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Using Al to enhance scene classification from
satellite imagery

* This project uses Al to interpret complex remote
sensing scenes by integrating data from multiple
sources. Al enables faster, more accurate
classification of scenes, helping make better
decisions in industries like agriculture and urban

planning.
Improves accuracy and
speed of classification
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Challenges in Scene Classification - Image

igh inter-class similarit Large variations Coexistence of multiple
in the scales ground object

(a) Runways (b) Basketball (up) and (c) Storage tanks (d) Commercial (up) and
tennisball(below) courts industrial (below) area
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Challenges in Scene Classification - Image
nnotation

revious practice:

 Manual generation of description: labor-intensive, may incomplete
 Automated methods to transform traditiondal datasets into descriptions

 Example:
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Our Approach: Multimodal Scene Classification with the
help of Al VLM

The image
depicts a
parking lot
filled with cars,
indicating a
possible
commercial or
public area......

Key Technology 1:
Vision Language Models (VLMSs)

VILM-based
description
Key Technology 2:
. Image .
Dual-Cross Attention Networks Representation > Multi-modal o
: Prediction
attention
Text | » encoder Layer
Representation
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Project Workflow

The image
depicts a parking
lot filled with
cars, indicating
a possible
commercial or
public area......

VLM-based
description
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Key Results and Benefits: Quantitative Analysis

Table 1. Summary of experimental results in terms of average and standard deviations of Overall Accuracy (OA%), Average Accuracy
(AA%), and Kappa coefficient (Kappa%).

Dataset AID PatternNet Million-AID-2 Million-AID-3 DeepGlobe
Baselines | OA/top-5 AA Kappa | OAltop-5 AA Kappa | OAltop-5 AA Kappa | OAltop-5 AA Kappa | OAltop-3 AA  Kappa

10 95.6/99.8 943 948 98.0/998 975 97.0 | 88.3/M96.1 878 873 | 859969 855 850 |[699/852 69.0 684
(0.4/0.1) (0.5) (0.3) (0.50.1) (04) (03) | (020.2) (0.3) (03) | (04/0.2) (04) (04 | (050.3) (0.5 (04
T0 89.5/97.0 88.0 885 92.197.3 915 91.0 | 845055 834 836 |80.6/952 785 79.0 | 63.3/89.7 625 62.0
(1.170.1)  (1.0) (0.9) (0.8/0.2) (09 (0.7) | (04/0.3) (©04) (©4) | (0504) 04 (O4 | (090.8) (1.0) (0.8
EF 95.5/99.8 940 945 97.2/99.7 965 96.0 | 88.5096.5 882 884 | 85.6/97.6 835 851 |[79.7042 79.0 785
(0.8/0.1) (0.7) (0.6) (0.5/0.1) (0.5 (0.5) | (0.504) (0.5) (0.5 | (04/04) (04 (03) | (030.3) (04 (03
LF 95.9/99.8 945 949 | 97.8/99.6 970 96.5 | 88.3/97.0 879 88.0 | 85.2/96.8 838 852 |[79.504.0 795 782
(0.7/0.1)  (0.6) (0.5) (0.50.0) (0.6) (04) | (0.704) (0.5 (0.5 | (0.70.5) (0.3) (03) | (0.20.2) (0.2) (0.3)
eare 97.0/99.5 96.0 96.5 98.5/99.8 985 984 | 9250992 920 925 |90.297.8 885 889 | 88.3/99.7 883 88.0
(0.7/0.1) (0.6) (0.5) (0.20.1) (0.2) (0.3) | (0.8/0.6) (0.5 (0.5 | (04/0.3) (0.3) (04 | (040.2) (04 (02
ICAL 97.5/99.8 96.5 97.0 | 99.2/100.0 992 99.1 | 94.6/99.5 94.1 943 | 925995 916 920 | 853/99.7 853 848
(0.4/0.1) (0.3) (0.2) (0.2/0.1) (0.3) (0.2) | (0.8/04) (0.7) (©06) | (05/04) (0.3) (0.3) | (0.20.1) (©0.2) (0.3)
TCAu 97.2/999 96.2 96.7 | 99.0/100.0 99.0 989 |93.799.5 932 935 |92.0/996 910 920 | 89.7999 89.7 87.6
(0.6/0.0) (0.5 (0.4 (0.5/0.1) (0.5) (04) | (0.6/0.5) (0.6) (06) | (0.5/04) (0.3) (0.3) | (0.50.2) (0.5 (0.4)
) 98.9/100.0 98.1 97.0 | 99.4/100.0 994 985 | 97.4/994 97.1 97.0 | 95.6/99.8 950 945 |91.3/999 905 90.0
(0.8/0.0) (0.3) (0.2) (0.3/0.0) (04) (0.3) | (0.5/0.1) (05 (©4) | (080.2) (0.7) (06) | (1.20.5 ((1.) (1.0




