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Traces: Inkling Blockchain for Distributed Storage
in Constrained IIoT Environments
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Abstract—Storing data from Industrial Internet of Things (IIoT)
sensors in blockchain (BC) for monitoring the applications leads
to management issues like bloating. The crux of this work is
generating traces (the part of industrial data) using an ARIMA
model and storing only the metadata over the network, resulting
in reduced delay and managed data. We determine the size of
the traces for storing on the S&G blocks (blocks that store traces
along with their metadata) by considering principal parameters
such as training time, block size, and error. In general, S&G
consists of three phases: 1) Categorizing the data into groups
based on their sampling rates, 2) Storing the trace of data and
metadata into the blocks, and 3) Retrieving the entire data. We
demonstrate the feasibility of S&G with errors and regret in the
range of 0.07 to 0.10 and 0.20 to 0.25, respectively, using the
appropriate ARIMA model.

Index Terms—Blockchain, Industrial Internet of Things, ARIMA
model, Storage-as-a-Service, Big data.

I. INTRODUCTION

The sensors in IIoT environments generate sizeable and het-
erogeneous data with varying sampling rates, variability,
type, and volume from multiple ranges of applicationgs
power, temperature, and others), leading to data marg
and security challenges. Since blockchain (BC)
solutions that implicitly offers data immutabili
and security in addition to a distributed

often an ideal platform for storing in iglMa@ (2. However,
IIoT sensors generate a massiv t time-series big
data, and storing them on the BC; ecially on distributed
resource-constrained devices, J#ads to®the bloating problem

[3]. Further, the utilizatiop xternal storage devices or
synergy of BC with cn shes the various benefits of
BC, such as decentylizggormmdiStributability, and immutability.
Apart from this, it N@so results in the extra overhead of
offloading data to the cl®ud and fetching from the same, which
is not suitable for industries that require real-time processing.
In such scenarios, an optimized content storage mechanism on

distributed resource-constrained BC deployments for facilitat-
ing Storage-as-a-Service (SaaS) is beneficial.

the
arency,
ure [|1], it is

In this work, we propose Store and Generate (S&G) blocks,
a method for addressing the challenges mentioned earlier.
The crux of this work is the ability of an ARIMA model
[4]] to generate sequences from a given time-series data. We
strategically select portions (or traces) of the industrial data
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for storing on the blocks of a BC along with the metadata
for training the model (using the same trace). The same is
repeated for the next batch of sensor data. We use metadata
for generating back the sensor data and concatenating it with
the traces before presenting it on the s&reen on request from
the end-users. We determine theNg1 size of the traces
by considering the training ting€¥ e, and error (after
generation). In summary8&®&docs not require the need to
store the sensor data o, @ ibuted resource-constrained BC
deployments in its entifgty agll only stores the traces and the

necessary metadatg, which reduces the overall storage size.

Example scen, Cgnsider a factory floor consisting of an
acceler etéa ing with a sampling rate of 48 KHz and a

a sampling rate of 12 KHz. Indeed, the data

”In such a scenario, the conventional blockchain
odg not suffice the storage requirement of the industry as the
ive data creates the problem of bloating. However, S&G
cks only store the traces and respective metadata and prove
beneficial for the industry with massive data production. S&G
blocks allows the factory to manage the data by storing only
the traces of data in the BC and generating back the time series
data on the demand of the end-users.

A. Motivation

BCs are a popular choice in industrial applications for secured
and reliable storage [2]. However, the IIoT sensors gener-
ate sizeable data, and storing them on a BC, especially on
resource-constrained devices, leads to the bloating problem
[3]]. Further, the synergy of cloud or fog with BC adds an
extra overhead of offloading the data that is not desirable
in industries that require real-time processing and vanishes
the main benefits (decentralization and distribution) of BC.
Distributed storage of these data for monitoring and historical
analysis while exploiting the features of a BC is beneficial
to facilitate Storage-as-a-Service in industries. This acts as a
motive for us to develop the proposed S&G method. We aim
to reduce the storage size by pushing only the necessary traces
and metadata from the trained model.

