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Investigation into Long-Range Wireless Sensor Networks
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Third Generation

Analogue to Digital

Alternating Current

Acknowledgement Packet

Analogue to Digital Converter

Ad Hoc On-Demand Distance Vector

Adaptive Transmission Rate Control

American Radio Relay League
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Additive White Gaussian Noise

Bit Error Rate

Binary Phase Shift Keying
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Cumulative Distribution Function

Code Division Multiple Access
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Carrier Sense, Multiple Access with Collision Avoidance
Direct Current
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Direct Sequence Code Division Multiple Access
Destination-Sequence Distance Vector

Digital Signal Processing

Dynamic Source Routing

Direct Sequence Spread Sprectrum

Electrical and Computer Engineering (JCU)
Electronically Erasable Programmable Read Only Memory
Effective Isotropic Radiated Power
Exponentially Weighted Moving Average
Frequency Division Multiple Access

Fast Hopping Code Division Multiple Access

184



Appendix A

Investigation into Long-Range Wireless Sensor Networks

FHSS
FSK
GFSK
GPS
HF

I°’C

IC
IEEE
IF

1P
ISM
I™
ITU
JCU
LED
LF
LNA
LOS
LRNet
LRWSN
MAC
MCU
MIMO
MMX
MSK
MT
OFDM
OQPSK
oS
OSI
PA
PAN
PCB
PCF
PDA
PDF
PLL
PTP
QPSK

Frequency Hopping Spread Spectrum
Frequency Shift Keying

Gaussian Frequencey Shift Keying
Global Positioning System

High Frequency

Inter-Integrated Circuit

Integrated Circuit

Institue of Electrical And Electronics Engineers
Intermediate Frequency

Internet Protocol

Industrial, Scientific And Medical
Irregular Terrain Model

International Telecommunication Union
James Cook University

Light Emitting Diode

Loop Filter

Low-Noise Amplifier

Line-of-Sight

Long-Range Network

Long-Range Wireless Sensor Network
Medium Access Control
Microcontroller Unit

Multiple-Input, Multiple-Output
Multimedia Extensions

Minimum Shift Keying

Minimum Transmission

Orthogonal Frequency Division Multiplexing
Offset Quadrature Phase Shift Keying
Operating System

Open System Interconnection

Power Amplifier

Personal Area Network

Printed Circuit Board

Point Co-Ordination Function
Personal Data Assistant

Probability Density Function
Phase-Locked Loop

Point-to-Point

Quadrature Phase Shift Keying

Radio Frequencies

185



Appendix A Investigation into Long-Range Wireless Sensor Networks
RSSI Received Signal Strength Indicator
RTS/CTS Request To Send/Clear To Send
SDRAM Synchronous Dynamic Random Access Memory
SMACS Self-Organising Medium Access Control for Sensor Networks
SNR Signal to Noise Ratio
SPI Serial Peripherals Interface
SQL Structured Query Language
SRAM Static Random Access Memory
TCP Transmission Control Protocol
TDMA Time Division Multiple Access
TORA Temporally-Ordered Routing Algorithm
TOSSIM Tinyos Simulator
UART Universal Asychronous Receiver Transmitter
UHF Ultra High Frequency
USART Universal Synchronous Asychronous Receiver Transmitter
USB Universal Serial Bus
VCO Voltage Controlled Oscillator
VHF Very High Frequency
VSS Visual System Simulator
VSWR Voltage Standing Wave Ratio
WLAN Wireless Local Area Network
WMEWMA Window Mean with Exponentially Weighted Moving Average
WSN Wireless Sensor Network
WSN Model Wireless Sensor Network Propagation Model
zC Zigbee Coordinator
ZED Zigbee End Device
ZR Zigbee Router
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Radio Propagation Model for Long-Range
Ad-hoc Wireless Sensor Network

Simon L.Willis, Student Member, IEEE, Cornelis J. Kikkert, Senior Member, IEEE

Abstract—Recently there has been a growing interest in short-
range, densely deployed wireless sensor networks. However, the
range of applications for these networks is severely limited, as the
sensor nodes are unable to communicate over long-distances.
There are many applications involving environmental
monitoring, which require ad-hoc communications over distances
up to 10km. This paper describes a proposed long-range wireless
sensor network and discusses the development of a suitable long-
range ad-hoc propagation model to predict the signal-to-noise
ratio (SNR) for radio links over irregular terrain. This paper
shows that the SNR for such links can be approximated using a
Rician distribution and concludes by providing an example of
SNR prediction for a proposed rural test site.

Index Terms—Ad-hoc networks, radio
propagation.

sensor networks,

1. INTRODUCTION

RECENT advances in electronics and wireless technology
have allowed for the development of low-cost, low-power
sensor nodes that may be randomly deployed to form a multi-
hop wireless sensor network. Multi-hop sensor networks have
tremendous advantages over conventional ‘base-station’
networks since they are able to span distances much larger
than the transmission range of a node and are able to adapt to
network changes to improve network performance. In addition
the transmitter power required by each node is less, because of
the shorter distances involved, since the nodes have the ability
to communicate with surrounding nodes so that messages may
be passed across the network.

To date, the majority of research in this field involves the
development of miniature, low-power nodes that are to be
deployed in a dense sensor network. These nodes typically
have a short transmission range of several of tens of metres,
which excludes them from possible applications, such as the
ability to monitor environmental conditions such as
temperature, soil moisture and other critical environmental
parameters that can be separated by long distances and are
vital to the efficient operation of many farms.

The focus of our research is to investigate what changes are
needed to existing short-range wireless sensor networks to

Manuscript received 15" March, 2005.

The authors are with the Department of Electrical & Computer
Engineering, James Cook University, Townsville, QLD, Australia (email:
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enable communications over long distances. A distinctive
environment where this capability would be desirable is on a
typical Australian cattle property as shown in Fig. 1. On such
a property it is highly desirable to monitor the level of water
in cattle water troughs, as at present this needs to be checked
manually on a daily basis. This is a laborious manual task
since distances of up to 10km may separate the troughs.

Fig. 1. Typical Australian cattle property.

Our aim is to produce nodes that are low in cost, solar
powered and easy to deploy. They require a transmission
range of up to 10km. In order to obtain this goal we plan to
modify the Berkeley Mote [1] by replacing the transceiver
with a lower frequency, higher power unit. It is planned that
the transceiver will operate in the Australian unlicensed 40.66
— 41 MHz frequency band with a maximum power output of
IW EIRP. To maximise power efficiency, a class-C RF
amplifier will be utilised. However, due to the inherent non-
linearity of this amplifier a modulation technique with a
constant envelope must be used. Suitable techniques include
frequency-shift keying (FSK) or some forms of quadrature
phase-shift keying, such as n/4 QPSK, OQPSK or MSK.

In order develop the sensor network, it is necessary to
utilise an accurate network simulator, such as Tossim, which
is packaged with the TinyOS Mote operating system [1]. The
main advantage of Tossim is that it conducts simulations using
the same code that will be programmed into the nodes.
However, Tossim has a very poor radio propagation model for
the long distances required in our system. As a result we have
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developed a propagation model that is suitable for the
proposed sensor network and is presented in this paper.

Section II of this paper discusses the basic radio
propagation mechanisms and the relevant equations that are
implemented in our model. Sections III and IV present the
final radio propagation model and describe the results of
initial simulations. Section V concludes the paper and
discusses future work.

II. RADIO PROPAGATION MODELLING

Radio propagation is a complex and diverse phenomenon
that has been the subject of research for a long period of time.
Much of the recent work has been on predicting the signal
strength at UHF frequencies in an urban environment for
digital television and mobile phones [2]. For our application
the sensor nodes operate at a frequency of 40MHz for which
adequate radio propagation models fitting our application are
difficult to obtain. In addition the system will be deployed in a
sparsely vegetated, rural environment. The propagation
mechanisms that operate at 40 MHz in a rural location are:

A. Free-Space Loss

In an ideal environment the power radiated by an antenna is
spread uniformly over the surface of an imaginary sphere
surrounding the antenna. Therefore, the power density at a
point on the sphere decreases as the distance from the antenna
increases. The power received at a distance, d from the
antenna is given by equation (1).

PAG,G,
Ty .

where P, and P, are the received and transmitted power,
respectively, G, and G, are the gain of the transmitter and
receiver antennas, respectively and d is the distance from the
transmitter.

B. Reflection

When a transmitted signal is incident on an obstacle that is
considerably larger than the wavelength, then a reflection of
the signal will occur. Reflections may occur anywhere in an
environment and cause multiple signals to reach the receiver,
each with different magnitude and phase. This phenomenon is
known as multipath propagation and is illustrated by Fig. 2.
Here, we have 3 multipath signals that will have different
phase to the direct signal and will therefore act to improve or
degrade the overall signal quality.

It was stated above that for a reflection to occur, the
obstacle must be larger than the wavelength. In the proposed
sensor network the wavelength is 7.5m, but the terrain will be
fairly barren for typical Australian outback applications. This
means there will not be many reflections since obstacles with
dimensions larger than 7.5m will be rare, as shown in Fig. 1.

Neskovic, Neskovic and Paunovic [2] showed that the
magnitude of a reflected signal is determined by the reflection

coefficient, 7 as shown by equation (2).

P, =T*(a)R )

F(@)— cos O—ay &, —sin’ 6

cos 6+ a\/gr —sin? 6

P, and P, are the power of the reflected and incident signals,
respectively, ¢, is the relative dielectric constant of the ground
6= 90° - a (ais the angle of incidence shown in Fig. 2) and a
= [/¢or 1 for vertical or horizontal polarisation, respectively.

C. Two-Ray Model

Nescovic et al. [2] presented the two-ray model which is
commonly used for modelling a line-of-sight (LOS) radio
channel. The signal strength is shown by equation (3) and is
calculated by summing the contribution of each path. This
equation is derived from the free-space loss equation (1), as
well as equation (2), above.

2
1 1
d—exp(— jkd1)+ F(a)d—exp(— Jjkd, ) (3)

2
P :P,G,G,[iJ
4 | 5

where d, and d, represent the length of the 1* and 2™ paths,
respectively.

The Two-Ray Model is often used to describe the
propagation of a direct ray and a ground-reflected ray. If this
is the case, the value of « is very small for horizontal
polarisation and long links and the reflection coefficient is
approximately —1. This means that the direct and the ground-
reflected waves will cancel. However, in our case, the A/4
antenna is vertically polarised and is positioned at ground-
level, so that the effect of the ground plane reinforces the
transmitted signal.

¢
k/ 2p
Fig. 2. Possible reflector positions.

D. Scattering

When a radio wave impinges on a rough surface the
reflected wave is spread out or diffused. This phenomenon is
know as scattering and has the affect of reducing the
magnitude of the reflected signal. Gibson [3] provided an
overview of scattering and stated that the roughness of a



Willis and Kikkert, Radio Propagation Model for Long Range Ad-hoc Sensor Network. IEEE WIRELESSCOM 2005

surface is often specified using the Rayleigh criterion (4).

A
“ 8cosd

“4)

where 6; is the angle of incidence. Gibson [3] presented the
parameter i which describes the minimum to maximum
protuberance about the mean terrain height. If # < &, then the
surface is considered smooth and there is no scattering loss,
otherwise the surface is considered rough and the reflection
coefficient is multiplied by a scattering loss factor p,. Gibson
[3] presented Bothias’ equation to calculate p, (5).

70y, cos 6, g 7oy, cos b, ’
p = exp —8 TR || § SR )

where g, is the standard deviation of surface height about the
mean surface height and I is the zeroth order Bessel function
of the first kind.

At the proposed operating frequency of 40MHz, the
minimum value of 4. would be 0.94m for an angle of
incidence of approximately 0. This corresponds to extremely
rough terrain which is unlikely to be experienced in a rural
agricultural environment. As an indication, the value of o is
approximately 2.29cm for bare ploughed land [4].

