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Internet of things application service system with open source hardware
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Abstract: In recent times, Internet of Things (IoT) has attracted wide attention, and there are increasing requests for IoT application
services. Open-Source Hardware (OSH) utilizes a variety of components that are created through the sharing of hardware design so
that others developers can also work on it. The concept of “open source” that attracted attention in the software industry has been
applied to the hardware field by the emergence of IoT market. The emergence of OSH that has the advantage of low hardware
cost and faster development encourages the idea of a diverse IoT application services. In this paper, we describe an IoT applica-
tion service system that is developed using the OSH platform Arduino and Raspberry Pi to process collection, exchange, and com-
putation of the environmental information. The overall system architecture and hardware and software components are presented.
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Figure 1: Three components of the 10T
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Table 2: Open Source Hardware Specifications

Model: Arduino Uno R3
Price : $24.95

CPU : ATmega328P
oS : -

Memory : 2KB
Ethernet : -

USB : -

Model: Raspberry Pi2
Price : $35

CPU : Cortex-A7

OS : Linux

Memory : 1GB
Ethernet : Fast Ethernet
USB : 4xUSB 2.0

Model: Beaglebone Black
Price : $55
CPU : Cortex-A8

OS : Linux
Memory : 512MB
Ethernet : Fast Ethernet

USB : 1xUSB 2.0
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Figure 3: (a) Proposed System Architecture, (b)Message
Sequnce Diagram, (¢) System Hardware Prototype
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Table 3: Module H/W Specifications

Sensor Specification

* Temperature/Humidity Sensor
DHTI11 * Temperature Range : 0 ~ 50°C
* Humidity range: 20% ~ 90%

* Sound Output: =85dB

B
uzzer * Resonant Frequency: 2300+300Hz

RF Specification

*  Worldwide 2. GHz ISM band
* Ultra low power

nRF24L01+
* 1.9 — 3.6V supply voltage
* Simple 8 pin SPI interface
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Figure 4: nRF241L01 and connections to Arduino Uno

3.12 2ZEY 0

LT A N A BEY A% Y LEHE
Aug FHoR A7) 9 ofFolw 2AXE A4}
ek, ool 2AAE AZH]l main #47F ohe

Figure 543 setup rollA 2713}8kaL loop 5 WHE
AoR Fesh= FRolth

void setup() {
// put your setup code here, to run once;
}
void loop() {
// put your main code here, to run repeatedly:

Figure 5: Arduino Sketch Structure
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Figure 8: (a) Monitoring Service architecture (b)Web interface dis-

play of the Xively, (b)Web interface display of Mosquitto Server

gharutA A Yo &5t s] %] A40¢ A|6%(2016.7)

4 =
AFEIEY A28 PESHE B9 0Ehs SEdlol
AgarE et e gHel gtk A Awrsom )
o AP AzEn

i)
&
I
=
il
2
-
il
i)
o
> o
[>
Jr
e
rlo
g
e
[
fm 4
o
N
A

0 n2 SEdelE Aol A FgEe] e %
o rrmE, BE wEEo] A e AeNH ¥
£ e Bast giek Bopd aalgolut ofelt]
o F7ksle] B SaHola FAT AFS Y]
golshuz A sk A5 Wtk Pl o
Eaat wded QA fao] ohe A% Ao wa
s AR sgole & 5 vk

B Rl oFas dudols Besle 84 A
& BUEHYY 5 e A Asge T Alxg
% e Boo] £Ysie g0l olati, Aulgo
2 % AsRE whas) ANE 5 g Gkl dgith
A5 21293} Al thd 25 A7 Bas)

References

[1] J. Manyika, M. Chui, J. Bughin, R. Dobbs, P. Bisson,
and A. Marrs, Disruptive Technologies: Advances That
will Transform Life, Business, and The Global
Economy, vol. 12, San Francisco, CA: McKinsey
Global Institute, 2013.

[2] Jun, Hong-Bae “Various aspects of internet of things
technologies,” Entrue Journal of  Information
Technology, vol. 14, no. 1 / Special Issue 2015 (in
Korean).

[3] Al-Fugaha A, M. Guizani, M. Mohammadi, M.
Aledhari, M. Ayyash, “Internet of things: A survey on
enabling technologies, protocols, and applications.”
IEEE Communications Surveys & Tutorials, pp.
2347-2376, 2015.

[4] S. John and I. Kymissis, “Lab kits using the Arduino
prototyping platform,” IEEE Frontiers in Education
Conference (FIE), pp. T3C-1, 2010.

[5] B. Massimo and M. Shiloh, Getting Started with
Arduino: The Open Source Electronics Prototyping
Platform, Maker Media, pp. 15-23, 2014.

[6] R. Matt and S. Wallace, Getting Started with
Raspberry Pi, O'Reilly Media, pp. 17-31, 2012.

[7] C. Gerald, Beaglebone Black System Reference
Manual, Texas Instruments, Dallas pp. 24-35, 2013.

[8] A. Alamri, W. S .Ansari, M. M. Hassan, M. S.

Hossain, A. Alelaiwi, and M. A. Hossain “A survey



on sensor-cloud: Architecture, applications, and ap-
proaches,” International Journal of Distributed Sensor
Networks, pp. 1-18, 2013.

[9] Xivley, http://xively.com, Accessed May 11, 2016.

[10] ThingSpeak, https://thingspeak.com, Accessed May 11,
2016.

[11] S. Tim, Offline Method for Graphical Visualization
of Sensor Data, University of Zurich, Switzerland,
https:/files.ifi.uzh.ch/CSG/staff/schmitt/Extern/Theses/Ti
m-Strasser-VA.pdf, Accessed March 10, 2016.

[12] Bandyopadhyay, Supriyo, and Abhijan Bhattacharyya.

—_—

“Lightweight internet protocols for web enablement
of sensors wusing constrained gateway devices,”
Computing, Networking and Communications (ICNC),
2013 International Conference on IEEE, pp. 334-340,
2013.

ot A Yol et 4 2408 A65(2016.7)

47





