% 8

2026%5H24H EHH

NS - A - 26°C - 24—28°C
BEZLMES, THET

K& .

E1RE /7

UrbanComp Lab 3 & B E (https://research.urbancomp.dev/)

THIS EDITION
T T A2 H AR
Broadening Access to Transportation Safety Data with

MERES BB L ETE, B S HESHBOW N LAl 8BRS+ —— 3 BEROBURY 1IE 3 1) 7] 5
HEs FIHAT AR EEATHTRT B -

Transportation safety analysis requires integrating crash records, roadway attributes, and geospatial
data through GIS-based workflows, but access remains uneven across agencies and community
stakeholders. Technical prerequisites create a gap between analytical tools central to safety planning
and the practitioners able to use them. Local agencies, school committees, and residents may have
safety concerns but limited capacity to retrieve, filter, map, and analyze relevant data. Generative Al
offers a way to narrow this divide, but its public-sector use raises questions about reliability,
reproducibility, and governance. This paper presents a schema-grounded natural language interface
for transportation safety analysis, using a large language model (LLM) to interpret user intent while
preserving deterministic, reviewable execution against an authoritative database. User queries are
translated into structured semantic frames, validated by a rule-based layer, compiled into a typed
directed acyclic graph of spatial operations, and executed against a PostGIS database. This bounded
design separates language interpretation from deterministic execution, keeping results reproducible
and schema-grounded while removing access barriers. The framework is evaluated using a statewide
Massachusetts transportation safety database integrating crash records, roadway attributes, and
geospatial layers including schools, bus stops, crosswalks, and municipal boundaries. All queries
executed successfully; the validation layer corrects errors in 29% of evaluation queries, reflecting the
gap between flexible natural language and strict schema-grounded requirements. The results suggest
that combining natural language accessibility with deterministic execution is a practical direction for
broadening access to transportation safety data, with implications for trustworthy Al in public-sector

planning.
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SpectralEarth-FM
Earth obsetvation (EO) foundation models (FMs) are
increasingly trained on multisensor data, spanning
multispectral imagery (MSI), synthetic aperture radar (SAR),
and derived geospatial layers, but hyperspectral imagery (HSI)
remains underrepresented. Conversely, existing hyperspectral
FMs are trained on HSI alone, leaving joint pretraining and
fusion of HSI with co-located EO sensors unexplored. We
introduce SpectralEarth-FM, a hierarchical transformer for
with  heterogeneous

multisensor EO  input

The

spectral

dimensionality. architecture  combines  spectral
tokenization for hyperspectral inputs, sensor-specific encoders,
a cross-sensor fusion module, and a shared hierarchical
encoder, enabling joint processing of HSI and lower-channel
observations. To pretrain SpectralEarth-FM, we curate
SpectralEarth-MM, a dataset that co-locates HSI from three
spaceborne sensors (EnMAP, EMIT, DESIS) with Sentinel-2,
Landsat-8/9 optical imagery, Landsat land surface
temperature (LST), and Sentinel-1 SAR, over common
geographic footprints. [t comprises approximately 2M globally
distributed locations, 25M georeferenced patches, and over
40TB of data. Pretraining uses a Joint-Embedding Predictive
Architecture (JEPA)-style objective that matches
representations between global views and single-sensor local
views from the same location. We evaluate SpectralEarth-FM
on hyperspectral downstream tasks and standard EO
benchmarks following the PANGAEA protocol, achieving

state-of-the-art results across both evaluation settings.
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MetaEarth-MM
Multi-modal remote sensing images are vital for Earth
observation, yet complete paired observations are often scarce
in practice. Existing generative methods commonly address
this problem through isolated pairwise modality translation,
but their versatility and scalability remain limited as the
number of modalities and generation tasks increases. Here, we
develop a generative foundation model MetaEarth-MM for
multi-modal remote sensing imagery, enabling paired joint
generation and any-to-any translation across five modalities
within a unified model. Recognizing the intrinsic scene
consistency underlying multi-modal observations, we
introduce a scene-centered joint modeling paradigm in
MetaEarth-MM. Unlike previous methods that rely on direct
appearance-level cross-modal mapping, our model organizes
the generation around the underlying scene content.
Specifically, MetaEarth-MM adopts a decoupled architecture
that first infers a latent scene representation from available
observations, and then generates target modalities
conditioned on this intermediate state. To support training,
we further construct EarthMM, a large-scale dataset
comprising 2.8 million multi-resolution global images with 2.2
million aligned pairs. Extensive experiments demonstrate that
MetaEarth-MM not only exhibits strong generative capability
and robust generalization across diverse generation tasks, but
also supports downstream tasks at both data and
representation levels, highlighting its potential as a general
foundation model for cross-modal Earth observation. The
code will be

https://github.com/YZPioneer/MetaEarth-MM. ,

and dataset available at

ISPRS JOURNAL OF PHOTOGRAMMETRY AND REMOTE
SENSING

HTURBRS| 2 51 THEER /1 M B TOR I A 2 RS E R DL
HIARE I : 20264E8F ; SfeJi: «ISPRSEEFUINE 528 Rk
i »  ( ISPRS Journal of Photogrammetry and Remote
Sensing) , 5§238%: R : JEMEC. L. ZWH. BK
& M.
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SpectralEarth-FM

