DESIGN AND DEVELOPMENT OF REMOTE MEASUREMENT
FOR PRIME MOVER USING ARDUINO AND FR HOPE

RFM12B

MOHD AKMAL BIN MHD YUSOF

RESEARCH REPORT SUBMITTED IN PARTIAL FULFILMENT
OF THE REQUIREMENT FOR THE DEGREE OF MASTER OF

ENGINEERING

FACULTY OF ENGINEERING
UNIVERSITY OF MALAYA
KUALA LUMPUR

2013



UNIVERSITI MALAYA

ORIGINAL LITERARY WORK DECLARATION

Name of Candidate: Mohd Akmal bin Mhd Yusoff

Registration/Matric No: KGZ110016

Name of Degree: Master of Engineering

Title of Project Paper/Research Report/Dissertation/Thesis (“this Work”):

Design and Development of Remote Measurement for Prime Mover Using Arduino and FR
Hope RFM12B

Field of Study: Mechatronics
| do solemnly and sincerely declare that:

(2) | am the sole author/writer of this Work;

(2) This Work is original;

3) Any use of any work in which copyright exists was done by way of fair dealing and
for permitted purposes and any excerpt or extract from, or reference to or
reproduction of any copyright work has been disclosed expressly and sufficiently
and the title of the Work and its authorship have been acknowledged in this Work;

(4) | do not have any actual knowledge nor do | ought reasonably to know that the
making of this work constitutes an infringement of any copyright work;
5) | hereby assign all and every rights in the copyright to this Work to the University

of Malaya (“UM”), who henceforth shall be owner of the copyright in this Work
and that any reproduction or use in any form or by any means whatsoever is
prohibited without the written consent of UM having been first had and obtained,;

(6) | am fully aware that if in the course of making this Work | have infringed any
copyright whether intentionally or otherwise, | may be subject to legal action or any
other action as may be determined by UM.

Candidate’s Signature Date

Subscribed and solemnly declared before,

Witness'’s Signature Date

Name:
Designation:



Abstract

This project aims to develop a remote measuremestérm for agricultural prime mover
for in-field testing. The system is important espl¢ for government agency such as
MARDI which is entrusted to carry out research deglelopment in agriculture including
developing agricultural prime mover. RF system hasn chosen as the remote wireless

system to be used in this project.

The hardware system consists of a measuremennsyateansmitter and receiver system
and a data monitoring system. The measurementnsysbasists of Honeywell 1228-2K

Torque sensor & FUTEK CSG110 Strain gauge amplifiére Honeywell torque sensor
was chosen because it is a general purpose toemserswhich is able to monitor start up,
running and stall torque levels and rotational dpdgesides that, it also has low non-
linearity, repeatability and hysteresis specifioas. The FUTEK amplifier is necessary

because of the limited ADC resolution of our ArcduidNO.

The transmitter and receiver system consists ofeR6pRFM12B-433-D RF module and
Arduino UNO microcontroller. The RFM12B is a traes@r module which can either
transmit or receive RF signal. It was chosen bexadus cheap and secure, has medium
range and able to transmit multiple data at theeséime Arduino UNO was chosen
because it is easily configured, widely availalgleeap and fully capable of executing the

tasks expected of a microcontroller in this praject

The data monitoring system is developed using Matidnstrument LabVIEW. It was
chosen because its graphical programming is mdretire and easier to develop than

traditional textual programming.



The developed system has been tested and provee table to carry out decent
measurement of two simultaneous data from a rahd®® meters. However, to improve
the system, more tests need to be done to deterhmm@re data could be sent at the same

time.



Abstrak

Projek ini bertujuan untuk membangunkan sebualermigiengukuran jarak jauh untuk
pengujian traktor pertanian di tanah lapang. Sisteinamat penting terutamanya untuk
agensi kerajaan seperti MARDI yang bertanggung ljawenjalankan penyelidikan dan
pembangunan dalam bidang pertanian termasuklahgeguban traktor pertanian. Sistem

RF telah dipilih sebagai sistem jarak jauh untubjed ini.

Sistem perkakasan projek ini terdiri daripada sisigengukuran, sistem pemancar dan
penerima dan sistem pemantauan data. Sistem peaagukersebut terdiri daripada
penderia tork Honeywell 1228-2K dan penguat tolekan FUTEK CSG110. Penderia
tork Honeywell tersebut dipilih kerana ia adalamgeria tork serbaguna yang mampu
memantau tahap tork pada keadaan mula, berjalabethenti dan juga mampu memantau
kelajuan putaran. Di samping itu juga, ia mempunygpesifikasi ketaklinearan,
keterulangan dan histeresis yang rendah. PenguaEKUtu pula diperlukan kerana
resolusi ADC Arduino UNO kami adalah terhad darmakidnampu mengambil bacaan

penderia tork Honeywell dengan baik.

Sistem pemancar dan penerima pula terdiri daripaddul RF HopeRF RFM12B-433-D
dan mikropengawal Arduino UNO. RFM12B adalah sebomidul penmancar-penerima
yang boleh menghantar atau menerima isyarat Réipleh kerana harganya yang murah,
mempunyai jarak komunikasi yang sederhana dan mangnghantar beberapa data pada
satu-satu masa. Arduino UNO pula dipilih keranafigurasinya yang senang, mudah
didapati, murah dan berkemampuan untuk menjalahkgas-tugas mikropengawal dalam

projek ini dengan berkesan.



