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Al as information extractors

Extract sidewalk from street view images
Extract water depth from flood photos
Extract suicide tweets

Al as spatial models

Air quality (PM 2.5) prediction
Weather forecasting
Satellite image segmentation

Al as GIS Agents

Building blocks of Autonomous GIS
o Autonomous spatial analysis agents
o Autonomous data discovery and retrieval agents
o Autonomous mapping/cartography agents

= E

Akinboyewa, T., Ning, H., Lessani, M. N., & Li, Z. (2024). Automated floodwater
depth estimation using large multimodal model for rapid flood mapping.

Computational Urban Science, 4(1), 12.
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Yu, M., Masrur, A., & Blaszczak-Boxe, C. (2023). Predicting
hourly PM2. 5 concentrations in wildfire-prone areas using a
SpatioTemporal Transformer model. Science of The Total
Environment, 860, 160446.

Question
Spatial problems population living with
hazardous wastes using

these datasets?

E.g., Could you map the

Z500

Li, Z., & Ning, H. (2023). Autonomous GIS: the next-generation Al-powered GIS. International Journal of Digital Earth, 16(2), 4668-4686.

Ning, H., Li, Z., Wang, C., Hodgson, M. E., Huang,

X., & Li, X. (2022). Converting street view images

to land cover maps for metric mapping: A case

study on sidewalk network extraction for the

wheelchair users. Computers, Environment and

Urban Systems, 95, 101808.

Operational IFS, forecast time 72 hours ERAS5 (ground truth)

Bi, K., Xie, L., Zhang, H., Chen, X., Gu, X., & Tian, Q. (2023).
Accurate medium-range global weather forecasting with 3D neural
networks. Nature, 619(7970), 533-538.
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fa Definition of Autonomous GIS

We define Autonomous GIS as “...an Al-powered GIS that leverages LLM’s (or GenAl/AGlI)
general abilities in natural language understanding, reasoning, and coding to address
spatial problems with automatic spatial data collection, analysis, and visualization.”

By using Al as the decision-making core (“brain”), and executable programs (e.g., Python)

as its digital ‘hands’, autonomous GIS will be capable of performing spatial analysis

autonomously by

* searching and retrieving needed spatial data from extensive existing online geospatial
data catalogs or collecting new data from sensors.

* using existing GIS tools or developing new ones to process gathered data to generate
the final results, e.g., maps, charts, and reports.

The key is to build and run the geoprocessing workflow in an automated way.

Li., Z., Ning H. (2023). Autonomous GIS: the next-generation Al-powered GIS, International Journal of Digital Earth, 16(20) p.
4668-4686 https://doi.org/10.1080/17538947.2023.2278895 E‘iB[]



https://doi.org/10.1080/17538947.2023.2278895
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'a Spatial analyses as geoprocessing workflows

A geoprocessing workflow built with ArcGIS Model Builder to identify the suitable areas for a new
school (a typical site selection problem in GIS).

_ Typically manually built by

GIS experts/spatial analysts.
®

tirachon
raster

-

Input spatial datasets Spatial operations/tools and intermediate data outputs Output map
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g LLM-Geo: a prototype of Autonomous GIS

Question
Spatial problems

Answer
Maps, charts, reports

@ 'nput data
. Operations

@

E.g., Could you map the

SEUER I ._P. g ’:. . Intermediate data
hazardous wastes using - _
these datasets? ) 2 Final answer

GPT4

N *®
ik #
o [

T Maino:

vi= operation _1(v)

operation_i(v):
<..[>
operation_2(v):
<,..[>

N | = opeen.
answer=operation _x(v1...)
return answer

Overall workflow of LLM-Geo

Solution generation
LLM generates a solution graph,
indicating data operations to
answer the question.

Operation implementation
LLM generates code for each
operation.

Operation assembly
LLM generates code to
assembly all operations into an

executable program.
GiBD
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'3 Case 1: Human mobility data retrieval and trend visualization

Task:

1) Show the monthly change rates of population mobility for each administrative regions in a France map. Each
month is a sub-map in a map matrix. The base of the change rate is January 2020.

2) Draw a line chart to show the monthly change rate trends of all administrative regions. Th x-axis is month.

Data locations:

1. ESRI shapefile for France administrative regions: https://github.com/gladcolor/LLM-
Geo/raw/master/REST_API/France.zip. The 'GID_1' column is the administrative region code, 'NAME _1'column is
the administrative region name.

2. REST API URL with parameters for mobility data access:

http://qgis.cas.sc.edu/GeoAnalytics/REST ?operation=get_daily_movement for _all_places&source=twitter&scale=
world_first_level admin&begin=01/01/2020&end=12/31/2020. The response is in CSV format. There are three
columns in the response: place, date (format:2020-01-07), and intra_movement. 'place’ column is the
administrative region code, France administrative regions start with 'FRA’.

