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Abstract

In recent years, many research trends have been arisen in the current state-of-the-art in Wireless Sensor
Networks (WSNs). One of new research trends is to design a Wi-Fi sensor device that provide better data
exchange rate. In this paper we introduce new Wifi mote platform that is capable of large data exchange and
fulfills the requirement of the low cost which is ported the core of Contiki Operating System inside; the
simulation’s solution is also provided to measure the power consumption for this mote in advance.Wi-Fi mote
platform is a new researching in WSNs which name is UITmote with many advantages as: using Wi-Fi IEEE
802.11 technology to transfer data with high data rate, low-cost hardware and using Contiki operating system to
optimize and manage the power consumption efficiency. UITmode proved extremely effective for WSNs
whenever large data-rate exchange is required (anti-thief system, record the habits of the wild animals or
supervision of construction works). Besides that, simulation UITmode in Cooja can demonstrate the efficiencies
of it and also predict the context can be happened in real life to design the WNSs when use it by simulation.

Keywords: wireless sensor network, low power consumption, Contiki OS, UlITmote.

INTRODUCTION

Internet of Thing’s become a new research trend .

nowadays, it’s make Wireless sensor networks Micro-controller
(WSNs) become popular. WSNs are basically
composed of a number of tiny wireless sensor
devices, called motes (or nodes), that are able to
transport data via wireless communication. Till now,
the wireless sensor devices are using RF[Visser,
2013], Zigbee[Zucatto, 2007], 6LowPan[Chia-Wen
Lu, et al., 2011], Bluetooth[Dengwei Wang, et al., Figure 1.Wi-Fi Sensor Mote architecture

2005]. They are designed for low data-rate and low

battery-power application. As applications of WSNs [Fig. 1] is shown the architecture of Wi-Fi Sensor
have spread over many fields, a plenty of new mote which is composed of a micro-controller,
demands in regards to WSNs have arisen and the transceiver, memory, external drivers, power supply
most important one is the demand for the large data and sensor units. These components allow sensor
exchange. Such as anti-thief system in smart house motes collect data and communicate wirelessly. As
can work normally and send to the processing system the usage of WNSs developed rapidly, many new
recorded video or image whenever the motion event demands appear and they require the designers of
is detected by sensor even main electric system is sensor motes evolve novel motes’ platforms[Thang

Radio Sensor External External Power
Tranceiver Unit Memory Driver Supply

down for a long time. Vu Chien, et al., 2011].
To achieve above demands of WSNs, a Wi-Fi mote
platform is designed — a new researching in WSNs - In details, section Il will describe the design of our
which name is UlTmote with many advantages as proposed architecture for Wi-Fi Sensor Mote in term
below: of low cost and tiny Operating System. And then, the
e Using Wi-Fi technology to transfer data with simulation of UlTmote’s power consumption is
high data rate. discussed in section Ill. Section IV is to be noted
e Low-cost hardware. some related works of Contiki OS and Cooja tools in

e Using Contiki[Dunkels, A., et al., 2004] design of WSNs. Finally, section V is conclusion of

operating system to optimize and manage the this paper.
power consumption efficiency.
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UITMOTE-PROPOSE HARDWARE FOR WIFI
SENSOR MOTE PLATFORM

Hardware flat-form

A typically miniaturized sensor mote is composed of
a micro-controller, transceiver, timer, memory,
analog to digital converter, and sensor units. These
components allow sensor motes to collect data and
communicate wirelessly. UlTmote [Fig. 2] — the
hardware design for Wi-Fi mote — is composed of a
micro-controller chip 16-bit MSP430f249, Wi-Fi chip
CC3000, USB chip FT232, and environment
temperature sensor TCN75. MSP430F249 offers low
cost and ultra-low power in comparison with other
micro-controllers from this identical manufactory,
i.e., Tl Technology (draws 270 pA at 1 MHz and 2.2
V in active mode while it draws only 0.3 pA in
standby mode and 0.1 pA in off mode). In addition,
Tl CC3000 radio chip which is a simple Wi-Fi
solution minimizing the software requirements of the
host micro-controller.

Figure 2. UITmote

Porting Contiki OS with modified TCP/IP Stack
Use Contiki development environment (Instant
Contiki) [Contiki:allthethings@contiki-os.org]which
include all necessary development tools and
compilers to port Contiki operating system into
UlTmote. Instant Contiki’s just supported network
stacks and radio drivers for Zigbee communication.
To use the Wi-Fi transceiver, we integrate the device
driver for Wi-Fi chip CC3000 and configure the
network stack layer as [Fig. 3]:
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Figure 3. A implementation of Contiki network
communication layers with WiFi transceiver
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To discard the network stack for Zigbee
communication, the including for network stack in
Makefile. include is removed.

