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______________________________________________ 

The advancement of the Industrial Internet of Things

(IIoT) has led to the development of Digital Twin (DT)

technology, which has proven to be an effective

solution for optimizing processes in various industries. 

Digital twin is the latest technology, which helps in 

generation of exact digital replica of the physical 

system. In this work, a Digital Twin of a Thermo-

Vacuum Chamber and Quantum payload, using

AR/VR technology is developed. This research paper 

aims to demonstrate development and implementation

of a cross-platform software application, a mobile AR

app, and a Microsoft HoloLens 2 application for the

project, which provides real-time sensor data with

voice control. The objective of this research is to

investigate the potential of Digital Twin technology in 

real time monitoring and optimizing the maintenance 

and testing of space payloads, as well as to explore the 

applications of AR/VR technology in the context of

Digital Twins. In addition, it aims to assess the

effectiveness of the developed software applications in 

providing a user-friendly and interactive interface for

testing and maintenance personnel. The study reveals

that the integration of AR/VR technology in Digital

Twins can significantly improve the efficiency of

testing and maintenance procedures, as it provides a

comprehensive 1:1 scale 3D visualization of the

Chamber and the payload. Moreover, the results

demonstrate that the developed software applications

provide an interactive and intuitive interface for users

to monitor the Chamber and Payload status and

associated parameters simply with voice control,

leading to a more effective maintenance process.

___________________________________________
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I. INTRODUCTION 

The Thermal and Vacuum (or Thermo-Vac) chambers are 

crucial for testing and verifying space gear and equipment 

in space simulation environments, such as satellites, space 

probes, and manned spacecraft. These chambers mimic 

the hostile environment of severe temperatures, vacuum, 

and radiation, allowing engineers to assess the 

performance, durability, and dependability of space 

hardware and equipment under realistic conditions. The 

testing process, on the other hand, can be difficult and 

time-consuming, requiring considerable data collecting

and analysis as well as specialized employees to run and

maintain the chambers.

Digital Twin technology has developed as a viable method

for producing virtual replicas of physical systems for

examination, optimization, and control. Digital Twin of

the Thermo-Vac Chamber and Quantum Payload

developed at Space Applications Centre (SAC) can

provide real-time monitoring, profiling, diagnostics, and

predictive maintenance capabilities, boosting the testing

process's safety, productivity, and cost-effectiveness. The

goal is to create an interactive and immersive simulation

that can deliver real-time data, 3D visualizations, and

forecasts to engineers and technicians for optimizing and

debugging the testing process.The motivation for this

research is to demonstrate the potential of Digital Twin

technology for enhancing space hardware testing and

research. By developing a DT of the thermal and vacuum

chamber, one can reduce the testing process' complexity

and cost, enhance safety and reliability, and improve the

overall performance of space hardware and equipment.

Figure-1 Web based data monitoring system 

Previously, an operator had to constantly monitor the 

sensor data displayed on a 2D tabular format (Figure-1) , 

manually mapping each data point corresponding to 

respective location on the physical entity, with the help of 

CAD drawings. The data used to be logged onto a local 

server/storage, and then visualized only after the test using 

MS Excel. However, with the successful implementation 

of this DT, one can visualize all the (relevant/additional) 

sensor data at their own convenience. This also enables 

real-time profile generation and analysis over certain time 

interval. Apart from that, one needs not constantly monitor 

all the data points at all times as an alert is issued 

whenever any sensor value exceeds some mentioned 

threshold. This DT provides less clutter and ease of access 

to each significant value at any given time, by making it 

intelligent enough to understand which sensor value is 

important at a certain view with the help of proximity to 
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the sensor in virtual world. Different views of digital twin, 

can be controlled either using Arrow Keys and Mouse, or 

voice commands. 

II. LITERATURE SURVEY

Across the world, many researchers explored and studied

the potential of Digital Twin for future applications.

Uhlemann et al. (2017) provided a comprehensive

overview of the digital twin concept and its applications

in Industry 4.0. The digital twin, according to the author,

is a virtual representation of a physical system that may

be used to model how the real system would behave in

certain scenarios1. Kritzinger et al (2018) gave a thorough

analysis of the literature on the use of the digital twin in

manufacturing, and suggested a classification system for

classifying the literature. They classified digital twin

applications in manufacturing into four major categories:

product, process, production, and supply chain and

further classified each application area in accordance with

its unique attributes, such as its data sources, modeling

strategies, and use cases2. Onaji, Igiri et al (2022)

presented a conceptual framework for the implementation

of digital twin technology in manufacturing and provided

case studies to illustrate its practical application. The 

authors went over each element of the framework for the 

digital twins, such as data collection, modeling and

simulation, and visualization and analytics. They also

talked about the main obstacles and opportunities for

using digital twin technology in manufacturing. They also

pointed out difficulties of digital twin technology,

including the requirement for specialized knowledge and

the possibility for data security and privacy problems3. 