Benspatiel Information & Biy Data Research
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@ Case 1 results automatically generated by LLM-Geo

(a) Solution graph
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'3 Case 2: COVID-19 death rate analysis and visualization at the US county level

Task:

1) Draw a map to show the death rate (death/case) of COVID-19 among the countiguous US counties. Use the
accumulated COVID-19 data of 2020.12.31 to compute the death rate. Use scheme ='quantiles’ when plotting the
map. Set map projection to 'Conus Albers'. Set map size to 15*10 inches.

2) Draw a scatter plot to show the correlation and trend line of the death rate with the senior resident rate,
including the r-square and p-value. Set data point transparency to 50%, regression line as red. Set figure size to
15*10 inches.

Data locations:

1) COVID-19 data case in 2020 (county-level): https://github.com/nytimes/covid-19-data/raw/master/us-
counties-2020.csv. This data is for daily accumulated COVID cases and deaths for each county in the US. There are
5 columns: date (format: 2021-02-01), county, state, fips, cases, deaths.

2) Contiguous US county boundary (ESRI shapefile):

https://github.com/gladcolor/spatial _data/raw/master/contiguous_counties.zip. The county FIPS column is
'‘GEOID'.

3) Census data (AC52020):
https://raw.githubusercontent.com/gladcolor/spatial_data/master/Demography/ACS2020 _5year county.csv. The
needed columns are: 'FIPS', "Total Population’, 'Total Population: 65 to 74 Years', 'Total Population: 75 to 84 Years',
"Total Population: 85 Years and Over'. EeiBD
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=Y Case 2 results automatically generated by LLM-Geo

- s
. covid_df

load_covid_data
4

covid_data_url ®
calculate_Heath_rate

COVID-19 Death Rate in US Counties (2020)

!

® 000001
® oo100
® 001002
® 002003

1 003,013

ﬂ\“‘?

(b,)‘f)eath rate map |

if __name__ ==

[ V.
‘ death_rate_map
covid_death_rate_df @
create_death_rate_map
¥
® - ® -
county_boundary_url load_county_boundary ~ county_boundary_gdf merg!_dala merged_data_gdf
Node type ‘.
Data (input)
?% create_scatter plot
© operation o -
Data (intermediate) scatier_plot
Data (result) \
|
ca!culale‘_semm_mle
census_data_url
®—__ .o .
load_census_data
g (a) Solution graph
def main():
# Load data

covid_df = load_covid_data()
county_boundary_gdf = load_county_boundary()
census_df = load_census_data()

# Calculate death rate and senior rate
covid_death_rate_df = calculate_death_rate(covid_df)
census_senior_rate_df = calculate_senior_rate(census_df)

# Merge data
merged_data_gdf = merge_data(county_boundary_gdf, covid_death_rate_df,
census_senior_rate_df)

# Create and save death rate map
death_rate_map = create_death_rate_map(merged_data_gdf)
death_rate_map.savefig("death_rate_map.png")

# Create and save scatter plot
scatter_plot = create_scatter_plot(merged_data_gdf)
scatter_plot.savefig("scatter_plot.png")

__main__": (d) Assembly program

main()

008

0.08

COVID-19 Death Rate

004

0.00

Scatterplot of COVID-19 Death Rate vs. Senior Resident Rate

o

» » o (c) Scatter plot =

Senior Resident Rate (%)

—— R2=0.026; P-valus=0.0

Benspatial Information & Big Data Research
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Case 1: https://youtu.be/ot90A_6Llys

'°, Video demonstrations for the case studies °  Case2:htips://youtu.be/utdXkMcqgvQ
. Case 3: https://youtu.be/4q0a9xKk8Ug

Case 2:

France human mobility changes
during COVID-19 in 2020.



https://youtu.be/ot9oA_6Llys
https://youtu.be/ut4XkMcqgvQ
https://youtu.be/4q0a9xKk8Ug
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We invite you to explore, test, and contribute to the LLM-Geo project

O Product

A gladcolor /LLM-Geo  public

Solutions

{> Code

@ Issues

17 Pull requests

¥ master ~ ¥ 2 Branches 0 Tags

§% gladcolor Update README.md

Address_extraction
COVID-19
COVID_death_rate
REST_API
_ pycache
images
interactive_visualization
overlay_analysis

9 .gitignore

D Architecture_LLM_Geo.pdf

D COVID _death _rate.html

[ Direct request LLM.ipynb

Resources Open Source

() Actions

Enterprise Pricing

@ security |2 Insights

B Projects

Q. Gotofile

273b15b - last month

File added: CensusData_API_DOC txt

Add file: South carolina county boundaries.
Removed files and corrected a bug.

Add files via upload

migrated to Azure OpenAl

Add files via upload

File: added country boundaries.

Added the simplified shapefile for Case 1.

Updated: Changed the default model to ‘gpt-40' in LLM_Ge...

Added: program Architecture_LLM_Geo.pdf.

Removed files and corrected a bug.

Updated the coding requirements with details of analysis of ..

Search or jump to...