The Makefile name Makefile. UlTmote includes
Makefile.maps430 file and contains rules to telling
the compiler the location and how to compile
necessary source code files for UITmote. Additional
source code files for necessary device drivers (E.g:
CC3000) are added to system macro variable
CONTIKI_TARGET_SOURCEFILES. The entry
point to startup and initialize the Contiky contiki-
UlTmote-main.c file is added to system macro
variable CONTIKI_TARGET_MAIN.

The UlTmote only use internal clock source with
12Khz so we modified the constant values in
platform-conf.h (E.g: RTIMER_ARCH_SECOND is
set to 12032 which is divided to 128 — to ensure that
the result ofRTIMER_ARCH_SECOND/CLOCK_
CONF_SECOND is always the integer number),
modified clock.c source file to select the ACLK as a
timer-A clock source, connect ACLK to VCLOCK
and also modify the uart0.c to compatible with new
supply frequency.

After vompile the Contiki OS for UITmote then using
the flash tool which is provide belong to Instant
Contiki to flash the binary image into UITmote.

Simulation of Power consumption using Cooja for
UlTmote

Cooja hasn’t support the simulation for UITmote yet.
So necessary to rebuild and add the simulation for
IlUmode to it. The simulation source code for
UlTmote is referenced to Z1 platform because they
have same identical micro-controller family
MSP430F2XXX  (MSP420F249 for UlTmote,
MSP430F2617 for Z1). The difference thing is Cooja
only simulate Zigbee transceiver then it doesn’t have
the simulation for CC3000 chip before. So the
simulation for CC3000 in Cooja is added as a new
component. The contiki-conf.h and platform-conf.h
from Z1 platform were modified to use new CC3000
simulation then change the TCP/IP network stack
become as [Fig. 3].

EVALUATION

Calculate Power Consumption Model with Cooja
The UITmote’s power consumption can be calculated
by using the new additional simulation feature of it in
Cooja. Cooja collects the activity time in number of
tick of each hardware component and multiplies it
with the current consumption. The number of tick
depends on each platform.

Example, Tmote Sky is used by 32.768Khz then 1
second has 32.768 ticks. For UITmote using 12 kHz,
the number of tick per second is 12000 ticks.

The power consumption is calculated as following:



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(4):161- 166 (ISSN: 2141-7016)

E = Ecpu + Elpm + Etx + Erx 1)

where
Ecpu: the energy used by CPU when it works.
Elpm: the energy that CPU uses in low power
mode.
Etx and Erx: the energy using when transmit and
receive of transceiver.

To calculate the energy using by CPU:

E

_ Energest _value*Current*Voltage @

RTIMER _ SECOND
where
Energest Value: number of ticks which CPU
running.
Current:the current which CPU consume.
Voltage: voltage supply for CPU.

File Simulation Motes Tools Settings Help

RTIMER_SECOND: the constant number of tick
per second in platform (for UITmote this value is
configured to 1232).

Example Simulation Scenario for WSNs With
UlTmote

The sample context in anti-thief system is simulated
as below: have two rooms in the house with 4 sensor
nodes ineach room (using 4 sensor nodes then whole
room can be fully observed), assume that the message
will be sent between each node always receives
successful and each node will broadcast its message
every nearly 4 seconds.

Cooja is used to create 8 UITmote motes, mote 1, 2,
3, 4 will be put in 4 difference positions in first room.
the same, mote 5, 6, 7 ,8 is put in second room. The
layout is arranged as [Fig. 4].
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The output from Cooja can be yielded after running
the simulation of UlTmote as [Fig. 5]. The power
consumption of Node 1 is run during 2 minutes:

- Inactive mode (reference formula (1)):

transceiver is 234193 uJ, 472103 M;.
So the energy that node 1 used in 2 minutes is
(reference formula (2)):
11294 + 936 + 234193 + 472103 = 718526 WJ =

167766*270*3 1129413 0.72 ]
_— = U .
12032
- In low power mode:
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Figure 6. Energy chart of test case 1, micro Joules
and second

After running 2 minutes, we can see that node 1, 2, 3,
6, 7 and 8 consume around 0.72 J = 6 mW meanwhile
node 4 and 5 consume around 0.82 J = 6.8 mW.
Assume that we have battery with capacity 2000
mAh and the voltage is 3 V. That battery can provide
6Wh. So node 1, 2, 3, 6, 7, 8 can work around 1000
hours meanwhile node 4, 5 can work 882 hours.The
power consumption for each UlTmote in case 1 is
described in [Fig. 6], the horizontal column is the

power consumption in £J and the vertical column
is the time in second.

