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ABSTRACT

Muscles generate low voltages which are around 100 mV when they contract. These
voltages are weakened by internal tissues and the skin. Even though the voltages are
weak but they can be measurable at the surface of the skin. Electromyography (EMG)
recorder is used to measure a muscle electrical activity that occurs during muscle
contraction and relaxation cycles. In medical applications, people mostly used a wired
EMG recorder. However, the advanced technology had allowed wireless collection and
recording of muscle electrical activities using an EMG recorder. Thus this report is
going to discuss in depth about a wireless EMG recorder. This project background study
will include problem statements to justify the need of this project, objectives, scope and
limitation of the project as well as project feasibility. Literature reviews will also cover
aspects like EMG signal, conventional EMG recorder, and types of wireless network
that can be used. In the m.ethodology part, the proposed design, tool and equipment will
be discussed further. Result and discussion will explain about the output obtained from

the project. This report will be wrapped up with a conclusion.
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CHAPTER 1: PROJECT BACKGROUND

1.1  Background Study

Since Emil du Bois-Reymond [1] discovered the nerve potential and electrical properties
of biological cells and tissues, electromyography system has evolved rapidly for THE
past hundreds of years. It started from analog EMG system, digital EMG system,
microprocessor-controlled EMG system, PC-based EMG system and the most recent
one are handheld and wireless EMG system such as the ZeroWire system [2] that was

manufactured by Aurion shown in Figure 1.

Figure 1: ZeroWire system

Recent developments in all fields of electronic technologies have pushed EMG
equipment into the present state. Wireless technologies such as Wi-Fi and Bluetooth
have also been incorporated into today’s existing EMG equipment to provide the user
with extended mobility. Acquired EMG signals can now be picked up on the body and
sent wirelessly to the personal computer (PC) where it is recorded, processed and
analyzed. These features give many advantages to the users especially the patient,

doctors, physician and others.



1.2  Problem Statement

Conventional electromyography equipment has few disadvantages which are:

1) The sensor electrodes are wired to the associated amplifier and display
equipment which cause the users to suffer from the inconvenience of carrying
many cabled electrodes [3].

2) Wire cables are subject to triboelectric phenomena whereby small electrode
potentials are caused by physical movement of the signal carrying electrical
cable [4]. Thus, the signal recorded could be not so accurate.

3) Besides, patient leakage current which is defined as the current flowing from a
part applied to a patient to ground that originates from the accidental emergence
of voltage from an external source on the patient may occur when using 240V

DC equipment [5].

1.3  Objectives

The main objective of this project is to build a wireless EMG recorder. Other objectives
are:

1) To apply the wireless module for signal transmission

2) To perform analysis on the EMG signals

3) To explore the function of MATLAB in recording and processing signals

1.4  Scope of Project

The scope of this project consists of research, prototype construction, testing, analysis
and improvements. The research is important for better understanding on the theory and
concept of a wireless electromyography recorder. After that, the concept will be applied
to design and build the prototype. Then, testing must be done to the prototype in order to
make sure it is working well. Furthermore, analysis of the result and improvements are

included in the scope of this project.



CHAPTER 2: LITERATURE REVIEW

2.1 EMG Signals

EMG signals are basically made up of superimposed motor unit action potentials
{(MUAPs) from several motor units. For an in-depth analysis, the measured EMG signals
can be decomposed into their constituent MUAPs. MUAPs from different motor units
would show different characteristic shapes, while MUAPs recorded from the same
motor unit are typically alike. The shapes of the MUAPs are important in conveying
information about the characteristics and arrangement of the muscle fibers. Figure 2
shows three time domain signals namely the EMG signal which is made up of individual
motor neuron action potentials, a rectified signal which looks similar to the EMG signal
but all values are positive, and a signal representing the cumulative sum of the rectified

signal reset to every 50 samples.
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Figure 2: Three time domain EMG signals



2.2 Conventional EMG Recorder

Basic operation of a conventional EMG recorder starts when the EMG signal generated
by the muscle fibers is captured by the electrodes, then amplified and filtered before
being converted to a digital signal by the encoder. It is then sent to the computer to be
processed, displayed and recorded by plotter software [7]. Figure 3 shows the operation

flow of conventional EMG recorder.
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Figure 3: Operation flow of conventional EMG recorder

2.2.1 Electrodes

Usually, Ag-AgCl electrodes are used in over 80% of surface EMG applications. Figure
4 shows typical Ag/AgCl electrodes.

Figure 4: Typical Ag/AgCl Electrodes
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Silver - silver-chloride (Ag- AgCl) is the most common composite for the metallic part
of gelled electrodes. The AgCl layer allows current from the muscle to pass more freely
across the junction between the electrolyte and the electrode. This introduces less
electrical noise into the measurement, as compared with equivalent metallic electrodes.
[8]. An EMG signal is collected by using a surface EMG electrode placed on the skin of
the muscle of interest. Figure 4 shows the placement of two EMG electrodes on the
biceps and one for the reference. Reference electrode is placed on the wrist, which is the
bony area of hand. This wrist is chosen because fewer muscles contained at this area
will not generate EMG signal. Before placing the electrode, the subject skin is cleaned
to reduce the resistance of the outer layer of the skin and ensure a good electrical
contact. The distance between the two electrodes is 2 to 5 cm apart and aligned with the
long axis marked on the skin overlaying the belly of the biceps muscle [9].

Figure 5: The plac;mer;t of two EMG electrodes

222 Amplifier

An amplifier is also necessary to optimize the resolution of the recording or digitizing
equipment [10]. Amplifiers of high quality have adjustable gains of between, at least,
100 and 10 000 to maximize the signal to noise ratio of the EMG signal during each
recording. This range of gains provides the sufficient range of amplifications for surface
EMG signals which can range typically from 0 to 6mV peak to peak.

