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Abstract With the rapid development and application of pervasive computing and Internet of Things,
more and more artificial things are augmented by seamlessly embedding new capabilities such as
sensing, actuating, communication and calculation. Compared with their traditional counterparts, the
augmented artifacts can perform complex tasks more intelligently, automatically, and even
collaboratively. These augmented artifacts are referred to as smart things (or smart objects), which
are becoming basic building blocks of Internet of Things and driving the emergence of novel pervasive
applications. However, programming smart things faces challenges because they are dynamic and
inherently heterogeneous in terms of their built-in functionalities, computational capabilities, network
interfaces, etc. This paper proposes an interaction mechanism and programming abstraction to
support smart things-based application development. A middleware system is implemented to realize
the interaction mechanism and programming abstraction while providing runtime support for
heterogeneous smart things. With the help of the proposed programming abstraction and interfaces,
application developers can easily program smart household appliances such as smart TV, smart air
conditioner, smart projector, smart light, and so on. Case studies and experimental results show that
the proposed smart things based approach can be utilized to develop systems and applications of the

Internet of Things flexibly and effectively.
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Table 1 Examples of Smart Things

1

Smart Things

Augmented Capabilities

Smart Phone

Smart TV

Smart Camera

Smart Watch

Smart Meter

Smart Shoes

A plenty of sensors embedded (e. g. » Android phone supports more than 10 kinds of sensors. ) , with a relatively powerful
processor (some high-end devices already have quad-core CPU of more than 1 GHz. ) and multiple kinds of network
connections (such as Wi-Fi.,Bluetooth,3G,NFC,etc. )

A plenty of sensors embedded (e. g. , camera, acoustic sensor, light sensor, and so on) ,as well as powerful computing
capability (powerful CPU of 1 GHz or higher,512 MB RAM memory or bigger) and diverse interaction abilities (LAN,
Wi-Fi, USB., Bluetooth.etc. )

A plenty of sensors added (including GPS sensor,accelerator, etc. ) ,as well as network communication capability (Wi~
Fi,3G,and Bluetooth) and computing power (general-purpose CPU and mobile operating system added)

Sensing capability (such as pedometer), networking capability ( Bluetooth and/or 3G supported), and computing
capability (CPU,memory and operating system embedded)

Sensing capability (automatically monitoring energy consumption) , actuating capability (remotely controllable), and
communication capability (dual-way network connection between power meter and control center)

New capabilities are added: Computing,sensing (such as GPS sensor, pressure sensor, motion sensors, etc. ) ,actuating

(e. g. »internal shape adjustable via software program) ,and networking (M2M, Wi-Fi,etc. )

b
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Smart Thing
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Fig. 1 Smart thing embeddable unit.
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3

. ThingSvce ;

ThingCall
RegThingSvce

Table 2 Programming Interface of Smart Things

b

. UnregThingSvc

2
Method Name Description
Query all active smart things in the vicinity 4
QueryThings() . .
of this smart thing.
Retrieve all attributes of the smart thing Thingware
ThingAttr()
specified by a smart thing ID. .STCP
Retrieve all services of the smart thing . ThingWare
ThingSwvc()
specified by a smart thing ID.
b
Invoke a smart things service by specifying Thingware
ThingCall() smart thing’s‘ID and service 1D, along with ThingWare
proper operation arguments.
4.1 ThingWare
Register a local smart things service to the .
o A A ThingWare
underlying infrastructure (i.e., service
RegThingSvc() manager in the ThingWare middleware D
system) to make it available to surrounding ;
smart things. 2)
Unregister a specified local smart things
UnregThingSvc () . . H
service from the ThingWare system.
3) ,
D (QueryThing .
ThingAttr);2) (ThingSve 4 ThingWare
ThingCall) ;3) (RegThingSve b ’
UnregThingSvc). QueryThings ( ) .
; ThingAttr ThingWare >
O TR T TR T T T T -
i Applications |
l |
| Local API Things API _\I
| ThingWare ? |
| A 4
| Services Smart Things Smart Things l
I Management Management Interaction J
T —— —— —— ——— — — — — — ".‘ S
L OS Core (Kemel, Libraries, Services, ) !} g ‘[
= — — ’ "
Hardware S /Actuator || 10 Modules | 3 .
i | el B o 1 [ |
CPU || Mem Adapter NIC =3\ !
L L \ - jf
\ -
Physical Thing g’
Fig. 4 ThingWare middleware structure.
4  ThingWare
ThingWare 4 (module) (Things API); 2) (smart things
R b interaction) ; 3) (servicesmanagement)
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4) (smart things management).
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Fig. 5 Prototypes of smart things.
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Fig. 6 Prototype implementation of smart thing

(b) SunSpot base station attached
to a Laptop computer

(a) Smart thing embeddable unit
(Sunspot + IR adapter)

embeddable unit and the SunSpot base station.
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Table 3 Smart Things Services
3

Smart TV Smart AC

Smart Projector

Turn ON/OFF Turn ON/OFF Turn ON/OFF

Mute Sleep Mode Search Signal
Increase Volume Increase Temperature Show Menu
Decrease Volume Decrease Temperature Zoom In
Previous Channel Change Wind Speed Zoom Out

Next Channel
5
ThingWare
b

, ThingWare

(Things APD
b
@ TinyOS ,

nesC

s 10

Java

ThingWare
30 ms,

1s(1000ms).

N

Things API

5.1 API
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1
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(
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25C H
RFID
2) (console
application).
ThingWare
Things APT
8 Android
TinyOS API ThingWare



1207

(Things APD , IRIS
R (IRIS smart sensor). IRIS
) 10 ,
(54 67 . ) Java . . IRIS
Android . 10 ms. )
5

List<Thing> thingslist = null;
ThingsManager thingsManager = ThingsManager. getDefaultManagen).
ffget a list of surrounding things . ’

thingsList = thingsManager.queryThings();

//filter out a smart thing of inte ZigBee
int tv = ThingType HOUSEWARE_ TV //note: this value is shared globally
Thing tvThing = findThing(thingsList, tv), s IRIS
if (wThing == null)  return; )
ffget se provided by a smart thing
String thinglD = tvThing.getUuid(); :
List<ThingService> servicesList = thingsManager thingSve(thinglD). .
if (findService(servicesList, "turnOnOff")) [ return; | IRIS ThlngWare
//perfarm a service call on that thing
ThingServiceCall serviceCall = new ThingServiceCall(*turnOnOf*, null), . ThingWare
ThingServiceResult result = null;
try {
result = thingsManager thingCallithinglD, serviceCall); ’ IRIS
} catch (ThingServiceException e) |
e printStackTrace(): s
)
if (result == null) { System.out printin(*Service invocation on a TV failed *); |
else | “ 100 10 s
String retTpye = result.getType(); E — Average Discovery Latecy in Total z
String retValue = result getValue(), E sof - Average Number of the Discovered & 3
. . . . . g Smart Things 2
Fig. 8 Code snippet of controlling a smart TV with = A
& 6D 6§ '5E
Things APL. g E E
-
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s 20 5 2 )
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< = 0o <
1 3 5 7 9
’ ThingWare Number of Surrounding Smart Things
, . Fig. 9 Performance of smart things discovery.
9
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Fig. 11 Things API invocation latency of different
services on smart TV, ( 97 % ).
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