns a node by its id.






	
get_nodecount() → int

	Returns the number of nodes in the map.






	
get_nodes() → Iterable[openlr_dereferencer.example_sqlite_map.primitives.Node]

	Yields all nodes contained in the map.















          

      

      

    

  

    
      
          
            
  
openlr_dereferencer.maps.a_star package


Submodules




openlr_dereferencer.maps.a_star.tools module

Helper functions for A*


	
exception openlr_dereferencer.maps.a_star.tools.LRPathNotFoundError

	Bases: Exception

No path was found through the map






	
openlr_dereferencer.maps.a_star.tools.heuristic

	Estimated cost from current to target.

We use geographical distance here as heuristic here.






	
openlr_dereferencer.maps.a_star.tools.tautology(_) → bool

	Returns always True, used as default line filter function.








Module contents

Provides the shortest_path(map, start, end) -> List[Line] function, which
finds a shortest path between two nodes.


	
class openlr_dereferencer.maps.a_star.PQItem

	Bases: tuple

A single item in the search priority queue


	
line

	Alias for field number 2






	
node

	Alias for field number 1






	
previous

	Alias for field number 3






	
score

	Alias for field number 0










	
class openlr_dereferencer.maps.a_star.Score

	Bases: tuple

The score of a single item in the search priority queue


	
f

	Alias for field number 0






	
g

	Alias for field number 1










	
openlr_dereferencer.maps.a_star.shortest_path(start: openlr_dereferencer.maps.abstract.Node, end: openlr_dereferencer.maps.abstract.Node, linefilter: Callable[[openlr_dereferencer.maps.abstract.Line], bool] = <function tautology>, maxlen: float = inf) → List[openlr_dereferencer.maps.abstract.Line]

	Returns a shortest path on the map between two nodes, as list of lines.

Uses the A* [https://en.wikipedia.org/wiki/A*_search_algorithm] algorithm for this.

You may filter considered lines with linefilter and paths with maxlen.


	Args:

	
	start:

	The node from which the path shall start



	end:

	The destination node of the path



	linefilter:

	The optional function parameter linefilter(Line) -> bool allows you to decide
whether a line is allowed to be part of the path. If the function returns False,
the line will not be taken into account.
This is used for the ‘lowest frc next point’ attribute of openLR line references.



	maxlen:

	Maximum allowed path length.
Abort the search for a shortest-path if this length is exceeded.







	Returns:

	A shortest path between the both nodes, after exclusion of lines according to linefilter

An empty path indicates that start and end node are the same.



	Raises:

	
	LRPathNotFoundError:

	Raised if no path between the nodes could be found.

Even if a path exists, this may happen for two reasons:


	No path exists were all lines pass the linefilter


	All existing paths are longer than maxlen






















          

      

      

    

  

    
      
          
            
  
openlr_dereferencer.maps package


Subpackages



	openlr_dereferencer.maps.a_star package
	Submodules

	openlr_dereferencer.maps.a_star.tools module

	Module contents












Submodules




openlr_dereferencer.maps.abstract module

Contains an abstract MapReader base class, which must be implemented for each
map format to decode location references on.

A MapReader is an interface with which the decoder can traverse the map. An implementation may
consist of a database connection or something similar. Its purpose is to let the decoder read
map objects.

In order to implement a reader for a new map, the following interfaces have to be implemented:


	MapReader


	Node


	Line





The map model


Nodes

A node is an object with an ID and a WGS84 longitude/latitude position.




Lines

A line interconnects exactly two nodes in exactly one direction. As additional attributes,
it has a shape, a functional road class and a form of way.

Note that the map you want to implement may have a different line concept. For example, it is
common that roads are not necessarily directed. Also, roads may connect more than two nodes.

Let’s consider an example map format that defines ways like this:

[image: _images/Mapformat_1_Way.svg]Roads in the map are modeled as multi-directional ways.

If we write a MapReader adapter for this format, we could consider every
directed link between nodes being a line, yielding multiple lines per way.

As lines and ways are now different things, our line IDs have to include more than
just the way ID. It can be, for example, a tuple of the way ID and both node IDs.

[image: _images/Mapformat_2_Lines.svg]Line IDs are required to be hashable. Since tuples of numbers are hashable,
they can be used to implement line IDs.


	
class openlr_dereferencer.maps.abstract.GeometricObject

	Bases: abc.ABC


	
geometry

	Returns the geometry of this object










	
class openlr_dereferencer.maps.abstract.Line

	Bases: openlr_dereferencer.maps.abstract.GeometricObject

Abstract Line class, modelling a line coming from a map reader


	
coordinates() → Sequence[openlr.locations.Coordinates]

	Returns the shape of the line as list of Coordinates






	
distance_to(coord: openlr.locations.Coordinates) → int

	Compute the point-to-line distance






	
end_node

	Returns the node on which this line ends






	
fow

	Returns the form of way of this line






	
frc

	Returns the functional road class of this line






	
geometry

	Returns the geometric shape as a linestring






	
length

	Return the line length in meters






	
line_id

	Returns the id of the line.