)



While there may be several stages of amplification, the most important stage is often
described as pre-amplification. Pre-amplification implies the first stage of amplification,
close to the signal source. There are several important properties to consider in a pre-
amplifier:

. High common mode rejection ratio

» Very high input impedance

= Short distance to the signal source

« Strong DC signal suppression

2.2.3 Filter

Basically, there are three types of filters applied to EMG data: high-pass, low-pass, and
notch filters {11]. A low-pass filter is used in order to allow signal frequencies below the
low cut-off frequency to pass and stops frequencies above the cut-off frequency. This
type of filter is commonly used to help reduce environmental noise and provide a
smoother signal. For a high-pass filter, it allows frequencies higher than the cut-off
frequency to pass and removes any steady direct current (DC) component or siow
fluctuations from the signal [12]. A notch filter removes a particular frequency from a
signal and has a frequency response that falls to zero over a narrow range of frequencies

(i.e. a 50 Hz notch may block signals from 49.5 — 50.5 Hz).

2.2.4 Analog-to-Digital converter

The digitization process of an analog signal is performed by a device known as an
Analog-to-Digital Converter (ADC) [13]. The following ADC characteristics should be
considered:

» ADC Range Setting

¢ Gain Setting

e Minimum Resolution



2.2.5 Processor/monitor

At the processor of the computer, the EMG signal will be recorded by using certain
software and the signal graph will be displayed on the monitor, After the recording, the

signal characteristics will be processed for further analysis.

2.3 Wireless Network

Wireless networks based technologies has facilitated biomedical researches for several
decades and has been applied to convey bioelectric potentials like electrocardiograms
{ECG), electromyograms (EMQG), or electroencephalograms (EEG) [14]. Some benefits
of using wireless networks based technologies in include:

¢ Non-invasive monitoring

¢ Cost saving and efficient method of care

¢ FEase of communication between care givers and patients

2.3.1 Types of wireless network in medical applications

There are various types of wireless network that are being applied in medical

applications such as in {15]:

1) WBAN (Wireless Body Area Network)
These Body Area Networks (BANS) have extremely low power requirements which

make them fit for integrating them in day to day wearables. In the medical application
field, these unobtrusive devices can be attached to patient’s bodies to collect vital health
information such as ECG, blood pressures, etc. When used inside hospitals, BANs can
be used to monitor patients in critical conditions. Outside the hospital, i.e., homecare,
patients' vital signs can be collected and transmitted over the Internet to their doctors

and nurses in real time.



2) RVFID (Radio Frequency Identification)
RFID tags are used in hospitals to keep track of equipment. They can also be planted on
patients as well as doctors to know at time where they are. RFIDs are extremely low

powered radio devices that do not need any battery power.

3) WPAN (Wireless Personal Area Network)
WPANS using 802.15.4 or Bluetooth have potential uses in the medical fields. These
are short range networks that can be deployed for example, within a patient’s room.
Nurses are able to monitor patients in real time without having to visit them frequently.
These saves them time and give them the opportunity to take care of more patients.

Bluetooth is also a good technology for short range communication.

4) Sensor Networks
Sensor Networks technologies such as Zigbee are being combined with WBANS to form
smaller scale networks that can be placed on human clothing (or other objects) and
provide unobtrusive access to their health information. Due to lower power
requirements, they can be deployed for a long period of time. Due to limited range and
low price, sensor networks also are deployed in large mumbers and thus form a

distributed network covering a large portion of space.

5) GPRS/UMTS
GPRS and UMTS wireless technologies have also found their uses in the area of
medical applications. An application called MobiHealth, had been designed by using
BANs with GPRS/UMTS for Internet connectivity.

6) Wireless LAN (802.11)
Most hospitals, universities and corporate offices these days provide wireless LAN
access. Some benefits include untethered access to the Internet. Hospitals can use the
wireless LAN channels to transfer patient data around the hospital. Communication

between medical devices is also made possible using this wireless channel.



2.3.2 Wireless network standards
Although the area of wireless networks for medical applications is largely without
standards due to companies developing products based on their own standards, some
standards do exist as listed below. Recently there are increasing demands for creating
strict standards, especially for pacemakers, which are being used by a large number of
heart patients across America [15].

¢ IEEE Standards Medical Device Communications/Health Informatics Standards

Subscription

¢ ISO/IEEE Health informatics - Point-of-care medical device communication

o IEEE Standard for Medical Device Communications-Transport Profile

e Mobile Health Care Alliance

o Setting standards for mobile health information systems

o Medical Implant Communications Service in the 402-405 MHz band

e High-speed, ultra-low power, non-voice transmissions to and from implanted

medical devices such as cardiac pacemakers and defibrillators.

2.3.3 Comparison of the ways to create wireless communication

There are plenty of other options to create wireless communication or even small
networks of devices and applications [16]. Here is the comparison of some of the ways

10 create wireless communication between two or more devices:

i) XBee
Advantages: No collision of messages; very specific addressing of messages; can be
extremely long range, fast.

Disadvantages: Slightly expensive; sometimes difficult to configure.

ii) Wireless Internet
Advantages: No collisions of messages; very specific addressing of messages;
allows sending many different kinds of data; fast.

Disadvantages: Expensive; difficult to configure communication between another



computer and a wireless card; depending on the network and router; limited to range

of wireless network.

iii)  Cellphone

Advantages: Range unlimited; no collisions of messages; very specific addressing of
messages.

Disadvantages: Requires either a SIM card with an account or prepaid credits;
difficult to configure with the Arduino; can be relatively slow; expensive; high

power requirements.

iv) Bluetooth
Advantages: Allows large amounts of data; comparatively fast; does not require
much power.

Disadvantages: Difficult to configure; expensive.

V) Radio
Advantages:  Cheap; easy to configure; requires little  power.
Disadvantages: Cannot have more than one transmitter in an area; no addressing of

messages; range limited; comparatively slow.