Sistem pemantauan data pula dibangunkan mengguiNdt@mmal Instrument LabVIEW.
la dipilih kerana ia menggunakan pengaturcaraafikgyang lebih mudah dan intuitif

untuk dibangunkan berbanding pengaturcaraan teks.

Sistem yang dibangunkan tersebut telah diuji dabut¢i mampu untuk melakukan
pengukuran dua data serentak yang baik pada j@@kml Walau bagaimanapun, untuk
menambah baik sistem tersebut, lebih banyak peargpgriu dilakukan untuk menentukan

sama ada lebih banyak data boleh dihantar padasaatunasa.
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1.0 Introduction

Agriculture is an important sector in Malaysia ahtributes 7.7 % of GDP to the nation
in 2011 (Department of Statistics, 2012). In adtime production, mechanization plays a
very important role. Agricultural machines helpitarease productivity and reduce labor
dependence. As the national population continuesdeease and issues such as green
house effect and environmental pollution arise tioolwus advancement and improvement
in agricultural machines are being done to prodmoee productive, energy saving and
environmental friendly machine. Besides that, redeand development have also been
done by the government under MARDI to produce Msipwn agricultural prime mover.
Prime mover or tractor is one of the most impor@mnhponents in agricultural machine.
By developing its own prime mover, Malaysia can giats local manufacturing industries,

reduce dependencies on foreign products and getter lafter sales support.

Part of an agricultural machine development wortoisneasure its mechanical properties
such as torque and speed. For example, the tracidaes torque and power of a high
clearance tractor are measured to determine thetotl® power requirement and
performance. Besides that, by measuring the toanadespeed of a tractor Power Take-Off
(PTO) powering a rotor tiller, the exact power regunent of the rotor tiller and the quality

of soil tillage it produces can be determined (Gdhret al., 2012).

During design stage, torque and speed are measurkdd under controlled condition.
However, to get the real performance of the devedldpactor, on field evaluation must also
be done. This is because physical factors suctemgdrature, humidity, dust and the

condition of the soil where the tractor will be dsaill affect its performance. A system



where data can be collected off field while theleaBon is done on field would greatly

assist such evaluation.

1.1 Remote measur ement

Remote measurement or telemetry is a:
Highly automated communications process by whicka dare collected from
instruments located at remote or inaccessible paanid transmitted to receiving
equipment for measurement, monitoring, display, eewbrding. Transmission of
the information may be over wires or, more commpily radio. (“Telemetry,”
2013)

Therefore, based on the definition, remote measeméms definitely the system we should

use to replace the on-field measurement. Two reshoote measurement modules which

are proven and are widely used have been consigdrnett are RF and ZigBee.

1.2 Radio Frequency (RF)

RF is a type of wireless communication which usetia wave in the range of 3 kHZ to
300 GHz. To send data through an RF carrier wawe,data needs to be modulated by
changing the shape of the carrier waveform. Somehef modulation methods are
amplitude modulation (AM) & frequency modulation M for analog signals and
amplitude shift keying (ASK) & frequency shift kexg (FSK) for digital signals. AM and
ASK work the same way by changing the amplitud¢hef carrier wave according to the
data it carries (frequency does not change). Silpjl&M and FSK work by changing the

frequency of the carrier wave according to the datarries (amplitude does not change).
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Figure 1: (a) AM signal, (b) FM signal. (Communiocat, 2010)

1.3 Zigbee

ZigBee is a standard communications protocol fer-power, wireless mesh networking.
According to Faludi (2011):
The network layer below ZigBee that supports itsamded features is known as
IEEE 802.15.4. This is a set of standards thatndefpower management,
addressing, error correction, message formats, adiner point-to-point specifics

necessary for proper communication to take plam® fone radio to another. (p. 26)

1.4 Torque

Torque can be defined as follows:
In physics, the tendency of a force to rotate theylkto which it is applied. Torque
is always specified with regard to the axis of tiota It is equal to the magnitude of
the component of the force lying in the plane pedbeular to the axis of rotation,

3



multiplied by the shortest distance between the axid the direction of the force
component. Torque is the force that affects rotationotion; the greater the torque,
the greater the change in this motion. (“Torqu&12)

Relationship between Torque, position and foragusn by:

t=rXF

Figure 2: Relationship between Torque, position fancke
1.5 Torque sensor

A torque sensor or torque meter is a device forsmeag and recording the torque on a
rotating system, such as an engine, crankshaftpbgeatransmission or rotor (Wikipedia,

2013).

1.6 Agricultural prime mover

Agricultural prime mover or also known as tractoai
High-power, low-speed traction vehicle. The two maypes are wheeled and
continuous-track...Tractors are used in agricujtaomstruction, and road building,
for pulling equipment such as plows and cultivatdéos pushing implements such

4



as bulldozers and diggers, and for operating statio devices such as saws
winches...The tractor revolutionized farmingsplacing draft animals and ma

farm workers. (“Tractor,” 201.
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Figure 3:Measuring power requirement of a rotor til([Othman et al., 2012, p. ]

1.7 Objectives

Following are the objectives of this proje

1. To design and develop a measurementem for agricultural prime mover whic

measures its mechanical proper

2. To integrate the measurement system, an RFnsyatel a LabVIEW program as

remote measurement system for agricultural primeen



1.8 Outline of research approach

Following is the outline of research approach:

1. Literature review is done to investigate currapproaches towards remote measurement

of agricultural prime mover

2. Preliminary study is done to determine hardvesue software specifications
3. The hardware system is developed and tested

4. The software system is developed and tested

5. The integrated system is developed and tested

6. Results are presented and discussed

7. Research is concluded

1.9 Summary

The first chapter starts by presenting the intréiduc to agriculture & agricultural
mechanization and their importance to the natiofterAthat, the importance of this
research project to the nation's agricultural imgus/as discussed. The chapter continues
by presenting an overview of the important termigids used in this project such as
remote measurement, Radio Frequency, Zigbee, tofqterque sensor and agricultural
prime mover. It finishes by giving the outline bktresearch approach. In the next chapter,

literature review will be presented and discussed.



