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Apriori Based Big Data Processing System
for Improve Sensor Data Throughput in IoT Environments

Song Jin Su’ - Kim Soo Jin" * Young Tae Shin™

ABSTRACT

Recently, the smart home environment is expected to be a platform that collects, integrates, and utilizes various data through convergence
with wireless information and communication technology. In fact, the number of smart devices with various sensors is increasing inside smart
homes. The amount of data that needs to be processed by the increased number of smart devices is also increasing, and big data processing
systems are actively being introduced to handle it effectively. However, traditional big data processing systems have all requests directed to
cluster drivers before they are allocated to distributed nodes, leading to reduced cluster-wide performance sharing as cluster drivers managing
segmentation tasks become bottlenecks. In particular, there is a greater delay rate on smart home devices that constantly request small data
processing. Thus, in this paper, we design a Apriori-based big data system for effective data processing in smart home environments where
frequent requests occur at the same time. According to the performance evaluation results of the proposed system, the data processing time
was reduced by up to 38.6% from at least 19.2% compared to the existing system. The reason for this result is related to the type of data
being measured. Because the amount of data collected in a smart home environment is large, the use of cache servers plays a major role in
data processing, and association analysis with Apriori algorithms stores highly relevant sensor data in the cache.
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Redis Data Value Type
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Fig. 3. Redis Data Structure
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Table 1. Example of a Raw Dataset

value_id sensor_id timestamp value
18730541 5892 00:00.1 0
18730542 5887 00:00.1 1024
18730544 5891 00:00.2 0
18730546 5896 00:00.4 652
18730548 6127 00:00.5 1024
18730549 5888 00:00.5 0
18730550 5889 00:00.6 301
18730551 5893 00:00.6 0
18730553 5895 00:00.7 0
18730554 5894 00:00.7 652

Table 2. Example of a Transform Dataset

sensor_id
{ 6222, 6223 }
{ 6223, 6222 }
{ 6425, 3214, 6124 }
{ 6481, 5832 }
{ 5892, 5894 }
{5992, 6222 }
{ 6344, 5851, 4374 }
{ 6127, 6220, 6686 }
{ 5892, 5894 }

timestamp
2020-02-26 11
2020-02-26 19
2020-03-12 14
2020-03-12 17
2020-05-03 13
2020-06-17 12
2020-07-15 14
2020-08-26 10
2020-08-26 13

oA “XAIAE AFRSF & YAIAE AR 722 2
7] WEe] AA7L BASHE AZE B9k AAE BE Hlolert
obd ol AA FBo] FAPYLA BEHt dole A
2 ©AZ ) Table 19] 94 HlolElo 4 A4 oS3} &
AE A7 2&510 A A7F 501 AF_H AHAje ZEH
SolElE AASte] 3 ARE AME IFoE s,
Table 29} Zo] vIgE 25t AL A3t glo]g Aoz
ARt

2) AIFEAEA

A2 AAE © Holg A Z47he] Al AR =F A
tolal darejFol Aold HaAAEEY IAY 22 24
ghESte glolE 2 Bt A3hS LS} WA F
S A=, AT, FY=S BA5te] FH9 HAYe 3
st} 9] 37H9] Zhe AXkel| gt Y ElEe RS Fig. 5
o 3 FEES #8435 A= Table 34 2t

Fig. 59| &a2|ES 85l 2l A oF 7919
A A AMA ARA HA AAEE Y= 72 °oF 296A
oW, #2& A4 st ARSH AZE 123mseltt. 13
< 83 A Table 49 Zo] AWEr} =2 AlA dup
ojA9] AR FHsta FEE FHuolE = A AHEE
£ RlE7t =2 AR I o] SensorX HOJHE 7HA] AH
of ZA Al Sensor Y Hlo|E|E A HA gt

-,
]‘J

o

_WBL_IE



loT

Association Analysis Algorithm
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# minimum support, associated rule return function

def association_rules(device_sensor, min_support):

# support, frequency calculation

sensor_stats=freq(device_sensor).to_frame('freq")sen

sor_stats['support'] = sensor_stats['freq'] /

device_count(device_sensor) * 100

# exclude less than mininum support

qualifying_sensors =

sensor_stats[sensor_stats['support'] )=

min_support].index order_sensor

=device_sensor[device_sensor.isin(qualifying_sensor

sl

# exclude less than 2 information

device_size= freq(device_sensor.index)

qualifying_device= device_sizeldevice_size >=

2].index device_sensor=

device_sensor[device_sensor.index.isin(qualifying_de

vice)]

# frequency, support calculation

sensor_stats =

freq(device_sensor).to_frame('freq")sensor_stats[' sup

port'] = sensor_stats['freq'] /

device_count(device_sensor) * 100

# create generator

sensor_pair_gen:get_sensor_pairs(device_sensor)

# frequency of sensor sets, support calculation

sensor_pairs=freq(sensor_pair_gen).to_frame('freqA

B") sensor_pairs[ supportAB'] =

sensor_pairs[ freqAB'] / len(qualifying_device) * 100

# if muninum support is exclude

sensor_pairs=

sensor_pairs[sensor_pairs[ supportAB'] )=

min_support]