Earth observation (EO) foundation models (FMs) are
increasingly trained on multisensor data, spanning

multispectral imagery (MSI), synthetic aperture radar (SAR),
and derived geospatial layers, but hyperspectral imagery (HSI)
remains underrepresented. Conversely, existing hyperspectral
FMs are trained on HSI alone, leaving joint pretraining and
fusion of HSI with co-located EO sensors unexplored. We
introduce SpectralEarth-FM, a hierarchical transformer for
multisensor EO with  heterogeneous

input spectral

dimensionality. The  architecture combines  spectral
tokenization for hyperspectral inputs, sensor-specific encoders,
a cross-sensor fusion module, and a shared hierarchical
encoder, enabling joint processing of HSI and lower-channel
observations. To pretrain SpectralEarth-FM, we curate
SpectralEarth-MM, a dataset that co-locates HSI from three
spaceborne sensors (EnMAP, EMIT, DESIS) with Sentinel-2,
Landsat-8/9 land

temperature (LST), and Sentinel-1 SAR, over

optical imagery, Landsat surface
common
geographic footprints. It comprises approximately 2M globally
distributed locations, 25M georeferenced patches, and over
40TB of data. Pretraining uses a Joint-Embedding Predictive
Architecture (JEPA)-style objective that matches
representations between global views and single-sensor local
views from the same location. We evaluate SpectralEarth-FM
on hyperspectral standard EO

benchmarks following the PANGAEA protocol, achieving

downstream tasks and

state-of-the-art results across both evaluation settings. ,
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Broadening Access to

Transportation safety analysis requires integrating crash
records, roadway attributes, and geospatial data through GIS-
based workflows, but access remains uneven across agencies
and community stakeholders. Technical prerequisites create a
gap between analytical tools central to safety planning and the
practitioners able to use them. Local agencies, school
committees, and residents may have safety concerns but limited
capacity to retrieve, filter, map, and analyze relevant data.
Generative Al offers a way to narrow this divide, but its public-
sector use raises questions about reliability, reproducibility, and
governance. This paper presents a schema-grounded natural
language interface for transportation safety analysis, using a
large language model (LLM) to interpret user intent while
preserving deterministic, reviewable execution against an
authoritative database. User queries are translated into
structured semantic frames, validated by a rule-based layer,
compiled into a typed directed acyclic graph of spatial
operations, and executed against a PostGIS database. This
bounded design separates language interpretation from
deterministic execution, keeping results reproducible and
schema-grounded while removing access barriers. The
framework is evaluated using a statewide Massachusetts
transportation safety database integrating crash records,
roadway attributes, and geospatial layers including schools, bus
stops, crosswalks, and municipal boundaries. All queries
executed successfully; the validation layer corrects errors in 29%
of evaluation queries, reflecting the gap between flexible
natural language and strict schema-grounded requirements.
The results suggest that combining natural language
accessibility with deterministic execution is a practical direction
for broadening access to transportation safety data, with
implications for trustworthy Al in public-sector planning. .
ARXIV

SpectralEarth-FM

Earth obsetvation (EO) foundation models (FMs) are
increasingly  trained on multisensor data, spanning
multispectral imagery (MSI), synthetic aperture radar (SAR),
and derived geospatial layers, but hyperspectral imagery (HSI)
remains underrepresented. Conversely, existing hyperspectral
FMs are trained on HSI alone, leaving joint pretraining and
fusion of HSI with co-located EO sensors unexplored. We
introduce SpectralBarth-FM, a hierarchical transformer for
multisensor EO  input with heterogeneous spectral
dimensionality. The architecture combines spectral tokenization
for hyperspectral inputs, sensor-specific encoders, a cross-sensor
fusion module, and a shared hierarchical encoder, enabling
joint processing of HSI and lower-channel observations. To
pretrain SpectralEarth-FM, we curate SpectralEarth-MM, a
dataset that co-locates HSI from three spaceborne sensors
(EnMAP, EMIT, DESIS) with Sentinel-2, Landsat-8/9 optical
imagery, Landsat land surface temperature (LST), and Sentinel-
1 SAR, over common geographic footprints. It comprises
approximately 2M globally distributed locations, 25M
georeferenced patches, and over 40TB of data. Pretraining uses
a Joint-Embedding Predictive Architecture (JEPA)-style
objective that matches representations between global views
and single-sensor local views from the same location. We
evaluate SpectralEarth-FM on hyperspectral downstream tasks
and standard EO benchmarks following the PANGAEA
protocol, achieving state-of-the-art results across both
evaluation settings.,

