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Geodata

OpenStreetMap

I Natural Language Interface

I Generating Navigation Instructions

Google Street View

I Vision and Language Navigation

I Embodied AI



Introduction OpenStreetMap

OpenStreetMap (OSM) is a free and open geographic database started in 2006.

Applications:

I Map Rendering

I Route Planning

I Geocoding

I Geographic Information Analysis

I and many, many more...

Also serves as a data source for geospatial services of Facebook, Amazon or Apple.



Introduction OpenStreetMap

OpenStreetMap is one gigantic XML file called planet.osm (1.8 TB, gzip: 134 GB).

There are three basic components:

Nodes:

I point in space defined by latitude and longitude

Ways:

I composed of multiple nodes

I used for: roads, rivers, railway lines, building outlines

Relations:

I group of nodes, ways and other relations

I used for: bus routes, major highways, multipolygons

Any element can be tagged with key-value pairs that specify semantics and metadata.



Overpass Query Language

The Overpass Query Language (OverpassQL) allows to extract elements from OSM:

Desired elements are specified by their type, tags and spatial relationship.

OverpassQL offers extensive syntax features to query, combine and filter geodata.



Motivation Natural Language Interface

Text-to-OverpassQL:
A Natural Language Interface for Complex Geodata Querying of OpenStreetMap
Michael Staniek, Raphael Schumann, Maike Züfle, Stefan Riezler TACL 2024



Natural Language Interface

Text-to-OverpassQL:
A Natural Language Interface for Complex Geodata Querying of OpenStreetMap
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Data Acquisition: https://overpass-turbo.eu



Data Acquisition: Annotation

We show the Overpass queries to trained students and ask them to write text inputs.

This has several advantages in comparison to write the queries from scratch:

I Easier to train students to understand Overpass than to write it

I The queries were written to satisfy legitimate information need

I High feature coverage because written by proficient users



OverpassNL Dataset: Statistics

8.5k Overpass queries with annotated natural language input

Large location coverage and up to 107 elements returned when executing a query.



OverpassNL Dataset: Statistics

I 1k unique keys

I 90% of key usage in OSM

I 3.9k unique values

I 4.9k unique key-value pairs
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OverpassNL Dataset: Comparison

Dataset
Query

Language
Named Identifiers Extractable Elements Results

total per database total per database per query

Spider SQL 4,669 & 876 58 & 5 1.6M 9.6k 30
OverpassNL OverpassQL 1,046 1,046 9B 9B 10k

In OverpassNL, each query can utilize any key-value pair (named identifier) and
retrieve elements from the entire OSM database.

In Text-to-SQL, each individual database is muss smaller which reduces the number of
relevant table/column names (named identifier) significantly.



Text-to-OverpassQL: Results

Model String Match Execution Accuracy

OverpassT5 22.0 36.7
GPT-3 19.5 34.1
GPT-4 23.4 40.4

Evaluated on 1,000 dev instances.

Finetuned T5 Model

I 6.5k training instances

I +8k from code comments

I ByT5 is better than CodeT5

In-Context Learned GPT Models

I 5-Shot In-Context Learning

I retrieval by text similarity

I sBERT cosine is better than BLEU



Text-to-OverpassQL: Results

Model chrF KVS TreeS Execution Accuracy

OverpassT5 75.5 66.0 73.7 36.7
GPT-4 75.7 69.9 74.0 40.4

I chrF: Character F-score [Popović 2015]

I KVS: Key-Value Similarity - Normalized overlap of key-value

I TreeS: XML-Tree Similarity - Subtree overlap of query in XML representation
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Text-to-OverpassQL: Self-Refinement

Model # Syntax Errors Execution Accuracy

GPT-4 24 40.4

refine w/o feedback 31 39.6
refine with feedback 26 41.4

Feedback is the error message or a sample of the returned results.



Demo: https://overpassnl.schumann.pub



Generating Navigation Instructions

Generating Navigation Instructions



Generating Human-like Navigation Instructions

If you ask a person on the street for directions, they give you a different type of
navigation instructions than a GPS system or routing app.

GPS system:

I turn-by-turn with exact distances

I street names

Human-like:

I colloquially

I landmark based

I easier to memorize



Generating Human-like Navigation Instructions

Existing systems that generate landmark-based navigation instructions:
I rule-based landmark selection
I hand-crafted salience scores
I template-based text generation

� End-to-end system that learns to select landmarks and generate instructions

Generating Landmark Navigation Instructions from Maps as a Graph-to-Text Problem
Raphael Schumann and Stefan Riezler ACL 2021



Navigation Instructions - Data Collection
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