10



CHAPTER 3: METHODOLOGY

3.1  System overview

Two surface EMG electrodes which are placed on the muscle tissue on the body will
send the signal to the amplifier circuit. After the signal is amplified, it will go through a
filter circuit in order to remove noise. The signal is then digitized using an Analog-to-
Digital Converter (ADC). A wireless transmitter then transmits the recorded EMG
signal to a wireless receiver circuit over wireless medium. At final stage, the data are
sent 10 a personal computer via a USB connection that processes the digitized signal.

The structure of the wireless EMG system is shown in Figure 6.
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Figure 6: Wircless EMG system
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3.2  Tools and Equipments

3.2.1 Hardware
1) Surface EMG electrodes

In this project, as shown in Figure 7, MEDI-TRACE™ Series Foam Electrodes will be
used since it has a smaller, teardrop shape footprint for convenient lead placement on
small or pediatric patients [17]. The low profile foam substrate is fluid and tear resistant.

The patented conductive adhesive hydrogel maximizes adhesion and electrical contact.

Figure 7: MEDI -TRACETM Series Foam Electrodes

2) Amplifier

The acquired EMG signal from the electrode is fed into an amplification stage. In the
amplification stage, the acquired EMG signal is amplified by two different amplifiers. A
differential amplifier is used with a gain of 110 as the first amplification and an
inverting amplifier with a gain of -15 is used for the second amplification. The INA106
(shown in Figure 8) is a differential amplifier which will measure and amplify the very

small voltage differences between the two electrodes placed on the muscle,

R‘
10kEX z
=i -.’}%J—v'ﬁ_-"‘f‘ ~0 Sanse
ey e
€
O Cupy
o v
R,
3 10k '
e O AAt ¢+ Reference

Figure 8: INA106 configuration
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To produce gain of 110, a INA106 and 1MQ resistor is used. The calculation for the

gain of the differential amplifier is shown in Equation 1 as below:

Ry
R
G oM —]
v —a Vout
R,
Ry
A=Rf{R1 =Rg/R2 (1)
~ (100k + 1My 10k
= 110dB

where Ry =Ry =100k + IM = 1.1IM(Q, R, = R, = 10kQ

The TLO72 chip (as shown in Figure 9) is a low noise JFET-input operational amplifier
which is be used to build an inverting amplifier, active high pass filter, full wave

rectifier and active low pass filter in this system.

1OUT [ 1 J 8 %Vcc.i.
1N- ]2 7] 20UT
1IN+ [] 3 6 [] 21N~
Veo- {14 5] 2IN+

Figure 9: TLO72 pin configuration

To produce gain of -15, 150kQ) and 10k resistors are used. The calculation of gain of

the inverting amplifier is shown in Equation 2 as below:

Ry
Ry,
Vin—WA Vour
=
=—R¢/Rip (2)
=— 150k / 10k
=—15dB

where Ry = 150k€2, Ri, = 150kQ

13



3) Filter and rectifier

A filter is used to eliminate the noise contained in the signal after the signal is amplified.
In this system, an operational amplifier that was included in the TLO72 chip is used for

building high pass filter, low pass filter and rectifier.

An active high pass filter (as shown in Figure 10) with 106Hz cut off frequency is used
to get rid of any DC offset and low frequency noise.

R,

Yo 13 R W
Hwv i_+>—~ 3

Figure 10: Active high pass filter

To produce 106Hz cut off frequency, two 150k resistors and a 0.01pF capacitor are
used. The calculation of the cut off frequency of active high pass filter is shown in

Equation 3 as below:
1

B 21tR1£'
1

" 2m(150k)(0.01)
= 106Hz

where R; =Ry =150kQ, C = 0.01pF

&)

<

An active low-pass filter (as shown in Figure 11) is designed to filter out the humps of
the signal in order to produce a smooth signal. The cut off frequency for this filter is
1.9Hz.

14
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Figure 11: Active low-pass filter
The calculation of the cut off frequency for an active low-pass filter is shown in

Equation 4 as below:

1

f, =
Zﬂch
1

T 2m(82k)(1.0)
=19Hz

where R; = Ry=82kQ, C= |.0pF

“4)

The amplified and filtered signal will then be rectified using an active full-wave rectifier
[19] as shown in Figure 12. The rectifier will take the negative portion of our signal and

turn it positive so the entire signal falls within the positive voltage region.

R\yzgnw R

R1

Vin

YR

Figure 12: Active full-wave rectifier

When Vj, is positive then V' = negative, D, is ON and D, is virtual ground at the input

to (1). Because D, is non-conducting, and since there is no current in the R which is

15



connected to the non-inverting input to (2), therefore, V, =0. Hence, the system consists
of two operational amplifiers in cascade with the gain of A; equal to (-R / R;) and the
gain of A; equalto (-R/R)=-1.

The resultant voltage output is V, = (R / Ry) vip > 0 (for viy > 0 voltage output of (1)).

Consider now next half cycle when Vi, is negative. The v' is positive Dy is OFF and D,
is ON because of the virtually ground at the input to (2) V2 = V; = V. Since the input
terminals of (2) are at the same {ground) potential, the current coming to the inverting

terminal of (1) is as indicated in Figure 12.

The output voltage is V, =i R + v where i = V / 2R (because input impedance of
OPAMRP is very high). Equation 5 shows the formula used in order to find V value.

V=itV 5)

The sign of V,, in Equation 6 is again positive because Vi, is negative in this half cycle.
Therefore, outputs during two half cycles are the same; and full wave rectified output

voltage is obtained as shown in Figure 12.

v 3 R
Vo=ga*R+V =3V =~—Vy (6)

where R =R; = 10kS2, D1 =D2 = IN4148

Another inverting amplifier circuit with a trimmer configured as a variable resistor is
used in order to invert the signal one more time. By using a screw driver and turning the
trimmer, gain of the signal can be adjusted to account for different signal strengths from

different muscle groups.