ARXIV

ArchSIBench

Architectural spatial intelligence, the ability to recognize and
infer architectural space, is fundamental to tasks such as robot
navigation, embodied interaction, and 3D scene understanding
and generation. Although extensive research has evaluated the
basic spatial skills of Vision-Language Models (VLMs) such as
relative orientation, distance comparison, and object counting,
these tasks cover only the most elementary levels of spatial
cognition and largely overlook higher-level cognition of
architectural space, including layout understanding, circulation
patterns, and functional zoning. In this work, we present
ArchSIBench, a Benchmark for Architectural Spatial
Intelligence based on the perspectives from architecture,
cognitive science, and psychology. ArchS1Bench covers five core
dimensions: perception, reasoning, navigation, transformation,
and configuration, comprising 17 fine-grained subtasks.
Through careful manual annotation by experts with
architectural backgrounds, we construct 3,000 question-answer
pairs to enable comprehensive evaluation of architectural
spatial intelligence. Based on ArchSIBench, we evaluate various
VLMs and find that the architectural spatial intelligence of
most models shows significant differences from human
baselines; additionally, models exhibit substantial variability
across capability dimensions. Some state-of-the-art models can
approach the level of human evaluators without architectural
training. However, a clear gap remains compared to human
evaluators with architectural training, particularly in spatial
transformation and configuration reasoning. We believe that
ArchSIBench will provide important insights and systematic
resources for measuring and advancing the architectural spatial
intelligence of VLMs. The dataset and code are available at

https:/ /huggingface.co/datasets/ArchSIBench/ArchSIBench.,
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Broadening Access to

Transportation safety analysis requires integrating crash
records, roadway attributes, and geospatial data through GIS-
based workflows, but access remains uneven across agencies
and community stakeholders. Technical prerequisites create a
gap between analytical tools central to safety planning and the
practitioners able to use them. Local agencies, school
committees, and residents may have safety concerns but limited
capacity to retrieve, filter, map, and analyze relevant data.
Generative Al offers a way to narrow this divide, but its public-
sector use raises questions about reliability, reproducibility, and
governance. This paper presents a schema-grounded natural
language interface for transportation safety analysis, using a
large language model (LLM) to interpret user intent while
preserving deterministic, reviewable execution against an
authoritative database. User queries are translated into
structured semantic frames, validated by a rule-based layer,
compiled into a typed directed acyclic graph of spatial
operations, and executed against a PostGIS database. This
bounded design separates language interpretation from
deterministic execution, keeping results reproducible and
schema-grounded while removing access barriers. The
framework is evaluated using a statewide Massachusetts
transportation safety database integrating crash records,
roadway attributes, and geospatial layers including schools, bus
stops, crosswalks, and municipal boundaries. All queries
executed successfully; the validation layer corrects errors in 29%
of evaluation queries, reflecting the gap between flexible
natural language and strict schema-grounded requirements.
The results suggest that combining natural language
accessibility with deterministic execution is a practical direction
for broadening access to transportation safety data, with
implications for trustworthy Al in public-sector planning.,
ARXIV

SpectralEarth-FM

Earth obsetvation (EO) foundation models (FMs) are
increasingly  trained on multisensor data, spanning
multispectral imagery (MSI), synthetic aperture radar (SAR),
and derived geospatial layers, but hyperspectral imagery (HSI)
remains underrepresented. Conversely, existing hyperspectral
FMs are trained on HSI alone, leaving joint pretraining and
fusion of HSI with co-located EO sensors unexplored. We
introduce SpectralBarth-FM, a hierarchical transformer for
multisensor EO  input with heterogeneous spectral
dimensionality. The architecture combines spectral tokenization
for hyperspectral inputs, sensor-specific encoders, a cross-sensor
fusion module, and a shared hierarchical encoder, enabling
joint processing of HSI and lower-channel observations. To
pretrain SpectralEarth-FM, we curate SpectralEarth-MM, a
dataset that co-locates HSI from three spaceborne sensors
(EnMAP, EMIT, DESIS) with Sentinel-2, Landsat-8/9 optical
imagery, Landsat land surface temperature (LST), and Sentinel-
1 SAR, over common geographic footprints. It comprises
approximately 2M globally distributed locations, 25M
georeferenced patches, and over 40TB of data. Pretraining uses
a Joint-Embedding Predictive Architecture (JEPA)-style
objective that matches representations between global views
and single-sensor local views from the same location. We
evaluate SpectralEarth-FM on hyperspectral downstream tasks
and standard EO benchmarks following the PANGAEA
protocol, achieving state-of-the-art results across both
evaluation settings.,

