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Abstract:

Now we are in the 4th rig rebellionwitnessing digital physical interfacewith the digitalization
of all the activities, processes and products of day to day life experiencing as digital footprints.
Rapid advances in Sensor technology, Al, VR and Big Data results in emergence of a new
technology known as Digital win(DT) especially for manufacturing sector.DT isa digital
replica of live as well as nonlive entities that enable data transmission between the physical
and virtual world, to monitor, understand, and optimize the functions of all physical entities
and provide continuous feedback to improve the quality of life and well-being. However, the
research of DT for Product Life Cycle (PLS) management is still at theinfant stage. Application
framework and design cycle are not very clear. The lack of referable application cases is also
a problem. Hence this paper deals with the systematic modeling and hardware implementation
of a embedded temp monitoring system was propose in line with the concept of Digital Twin.
Index Terms— Digital Twin, data fusion, modeling, systemgen, hardware co-simulation.

Introduction

With the wingleading in tacit high tech and reports replevin, Digital Twin (DT) has becomes
one of the key research in the directions of manufacturing and academia.DT wasoriginally
emerged to improve manufacturing processes.At present, emergence of high performance and
low cost computing hardware driving the people around the world to adopt digital technologies
for their applications. Digital Twinning is nothing but mapping a physical asset, object, process
or system and creating a virtual evolving replica.It means digital copy of an asset. Digital twin
is used to detectpresent behavior and also to predict future behavior of the aid.

By placing sensors in physical systems realtime data can be collected. The data then updates
the state of the twin and enabling it as a remotely accessible proxy. The collected data is used
to create twin can predict the maintenance and failure conditions of the physical equipment.
Digital twins are not only part of design phase and even they are part of life cycle of a physical
asset hence they can assess the behavior of a physical copy to various stresses and other
conditions. For understanding the better and to predict, optimize the asset this DT's are very
helpful. DT integrates the digital information of an asset with the operational data stream of
equipmentwhen it is in use. DT and Big Data are reinforcing technologies can integrate data
throughout the lifecycle of physical asset and generates large volumes of data which can be
processed by analytics .
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Fig.1:Example of Digital Dual
DIGITAL TWIN
Physically,data collection and maintenance of digital twins are implemented usingfour stages
as shown in Fig.2namely data collection, data pipelines, data integrity and data egress. In this
we have two types of data.They are model and time series data. For buliding digital copy of an
equpment or process and relationship between physical and virtual is determined by the model
data.The observations of the state of some physical thing at a given time is called time series
data. It can be either continuous or discrete.This both data are very helpful to built the digital
system. In data pipelines step, Model is developed by the merging of data source and collected
data. Later that data transformed into the graph.Data Integrity means to detect actual data from
the data pipe lines and issue with real asset and to detect the connection of real and virtual
asset. Data Egress deals with the outputting data in batch and streaming modes for later use.
Batch mode will be used where decision support is needed where as streaming is used in low
latency applications.

Dat Collction [ DataPipelnes || Dotalnkegaty || DataBgeess

Fig2. Four steps in Digital Twin
The logical architecture of DTs comprises of four components.
(1) Data modeling
(2) Simulation,
(3)Hardware Implementation
(4)Verification

Physical Domain Orgital Domain

Actuators
Model
Sensor
Readings

Here the logical architecture varies the according to the asset and it perform one or more
operations.

Data collection of asset is done by using sensor and it's atmosphere and it's represent the aid
state in the domain of digital and it is saved for further use.

Logical Architecture
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Fig.3:Process of collecting data
1.Literature Survey
The word Digital Twin first introduce by the Grieves in his “ Product Lifecycle Management
(PLM)” [6].
He was introduced but the concept, details and its explanationwas very attenuate at that time
period. A action done for the form of DT. It includes mainly three steps one is physical
product, another one is virtual product, and the final one is their connections. In 2010 this DT's
have a very vast growth in that years.The concept of DTs was revisited.For the corresponding
twin based on the DT as a various-physics, various-scale, probabilistic, ultra-fidelity simulation
that reflects, in a timely manner, Now- a- days the famous research topic is DT. According to
Gabor et al. [8], to apprehend in a distinct scales weather it may be a time or space scale the
smashing simulation is DT.It was developed by taking the data from particular asset which
means already alive assetand super well-lighted. According to Maurer [9], the manufacture
process and yield pursuance is designed by a is a virtual copyof an digital twin. Digital
dualgoverning to some special notions. Due to this DTs becomes progressively concrete.
Formation, Incubation, and Growth are the three theoretical stages development of DTs. The
first appearance of DT should date to the presentation made by Grieves in 2003,Few articles
were published in this period from 2003 to 2011, so it is classified as the formation
stage.TheSatellite Communication, Artificial Intelligence, Cloud computing, Business
Intelligence,Drones, Robotics and simulation technologies contributed to the rise of DTs. In
2011,was rapidly developed.
The first journal article was published In the year of 2012.The definition of DTs was
formalized and envisioned by the NASA, its prospects in the acrospace industry [7]. to the DT
research was more and more efforts were devoted since.Therefore, this period is regarded as
the incubation stage. The first white paper was publishedin the year of 2014, which means
reflected the growth of DTs from one conceptual idea to numerous practical applications [6].
The conclusion that digital dual would be useful to several diverse industries beyond the
aerospace industry further promoted its development.According to the Gartner Digital dual is
as one of the preeminenttechnological trends in the later decade.