16



4) Analog to Digital Converter (ADC)
The filtered signal is fed into an analog-to-digital converter (ADC) which reads the
analog signal and converts it to digital signal. The ADC is used because RF wireless

module cannot receive analog data straight away.

5} PIC18F452 controller

The digitized signal is processed by the PIC18F452 controller (shown in Figure 13)
through suitable coding and then transmission using RF wireless module. The
PIC18F452 Pinout I/O descriptions is shown in Appendix A.
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Figure 13: PIC18F452 controller

6) RF wireless module

The output of the PIC18F452 is given as the input to the RF transmitter. The FM-
RTFQ2-433R  transmitter and FM-RRFQ2-433 receiver circuits are used for
transmission of EMG signal as shown in Figure 14 and Figure 15. The frequency range
of the RF transmitter and the receiver is 433.92MHz. The transmitter and receiver pair
enables the simple implementation of a data link at distances up to 75 metres in-building
and 250 metres in open ground. The modulation technique used is frequency modulation

(FM). The data rate of the modules could be up to 9.6kbps. The maximum supply

17



voltage for the transmitter is 12V and for the receiver is 5V. The datasheet of these RF
modules is shown in Appendix B.

i i | 4

Figure 14: FM-RTFQ2-433R transmitter circuit

Figure 15: RF receiver circuit

The transmitter module has five pins as shown in Figure 16 below. Starting from left,
Pin 1 and Pin 4 go to ground. Pin 5 is the data input from the microcontroller. Pin 3 is
the supply voltage, which will commonly be 5 volts. Finally Pin 2 is the optional

antenna.

RTFQ2

mll

345

:
Figure 16: Transmitter pin configuration

The receiver module has 6 pins as shown in Figure 17 below. Pin 2 and Pin 15 go to
ground. Pin | receives the incoming byte from the transmitter and Pin 18 sends the
incoming byte out to the microcontroller. Pin 3 needs no connection, but can be taken to
ground. Pin 14 represents Received Signal Strength Output which can be used as an

indicator for the received signal strength. Pin 16 goes to supply voltage. Pin 17 goes to
the AF output.

18



Component Side

T I

Figure 17: Receiver pin configuration

7) Computer
At the processor of the computer, the EMG signal will be recorded by using MATLAB

software and the signal graph will be displayed on the monitor. After the recording, the

signal characteristics will be processed for further application.

3.2.2 Software
1) MATLAB Software

MATLAB? is a high-level technical computing language and interactive environment
for algorithm development, data visualization, data analysis, and numeric computation.
MATIAB can be used in a wide range of applications, including signal and image
processing, communications, control design, test and measurement, financial modeling
and analysis, and computational biology [20]. The collections of special-purpose
MATLAB functions which are known as add-on toolboxes extend the MATLAB

environment to solve particular classes of problems in these application areas.
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4.1

CHAPTER 4: RESULTS AND DISCUSSION

Amplifier, Filter and Rectifier Circuit

The prototype for amplifier, filter and rectifier discussed in the Methodology chapter are

built based on the schematics in Figure 18 and Figure 19.
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Figure 19: Schematic for filter and rectifier
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The circuits in Figure 18 and 19 are built on the breadboard as shown in Figure 20. The

circuit uses positive and negative power supply by connecting two 9V batteries in series.

Figure 20: Circuit for amplifier, filter and rectifier

This circuit was tested with analog oscilloscope but the output signal produces some

noise. This problem may be solved by inserting a higher value of a variable resistor to

adjust the noise.

4.2 Wireless Transmission Circuit

4.2.1 Components

Few important components that are used in wireless transmission circuit are:

i. Two PICs 18F452
These two microcontrollers will be doing the processing of the data being
transmitted and received. One sends information to the RF Module transmitter and
the other PIC understands and executes the information sent to it by the RF

Module receiver.
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ii.  RF 434MHz transmitter module
This 5 pin module is small enough to fit into this project and add wireless

communication.

iii. RF 434MHz receiver module
The RF interface receiver module is larger for demodulation and amplification
circuitry. It also has a simple array of power, ground and data pins to connect up
with the PIC's USART.

iv.  Two LM7805 +5v Regulators
Two of these +5V regulators are used to control the battery input down to +5
volts. This is the power needed to run the PIC microcontrollers and can also be
used for the RF transmitter and receiver modules. The LM7805 takes battery input
and regulates it down to +5V.

4.2.2 Testing

To confirm that the proper information is being received, two testing circuits are built on
the breadboards as shown in Figure 21 and 22 by using two buttons for input which will
be present on the transmitter part and two LEDs for output on the receiver part. Suppose
that one button is pressed, a specific command will light up one LED; when the other
button is pressed, the other LED will be turned on. To produce this action, the two
PIC18F452s are being programmed with two firmware files (see Appendix C) by using
PIC Kit 2 software.

22



- " 7805 45v Re: B
Power Circuit 9 f
Microcontroller Circuit —w QT et
- ___!_ GND In
MCLR RET — = I T o
RAD RBE— T i :
RAT RBs |- L
ReZ RB4|— -
RA3 RE3—
RAd RE2— RF Transmitter
RAG g RBI- Modul
RED - REOH— j (1] e
- S . 434 MHz
- S
VDD o o 4 g = = o &
VS & Fe - 3 £ ¥ & &
sE1 RO5— Pl ey ] ]
0802 RD4}- : o J
RCO RC7 - L LT{— L
RC1 RCE - =
—rea Res|—
R RCA— RF Module Transmitter
— oo RD3[—
— DY RD2—

Figure 21: Schematic of Transmitter part
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Figure 22: Schematic of Receiver part

The circuit was then tested using an analog oscilloscope. The output signal produced by

the RF transmitter is shown in Figure 23.
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Figure 23: Output signal of RF transmitter

The output signal produced by the RF transmitter is in sinusoidal waveform. The output
is not accurate as it should be in triangular waveform since the transmission is in digital
form. On the other hand, the output signal produced by the RF receiver is a 5V peak-to-
peak triangular waveform as shown in Figure 24. The output is not accurate too since
the signal that was transmitted by the receiver should be same with the signal received at
the receiver. The configuration on wireless transmission circuit must be checked

properly to avoid unwanted signal.