Key Results and Benefits : t-SNE Classification

Visualization
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Classes
Desert
Port
Mountain
Square
School
Farmland
Beach
River
BarelLand
Church
Bridge
Parking
Resort
Playground
Viaduct
RailwayStation
Stadium
Meadow
DenseResidential
MediumResidential
Forest
BaseballField
Industrial
Park
Pond
Center
StorageTanks
Airport
SparseResidential
Commercial



Key Results and Benefits: Attent:on Heatmap
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(a) Intersection

(b) Freeway

(c) Parking Lot

(d) Sparse Residential

Original

o - & :
2 159 I=2 S e 2 “ 5
< &l CIRYS 5 - p
- B BN N B B S B B B B B B B B B B B B S S e S DS DS e e .
» : v

i_
Py

"An intersection only
with some houses and

"There are two straight
freeways in the desert
with no car on them"

. "It is a parking lot with
‘ ; . many cars parked

¥ neatly and only a few
. parking spots are free.

"

"This is a sparse

'~ residential area

Y with a villa

~ surrounded by

- plants and some
cars parked there.

Human-z'innotated

"The aerial image depicts a busy
intersection with multiple lanes of traffic
both moving and stationary. There are areas
of asphalt road, grass, and trees.
overall,this scene can be classified as a
transportation hub or an intersection."

"There are areas of asphalt
road,desert vegetation, and some
greenery. Overall, this scene can be
classified as a desert highway."

"There are areas of paved parking
lot with rows of parked cars,and
some empty spaces. Overall,this
scene can be classified as a land
cover type of urban parking area."

"There are areas of green vegetation,a
building with a black roof, and a paved
area. Overall, this scene can be classified
as a residential area with a mix of natural
and man-made elements."

VLM-generated



Key Results and Benefits : Attention Heatmap

(a) Viadict "The image shows a highway intersection with multiple lanes
of traffic,surrounded by a mix of greenery,including trees and
grass. There are also some buildings and a parking lot visible.
Overall,this scene can be classified as a transportation hub
with green spaces,possibly indicating a sub-urban or

semi-urban area."

"There are areas of asphalt parking lot with multiple cars,some
trees,and a few buildings.Overall,this scene can be classified

b) Parki
(b) Parking as an urban land use scene."

"There are areas of water,with a large boat moving through

it. There is also a bridge spanning the water. Overall,this scene
can be classified as a maritime scene with a focus on
transportation infrastructure."

(c) Bridge

Original " Ablation models Corresponding Text



The Future of This Al Project - Retrieval
system

Q
/Descriptive N

Query: '
Purpose/Land Match

use, vegetation,
0 soil types,
water bodies,
elc.

Landcover Image Database {I,}

Satellite Imagery*

i scgmentation

j Retrieve

Can be vital in:

* Urban Planning and Development,

* Renewable Energy Siting,

* Transportation and Infrastructure,

* Environmental Monitoring and Conservation, etc
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Bringing Al Focus to Remote Sensing

Effortless Attention on Key Featur =5
Al like VLMs can pinpoint essential scene details ‘ ‘
efficiently, providing valuable focus.

L, Al enables focused and

Enhanced Scene Understandin@% effective scene

Enables models to grasp complex scenes with understanding bringing
minimal human intervention, boosting accuracy. ’

geoscience into a new era
of innovation.

e Driving Innovation in Geoscience
Integrating cutting-edge Al brings fresh insights
and fosters advancements in remote sensing.
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Thank You

Purdue Marketing and Communications, marcom.purdue.edu
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