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ARTICLE INFO ABSTRACT

Article history: For mobile and humanoid robots, in the field odlgsis, conservation, data monitoring,
Received 3 March 2016 and management of the energy, the need of realwimedess communication for data
Accepted 2 May 2016 to access and control is important. Wireless teldlyye which is widely used not only
published 26 May 2016 in close range but also in long range, is a teahighich uses electronic components

that can interface to the other devices. In thiskwthe energy sensors, such as voltage
and current analogue sensors are connected toBee RF module directly to reduce

Keywords: the power consumption and the complexity. The wsglXBee RF module together
Biped robot, Wireless, Energy, with the sensors were utilized in such a way thictl coupling and data processing
Monitoring, Zigbee. have been used to send the energy values wireliesstyonitoring or managing station

which may be considered as a computer. A significkar signals for the current and
voltage rates were harvested from the developeditsrand to compare with the direct
oscilloscope measuring method. The suitable setimgf the components selection
and configuration were the main reason for thishoétto success. The contribution of
this proposed method is the utilizing of the XBedtkin microcontroller at the remote
and base XBee's modes to dispense about any otheioaontroller or extra
components.

INTRODUCTION

The aim of this work is to develop a wireless Ipawer; low cost acquisition device to communicatd a
analyze the data which is accumulated from remaotdaard wireless communication node which accesses
both, the current and the voltage of the power cguobot battery) throughout utilizing a suitablerent and
voltage sensors.

Although the first XBee RF module is introduced2i@05 and were based on the 802.15.4-2003 standard
designed for point-to-point and star communicatiah®aud rates of 250 kbit/s, not many researchesntly
focus on the study and analysis of power consumptibe in mobile robot application. Aradg al. (2013)
focus on gait analysis hardware using various detligir work based on Xbee 802.15.4, their hardwea®
been designed to improve the accuracy of the gaityais and based on the attachment unit whichisoos
sensor, microcontroller, power supply and Xbeesdtaiver to the shoe. The result highlights the giesind
realization of the hardware components for the kbgveent of shoe integrated instrumentation for hmma
motion measurement system, their components, imgdudhe PIC 16F877A microcontroller, Arduino
microcontroller, 2.4 GHz IEEE 802.15.4 Transmitted the power supply unit. Bezebal. In (2014) using the
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XBee RF in building automation system and producadéo planning strategy lead to optimal wirelessaork
deployments in terms of capacity, quality of seeyiand reduced power consumption.

In (2010), Boonsawat presents a platform for depiely a Zig bee based low cost, low power Wireless
EKG system using the unlicensed 2.4GHz ISM bangb&e is based on IEEE 802.15.4 standard for WPANS,
that is being used in many research applicatiodaytas an attractive solution for low power and lowst
applications. They have used the transmitter andiver pair design in which the receiver is mounteda
SmartRFO5EB board which is connected to the compilitugh the USB port, while the information is
transmitted to the computer through SmartRFO5EBdoBheir designs are proposed a featuring whichaa
good ranges and potential for " smart fabric " b implementations.

In Wireless Sensor Networks application and fongerature monitoring, Mukalgt al. (2010) uses WSN
nodes, each WSN node consists of a microcontrofighe Arduino board and an Xbee wireless commtioica
module based on the IEEE 802.15.4/Zigbee standardsnhance the energy cost and reducing energy
consumption. The system provides a web user irterfiar any user to access the current and pastetaope
readings in different rooms.

In mobile robot application, HORNFECK (2011) prepe Remote Position Control of Mobile Robot, The
system is composed of the mobile robot (controdibpect), PC as positioning controller, camera asseand
ZigBee based wireless communication device. Theecaroaptures images of mobile robot. The experiatent
results confirm the effectiveness of the proposewdtrol system. In Lutvicat al. (2011), an Arduino-based
Educational Mobile Robots in the Robotic OperatBygtem has been used together with the Xbee RFImodu
The authors used of several tools for data analgaisiness of interaction between multiple robsgssors and
teleoperation devices, thereby targeting engingeeiducation. Micea (2010) , designs a sociallyrattve
robot for use in homes of those who need special caich as children or the older. He has used AGWME28
and the XBee wirelessly transmitted data from aralgla health monitoring device (WHMD). His prelirany
tests confirm that both internal and external fextbave a noticeable impact on the behavioral resg
Nicola (2014), have used an XBee radios (runnirgyB&e protocol) for networking in their researcigether
with Hokuyo and Sick laser range finders for oblstaavoidance, Garmin GPS, Microstrain IMUs, stereo
cameras, Kinect sensors all these sensors and cemygoare used in Heterogeneous Mobile Wireless
Mechatronic System.