2.0 Literaturereview

As discussed before in the previous chapter, theldpment of a remote measurement
system is essential in developing an agriculturah@ mover, specifically in testing its

performance at the open field. Therefore, sevéebtures have been reviewed to identify
the current methods used to develop such a remeésumement system. Even though our
system will be used on agricultural prime movemog measurement systems applied on

other platforms will be relevant as well becauseithplementation is similar.

Madni (2009) argued that wireless sensor-based@omnts gaining attention because of
reduced costs, better power management and eakyyohemt in remote areas. However,
there were some operational challenges regardiegystem such as when different RF
links have to be used to satisfy the requiremehtmodwidth, payload, delay, jitter, range,
noise immunity and others (including cost) for coamication. The paper proves that
wireless based measurement is feasible nowadayparenh to twenty years ago when
measurement equipment need to be mounted on ttertitself as discussed by Papworth

(2004).

Zhai and Hu (2010) presented a method of remoteitororg and controlling system of
CNC machine based on embedded Internet. It codsisfean embedded Ethernet
communication module to facilitate the communicatioetween a control PC, a field
monitoring host and various CNC machine tools. Theaethod proves that wireless
monitoring is feasible, but since they used Etherieir method would not be applicable
to our project as Internet connection is not yéabée enough to be used around our test

area.



Remote Monitoring Host Remote Controlling Host Web Browser

- i i |
1

P .| Database Local
Application Server = )
Server Server

Intranet I I

Embedded Ethernet NC Unit No.1

| |
| | I |
| Upper Industry Field Monitoring | ! Upper Industry Filed Monitoring |
: Control PC Host I : Control PC Host I
| F | I 1 I
! x Ethernet | | ) Ethernet |
I I I - I I I I
| Embeded Ethemet Embeded Ethemet | I . l:'.rn'DuleI:::l Il-jlh::mul . Embm.llcd .J:'.lhcmc[ |
| Communication Module Communication Module | | Communication Module Communication Module |
| | | |
R— ey B T
I CNC Machine Tool CNC Machine Tool I I ‘ CNC Machine Tool CNC Machine Tool :
[ e T I - - - - _ ____ ________—_—_——— I

Figure 4: The architecture principle diagram of H@-RMCS based on embedded Internet

(Zhai & Hu, 2010, p. 506)

Yi-chu et al. (2005) developed a M3S (Multiple MastMultiple Slave) powered
wheelchairs with appropriate manipulating contjstem to provide the disabled enough
mobility in daily lives. It consisted of a CAN (Cwaoller Area Network) bus, a SAF
(Safety) bus, a POW (Power) bus, several input @ngut devices, CCM (Control and
Configuration Module) and intermediate devices.yraggued that the CAN bus was used
for data transmission because of its anti-interfeeeabilities and high speed. To ensure
proper communications between the large numberdewifces, the CAN has a system
similar to postal address. Each CAN bus and all GAdllboxes have their individual CAN
ID (Identifier) and when the CAN IDs of a CAN megsaand a CAN mailbox matches, the

CAN message received will be accepted by the CANbara The system also utilized an
8



RF (Radio Frequency) wireless module to overcone ltmitation of communication
distance between a powered wheelchair and the looahitoring center. It was
demonstrated that the maximal distance for trarsomnsn outdoor testing was around 100
meters. Their method shows that RF is reliable ghdo be used for a medium distance

communication.
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Figure 5: Design of input device (Yi-chu et al.080p. 582)

Ying-Wen and Cheng-Yu (2006) used an embedded buwéild interface modules to

implement a remote electronic measurement systeichwhcluded power supply, signal

generator and oscilloscope. Similar to the previpaper by Zhai and Hu (2010), this

10



system also connected to the Internet to make eeowinection by using TCP/IP modules.
They argued that their embedded board could re@amenputer and had the advantages of
being more mobile, low cost & programmable and doekecute real-time operation. In
addition, they also argued that their data acqarsgystem was comparable to popular data
acquisition software such as LabVIEW despite bemugh cheaper. This paper proves that
it is possible to develop a low cost data acquisiBystem with comparable performance to

commercial product.

H

_Yoltagepr
Signal Gen ﬁmr

- - scilloscope
Embed Boar Wave

Circuit User

Figure 6: The embedded remote electronic measutesygstem architecture (Ying-Wen &

Cheng-Yu, 2006, p. 1312)

Mihajlovic et al. (2012) described an applicatiohese data are collected via RF wireless
communication in public frequency band. It usedw tost RF modules and encrypted
data transmission. They explained that such RFesys$tad two advantages compared to
similar solutions that used frequency of 2.4 GHz sonilar; firstly, it was cheaper

especially if the network contained a lot of nodesl secondly, it was not affected by

barriers and not limited to places where there ordg line of sight. Moreover, compared

11



to the GPRS system, the RF system did not requiperesive modem and did not require
monthly payment for data collection. Besides thagspite only using cheap

microcontroller, the system was able to do decesttitaring and sensing. The system was
also able to carry out data transmission securgilyguencryption. This paper gives us the
motivation to develop a similar low cost, decertfpable, secure RF monitoring system

for our project.