B. Contribution

We propose a method for optimizing the size of BC as a
platform for storing and retrieving time-series data from IloT
sensors. Towards achieving this, the following are the specific
set of contributions in this work:
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e S&G blocks: We propose S&G blocks for storing only
a trace of the IloT sensor data on distributed resource-
constrained BC devices and training an ARIMA-based
model for generating the rest of the sequence on demand.
This results in better management of industrial data as we
do not need to store the same in its entirety.

o Data Categorization: We categorize the data based on the
type and sampling rate. We use K-Means to categorize
data into various groups. Further, we store different types
of data in separate transactions inside the blocks for
generating separate time series for variant data.

o Algorithmic Independence: S&G blocks is independent
of consensus as well as the machine learning models
and is flexible to use any consensus as well as machine
learning algorithms. In this paper, as a proof of concept,
we utilize Proof of Stake as a consensus mechanism and
the ARIMA model for the generation of data.

o Robustness: We demonstrate the feasibility of the S&G
method using different sensors. In particular, we use
data from sensors such as accelerometer and torque with
varying sampling rates from open-source datasets.

e Optimization: We formulate a linear programming-based
method for minimizing the trace sizes by considering the
training time, block size, and error (after generation).

e Evaluation: Through extensive experiments and deploy-
ment on resource-constrained devices such as a network
of Raspberry Pis, we demonstrate the feasibility and the
efficiency of S&G in comparison to conventional BC.

II. RELATED WORK

Xu et al. [5] proposed a section BC to solve the r of
oversized BC and considered equal-sized bloc

BC, nodes can change their location to receife
neration, and the data can be distribute
et al. [6] proposed a BC-based
distributed learning. The propos ist
tributed Machine Learning) to predi
with BC improved transparen
centralized approach. Furthg
opti-shard for the valjgati
ture distributed the<fan,
and disjointed shard$§They also proposed a mechanism to
choose good shards an® identify faulty shards. Singh er al.
[8] proposed deep learning-based BC for software-defined
network to provide seamless data transfer. Purva et al. [4]] used
ARIMA to predict the level of the sea. They did parameter
tuning to obtain the parameters of the ARIMA model. The
model gave the highest correlation coefficient and the lowest
root means square value. Lie et al. [[10]] proposed a groupchain
which is suitable for fog computing. The integration of BC
with fog computing to service IoT-oriented solutions enhanced
scalability. Later, Aunsri ef al. [14] reduced large dimensional
data into the small matrix by using the random compression
method. Gangwar et al. [15] utilized the ARIMA model
for predicting the time series and further proposed a network
configuration methodology that can accommodate the variable
load.

wide. Zerka
ufing sequential
(Chained Dis-

e data. The integration
and trist as compared to the
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Table I: Comparison of S&G blocks with various consensus
algorithms by considering centralized (C) and decentralized
(D), categorization of transactions, block size optimization
(BO), and data prediction.

Categorization Data
Scheme C/D of BO . .
. Prediction
transactions
Ali et al [9] D No No No
Kantesariya et al. [[7] D No Yes No
Lei et al. [10] D No Yes No
Wang et al. |11] D No No No
Taghavi et al. [12] D No No No
Chowdhury et al. [13] D No No Yes
S&G-blocks D Yes Yes Yes
(proposed)

A. Synthesis

\a hence, suffer from

loatng and its unmanageable
Qus®researchers do not consider
these problems, as shd Table [l This paper proposes a
BC that stores only a segtment of data. The S&G model is
responsible for ing the remaining data. In this paper,
we perform gegr of data having similar sampling rates
and furt etadata in the blocks. S&G model generates
dat ust metadata present in the block.

BCs are not general-purpose d
various challenges such gg
size. The BC offered

III. SYSTEM MODEL

shown in Fig. we consider a set of sensors, S =
., $m } Which sense the data produced by various

Q{Sl, 59,83,..
IIoT devices. The sensors forward the data to the system,

which categorizes it into groups so that the S&G blocks can
generate a separate time series for different sensor’s data. After
the categorization of data, BC stores data of sensors in variant
transactions according to the traits of the data. Further, the
S&G blocks use this data to train the machine learning model
and generate time series for various sensors. S&G blocks can
optimize the size of the blocks by considering three different
scenarios: 1) Taking real-time data for a few seconds, storing
it in BC, and using it to predict future data using a machine
learning model for the next few seconds. 2) Storing complete
data in the BC and optimizing the BC by deleting some data
and generating the same by using the ARIMA. 3) Taking data
in batches and implementing S&G blocks to optimize the size
of data. The performance of S&G blocks is the same in all
three scenarios. The optimal size of the block, training time of
the machine learning model, and the error in predicting data
are the same in all three scenarios.