This research recognized from all the aboveditee review with its high rate data transmisse®0 Hz
sampling frequency, very low power consumption, Watt,and 10-bits impeded ADC only, so, without any
extra microcontroller to achieve the data procegsinwireless remote monitoring system.

Our contribution is that we have used only the ¥Bapabilities to accomplish our research targethwh
has the objectives; Firstly, based on the concépbmponent matching to curtailment the system comepts
and consequently, to fulfill more energy savingc@wlly, to achieve optimum performance in termsmdrgy
saving by utilizing all the facilities that coulcegfrom the available components. Thirdly, usindyasingle
microcontroller which is built in XBee RF Moduleinally, reducing the consumption of the data preces
and transmitting unit by adopting initial suffictestudy for each selected component in terms ofiptiag rate,
single supply components, conversion resolutiompmanents matching, system compatibility.

System Design:

The system has been designed based on the mehtiesearch objectives as shown in Fig.1.using the
bioloid premium robot (type A) developed by the Ban company Robotis. With the Xbee RF module,
conditioning circuit, and the current sensor.

Methodology:
Overview:

The flow chart for the wireless communication betw xbee and the robot of the system is showngnZFi
which is starting with XBee RF nodes configuraioto initialize the system parameters to indicdtte t
maximum and the minimum values of the measuredakigine system sampling rate, and threshold linfitse
data is acquired and storing stage is tested ifntlmaber of samples is covering the duration todfemto
parameters scaling stage and then to draw andzntig results of the energy.

System Specification:

Referring to the Fig. 1; Hardware Specificatidme £nergy communication node is placed inside #aal h
of the robot, one XBee RF module IEEE 802,15,4resutrand voltage sensors. The phases of the assgmbl
the energy communication node are shown in Fig.3

Energy Sensors Conditioning Circuit:

Referring to Fig. 1, one of the most importanhthiwhich should be taken in to account when seligcti
each active component is the single voltage supptl/the minimum power consumption. So the desighef
signal conditioning circuit would be as shown ig.H.

The full range of the input analogue voltage. Vdgehused XBeeRF Module, 1ImW power consumption, a
suitable XBee explorer, USB interface card to cahtiee PC used for configuration and accessingléta.We
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have used the software X-CTU, from DIGI Internaibrduring installation USB serial port (COM) , the
CTU software could be used to set parameters Hirbgt connecting the module as shown in Fig. 5. w&e
configured one XBee as a coordinator, which is ected to the computer and driven by Maltab software
whilst the other one configured as an End devicket@onnected with the current and voltage seriboosigh
their conditioning circuit as shown in Fig. 4

Fig. 1: Diagram represents the wireless communicatioregaystesign.

Start
Communication Nodes configuration

Initialize system parameters
Min. and max. duration of the measured wave ,
System Sampling rate, threshold limits

Data acquiring and storing

Is the No. of samples
covers the Duration

Scaling

Drawing with real values

Analysis and close all serial buffers

END

Fig. 2: Flow chart for the wireless communication betwgkae and the robot.
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Fig. 3: a. Voltage and Current sensor, b. Voltage &anirsensor with xbee, c. The transmitting remote
circuit .d. the response of the robot

Fig. 4: Energy sensors signal conditioning.

As it is shown in Fig. 4, multi-turn precision igsr has been used to connect it to the sensarvadtage
divider supplied with 3.6V, which is the Lithium doPolymer battery standard voltage. The single lsupp
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operation amplifier which is selected in our depeld circuit is connected as a voltage followerteroome the
drop due to the impedance mismatching.
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Fig. 5: X-CTU software.

MATLAB User Interface Design:

To communicate with serial of an external devicerf Matlab, the following steps need to be perfaime
» Serial port object needs to be created to idettiéyspecific serial port of the PC connected toetkternal
device, then we need to specify how this serial jsao be configured (i.e., number of data bitsidbrate, etc.).
e The serial port object created above need to bremed to the external device.
 To send a command signal to the external deviceeg®lving the data from the external device.
e To disconnect the serial communication connectiomfthe external device and close the serial pajeab.
Finally, release control of the serial port.