E. Effect of Vegetation

As a radio wave passes through vegetation the signal
strength is attenuated. However, this effect is more
pronounced at higher frequencies. This is demonstrated by
McLarlen [5] who summarised results from an ITU report [6],
which stated that the attenuation caused by a forest is 0.4dB/m
at 3GHz, 0.1dB/m at 1GHz and 0.05dB/m at 200MHz. Since
we aim to operate the sensor network at 40MHz in barren
terrain like shown in Fig. 1, the affect of vegetation would be
negligible.

F. Refraction

When a radio signal passes over the Earth’s surface it does
not travel in a straight line. Due to a variation of the refractive
index of the atmosphere with height above the surface, the
radio signal follows a curved path. Hernando and Perez-
Fontan [7] stated that normally, in propagation studies,
straight lines are used and the Earth is assumed to have an
effective radius given by kR,. Here, R, is the radius of the
earth (6370km) and £ is a correction factor, which is normally
4/3. This effectively lengthens the range of a transmitter
beyond the visible horizon.

G. Diffraction Loss

Diffraction loss occurs when the direct line between the
transmitter and receiver is blocked by an obstacle, much
bigger than the wavelength of the signal. At the edge of the
obstacle, scattering occurs and the signal is attenuated. Fig. 3
shows the diffraction loss caused by a knife-edge obstruction.

Fig. 3. Diffraction loss caused by a knife-edge obstruction.

The diffraction loss caused by a knife-edge is easy to
model. However, knife-edges rarely occur in real-world
scenarios and hence terrain features such as mountains and
valleys need to be modelled using an approximation. For our
application it is also important to model the diffraction loss
due to propagation beyond the horizon.

Many empirical and theoretical models have been
developed, most of these are designed for higher frequency
transmissions in an urban environment. Suitable models for
our application are the Longley-Rice model [8] or the Point-
to-Point (PTP) model described by Wong [9]. The PTP model
is based on the Longley-Rice model but gives results that are
more accurately matched to real-world measurements. The
PTP model calculates the diffraction loss by replacing a given
terrain profile with an “equivalent rounded obstacle”.
Appropriate formulae are then applied to calculate the
diffraction loss caused by that obstacle.

Fig. 4. Path clearance ratio.

In Fig. 4, the distance between the line-of-sight (LOS) path
and the primary obstacle is shown as F. and the radius of the
first Fresnel zone at this point is given as F1. The F/F1 ratio is
called the “path clearance ratio”, and indicates the amount that
an obstacle protrudes into the Fresnel zone and is proportional
to the diffraction loss. A negative path clearance ratio
indicates that the obstacle is blocking the LOS path
completely. The PTP model uses the path clearance ratio and
the equivalent roundness factor to approximate the diffraction
loss. Additionally to this, the PTP model also approximates
the affect of the earth-bulge and diffraction beyond the
horizon.
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III. THE LONG RANGE AD-HOC PROPAGATION MODEL

In a wireless sensor network, nodes have the ability to
control the path that data takes as it passes across the network.
In reality it would be wise to choose the path with the lowest
bit error rate (BER) to ensure that data remains uncorrupted.
The BER of a given modulation scheme can be approximated
using a formula such as (6), which applies to a simple
Frequency Shift Keying (FSK) modulation scheme [10].

BER = lerfc £y (6)
2 2N,

where erfc is the complimentary error function and £, / N,
represents the signal-to-noise ratio (SNR). Similar expressions
are available for other modulation techniques.

Equation (6) shows that the BER can be found quite easily,
given the SNR. The propagation model must thus produce an
equivalent SNR for the long-range ad-hoc radio system to be
investigated.

To approximate the SNR, the signal component is assumed
to consist solely of the direct ray. The noise is assumed to
consist of the thermal noise received by the antenna, the
receiver noise factor and signal contributions from the
multipath rays, which are considered to be noise since they
cannot easily be used as part of the received signal.

The direct signal is computed using the free-space loss
equation (1) and the diffraction obtained from the PTP model
for the direct signal component. The required terrain profile
for the link can be generated using digital elevation maps
provided by [11].

The multipath signals are computed using the free-space
loss and reflection loss equations and the diffraction obtained
from the PTP model for the reflected signal components. To
calculate the reflection loss, a reflector is positioned at a
random azimuth from the transceiver. The angle of incidence
is chosen at random and checked to ensure that the orientation
of the reflector will allow the reflection to reach the receiver.
The reflection coefficient (2) is then computed using a random
dielectric constant in the range of 2 to 7. This range is valid
for dry soil and vegetation [12], which is typical of the
proposed environment. In addition to the reflection loss, the
scattering loss can be computed, however it was shown
previously that this is negligible.

To compute the diffraction loss for the multipath signals,
the terrain profile between the transmitter and receiver
required for the PTP model is assumed uniform in the
direction perpendicular to the direct signal path, as shown in
Fig. 5.

The propagation model used for the long-range ad-hoc
radio network presented here, uses a direct signal and a
specified number of multipath signals, whose reflector
positions and conditions are chosen at random. If one of these
random multipath signals causes a received signal more than
30dB below the direct signal, then that path is discarded and a
new path is generated.

Fig. 5. Terrain used for multipath signals, the terrain along x=0 is the actual
path profile.

This is demonstrated by Fig. 6, which shows the cumulative
random positions of the reflectors after 1000 simulations of
propagation conditions with a direct path and two multipath
reflections, which is typical of the expected environment.
Such a simulation allows the expected long-term SNR
distribution to be determined.

Fosition of reflectors {flat terrain}

4 peeition dheny

# position (k)

Fig. 6. Position of Reflectors.

In this figure, the transmitter and receiver are represented as
crosses (the lower cross is the transmitter) and the reflectors
are represented by dots. It is obvious in Fig. 6 that the large
majority of possible reflector positions are behind the
transmitter. At these positions the required angle of incidence
will be large which incidentally causes a larger reflection
coefficient and hence a stronger signal. It also evident that
there are some areas in front of the transmitter where there are
no reflectors. At these points, the angle of incidence
(approximately 20 degrees) causes the reflection coefficient to
be very small and the multipath signal to be more than 30 dB
below the direct signal.

The reflectors are fairly close to the transmitter because the
diffraction loss from the PTP model increases sharply at
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approximately 3km so that reflections which include two
paths greater than 3 km, will result in negligible signals

IV. PROPAGATION MODEL PREDICTIONS

A. Effect of multipath signals

For Benchmark testing, of the long-range ad-hoc
propagation model, the results for propagation over a flat
terrain are calculated. For flat terrain one would expect the
results to have a Rician distribution. These simulations are
carried out at a frequency of 40.8 MHz and an EIRP of 1
Watt.

For reliable communications, a BER less than 107 is
required. Using equation (6), a BER of 107, corresponds to a
SNR of 9.80dB. The long-range ad-hoc propagation model for
a 10 km path and flat terrain indicates a 35.7dB SNR, thus
easily meeting the 9.80dB SNR requirement. When multipath
signals are included in the long-range ad-hoc propagation
model, the SNR will decrease, as shown in Fig. 7, which
shows the cumulative SNR distribution obtained from 1000
simulations of the propagation model.

Cumnulative Probakility Distribution Function
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Fig. 7. Cumulative probability distribution for multipath signals.
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Fig. 8. SNR probability distribution, fitted with Rician function (3 multipath
signals).

For flat terrain, and 6 multipath signals 50% of the received

signals have a SNR of 9.8 dB or greater and will thus cause a
BER of less than 10°. Most practical propagation paths at
40MHz will have less than 6 multipath signals, so that a 10
km path can be obtained reliably at the permitted operating
power.

When the curves of Fig. 7 are plotted as a probability
distribution, the data can be approximated using a Rician
probability density function, as shown in Fig. 8. When there is
only one multipath signal present, the Rician probability
distribution function cannot be used to fit the data from the
long-range ad-hoc propagation model.

B. Effect of irregular terrain

The propagation model is capable of analysing an entire test
site such as the cattle property shown in Fig. 9. This is the
same property shown in Fig.1. Each grid square is 1 km* and
the blue circles represent cattle water troughs. At each cattle
trough we propose to install a sensor node (labelled A-F) to
monitor the water level. The green lines represent the possible
links between sensor nodes and the data shown in brackets
represents the distance and the minimum SNR that will be
exceeded 50% of the time. For these calculations 2 multipath
signals are used for communication between each node.

Fig. 9. Sensor network at cattle property.

The property shown in Fig. 9 is fairly flat. Therefore, as a
case-study we will also analyse a link over more complex
terrain. The nodes in this link are separated by a distance of
5.2 km and have a hill in the middle that is approximately 25m
higher than the transmitter and 35m higher than the receiver.

Table 1 shows the minimum SNR exceeded 50% of the
time for both flat terrain and the irregular terrain. It is obvious
from this table that the irregular terrain causes more
attenuation.
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TABLE 1
COMPARISON OF MIINIMUM SNR OCCURRING 50% OF THE TIME FOR FLAT AND
IRREGULAR TERRAIN
SNR at 50% occurrence

Number of
multipath signals

Flat Terrain Irregular Terrain
0 432 40.7
1 18.5 17.6
3 13.2 12.7
5 10.6 9.4
7 9.01 7.60
9 7.40 6.25

Fig. 10 shows a comparison of the probability distribution
for flat and irregular terrain. It can be seen that paths over
irregular terrain have a probability distribution that is similar
to paths over flat terrain and can thus also be approximated by
a Rician distribution for scenarios where the number of
multipath signals is greater than 1.

Probability distribution for SMR {flat and irregular links)
T T T T T
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Fig. 10. Comparison of distribution for flat and irregular terrain

V. CONCLUSION

Many environmental monitoring applications can be
implemented using ad-hoc networks where the distance
between nodes can be up to 10 km. A detailed long-range ad-
hoc radio propagation model for such networks has been
developed and for both a flat terrain and an irregular terrain. A
Rician distribution can be used to approximate these
propagation paths. The long range ad-hoc propagation model
also shows that reliable communications can be obtained for
10 km paths at 40 MHz and a 1 Watt EIRP.

This model will be used as an extension to the Tossim
simulator, as well as an aid for the design and testing of
prototype sensor nodes.
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Abstract— The use of wireless sensor network technology for
environmental monitoring is becoming increasingly important. A
major limitation of existing sensor nodes is their short
transmission range. This paper introduces the JCUMote which is
based on the Mica2 Mote, but has a transmission range up to 10
km. This paper discusses the design of the transceiver hardware,
in particular the RF power amplifier and receiver isolation
network for the JCUMote.

Keywords— sensor network, ad-hoc network, long-range

1. INTRODUCTION

It is increasingly important to monitor environmental
resources. Wireless sensor networks are ideal to perform this
task. They consist of many small wireless sensor nodes that are
self-configuring, self-maintaining and low in cost. Wireless
sensor nodes are simple to install and can be configured to
monitor any desired resource, hence they have a broad range of
applications, one of which is environmental monitoring.

Existing sensor nodes such as the Berkeley [1] Mote are
already being utilized for environmental monitoring, such as in
the Great Duck Island project [2]. One major limitation of
existing devices such as the Mote is that they have a short
transmission range of less than several hundred meters. This
limits them to applications involving small dense networks.

The aim of our research is to develop a sensor node that is
capable of transmitting over large distances of up to 10 km.
Such a sensor network has many applications in Australia.
Typical examples are monitoring the condition of the Great
Barrier Reef and monitoring the level of water in feeding
troughs on a cattle station. A typical Australian cattle station is
shown in Fig. 1. This property is approximately 800 km’ in
area, is inhabited by less than 10 people and is located 10 km
from the nearest bitumen road and 20 km from the nearest
neighbor. On this cattle station the water troughs are up to 10
km apart and it takes several days of travel to check all the
cattle troughs. A wireless sensor network provides a continuous
indication if all the troughs have water in them.

For the long-range applications we have developed a node
called the JCUMote. It is based on the Berkeley Mica2 Mote so
that it can use the same sensor boards and operate on the
TinyOS Operating System [3] which has been designed
specifically for sensor networks, is open-source and has been
ported to many different sensor node applications.