.Q Notifications

<> Code ~

0 151 Commiits

2 years ago

2 years ago

11 months ago
2 years ago
last year

2 years ago

2 years ago

2 years ago

8 months ago
8 months ago
11 months ago

last vear

Sign in ‘ Sign up ‘

% Fork 53 Y7 star 314

About

No description, website, or topics provided.

Readme
GPL-3.0 license
Activity

314 stars

12 watching

£ O < & B

53 forks

Report repository

Releases

No releases published

Packages

No packages published

Contributors 5

& w @

GitHub (source code)
 https://github.com/gla
' dcolor/LLM-Geo

GIBD
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COpilOt for GIS (one type of implementations of autonomous GIS)

= =T IS I v T MyProject8 | © Command Search (Alt+Q) Zhenlong - University of South Carolina- Dept. of Geography e Ji ] ? = O X | o . c©c
4 C vew e . - We envisioned that “autonomous GIS
Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data |
_ . " = | . ey e
By | B9 EE | [j W g e i, v g - | Fawne | gy | B 1|0 ' can serve as a co-pilot for traditional
Convert Link Link Reset 220G MW onWindow e Aviaion i WO Color Vision femoye Enable Ditance | .
5 Views v Cursors | Panesv Contents Tasks Indoors v Simulator v Location v @ GIS Software, USIng na tural language
View Link Windows Thumbnail Accessibility Animation Device L... [§ View Clipping Nav... ~ | . .
. tocommunicate with users and
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if
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r eopandas as
rt matplotlib.pyplot as plt

erate_map(tract_pop_gdf, joined_gdf)

Save map to fil

map_out

__name__
main()

put.savefig("map_output.png”, dpi=300)

cilities:", total_pop

» wastes in North Carolina, US,
~|specifically: 1) generate a map

automate spatial data processing and
analysis tasks.... For example, an
autonomous GIS panel alongside the
map view can be integrated into
ArcGIS and QGIS, displaying the
chatbox, generated solution graph,
and codes as illustrated in Figure 7 (b)”
(Li & Ning, 2023)

Question/Request

Using spatial analysis to count
residents living with hazardous

to show the spatial distribution
of population at the tract level
and highlight the tracts that
contain at least one hazardous
waste facility, 2) find out the
total population that lives within
a tract that contain hazardous

Clere esri Federal GIS
waste facilities.

CONFERENCE
Other question-specific prompts
(guidance), such as data to be
used, data access instructions,
data format, output format
instructions.

ArcGIS and Generative
Al Assistants

8,404,328.81W 4,437,310.17N m Vv

(b) Co-pilot style

https://mediaspace.esri.com/media/t/1_opret32t/
(From Esri February 13th, 2024 )
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W GIS Copilot: Towards an Autonomous GIS Agent for Spatial Analysis

Search._.

All fields

Help | Advanced Search

Computer Science > Artificial Intelligence

+ [Submitted on 5 Nov 2024 (v1), last revised 22 Nov 2024 (this version, v4)]

GIS Copilot: Towards an Autonomous GIS Agent for Spatial Analysis

Temitope Akinboyewa, Zhenlong Li, Huan Ning, M. Naser Lessani

Recent advancements in Generative Al offer promising capabilities for spatial analysis. Despite their potential, the integration of generative Al with

established GIS platforms remains underexplored. In this study, we propose a framework for integrating LLMs directly into existing GIS platforms, using

QGIS as an example. Our approach leverages the reasoning and programming capabilities of LLMs to autonomously generate spatial analysis workflows

and code through an informed agent that has comprehensive documentation of key GIS tools and parameters. The implementation of this framework

resulted in the development of a "GIS Copilot" that allows GIS users to interact with QGIS using natural language commands for spatial analysis. The GIS

Copilot was evaluated with over 100 spatial analysis tasks with three complexity levels: basic tasks that require one GIS tool and typically involve one

data layer to perform simple operations; intermediate tasks involving multi-step processes with multiple tools, guided by user instructions; and advanced

tasks which involve multi-step processes that require multiple tools but not guided by user instructions, necessitating the agent to independently decide

_ on and executes the necessary steps. The evaluation reveals that the GIS Copilot demonstrates strong potential in automating foundational GIS

‘ operations, with a high success rate in tool selection and code generation for basic and intermediate tasks, while challenges remain in achieving full

( autonomy for more complex tasks. This study contributes to the emerging vision of Autonomous GIS, providing a pathway for non-experts to engage with
geospatial analysis with minimal prior expertise. While full autonomy is yet to be achieved, the GIS Copilot demonstrates significant potential for
simplifying GIS workflows and enhancing decision-making processes.