ARXIV

ArchSIBench

Architectural spatial intelligence, the ability to recognize and
infer architectural space, is fundamental to tasks such as robot
navigation, embodied interaction, and 3D scene understanding
and generation. Although extensive research has evaluated the
basic spatial skills of Vision-Language Models (VLMs) such as
relative orientation, distance comparison, and object counting,
these tasks cover only the most elementary levels of spatial
cognition and largely overlook higher-level cognition of
architectural space, including layout understanding, circulation
patterns, and functional zoning. In this work, we present
ArchSIBench, a Benchmark for Architectural Spatial
Intelligence based on the perspectives from architecture,
cognitive science, and psychology. ArchSIBench covers five core
dimensions: perception, reasoning, navigation, transformation,
and configuration, comprising 17 fine-grained subtasks.
Through careful manual annotation by experts with
architectural backgrounds, we construct 3,000 question-answer
pairs to enable comprehensive evaluation of architectural
spatial intelligence. Based on ArchSIBench, we evaluate various
VLMs and find that the architectural spatial intelligence of
most models shows significant differences from human
baselines; additionally, models exhibit substantial variability
across capability dimensions. Some state-of-the-art models can
approach the level of human evaluators without architectural
training. However, a clear gap remains compared to human
evaluators with architectural training, particularly in spatial
transformation and configuration reasoning. We believe that
ArchSIBench will provide important insights and systematic
resources for measuring and advancing the architectural spatial
intelligence of VLMs. The dataset and code are available at

https:/ /huggingface.co/datasets/ArchSIBench/ArchSIBench.,
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Transportation safety analysis requires integrating crash records, roadway attributes, and geospatial
data through GIS-based workflows, but access remains uneven across agencies and community
stakeholders. Technical prerequisites create a gap between analytical tools central to safety planning
and the practitioners able to use them. Local agencies, school committees, and residents may have
safety concerns but limited capacity to retrieve, filter, map, and analyze relevant data. Generative Al
offers a way to narrow this divide, but its public-sector use raises questions about reliability,
reproducibility, and governance. This paper presents a schema-grounded natural language interface
for transportation safety analysis, using a large language model (LLM) to interpret user intent while
preserving deterministic, reviewable execution against an authoritative database. User queries are
translated into structured semantic frames, validated by a rule-based layer, compiled into a typed
directed acyclic graph of spatial operations, and executed against a PostGIS database. This bounded
design separates language interpretation from deterministic execution, keeping results reproducible
and schema-grounded while removing access barriers. The framework is evaluated using a statewide
Massachusetts transportation safety database integrating crash records, roadway attributes, and
geospatial layers including schools, bus stops, crosswalks, and municipal boundaries. All queries
executed successfully; the validation layer corrects errors in 29% of evaluation queries, reflecting the
gap between flexible natural language and strict schema-grounded requirements. The results suggest
that combining natural language accessibility with deterministic execution is a practical direction for
broadening access to transportation safety data, with implications for trustworthy Al in public-sector

planning.
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SpectralEarth-FM

Earth obsetvation (EO) foundation models (FMs) are
increasingly trained on multisensor data, spanning
multispectral imagery (MSI), synthetic aperture radar (SAR),
and derived geospatial layers, but hyperspectral imagery (HSI)
remains underrepresented. Conversely, existing hyperspectral
FMs are trained on HSI alone, leaving joint pretraining and
fusion of HSI with co-located EO sensors unexplored. We
introduce SpectralEarth-FM, a hierarchical transformer for
with  heterogeneous spectral

multisensor EO  input

dimensionality. The  architecture combines  spectral
tokenization for hyperspectral inputs, sensor-specific encoders,
a cross-sensor fusion module, and a shared hierarchical
encoder, enabling joint processing of HSI and lower-channel
observations. To pretrain SpectralEarth-FM, we curate
SpectralEarth-MM, a dataset that co-locates HSI from three
spaceborne sensors (EnMAP, EMIT, DESIS) with Sentinel-2,
Landsat-8/9 optical imagery, Landsat land surface
temperature (LST), and Sentinel-1 SAR, over common
geographic footprints. [t comprises approximately 2M globally
distributed locations, 25M georeferenced patches, and over
40TB of data. Pretraining uses a Joint-Embedding Predictive
Architecture (JEPA)-style objective that matches
representations between global views and single-sensor local
views from the same location. We evaluate SpectralEarth-FM
on hyperspectral downstream tasks and standard EO
benchmarks following the PANGAEA protocol, achieving

state-of-the-art results across both evaluation settings. .
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