Case Study 2: The message length is increased to
100 characters per message.

After running 2 minutes, we can see that node 1, 2, 3,
6, 7 and 8 consume around 0.95 J = 7.92 mW while
node 4 and 5 consume around 1.03 J = 8.58 mW. So
node 1, 2, 3, 6, 7, 8 can work around 757 hours
meanwhile node 4, 5 can work 699 hours. The chart
for this case is displayed in [Fig. 7].

From [Fig. 6] and [Fig. 7]: More data is transmitted
then more energy will be consumed.

1500000

0 36 72 108

Node 6

Figure 7. Energy chart of test case 2, micro Joules
and second

If we apply this simulation model for anti-thief
system in smart house, use sensor to detect motion
control and capture and send image to the detecting
system via Wi-Fi. For this scenario, we can use Cooja
with UlTmote inside to simulate and calculate the
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run-time of each UlTmote while electric system is
cut-off and UlTmote must be used the backup
battery. From that, we will have the strategy to
provide enough backup battery for UlTmote to
ensure the anti-thief system run well until electric-
system is recovered.

RELATED WORKS

Contiki Operating System

A light-weight and flexible operating system, which
is written in C language by Adam Dunkels, from the
Networked Embedded Systems group at the Swedish
Institute of Computer Science. A typical Contiki
installation requires only 2 kilobytes of RAM and 40
kilobytes of ROM meanwhile the OS includes
necessary features. Therefore, Contiki lends itself to
system in which the scarce resource is limited like
sensor motes.

Contiki [Dunkels, A., et al., 2004] provides Over-the-
air programming[Joakim Eriksson, et al., 2012]is one
of the advanced feature with ability to dynamically
load and unload individual application or service at
runtime.

Contiki provides ulP[Dunkels, A., et al., 2003],
which is a small RFC-compliant TCP/IP stack, lends
itself to even small 8-bit micro-controller. Generally,
ulP is minimum set of traditional TCP/IP protocol.
The new protocol is designed in such a way that it
maintains features of traditional TCP/IP protocol that
are commonly used in many applications while
eliminating features that a few applications utilize.
ulP supports two versions of IP i.e., IPv4 and IPv6,
TCP, UDP, and ICMP. In addition to ulP, Contiki
also provides Rime [Dunkels, A., et al., 2007]0, a
light-weight layered communication stack, whose
function is to simplify the implementation of
communication protocols and whose design is
particularly useful for low-power radios. Rime
supports a wide range of communication primitives.
Elaborate explana-tions of ulP and Rime are detailed
out in [Dunkels, A., et al., 2003] and [Dunkels, A., et
al., 2007] respectively.

Contiki provides two network drivers, Rime and
6LOoWPAN (IPv6 over Low power Wireless Personal
Area Networks). Rime driver is suitable for IPv4
implementation while 6LoWPAN is suitable for IPV6
implementation. Contiguous to network layer, the
MAC (Medium Access Control) layer is in charge of
avoiding the collision at the radio medium and
retransmitting packets in the event that collisions
occurred. Contiki has two Mac mechanism, a CSMA
(Carrier Sense Multiple Access) and NullMAC. The
later mechanism does nothing. Sitting on bottom of
the MAC layer is the RDC (Radio Duty Circle) layer.
This layer is in charge of switching the radio off as
much as possible; while assuring that the radio is
properly kept on to receive packets from the radio
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medium. Five common RDC drivers are
ContikiMAC, X-MAC, CX-MAC, LPP, and
NullRDC. The last driver always keeps the radio on.
Next layer is framer whose function is to convert
packets into conventional structure. Contiki has three
framer drivers, Framer802154, NullMAC-Framer,
and NullRDC-NoFramer. As their names imply, The
Framer802154 creates structure in form of packed
802154 frames while NullMAC-framer creates
structure for case of NullMAc driver is deployed and
NullRDC-NoFramer does not create any structure.
The bottommost layer is radio. This is platform
dependent layer. With respect to this layer, Contiki
supports some such common chips as cc2420 and
cc2520. Contiki has NullRadio for testing purpose as
well.

Currently supported network layer stack in Contiki is
described in [Fig. 8].

[ APPLICATION
1
I

NETWORK

(Rime, 6LOWPAN)
1
MAC

(CSMA, NullMAC)

I
RDC
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(Framer802154, NullMAC-Framer, NullRDC-NoFramer)
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(€C2420, CC2520, NullRadio)
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-

Figure 8. Contiki network communication layers

Cooja — Contiki OS simulation

Cooja[Fredrik O™ Sterlind, et al., 2006] is a sensor
network simulation for Contiki OS with Zigbee
protocol. A simulated Contiki mote in Cooja is an
actual compiled and executing Contiki system. Cooja
provides the supporting to the networking features in
Contiki OS with  Zigbee: the broadcast
communication primitive in the Rime stack and how
to put data in packets or event support to set up
unicast.