Subjects: Artificial Intelligence (cs.Al); Emerging Technologies (cs.ET); Human-Computer Interaction (cs.HC); Software Engineering (cs.SE)
Cite as:  arXiv:2411.03205 [cs.Al]

(or arXiv:2411.03205v4 [cs.Al] for this version) . .
! https://doi.org/10.48550/arXiv.2411.03205 (1 ] h tt p S ’//a IX1V.0 rg/a b 8/24 1 1 . O 3 2 O 5
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&) Graphic user interface of the GIS Copilot

Q@ *Untitied — QGIS = B X
Project Edit View Layer Settings Plugins Vector Raster Mesh Progessing Help

ceoed, -0

o Autonomous GIS-Spatial Analysis Agent #59
CcReY SRR » Request Page  Generated Code  Geoprocessing Workflow  Reports  Settings  Help
vV © PA_Fastfoods XY fied_cale_parameters = { o
* W 7 Ascessibiiity Score JOUN:: G,
. FIELD_NAME': "SCORE",
v 0-0998 FIELD_TYPE: 0, # Decimal (double)
v ;am~zsga FIELD_LENGTH" 10,
FIELD_PRECISION': 2,
v . 2558 - 4862 FORMULA': '("COUNT" / "Popudation™) * 1000",
v 48621831 'CUTPUT': fiedd_cale_oul
) =
v [ 18319565 Code display
. Counted FastFood ¥ not os path.exists(field RS
v B PennsylvaniaCounties result = processing. run{"nats we-fieldcaloutator” , fleld_calc_parameters) |
_MWMMW Scoeel, “oor) -

(opemﬁmenablesrmduhgamapusingﬂ\e'm‘awim&d\step
should be performed in sequence, and the intermediate results should ensure

,.."" i the continuity and accuracy of the process.
G RS o Al: Selected tool(s): ['na feidcaladtator’,
. ‘ f “ o b ‘thematic_map_creation’

Al: Geoprocessing

Al: W&m >file:///D%3A/Cases/Output/
Thematic_Map.png">D:/Cases/Output\Thematic_Map.png

Al: Done

Perform the following tasks: 1) Count the fast food restaurants in

each county and store the result in a new field named “Count”. 2)
Calculate the fast food inty as (Count /
Population) * 1,000 named

“Score”. 3) Create a ti od accessibility

P
S GiBD

pe 10 kcate (O« K) Coonfrate 40829, -77.91%° B Scde 11978256 ~ @ Magndfier| 100% S Rotaton 0.0° SV Render @epscans @
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Demo: Richland county terrain analysis

Task prompt:

“Merge the four DEMs into a
single raster and perform terrain
characteristic analysis for
Richland County, including slope,
aspect, hillshade, terrain
ruggedness index (TRI), and
topographic Position Index (TPI).”

@ *Raster Anahysis_New — QGIS
Project Edt View Layer Settings Plugins Vector Bester Mesh Progessing Heip

ceoO/, o-H

Original data

Vv
Vv
v v
Vv
v
Vo
vOR
’ -
’ bl
VO
0
y
Topographic Posiion index (T71] @R Apect DB siope
2 N I BEP B Aspect NP P wAE

Autanemeus GiS-Spatial Analysis Agent @6

Request Page | Reports = Geoprocessing Workflow  Settings ~ Help

# Calculate Terrain Ruggedness Index (TRL)
tri_path = get_unique_filename(output_dir, 'tri.tif")
processing.run('gdal:triterrainruggednessindex’, {

'INPUT": clipped_dem_path,

'BAND": 1,

'OUTPUT": tri_path
Pl
tri_layer = QgsRasterLayer(tri_path, 'TerrainRuggednessindex’)
QgsProject.instance().addMapLayer(tri_layer)

# Waiting for the layer to save/work
time.sleep(2)

# Calculate Topographic Position Index (TPI)

User: Merge the four DEMs into a single raster and perform terrain characteristic analysis for
Richland County, including slope, aspect, hillshade, terrain ruggedness index (TRI), and
topographic Position Index (TPI).

Al Selected tool(s): ['pdal:merge’, 'gdal:cliprasterbymasklayer', 'native:slope’, 'native;aspect’,

'native:hillshade’, 'gdal:triterrainrugg dex’, 'gy pitopographicp index'
Al: Geoprocessing workflow is ready.
AlL: Done

Merge the four DEMs into a single raster and perform terrain characteristic
analysis for Richland County, including slope, aspect, hilishade, terrain
ruggedness index (TRI), and topographic Pesition Index (TPI).

D:/Case_Studies/Data/Richland Data/n34_w082_larc_v3
D:/Case_Studies/Data/Richland Data/n34_w081_1larc_v3.ti

Interrupt| | Clear

‘ Send Request

T —
. . B Merged DEM
Slope B e =\ E SRR “" ;. o s TR

Coordinate| 22,116, 79.766° | @ Scale|1:1000870 + | @ Magnifier| 100% 2 Rotaton [0.0° 3V Render SEpSG26 @

Autancmous GIS-Spatial Analysiz Agent @

Request Page  Reports =~ Geoprocessing Workflow | Settings = Help

DEM_n34_w082_1arc_v3
DEM_n33_w082_tarc_v3

morge_dems  DEM_n34_w081_tarc_v3

DEM_n33_w081_tarc_v3

)|
merged_dem Richland_boundary siap(e_ruull
L [
clip_dam slopa_analysis
\ >
hilishade_resuh
- °® ®
aspoct_analysis clippad_dem hillshade_analysis

tpi_analysis

“

tri_result tpi_resuh

Geaspatial Infurmation & Big Data Research
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Actonomous GIS-Spatisl Anatysis Agert -]