1-4244-0387-1/06/$20.00 ©2006 IEEE

Figure 1. A typical Australian Cattle Station.
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Figure 2. Block diagram of the JCUMote.

The JCUMote is designed so that it is low in cost, easy to
install and has a single omni-directional antenna. It has been
designed to operate in the Australian unlicensed frequency
band of 40.66-41 MHz with 1 W EIRP. Existing nodes such as
the Berkeley Mote operate at 315 MHz or higher with 10 mW
of power. The advantage of using a lower frequency is that the
attenuation due to free-space loss is less at lower frequencies,
the radio signal will tend to bend around hills, pass easier
through obstacles or vegetation and the large wavelength of the
signal means that there will be less multipath reflections. A
disadvantage of using higher power is that a larger battery is
required. For this application, a 6V lead acid battery with a
solar panel is used. The authors have developed a model [4]
that simulates the propagation of a 40 MHz signal over
irregular terrain.

II.  DESIGN OF THE JCUMOTE

The JCUMote design is based on the Berkeley Mica2 Mote
[1] and uses the same microcontroller (ATMEL Atmegal28L),

APCCAS 2006



flash memory and sensor interface, but different radio hardware
A block diagram of the JCUMote is shown in Fig. 2.

A.  Transceiver Design

The Mica2 currently uses the Chipcon CC1000 radio
transceiver chip which operates at frequencies of 315, 433, or
868/916 MHz with up to 10 dBm transmitted power. This
transceiver is not suitable for operation at 40 MHz and the
Melexis TH7122 was found to be a suitable replacement as it
can operate at frequencies between 27 MHz and 1 GHz [5].
This transceiver includes a FSK demodulator, FSK/ASK
modulator, programmable interface and an output power
amplifier (PA) with 10 dBm maximum output.

For the JCUMote, the radio transceiver will have a
maximum data rate of 19.2 kbps, which is the same as the
Mica2. Manchester encoding is used to allow for easy
synchronization at the receiver. The system transmits an FM
signal with a frequency deviation of 38.4 kHz, this allows a
class C power amplifier to be used, which has high efficiency,
thus maximizing the battery life. The TH7122 wuses a
programmable phase-locked loop (PLL) so that the carrier
frequency can be set from the microcontroller unit (MCU). To
achieve narrowband FSK modulation, the voltage controlled
oscillator (VCO) of the PLL is modulated directly via an
external varactor diode. The signal is amplified by the internal
PA which has a maximum power output of 10 dBm. An
external amplifier is used to boost this signal to 30 dBm.

For demodulation, the received signal is applied to a low-
noise amplifier (LNA) and mixed down to the intermediate
frequency (IF). A 5.5 MHz IF was chosen, to permit a low-cost
narrowband (100 kHz) Murata IF filter to be used. The IF
signal is amplified and applied to a standard FM quadrature
detector.

The CC1000 transceiver on the Mica2 Mote transmits a
10 dBm signal, which causes no harm to the receiver front-end.
However, on the JCUMote the external PA boosts the signal to
more than 30 dBm which will damage the receiver front-end.
Hence, an external transmitter-receiver isolation network must
be added to protect the receiver when the node is transmitting.

VCC

Drive Stage

Input Port Stability Resistor

BLT L
T 1

Input matching

Bias Feedback

Amplifier Matching

The CC1000 on the Mica2 normally uses a byte-level
interface which allows a whole byte to be received from the
MCU. The data is then Manchester encoded and transmitted. It
is desirable that our software radio interface is identical to that
of the Mica2 so that the TinyOS software for the upper layers
of the network stack may be re-used. For the TH7122, byte-
level transmissions can not be used and a bit-level interface
must be used. This requires all the data generation and
Manchester encoding to be done by the MCU. In order to
achieve the required data rate the SPI is set to “slave mode”
and the clock signal is generated by an output compare pin, as
shown in Fig. 3. For reception, the data bits are processed by
the MCU and formed into the required output bytes for passing
to the upper layers of the network stack. The transceiver is
programmed using a 3-wire synchronous serial system shown
in Fig. 3.

TH7122 MCU
TX Data MISO
= RX Data IC1
RE E SCk
~ OC1
SCIk PD6
SData PD7
SDEn PB2

Figure 3. Microcontroller-Tranceiver Interface.

B.  Power Amplifier Design

The external PA is required to boost the 10 dBm output
signal from the transceiver to 1 Watt or +30 dBm. Since the
amplifier is battery powered, it must be as efficient as possible,
so that Class C operation is required. In addition, the amplifier
must be stable, cost effective and matched to the impedance of
the transceiver IC and antenna.

VCC

To Iq control

Output Matching

Output Port

_Power Stage I

Stability Resistor

Iq Control Feedback

Figure 4. RF Power Amplifier Circuit



For 40 MHz operation, no suitable commercial amplifier IC
is available, so the only cost effective approach is to design an
amplifier using discrete components. The output transistor
needs to be able to dissipate at least 2W of power, be able to
supply a 500mA peak current, have a low ON resistance, have
a low cost and have a gain of at least 10dB at 40MHz.

The Zetex FZT649 [6] was selected as a suitable power-
stage transistor. A drive stage is needed to obtain the required
20 dB amplifier gain and provide sufficient drive for the
FZT649 in class C operation under all temperature conditions.
A general purpose transistor was selected for the drive stage
and biased for class AB operation.

Fig. 4 shows the circuit diagram of the RF power amplifier.
The input impedance is tuned to give a full voltage swing on
the open-collector output of the transceiver. The driver
transistor uses an emitter feedback network for bias control. A
matching network is used between the driver and the output
transistor to provide the optimum gain and stability. A T-
matching network is used at the output as this provides the
required impedance transformation with the lowest losses in the
output transistor. For stability, low resistance resistors are
required at the base of each transistor.

1) Collector Current Control
The power stage bias control voltage is provided by an
operational amplifier circuit, which monitors the current
flowing into the collector via a current sensing resistor in series
with the supply and varies the bias voltage to ensure that the
transistor remains correctly biased at all temperatures.

2)  Gain and Power Output

The amplifier circuit in Fig. 4 was simulated and optimized
in Microwave Office [7] using non-linear Gummel-Poon
models for the transistors. Microwave Office was used to
determine the linear gain shown in Fig. 5. The available gain is
the amplifier gain assuming ideal matching. Since there are
losses in the matching network, the actual gain (transducer
gain) is slightly less.

Amplifier Gain and Power Output
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Figure 5. Amplifier Gain and RF Efficiency.

The power output graph in Fig. 5 was obtained from a non-
linear simulation of the amplifier when a 10 dBm input was
applied. Fig. 5 shows a 36 dBm saturated output from the
power stage, which is a sufficient margin above the 30 dBm

requirement. The saturated gain of 26 dB is less than the
33.3 dB transducer gain. The level of saturation is sufficient to
ensure a constant power output with temperature and transistor
parameter variations.

3)  Amplifier Stability

Amplifier Stability
4 25

AK(R) [=L-1(8) ~©-Mu-Output (L) - Mu-Input (L) |

20

B, Mu
N

33 38 43 47
Frequency (MHz)

Figure 6. Amplifier Stability Measurements.

During the optimization of the amplifier, the stability factor
K, the supplemental stability factor B and the geometric
stability factor p were all determined over the frequency range
of 33 to 47 MHz. For unconditional stability, K and p must be
greater than 1 and B must be greater than 0. From Fig. 6 it can
be seen that the amplifier is unconditionally stable over the
desired frequency range.

In order to achieve unconditional stability small resistors
were added in series with the base of each transistor. These
resistors are 2.2 Q and 1.8 Q, respectively and improved the
stability noticeably. These resistors have a negligible effect on
the amplifier gain and efficiency.

C. Isolation Network

An isolation network is required to protect the receiver
front-end when the device is transmitting. This network must
attenuate the transmitted signal by at least 30 dB, but provide
minimal loss when receiving. For efficiency, cost and
reliability reasons, a solid state network rather than a relay
controlled switch was used to provide the isolation. The solid
state network must be able to handle the large voltages
produced by the output amplifier. As a result large signal non-
linear simulation models must be used to optimize the network.
The resulting isolation network is shown in Fig. 7.

+3V +6V 43V

=<

LNA Antenna

Figure 7. Isolation Network.



Simulations in Microwave Office showed that when in
transmit mode the isolation network was able to attenuate a
30dBm signal by 40dB which is safe for the LNA. In receive
mode a small drop of 0.8dB is evident in the received signal.

The operation of the isolation network is controlled by the
voltage, Vp, which is set to OV to receive data. In this state the
transistor is off and D; and D, are forward biased, allowing the
signal from the antenna to reach the LNA without much
attenuation. During transmission, Vp, is set to 6V, causing the
transistor to turn on and forward-bias Ds. Diodes D, and D, are
reverse-biased, which means the transmitted signal is blocked
by D;. The small signal that gets past D, is then shorted to
ground by D3 and blocked by D,.

On the JCUMote the power supply to the PA and the
voltage Vp, are controlled by a spare pin on the TH7122. When
in transmit mode the TH7122 shorts the pin to ground,
switching on a transistor which provides 6V to Vp, in Fig. 7
and also powers the amplifier circuit of Fig. 4.

,,,,,,

Figure 8. Frequency Spectrum (20 dB attenuation)

D. PCB Design

A PCB for the complete JCUMote, including the MCU,
Memory, PA and isolation network was designed using Altium
(Protel) DXP [8] and is shown in Fig. 9. This PCB can be
attached to a Mica2 programmer board. The PCB is double-
sided and is 160 mm X 100 mm in size. It is housed with the
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battery in a die-cast enclosure onto which a quarter-wavelength
whip antenna is mounted. The only external parts required are
the solar panel for powering the JCUMote.

II1.

A prototype network using four nodes has been constructed
and each of the nodes produces 1 W of power, as shown in Fig.
8. A multi-hop routing algorithm has been installed on the
nodes and is performing well. The prototype network is
currently being field tested.

HARDWARE TESTING
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Abstract—Wireless Sensor Networks are ideal for monitoring
environmental conditions, but typical nodes are limited by their
short transmission range. This paper presents a long-range node
with a tested range of 13.2 km. A novel radio propagation model
is presented, which has been experimentally verified. This paper
also presents a unique method to determining the number of
multipath reflections in a suburban environment.
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L INTRODUCTION

Wireless Sensor Networks (WSN) have emerged as a useful
technology for a plethora of sensing applications.
Manufacturers such as Crossbow [1] have produced many
nodes such as the Mica2 Mote, which are being used by
researchers worldwide. A major limitation of existing nodes
such as the Mica2 is their maximum transmission range of
several hundred meters. This restricts the node to applications
that require the monitoring of small geographical areas only.

In countries such as Australia, there is a need to monitor
environmental resources over very large areas. Typical
examples are the monitoring of the water-level in a cattle
feeding trough and the monitoring of the temperature and
salinity of water on the Great Barrier Reef. To overcome the
limitation in transmission range we have developed a wireless
sensor node called the JCUMote, which operates in a licence
free 40 MHz band, which in Australia permits a 1 W effective
radiated power.

When operating a WSN over a large area it is important to
use a good radio propagation model to determine the
performance of the links. The model must include the effects of
irregular terrain and multipath reflections. To perform this task
we have developed a radio propagation model specifically for
use with wireless sensor networks, called the JCU-WSN
Model.

To verify the performance of the JCU-WSN model we have
conducted field tests of the JCUMotes in rural and suburban
areas and have compared the results with JCU-WSN model
predictions. Using these results we have created an additional
model that will estimate the number of multipath reflections in
an urban environment.

1-4244-0983-7/07/$25.00 ©2007 IEEE

II.  RADIO PROPAGATION MODEL

Radio propagation has been the subject of research for a
long period of time. The focus of more recent work has been on
predicting the signal strength in an urban environment for
digital television and mobile phones. Our scenario is very
different, since the sensor nodes operate at a lower frequency
and will often be deployed in a sparsely vegetated, rural
environment. This section describes the typical propagation
mechanisms that are likely to occur at the proposed frequency
with elevated nodes.

