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Digital twin opertunities in Space

Key Technologies:

• Internet of Things based Sensors

• 5G/6G Networks and LORA tech

• Visualization SW support

• High performance computing

• Edge devices 

• AI , Machine Learning 

Key Capabilities:

• Real-time monitoring

• Simulation and predictions

• Failure detection

• Optimization

• Intelligent decision-making
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EVOLUTION OF DIGITAL TWIN

• 1960–2000: Static simulation models

• 2000–2010: Connected digital models

• 2010–2020: IoT-enabled digital twins

• 2020–Present: AI-driven predictive digital twins

• The Digital Twin concept originated from NASA in the 1960s during

space missions. NASA created physical replicas of spacecraft

systems on Earth to simulate, monitor, and troubleshoot issues

remotely.

• The Apollo 13 mission is a famous example where simulation

models helped engineers resolve spacecraft problems.

• In 2010, John Vickers, principal technologist and associate director

of the Materials and Processes Laboratory at NASA’s Marshall

Space Flight Center, coined the term “digital twins,” in 2010.

• Connected Digital Model representation at ISRO.

EVOLUTION PHASES

SW Simulation of rover navigation over Moon- Singla, InGARSS 2025 
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• Satellite Observations at coarser level. For example for AOD:

• INSAT 10km x 10km – 1 pixel.
• Ocean SAT AOD at 1KM x 1KM 
• ESA TROPOMI sensor data (5KM x 5KM – 1 pixel)- NO2 pollution.

• Observation time from 15 min- 1 hour .

• Relying on Model forecasting (Predictions are based on static / historic data)

Popular Practices in EO 

Simulation of sea waves 

OceanSAT AOD 

Scatterometer Data Visualization
Singla, ISRS 2020
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Popular practices in monitoring of urban cities using remote 

sensing data

 Change detection

 Solar power estimation

 Population estimation

 Resources estimation

 Visibility analysis

 Disaster management

 and Strategic planning 

Change detection in city (2011-2018)

Land surface temp. night times 

(2003-2018)

Singla, JISRS 2023
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Popular practices in System Engineering

Information of various sensors available through web-interface
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Digital Twin Eco-System

Physical Entity:

Contains sensors, IoT devices, and machines that 

generate real-world data.

Data Ingestion Layer:

Handles real-time data ingestion using platforms 

like Apache Kafka.

Data Storage Layer:

Stores time-series and historical data using 

databases such as InfluxDB.

Digital Twin Core Layer:

Maintains the digital twin state and synchronizes 

physical and virtual systems.

Analytics and Simulation Layer:

Runs machine learning models and simulations.

Visualization Layer:

Provides dashboards and interactive visualization.

Application Layer:

Provides APIs and applications for monitoring and 

control.
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SW Architecture of Digital Twin 
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SW Framework for Digital Twin at SAC

Digital twin framework will cater to 

input GIS/ Sensor / BIM data and 

provides ready to use dashboards 

for the decision makers.

Singla, Curr. Sci 2022
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A use case of Digital twin in Engineering

Digital twin of thermal chamber with IoT

Optimized model

Singla, Current Sci. 2023
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Digital Twin for urban cities
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A use case of Digital twin for Planet Earth

Envisaged Digital twin of Earth Utilizing IOT Sensors and satellite data
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Use case of DIGITAL TWIN of an ASTRONAUT
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FUTURE – Envisioned DIGITAL TWIN of Moon

Envisioned 

Digital twin

Of Moon 

and Lunar 

rover 

operations. 
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FUTURE – Envisioned Planetary Twin
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FUTURE – Envisioned DIGITAL TWIN of BAS
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CHALLENGES AND LIMITATIONS

LIMITATIONS

Challenges and limitations of 

Digital Twin:

• High implementation cost

• Integration complexity

• Data security risks

• Scalability challenges

• Model accuracy 

requirements

Requires:

• High-quality data

• Reliable infrastructure

DISADVANTAGES
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