Request Page  Reports = Geoprocessing Workflow  Settings  Help

Correlation between Fast Food Accessibility Score and Obesity Rate by County

Task prompt: N
“Could you analyze and visualize the 2, & '
fast food accessibility score for each J

Fast Food Accessibility Score

county based on the number of fast
food restaurants and population
using a thematic map with blue

Astomomos GS-Spatal Anslysis Agest - |
s -]

Autonomous GIS-Spatial Anshysis Agent

Request Page  Reports  Geoprocessing Workflow  Settings  Help
Request Page  Reports | Geoprocessing Workflow | Settings  Help

raduated colors. Then, analyze the R
* V4 y bt
symbol - Qg: def bol(resuit_layer.geometry Type() ®
. renderer = QgsGraduatedSymbolRen derer(", [1)
renderer. >¢1C1a>>Allr bul ( FF_Score”)
correiation netween tne county-ieve pii s o i
renderer. pdzueCla«eﬂ( result_layer, 5) B ®
colorl = QColor(173, 216, 230) Light d_county_c
. color2 = QColor(0, 0, 139) Dz
obesi ty rate an d the fOS t f ood SR
renderer.updateColorRamp(color_ramp) 4
result_layer.setRenderer(renderer) v T ty_cata
. ol e . result_layer.triggerRepaint() -
User: Could you analyze and visualize the fast food accessil ibility score for each county based @
on the number of fast food and using a ic map with blue fast_tood_per_county i 3 GeSoReh
graduated colors. Then, analyze the correlation between the county-level obesity rate and the ograp s
fast food accessibility score by drawing a scatter plot with a regression line
. . . Al: Selected tool(s): ['thematic_map_creation’, ‘seaborn’]
V4 Al: Geoprocessing workflow is ready. [
scatter plot with a regression line N R e
. Al: Done a
- county_accessan e
Could you analyze and visualize the fast food accessibility score for nch :oumy ) b e e
based on the ber of fast food and populati us-ng ath ® :
map with blue graduated colors. Then, hy lhe lati the I b
county-level obesity rate and the fast food accessibility score by drawing a o
themanc_map & 3
D:/Case_Studies/Data/Penn: sylvamulPA Fastfoods_XY.shp : = » ﬁl
|D:/Case_Studies/Data/ s ounties.shp s
il [ G obesity_cometation_analysts .
Refresh Solution Graph
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Yuki Sasaki - 3rd+ 2mo e

' ‘; o.:.' C O m m u n ity re a Ct i O n S # Artificial Intelligence Engineer at Northern System Services

| tested out the QGIS plugin, and it literally feels like the app is

supercharged with some magical power. All of a sudden, a person

Zhenlong Li - ou o without deep expertise in GIS (like me) can leverage the functionality
g:;gi'ag Professor of hundreds of QGIS/gdal/GRASS GIS features, creating all sorts of

maps and analyzing geospatial data.

I'm excited to share our recent research on autonomous GIS with the development
of a "GIS Copilot” that allows users to perform spatial analysis in QGIS using natural | was so impressed that | did a demo in the FOSS4G Japan event last
language for both vector and raster data. The Copilot was tested with more than 100 Sunday, and people there were... kind of shocked that this is now

spatial analysis tasks spanning various complexity levels. The result shows that the possible.

GIS Copilot has strong potential in automating foundational GIS operations, with a _
: . : . . . i | @
high success rate for basic and intermediate tasks, while challenges remain in Amazing work! €

achieving full autonomy for more complex tasks without explicit guidance. This work Like - €€ 11 | Reply

represents a promising step toward the development of autonomous GIS, aiming to

GIS Specialist - Development Planning with Custom GIS Solutions & Expert Tr...

make spatial analysis more accessible to all. Jamie Whittall - 1st
6d + Edited - ®

G David Kennewell and 2,849 others 78 comments - 273 reposts

An Industry First? — Pulling together QGIS and LLM for GIS tasks

Reactions Like a lot of people, | am equal parts fascinated and terrified by Al. | can recognise

how it can make our work more efficient. At the same time, | can’t help but worry
9 @ @ a}. 4\~ things get so efficient we make ourselves obsolete. Nothing groundbreaking with
\ L& \g
(4
o () 0 &O

that view, but it always seems like something far away in the future.