A. Radio Propagation Modelling

1) Radio Propagation Over Flat Terrain
When a radio signal is transmitted over flat terrain it is
subject to attenuation due to free-space loss, ground reflections
and refraction due to the Earth’s surface. The free-space model
calculates the decrease in signal strength due to the distance
away from the transmitter and shows that the received signal
strength is proportional to the inverse square of the distance.

When an antenna is elevated, a ground reflection also
occurs. The magnitude of the reflected power depends on the
angle of incidence and the ground conductivity. At the receiver,
the ground reflection is out of phase with the line-of-sight
signal and causes cancellation. Hernando and Pérez-Fontan [2]
shows that this can be approximated by the Plane-Earth model
(equation 1), where the received signal is inversely proportional
to distance raised to the fourth power.

2
P, =BG,G,.(h‘;h"j (1)

2

Due to a variation in the atmosphere’s refractive index with
height, the radio signal follows a curved path and tends to
follow the curvature of the Earth. This effectively lengthens the
range of a transmitter beyond the horizon. In propagation
studies [2], straight lines are used for the propagation paths and
the Earth is assumed to have an effective radius given by kR,
where R, is the radius of the earth (6370km) and & is a
correction factor, which is normally 4/3.
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2)  Radio Propagation Over Irregular Terrain

Irregular Terrain inside the Fresnel zone of the direct path
causes attenuation of the signal due to scattering. Several
models exist, which attempt to calculate these losses. The JCU-
WSN model uses the point-to-point (PTP) model, developed by
Wong [3]. The path loss due to scattering depends on refractive
effects and is thus different from node A to node B and from
node B to node A.

3)  Multipath Reflections
Reflections can be caused by obstacles which are bigger
than the signal wavelength. These reflections will arrive at the
receiver with different phase and magnitude to the line-of-sight
ray and can cause cancellation of the signal.

B.  The JCU-WSN Model

The JCU-WSN model accounts for the above propagation
characteristics as described by the authors in [4]. The model
calculates the effects of the terrain, by using a terrain profile
along the line of sight path, which can be obtained from digital
elevation data provided by NASA [5]. The model assumes the
terrain is symmetrical along the x-axis as shown in Fig. 1.

height (rm)

% (k)

Figure 1. Terrain used for multipath signals, the terrain along x=0 is the
actual path profile.

To represent multipath reflections, the model randomly
places reflectors on the terrain, as shown in Fig. 1, and
calculates the received signal strength. If the magnitude of the
reflection is more than 30 dB below the direct signal, then it is
discarded and recalculated for a new position. The number of
multipath reflections is specified by the user and is affected by
large terrain obstacles and buildings.

III. THE LONG-RANGE WIRELESS SENSOR NODE

A long-range wireless sensor node, called the JCUMote,
was designed and is discussed by the authors in [6]. The
JCUMote operates at a frequency of 40.66-41 MHz with 1 W
EIRP. The node is based on the Crossbow Mica2 Mote [1],
which is used extensively by other researchers. The Mica2 has
an open-source schematic and can be programmed using
TinyOS [7], which has been developed specifically for WSNs.
By basing the JCUMote on this node we were able to re-use
existing protocols and applications available in TinyOS.

The block diagram of the JCUMote is shown in Fig. 2. This
node uses the same ATMEL ATmegal28L microprocessor as

the Mica2. The node contains 4Mb of flash memory and an
expansion port for connecting programming or sensor boards.

Processor

Flash
Memory

Analogue /0

Digital I/0 Antenna

RF-PA
Radio :+_

Transceiver

Isolation

| J10308UU0) uoisuedx3 uid-1G |

Figure 2. The JCUMote Block Diagram

For operation at 40 MHz, the JCUMote uses a different
radio transceiver than the Mica2. A Melexis TH7122 was
chosen as it contains an FSK modulator and demodulator. This
IC is capable of operation between 27 MHz and 1 GHz and
was configured for operation at 40 MHz using external
circuitry. The TH7122 is capable of producing +10 dBm
(10 mW) of RF power, which is amplified to +30 dBm (1W)
using a custom-designed class-C power amplifier (PA) built
from discrete components. The PA was designed using
Microwave Office and is stable over a broad frequency range.

The JCUMote uses a single antenna to both transmit and
receive. When transmitting, the I W power output is potentially
damaging to the receiver front-end. Therefore, an isolation
network was developed, which prevents the transmitted signal
reaching the receiver circuitry.

The modulation hardware was configured for a frequency
deviation of 38.4kHz, so that the 9600 bps Manchester
encoded data occupies a 150 kHz channel bandwidth. This
allows 2 channels in the 40.66 — 41.0 MHz band, if required.
The transmitted frequency spectrum is shown in Fig. 3. To
protect the spectrum analyser, a 20 dB attenuator was used.
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Figure 3. Frequency spectrum (20 dB attenuated)

For modulation, the digital waveform is injected into the
control voltage input of the VCO (voltage controlled oscillator)
of the Melexis TH7122. This form of modulation does not
allow data with a DC component to be transmitted due to the
feedback mechanism of the PLL. Hence, Manchester encoding
was used. Since the TH7122 only provides a basic bit-level
interface for transmitted and received data, the Manchester
encoding was performed using algorithms in TinyOS.



The receiver was measured to have a sensitivity of -80 dBm
at a 3x 107 bit error rate, 20 kbps data rate and 20 kHz
frequency deviation. At 40 MHz the background noise level on
the outskirts of a suburban area was measured to be -95.8 dBm
over a 100 kHz bandwidth, which is far higher than the
sensitivity quoted for the Melexis TH7122, so that the range of
the transmitter is primarily determined by man made noise. Fig.
4 shows the JCUMote PCB.

Figure 4. The JCUMote PCB

The design of the antenna was also investigated. The aim of
this design was to be low in cost, highly efficient and suitable
for WSNs. Nodes in a WSN must communicate with nodes in
all directions, hence the antenna must be omni-directional. The
final design consists of a quarter-wavelength whip antenna
surrounded by 4 quarter-wavelength radials at a 30° declination
to the horizontal (Fig. 5). This antenna has an input impedance
of 49 +j3 Q, with a return loss of -31 dB at 40.84 MHz.

The JCUMote is powered by a 6 V lead-acid battery and
has been tested with a solar panel. The node is housed in an
aluminium enclosure as shown in Fig. 5. The antenna is
mounted to the top of the enclosure with the radials extending
from the base.

"

Figure 5. Node installed with radials

IV. FIELD TESTING

A.  Rural Environment

The range of the nodes was determined in a rural setting by
measuring the received signal strength at set distances from the
transmitter. A transmitting node was programmed using
TinyOS to produce a simple known data stream, four times per
second. A receiving node was programmed with a TinyOS
application which logged the received signal strength, noise
level and packet loss to a connected laptop computer.

The transmitter was installed at the top of a mountain range,
which was 290 m above the final receiver testing position. The
transmitter was mounted on a 1.8 m star-picket, surrounded by
four quarter-wavelength radials. Periodic measurements were
taken at the locations shown in Fig. 6, using the receiving node
mounted on a car roof. The maximum range was measured to
be 13.2 km.

Figure 6. Receiver Test Positions (Google Earth)

The JCU-WSN model was used to calculate the mean
signal strength (taken over 1000 runs) for cases where there are
between 0 and 5 multipath reflections. A comparison between
the JCU-WSN model predictions and the measured signal
strength are shown in Table I. It is obvious that in all cases the
model is most accurate for the case of a direct ray and one
ground reflection only. This would be the expected case,
because there are no buildings or large terrain features in the
test area that may cause reflections.

TABLE 1. MEASURED AND PREDICTED SIGNAL STRENGTH
Posn. PRuneas Dist. WSN Model (mean dBm) Plane-Earth
(dBm) (km) Num. reflections Model (dBm)
0 1 2
1 -56.3 2.8 -46.2 -54.6 | -54.5 -55.1
2 -80.3 4.0 -50.6 -61.0 | -60.9 -60.6
3 -67.3 5.5 -54.3 -66.8 | -66.6 -65.8
4 -70.4 6.7 -56.5 -70.4 | -70.2 -69.1
5 -73.8 8 -58.5 -73.6 | -73.2 -72
6 -77.2 10.1 -60.9 -77.6 | -77.0 -76
7 -76.3 11.2 -63.5 -81.0 | -80.4 -77.7
8 -77.5 12.2 -64.7 -82.8 | -81.8 -79.2
9 -84.2 13.2 -65.6 -84.2 -83.1 -80.4
Measured and Predicted Signal Strength
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Figure 7. Comparison of Results for Rural Tests




A comparison between the measured results, the JCU-WSN
model with 1 ground reflection, and the plane-earth model is
shown in Fig. 7. It is evident that the JCU-WSN model gives
the closest predictions. Fig. 7 shows an anomaly at 4 km, which
is due to a line of sight obstruction that was not evident in the
terrain data. At points 7 and 8, the measurements are higher
than predicted. However these results are within the statistical
variations observed for the very flat country at these points.

B.  Suburban WSN Testing

Four nodes were constructed and installed in a suburban
area to test the nodes as an ad-hoc network. A TinyOS
application was written which allowed each node to log the
received signal strength of its neighbours and forward the
measurement to a base station node every eight seconds. The
base station was connected to a PC running Crossbow’s
MoteView software [1] which logs all readings into a database.
Over 930 000 measurements were logged during a period of 41
days.

The base station node was installed on the roof of the
Electrical & Computer Engineering building at James Cook
University at an elevation of 10 m above ground. Three other
nodes were installed on houses in a neighbouring suburb on top
of existing television antennae, approximately 4 m above
ground. The full network is shown in Fig. 8 where node 0 is the
base station. The link between nodes 0 and 4 is 3.1 km long
and is shown as a dashed line because that path is obstructed by
a small hill, so that the link only operated occasionally.

"""G()ogic :

Figure 8. Suburban Wireless Sensor Network (Google Earth)

The measured signal strength for each link is shown in
Table II, where pR,.. is the measured signal strength and
PRuean 1S the mean predicted signal strength after 1000
simulations of the JCU-WSN Model. For each link the
optimum number of reflections is highlighted in grey. The
worst prediction was within 2.5% of the measured value
(4—1), all the others were more accurate. It is obvious that in a
suburban environment there are a larger number of reflections
than in a rural environment. This is to be expected due to the
presence of surrounding buildings. The received power
measurements show that links are asymmetrical, due to
diffraction. For example, the link between nodes 3 and 4 has a
difference of 2 dB in each direction. Note: Node 1 emits 4 dB
less power than other nodes.

V. PREDICTING THE NUMBER OF MULTIPATH SIGNALS

Table II showed that the number of multipath signals due to
reflection and diffraction has a strong influence on the accuracy
of the model. It is also evident that the number of multipath
signals is difficult to determine due to the paths being partially
obstructed by houses, causing significant diffraction.

To enable the number of multipath signals to be estimated
an empirical model was developed based on the results
presented in Table II. The model uses three parameters to
determine the number of multipath signals: 1) the number of
buildings in the Fresnel zone, 2) the height of the receiving
node and 3) the distance of the closest building to the receiver.

Table III shows the number of multipath signals (ground
reflection excluded) for each link and the number of buildings
in the Fresnel zone (counted using Google Earth). Generally,
links with fewer buildings have less multipath signals.

Table III also includes the receiver height. It implies that
when a receiver is elevated it receives additional multipath
signals. An example is the link between nodes 0 and 4. When
the higher node (0) is receiving, more multipath components
are present than when the lower node (4) is receiving. However
the shape of the hill partially obstructing that path and the
diffraction that causes may be more dominant.