Pires et al (2019) provided an overview of the digital twin

concept in the context of Industry 4.0. The authors

discussed several tools and technologies — such as 

sensors, data analytics, and simulation software — that

make it possible to build and use digital twins. Their

article also described that how digital twin technology is

used in Industry 4.0 for a variety of purposes, such as

product design, production planning, and maintenance

and repair. The author emphasized the advantages of

digital twin technology, including increased

effectiveness, lower costs, and higher quality4. Tao, Fei et 

al (2019) gave a comprehensive review of the state-of-

the-art of digital twin technology in the industry. The

author highlighted the several elements that make up a 

digital twin, such as data collection, modeling,

simulation, visualization, and analytics. The study also

covered the different industrial uses of digital twin

technology, such as product design, planning of

production, and maintenance and repair. The author

outlined the potential advantages of digital twin

technology, including increased productivity, lower costs,

and higher quality, and offers instances of successful

commercial use of digital twins. In his final section, the

author discusses the potential effects of digital twin

technology on industrial processes as well as the

industry's future directions.5

The proposed work goes beyond previous limitations by

combining various aspects by building an interactive and

immersive Human Machine Interface (HMI) for data 

visualization using the DT. Main highlights of our work

are:

a. To the best of our knowledge, this work

demonstrates a working Digital twin, which stands

first and only indigenous implementation of its kind

in the domain of manufacturing and space

engineering.

b. This work is developed at SAC, ISRO without

incurring any additional cost to the office. It is the

demonstration of Industry 4.0, IOT and smart

solution that can be scalable for all the major

laboratories across the country.

c. The novelty of work lies in optimization of the

complex model, implementation of Digital twin

using IOT and 3D model and deployment of the 

solution over multiple devices, including mobile

platform, desktop machine, HoloLens (AR device)

and Oculus (VR head mount device). This cross-

platform compatibility sets it apart from existing DT

applications, as it allows users to access the DT

seamlessly regardless of the preferred device or

technology.

d. Implemented features such as Sensor data profiles

and heat maps, which can also be generated based on

the real time values of the various sensors.

e. Implemented voice assistant as a unique capability,

which helps user explore various sensor data and

profiles of the Digital twin. We can just “speak” to

the Twin the way one talks to other human being.

III. METHODOLOGY

This section covers the flow of implementation,

algorithm in sequence to understand how the work has

been implemented and various utilities, plugins and

software, which have been used in the process. Refer

Figure-2, initially, a complex engineering 3D model is

taken as an input and preprocessing process is carried out

to simplify the complex 3D model as well as to make the 

model compatible for development of digital twin. In next 

step of real time data processing, data is fetched from

network system and mapped as per the actual sensors

mounted on the physical system. Further, indigenous

Digital Twin SW is developed and taking inputs of

preprocessing steps and solution is deployed on multiple 

platforms. Detailed methodology is described in the

section below.

i. Model pre-processing and optimization

3D mechanical model of the thermos vac Chamber is 

taken as an input, which contains the physical properties 

of the model including shape, measurements, tolerances, 

etc. This model is built using Creo Parametric6 (Figure-

3). Due to complexity of the model, and number of 

meshes it contained, the spawning of the model became a 

challenging task. Preprocessing is the foremost step to 

enhance the performance and improving the visual 

quality of digital twin. Optimization is performed in 

Blender, which is an open-source versatile 3D modeling, 

animation and rendering software. It offers modeling 

techniques such as polygon modeling, subdivision surface 

modeling, sculpting, and parametric modeling with an in-

build modifier system.7 
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Figure-2 Flow of Implementation 

 

 

Figure- 3 3D model of the chamber 

Pre-processing involves optimization of the model, which 

is, removing trivial geometries that do not contribute to 

the important details of the model as per the user’s 

requirements. After discussing model intricacies with 

concerned team and understanding the placement of 

significant sensors, trivial components have been 

eliminated. Further, polygon counts were reduced using 

Blender’s Decimate modifier or Re-mesh modifier to 

simplify the model geometry while preserving the 

important details. This helps to reduce the complexity of 

the model and improve performance.  

 

Figure 4 Optimized model 

Then finally, as shown in Figure 4, the optimized model is 

exported in the .FBX format (AR/VR framework 

compatible) because it retains joints and constraints. 

ii. Processing of Real-time data 

 

The data from the physical model is acquired in a local 

workstation class machine and hosted locally in the format 

shown in Figure-1. The WebRequest functionality in 

unity3D has been utilized to retrieve real-time data from 

the Chamber web-console.  This involves establishing a 

connection with the API that provides the required 

information. However, the data is available in the form of 

HTML Document with essential tags such as <th>, <tr>, 

and <td> which stand for “Table Header”, “Table Row”, 

and “Table Data” respectively. UnityWebRequest has 

been used to send HTTP requests and receive responses 

asynchronously. Once this HTML Document is acquired, 

it needs to be parsed with respect to the HTML Tags as 

mentioned above. A module is designed to parse the 

above-mentioned HTML data and stored as an output in 

JSON format. Several calculations, conversions and 

transformations have been performed on the data to ensure 

its alignment with the Physical Twin’s representation and 

units. 