B. S&G blocks

We consider various types of sensors deployed in an industry
that sense the data generated by IIoT devices. The IIoT devices
generate a massive amount of data and are difficult to manage.
To manage this, we first group the data into various clusters.
Further, we consider a BC whose block does not contain
normal transactions; rather, the transactions are segregated into
various groups where each group of the transaction contains
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Figure 1: Overview of S&G model.

the data of one cluster. The block contains the data generated
by the sensors for a few seconds, and the ARIMA model
present in the block generates data for the next few seconds.
We repeat the same for the next batch of data. In this manner,
the model generates a time series of complete data. The user
interface uses time series for monitoring various tasks. Further,
the symbols used in S&G blocks are given in Table [[I}

C. Analytical Framework

We aim to minimize the overall size of the blocks, error, time,
and the data points required to train the ARIMA model.

1) Minimizing the number of data points: In ARIMA, the
maximum number of data points requires to train the model
is dependent on the values of p and g. Hence, for a particular
type of sensor .S; with sampling rate U, the number of data
points on which the prediction depends is n and is given by

n = max(p,q). The aim is to reduce n for every typ
sensor as given in Equation [T}

2) Minimizing time: The number o np@l&very sensor
varies according to the sampli p e take input

¢ the number of inputs
yther, we calculate the

from the sensor, ¢;;; i th
considering only a ghgl,
the number of sens f a particular type and m is the types
of sensors available. TI'aim is to reduce the value of time for
training the model. The training time is directly proportional
to the number of data points and is represented as Ta/N. The
training time for the model with constant k; is given as:

T=k1 xN 2)

3) Minimizing the size of the block: Let space utilized by
single data point i be s;, A is the space taken by the
ARIMA model, and C is the space required by the other
components of the block The size of the block is given by
B=37" 3 ST si;+ A+ C. Also, the total number
of data pomts in a block is given as n = O X T X Kk X m.
Further, the blocksize is directly proportional to the number
of data points present in the same and is represented as:

B=nxs;+A+C )
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Table II: Symbol table.

Symbols Description
S Set of sensors
n Data points of single sensor
p Lag observations in ARIMA model
q Size of moving average window
T Training time
Uik Training time of single data point

Same type of sensors
Total number of sensors
Data points in a single block
Space occupied by ARIMA model
Block size
Space occupied by other components of a block
Data pomts ig a block

—

Ptilization function
Bearable error
Types of sensors
Sampling rate

cla|e|nSw P &x K3 | alwl >z s~

reduce the block size to a minimum such that:

m Kk OXT
j=1k=1 i=1
where s;,; is the space utilize by the data point.

4) Minimizing the error in predicting the time series: The
error in the ARIMA model is given as:

€ =€-1t €2+ -+ € g @)

Now, if the number of the data points on which the prediction
depends increases, the error in the prediction decreases (the
error decreases with constant ko (Vko > 0)) and is given as:
€ = k2 (6)
Ui
Further, the loss function Vp,q <= n with Y;(p,q) as the
original data, and x:(p,q) as the predicted data is given as
fi(p, @) = L:(Ya(p, q), x¢(p, q)). The definition of loss function
is given as l;(x,y) = x — y. Further, the regret of the model
should be minimum and is given as:

Rt(pa q) = lt(}/t(p, Q)7 Xt(pv q)) - mm(lt(Yt(p, Q)’ Xt(p, q)))