RF module
- cc1101
MICROCONTROLLER BOARD

MiCS-2710
TG52442 )
TGS4161"
o .-"'
é PresSure
MPXAZE115A

SENSOR BOARD

Figure 7: Hardware blocks of system for air quatitgnitoring (Mihajlovic et al., 2012, p.

55)
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2.1 Summary

Several papers relating to our project have bescudsed. Paper byYi-chu et al. (2005) is
particularly interesting because they proved tlegtides reliability and high speed, range is
also an important factor in development of a wgsleommunication system, which they
attained by using RF. Besides that, Mihajlovicle{2012) proved that a decently capable
RF monitoring system could be developed with lowtc8&oth of these papers gave us the

greatest motivation to develop our project.

13



3.0 M ethodology

As outlined in Chapter 1.8, the research projegiriseby doing literature review on pap
related to the project. The literature review i®gented and covered in the previ
chapter. The next step is to present the preligisardyon our research project to get

overview of the project’'s hardware and softwarelireqent

3.1 Preliminary study

Our project consists of hardware and software comapts. The hardware system
responsible for measuring the data of the testedepmozer, transmitting the data ai
receiving it at the base station. On the other hémel software system is responsible
monitoring and logging the data at the base stafiberefore, our hardware system wo
consist of sensor components, microcontrs and wireless modules while the softw
system would consist of a computer with the momtprand logging program. Figu

below shows the simplified version of our systetrizck diagrarnr

Bersor
SOTRGEOnNEnts

T= Fx P
. . . . . B
Palergetntrelsr whreless wireleas Flicressanigller rf}['ﬂ@m&
moal e i Al

Figure 8: Simplified block diagram
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3.1.1 Sensor components
The first component to be considered in developimg project is the sensor system. A
typical application of our project is to measure gower requirement of a rotor tiller in the

land preparation (Othman et al., 2012). Power @arelated to torque by:

P=1X2n X w

Therefore, a general purpose torque sensor whiablesto monitor start up, running and
stall torque levels and rotational speed would bigictent. Besides that, a good torque
sensor should have low non-linearity, repeatabiéityd hysteresis specifications. Non-
linearity is defined as “the maximum Deviation detCalibration Curve from a straight
line drawn between the no-load and Rated Load dsitxpressed as a percentage of the
Rated Output and measured on increasing load dRiytek, 2007) . Non-repeatability is
defined as “the maximum difference between transdwtput readings for repeated
loadings under identical loading and environmemtditons” (ibid.). Hysteresis is defined
as “the maximum difference between the transduagsub readings for the same applied

load” (ibid.).

NONLINEARITY NONREPEATABILITY HYSTERESIS

f”"
. oE \'_3?‘
ey

» @
J"i

QUTPUT
QuUTPUT
OuUTPUT

LOAD

Figure 9: Non-linearity, non-repeatability and leyssis explained ((Futek, 2007) with
small amendments)
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3.1.2 Wireless module

There are several factors considered when chodbmgvireless module such as range,
speed or data rate and cost. In our project, aegsemodule with the range of 100 m and
data rate of 250 kbps would be sufficient for thepese of measuring an agricultural
prime mover performance. Besides that, a low caxiule would be preferred because of
financial restraint. In addition, the wireless mtdmust be able to transmit and receive
several types of data e.g. speed, torque, curtendethe same time. This is very important
because usually, several parameters need to bauradaat the same time in order to get

the real performance of a prime mover.

Two wireless modules which meet our requirementge hlaeen considered which are
Zigbee and RF. In addition of meeting our previguskntioned system requirements, they
are also widely available and easily integrated the measurement system. Below are the

differences between two popular RF and Zigbee nesdul

Parameters RFM 12B (HopeRF) XBee (Digi)

Available Frequencies 433 MHz, 868 MHz & 915 MHZ 4 BHz

Power supply 2.2-3.8V 2.1-36V
Interface SPI Serial
Data rate 256 kbps 250 kbps

Table 1: Comparison between RFM12B and XBee wisatesdules

16



3.1.3 Microcontroller

Microcontrollers are needed at both the Transmitiele and Receiver side. At the
Transmitter side, it collects analog data from targue sensor via its analog input pins,
converts the data to digital data and output the®wireless module for further processing.
Because it collects data, it essentially acts asta logger. There are 2 most important
specifications of a good data logger. These aresatspling rate and resolution. For
example, if a drive shaft has a maximum rotatiespded of 10000 rpm (167 revolutions
per second), a microcontroller with a maximum sangptate of 100 samples per second
will not be able to handle the speed data accortbngyquist Theorem. Likewise, if the
output voltage of a speed sensor increases fraon0006 Volts for an increase from 0 to 1
km/h, a microcontroller which can only measure agét change of 0.1 V will not be useful,

which explains the importance of resolution.

At the Receiving side, the microcontroller act@asnterface between the wireless module
and the monitoring program. Therefore, it must hidaeecapability of communicating with
the computer via serial communication. Besides, taamicrocontroller which is easily

configured, widely available and cheap is alsomssen making this project a success.