iii. Model Processing and Optimization 

Pre-processed sensor data is then augmented onto the DT 

in the AR Environment on mobile and windows platform 

using Mixed Reality Toolkit (MRTK). MRTK is a 

framework that provides tools, components and associated 

C# Scripts to ease the development of MR experiences in 

Unity. Initially, MRTK is integrated into the project by 

importing its package and configuring it according to the 

documentation8. It offers features that can facilitate data 

augmentation in AR/VR, for instance spatial mapping, 

hand and gesture tracking, and object manipulation. Here, 

using its spatial mapping capabilities, virtual objects 

representing the twin are aligned with the real-world 

environment, ensuring the DT’s accuracy in terms of data 

positioning. It provides pre-built components for voice 

commands as well, making it easier to implement hands-

free interactions in AR. Moreover, it offers a wide range 

of visual effects that can be applied to virtual objects 

representing the DT. This helps in visual representation of 

augmented data, such as changing the color of a zone 

based on the heat-map, interpolating that across a web of 
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sensors to approximate the value at the region where 

sensor is not present. In turn, this results into visual 

indicators that highlight specific data points. To get the 

real-time augmented data, MRTK’s event system and 

update mechanisms have been utilized. It periodically 

retrieves data from the API using coroutines (), and when 

the new data is received, it updated the visual and textual 

properties of the virtual object representing the Twin. This 

ensures that the Twin reflects the updated information and 

maintains synchronization with the physical entity. MRTK 

also helps in implementation of user interaction and 

visualization in AR, leveraging those to enhance data 

augmentation, MRTK’s UI Components by integrating 

MRTK’s UI Elements to present data in and informative 

and visually appealing manner. 

IV. RESULTS  

The AR mobile app (Figure-5) is designed to provide 

users with a seamless experience of interacting with the 

Digital Twin. The AR mobile app allows users to view the 

Thermo-Vac Chamber in an augmented reality 

environment, providing an immersive experience that 

feels like being physically present in the test chamber. 

Users can interact with the Digital Twin using voice 

commands and gestures. The AR mobile app also provides 

real-time data on the chamber's temperature, pressure, and 

other critical parameters. Users can view this data in 

graphical form to better understand the chamber's 

performance. The cross-platform software application is 

designed to provide a user-friendly interface for accessing 

the Digital Twin. The software application is compatible 

with Windows, MacOS, and Linux operating systems, 

making it accessible to a wide range of users. The 

software application provides users with real-time data on 

the Thermo-Vac Chamber, including temperature, 

pressure, and other parameters. Users can interact with the 

Digital Twin using the software application's intuitive 

graphical user interface (GUI). The software application 

also provides advanced features such as data processing 

and visualization, allowing users to analyse the Thermo-

Vac Chamber's performance in real time. Figure-6 shows 

the home view of the digital twin in Windows OS. 

Whereas, Figure-7 depicts the digital twin of Quantum 

payload which is placed inside the digital twin of 

thermovac Chamber. All the different views i.e. Home 

view, left view, right view, top view and payload view are 

accessible using integrated voice commands. The 

Microsoft HoloLens 2 app (as shown in Figure 8) is 

designed to provide an augmented reality experience of 

the Thermo-Vac Chamber. The app uses the HoloLens 2 

headset to provide users with an immersive experience 

that feels like being physically present in the test chamber. 

Users can interact with the Digital Twin using voice 

commands and gestures. The Microsoft HoloLens 2 app 

also provides real-time data on the chamber's temperature, 

pressure, and other critical parameters. Users can view this 

data in graphical form to better understand the chamber's 

performance. 

One of the significant advantages of the Digital Twin is its 

advanced voice command capabilities. For any model 

shown above, one can access any sensor data or view by 

simply giving voice commands such as “Twin, show me 

left view” or “Twin, show me payload” making it easy to 

operate without the need for physical input devices. This 

feature is particularly useful in a testing environment 

where users may have to wear protective gear, making it 

challenging to use traditional input devices. 

 
Figure-5 Demo of Mobile Application 

 
Figure- 6 Desktop Software Application 

 
Figure- 7 Digital Twin of Quantum Payload 

 
Figure- 8 Demo of Microsoft HoloLens Application 

V. CONCLUSIONS  

The Digital Twin of Thermo-Vac Chamber is an 

innovative application that uses IOT, AR and industry 4.0 
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capabilities to create a virtual representation of a physical 

system. This research demonstrates the potential of digital 

twin technology in the testing of payload and other critical 

systems while providing users with an immersive 

experience that feels like being physically present in the 

test chamber. It also provides users with real-time 

augmentation of data on the chamber's performance, 

making it easier to make informed decisions. 

In conclusion, Digital Twin Technology can revolutionize 

the traditional method of monitoring data on a two-

dimensional screen with overwhelming amount of data-

points, instead having a three-dimensional, interactive 

interface that focuses on selective data-points that matter 

the most at that point of time. In future, the DT can be 

scaled up to all the complex engineering systems 

available at SAC ISRO, to make the data visualization 

accessible to all the concerned authorities in real-time. 

Further, digital twin technology along with IOT can be 

extended in various domains and industries. Its 

implementation can also be used to analyze and optimize 

the environmental impact such as energy use, waste 

management or even water consumption. Ultimately, 

reducing carbon footprint and support sustainability 

goals. 
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