(7
where (p, q) is the order of the ARIMA model representing
the number of auto-regressive and moving average terms,
respectively.There is a trade-off between the error and the
number of data points. Therefore, we need a balancing factor
B whose value lies between (0,1] such that 8 + 3¢ = 1. The
objective function Vb € B becomes:

w =By B+ Be (8)

k
W= B st AT O (Bx ) O)
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Equatlon@represents that if Bb > B, giving more preference
to accuracy and if Bb < Bb giving more preference to less
storage space. Further, ﬁb X B < Snaz, T <= Tmasz and
By X € < €maz Where Spq, is the maximum possible size of
the block and €4, is the error in predicting the next value
when only a single data point trains the ARIMA model. We
calculate the values of €,,42, Smaz, and Tp,q. using Algorithm
1. The algorithm runs at most for n number of times. The
complexity of the algorithm is O(7).

Algorithm 1: Algorithm for calculating the maximum
block size, maximum time, and minimum error.

Input: Heterogeneous data sensed by sensors

Output: Maximum block size, maximum training time

and minimum error possible

Initialize:

Smin =A+C

So = Smin, i=1, t=1;

Procedure:

while true do

S :SZ 1+ZS€SZ’:} IZ
Ti = Ti— 1+Zse$2k 12

1=1+1

t=t+1

if Ti — Ti—1 < Tthresh then

‘ break;

end

% Sik

end
Smaz = Si» Tmaz = Tj, n = ZSES i3
€min = €t—1 + €2+ €p

For a given space utilization decision () and héaTab
decision (o), we define system utility as the legdfsum of

all blocks data prediction utilities VbeB. @

We formulate the space alloc ion to®a block and bearable
error decision as to the minj jon problem Vbe B and VseS,
which is given as migy

Theorem 1. The

U(¢ a) =

be

(10)

unction U(C, a) is convex. O

Proof. We prove that U((, «) is convex by demonstrating that
2
%ﬁ%a) > 0. On solving, we obtain the following expression:

2U(C,0) 2% B x ks

om P
In Equation [/| the value of ; lies between (0,1), ko is the
positive constant, and 7 is the number of data points, which
are always positive. Under these conditions the expression

ZX%%X]” > 0, which proves that utility function is convex. [

(1)

In this work, we adopt the Karush Kuhn Tucker (KKT)
method for finding the optimal block size such that the error
in predicting the data and the number of data points in
a single block become optimal. Since KKT typically helps
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in maximizing the functions, we modify the expression in
Equation [§] as:

V(¢.a) = —BJB — Fie (12)
We obtain the Langrangian for Equation [T2] as:
L(¢,a) = (=B B = B5e) + 111(Smaz — B x B)
beB
+ 12(Tmaz — B X €) (13)
The conditions for finding the optimal expressions are:
AL =0,AL =0,pu1,p2>=0 (14)

where 111 and o are the non-negative ['§ngrangian multipliers.

Finally, we obtain the optimal \/\ B as:
B ‘." :s

b (15)

where Syar = A+C
obtain the optimal error
points (n) as:

K SO mas g, Further, we
and the optimal number of data

emaflf
= 16
k2 X ﬁb
€max an

btain the values of €,,,, and S;,4, from Algorithm 1.

&G blocks calculates the optimal block size by applying
grange Method. Indeed, if the size of the block becomes
optimal, consequently, the training time, data generation time,
and error become optimal. This makes the S&G blocks an
optimal method for storing industrial data.

IV. PERFORMANCE EVALUATION
A. Experiment Setup

We use Python 3 and three different types of data as proof
of the concept for executing our routines. Type 1 data is
the data of the accelerometer with a sampling rate of 48000
samples/second, Type 2 data is the data of the accelerometer
with a sampling rate of 12000 samples/second, and Type 3
data is the data of torque sensors. Further, we use a modified
BC (S&G) that categorizes the transactions and uses a data
prediction model to generate a time series of each type of
data. We add the ARIMA model to each block so that it can
utilize the metadata in the same to produce the next portion
of data.