Table III also shows the distance from the receiver to the
closest building in the Fresnel zone. It was noticed that
additional multipath signals are received when a building is in
close proximity to the receiver. An example of this is the link
between nodes 3 and 4. Node 3 is closer to a building (10 m)
than node 4 (50 m). When node 3 is receiving, more multipath

signals are present than when node 4 is receiving.
TABLE IL MEASURED AND PREDICTED SIGNAL STRENGTH (SUBURBAN TESTS)
Link PRueas (dBm) Dist. (km) ‘WSN Model Plane-Earth
Num. signals 0 1 2 3 4 5 model
0—-3 -67.3 1.9 PRuean (dBm) -47.4 -69.5 -67.8 -66.1 | -64.6 | -63.3 -54.7
0—4 -77.0 3.1 PRucan (dBm) -53.2 -80.4 -77.1 -74.0 | -71.8 | -70.3 -64.4
1>3 | 735 1.4 PR pean (dBm) 528 | -81.8 | -75.7 | -72.0 | 694 | -684 | -66.1
1—4 -68.6 0.6 PRunean (dBm) -40.2 | -68.8 -64.2 | -60.9 | -59.0 | -57.9 [ -61.0
3—0 -68.2 1.9 PRincan (dBm) -47.4 | -69.6 -68.0 | -659 | -644 | -63.7 [ -54.7
354 | 677 15 PRinean (ABM) 478 | -780 | 712 | -67.8 | 657 | -643 | -63.7
4—0 -75 3.1 PRuean (dBm) -54.2 | -81.4 -784 | -75.0 | -73.6 | -71.9 | -64.4
4—1 -62.9 0.6 PRincan (dBm) -40.2 | -64.5 -59.8 | -564 | -544 | -532 [ -61.0
453 | 662 1.5 PRopean (dBm) 484 | 786 | 723 | 679 | -65.6 | -643 | -63.7




TABLE IIL.

SUBURBAN LINKS SHOWING NUMBER OF BUILDINGS AND THE CLOSEST BUILDING

Num. Signals Link Dist. (km) | Num. Buildings Closest Building (m) Closest Building (%) | Rx Height (m)
0 1—4 0.6 9 40 6.7 3.6
4—1 0.6 9 80 13 4
1 0—3 1.9 9 40 2.1 4.8
3—-0 1.9 9 120 6.3 13
0—4 3.1 11 60 1.9 3.6
2 4—0 3.1 11 120 3.9 13
1-3 1.4 16 10 0.71 4.8
3—4 1.5 23 50 3.3 3.6
3 4—3 1.5 23 10 0.67 4.8

These observations were used to create an empirical model.
The model uses three steps. The first step applies a building
correction multiplier to account for the immediate buildings
surrounding the receiver. The closeness of a building is
expressed as a percentage relative to the path length. If the
relative closeness is greater than 5%, then the node is classed as
‘open’. Conversely, if the relative closeness is less than 2 %
then the node is classed as ‘confined’. To compensate, the
number of buildings is reduced or increased by 20% for open
and confined nodes, respectively.

Following the building compensation, the model calculates
the number of multipath signals by applying the corrected
number of buildings to equation (2). This equation was
developed as the line of best fit for all links of normal height
(links with a receiver dramatically above or below the mean
building height were ignored). The resulting line of best fit is
shown in Fig. 9 and is defined by equation (2).

mzb8—0.6 )

Where m is the number of multipath signals and b is the
corrected number of buildings on the path.

The final stage of the model compensates for elevated
receivers by adding or subtracting 1 multipath signal for high
or low receivers, respectively. A high receiver is classed as
having an elevation greater than twice the average height of the
surrounding buildings. Low receivers are classed as having a
height less than half of the average surrounding buildings.

This model was implemented as a MATLAB function and
has been tested to accurately predict the correct number of
multipath components for all links in Table II, as well as for
some further “car-roof” tests that were performed in the same
suburb.
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Appendix E  Modulation Techniques

In order for an analogue or digital signal to be transmitted it must first be modulated
onto a carrier wave. At the receiver, a corresponding demodulator is used to recover
the original signal. The most commonly known modulation techniques are FM
(frequency modulation) and AM (amplitude modulation). These techniques have been
in use with common analogue radio systems for a long time. This report will focus on

modulation techniques that are to be used for digital signals.

E.1 AMPLITUDE SHIFT KEYING

Kikkert [10] provided a summary of digital modulation techniques. The simplest
technique is amplitude shift keying (ASK), which simply switches the carrier signal
on or off corresponding to a 1 or 0 in the digital data. A problem with this scheme is
that it momentarily switches off the amplifier which can cause nonlinearities in a class

C amplifier. It is desirable to use a class C amplifier because it has high efficiency.

E.2 FREQUENCY SHIFT KEYING

Frequency Shift Keying (FSK) involves changing the frequency of the carrier in
response to a 0 or 1 in the data. A 0 data bit will cause the carrier to switch to
frequency f, whilst a 1 will cause the carrier to shift to frequency f,. FSK can be used

with a class C amplifier, because the signal has a constant amplitude.

E.3 PHASE SHIFT KEYING

The final basic modulation technique is Phase Shift Keying (PSK). In PSK the phase
of the carrier is changed corresponding to a change in the input data. The simplest
PSK scheme is Binary Phase Shift Keying (BPSK) where a change in the input data

causes a 180° phase change in the carrier signal.
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E.4 QUADRATURE PHASE SHIFT KEYING

Quadrature Phase Shift Keying extends on BPSK by allowing four possible phase
changes: 0°, 90°, 180° and 270°. Since there are four possible phase changes, then two
data bits (a dibit) may be represented, as demonstrated by Table E-1.

TABLE E-1 QPSK PHASE SHIFTS

Dibit Phase Shift

00 0°

01 +90°
11 +180°
10 +270°

One bit of the dibit causes the in-phase (I) component, whilst the other bit causes the
quadrature (Q) component. The changes in phase may be represented on an I-Q
diagram as shown in Figure E-1. The corners of the square represent the four possible
phase positions and the blue lines represent changes between phases. Figure E-1
shows that some phase changes pass through the origin, which causes the amplifier to
momentarily switch off. Therefore, QPSK is not suitable for use with a class C

amplifier.

QPSK Madulation

OPGH Modulason

Figure E-1: QPSK I-Q Diagram and Spectrum [90]

Figure E-1 also shows the spectrum of the QPSK signal. It should be noted that QPSK
requires a theoretical bandwidth of 0.5Hz/bps. Kikkert [10] stated that in practice this
bandwidth is normally larger and may be reduced by using a filter. A common
filtering technique is Nyquist filtering, also known as raised cosine filtering. The
phase plane diagram and spectrum for a QPSK signal filtered with a Nyquist filter is
shown in Figure E-2. It should be noticed that the I-Q diagram is now distorted, but

the distinct phase points are still obvious.
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a5/

Frequency

Figure E-2: Filtered QPSK I-Q Diagram and Spectrum [90]

In order to avoid 180° phase changes, ©/4 QPSK was introduced. This scheme has 8
locations in the phase plane with each location spaced by 45°. The phase changes of

this scheme are shown in Table E-2.

TABLE E-2: /4 QPSK PHASE SHIFTS

Dibit Phase Shift

00 +45°

01 +135°
10 +225°
11 +315°

The resulting I-Q diagram is shown in Figure E-3.

P114QPSK Modulation

Figure E-3: /4 QPSK Phase Plane Diagram [90]

An alternative method to avoid trajectories through the origin is to offset the transition
of each bit of the dibit. If one bit changes before the other, then each bit can only
cause a 90° phase change at a time. This avoids 180° phase changes, but doubles the
number of changes that must occur. Figure E-4 shows the resulting I-Q diagram
which demonstrates that there are no transitions through the origin. It should be noted

that all QPSK schemes have a theoretical bandwidth utilisation of 0.5Hz/bps.
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OQPSK Modulation

1.5 -1 05 o 05 1 1.5
1

Figure E-4: OQPSK I-Q Diagram [90]

E.5 MINIMUM SHIFT KEYING

Another modulation scheme that avoids 180° phase shifts is Minimum Shift Keying
(MSK). The MSK scheme controls the rate of change of phase so that the correct I-Q
location is just reached at the end of each data period. A constant rate of change of
phase corresponds to a constant frequency. Since MSK produces slowly changing
phase transitions it has less out of band energy. Kikkert [10] stated that 99% of its
energy is within 1.2Hz/bps. This is demonstrated by the spectrum in Figure E-5. The
I-Q diagram shows that there are no sharp phase changes and no transitions through

the origin.

MSK Modulation MSK Mockilasion

Figure E-5: MSK I-Q Diagram and Spectrum [90]

Filtering the data coming into the MSK modulator will reduce the out of band
components, which is demonstrated by Figure E-6. By utilising a Gaussian filter,
Gaussian Minimum Shift Keying (GMSK) is produced, which is used in GSM mobile
telephones and has a normalised bandwidth of 0.738Hz/bps.
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MEX Woduabon MK Mockilssion

Frequency

Figure E-6: GMSK I-Q Diagram and Spectrum [90]

E.6 QUADRATURE AMPLITUDE MODULATION

Quadrature Amplitude Modulation (QAM) alters the amplitude and phase of the
carrier at the same time. This allows the I and Q data to be mapped directly onto the I-
Q plane. By having more than two levels in each direction a larger amount of data

may be transmitted. Figure E-7 shows the I-Q diagram for 64-QAM.

0

* 8 2 B 2 8 B
a & 8 &\ 8 & B
.« & & & |8 2 " 8
" 8 8 B\ B e
@ & 8 @& & * 8
* & 08 B0 0 B
LI R S R R
a8 8 8|8 " B

Figure E-7: 64-QAM I-Q Diagram [10]

By using more levels, a larger amount of data can be transmitted. However, by doing

so the signal has lower noise immunity.

E.7 SPREAD-SPECTRUM TECHNIQUES

Spread-spectrum techniques spread the data signal over a broad range of frequencies.
The spread-spectrum data is modulated using one of the conventional modulation
techniques reviewed above. Common spread spectrum techniques are: frequency

hopping, OFDM or CDMA [10].
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E.7.1 FREQUENCY HOPPING

The Frequency Hopping technique involves changing the carrier frequency over time.

There are two basic types of frequency hopping: slow hopping and fast hopping.

In slow hopping, the carrier frequency is changed slower than the data rate. This
means that the bandwidth around each carrier is proportional to the data rate. The
advantage of slow hopping is that any interference on a single carrier will only affect

the data when that carrier is being used.

With fast hopping, the carrier frequency is changed faster than, or equal to the data
rate. When the signal is demodulated, the average is taken from each carrier. Hence,

giving better noise immunity.

E.7.2 OFDM AND COFDM

Orthogonal Frequency Division Multiplexing (OFDM) or Coded Orthogonal
Frequency Division Multiplexing (COFDM) refers to a system where the individual
data bits of a word are transmitted on individual carriers. The carrier frequencies are
chosen to be mutually orthogonal over one symbol period. The carriers are then
modulated using a conventional technique such as PSK, MSK or QAM. RF
interference such as multipath fading will tend to reduce the magnitude of one carrier.
This means that one data bit will be constantly affected. To make the system robust
against these errors, an error correction code is transmitted with the modulated data
and a correction scheme is used to reduce the number of errors. This technique is

referred to as Coded OFDM (COFDM) and in practice all OFDM schemes are coded.

E.7.3 CoODE DIVISION MULTIPLE ACCESS

Code Division Multiple Access (CDMA) modulates the data with a set of codes so
that the signal is spread over a large number of frequencies. The same code that is
used by the transmitter to modulate the data must also be used by the receiver to
demodulate the data. The spreading of the signal across the frequencies can be done
using two techniques. The first technique, known as Frequency Hopping CDMA (FH-
CDMA) uses the code to select the carrier frequency. The second technique called

Direct Sequence CDMA (DS-CDMA) uses the code to directly modulate the data.
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This technique is commonly referred to as just CDMA and is used in some mobile
telephone systems. DS-CDMA operates by multiplying the data by a code before it is
transmitted. Upon reception, the data is multiplied by the same code to obtain the
original data. This system adds complexity to the hardware, because the transmitter

and receiver must be time synchronised so that they use the same code.

