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ABSTRACT

Services that enhance user convenience by using various IoT devices are increasing with the development of Internet of
Things(IoT) technology. Also, since the price of IoT sensors has become cheaper, companies providing services by collecting and
utilizing data from various sensors are increasing. The smart IoT home System is a representative use case that improves the user
convenience by using IoT devices. To improve user convenience of Smart IoT home system, this paper proposes a method for the
control of related devices based on data analysis. Internal environment measurement data collected from IoT sensors, device control
data collected from device control actuators, and user judgment data are learned to predict the current home state and control devices.
Especially, differently from previous approaches, it uses deep neural network to analyze the data to determine the inner state of the
home and provide information for maintaining the optimal inner environment. In the experiment, we compared the results of the
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long-term measured data with the inferred data and analyzed the discrimination performance of the proposed method.
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User Devices

o

Smart loT Gateway

Table 1] AvlE [oT Alo]Edo]lZ A%H dHolH7F A%
= folEwo]2~E 2 YERATE Timee JE F3 Al
7t State®= @A Ul Aol leAo] tigk 5 T =
% (Temperature), HE &%= (Humidity), I+ Z%(Illuminance),
DDE WA 5% (Dust density)E& YERZ dF ARTHS o]
g3te] dlolg A 13 7]7] Aojo] &gttt dojHE
wuith 34 54 AXE o] &3l HolEt E d

Table 1. Collected Environmental Data from Smart loT Gateway
No Time State | T | H I | DD
001 | 2015-08-12 14:22:34 | inner | 259 | 645 | 41 | 86
002 | 2015-09-08 14:13:21 | inner | 261 | 60.1 | 46 | 10.1
003 | 2015-10-05 14:15:23 | inner | 231 | 551 | 44 | 84
004 | 2015-11-11 14:08:39 | inner | 195 | 50.3 | 39 5.2
005 | 2015-12-02 14:10:11 | inner | 103 | 58.1 | 38 6.9
006 | 2016-01-03 14:23:35 | inner | 89 | 482 | 31 7.8
007 | 2016-02-07 14:38:24 | inner | 12.1 | 495 | 35 75
008 | 2016-03-05 14:21:12 | inner | 153 | 55.1 | 41 | 11.2
009 | 2016-04-01 14:25:41 | inner | 192 | 481 | 45 | 13.1
010 | 2016-05-09 14:15:23 | inner | 234 | 512 | 44 | 101
011 | 2016-06-10 14:18:19 | inner | 264 | 71.2 | 46 95
012 | 2016-07-13 14:21:51 | inner | 25.1 | 688 | 48 8.7
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Table 2. Device on/off Information in Smart loT Gateway

No Time State [AC| B | H |[DH| C |ACL
001 | 2015-08-12 14:23:04 | inner | on | off | off | on | off | off
002 | 2015-09-08 14:13:51 | inner | off | off | off | off | off | on
003 | 2015-10-05 14:15:53 | inner | off | off | off | off | off | off
004 | 2015-11-11 14:09:09 | inner | off | off | on | off | off | off
005 | 2015-12-02 14:10:41 | inner | off | on | off | off | off | off
006 | 2016-01-03 14:24:05 | inner | off | on | on | off | off | off
007 | 2016-02-07 14:38:54 | inner | off | on | on | off | off | off
008 | 2016-03-05 14:21:42 | inner | off | off | off | off | off | on
009 | 2016-04-01 14:26:11 | inner | off | off | on | off | off | on
010 | 2016-05-09 14:15:53 | inner | off | off | off | off | off | on
011 | 2016-06-10 14:18:49 | inner | on | off | off | on | off | off
012 | 2016-07-13 14:22:21 | inner | on | off | off | on | off | off
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Fig. 4. Training & testing step to analyze smart home state
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Table 6. Hardware Environment to Analyze 0T Data
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Table 9. lllumination Analysis of Internal Home using DNN

Low Mid High OOB error

Low | 37223/40000 | 2099/40000 | 678/40000 0.0694

Mid 1615/40000 | 36915/40000 | 1470/40000 0.0771

High 516/40000 | 1333/40000 | 38151/40000 0.0462

Hardware Specification accuracy 93.57% OOB average 0.0642
0S Linux
CpPU Intel Core 15-4590 Table 10. Dust Density Analysis of Internal Home using DNN
GPU nVIDIA GeForce GTX 1080TI Low Nid High 0OB error
RAM 16GI3 Low | 38915/40000 - 1085/40000 00271
Mid - - -
olsh &2 AR Tl 2 2 el ds) dEs A High | 476/40000 - 39524/40000 | 00119
ATk AT AAES o8 F ulF AE L4 Google accuracy 98.04% OOB average 0.0195
TensorFlow % Python $H4olA 48 s}t
PRt Table 11. Overall Data Analysis Result
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Table 7. Temperature Analysis of Internal Home using DNN

Low Mid High OOB error

Low 35987/40000 | 3103/40000 10/40000 0.1003

Mid 1101/40000 | 36481/40000 | 2418/40000 0.0879

High 851/40000 | 3026/40000 | 36123/40000 0.0969

accuracy 90.49% OOB average 0.0950

Table 8. Humidity Analysis of Internal Home using DNN

Low Mid High OOB error

Low | 36512/40000 | 2103/40000 | 1385/40000 0.0872

Mid 851/40000 | 37512/40000 | 1637/40000 0.0622

High 351/40000 | 813/40000 | 38336/40000 0.0291

accuracy 94.05% OOB average 0.0595
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Table 12. Analysis of Boundary Section Data through
Probability Inference

. Probability Inference
User Decision Results - - OOB Error
Mid High
Mid 8% 678 216 0.241
High 1106 341 765 0.308

Table 13. Analysis of Boundary Section Data through DNN

Deep Neural Network

User Decision Results : : OOB Error
Mid High
Mid 894 759 135 0.151
High 1106 125 981 0.113
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