Figure 24: Output signal of RF receiver
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Then, another testing was performed by applying frequency as the input to the
PIC18F452 at the transmitter part. The frequency applied was 5Hz. The output signal
for both RF transmitter and receiver were measured using digital storage oscilloscope as

shown in Figure 25.

Figure 25: Output signal of RF receiver and transmitter

The upper signal shows the output for the RF transmitter and the lower signal shows the
output for the RF receiver. The measurement shows that both output signals are quite
similar despite the differences on the peak-to-peak voltages. For the transmitter output,
the peak-to-peak voltage is 96.0mV and the receiver output produces a bigger peak-to-
peak voltage which is 104mV.

The next step that should be furthered is to make sure that the EMG signal can be

transmitted wirelessly using the RF transmitter and receiver. The main concern is to find

a suitable sampling frequency so that the signal can be recorded in the plotter software.
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CHAPTER 5: CONCLUSION

As mentioned earlier in the objective, the main purpose is to design and build a wireless
electromyography recorder which allows for wireless collection and recording of EMG
signals. In the mean time, the objective of this project has not been fully achieved yet.
The biggest challenge in this pfoject is to make sure that the signal is sent successfully
through the wireless medium and record it. In order to get an accurate signal, extra

attention should be put on the wireless transmission.

As conclusion, this project is not complete 100% yet. If this project can be implemented
successfully, it will bring many benefits to the user, especially the one with muscle
diseases, and it can be applied in other advanced applications such as moving a

wheelchair.
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PIC18FXX2

S————

TABLE 1-3:  PIC18FaX2 PINOUT KO DESCRIPTIONS
Pin Number Pin | Buffer
Pin Name Description
DIP |PLcc]TOFP|TYPE| Type
MACLRMPE i 2 18 #faster Clear (input) or high voltage IC5P
programming enable pin.

VCLR i 5T Masier Cloar (Reser! input. This pin is an aclive

low RESET 10 the device.

Wep 1 ST High voftage ICSP programming enabia pin.
MG — —_ —_ Trese ping styuld be loft unconnpcted.
OSCH/CLKI 13 14 a0 Oseiflator crystal or extamal clock input.

01 ] 8T Oscillator crysial inpart or extemat clock source

inpat. 5T bufier when configurad in RC moda,
CHOS otharwiza.
CLK} i | CMOS External clock sourcs input. Alwzys associated
with pin function OSC1. (See relaied OSCTACLKL
QOSCZTLKO pins.)
OSCHCLKORAR 14 15 31 Oscitlaor erysial o clock catput.

QsCz o — Qszecillator crymal sutput. Connacts 1o Crystal

oF rescnator i Crystal Oscillator mesde,

CiLKD — In BC made. O&C2 pin cutpats CLKO.

which has 174 the frequancy of O5C1 and
denptes the mistucton cycle rata.

AAE O TTL General Parpose 140 pin.

PORTA Is a bi-directional (X0 part.
AACIAND 2 K 12

RAD WG TTL Digital (40,

ANC | Analog Analag input T
PALANT 3 4 20

R4l LG TTL igiial HO.

ANY | Analog Analag input 1.

RAZANEY qEE- 4 & 21

RAz 9] TTL igtal W0,

ANz ! Analog Analag input 2.

WrE=- t Anatog AT} Rafaronce Voltage (Lowi input.
FAANIVaers 5 & az

RA3 120 TIL higital KO

ANz 1 Analog Analog ingut 2.

WVRET+ Analog AT Refaranca Voltage (High? input.
RASTOCKI & 7 23

BAs4 W2 ) 8100 Digital 'O Open drain when configured as ousput.

TOCK] t 5T Tirnerd external clock inpar.
RASANASEIVDING 7 ! 24

HAS Fa] TTL DHgital 8T

ANs i Analog Anaiag input 4.

BE ] 8T EPI Slave Seleet inpat,

DN | Analog Low Vollsge Detact Inpus.

RAE {5ee the DSC2CLKCYRAS pin

Lagend: TTL = TTL compasiole npui

5T = Scnmiy: Triggar inpus with CMOE fevalz

O= Sutput
O = Opan Drain inc P tiods 1o Vooi
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CMGS = CMOS compatibls input of cuipu?
= Input
F = Powar



PIC18FXX2

TABLE 1-3:  PIC18F4X2 PINQUT {0 DESCRIPTIONS (CONTINUED)
Pin Number Pin | Buffer
Pin Name Description
pie |pLeC|{Torp|TYPe| Type &

: PORTE is a bi-girectional 1’0 port. POATE can be
goftwara programmad for internzl waak pull-ups on alf
npus.

ASCNTO 32 28 &
RABU ihia] TL Digital Y0
INTO i 5T Extamal intenupt £,
FE1/NTI 34 a7 2
Az 28] TTL
iNT1 } aT Estomnal intemupt 1.
RS2ANTZ 35 8 0
ABz ’ ihal TIL Digital 110
iNT2 1 1) Extamal Interrupt 2.
R33/CoP2 36 29 11
go3 B | TTL Trigitst 10,
CCPz G 5T Capturez iaput. Comparsz cuiput. PWHZ output.
Ras a 41 i O L Digital B0 inverrupt-on-changa pin.
ABs/PGEM 38 42 18
Ass R} TTh Bigita! ¥Cr Imerrupt-on-changa pin.
PEM WQ sT Low Violage ICSP programming enabia pin.
RABEPEC 35 43 16
g55 $O TTL Diigital W0, intetrupt-on-changse pin.
230 (R} 5T In-Circuit Dabugger ang ICSF programiming clock
pi,
BE7PGD 40 44 17
REv W TIL Digita! 10 intermupt-on-change pin.
BGED VO 5T in-Cireuit Dabugger and J25P pregramming cata
pin.

