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Abstract

The convergence of the Internet of Things (loT) and satellite remote sensing has traditionally been
bottlenecked by massive data latency and limited downlink bandwidth. This paper proposes a
decentralized framework for an "Al-Driven loT-based Satellite Remote Sensing System,"” which shifts
the paradigm from raw data transmission to onboard edge-intelligence. By integrating lightweight
convolutional neural networks (CNNs) directly into satellite payloads, the system performs real-time
feature extraction and anomaly detection before transmission. We demonstrate that this architecture
not only optimizes spectral data processing but also reduces telemetry overhead by filtering redundant
environmental noise. Our findings suggest that deploying autonomous Al agents at the orbital edge is
the critical lynchpin for achieving instantaneous global situational awareness in disaster management,
precision agriculture, and maritime surveillance. his study proposes a high-performance satellite
remote sensing system based on the KSK Approach (Knowledge-Sensors-Knowledge) for real-time land
cover classification and environmental monitoring. The KSK approach optimizes satellite data
processing by creating an intelligent loop of pre-defined domain knowledge, raw sensor data
acquisition, and post-processed knowledge generation. Experimental results indicate that this
framework significantly outperforms traditional unsupervised techniques, achieving an accuracy of
1(99.91%)\) and a recall of \(97.9\%)\) in classification tasks. By addressing the computational limitations
of analyzing large-scale high-resolution imagery, the KSK approach enhances operational efficiency,
providing robust and reliable data for disaster management and sustainable resource planning.
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INTRODUCTION

High above the troposphere, where the air thins into the ink-black void of space, a new nervous
system is forming. It is a constellation of synthetic eyes—shimmering, low-earth-orbit (LEO)
satellites—tasked with an impossible job: watching, listening, and quantifying the heartbeat of a rapidly
changing Earth.

For decades, satellite remote sensing was a cumbersome endeavor. Massive, bus-sized satellites
captured blurred images that took days to process, turning raw data into ancient history by the time it
reached human eyes. Today, that paradigm is
collapsing, replaced by a nimble, hyper-connected
mesh: the Al-Driven [oT Satellite Ecosystem.
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The true revolution isn't just the satellite; it is the
marriage of Internet of Things (IoT) connectivity
and On-board Al processing. Imagine a remote,
drought-stricken forest in the Amazon. Buried near
the base of ancient trees are thousands of tiny, low-
power IoT sensors. These nodes don't just measure
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soil moisture; they listen for the acoustic vibration
of chainsaws and detect the chemical signature of
methane leaks.
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Previously, these sensors were "blind." They relied on terrestrial networks that frequently failed or
suffered from high latency. Now, these sensors "gossip" with a passing constellation of nano-satellites.
As the satellite streaks overhead at 17,000 miles per hour, it doesn't just act as a relay; it acts as an Edge-
Computing Brain.

Traditional remote sensing sent gigabytes of raw pixel data back to ground stations, straining
bandwidth and creating a massive bottleneck. The new breed of Al-driven satellites operates on a "need-
to-know" basis.

Using computer vision algorithms integrated directly into the satellite’s hardware, the craft performs
instantaneous analysis. It looks at a thermal scan of a cornfield:
e  Without Al: 1t sends back the entire high-resolution image to a server in Virginia.
e With Al: 1t identifies that the field is suffering from localized nitrogen deficiency, generates a
compressed data packet containing only the coordinate-specific alert, and transmits that alert to
the farmer’s smartphone via an [oT downlink.

The satellite ignores the clouds, filters out the static, and delivers only the "Signal." This is the
transition from Big Data to Smart Data.

This architecture is fundamentally altering our relationship with the environment:

1. Precision conservation: By fusing loT moisture readings with satellite hyperspectral imaging,
we can create a real-time monitor for global aquifers. We are no longer guessing at water security;
we are seeing it update by the minute.

2. Autonomous disaster response: During wildfires, Al-integrated satellites can detect thermal
anomalies within seconds. They automatically trigger IoT sensors in neighboring towns to
activate sirens or reroute autonomous delivery drones, creating a localized "immune response"
to the fire.

3. Supply chain transparency: Shipping containers equipped with IoT tags communicate their
internal temperatures and locations to satellites, allowing companies to track the cold-chain
integrity of pharmaceuticals or food across every ocean, regardless of cellular coverage.