Kikkert [10] stated that the clocking rate of the coded sequence is referred to as the
“chip rate” and is normally many times the digital data rate. Hence, the chip rate
determines the spectral bandwidth. This is demonstrated by Figure E-8. Kikkert [10]
explained that if the chip rate is N, then the signal will be spread over a bandwidth of
N. At the receiver, when the signal is demodulated, the energy that was spread over
the bandwidth of N is now combined into a reduced spectrum by a factor of N and
this hence improves the signal to noise ratio by a factor of N. This is known as
Process Gain. At the receiver when any unwanted signals are multiplied by the coding
sequence the resultant is zero. This means that the unwanted signals will be ignored

and the system is hence very robust against interference.

Input Data spactrum Data

Tranamitted Spactrum Intarferance

Data

Recaivad Spactrum (\ Data
Interfarence

i

Figure E-8: CDMA Spectrum [10]
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Appendix F JCUMote Schematic
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AppendixG  JCUMote PCB
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AppendixH  JCU Fleximote Schematic
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Appendix | JCU Fleximote PCB
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Appendix J TinyOS Components and Concurrency
M odel

J.1 COMPONENTS

Applications in NesC consist of components that are linked together. Communication
between components is specified by defined interfaces. Each component may be a
provider or a user of one or more interfaces. An interface defines a set of functions
called commands that are implemented by the provider. The interface also defines a

set of functions called events that are implemented by the user.

There are two types of components in NesC: modules and configurations. Modules
provide actual code and implement one or more interfaces. Configurations are used to
connect the components together, connecting interfaces used by components to

interfaces provided by others.

Operations in TinyOS are frequently split-phase and are started by an interface user
calling a command function. The interface provider then commences the operation

and signals the completion using an event.

An application can be represented as a component graph. On a component graph,
configurations and modules are represented by boxes and interfaces are represented
by an arrow which points towards the provider. Interfaces that are provided by a

component, but not used, are also represented by a box.

Figure J-1 shows the component graph for a simple application called Blink which

toggles the red LED every second. Blink is included in the TinyOS
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tinyos-1.x/ apps/Blink directory and consists of the Bl i nk. nc configuration
file and the Bl i nkM nc module file. The configuration file specifies the wiring of the

components and the module file implements the program.

@ Blink B

/Qm |

(@ Blinkm =

J}LEdS Tirner

LedsC
[© SingeTimer =

StdControl

Figure J-1: Component Graph for the Blink Application (figure generated using [82])

The program code contained in the Bl i nk. nc configuration file is shown in Figure
J-2. The Bl i nkM module uses two interfaces: Ti ner and Leds and provides an
interface called St dCont r ol . This interface is used by the Mai n configuration and is
also provided by the Si ngl eTi mer component. The St dCont r ol interface contains
three commands: i nit(), start() and stop(). When the microprocessor starts,
the Mai n. StdControl .init() command is called, which causes the Bl i nkMand
Singl eTi mer  components to execute the code contained in the
StdControl .init() command. This allows all components to execute any

initialisation code before the program starts running.

configuration Blink {

}

i mpl enentation {
components Main, BlinkM SingleTiner, LedsC,
Mai n. St dControl -> SingleTiner. StdControl ;
Mai n. StdControl -> BlinkM StdControl;
Bl i nkM Ti ner -> Singl eTi ner. Ti ner;
Bl i nkM Leds -> LedsC;

Figure J-2: Configuration Code for Blink Application (Blink.nc)
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Following this, TinyOS calls the Mai n. StdControl .start() command which
starts the program. Figure J-3 shows the Bl i nkMcode for St dControl . start (),
which starts a timer that fires every second. A St dControl . stop() command is

also provided which allows a component to be stopped.

command result t StdControl.start() {
[l Start a repeating tiner that fires every 1000ns
return call Tinmer.start (Tl MER REPEAT, 1000);

Figure J-3: BlinkM.nc code for StdControl.start()

Bl i nkMuses a timer which generates a Ti mer. fired() event. The event handler
(Figure J-4) uses the redToggl e() command of the Leds interface to toggle the
LED.

event result t Tiner.fired() {
call Leds.redToggl e();
return SUCCESS;

Figure J-4: Timer.fired() event in BlinkM

J.2  CONCURRENCY MODEL

In section 5.1.1 it was stated that TinyOS provides two threads of execution called
tasks and hardware event handlers. Tasks have a deferred execution that is controlled
by the scheduler. Tasks run to completion once started and do not pre-empt other
tasks or events. Hardware event handlers are executed in response to a hardware

event. They may pre-empt another task or event and always run to completion.

Hardware event handlers should finish execution as quickly as possible because they
interrupt other task or events. If a hardware event handler requires complex
calculations then a task can be used to perform the calculation at a later time. This
allows the hardware event handler to end quickly so that the processor may resume

executing the interrupted process.
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Tasks are generated using the post command and are often used for complex
operations such as processing sensor readings after they have been returned by the
analogue to digital converter (ADC). As a trivial example, Blink could use a task to

operate the red LED, as shown in Figure J-5.

task void toggleLed() {
call Leds.redToggl e();

event result t Tiner.fired() {
post toggl eLed();
return SUCCESS;

Figure J-5: Example program using a Task
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Appendix K MATLAB Code of Wireless Sensor Networ k
Propagation Model

K.1 ANALYSESITE.M

%-ile: AnalyseSite.m

%Aut hor: Sinmon WIllis (simon.wllis@ cu. edu. au)

%at e: 28/ 02/ 2005

%vodi fied: 14/02/ 2007

%

% his file carries out a study of the radio propagation on a given site.
% he site will contain nodes specified by letters (eg A->H). This file
Y%uses Anal yseLink.mto find the propagation characteristics of each Ilink
% nputs: -site: Name of the site. Programlooks to ..\..\ for directory
% with same nane.

% -startNode: Nane of first node

% -endNode: Nane of last node. Programwill look in site directory
% for terrain profile. Files nust be of formfor A B.xz

% where Ais the first node and B is the second node

% - nunPat hsMax: Maxi mum nunber of nultipath signals to sinulate

%

% his programstores all results in global variables. These can later be
%activated using Activated obals. m
%

function AnalyseSite (site, startNode, endNode, numPat hsMax)

tic
for start = startNode: endNode
for stop=start:endNode
if (start~=stop)

di sp([setstr(start) ' <-->"' setstr(stop)]) %isplay current |ink

i =start-start Node+1,;

j =st op- st art Node+1;

% r eate gl obal variables (avail able after function execution)

eval ([' gl obal SNRdirect' setstr(start) ' pDirect' setstr(start)
dLossDirect' setstr(start) ' d' setstr(start) ' SNRnean' setstr(start) ' pR
setstr(start) '_' setstr(stop) ' offsetFit' setstr(start) ' stdevFit' setstr(start)
aFit' setstr(start) ' diffFit' setstr(start) ' SNR setstr(start) '_' setstr(stop)])

eval ([' gl obal SNRdirect' setstr(stop) ' pDirect' setstr(stop)
dLossDirect' setstr(stop) ' d' setstr(stop) ' SNRmean' setstr(stop) ' pR setstr(stop)
"' setstr(start) ' offsetFit' setstr(stop) ' stdevFit' setstr(stop) ' aFit'
setstr(stop) ' diffFit' setstr(stop) ' SNR setstr(stop) '_' setstr(start)])

%Cal | Anal yseLink for forward direction

eval (['[SNRdirect' setstr(start) '(j,:), pDirect' setstr(start) '(j,:),
dLossDirect' setstr(start) '(j,:), d' setstr(start) '(j,:), SNRnean' setstr(start)
"(j,:), pR setstr(start) '_' setstr(stop) ', offsetFit' setstr(start) '(j,:),
stdevFit' setstr(start) '(j,:), aFit' setstr(start) '(j,:), diffFit' setstr(start)
"(j,:)," " SNR setstr(start) '_' setstr(stop) '] =
Anal yselLi nk(site,setstr(start), setstr(stop), nunPathshMax, 1);']);

%Cal | Anal yseLink for revese direciton

eval (['[SNRdirect' setstr(stop) '(i,:), pDirect' setstr(stop) '(i,:),
dLossDirect' setstr(stop) '(i,:), d setstr(stop) '(i,:), SNRrean' setstr(stop)
"(i,:), pR setstr(stop) '_' setstr(start) ', offsetFit' setstr(stop) '(i,:),
stdevFit' setstr(stop) '(i,:), aFit' setstr(stop) '(i,:), diffFit' setstr(stop)
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"(i,:1)," " SNR setstr(stop) '_' setstr(start) '] =
Anal yseLi nk(site, setstr(stop), setstr(start), nunPathsMax, 1);']);
end
end
end

toc %bDi splay conputation tinme

K.2 ANALYSELINK.M

% Fil e: Anal yselLink. m

% Author: Sinon WIllis (sinon.willis@ cu.edu. au)
% Dat e: 28/ 02/ 2005

% Modi fied: 26/02/2007

%

% The function will analyse the radi o propagation between two points. Each
% point is represented as a character (eg. A and B). This function will use
% t he distance/elevation file given as A _B.xz.

%

% Thi s program cal cul ates the distance, signal power, diffraction |oss and
% SNR for the direct path. It also calculates the SNR (distribution and

% nmean) and fits a Rayleigh, Rician or Wibull distrubution to this using a
% | east-squares fit (if relevant section uncommented).

%

% | nput s: -site: Name of site (see AnalyseSite. M for explanation)

% -ptl: First node

% -pt2: Second node

% - nunpat hsMax: Maxi mum nunber of nultipath signals to sinulate
% -diffracti onOn: bool ean val ue. Enabl es the PTP nodel

% diffraction loss cal cul ations

% -data: Terrain data (if not defined the programwi |l |oad

% terrain data froma file)

%

% Qutputs: -SNRdirect: SNR of direct signal

% -pDirect: Strength of direct signal

% -dLossDirect: Diffraction |loss of direct siganl

% -d: di stance between nodes (kn)

% - SNRrean: Mean SNR with given nunber of nultipath signals

% -pRdB: Received signal strength for each sinulated scenario
% (dB)

% -pRnean: Mean received signal strength with gi ven nunber of
% mul ti path signals

% -offsetFit: Offset factor for statistical distribution fit.
% -stdevFit: Standard deviation for statistical distribution fit.
% -aFit: 'a' factor for statistical distribution fit.

% -diffFit: sumof squares difference between fitted and real
% dat a

% -SNR Signal to noise ratio of each sinulated scenario

% -refl ectiondB: Magnitude of reflected signals

%

% Array format:-Means such as SNRrean, pRnean etc hold the nmean of all

% runs. Where the index is the nunber of paths. Eg. index 1
% is direct ray, index 2 is direct + ground reflection, index
% 3 is direct + ground + 1 nultipath reflection.

% -Arrays that contain the values of all runs (such as pRdB)
% are a table where each row represents the given nunber of
% mul ti path signals and col ums hol d each run.