B. Deployment Architecture

We generate a client-server architecture for implementing the
S&G blocks. The client program continuously sends the sen-
sors’ data to the BC (server). By using the linear optimization
technique, we calculate the optimum number of data points
required to generate the time series such that the size of
the block and the error in predicting data are minimum. By
performing experiments, we observe that 3000 data points are
a suitable number for storing in the block. By using these

3 UTC from |IEEE Xplore. Restrictions apply.



Authorized licensed use Ilmlted to: INDIAN INSTITUTE

This article has been accepted for publication in IEEE Transactions on Industrial Informatics. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/T11.2022.3208311

0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15

Amplitude (dB)
Amplitude (dB)

yit+1)

) 100 200 300 400 500 0 100
Time (samples)

(a) Time series (Accelerometer 12KHz).

200 300 400 500
Time (samples)

(b) Seasonality (Accelerometer 12KHz).

-0.1 0.0 0.1 0.2

0.15
0.10
0.05
0.00
—0.05
=0.10

Amplitude (dB)
Amplitude (dB)

-0.15

yt+ 1)

1] 100 200 300 400 500 0 100
Time (samples)

(d) Time series (Accelerometer 48KHz).

25

200 300 400 500
Time (samples)

(e) Seasonality (Accelerometer 48KHz).

- N
[ S

Torque (Nm)
=
)

Torque (Nm)

“o

1] 100 200 300 400 500
Time (samples)

(g) Time series (Torque 2MHz).

data points, we generate the nex
ARIMA model. We repeat the sam

sensor data and store it in the (xt b
C. Data Analysis

Fig. 2] represents dfc deta duced by various sensors. As
proof of concept, study the data by taking 500 data
points. Fig. 2(a)] repreSents the data of the Accelerometer
with a 12KHz sampling rate. This figure depicts how the
acceleration varies with time. We observe that most of the
values of acceleration lie between -0.2 to 0.2 dB. Further, Fig.
[2(0)] represents the seasonality of the data. We calculate the
seasonality by considering 12 lag points and observe that there
is moderate seasonality in the plot. Fig. is the lag plot of
the Accelerometer with a 12KHz sampling rate. The lag plot is
elliptical linear with a positive slope. This concludes that the
data has moderate randomness with positive auto-correlation.
Similarly, Fig. 2(d)| represents the data of the Accelerometer
with a 48KHz sampling rate. From Fig. 2(e)] and Fig. 2(D)}
we conclude that the properties of the Accelerometer with
a 48KHz sampling rate is similar to the Accelerometer with
12KHz. Further, Fig. 2(g)] represents the data of the Torque

for the next batch of the
k of the BC.
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(i) Lag plot (Torque 2MHz).

sensor. The value of torque lies in the range of SNm to 25Nm.
Fig. 2(h)] represents the seasonality of the data whereas Fig.
(@)} represent the lag plot of the data. The lag plot is circular
with some outliers. From this figure, we can conclude that the
data has moderate randomness with no auto-correlation.

D. Results

1) Relation between training time and data points: We ex-
plore the training time against the data points by performing
30 iterations. We observe from Fig[3(a)] that with the increase
in the number of data points, the training time increases. This
is because S&G blocks has to feed more data points to the
ARIMA model and take their features. We also observe that
the training time increases by 50% when we increase data
points from 3000 to 12000. From these observations, we imply
that with the increase in the block size (the data points stored
in S&G blocks), the training time increases. We also conclude
that for real-time scenarios, it is better to utilize S&G blocks
as it optimizes the block size such that the training time is
diminutive, which is acceptable.

2) Relation between memory and data points: We record the
memory consumption by the block against the number of data
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points. We perform 30 iterations to present our observation.
Fig. depicts that with the increase in the number of data
points, the memory requirement of the block also increases.
Further, we also observe that the memory requirement of S&G
blocks is almost half as compared to the BC without data
optimization. The memory requirement decreases by 49.9%.
Further, we also observe that by doubling the data points,
the memory requirements also get approximately double. This
is because more data points require more space. From these
observations, we imply that with the increase in the block
size (the data points stored in S&G blocks), the memory
requirement increases. We also conclude that for resource-
constrained scenarios, it is better to utilize S&G blocks as
it optimizes the block size such that the memory requirement
is diminutive, which is acceptable.