3.1.4 Monitoring program

Using a microcontroller at the receiving side woalteady enable us to log data decently.
However, the data would not be displayed real twhéch would be more convenient for

the purpose of monitoring the data measurementreThee many ways to develop a
monitoring program, either by using traditional ttedd programming language such as C,
Pascal or Visual Basic or by using more recent lycab programming language such as
National Instruments LabVIEW. The advantages oplieal programming over textual

programming are summarized below: (Corporation32)1
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- Intuitive
- Interactive Debugging Tools
- Automatic Parallelism and Performance

- Abstraction of Low-Level Tasks

3.2 Hardwar e system development

After studying our project’'s requirement, we havecided to settle on the following

hardware and software to complete our project:

Component Description

Sensor Honeywell 1228-2K Torque sensor & FUTEK Q8@ Strain

gauge amplifier

Wireless module HopeRF RFM12B-433-D

Microcontroller Arduino Uno

Monitoring program | National Instrument LabVIEW

Table 2: Summary of system components

Our hardware prototype consists of a Transmittedut® and a Receiver module. The
Transmitter module consists of a breadboard comtedhe torque sensor, the Arduino
microcontroller and the RF module while the Recein®dule consists of a breadboard
connecting the Arduino microcontroller, the RF miedand LabVIEW. Each breadboard

also contains an antenna, three 4Xrksistors and three 1@kresistors.
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FUTEK
CuiaL
Strain g
amplifier

Arluines
L

Figure 10: Block diagram of Transmitter moc

RFM12B
Transceiver
433 MHz

LabVIEW

Arduino
Uno

Figure 11: Block diagram of Receiver moc

3.2.1 Torque sensor and in-line amplifier
In order to measure the torque and speed of a priover, a suitable torque sensor ne
to be usedHoneywell 1228 Flange Drive Torque Sensor has lob@sen because of t

reasons explained in 3.1.1. Some of its feature:

1. 225 to 2250 Nntapacity

2. 0.15% nonlinearity and hysteres

w

. 0.05 % repeatabili

B

5000 rpm maximum spe
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Figure 12: Honeywell 1228 Flange Drive Torque Selfsoneywell, 2008, p. 1)

The analog to digital converters (ADC) in the Amlwihave a 10-bit resolution. For
Arduino UNO, the default reference voltage is 5 \hiehh means that the smallest

detectable voltage variation is

Voltage range 5V

= =49mlV
Resolution (210 - 1) m

Smallest detectable voltage =

The electrical output of the Honeywell torque sernisospecified as 2 mV/V at the rated
capacity of 225 Nm. This means that the electwodtage output of the sensor put at 225
Nm rated capacity utilizing 10 volts excitation lile 20 mV at 225 Nm or 0.2 mV for
each Nm of applied torque. Thus, a 4.9 mV resatutudl not be enough. To increase the
Arduino’s resolution, its internal reference vokagf 1.1 V could be used, but this still
gives the smallest detectable voltage of 1.1 mMiclis still not enough. Another way to
further increase its resolution is to use an edevoltage source as its reference voltage.
However, there will be issue of noise and stabilitiierefore, the best option is to use an

in-line amplifier to amplify the torque sensor ouitgignal.
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Figure 13: FUTEK Model CSG110 (Futek, 2013, p. 1)

FUTEK CSG110 Strain Gauge Amplifier has been chobenause it is capable of
amplifying most of the commercial torque or loadnsducer output for torque or load
measurements. This is because it can provide hdageable bridge excitation voltage of
either 5 or 10 volt. The 10 volt excitation is mpsapplicable to the torque or load
transducer made of 350 ohm strain gauge bridgé, asiour torque sensor, while the 5 volt
excitation is applicable to 240 ohm strain gaugedge to avoid overloading excitation
current specified by the amplifier. Based on caliion work made by Othman et al.
(2012), the resolution after amplification is 41 nfor each Nm of applied torque.
Therefore, the use of the amplifier will enable Ar to detect the smallest change in the

torque sensor measurement. Some of the featuFedTEK CSG110 are:

1. 1 kHz, 10 kHz, and 25 kHz bandwidth available

2. Overvoltage protection

3. Reduced noise from 100 mV to 15 mV (85% improvenfemin previous
model)

4. Bipolar Output, Differential Input
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5 or £ 10 VDC Outputs DIP Switch Selectable OutpUWnipolar
Bidirectional Voltage (0-5-10 VDC) also available

0-20 mA, 4-20 mA, 0-16 mA, 5-25 mA DIP Switch Sabte Output,
Bidirectional Current (4-12-20 mA) also available

Bridge Excitation Selectable 5 or 10 VDC

Ranges: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 10.0\r(\MP Switch Selectable)
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3.2.2 Arduino Microcontroller

MADE

IN ITALY AR @ h‘;‘"g*'i""'

AN oy ; DZGITAL (P

ATMEGA 8 MICRO
TRANSMIT AND RECEIVE
| —

ELECTROLYTIC CAPACITOR

‘ nikhilvincent1990@gmail.com

2.IMM DC PLUG

Figure 14: Description of Arduino Uno board (Geekgoblogspot.com, 2011)