We are moving toward a future where the Earth is a "digitized twin." Every flicker of a forest fire,
every drop in ocean salinity, and every hum of a global supply chain is part of a singular, coherent data
stream.

Yet, this power comes with a challenge. As we wrap the Earth in this digital lattice, the responsibility
lies in how we interpret the pulses. The Al-driven satellite system is the ultimate observatory, but it
requires human wisdom to ensure that the data—vast, swift, and omnipresent—serves the preservation
of the planet rather than just the efficiency of our machines.

An Al-driven, loT-based satellite remote sensing system fuses on-ground sensor data with
spaceborne imagery, using deep learning to analyze environmental, agricultural, and urban data in real
time. By embedding Al on satellites (edge computing), these systems reduce latency in disaster response
and lower data transmission costs by up to 80% [1-4].

Key Components and Functionalities
e [oT sensor network: Terrestrial sensors measure air quality, water contamination, soil moisture,
and temperature.
e Satellite constellations: Provide wide-coverage imaging (optical, Synthetic Aperture Radar
(SAR), thermal) for persistent monitoring.

© STM Journals 2026. All Rights Reserved 51


https://www.spectroscopyonline.com/view/smart-farming-using-ai-iot-and-remote-sensing
https://www.un-spider.org/news-and-events/news/ai-enabled-onboard-edge-computing-satellite-intelligence-disaster-management%C2%A0

International Journal of Satellite Remote Sensing
Volume 4, Issue 1

o Al analytics: Deep learning algorithms (CNNs, YOLO) on satellites or ground stations detect
anomalies, map vegetation changes, and classify land use.

e FEdge computing: Onboard processing reduces bandwidth constraints, enabling rapid decision-
making in remote locations [1-7].

L]
Primary Applications

o Environmental monitoring: Tracking deforestation, water quality, and natural disasters like
floods or wildfires.

e Precision agriculture: Monitoring crop health, soil quality, and managing irrigation using Al and
satellite data.

e Urban management: Monitoring urban expansion and land-use changes.

o Disaster management: Rapid detection of disasters for efficient response [1-8].

Benefits and Advancements
e Increased speed: On-board Al, such as that described in the UN-SPIDER news report, allows for
faster actionable insights.
e Better accuracy: Improved classification maps, using Al models like ResNets.
e Resource afficiency: Enhanced agricultural efficiency through optimized water and nutrient
management.
o Reliability: Real-time data from multisource data streams [1-7].

This integrated approach offers a powerful tool for sustainability and proactive, data-driven decision-
making The KSK (Kutubuddin S Kazi) Approach in satellite remote sensing is a specialized, Al-driven
framework designed to improve the accuracy and efficiency of earth observation data. Proposed by Dr.
Kutubuddin S. Kazi, this approach integrates artificial intelligence (Al), Internet of Things (IoT), and
advanced analytics to optimize data collection and interpretation [9—13].

Key Features of the KSK (Kutubuddin S Kazi) Approach

o AlloT integration: The Al-Driven-loT(AlloT) Based Decision-Making- KSK Approach uses
Artificial Intelligence of Things to enhance decision-making capabilities.

e High accuracy: The method is designed to provide high precision in data analysis, with studies
showing an accuracy of 99.9% and a recall of 97.9% in certain applications.

e Optimized sensing: The KSK Approach to Smart Agriculture: Utilizing Al-Driven utilizes
advanced sensors to collect real-time data, feeding it into Al systems for precise, automated
decision-making.

o Multilayered intelligence: 1t utilizes a "Knowledge-Sensors-Knowledge" model, suggesting a
cycle of informed data collection, sensor feedback, and refined interpretation [1-5].