%

L

function [SNRdirect, pDirect, dLossDirect, d, SNRrean, pRdB, pRmean,
offsetFit,stdevFit,aFit,diffFit, SNR reflectiondB] =
Anal yseLi nk(site, ptl,pt2, nunpat hsMax, di ffracti onOn, dat a)

if (exist('nunpathshMax') ~=1)

%ef aul t maxi mum nunber of nultipath reflections.

nunpat hsMax = 6; %=di rect +ground+4 nul ti path refl ections
end

if (exist('data')==1) %N are already given the terrain data
x=data(l,:);
z=data(2,:);
d=x(1ength(x));
el se
if (strcnp(site,'test')==1) % est case (flat terrain)
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dd=0. 1;

d=3. 2;

ht=1. 8;

hr=1.8;

x=dd: dd: d;

z=zeros(1,length(x));

el se %ead inafile

if (ptl < pt2) %we are looking at forwards direction
filenane=["'../../Sites/' site '/' ptl"'_' pt2 '.xz']; %ilenane
[x,z,d] =readPTPDat a(fil enane); %ead in elevation data

el se % ooking at reverse direction
filenane=['../../Sites/' site '/' pt2"'_' ptl '.xz']; %ilenane
[x,z,d] =readPTPDat a(fil enane); %Read in elevation data
z=fliplr(z); %-1ip the elevation data
z=circshift(z,[0 -1]); oshift data to left so terrain data is

synmetrical when used in PTP nodel
z(length(z))=z(length(z)-1);
end
end
end

%ef i ne nodes heights for the Townsville (Annandale) test site.
if strcnpi(site, townsville')
switch (ptl)
case {'a'", '"A}
ht =13; %\Node at JCU (0)
case {'c','C}
ht =3. 6; 9%ode at KK (4)
case {'d",'D}
ht =4.8; %\Node at M (3)
case {'I","'L"}
ht =4; 9%ode at SW (1)
ot herw se
ht =NaN;
end
switch (pt2)
case {'a'", "A}
hr=13; %Node at JCU (0)
case {'c','C}
hr=3. 6; 9%Node at KK (4)
case {'d",'D}
hr=4.8; %Node at M (3)
case {'I","L"}
hr =4; 9%Node at SW (1)
ot herwi se
hr =NaN;
end
el se
ht =NaN;
hr =NaN;
end

%Cal | cal cSNRPTP to cal cul ate signal strength, SNR etc of direct ray

[ SNR, pRdB, si gnal dB, dLossDirect] = Cal cSNRPTP(d, 1, x, z, di ffracti onOn, ht, hr);
SNRdi r ect =SNR;

pDi rect =si gnal dB;

SNRrean=SNRdi r ect ;

pRdB=pDi rect ;

pRrean=pDi rect ;

%Anal yse the path for nunpat hs=2- >nunpat hsMax
for nunpat hs=2: nunpat hsMax
for i=1:1000
%Jnconmment the following line to determine the postion of the
% efl ectors

% SNR(i), pRdB(i), signal dB, dLossDirect,reflectiondB(i),xx(i,:),yy(i,:

Cal cSNRPTP( d, nunpat hs, x, z) ;
%Cal | Cal cSNRPTP to calculate the SNR etc for given nunber of paths
%on given terrain data.

[ SNR( nunpat hs, i), pRdB( nunpat hs, i ), si gnal dB, dLossDi rect, refl ecti ondB(nunpat hs,i)]

Cal cSNRPTP( d, nunpat hs, x, z, di ffracti onOn, ht, hr);
end
%Cal cul ate nmeans
pRmrean( nunpat hs) =nean( pRdB( hunpat hs, :));
SNRnean( nunpat hs) =nean( SNR( nunpat hs, :));
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%Jncoment the following lines to enable statistical fit

% of f set Fi t (nunpat hs), stdevFi t (nunpat hs), aFi t (nunpat hs), di ffFi t (nunpaths)] =
fitrician(SNR);

% of f set Fi t (nunpat hs), st devFi t (nunpat hs), aFit (nunpat hs), di ffFit (nunpaths)] =

fitweibull (SNR);

% of f set Fi t (nunpat hs), stdevFi t (nunpat hs), di ffFit(nunpaths)]=
fitrayl ei gh( SNR, nunpat hs) ;

UStatistical fit was not used. Set values to nan.

of f set Fi t (nunpat hs) =nan;

st devFi t (nunpat hs) =nan;

di ff Fi t (nunpat hs) =nan;

aFi t (nunpat hs) =nan;
end

%f we have a direct path only, set statistical values to NaN
i f nunpat hsMax<2

of f set Fi t =nan;

st devFi t =nan;

di ffFi t=nan;

aFi t =nan;
end

beep %Beep to indicate link analysis is finished.

K.3 READPTPDATA.M

% Fil e: ReadPTPData. m

% Author: Sinmon WIllis (Sinon.willis@ cu.edu. au)

% Dat e: 22/ 02/ 2005

% Modi fied: 01/02/2007

%

% Reads in terrain data for the PTP npodel. Interpolates data to determ ne
% el evati on at 100m spaci ng.

%

% | nput s: -filename: Filenane of terrain data

% -all: Boolean (default 0). Causes programto also read in

% the testing data contained in taso_Data.txt. This is used
% for conparing the PTP nbdel on a known test.

% Qutputs: -x: Array of horizontal terrain points

% -z: Elevation at point x

% -d: Distance between nodes.

%

L e e

function [x,z,d] = ReadPTPData(fil enane, all)

if (exist('all"')~=1)
al | =0; %efault: Don't |load test data
end

%et x and z co-ordinates fromfile
[ di st Map, el ev] =textread(filenane,' % %', delimter',',");

if (all==1)
%Read data fromthe taso _data.txt file for the PTP nodel.

[call,source,lat,long,freq,city, state, ERP, t XEl ev, t xAnt Ht , t XAnt Ht Terrai n, azi nut h, date, t
ime, dist, rxElev,rxAntHt, strength] =textread('taso_data.txt',"' %% %l%% % %% %d%%d% %
%% %d%l% ', ' delimiter','|");

%Extract distance data for Fresno, 209.8MHz, 175.5deg azinuth (for testing)
di st 2=di st (find(lat==133477 & | ong==429960 & freq==209.8 & azi mut h==175.5));
%A ternative test site:

%di st 2=di st (fi nd(l at ==109557 & | ong==328268 & freq==59. 8 & azi nut h==317));

%Extract el evation data

el evTest =r xEl ev(find(l at ==133477 & | ong==429960 & freq==209.8 & azi nut h==175.5));
%Al ternative test site:

%l evTest =r xEl ev(fi nd(l at ==109557 & | ong==328268 & freq==59. 8 & azi nut h==317));

%EXxtract strength data
strengt h2=strengt h(fi nd(l at==133477 & | ong==429960 & freq==209.8 &
azi mut h==175.5));
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%Al ternative test site

%t rengt h2=strengt h(find(l at ==109557 & | ong==328268 & freq==59.8 & azi nut h==317));

YEXtract tx elevation

txEl ev2 = txEl ev(find(lat==133477 & | ong==429960 & freq==209.8 & azi nut h==175.5));

%Al ternative test site

% xEl ev2 = txEl ev(find(lat==109557 & | ong==328268 & freq==59.8 & azi mut h==317));

txEl ev2 = txEl ev2(1);
el se

t XEl ev2=el ev(1);
end

di st Map=di st Map/ 1000; % n km

%reak el evation data up into a gap size specified by dd.
dd=0. 1;

%gener ate equi -spaced x data
x=0: dd: max(di st Map) ;

i ndex=1;

%generate y data for points between 0 and first elev point
whil e x(index) < distMp(1)

z(index) = (elev(l) - txElev2) / distMap(1l) * x(index) + txElev2;

index = index + 1;
end

for index=i ndex: | ength(x)

% ind elev points to use

if x(index) >0
temp = distMap / x(index);
[pts] = find(tenp >= 1);

el se
pts = 2;

end

% ind 2 points used to cal cul ate sl ope
% -> 2nd point

i = pts(1);

% -> 1st point

i=j -1

%al cul ate el evation

z(index) = (elev(j) - elev(i)) / (distMap(j) - distMap(i)) * (x(index)

distMap(i)) + elev(i);

end

9%Renmove the value for elevation at position 0. PTPMbdel works from'dd'
Yonwar ds.

9% =x(2:1ength(x)); %Conmented out to allow the transmitter
determ ned. PTP nodel scraps first piece of terrain data

% =z(2:1ength(z));

d=(1 engt h(x) - 1) *dd;

K.4 CALCSNRPTP.M

% Fil e: Cal cSNRPTP. m

% Author: Sinon WIllis (Sinon.willis@ cu.edu. au)

% Dat e: 15/ 02/ 2005

% Modi fied: 26/02/2007

%

% The function will calculate the SNR given the distance between Rx and Tx
% and the relevant details of the Rx and Tx. Uses the thermal noi se,

% nmul tipath signal, receiver noise factor and direct signal.

% Uses Ml ti RayPTPModel . m

%

% | nput s: -d: Distance between nodes (km

% -nunpat hs: Nunber of multipath signals simulate. 1 = direct
% only, 2 = direct + ground, 3 = direct + ground + 1

% reflection

% -x: Terrain points in x direction

% -z: Elevation at terrain points (m

% -diffractionOn: Calculate diffraction | oss (bool ean)

hei ght to be
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% -ht: Height of transmitter (m

% -hr: Height of receiver (m

%

% Qutputs: -SNR Signal to noise ratio (dB)

% -pRdB: Received Signal strength (db)

% -signal dB: Sane as pRdB. Contained strength of direct ray in
% earlier version

% -dLossDirect: Diffraction |loss of direct ray

% -refl ectiondB: Total magnitude of reflected signals

% -xx: X positions of reflectors (normally unused)

% -yy: y positions of reflectors (normally unused)

%

L U

function [ SNR, pRdB, si gnal dB, dLossDi rect, refl ecti ondB, xx, yy] =
Cal cSNRPTP(d, nunpat hs, x, z, di ffracti onOn, ht, hr)

%I1=10; %li st nance in km

f c=40. 83; %Carrier Frequency in Mz

% c=550; %Bel | enden- Ker

K=1.38e-23; 9%Boltznmann's constant (J/K)

t =30; %emperature (degrees C)

b=100e3; %Recei ver Bandw dth (Hz)

Y=7e6; %Bel | enden- Ker

YNF=6; %zecei ver noise factor (dB)

YNF=36. 8; %Appr oxi mated from nmeasurenents on node 4
YNF=35. 4; %Node 3

9NF=33. 3; %Node 2

YNF=45; %Node 1

NF=10; %-or receiver sensitivity of -104dBm

%munpat hs=4; 9%\unber of paths to the receiver (other than direct path)
maxLoss=30; %vaxi num | oss of a nultipath (dB)

if exist('nunpaths')==0

nunpat hs=4;
end
if (exist('x') ~=1) %f no terrrain data is given
dd=0. 1;
X = dd: dd: d;
z=zeros(1,length(x)); %lat terrain
end

dd=x(2)-x(1);
t Abs=273+t; %A bsol ute tenperature

%Cal | Ml ti RayPTPMbdel
if (nunpaths > 2)
%Jncoment following line to determ ne reflector positions

% pDirect, pR, pNoi se, dLossDi rect, xx, yy] =Mul ti RayPTPMbdel ( X, z, nunpat hs, | engt h(z) *dd) ;

[ pDirect, pR pNoi se, dLossDi rect] =Mul ti RayPTPModel (X, z, nunpat hs, | engt h(z) *dd, di ffracti on
On, ht, hr);

el se

[ pDirect, pR pNoi se, dLossDi rect] =Mul ti RayPTPMbdel (X, z, nunpat hs, | engt h(z) *dd, di ffracti on
On, ht, hr);

end

%bi rect signal

%si gnal dB=10*1 0g1l0(pDirect); %Jsed in old version of program

si gnal dB=10*1 0g10(pR) ; 9%New version assunes direct + reflection is signal
% her mal noi se (Haykin)

pNt =K*t Abs* b;

noi sedB=10*1 og10( pNt);

St rength of the reflection:
if pNoi se~=0
refl ecti ondB=10*1 0g10( pNoi se) ;
el se
refl ecti ondB=NaN;
end

%Cal cul ate the SNR
SNR=si gnal dB- noi sedB- NF;
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YSNR=Si gnal dB- Noi sedB; % est
pRdB=si gnal dB;

K.5 MULTIRAYPTPMODEL.M

% File Milti RayPTPModel . m

% Aut hor: Sinon Wllis

% Dat e: 09/ 02/ 2005

% Modi fied: 14/02/2007

%

% This programis a multi-ray point-to-point channel nodel. It npdels a

% transm ssion where a signal may be reflected froma set nunber of points.
% Each path is also subject to diffraction |loss, as determ ned by the PTP
% model (PTPMbdel .m). Terrain may be flat (default) or irregular. In this
% case el evati on data nust be provided (see readPTPData.n). This nodel

% assunes that the receiver is positioned above (North) the transmitter and
% any point on a given y-coordinate has the same el evation. Therefore any
% path that is at an angle fromNorth travels over terrain that is

% el ongat ed.

% In addition to this, paths beyond the line of sight have extra | oss.