Lageng: TTL = TTL compatible inpe

ST = Serimit Trigger inputt with CRIOS lavels

O = Crutput
Q0 = Qpen Drain ing P dinds to Yoo!
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CMOE = CMOS compatitle input or cutpat
I = Input
P = Powsr




PIC18FXX2

TABLE 1-3:  PIC18F4X2 PINOUT VC DESCRIPTIONS (CONTINUED)
Pin Number Pin | Buffor
Pin Name Description
o | pLee|Torp)TyPe) Type
PORTC is a bi-firectional U port,

BCOTOSOMICKI | 15 18 32

RCa e} 87 Digrtal 0.

T1080 o — Timer1 oscillztor outpul.

TiCK! | 13 TimerifTimer3 extarnal clock input.
RCATIQSVCCR2 6 1B 35

RCA Re; =11 Digital 1C.

T+D&I | CMOS Tirmert oscillator inpaet.

CCR2 Lo ST Captura2 input, Comparaz output, PWME2 cutput.
RC2CCR 17 19 35

o2 i 87 Digital ¥O.

CORT 8] 5T Capturet input'Comparat autput PWRT owsput.
AC3ECKSCL 18 { 2o a7

RC3 5O a7 Digital 2

SCK Lo} ST Synctiranous sanial otk inputioutpat for

5Pt rmode.
5CL L ST Soy'n:hmmus sarial clodk inputioutpa for
=C mode.

AC4HSDESIA 2z 25 42

ACs "0 5T Digital £

S0f 1 ST &Pl Tata In.

S04 o] 8T 12C Dats 110,
HCSEDO 24 26 43

ACE Ko} 13 Digitat 1O,

500 G — P Saa Cut.
ACeTXCK 25 | =¥ &4

RCa e} 18 Diggtal 10

T o - USART Asynchronous Transmiz.

CK Q 1 USART Synchrorous Clock 'soa retated RX/DT ).
ACTRXDT 2% 23 1

RACT e} &7 Digital ¥0.

BY | 5T USART Asynchronous Racelve.

oT L0 ST USART Bynchronous Data (see related TXTK)L

Lagend: TTL = TTL compatitle inpus

ST = Schmitt Triggar inpu! with CMOES lavals

O = Outpat
O = Open Drafn ine P giade 10 Voo)

32

CMOS = CMOS compatible input of cutpui
= Input
P = Powar




PIC18FXX2

TABLE 1-3:  PIC18FaX2 PINOUT VO DESCRIPTIONS (CONTINUED)}

Pin Number Pin | Bufter
Pin Name Description
o [pLec|tare|Type| Tyme
PORTD is a bi-directionzl ¥O part, or a Paralfel Slave
Port (PSP for imterfacing 10 8 micraprocassor pors,
"| Theaa pins have TTL inpw: buffors when PSP module
is anabled.
ROWPSPo 1@ g 3 | I 1 Digiial Q.
TiL Parafiel Stave Port Data.
ROPSP1 20 2 3 | KO 8T Digital £0.
TTL Parailet Slave Port Dats.
HDaPSP2 21 23 4 110 5T Digitad 11O
T Parafie! Slave Port Dats.
RD3'PSP2 22 24 4 (L] st Digital 1O,
TTL Parallel Siave Port Data.
RO4/PSP4 27 30 2 2 5T Digital G,
T Paraliel Skave Port Datz.
ROSPSPS 29 31 3 [Ea] 5T Dighal Y0,
TTL Paraliel Slave Port Daiz.
RDEPSPE 26 32 4 E} 5T Digital 140
TIL Paraltal Slave Port Dats.
RO7/PSPT ac 23 5 1" 8T Digital KO-
TTL Parafle] Siave Port Data,
PORTE is 3 bigrectional KO por.
RECTRDANS 8 g | 25 |0
REC 5T Digital O
R TIiL Fazd conirol for paralled slave por
{500 alsn WH and TF pins),
ANs Analog Analac inpus 5.
AE1WRIANG a | 19| = | 1D
AE1 &7 Digital 0.
Wi TTL Write conirgt for parallet slave pont
is86 TS and FD pinsh
ANE Analog Analog inpat 6.
REZ/CSiANT 1wl 1 iy |0
REz &7 Diigital 4G
S TIL Chip Salect control fof parallel stava port
1se9 related AD and WH).
ANT Amalog Analog input 7.
Vo 12 3i|12. 34 |6, 28 |P - - 1Ground reference far togic and VO pins.
Voo 11,3212, 35(7. 28 |P _ Positive supply for logic ang 40 pins.

Legant: TTL = TTL compat

hle inpud

BT = Schmit Trigger input with CAMOE levels

0= Cutput

Q0 = Open Oain (no P diode to Voo
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CMOS = CHMOS compativle input or cutput
I = Input
P = Ppwer




ﬁ! FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
HYBRID MODULES. FM-RRFQ SERIES

FM Radio Transmitter & Receivers
Available As 315 or 433 or 868MHz
Transmit Range Up To 250m
Miniature Packages

Ouls Flate 1pio 9.6pe RTFQ1
No Adjustable Components
Very Stable Operating Frequency
Operates from 20 to +85°C

Transmitter

® 312 Supply Voltage
e SIL or DIL Package

Receiver

PLL XTAL Design
CMOS/TTL Output

RSS! Output

Standby Mode {max 100nA)
5V Supply Voltage

RIFQ2

Applications

Wireless Security Systems
Car Alarms

Remote Gate Controls
Remote Sensing

Data Capture

Sensor Reporting

. & & & & @

Description

These miniature RF modules provide a cost effective high performance FM Radio data link, at either 315,
43392 or 868MHz . Manufactured using laser trimmed Thick Film ceramic Hybrid the modules exhibits
extremely stable electronic characteristics over an Industrial Temperature range  The hybnid technology uses
no adjustable components and ensures very refiable operation