B Accelerometer(48 KHz)

EE# Accelerometer(12 KHz) ‘

=R Torque

B S&G Blocks
B Blockchain without Optimization

Memory (KB)

Training time (s)
S =N W e SN

375 750 1500 3000 600012000
Data points

100 200 300 400 500
Time for data storage (ms)

(a) Training time. (b) Memory requirement.

Figure 3: Training time and memory requirement.

3) Relation between utility with data points: We record the
value of utility as mentioned in Eq. [T0] with a balancing fac
of 0.5 for varying numbers of data points. Indeed, the ugflit
is the summation of error and the block size; we reprgsé
error in terms of space and calculate the utility of S&@
We represent the error as space occupied by tl
erroneous data points. To present our observat

40 iterations and observe that the value ty increases
with the increase in data points, agg ig. A(a)] This
is because the block size factor i @ S W the increase in
data points. We imply that the utilfg is minimum when the
number of data points is minigftim.
4) Relation between utilijg utility factor: From Fig.
[([®)] we explore thaghif @ ancing factor increases more
than 0.5, then wedaregti more preference to accuracy
in predicting the datdy But with the decrease in balancing
factor, we are trying t® optimize the memory requirement.
The value of utility decreases with the decrease in the value
of the balancing factor to 0.5 balancing factor; after that, it
again starts increasing. This is because, with the decrease in
the balancing factor, the space factor reduces; however, the
error increases. We imply that at the optimal balancing factor
for 3000 data points, the utility is around 13000.

5) Data predictions: S&G blocks predict the time-series data,
which is further used for data analysis. S&G blocks use
a machine learning model for data prediction. As proof of
concept, we use the ARIMA model with order (3,1,2) for data
prediction. Fig. [5|represents the various types of predicted data
by the ARIMA model. From these figures, we can deduce that
the model predicts the data with negligible error for different
types of data. Fig. [5(a) represents the actual and predicted

cr of
erform
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Figure 4: Utility of S&G blocks.

data of the Accelerometer with a 12KHz sampling rate. We
conclude that the predicted data mostly§overlapped the actual
data, and predicted values of acc lie between -0.2dB
to 0.2dB, and the error in pred atgpis 0.001. Similarly,
Fig. 5(b)| represents thgma amd predicted data of the
Accelerometer with a 48 ling rate. We conclude that
the predicted values O eration lie between -0.2dB to
0.25dB, and the error in predicting data is 0.004. Further, Fig.
[5(b)| represents 19 ual and predicted data of the Torque
sensor. The g predicted values of torque lie between
%nd the error in predicting data is 0.007.
t"he error in predicting data increases with the
tliers in data. This is because the model cannot
dict the outliers accurately and result in errors. Further,
o imply that S&G model predicts the data with high

acy without any loss of data.

Relation between error and data points: We record the
errors in predicting the data points by considering the various
number of data points for training the S&G model. We perform
40 iterations of experiments to calculate the error for three
different types of sensors, i.e., accelerometer with 48000
samples/second, accelerometer with 12000 samples/second,
and torque sensor with 2M samples/second. From Fig. [6(a)]
we observe that with the increase in data points, the error
in predicting time series decreases for each type of sensor.
Specifically, the error for accelerometer with 48000 sam-
ples/second, accelerometer with 12000 samples/second, and
torque sensor with 2M samples/second is 0.0727 dB, 0.06441
dB, and 0.06912 Nm, respectively. Further, we imply that the
error in predicting the time series is inversely proportional to
the number of data points used to train the S&G model. Indeed,
S&G blocks optimally stores the data points in the BC which
results in diminutive error and further generates data on the
demand of the user with no loss.

7) Relation between regret and data points: We explore the
regret of the S&G blocks by changing the number of data
points and performing 40 iterations to get our observations.
We observe from Fig. [6(b)] that with the increase in data
points, the regret of the S&G blocks decreases. This is because
the S&G blocks perform better if the data for training is
large. Specifically, the regret for accelerometer with 48000
samples/second, accelerometer with 12000 samples/second,
and torque sensor is 0.2216 dB, 0.2121 dB, and 0.2041 Nm,
respectively. Also, by varying the order of the ARIMA model
used in S&G blocks, regret varies. We imply that the regret

c

3 UTC from |IEEE Xplore. Restrictions apply.



Authorized licensed use limited to: INDIAN INSTITUTE

This article has been accepted for publication in IEEE Transactions on Industrial Informatics. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/T11.2022.3208311