A type is not specified here, but the ID has to be usable as key of a dictionary.






	
start_node

	Returns the node from which this line starts










	
class openlr_dereferencer.maps.abstract.MapReader

	Bases: abc.ABC

Abstract base class for map readers.

This is an adapter class that fulfills the map requirements of OpenLR.


	
find_lines_close_to(coord: openlr.locations.Coordinates, dist: float) → Iterable[openlr_dereferencer.maps.abstract.Line]

	Iterates over all lines within dist meters around coord.

No order specified here.






	
find_nodes_close_to(coord: openlr.locations.Coordinates, dist: float) → Iterable[openlr_dereferencer.maps.abstract.Node]

	Iterates over all nodes within dist meters around coord.

No order specified here.






	
get_line(line_id: Hashable) → openlr_dereferencer.maps.abstract.Line

	Returns a line by its id






	
get_linecount() → int

	Returns the number of lines in the map.






	
get_lines() → Iterable[openlr_dereferencer.maps.abstract.Line]

	Yields all lines in the map.






	
get_node(node_id: Hashable) → openlr_dereferencer.maps.abstract.Node

	Returns a node by its id.






	
get_nodecount() → int

	Returns the number of nodes in the map.






	
get_nodes() → Iterable[openlr_dereferencer.maps.abstract.Node]

	Yields all nodes contained in the map.










	
class openlr_dereferencer.maps.abstract.Node

	Bases: openlr_dereferencer.maps.abstract.GeometricObject

Abstract class modelling a node returned by a map reader


	
connected_lines() → Iterable[openlr_dereferencer.maps.abstract.Line]

	Returns lines which touch this node






	
coordinates

	Returns the lon, lat coordinates of this node






	
geometry

	Returns the position of this node as shapely point






	
incoming_lines() → Iterable[openlr_dereferencer.maps.abstract.Line]

	Yields all lines coming directly to this node.






	
node_id

	Returns the id of this node.






	
outgoing_lines() → Iterable[openlr_dereferencer.maps.abstract.Line]

	Yields all lines coming directly from this node










	
openlr_dereferencer.maps.abstract.path_length(lines: Iterable[openlr_dereferencer.maps.abstract.Line]) → float

	Length of a path in the map, in meters












openlr_dereferencer.maps.wgs84 module

Some geo coordinates related tools


	
openlr_dereferencer.maps.wgs84.bearing(point_a: openlr.locations.Coordinates, point_b: openlr.locations.Coordinates) → float

	Returns the angle between self and other relative to true north

The result of this function is between -pi, pi, including them






	
openlr_dereferencer.maps.wgs84.distance(point_a: openlr.locations.Coordinates, point_b: openlr.locations.Coordinates) → float

	Returns the distance of two WGS84 coordinates on our planet, in meters






	
openlr_dereferencer.maps.wgs84.extrapolate(point: openlr.locations.Coordinates, dist: float, angle: float) → openlr.locations.Coordinates

	Creates a new point that is dist meters away in direction angle






	
openlr_dereferencer.maps.wgs84.interpolate(path: Sequence[openlr.locations.Coordinates], distance_meters: float) → openlr.locations.Coordinates

	Go distance meters along the path and return the resulting point

When the length of the path is too short, returns its last coordinate






	
openlr_dereferencer.maps.wgs84.join_lines(lines: Sequence[shapely.geometry.linestring.LineString]) → shapely.geometry.linestring.LineString

	




	
openlr_dereferencer.maps.wgs84.line_string_length(line_string: shapely.geometry.linestring.LineString) → float

	Returns the length of a line string in meters






	
openlr_dereferencer.maps.wgs84.pairwise(iterable)

	s -> (s0,s1), (s1,s2), (s2, s3), …






	
openlr_dereferencer.maps.wgs84.split_line(line: shapely.geometry.linestring.LineString, meters_into: float) → Tuple[Optional[shapely.geometry.linestring.LineString], Optional[shapely.geometry.linestring.LineString]]

	Splits a line at meters_into meters and returns the two parts. A part is None if it would be a Point








Module contents

This module describes the handling of maps. It provides an interface
through which the decoder accesses the map.