# generate metrics for calculated

sensor_pairs =

sensor_pairs.reset_index().rename(columns={'level_0
'sensor_A', 'level_1'": 'sensor_B'}) sensor_pairs =

merge_sensor_stats(sensor_pairs, sensor_stats)

sensor_pairs| confidenceAtoB'] =

sensor_pairs['supportAB'] / sensor_pairs['supportA']

sensor_pairs| confidenceBtoA'] =

sensor_pairs[ supportAB'] / sensor_pairs['supportB']

sensor_pairs[ lift'] =

sensor_pairs[ supportAB'] / (sensor_pairs|'supportA']

* sensor_pairs[ supportB'])

# sorting enhancements to return results

return sensor_pairs.sort_values('lift’,

ascending=False)

Fig. 5. Apriori-based Association Algorithm
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Table 3. Generated Association Rules

Starting sensor_data 79904
Sensors with support »=0.01 24
Remaining sensor_data 79904
Remaining sensors with 2+ items 4206
Remaining sensor_data 79904
sensor pairs 296
sensor pairs with support »= 0.01 296
time 123

Table 4. Recommended Sensor Data for the Proposed System

Sensor X

Sensor Y

bathroom/ambience/temperature

bathroom/ambience/humidity

bathroom/washingmachine/current

kitchen/coffeemaker/current

bathroom/washingmachine/current

kitchen/dishwasher/current

kitchen/sandwichmaker/current

kitchen/coffeemaker/current

bathroom/washingmachine/current

bathroom/ambience/temperature

kitchen/dishwasher/current

kitchen/coffeemaker/current

kitchen/sandwichmaker/current

kitchen/dishwasher/current

bathroom/washingmachine/current

kitchen/sandwichmaker/current

kitchen/kettle/current

kitchen/dishwasher/current

entrance/door/contact

bedroom/weightscale/pressure

kitchen/sandwichmaker/current

kitchen/kettle/current

kitchen/dishwasher/current

kitchen/kettle/current
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Table 5. The Performance Evaluation Scenario

Location Semsor Tps, Object Total Balcony
Count ,—‘ ‘
Casel Bathroom Motion, 1 Ambience 1 ] \_— |7|
Cased Bathroom Motion, 1 Ambience, ) -
a Living room Light, 1 TV (Smart Plug)
. Bathroom
Bathroom Motion, 1 Ambience, D lemg room [ |
Case3 | Living room Light, 1 TV, 3 .
Kitchen Smart plug, 1 | Coffee maker [ ]
- L]
Bathroom Motion, 1 Ambience, ~ .
Living room Light, 1 TV, \
Cased Kitchen Smart plug, 1 | Coffee maker, 4 %
Balcon Reed switch. 1 | Door contact (Switch)
Motion, 1 Kitchen Hall % Bedroom
S Ambience,
Bathroom Light, 1 v
Living room | Smart plug, 1 ’ [
Case5 Kitchen Reed switch. 1 Coffee maker, > [ -
Door contact,
Balcon Temperature & .
1 Ambience [ ‘
Humidity, 1
Motion. 1 Fig. 6. A Schematic Diagram of the Proposed Technique
Bathroom otion, Ambience,
Living room Light, 1 TV,
N%itgchren Smart plug, 1 Coffec n'laker Table 6. The Environment for Performance Analysis
Caseb Balcon Reed switch. 1 Doo contact’ 6
Temperature & r e ’ CONTENT
Entrance Humidity, 1 Ambience,
Bedroom Pressure‘ . Bed CPU Intell(R) Core(TM) i7-9700k
3.60Ghz 32G RAM SSD 500GB
Bathroom Motion, 2 Ambience,
; ? Light, 1 Tv, RAM 32.0GB
Living room Smart plug, 1 | Coffee maker
Case7 Kitchen Reed switch. 1 Dishwasher, 7 Hbb SSD 500GB
Balcon ;
Entrance Temperature & | Door contact, 0S Linux CentOS 7
Bedroom Humidity, 1 Ambience,
Pressure, 1 Bed oW Apache Spark 2.4.7
Redis 6.2.1
Motion, 2 Ambience,
Bathroom Licht '2 TV, doi :10.17632/t9n68ykfk3.1
Living room Smarf piug 1 Stove, DATA Institutions : Orebro Universitet
Case8 Kitchen Reed Switcﬁ 1 Coffee maker, 3 Multi-sensor dataset of human activities
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Table 7. The Comparison of Present Scheme and Propose
Scheme for Analysis Process Time

Present(sec) Propose(sec) Reduction(%)
Casel 1.881782 1.244471 -33.87(%)
Case2 2.014556 1.298915 -35.52(%)
Case3 2.090438 1.319458 -36.88(%)
Case4 2.278805 1.398949 -38.61(%)
Case5 2.350087 1.472013 -37.36(%)
Caseb 2.380895 1.530864 -35.70(%)
Case7 2.461262 1.675513 -31.92(%)
Case8 2.553200 1.814524 -28.93(%)
Case9 2.557146 1.913003 -25.19(%)
Casel0 2.698255 2.178865 -19.25(%)
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Fig. 7. The Comparsion of Present Scheme and Propose
Sceme for Analysis Process Time
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