0.8 75— 0.8z 50 15

s —e— Actual g —e— Actual E i —e— Actual
~ 06{ "8 1 R e 1 —+— Predicted ~ 0.6{% |3 —+— Predicted 404381 “‘ n ‘ﬁ i —+— Predicted
-] E{I [ =2 Z 00 -~ E |
k4 g ) 2 g g € s
P 0.41{2 - - e 0.4 Z 30 v o
= Time (samples) = © Time (samples)
= 02 R £ 02 E 20 "
) e fadte ok p 3 ) o g ‘ H P ' TY TT
5 0.0 il SR 5 0.0 B i .“\ AR ‘ ks ||

i 101 2¥ i) 5
s H e B gl
-0.2 * -0.2 H I 'y
o 100 200 300 400 500 o 100 200 300 400 500 0 100 200 300 400 500

Time (samples)

(a) Predictions (Accelerometer 12KHz).

Time (samples)

(b) Predictions (Accelerometer 48KHz).

Time (samples)

(c) Predictions (Torque 2MHz).

Figure 5: Data predictions by ARIMA model.
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Figure 6: Error and regret in predicting data.

reduces by 26.66% with the increase in data points. Indeed,
S&G blocks optimally stores the data points in the BC which
results in diminutive regret and further generates data on
demand of the user with no loss.

Bl Accelerometer(48 KHz)
EEE Accelerometer(12 KHz)
=R Torque

2000 4000 6000 800010000
Data points

R0O0O 4000 6000 800010000
Data points

(a) R? value for varying data p@&{egret for different ARIMA mod-

s with varying data points.

Figure 7: R? val8and regret for varying data points.

8) Relation between R? and data points: We record the R
squared value in predicting the data points by considering the
various number of data points for training the S&G model.
We perform 40 iterations to present our observations. We
calculate the R squared value for accelerometer with 48000
samples/second, accelerometer with 12000 samples/second,
and torque sensor with 2M samples/second. From Fig.
we observe that with the increase in data points, the R squared
value in predicting time series increases for each type of
sensor. Specifically, for 10000 data points, R squared value for
accelerometer with 48000 samples/second, accelerometer with
12000 samples/second, and torque sensor is 98.3%, 98.2%,
and 98.3% respectively. Further, we imply that the R squared
value in predicting the time series is directly proportional
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F TECHNOLOGY KHARAGPUR. Downloaded on December 22,2022 at 12:33:

to the number of data points used to §ain the S&G model.
Apart from this, from Fig. de that the selection
of an appropriate order redu t. Fhis is because the
inappropriate selection or either leads to under-
fitting or over-fitting o Wd By 24% approximately when
changes order from (2, (3,1,2) at 3000 data points.

6’. CONCLUSION

In this pa ,@proposed — S&G model — for efficiently
mana the massive data sensed by a myriad of sensors
storit® only a trace of the IloT sensor data over the
Nuted resource-constrained BC devices. The proposed
e subsists of three stages: 1) Grouping of data based
their characteristics, 2) storing the batch of data in the
corresponding transaction, and 3) generating a subsequent
batch of data using the data prediction model. We stored only
a few data points in the block and further generated the next
few data points using the S&G model. The proposed model
reduced the need for storing whole data in the BC and made
the same more manageable. The S&G model generated a time
series of data for a few seconds, and further, we again stored
the next batch of the data in the subsequent block. Finally, we
used the stored as well as the generated data for monitoring
various industrial tasks.

Q

In this work, we ceased our research in optimizing the data.
We abstained from making BC operations faster. We refrained
from comparing the ARIMA model with other models and
focused on the data-centric selection of the transaction and
generating time series. In the extended work, we include the
same and study the effects of the changing prediction model.
Apart from this, the limitation of S&G blocks is that it shows
unexpected behavior if the time series shows abrupt variation.
Further, S&G blocks adds additional time complexity to BC
as it utilizes the ARIMA model to predict the data. In our
future work, we will also try to resolve this issue.
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