          

      

      

    

  

    
      
          
            
  
openlr_dereferencer.observer package


Submodules




openlr_dereferencer.observer.abstract module

Contains the abstract observer class for the decoder


	
class openlr_dereferencer.observer.abstract.DecoderObserver

	Bases: object

Abstract class representing an observer to the OpenLR decoding process


	
on_candidates_found(lrp: openlr.locations.LocationReferencePoint, candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate])

	Called by the decoder when it finds a list of candidates for a location reference point






	
on_matching_fail(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate], to_candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate])

	Called after none of the candidate pairs for two LRPs were matching.

The only way of recovering is to go back and discard the last bit of
the dereferencedd line location, if possible.






	
on_route_fail(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_line: openlr_dereferencer.maps.abstract.Line, to_line: openlr_dereferencer.maps.abstract.Line)

	Called after the decoder fails to find a route between two candidate
lines for successive location reference points






	
on_route_success(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_line: openlr_dereferencer.maps.abstract.Line, to_line: openlr_dereferencer.maps.abstract.Line, path: Sequence[openlr_dereferencer.maps.abstract.Line])

	Called after the decoder successfully finds a route between two candidate
lines for successive location reference points












openlr_dereferencer.observer.simple_observer module

Contains a simple DecoderObserver implementation


	
class openlr_dereferencer.observer.simple_observer.AttemptedMatch

	Bases: tuple

An attempted try to resolve a pair of two LRPs


	
from_candidate

	Alias for field number 2






	
from_lrp

	Alias for field number 0






	
to_candidate

	Alias for field number 3






	
to_lrp

	Alias for field number 1










	
class openlr_dereferencer.observer.simple_observer.AttemptedRoute

	Bases: tuple

An attempted route between two lrps


	
from_line

	Alias for field number 2






	
from_lrp

	Alias for field number 0






	
path

	Alias for field number 5






	
success

	Alias for field number 4






	
to_line

	Alias for field number 3






	
to_lrp

	Alias for field number 1










	
class openlr_dereferencer.observer.simple_observer.SimpleObserver

	Bases: openlr_dereferencer.observer.abstract.DecoderObserver

A simple observer that collects the information and can be
queried after the decoding process is finished


	
on_candidates_found(lrp: openlr.locations.LocationReferencePoint, candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate])

	Called by the decoder when it finds a list of candidates for a location reference point






	
on_matching_fail(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate], to_candidates: Sequence[openlr_dereferencer.decoding.candidate.Candidate])

	Called after none of the candidate pairs for two LRPs were matching.

The only way of recovering is to go back and discard the last bit of
the dereferencedd line location, if possible.






	
on_route_fail(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_line: openlr_dereferencer.maps.abstract.Line, to_line: openlr_dereferencer.maps.abstract.Line)

	Called after the decoder fails to find a route between two candidate
lines for successive location reference points






	
on_route_success(from_lrp: openlr.locations.LocationReferencePoint, to_lrp: openlr.locations.LocationReferencePoint, from_line: openlr_dereferencer.maps.abstract.Line, to_line: openlr_dereferencer.maps.abstract.Line, path: Sequence[openlr_dereferencer.maps.abstract.Line])

	Called after the decoder successfully finds a route between two candidate
lines for successive location reference points












Module contents

Decoder observer package.







          

      

      

    

  

    
      
          
            
  
openlr_dereferencer package


Subpackages



	openlr_dereferencer.decoding package
	Submodules

	openlr_dereferencer.decoding.candidate module

	openlr_dereferencer.decoding.candidates module

	openlr_dereferencer.decoding.configuration module

	openlr_dereferencer.decoding.line_decoding module

	openlr_dereferencer.decoding.line_location module

	openlr_dereferencer.decoding.point_locations module

	openlr_dereferencer.decoding.routes module

	openlr_dereferencer.decoding.scoring module

	openlr_dereferencer.decoding.tools module

	Module contents





	openlr_dereferencer.example_sqlite_map package
	Submodules

	openlr_dereferencer.example_sqlite_map.primitives module

	Module contents





	openlr_dereferencer.maps package
	Subpackages
	openlr_dereferencer.maps.a_star package
	Submodules

	openlr_dereferencer.maps.a_star.tools module

	Module contents









	Submodules

	openlr_dereferencer.maps.abstract module
	The map model
	Nodes

	Lines









	openlr_dereferencer.maps.wgs84 module

	Module contents





	openlr_dereferencer.observer package
	Submodules

	openlr_dereferencer.observer.abstract module

	openlr_dereferencer.observer.simple_observer module

	Module contents












Module contents

OpenLR line decoder package.
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