3. Proposed Method

In this work in the direction of building DT,an embedded system for the maintenance of room
temperature was modeled, simulated, and verified. The block diagram of embedded data
acquisition system is shown in Figl.
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Fig2: Basic Block Diagram of Data Acquisition

Data Acquisition:

NodeMCU microcontroller and LM35 temperature sensor are used for acquiring temperature
and obtaineddata wasstored in thinkspeak cloud. Fig2 shows the embedded system with
temperature sensor nodemcu and their interconnections.

Fig3:Embedded System used for maintenance of Room Temperature

The program was developedfor automatic storing of data by using android IDE and IoT.
Visualizations and analytics are performed using cloud shown in Fig. Table represents the
sample data for 15 days.

Temperature Data

Time

Fig4: Temperature data for one day stored in think speak cloud

Table:Time Series Temperature Data for fifteen days
Temperature(°C)

31 29 28 27 26 27 27 26 31 31
10 31 29 29 27 26 28 26 26 26 30
11 31 29 29 28 26 26 30 29 30 27
12 32 30 30 28 27 28 26 26 29 30
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13 31 30 31 29 27 29 28 27 27 31
14 31 30 31 29 28 28 28 28 30 30
15 30 31 29 29 27 30 29 29 31 29
16 31 30 31 28 27 30 29 28 29 27
17 31 29 29 27 27 30 27 27 27 29
Avg |31 29 29 27 26 28 27 26 29 29

Mathematical Model Generation:
Data is represented as scatter plot as shown in Fig. to observe the variations oftwo-dimensional
data
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Fig5:Hour wise Temperature Variations on various Days

Mathematical model is derived from average values of data samples computed on every day
data as shown in figure using regression analysis. For judgement of The regression analysis is
a statistical method used to estimate the relationships between dependent and independent
variables.
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Fig6:Mathematical model of an embedded temperature monitoring system

In this case both linear and non-linear modeling are observed and their mathematical modeling
are represented asY=0.013X+28.80and Y=0.043X2-0.682X+30.77 respectively.

4.Implementation

Fig.8RTL Schematic of Non-Linear System

The linear and nonlinear modelings are coded in verilog and implemented in FPGA. The
schematic and simulation results are shown in fig

Fig9: Simulation results for linear equation
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Fig10: Simulationresults for non-linear equation
HDL implementation is supporting only fixed point data. Real time data consists of floating

point representations. Hence to obtain a solution in real time this model was implemented in
FPGA hardware using systemgen flow as shown in Fig.11
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Fig.11:Linear model of temperature system

In above figure shows the virtual model of a temperature sensor by dumping this system into a
FPGA board. Subsystem was created for developing a bit stream file. Creating of a subsystem
for this model is shown in figurel2.
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Fig.12:Subsystem for bit stream file

Architectures of the models was developed using simulink and Xilinx blocks are shown in
Fig.11

While handling bigger systems they can be converted as subsystems as shown in Fig.12

The virtual model of aembedded temperature monitoring systemported into a FPGA board.
Subsystem was created for developing a bit stream file. After implementation using JTAG
cable the co-simulation block is shown in fig
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Figl3: Developing Bitstream to Dump in FPGA Board

Figl5: Finally virtual model dumped to FPGA kit

Virtual model of temperature sensor was implemented in vertex-6 FPGA kit. Finally the virtual
model system is shown in a Fig.15

5. Conclusion

Now days due to digitalization, lot of data is generating from the devices connected through
the internet. To perform predictions and analysis on this data parameters and models are to be
predicted. Systems performance can be improved and many predictions can be done in better
way by twinning the real physical model i.e. to model and analyze the asset. In this direction
this work carried out on one of the important component of modeling and implementation of
the virtual model. In this case as an example sensor is modeled and implemented in FPGA.
This model is modeled as a combinational one. Hence it is responding only for the present
inputs. Hence accuracy is less.
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6.Future Scope

. Model has to be converted as a sequential so that previous state also involved in
predicting outputs.

. Each components physical behavior also to be modeled and need to be incorporated.
Integration of both the data models are is performed
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