As explained before, the microcontroller works asiterface between the sensors, the
wireless modules and the monitoring program. Bezauof the reasons previously
mentioned in 3.1.3, Arduino microcontroller is canslts ADC has a 10-bit resolution,
which would be adequate to sample our torque seostput provided that an in-line
amplifier is used as explained in 3.2.1. It can gl@nup to 517 samples per second (Stuff,
2013), which would be sufficient for our torque senwhich has a maximum speed of
5000 rpm (83 revolutions per second). It is a papubpen source electronics prototyping
platform based on flexible, easy-to-use hardwawk software. Because of its popularity,
there are so many voluntary supports availableheniriternet which makes developing a
system using an Arduino easy and fast. There arey medels of Arduino but Arduino
UNO was chosen among the others because it ishiegpest and sufficiently good for our

application. Following are some of its features:
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Spec Desciption

Microcontroller ATmega328

Operating 5V

Voltage

Clock Speed 16 MHz

Power Computer through USB or external 7-12 V

Memory 32 kb Flash, 2 kb SRAM, 1 kb EEPROM

I/O 14 digital pins operating at 5 V, 40 mA withtennal pull-up resistor of

20-50 kOhms. 6 analog inputs of 10 bits resolution

Communication

UART TTL (5V) serial, 12C (TWI) andP$

Programming

Using Arduino software

USB over curren

protection

| Resettable polyfuse protecting computer's USB pioots shorts and

over current

Physical

6.858 cm (length) x 5.334 cm (width), 4esc holes for easy

attachment to a case

Table 3: Summary of Arduino UNO spec
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3.2.3 Programming Arduino

At the Transmitter side, Arduino collects analogad@om our torque sensor via its analog

input pins, converts the data to digital data antpat it to the RF wireless module for

further processing. To use the Arduino with the WiFeless module, there are several

things to keep in mind:

1.

2.

Both Transmitter and Receiver must be set to theedaequency

Both Transmitter and Receiver must be set to theeddetwork Group. A Network
Group can be described as a room; everyone inottra can talk to each other but
cannot talk to nor hear someone in a different ro@penEnergyMonitor, n.d.-b)
The Transmitter and Receiver cannot have the saaue ND. A node ID can be
described as the name of a person in the room)ibid

Any kind of data that fits within a 66-byte buffean be sent. (Margolis, 2011, p.

488)

3.2.4 RF Module

Figure 15: RFM12B module (OpenEnergyMonitor, n.)d.-a
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The RF module used in this project is HopeRF's REBA433-D. It is a single chip, low
power, multi-channel FSK transceiver designed & un the 433 MHz bandt supports

250 network groups and 31 Node IDs.
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3.2.5 Hardware system circuit diagram

After presenting which hardware components weresehand why they were chosen, the
components were assembled according to Figure &th #e Transmitter and Receiver
have the same electrical connection. The only iiffee between them is the way Arduino
is programmed. The RFM12B modules are desigited3.3 volts and the resistors

shown in below are needed to drop the voltagthéocorrect level (Margolis, 2011, p.

488).
C Antenna
ESE ) (see Text for details)
33 E — %/ J
e ! \{ ™ RFM-12B
D +3.3v :|
A Gnd :|
R i I
D . U MOS! (D In) :|
U a SCK (Clock) IRG :l_
1 E]] [ SS (Select) MISO (D Out) :I—I
N s(d
1
0 19|
28 Connect module IR to digital pin 2
ie)

Figure 16: Arduino Uno to RFM12B connection (MaigpR011, p. 486)
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3.3 Softwar e system development

Our software system main functions are to dispteeydata received by the receiver module
at the base station and log them for future useaBse of the advantages of graphical
programming over textual programming mentioned.h43 LabVIEW has been chosen as
the tool to develop our monitoring program. LabVIEW “a highly productive
development environment that engineers and scientge for graphical programming and
unprecedented hardware integration to rapidly deaigd deploy measurement and control
systems” (Corporation, 2013b). A LabVIEW progranpa&ale of receiving serial data from
Arduino in real time, plotting the data on a grapid logging the data into the computer

has been developed.

WTrue

E> S Waveform Chart 4
=

[Initialize serial comm
|Configure serial port

WISA resource name

[Open file stream

Figure 17: Data monitoring program developed usialgVIEW
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3.4 Integrated system development and testing

Finally, after the hardware and software systenmevdaveloped and tested separately, they
were integrated to become a complete system. Tityvbe performance of our integrated

system, two parameters are considered:
1. Accuracy of data transmission

Accuracy can be defined as "1: freedom from mistakeerror: correctness"

(“Accuracy,” 2013). In our measurement system, di@asmission accuracy can be
defined as the number of data received at the @s®n which matches the data
transmitted from the prime mover. Besides thateml situation, our measurement
system will be measuring several parameters (ergué, speed) at the same time.
Therefore, the accuracy must also be measured saigaumber of parameters

transmitted.
2. Range of data transmission

Similarly, in real situation, the prime mover cang our measurement system will
be moving, and thus its distance from the recebase station will also vary.
Therefore, the range of data transmission mustbed to determine the minimum

and maximum distance our measurement system cda wor

Therefore, several experiments have been done &sune the performance of our system.