CONCLUSION

UlTmote - the hardware design for wifi sensor mote
platform. Use Contiki development environment
which include all necessary develop-ment tools and
compilers to port Contiki operating system into
UlTmote. These components allow sensor motes to
collect data and communicate wirelessly. Besides
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that, UITmote simulated and calculated of Power
consumption using Cooja.

In the future, UlTmode will be optimized the
algorithm of sensor control, improved the network
stack and also the transceiver driver to use the energy
efficiency.

ACKNOWLEDGEMENT

This research is funded by Department of Science
and Technology - Hochiminh City, Vietnam under
grant number 01/2015/HD-SKHCN.

REFERENCES

Chia-Wen Lu ; Dept. of Comput. Sci. & Inf. Eng.,
Nat. Chi Nan Univ., Puli, Taiwan ; Shu-Cheng Li ;
Quincy Wu, “Interconnecting ZigBee and 6LoWPAN
wireless sensor networks for smart grid applications”,
in Sensing Technology (ICST), 2011 Fifth
International Conference on Nov. 28 2011-Dec. 1
2011, pp. 267 — 272

Dengwei Wang ; Sch. of the Telecommun. Network
& Technol., Beijing Univ. of Posts & Telecommun.,
China ; Yinghua Lu ; Hongxin Zhang ; Che Shuliang
more authors, “A wireless sensor network based on
Bluetooth for telemedicine monitoring system”, in
Microwave, Antenna, Propagation and EMC
Technologies for Wireless Communications, 2005.
MAPE 2005. IEEE International Symposium on
(Volume:2 ), on 8-12 Aug. 2005, pp. 1361 - 1364
Vol. 2

Dunkels, A.; Full TCP/IP for 8 Bit Architectures. In
Proceedings of the First ACM/Usenix International
Conference on Mobile Systems, Applications and
Services (MobiSys 2003), San Francisco, May 2003.

Dunkels, A. ; Swedish Inst. of Comput. Sci., Sweden
; Gronvall, B. ; Voigt, T. “Contiki - a lightweight and
flexible operating system for tiny networked
sensors”. In Local Computer Networks, 2004. 29th
Annual IEEE International Conference on 16-18
Nov. 2004; pp. 455 — 462

Dunkels, A. Rime—a Lightweight Layered
Communication Stack for Sensor Networks. In
Proceedings of the European Conference on Wireless
Sensor Networks (EWSN), Poster/Demo session,
Delft, The Netherlands, January 2007.

Fredrik O sterlind, Adam Dunkels, Joakim Eriksson,
Niclas Finne, Thiemo Voigt , “Cross-Level Sensor
Network Simulation with COOJA” in Local
Computer Networks, Proceedings 2006 31st IEEE
Conference on 14-16 Nov. 2006, pp. 641 - 648



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(4):161- 166 (ISSN: 2141-7016)

Thang Vu Chien ; Thai Nguyen Univ. of Inf. &
Commun. Technol. Quyet Thang Commune, Thai
Nguyen, Vietham ; Hung Nguyen Chan ; Thanh
Nguyen Huu, “A comparative study on operating
system for Wireless Sensor Networks” in Advanced
Computer  Science and Information  System
(ICACSIS), 2011 International Conference on 17-18
Dec. 2011, pp. 73— 78.

Visser, H.J. ; IMEC/Holst Centre, Eindhoven,
Netherlands ; Vullers, R.J.M., “RF Energy
Harvesting and Transport for Wireless Sensor
Network Applications: Principles and Requirements”
in Proceedings of the IEEE (Volume:101, Issue: 6)
on 09 Apr. 2013, pp. 1410 — 1423.

Zucatto, F.L. ; Univ. of Sao Paulo, Sao Paulo ;
Biscassi, C.A. ; Monsignore, F. ; Fidelix, F. more
authors, “ZigBee for building control wireless sensor
networks” in Microwave and Optoelectronics
Conference, 2007. IMOC 2007. SBMO/IEEE MTT-S
International, on Oct. 29 2007-Nov. 1 2007, pp. 511 —
515

Joakim Eriksson, Niclas Finne (2012):
http://contiki.sourceforge.net/docs/2.6/a01783.html

Contiki: The Open Source OS for the Internet of
Things: http://www.contiki-
os.org/(allthethings@contiki-0s.org)

166


http://contiki.sourceforge.net/docs/2.6/a01783.html
http://www.contiki-os.org/
http://www.contiki-os.org/