This transmitier and receiver pair enables the simple implementation of a data link at distances upto 75 melres
in-buiiding and 250 metres open ground

These modules will suit one-to-one and multi-node wireless links in applications including car and buiiding

security, EPOS and nventory tracking. remote industnial process monitoring and computer
Because of their small size and low power requirements, both modules are ideal for use in portabie, battery

powered applications such as hand-held terminals

35



S
~q A\¢ FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
R HYBRID MODULES. FM-RRFQ SERIES

Transmitters
Trere are two versions of ransmitter:

RTFQT; A Dual in Line Package operafing at 3.3V. This provides the most rugged mechanical fixing o
the host PCB. Powetr Down mode is also available.

RTFQ2Z; A Single in Line Package Incorporating a voltage regulalor for 3-12V operation. (Compatible
with many other RF transmitter modules available)

Transmitter Block Diagram

Sgitlgtr Epnthes T

Part Numbering
Part Number Description

FM-RTFO1.315 DIL FM Transmitter Module 315 MHz
FM-RTFQ1-433 DIL EM Tranamitter Moduke 433.82 MH2
FM-RTFCQ1-868 DIL FM Transmitier WModuke 868 35 MHz
FM-RTFQ2-433R SIL FM Transmitter Moduie 433.92 MHz 312V 1P
FM-RTFQ2-868R SIL FM Trangmitter Module B58.35 MHz 3-12V 1P

Receivers

There are two versions of receiver:

RRFQ1: A Single in Line Package with sleep / Power down mode.

RRFO2: A Single in Line Package, pin compatible with many other receivers

Receiver Block Diagram

K= SR

n
'L\).’
: e A LT ~
- HE e
Dt
I v o4
o ER I =4 [t

Part Numbering
Part Number Description
FM-RRFQ1-315 SEFM Receiver Module 315 MMz
FM-RRFQ1-433 SIL FM Recelver Module 433.92 MHz
FM-RRFQ1-866 SiL FM Recaiver Module 968.35 MHz
FM-RRF2-433 SIL FM Receiver Module 433 .92 MHz
FM-RRFQ2-588 Sl F¥ Receiver Module 86535 MHz
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Ny HYBRID MODULES.

RTEQH Mechanical Dimensions

PCB Laynwt Requeremens

FM TRANSMITTER & RECEIVER

FM-RTFQ SERIES
FM-RRFQ SERIES

U Moduie Thckness 2
‘(? 1:’ Top View . . s
E0Bren| t iCompanents 1e4amm  OTson”lliphch
B 'di _______ . Undemezth} Fin Dimansions
284mmy X - 0.25mm x 0 E0mm
-(?.. 0o .q}
RTFQ2 Mechanical Dimensions
PCE Layout Recuiremerts 30 49mm '
1
:I Moakie Thickness 3mm
1B.A7mm
[ N d)‘ 'é’ 4} srra: o 2ins on 2.5 pich
- AT 2 == Fin Dimensions :
2501 BB ) | I [[] 7 s
244 spacing i E
Pin Description
RTFQ1 RIFG2 Hame Description
1 N/A En Enable {active high)
Z g N Data inpat
3 1 END Ground, Connect to RF earth retum path
4 3 Vee Stpply Voltage
g 4 GND Ground, Connect to RF garth retumn path
[3 2 EA External Antenna
Technical Specifications
Electrical Characteristics Mt TYBICAL A DIMENSION
Supply Yoltzge RTFQ 2.1 33 100 i
Supply Yoltage RTFQ2 25 12.00 WV
Supply Current 7 ] mA
| Standby Currerd (N = EM = Low} I A
350
Frequency 43382 WHz
866.35
RE Output inte S0 (Vee=3.3V) +5 7 454 +3 dBm
initeal Frequency Accuracy -35 i +35 KHz
M Deviation 25 30 a5 KHz
| Hamonic Spuious Enissions -5 dBe
mput High “oltage RTFGH 1.5 vee W
| tnput High Voltage RTFQ2 15 55 Y
Powerup Tinie (En to full RF) 1 ms
Powar up Tiene {Power on fo fult BF) & mS
Wax Data Rae X3 RHZ
Operating Temperature -5 +B0 C
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ﬁ! FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
HYBRID MODULES. FM-RRFQ SERIES

RRFQ1 Mechanical Details

3 igm __4 :‘__ém—

Companem Fde 1E.3m

1 2 T i1 48] |
M]}J '.EJ ]y‘lu”y"lr Fin Dmatsone
2.5 L.2eTTxD.3nm

RRFQ2 Mechanica! Details

5.7 — }.___37:"
I
Comaong Sde €.5me {
12 14 19 L
H .]”rﬂf dF‘""’ FIf D Tms 2rs -
s £.28mm x0.59mm
Pin Description RS8S! Gutput”
RRFQ1 | RRFQ2 Pin Description RF In {dBm} RSSI(V)
1 16 +eg -120 1.20
271 215 GHD =118 1.32
3 1 Diats In fAntenna) -100 1.50
12 NC .80 1.78
13 14 Received Siinal Strength Cuipart -89 206
WA 17 AF Output 70 335
14 18 Data Out -BD 262
15 NzA Power Down -50 in
o/ = Standby -40 275
5V = Operating

RSSI Output
The RSSI provides a DC Voltage proportional {o the peak value of the receive data signal. This output can be

used as an indicator for the received signat strength 1o use in wake-up circuits etc.

An RC circuit is narmally used 1o pravide the timing for the RSS! signal. The modules have a 10nF capacitor
internally connected to GND, therefore a pult down resistor (to GND) connected to the RSSI pin may be used
0 generate a simple RC network time constant for the RSSI signal output.