These are:
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3.4.1 Experiment 1

Objective: To determine the sampling rateTransmitter’'s ADC fotwo analo( inputs
Apparatus:

- 1 Transmitter board. The Arduino was programmeaiatiog to Figurel8

- 1 laptop with LabVIEW installe

- 1 NI USB-6008 Multifunction I/O

- 2 USB printer cable

- 2 wires

HFRLE

Fiad analen
s sl
s

diyal

digplz flaa
brsag = i i o

3

— 1
Serd the dms
stamyp angd
Aflg g
TEACIS e
ST T

-

Figurel18: Arduino software flow chart for Experimen




Procedure:

1. Two samples analog signal of 0-5V sine waves wereetated using LabVIEW.

Output Data Floto R

—Channel Parameters
Physical Channels

% Devifand j
Maximum Value

500

=

n n
| | | I I I | |
| || '|I || | || | | | | '|| | ! || ! || !
1 1 1 | | 1 1 1 |
Y Y I O A A |

Amplitude

Minimum Value
Ho.00
=

The maximum output range
of the deviceis 0 to 5 V.

STOP

Tirmne

—Waveform Parameters
Qutput Rate (ms)

e

A

Paints per cycle

= 10

A

Approximate Freguency (Hz)

16.6667

Figure 19: Generated sine wave in LabVIEW
2. The LabVIEW generated analog signals were sertd¢anhalog input pins A2 and

A3 of Arduino Transmitter board through NI USB-600@iltifunction I/O pin AOO

and AO1.

3. The Arduino serial monitor program was run at 11b5Bud on laptop and the data

was recorded.
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3.4.2 Experiment 2

Objective: To determine thd¢ransmission rate of the Transmitt@odule for two analog
inputs
Apparatus: Similar to Experiment 1 except that Arduino wasgresnmed according |

Figure 20

Iritial 2w

FFI1ER

4

Laizialice sziial

[ o e

- ¥
Hond i Vi
st ard
iaput readings
s sevrsE|

[NiEaTieey

T

Figure 20: Arduino software flow chart for Experime

Procedure: Similar to Experiment
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3.4.3 Experiment 3

Objective: To determine the maximum range of data transmssio

Apparatus:

1 Transmitter board. The Arduino was programmeaiatiog to Figure 20
1 Receiver board. . The Arduino was programmedraatg to Figure 21
1 laptop with LabVIEW and signal generator progiastalled

1 laptop with LabVIEW and monitoring program insedl

1 NI USB-6008 Multifunction I/O

3 USB printer cables

2 wires

Procedure:

=

. Apparatus was arranged with the range set to 50 m.

Two samples analog signal of 0-5V sine waves wereerated using LabVIEW on
Laptop 1.

The LabVIEW generated analog signal was sent t@tiaog input pin A2 and A3
of Arduino Transmitter board through NI USB-6008 Ikfunction 1/0 pin AOO
and AOL1.

The monitoring program on Laptop 2 was run andrdeeived signal graph was
recorded.

Step 1-4 was repeated with the range increased m Steps i.e. 100 m, 150 m, 200

m until no signal could be received at Laptop 2.
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Arduino software flow chart for Exparent 3
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Figure 22: Methodology flow chart
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3.5 Summary

This chapter covers the methodology used in desigaind developing the RF remote
measurement system for prime mover. It starts bgegnting the preliminary study on how
the hardware and software specifications were detexd. The chapter continues by going
in depth on the hardware and software design amdlg@ment. It finishes by explaining
the experiments done to test the prototype an@éwerng the methodology by presenting its

flow chart. In the next chapter, the experimentitsswill be presented and discussed.
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4.0 Results and Discussion

This chapter aims to present and discuss the sestilseveral experiments conducted as

discussed previously in the previous chapter. Tlegperiments are:

1. To determine the sampling rate of Transmitter's AIoCtwo analog inputs
2. To determine the transmission rate of the Transmittodule for two analog inputs

3. To determine the maximum range of data transmission

For each experiment, its result will be presentedgside the discussion of the result. This
method of presentation was chosen so that it isre@mscomprehend the result immediately

without having to go back and forth between pages.

Figure 23: Experimental setup
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4.1 Experiment 1

Time:
Time:
Time:
Time:
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1004 , Torque: 2.49 ,

4100 , Torgue: 3.07 ,
7580 , Torgue: 3.04 ,
11064 , Torgue: 3.39
14636 , Torgque: 3.43
18204 , Torgue: 3.40
21776 , Torgque: 3.40
25344 , Torgue: 3.05
28916 , Torgue: 3.05
32484 , Torgue: 2.47
36056 , Torgue: 2.4%
39624 , Torgue: 1.87
43196 , Torgque: 1.353
46764 , Torgque: 1.54
50336 , Torgque: 1.353
53904 , Torgue: 1.52
57476 , Torgue: 1.52
61044 , Torgue: 1.87
64616 , Torgue: 1.88
68184 , Torgue: 2.48
71756 , Torgque: 2.47
75324 , Torgque: 3.035
78896 , Torque: 3.04
22464 , Torgue: 3.40
26036 , Torgue: 3.41
29604 , Torgue: 3.40
93176 , Torgue: 3.04
96744 , Torgue: 3.03
100316 Torque: 3.04
103972 Torque: 2.47
107624 Torque: 2.46
111280 Torque: 1.90
114936 Torque: 1.52
118592 Torgque: 1.51
122244 Torque: 1.52
125300 Torque: 1.32
129556 Torque: 1.89
133212 Torque: 1.88
136864 Torque: 2.47
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Figure 24: Result of Experiment 1
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The time stamp was recorded in pus. Based on tlzerdedrded, the time between each
reading varies from 3096 to 3656 pus. The average i 3577.3 us. Therefore, the average

sampling rate is:

1
Average time between reading

Sampling rateg,. =

1
3577.3 us

= 280 samples/second

Based on the result, it is proven that the develgystem with two types of data to be
transmitted is able to handle sampling rate uB®samples per second, which would be

good enough for our torque sensor measurement wiaista maximum speed of 5000 rpm.
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4.2 Experiment 2

Time: 1248 , Torque: 388 , Speed: 312

Time: 4088 , Torgue: 384 , Speed: 388

Time: 7400 , Torgue: 503 , Speed: 384

Time: 10716 , Torgue: 504 , Speed: 3835
Time: 14116 , Torgue: 502 , Speed: 383
Time: 17516 , Torgue: 511 , Speed: 384
Time: 20916 , Torgue: 623 , Speed: 623
Time: 24316 , Torgque: 622 , Speed: 623
Time: 27716 , Torgue: 699 , Speed: 696
Time: 31116 , Torgue: 696 , Speed: 694
Time: 34516 , Torgue: 697 , Speed: 700
Time: 37916 , Torgue: 696 , Speed: 697
Time: 41316 , Torgue: 702 , Speed: 697
Time: 44716 , Torgue: 698 , Speed: 695
Time: 48116 , Torgque: 696 , Speed: 696
Time: 51516 , Torgue: 697 , Speed: 699
Time: 54916 , Torgue: 698 , Speed: 698
Time: 58316 , Torgue: 700 , Speed: 696
Time: 61716 , Torgue: 701 , Speed: 697
Time: 65116 , Torgue: 699 , Speed: 698
Time: 68516 , Torgue: 697 , Speed: 696
Time: 71916 , Torgque: 697 , Speed: 705
Time: 75316 , Torgue: 696 , Speed: 696
Time: 78716 , Torgque: 630 , Speed: 698
Time: 82116 , Torgque: 626 , Speed: 637
Time: 85516 , Torgue: 503 , Speed: 622
Time: 88916 , Torgue: 502 , Speed: 624
Time: 92316 , Torgue: 501 , Speed: 6827
Time: 95716 , Torgue: 502 , Speed: 623
Time: 99116 , Torgue: 504 , Speed: 622
Time: 102516 , Torgque: 504 , Speed: 624
Time: 106000 , Torgque: 504 , Speed: 624
Time: 109488 , Torgue: 505 , Speed: 623
Time: 112972 , Torgue: 504 , Speed: 624
Time: 116456 , Torgue: 384 , Speed: 507
Time: 119940 , Torgue: 384 , Speed: 501
Time: 123428 , Torgue: 313 , Speed: 385
Time: 126912 , Torgque: 314 , Speed: 384
Time: 130396 , Torgue: 310 , Speed: 383

Figure 25: Result of Experiment 2

Based on our recorded data, the average time beteaeh data reading is 3455.4 us.
Therefore, the average transmission rate is 288sttsecond. The result shows that besides
having a decent sampling rate, our system is aié® ta send continuous RF signal in a

decent speed, since the experiment setup consitlezdame it took to not only sample the
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data but also to send it wirelessly through RFM1@B course the high transmission rate
would be unnecessary in our application, but gasd to know that a researcher is able to

build a low cost but fully capable system using setup.

4.3 Experiment 3

Torgue

Amplitude

VISA resource name

coM4 -

Time

baud rate {2600)

a[iis200

Time

Figure 26: Result of Experiment 3

From the graph of Experiment 3 result, it can bensthat our Receiver system works
perfectly well at 50 m. The received signal is canaple to the original sample signal as in
Figure 19. This proves that our system is ablegdansmit multiple data types at the same
time within a short range. However, when the rawgs increased to 250 m, our receiver

stopped receiving signal.
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4.4 Summary

Based on our experimental result, it is proven theitsystem is fully capable of executing
the tasks expected of it at the start of the ptojebas a good range of communication and
able to handle decent data sampling rate. Besnd¢sit is also able to transfer multiple

data securely which make it ideal to be used inaguicultural prime mover measurement.
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5.0 Conclusion

A remote measurement system for agricultural prninoeer has been proposed. It consists
of two main components which are Arduino UNO miamwicoller and RFM12B RF
wireless module. It also consists of LabVIEW datanitoring program. The project is
important to the nation's agricultural industry &ssisting in development of Malaysian

own agricultural tractor.

An overview of the important terminologies used tims project such as remote
measurement, Radio Frequency, Zigbee, torque &ueipnsor and agricultural prime
mover has been covered. Even though the definipanisseems trivial, it is very important
in terms of understanding the true architecturthisf system. The author definitely gains a

lot of insight by defining each terminology usedtfis project

Several papers relating to the project have besoudsed and a few of them provides
further motivation to develop this project. The eepproved that that a decently capable
RF monitoring system with medium range and sectr&asmission could be developed

with low cost.

Besides that, the methodology used in designing eadeloping the RF remote
measurement system for prime mover was presentedepth methodology on how the

selection of materials was made give significananngg to the value of this project.

Based on our experimental result, it is proven theitsystem is fully capable of executing

the tasks expected of it at the start of the ptojebas a good range of communication and
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able to handle decent data sampling rate. Besnd¢sit is also able to transfer multiple

data securely which make it ideal to be used inaguicultural prime mover measurement.

5.1 Recommendation for Future Work

There are several improvements that can be matthéstproject:

1. More data types could be tested instead of justviwch are covered in this
research project

2. Over time, more advanced microcontroller and wegleodules will be available
in the market with more powerful capabilities. Téfere, research should be done

continuously to keep improving the prototype inmsrof its range and speed
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