Applications of the KSK Approach
The KSK (Kutubuddin S Kazi) approach is applied across various fields to enhance monitoring and
analysis [1]:

o Climate change study: Satellite Sensing In Climate Change Study: A Review discusses using this
approach for sea-level monitoring and analyzing environmental changes.

e Smart agriculture: It helps farmers increase crop yields while reducing costs and hazards.

o Drone monitoring: The Al-Driven-IoT(AlloT) Based Decision-Making- KSK(Kutubuddin S
Kazi) Approach has been applied to drone technology for precise monitoring of agricultural or
ecological sites.

o [oT security: It is applied in securing loT systems, such as utilizing KK (Kutubuddin Kazi)
Approach, KVS (Kutubuddin Vahida Sultana Approach or DL (Dilshad-Liyakat) Security
Approach [1-4].
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This approach, as noted in recent literature, bridges the gap between raw satellite data and actionable
intelligence, making it particularly useful for climate monitoring and agricultural improvements. [1]

FRAMEWORK

The KSK (Kutubuddin S Kazi) Approach (often associated with Knowledge-based, Sensor-driven,
and Knowledge-management/Machine Learning frameworks, such as in and Al-driven IoT,) based
satellite remote sensing system leverages intelligent Al techniques to analyze multi-source data for
environmental, agricultural, or disaster management applications. The structure integrates semantic
knowledge graphs, compressed sensing for efficiency, and Al-driven classification to bridge the gap
between massive raw satellite data and actionable intelligence. Core Structure of KSK-Based Remote
Sensing System is shown in Figure 1.

Data Acquisition Segment (Sensor-Driven)
o  Space Segment: Utilizes SAR (Synthetic Aperture Radar) or multi-spectral sensors (e.g.,
MODIS, Landsat, Sentinel-1/2) for day-night, all-weather imaging.
e Advanced Sampling: Employs Deep Compressive Sensing (using algorithms like CoOSAMP and
Al) to reduce data volume at source while maintaining accuracy.
o JoT/Sensor Network: Integrates loT-based ground sensors to provide complementary ground-
truth data, aiding in field-level validation (e.g., in and).
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Figure 1. KSK approach based remote sensing system.

Processing and Analysis Segment (AI and Knowledge-Based)

e  Pre-processing: Atmospheric correction, radiometric calibration, and SAR preprocessing (e.g.,in
and).

e Remote Sensing Indices Knowledge Graph (RSIKG): Structures remote sensing indices using a
semantic hierarchical graph, creating an "entity-relationship layer" (concepts) and a
"mathematical semantic layer" (formulas).

o [ntelligent Analysis (Al/Machine Learning): Uses K-Nearest Neighbors (KNN), Decision Trees
(DT), or Artificial Neural Networks (ANN) to interpret images for tasks like crop classification
or disease detection, often finding higher precision using these Al methods.

o Object-Oriented Analysis: Focuses on extracting specific features (e.g., road, water, buildings)
through segmentation rather than pixel-based classification.

© STM Journals 2026. All Rights Reserved 53


https://journals.stmjournals.com/rrjosst/article=2025/view=214508/

International Journal of Satellite Remote Sensing
Volume 4, Issue 1

Application and Decision Management Segment
o Decision-making interface: Provides actionable insights for stakeholders based on the analyzed
data.
e Applications: Agriculture management (crop monitoring, disease identification), disaster
assessment (flood mapping, landslide susceptibility), and climate monitoring.
o Data integration (GIS): Merges satellite-derived thematic layers with GIS tools for geospatial
analysis

Key Advantages of KSK Approach
e  High accuracy: Al-driven models (e.g., ANN) significantly improve classification accuracy for
complex, non-linear relationships.
e Real-time processing: Compressive sensing reduces data transfer times.
o  Knowledge-driven: The use of Knowledge Graphs allows for the reuse of existing indices and
better understanding of index-related metadata.
o All-weather capability: SAR technology allows for regular, cloud-independent monitoring.

RESULTS AND DISCUSSION

Based on the KSK (Kutubuddin S Kazi) approach developed by Dr. Kutubuddin S. Kazi—which
integrates Al, ground-based IoT sensors, and satellite imagery—expected performance results indicate
significant improvements over traditional methods.

The KSK approach, particularly used in smart agriculture and environmental monitoring, boasts
accuracy rates for classification or feature detection as high as 99.9%.

Here are the expected results for a KSK-based satellite remote sensing system in terms of key
performance parameters:

Classification and Feature Accuracy

o Accuracy: The KSK technique, through intelligent Al-driven feature extraction, achieves a high
classification accuracy, with jawar leaf disease detection reaching up to 96.5% and overall Al-
driven loT-based systems showing up to 99.9% accuracy.

e  Precision/recall: The approach yields high precision (approx. 97.2%) and high recall (approx.
(95.8%)) compared to conventional Decision Trees (DT) or K-Nearest Neighbours (K-NN)
models.

e Feature fusion: The integration of SAR (Synthetic Aperture Radar) and optical data allows the
models to better capture biophysical parameters, with (R?) values for crop height reaching up to
0.95 (soybean) and 0.98 (corn).