Please note that the maximum owtput curment is typically 9504, the discharge current is iower than 2pA
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‘\Q FM TRANSMITTER & RECEIVER FM-RTFQ SERIES

HYBRID MODULES. FM-RRFQ SERIES
Technical Specifications
Electrical Characteristics Min Typical Max Dimension Notes
Supgly Voltage (Ve 45 5 55 V
Supply Current (Operating) 5.7 6.8 [y
Suppty Corrent {Standiy) 160 nA
315.00
Receiver Frequency 43382 MH=z
958.35
R.F Sensitivity {100% AN}
315 433IMHZ versions -103 dEm
863MH> versions 100
3dB Bandwidth +1-150 ¥KHz
Data Rate 300 9,600 Hz
Tum on Time ] mSecs 1
Tum on Time [ mSecs
Level of Envitted Spectrum -7l dBm
Low Level Culput Voltage 0.8 7 1= 200ud.
High § evel Qufput Voltage Yee-1 i = 200ui
RSSI Output §.95 mi
Cperating Teniperatire Range 35 +B61 C
heptes

1. Time from PO pin going high to stable data. (RRFG1 ony)
2 Time from Power ON to stabla dala.
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FM TRANSMITTER & RECEIVER FM-RTFQ SERIES
HYBRID MODULES. FM-RRFQ SERIES

Typical Application

The following circutts show a remote control system with ‘seif leaming feature’ for more information
please see Datasheet DSEO0

Transmitter Circult

] Okt L
r RIFGI-ARK ol
Receiver Circuit
N
Voo
- f
D1m ; e
: L ERSEE
B [e3 % AR RN L A N
FM-RRFQ1 r? - T:;H:‘“‘ SRR il O3B 2
'TE] ¥ I 12 ? .
‘ ny 3 [ P 2
T TT ] : ) a Ll o P4
. !'-_—wi‘m ' prgggn ‘ o iy
/ ary tenal Data
Swlioh Ottt
= = Vo
. *m—-—-—mm-—: ] 2ok ‘1————‘: - _f
(=13 2R3
j-
Prototyping Hints: .

It is essential when building any Low Power Radio System that you have a ‘clean’ DC power source. Typically
the ripple voltage should be less than 10mV Peak to Peak. Normally a 470uF decoupling capacitor is sufficient
de-coupling for an AC derived DC power Source.

Never place a Transniitier or Receiver direclly into Vero-Boatd of any similar prototyping board. This wilt
severely restrict the range. Rather, use stall lengths of wite from the prototyping board to the pins of the
Transmitter or Receiver.

A useful antenna, for testing purposes, for boih the Transmitter and Receiver on 433MHz is to use a piece of
wire 17.3cm long {23.8cm al 315MHz) soidered directly to the antenna pin.

For more information of general enquiries, please contact,
RF Solutions Ltd.,
Unit 21, Cliffe Industrial Estate,
South Streel, Lewes, E Sussex, BN8 6JL. England
Tel +44 {0)1272 898 000 Fax +44 {G)1273 480 657

Email sales@yTsolutions.co.uk hup:iveww. rfsolutions.co.uk

R Soiutions is a member of the Law Fower Radio Association
All Trademarks acknowledged and remain the property of the respected owners
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Appendix C: RF Transmitter and Receiver Firmware Files

RF Transmitter Firmware

------------ « Begin Code y»mmmrmmmmmmm-
//*****x%*xButton/Command Output CoOntrolr*xkskxkkrik
//*************-k*-k-k-k-k*-k-k-k**************************
//If No Button Pressed, Send Command LO
if (PORTDbits.RD0 == 1 &&

PORTDbits.RD1l == 1){
//Turn LED ON
putcUSART( "0' }; //write value of PORTD
DelaylORTCY=(10) ;
putcUSART{ 'L' ); //write value of PORTD
DelaylOKTCYx (10} ;
}
//1f Button #1 Is Pressed, Send Command L1
else if (PORTDhits.RDO == G &&
PORTDbits.RDL == 1){
//Turn LED OFF
putcUSART( '1' ); //write value of PORTD
DelaylOKTCYx{10);
putcUSART ( 'L' ); //write wvalue of PORTD
DelaylCRTCYx(10);
}
//If Button #2 Is Pressed, Send Command L2
else if (PORTDbits.RDO == 1 &&
PORTDbits.RD1 == 0){
//Turn LED OFF
PutcUSART{ '2' }; //write value of PORTD
DelaylOKTCYx (10) ;
putcUSART{ 'L' ); //write wvalue of PORTD
DelaylOKTCYx (10);
}

//************ EhkhkdkhkhkhkrthkhbdddrkRhbddhbhdhrbhrddrdhhkhbbhbthd

SRR O T L a7 ) e—————
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RF Receiver Firmware

-ammemm—- Begin Code »----—m-m-r
//******** Button/LED Control *hkdkkkdkkk
if{data array[i] == 'L' &&
data arrayl2] == '0")
PORTA= 0Ox00;
//*¥%*% Button 1 Pressed ~ LED #1 On ****

else if(data_array[l] == 'L" &&
data_array[2] == '1'")
PORTA= 0x01;
//**%% Button 2 Pressed - LED #2 On *x¥*
else if(data array[l] == "L' &&
data arrayiZ] == '2')

PORTA~ 0x02;

//**'!c'k*k'k*****‘k*'k***************************

//Tnterrupt Evaluation Routine
if(PIR1bits.RCIF}{
buf = ReadUSART();
data arrayl[7] = data_arraylél;
data arrayi{6] = data_array[5]:
data_array[5] = data_array(4}:
data array{4] = data_array[3}]:
data_array[3] = data_arrayl[2];
data array[2] = data_array[l];
data arrayl[l] = data_array[0j;
data_array(0} = buf;
PIR1bits.RCIF = 0; //Clear RCIF Flag

------------ « End Code »-——-ururemn
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