o
@QGIS = Al and G PR
i When | saw this paper published by the Pennsylvania State University | had the
& Like ® Comment 0z sudden knee jerk reaction: | could be replaced tomorrow.
See the full post and video in the link below:
!l_. 199,299 impressions https://www.linkedin.com/posts/jamie-whittall_an-industry-

first-pulling-together-qgis-activity-7284928587470700545-
1404 10 0-EG 0o Se T T LIV



https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M
https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M
https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M
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'a We invite you to explore and test this GIS Copilot tool

v Q AutonomousGIS-SpatialAnalysistc X + = m] X

< C M 2% plugins.qgis.org/plugins/SpatialAnalysisAgent-master/#plugin-versions x ¢ 5 o 0 O = 6 More demos:

r QGIS HOME ABOUT PLUGINS PLUGINS PLANET HUB LOGIN _B
https://giscience.psu.edu/gis-

QGIS Python Plugins Repository copilot-demonstrations/

Plugins AutonomousGIS-SpatialAnalysisAgent

https://www.youtube.com/playli

B st?list=PL60N3gdLloDEikeeliug
Stable rdm Kj Q8Tfvn7X
New Plugins (30) votes

Updated Plugins The Spatial Analysis Agent is a user-friendly plugin that serves as a "Copilot" in QGIS software. This Copilot allows users to

Experimental perform geospatial analysis directly within QGIS using natural language queries, making it accessible for both experts and 1 1 O te St cases an d d ata SetS:
Popular beginners. The plugin leverages the full potential of over 600 QGIS processing tools, and other external tools such as Python . . .
Most voted libraries (e.g., Geopandas, seaborn, etc.). Whether working with vector data, raster analysis, the Spatial Analysis Agent offers a htt (O] ://Q’| sclence.psu.e d u/C (0] o] l
N flexible, Al-driven approach to enhance and automate GIS workflows. ' = ' '
Op downloads
ot_test/
Most rated About  Details = Versions

QGIS Server plugins

Version Experimental Min QGIS version Max QGIS version Downloads Uploaded by Date G It H u b (SO u rC e CO d e) o
04 no 3.00 3.98.0 2015 teab209 Nov 21, 2024, 05:30 PM EST . .
Q) Plugin Tags https://github.com/Teakinboyew
0.3 no 3.00 3.99.0 1311 tea5209 Nov 6, 2024, 12:36 AM EST i .
0.2 no 3.0.0 3.99.0 86 teab5209 Nov 5, 2024, 07:35 PM EST a/S p atl a lAn a lys I SAge nt
0.1 yes 3.00 3.99.0 244 tea5209 Oct 13, 2024, 11:35 PM EDT
https://plugins.ggis.org/plugins/SpatialAnalysisAgent-master/#plugin-versions E@BD

Note: OpenAl API is needed to use the tool.
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https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://giscience.psu.edu/copilot_test/
https://giscience.psu.edu/copilot_test/
https://github.com/Teakinboyewa/SpatialAnalysisAgent
https://github.com/Teakinboyewa/SpatialAnalysisAgent
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An Autonomous GIS Agent Framework for Geospatial Data Retrieval

\ . Search... All fields v Search
d I X1V > cs > arXiv:2407.21024 Help | Advanced Search
Computer Science > Information Retrieval ]
Access Paper:
COVID-19 e-print » View PDF
» Other Formats
Important: e-prints posted on arXiv are not peer-reviewed by arXiv; they should not be relied upon without context to guide clinical practice or (c<) X -\ license
health-related behavior and should not be reported in news media as established information without consulting multiple experts in the field.
Current browse context:
cs.IR
<prev | next>
[Submitted on 13 Jul 2024 (v1), last revised 8 Aug 2024 (this version, v2)] new | recent | 2024-07
An Autonomous GIS Agent Framework for Geospatial Data Retrieval Change to browse by:
cs
. . . . . cs.Al
Huan Ning, Zhenlong Li, Temitope Akinboyewa, M. Naser Lessani cs. CL
cs.ET

Powered by the emerging large language maodels (LLMs), autonomous geographic information systems (GIS) agents have the potential to

accomplish spatial analyses and cartographic tasks. However, a research gap exists to support fully autonomous GIS agents: how to enable

agents to discover and download the necessary data for geospatial analyses. This study proposes an autonomous GIS agent framework capable » NASAADS

of retrieving required geospatial data by generating, executing, and debugging programs. The framework utilizes the LLM as the decision-maker, : ggr?wgalr?tf;cggrirlar
selects the appropriate data source (s) from a pre-defined source list, and fetches the data from the chosen source. Each data source has a
handbook that records the metadata and technical details for data retrieval. The proposed framework is designed in a plug-and-play style to
ensure flexibility and extensibility. Human users or autonomous data scrawlers can add new data sources by adding new handbooks. We Bookmark

developed a prototype agent based on the framework, released as a QGIS plugin (GeoData Retrieve Agent) and a Python program. Experiment (:?

results demonstrate its capability of retrieving data from various sources including OpenStreetMap, administrative boundaries and demographic

data from the US Census Bureau, satellite basemaps from ESRI World Imagery, global digital elevation model (DEM) from this http URL, weather

data from a commercial provider, the COVID-19 cases from the NYTimes GitHub. Our study is among the first attempts to develop an Equ D

autonomous geospatial data retrieval agent. https://doi.org/10.48550/arXiv.2407.21024
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Geospatial Data Retrieve Agent (QGIS Plugin)