XBee RF series 1 Module:

The power supply voltage range between 2.8 - f7the XBee module, sometimes we need to regulate
the voltage to 3.3V before we could start the comigation through stabilizer with an output of 3.8Vthe
control circuit. We have used pins 20 and 19 (ajudoinput pins) with a reference voltage equah&XBee
biasing voltage (3.3V) so as to reduce the compsnand attain the full range of the input analogakage.
We have used XBee RF Module, 1ImW power consumptosyitable XBee explorer, USB interface card to
connect the PC used for configuration and accedbieglata. We have used the software X-CTU, froi®IDI
International, during installation USB serial p6@&OM) , the X-CTU software could be used to setpmters
directly by connecting the module as shown in BigWe've configured one XBee as a coordinator,cilis
connected to the computer and driven by Maltabasoft, whilst the other one configured as an Endcdeto
be connected with the current and voltage senboosigh their conditioning circuit as shown in Hg.

Design and components selection:

Power source: since the selection of the powercgodepends on the application, the most impoftartbr
here is the energy density of the power sourcechvis the amount of energy stored in a given systemnegion
of space per unit volume or mass. For this worle ,have found that the on-board robot battery oftiloéoid
robot satisfies the goal of the proposed systeniciwis Lithium lon Polymer battery.

XBee RF module: which consumed 1mW of power amdlEafunctioned on power saving mode when it is
switched to sleep mode if configured to operate onl action signal.

As future work, the electronic components and 8 BGard would be prepared to re-size the overadLidi,
resulting system would be not only smaller in diz¢ also lighter in weight and less power consuomtiThe
selected components can be shown in Fig. 6.

Results:
The response of the base (coordinator) XBee wikicbnnected to the PC is shown in Fig.7.
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Fig. 6:. Re-sizing of components.

Fig. 7: Matlab program used for the serial communication.

Comparison results:

Fig.8 and 9 show the same motion task (Bow motith® first graph (Fig. 8) represents the oscilbpec
measurements of the battery current signal overtithe of the motion. While Fig.9.represents thetdrat
current rate for the same motion, but with the psmal wireless method.

bow motion
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19.28

Fig. 8: Oscilloscope measurements (Wired) result.

The result shows a significant comparison poiats lge listed in the following table, Table 1.
While in terms of values for the power consumptasna comparison with conventional microcontroller
card (Arduino Uno), table 2 shows the differenceveen the two cases.

Conclusion:

In Biped robot power consumption rate analysidiagpon, the need for an accurate, wireless measant
for monitoring and control is important. We haveurfid that The wireless XBee RF module together with
sensors were sufficient when utilized in such a Wet direct coupling setting between them hasfiat. A
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significant clear signals for the current and wpdtarates were harvested as compared with the direct

oscilloscope measuring method, the unavoidableensigappeared only with normal wire results, asashn
Fig. 9, where the red color curve is the 9 poimsrage of the harvested data .Only suitable pladegaound

shield printed circuit board is enough to block theise of the robot microcontroller and Bluetooth

interferences. Suitable setting up of the compansatection and configuration were the main redsotthis
method to success. The total power consumed bgdhding units (remote node) is 1.3 mWatt, whictieisy

low power consumption as compared with the pasaresies that is used more components, such asardui

microcontroller or other conditioning circuit .Tle®ntribution of this proposed method is the utilgiof the
XBee built-in microcontroller at the remote and dxdBee’s modes to dispense about any other mictomlter

or extra components.
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Fig. 9: Proposed Wireless measurements result.

Table 1: Comparison between wire and wireless communication

Parameter for way of
communication

Wireless communication

Wire communication

Losses on the on-board
battery

existed

Not-exist

Extra Components

Need extra components like voltage —current seasor
radio communication node

No need only the lab instruments

Distance for robot task

Not limited-long distance

imited or short distance

Noise

Noise free

An unavoidable noise even with
using RC filter

Table 2: Comparison between Conventional and Proposed ountmller card.

This work is supported by University Putra Malaysnder grant ref: (GP-IPS)/(2014-9438720). Thenmai

Microcontroller Specifications
Arduino Conventional (Arduino
Uno Xbee S1 Uno+Xbee) Proposed
TX Peak Current at 45 Data Process Power
DC 40 mA 3.3V mA (mW) 400 64

Current 50

per 1/O Pin RX Current: at 3.3V mA Transmit Power (mW) 1.9 1.3
Transmit Power 1mw

Operating .

Voltage 5V 3.3V Operating Voltage (V) 5 3.3
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