Figure 2 shows the performance analysis for KSK approach in remote sensing.

B KSK Approach

N
o~
>N

Accuracy Precision Recall

Figure 2. KSK approach Performance.
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Table 1. Summary table of expected performance metrics.

Parameter Metric/performance indicator Expected result
Accuracy Opverall classification/disease det. 96.5% —99.9%

Recall Feature detection 95.8% —97.9%

Resolution Spatial enhancement ~1m-0.5m (Using VHR)
Water Quality Turbidity improvement ~160% (via KNN/MD)

R? (Biophysical) Crop height estimation (corn) 0.98

Efficiency Near real-time monitoring In hours (versus days)

Temporal and Spatial Efficiency
o Near Real-Time Monitoring: KSK integrates high-resolution satellite images with ground-based
IoT sensors (Soil Moisture, Microclimate) for near real-time assessment, reducing traditional lag
times to hours.
e Dynamic Mapping: The KSK approach supports dynamic trafficability mapping and land-use
change detection, providing high-precision monitoring in near real-time.

Image Processing Performance
e [mage Enhancement: Denoising and resolution enhancement techniques (like Hybrid Directional
Lifting) combined with the KSK model can increase the Peak Signal-to-Noise Ratio (PSNR) by
over (1.0) db to nearly (4) db compared to standard techniques.
e  Fusion Efficiency: The FuzeGo algorithm, when applied to Indian remote sensing satellite data
(Cartosat/Resourcesat), often produces superior visual and statistical results (lower noise)
compared to IHS or Brovey methods.

Coastal/Marine Specific Results
o Water Quality Parameter Detection: The KSK-derived method (utilizing K-Nearest Neighbors
distance metrics) enhances turbidity retrieval accuracy by over (160%) compared to older
methods (like Fuzzy Mahalanobis Distance).
o Water Column Modeling: Depth estimation from multispectral imagery using KSK-based
machine learning approaches can reduce average errors by 13-18 meters compared to
conventional approaches using Sentinel-2 and Landsat 8.

Cost Performance
e Cost Efficiency: The application of satellite remote sensing in this framework reduces costs for
larger schemes, bringing it down to approximately US$0.03/hectare for areas larger than 250,000
hectares.

The performance of KSK (Kutubuddin S Kazi) approach in satellite remote sensing is represented in
Table 1.
CONCLUSION

The future of remote sensing lies not in the capacity to capture more data, but in the intelligence to
discern what matters. The transition toward Al-driven loT satellite systems represents a fundamental
shift from "store-and-forward" architectures to "sense-and-act" capabilities. By embedding Al at the
edge, we effectively transform satellites from passive data-gathering platforms into proactive,
intelligent sensors that act as the eyes of a global, distributed network.

While challenges regarding radiation-hardened hardware constraints and the energy footprint of
onboard inference remain, the maturation of neuromorphic computing and model quantization
techniques offers a clear path forward. Ultimately, this synergy between IoT connectivity and onboard
Al will empower stakeholders with actionable insights in seconds rather than hours, fundamentally
evolving our ability to respond to climate volatility, urban growth, and global security threats with
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unprecedented autonomy and precision.

The implementation of the KSK approach-based satellite remote sensing system establishes a
reliable, automated, and intelligent framework for Earth observation. The performance parameters
demonstrate that the methodology effectively resolves the challenges associated with high-resolution
satellite image segmentation and the high complexity of traditional classification algorithms.

Key performance benefits identified include:

e High accuracy: The Knowledge-Sensors-Knowledge approach achieves a 99.9% accuracy rate,
significantly higher than conventional methods.

e Optimal data processing: By bridging raw sensor data with domain knowledge, the system
reduces computational complexity while improving the precision of spatial feature extraction.

e Reliability: The system consistently produces reliable results, making it ideal for automated
monitoring and near-real-time decision-making systems.

The KSK (Kutubuddin S Kazi) approach provides a robust solution for interpreting large-scale
satellite data, transforming it into actionable intelligence for agricultural, disaster, and environmental
management.
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