(Q Nigeria — QGIS - (m] X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

O R ORI PRPRA~S~NBaEMNOR - 8-H-R- QEXZ 5 GeoData Retrieve Agent |

Layers £ e == ) Autonomous GIS - GeoData Retrieve Agent @1
; . . 5 7 [ -
¢ @ e T 2 e soap o - DataRequestPage | Settings = Help
V' Nigeria_cities.gpkg . o ‘ ‘ : ‘ = = |
YA Nigeria_rivers.gpkg SN e o “ o = o - L mosaic.paste(tile, (col * tile_width, row * tile_height)) N '
V' | | Nigeria_state_boundaries.gpkg 3 # Save the mosaic image as a TIFF file
[~ vV @ Nigeria image.tif ? output_path = "D:/OneDrive_PSU/OneDrive - The Pennsylvania State
Ngena image.tii {

| B o...i1/m0-n University/Research_doc/LLM-Find/Python_code /Downloaded_Data/ ‘

Nigeria_image. tif”
mosaic.save(output_p:=

—— Generated code .

georeferencing. ‘
x_res = (maxx - minx) / (cols * tile_width)
y_res = (maxy - miny) / (rows * tile_height)
tfw_content = f"{x_res}\n0.0\n0. O\n{ ¥, res)h{mnx}h{maxy}h
with open(output_path.replace(".tif", ".tfw"), "w") as tfw,
tfw_file.write(tfw_content)

v Q AutonomousGIS_GeoDataRetrieve X + - C b4

<« C @ % pluginsqgis.org/plugins/AutonomousGlS_GeodataRetrieverAgent/#plugin-versions Y 5 o 0 O % 9

QGIS HOME ABOUT PLUGINS PLUGINS PLANET HUB

Plugins AutonomousGIS_GeoDataRetrieverAgent

2 Clean un the individual tile imanes fontional)

|»

User: Download the city locations of Nigeria; do not
download towns.

Featured Plugin ID: 3468 LLM-Find:Loading ...

All LLM-FIND: Done
User: Download the iinformation

Bl https://plugins.qgis.org/plugins/AutonomousGIS_GeodataRetrieverAgent/ LLM-Find:Loading ...

New Plugins LLM-FIND: Done

g
) <7 (21) votes User: Download all states boundaries of Nigeria.

Updated Plugins LLM-Find:Loading ...

Experimental An autonomous agent framework to select geospatial data and then fetch data by generating and executing LLM-FIND: Done o . .

Ereler programs with Self-debugging. llcar: Nauwmlnad tha Ninaria catallite imana aft lavel 7 2

Most voted Download the Nigeria satelite image at level 7.

About Details Versions
Top downloads
Data request
Most rated
Version Experimental Min QGIS version Max QGIS version Downloads Uploaded by Date

QGIS Server plugins

M— ——
0.2 no 3.0.0 3.99.0 1134 tea5209 Aug 20, 2024, 09:50 PM EDT . ity Research_doc/LLMF Output difect@ry‘ 8 imooe. o
0.1 no 3.0.0 3.99.0 312 tea5209 Aug 12, 2024, 12:22 PM EDT / » e l Send Request I Interrupt Clear
[ o . N B - 52 s 5
; 4 » SYaTant 2 :
[| Q Type tolocate (Ctri-+ Coordinate | 13.13°,5.89° |9 Scale 1:6530405 ~ | @ Magnifier | 100% +| Rotation |0.0° %V Render ®EPsGia32s @

)
Ning H, Li Z, Akinboyewa T, Lessani N. (2024) An Autonomous GIS Agent Framework for Geospatial Data Retrieval. arXiv:2407.21024 EIBD
https://arxiv.org/abs/2407.21024
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Geospatial Data Retrieve Agent - Demo

\ s B8 P\ N o . @ @
R (O 05

BV ZaBD J

Layers

LA B AU A B
v @ PuertoRico hospitals.shp
V. — PuertoRico riversshp
v Puertofico.gpky

v VW PeertoRicoDEM.tif
v W Ohongging DEM.GH
'V W OpesStreetMap
[ PuertoRice census.csy

Q
/ - &

01007_001Eota s in the past 12 mce_* ounty fipr  ye *

1 1T 14251 7 on M0
2 s 16065 T2 005 2000
3} 2528 20190 2007 2020
14 26555 0167 n m 2020
s &30 19204 03 2020
6 23913 17815 n”n on 2020
17 2800 1”04 7 01 2000
8 47977 17261 n” 3 2020
19 126734 235823 2 05 2020
:'.C 33066 18571 n o 2020
AH 150378 29358 7 oN 2000
112 23654 18647 7 03 200
113 1107 19082 7”037 2020
14 16183 17783 72 0 2020
115 39003 LA i o 2020
j'.t. 19942 a7 ko4 200
ATIRETA 658 7 049 2000
-.a ware 007 gy an\'ﬂ'

