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Abstract Recently, several research studies on things abstraction framework have been proposed
in order to implement the multi-service Internet of Things (IoT) system, where various IoT services
share the thing devices. Distributed things abstraction has an IoT service duplication problem, which
aggravates power consumption of mobile devices and network traffic. On the other hand, cloud
server—centric things abstraction cannot cover real-time interactions due to long network delay. Fog
server—centric things abstraction has limits in insufficient IoT interfaces. In this paper, we propose
Smart Fog which is a fog server—centric things abstraction framework to resolve the problems of the
existing things abstraction frameworks. Smart Fog consists of software modules to operate the Smart
Gateway and three interfaces. Smart Fog is implemented based on IoTivity framework and OIC
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standard. We construct a smart home prototype on an embedded board Odroid-XU3 using Smart Fog.

We evaluate the network performance and energy efficiency of Smart Fog. The experimental results

indicate that the Smart Fog shows short network latency, which can perform real-time interaction. The

results also show that the proposed framework has reduction in the network traffic of 74% and power

consumption of 21% in mobile device, compared to distributed things abstraction.

Keywords: Internet of things, things abstraction, gateway, IoT service, multi-service IoT system,

TIoT service duplication problem
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Table 1 The function list of things abstraction API

Category Function Name

Initialization | Gateway.{connect(), getThingList()}

Sensor.{get(), startObserving(),
stopObserving ()}

Sensor data
acquisition

Actuator Actuator.makeAction()

control

Thing ThingGroup.{create(), remove(), include(),
grouping exclude()}

Gateway.{installService(), removeService()}
Service.{enable(), disable()}

IoT service
management

£ 2 39 AR QEvol2e] P %3

Table 2 The function list of physical thing interface

Category Function Name

Initialization onlnitialize()

Sensor data sampling sample()

Action setAction()
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var arlib=require('activity-recognition-library');
var sleepSensor = new LogicalSensor(
inputAttr = ["motion"],
onInputSensorData = function(var sData) {
var rData;
rData.sleeping =
arlib.isSleeping(sData.motion);
return rData;
I
var morningMode = new LogicalActuator(
onAction = function(var action) {
makeAction("coffeepot.switch", "on");
makeAction("audioplayer.switch", "on");
makeAction("audioplayer.play"”, "brahms.mp3");
b

a9 3 w2 A4 2 = AFelold T oA
Fig. 3 An example of logical sensor and logical actuator

Edolol & onlnputSensorDataghs W Sk
% =3t} onlnputSensorDatadl e 52 AAME 7}
3t £ AAM s A2 AA e dHlolHE THEo]
AN e AroR T2 AAZHE
£ AT Jd ¢ugE13] 52 A A
FHE i?ﬁf‘ T °]‘:]' 2uky
o] H&3ste] ol

&
beeld A dolel 42 4 2w, U A <l
Jl

o ool

- X

ﬂﬂ-ﬂ = QIEYl Mul27)

T o= ofle] ‘]"] HAS ’\?%‘Ob—ﬁ makeAction
BHES Wd, 2vie AolEdeldE Y =83
RN onActlonO]E]-‘— 2w sz A
onAction ¥ UF-ex= o AFololEdd i)
makeAction BHES HUl, AHS FYPs=2 ) 1
d 33 22 01]/\1011/\1._ An TE oo YIS
AL, —1—1—40 AA717F "brahms.mp3'E AAYSI=E 3
S T2 AME JIEY A7) AREEEe], Al

HH L
g BEolY £ Stk

fl
Ho
|

HtE Alo]Ege] T4 AME
do2 AFsAh ols s, £
HE F A2"E 7 ZEEERS

ol TS =mukd g9} AL
vlE Alo]Ego]ZA4 Exynos 5422 7]¥F ¢
= Odroid-XU3E AHEEFAIL, 2 AA = o]
1 st 24 WES I Adstian &vt
117P GENEE wAIAE o]&dte] AE
171 WZell, sld 22 WELZY HE5)
st EA] AES A5
JlAE 32709 AlEE ol 7 E83

i
i
2
>
2
0,
QL

Ir
[~

2 Ht ooz O

S
lo

rr o

Iy &
il
R
9{_1‘
10 )

ol

L
tlo |
o HY.‘l m OW} f

o,

Aol

R
il
1=
o{.

ot
N,

o [y ooX M & = g wx ke
v
fllo

v

=
~
R
i
o
N



716 AR A =8A A4378 A63(2016. 6)

AA7L FAB =S FHAT. ES, 2utE Alo]Eg o]
oAM= 7] AME QIEYl ARV SRS 5F51Th
Smart Fog9] WESZ A A7k S5 MH T
A TR gt ZFE9= A Amazon EC2%}
Smart Fog?] 2ulE Alo|Edolo|A Z+Z HTTP A
7} &2 ), 108te]E9] 2R ¢ mo] Ao it HTTP
LA digk YEYZ AA AIZES HlustAth Amazon
EC2& HTTP S&3o i3] Hat 378msTHE &L8FH=
v, 2ulE Ao]Edels H 156msWE A9t u}
24, Smart Foge FH9E A F4 7xd Hl8)] U
Efa AA Azre] #Fow, AT JIES A ts F
B =2
MFPE-AH o 2= Smart Fogolld Euld A7 Ag =
WE Alo]Ede] AZo] d4AT uwf F 2136.84ms9]
Ade]l AaHH, AME UAEZE HET we B
87.20ms9] Ado] Ladth oF AlA HeHE H5
S uje 48 Aoz H 37.98ms7F A8 FTh
48 29 Smart FogZ vlm 233}7] flsA,
AHE QIEIYl AHIAE MRSt ARlE Al0JES )&
TR E BE AZEC RES BulYd wik X
= 39 popR FAGHE B TE
o] “REEE HUEE T
ZEEEYS B4 F%9F Smart Fogolld 25 4
A= ¥ 39 2tk CPU Zol9] Hit B3t &
FZol A 20.69%<1 WFH, Smart Fogoll X+ 6.76%

F 3 2ukd A A vA 28 2 UEAD 4 v

Table 3 Experiment for comparison of energy efficiency

and network performance in mobile device

Metrics in Mobile Device Distributed | Smart Fog
CPU core load 20.69% 6.76%

CPU core power consuption 476.33mW 393.64mW
Received network traffic 164,950B 24,4448
Transmitted network traffic 66,7068 35,472B
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Fig. 4 The comparison of the CPU core load in distributed
things abstraction framework and Smart Fog
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