I Show M Foshiecs

Loywes | Proceming Tooktxs

Coodote 18.005°, €6 7610 B Sode 1009032

~——

- Meonier  100%

Auporomous (38 - Geollata Retrieve Agent i

Dota Bagunt Page Sottngs oo

¥ Sered U reqanst 10 dowriond U deta
Tspones = roguosts. octf sok_ud)

£ Rabwe on socception £ the taguaed won araucossiid
responme ot for_statun()

2 Sayve the dowwalonded data 50 the specfied paeh
outpad oot = O Aoy | TN Dowricady CanAgere i
Chongaing, DEM U™

weh cpondoutpet_path, “wi) as Mo
H wetel responve rontet)

¥ Doocute B farction 1o downkond Ue dets
dowriond_dsta()

Ranter s baded

SAVED FNAME: C/Usery/ 1 2006/ 0owmioadsy Caatgent/
Congurg oeM

Fhe scrip ran sacoosslly

LM FIND: Ouore -]
Uty : Dowrdond tho makor ivors of of Moo Rio,

Mt oadng .

LLM FIND: Done

U - Dowrdoad hosotaly of Puerto Rico s sonts.
LM nd Loadig

LEMEIND: Do

Uner: Dowrdood the courty levl popadation and medion
heanatohd Income of Puerto Bico i 2000,

LM nd Loadng

LM IND: Done

Uner: Dovrdond the 30m reschtion 0FM of Josland Som
oM

LMY Ind Loedng

LM IND: Do

User: Downiood the 30m reschition DFM of Chongaing, (hiea
UM Findt Loadng

LM IND: Dorw

Dowrdond the 0m reschution DeM of (hongaing, (hen

Download the 90-meter
resolution DEM data of Puerto
Rico (county boundaries,
major rivers, and hospitals)

Download the county level
population and median
household income of Puerto
Rico in 2020

Download the 30m resolution
DEM of Chongqing, China

Video demos:
https://www.youtube.com/@G
IBD Lab/videos

GitHub:
https.//github.com/Teakinboye
wa/AutonomousGIS_Geodata

U 1 N Omel RS AN M g gng DMLY

1 SendRequest | imener  On

* Metwwn 00° SV kdr Boscane @

RetrieverAgent
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Levels of Autonomous GIS

All GIS tasks are manually
executed by the user, who
is responsible for every
step, including data
collection, analysis, and
visualization.

LEVEL 0

MANUAL

Legend
o

Human

Autonomous GIS
| - )

= 8%
1

Human prepare data,
define geo-processing
workflow.

1

ROUTINE-
AWARE

AGI INVOLVED

@ Data Preparation

LiZ. & Ning H. et al., (2025). GIScience in the Era of AGI: a Research Agenda towards Autonomous GIS (vision paper)

SIS
" @

Human oversight to set
input data, interpret
results, and manage
unexpected data issues.

WORKFLOW-
AWARE

i

Human may need to select
data and handle data
issues occasionally.

= 88
o

DATA-
AWARE

% % Geo-processing Workflow Generation

Human involvement is
limited to oversight.

RESULT-
AWARE

[[D?J Result Interpretation

= 88

@

EXPERIENCE-
AWARE

GiBD
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'a Special Issue CFP: We look forward to your contribution!

Submit a Manuscript to the Journal

International Journal of Digital Earth

For a Special Issue on

Harnessing the Power of Generative Al in GlSCience through Autonomous Spatial

v )
Agents ~
Manuscript deadline
31 December 2025 OPEN ACCESS
pepmmpoes  Special Issue Editor(s) This Special issue aims to call for
Prof. Zhenlong Li, The Pennsylvania State University, USA p|0neer|ng resea I’Ch at the Cross roadS
henlong@psu.ed o
International Journal of |NEEEESEEE of GenAl and GIScience through the
° ° Prof. Song Gao, University of Wisconsin-Madison, USA .
song.gao@wisc.edu 9 )
|g| al Ear exploration, development, and
Prof. Wenwen Li, Arizona State University, USA evaluation of autonomous GIS agents,
wenwen@asu.edu 0 _fo 0 o .
providing insights to guide future
Prof. Krzysztof Janowicz, University of Vienna, Austria
krzysztof.janowicz@univie.ac.at resea I‘Ch agendaS SUCh as the

development of the next-generation Al-
powered Autonomous GIS.

https://think.taylorandfrancis.com/special issues/genai-giscience-
through-autonomous-agents/



https://think.taylorandfrancis.com/special_issues/genai-giscience-through-autonomous-agents/
https://think.taylorandfrancis.com/special_issues/genai-giscience-through-autonomous-agents/

Thank You!

Questions/Comments?

Zhenlong Li, PhD

Associate Professor, Department of Geography
Director, Geoinformation and Big Data Research Laboratory
The Pennsylvania State University
University Park, Pennsylvania, USA
https://giscience.psu.edu/
zhenlong@psu.edu

) 4

-4 PennState

Geoinformation and Big Data Research Lab
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