% This nbdel was primarily designed for use at 40 MHz. At this frequency

% the surface nust be very rough (standard deviation of at |least 0.94m for
% any scattering affects to occur upon a reflection. Therefore the surface
% is considered snooth and refl ections do not have |oss due to scattering.
% Scattering has been inplenented, but no surface roughness is given so it
% assunes the surface is snooth.

% | nput s: -X,z: x and z data for elevation profile

% -nunpat hs: Nunber of paths (including direct and ground

% reflection)

% -d: distance between TX and RX (km

% -diffracti onOn: Bool ean: Diffraction | oss nodel (on/off)

% -ht,hr: Elevation of TX and RX antennas, respectively

% -hAnt: Hei ght of antennas

% -freq: Frequency of operation (Mz)

% -EIRP: Effective Isotropic Radi ated Power of Transmitter (dB)
% -gR Gin of receiver antenna

%
% Qut puts: -pDirect: Power of the direct conponent

% -pR Received signal strength (dB)

% -pNoi se: Strength of multipath conponents (ol der version

% of program nodel | ed these as noi se)

% -dLossDirect: Diffraction loss of direct path

% -XX,yy: position of reflectors

%

L e e

function [pDirect, pR, pNoi se, dLossDirect, xx,yy] =
Mul ti RayPTPModel (x, z, nunpat hs, d, di ffracti onOn, ht, hr, hAnt, freq, El RP, gR)

ef = 4/3; %arth radius correct factor

r0 = 6370; %karth radius (kn

dd=x(2)-x(1); % errain resolution (km

9% n and Max dielectric constant of land (2-7 is typical for dry sandy
% errain)

M NDI ELECTRI CCONST=2;

9%V NDI ELECTRI CCONST=5; 9Bel | enden- Ker

MAXDI ELECTRI CCONST=7;
9%VAXDI ELECTRI CCONST=20; oBel | enden- Ker

% f x does not exist then generate default flat terrain

if (exist('x') ~=1)

X = dd: dd: d;

z=zeros(1l,length(x)); %lat terrain
end

%f dis not specified then determne fromdata
if (exist('d) ~=1)

d=I engt h(x) *dd;
end
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if (exist('diffractionOn')~=1)
di ffracti onOn=1; Y%efault: diffraction loss is nodelled
end

if (exist('freq') ~= 1)

freq = 40. 83; %efault Carrier frequency (Miz)
% r eq=550; 9Bel | enden- Ker

end

wavel ength = 3e8/ (freq*1e6); %al cul ate wavel ength

if (exist('nunpaths') ~= 1)
nunpat hs=2; %ust direct path + ground reflection
end

9%efault elevation of transmitting antenna
if ((exist('ht'") ~= 1) | isnan(ht))
ot = wavel ength/4; 9% uarter wavel ength whip

9t =33; %8Bel | enden- Ker

9t =3. 6; %K hei ght (node C
ot =13; 98BS hei ght (node A)
ot =4. 8; %0 hei ght (node D)
mht =4; %SW hei ght (node L)
ht=1.7; % n star picket

end

9%efault elevation of receiving antenna
if ((exist('hr') ~= 1) | isnan(hr))

%r = wavel ength/ 4; %uarter wavel ength whip
%hr =3; %Bel | enden- Ker

ohr =4. 8; %0 hei ght (node D)

9hr =3. 6; %K hei ght (node C)

9hr =13; 98BS hei ght (node A)

Uhr =4; Y%SW hei ght (node L)

%r=1.5; %\Node on car.

hr=1.7; % n star picket

end

if (exist('hAnt') ~= 1)
hAnt = O; % ANt is added to ht and hr
end

9pefault EIRP of 1W (0dB)
if (exist("EIRP') ~=1)

El RP=0; %l RP (dB)

%l RP=-4.5; %N\ode 1

%El RP=47; %Bel | enden- Ker
%l RP=21; %> aham Range

end

if (exist("gR) ~=1)
gR = 1.5; %zi n of quarter wavel ength whip (dBi)
end

Yetermine if terrainis flat or not

di ff=z-nmean(z);

if (max(abs(diff))>hr) %f a terrain feature is bigger than Rx antenna
flat = O; oot fl at

el se
flat = 1; % | at

end

%Adj ust the node heights to include terrain.
hei ghtDi ff=z(1)-z(length(z));
if (abs(heightDiff) > 50) %Adj ust node heights if the height difference is
substanti al
if heightD ff>0 %Ix i s higher
ht Ter =ht +hei ght Di f f;
hr Ter =hr ;
el se
ht Ter =ht ;
hr Ter =hr-hei ght Di f f;
end
UStrai ght-1ine distance from Tx to Rx
di st Strai ght=sqrt((d*1e3)”2 + heightDi ff~2)/1e3;
el se
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ht Ter =ht ;

hr Ter =hr ;

di st Strai ght =d;
end

%-ree-space loss for direct path
IfsDirect = 32.4 + 20*1 0ogl0(freq) + 20*10g10(d);

%-ind effective radi o horizon
rE =ef * r0Q;

rRH
rRH

sqrt (2*rE*1e3*(ht Ter+hAnt)) + sqrt(2*rE*1e3*(hrTer +hAnt)); % adi o horizon (m
rRH / 1e3; % n km

%\pply diffraction |oss
if diffracti onOn==1
dLossDi rect =PTPMbodel ( z, round(d/ dd), freq, z(1) +ht +hAnt, hr +hAnt, dd) ;
el se
dLossDir ect =0;
end

%Cal cul ate power of direct path
pDirect=EIRP + gR - |IfsDirect + dLossDirect;

%Cal cul ate angl e of incidence of ground reflection
thetaRefl ect=atan(((hrTer + hAnt) + (htTer+hAnt))/(d*1e3));

pat hLengt h(1) =(((ht Ter +hAnt) +( hr Ter +hAnt))/si n(t hetaRefl ect))/ 1e3; Y%path |l ength
(km
%Cal cul at e phase of other paths

if ((hr>0) | (ht>0))
phase=[ ((pat hLengt h(1)-di st Strai ght)*1e3)*2*pi / wavel ength rand(1, nunpat hs-

2)*2*pi];

el se % here is an obstruction or antennas are on ground
phase=[ 0 rand(1, nunpat hs-2)*2*pi ]; 9%No ground reflected ray

end

%Cal cul ate del ay of ground reflected path
if ((hr>0) | (ht>0))
del ay =((pathLength(1) - distStraight)*1e3)/3e8;
dLossW 1) =10"(dLossDi rect/ 10);
el se
delay = 0;
dLossW 1) =0;
end

oRefl ection coefficient of ground reflected path. small angle of
% nci dence. Only applies antennas are above ground | evel.
if ((hr>0) | (ht>0))
%bi el ectric Constant
di el ectricConst=rand(1, 1)*( MAXDI ELECTRI CCONST-
M NDI ELECTRI CCONST) +M NDI ELECTRI CCONST;
a=1./diel ectricConst; %/ertical polarisation
al pha=(pi/2)-thetaReflect;
rc=(cos(al pha)-a.*sqrt(dielectricConst-
((sin(alpha)).”2)))./(cos(al pha)+a.*sqrt(diel ectricConst-((sin(alpha)).”2)));
%apply scattering |loss (not used due to |ow frequency)
% scatterScal e = ScatteringLoss(0,0,freq,thetal (i));
% rc = rc * scatterScal e;

el se
rc=0;
end
gr=10"(gR/ 10); %Antenna gain in W
eirp = 107(El RP/ 10); YEIRP in W

%St rength of ground reflected path (free-space | o0ss)
if ((hr>0) | (ht>0))
pat hStr (1) =10*1 ogl0(ei rp*dLossW gr*(3e8*rc(1)/(4*pi *pat hLengt h*1e3*freq*1e6))"2);
el se
pat hStr (1) =0;
end

% enerate a new path and cal cul ate signal strength
for i=2:nunpaths-1 %-or each extra path
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pathStr(i) = -inf; %nitialise path |oss

while pathStr(i) < pDirect - 30; %ensure path is at nost 30dB down on direct
azi mut h(i)=rand(1)*2*pi; % andom azi nuth from TX
refl ect or West =0;
%f the reflector will be to the "west' alter it so cal cul ations

%are correct
if (azimuth(i) > pi)
refl ectorWest =1;
azi muth(i)=2*pi -azi muth(i);
end
pat hLength(i) = inf;
%Choose angl e of incidence so that the path length is at npbst 5

% inmes d.
whi l e (pathLength(i) > 5*d)
thetal (i)=rand(1)*pi/2; %angl e of incidence

%Cal cuate the reflector distance fromthe transmitter
di st FronTX(i)=d*sin(2*thetal (i)-azimuth(i))./sin(pi-2*thetal(i));
if (distFromrX(i) > 0) Y%ath is physically possible
xx (i) =di st FromTX(i)*sin(azimth(i)); % position of reflector
%Adj ust for a 'west' reflector
if (reflectorWst==1)
xX(1)=xx(i)*-1;
end
yy(i)=di st FromrX(i)*cos(azimuth(i)); % position
%Cal cul ate the reflector distance fromthe reflector
di st FronRX(i)=sqrt ((yy(i)-d)*2+xx(i)"2);
%-ind the total path |ength.
pat hLengt h(i ) =di st FronTX(i ) +di st Fr onRX(i ) ;
el se
pat hLengt h(i)=-i nf; %Pat h not possible. Choose a new azinuth
end
end

% f we have found a valid path, then continue
i f pathLengt h~=-inf

%Scattering | oss of reflection
scatterScal e = ScatteringLoss(0,0,freq,thetal (i));

%bi el ectric Constant
di el ectri cConst =rand( 1, 1) * ( MAXDI ELECTRI CCONST-
M NDI ELECTRI CCONST) +M NDI ELECTRI CCONST;

%etermi ne the reflection coefficient

a=1./diel ectricConst;

theta=pi/2-thetal (i);

rc(i)=(cos(theta)-a.*sqrt(dielectricConst-
((sin(theta)).”2)))./(cos(theta)+a.*sqrt(dielectricConst-((sin(theta)).”2)));

Y%apply scattering |oss

rc(i) =rc(i) * scatterScale;

%el ay of path
delay(i) = ((pathLength(i)-d)*1e3)/ 3e8;

%Cal cul ate signal strength
pathStr(i)=eirp*gr*(3e8*rc(i)/ (4*pi*pathLength(i)*1e3*freq*1le6))"2;

%f the pathStr at this point (before conputing diffraction |oss)
% s nmore than 25dB down on the direct path then there is no point
%ontinuing to find the diffraction |oss.
if ((pDirect-25) < (10*1o0gl0(pathStr(i))))
Y%Assune that the obstacle is between the receiver and trasmtter
dLoss1(i) = O; % nitialisation
dLoss2(i)

no
oo

%Conpute the new terrain profile to the reflector
newZl = StretchTerrain(z,dd, xx(i),yy(i),1);

%f the terrain is irregular or the link is beyond the horizon,
%onpute diffraction |oss
if (Iength(newzl)>2)
if (diffracti onOn==1)

%Cal | the PTP nodel to find diffraction |oss on

Y%ath to reflector fromtransmitter

dLoss1(i) = PTPModel (newZl, |ength(newzl), freq,

newZl( 1) +ht +hAnt, O, dd); %Refl ector is at ground |evel
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el se
dLoss1(i)=0;
end
end
% onmpute the terrain profile fromthe reflctor to RX
newZ2 = StretchTerrain(z, dd, xx(i), yy(i), 0);
% Conmpute diffraction loss for irregular terrain of beyond LOS
if (length(newz2) > 2)
if (diffracti onOn==1)
%Cal | the PTP nodel to find diffraction |loss on
%ath fromreflector to receiver
dLoss2(i) = PTPMbdel (newZ2, |ength(newz2), freq, newZ2(1),
hr +hAnt , dd) ;
el se
dLoss2(i) = O;
end
end
%Cal cul ate diffraction loss in W
dLossWi ) =10"((dLoss1(i) + dLoss2(i))/10);
%Mpply diffraction |oss
pathStr(i)=pathStr(i)*dLossWi);
el se
pat hStr (i) =10"((pDirect-40)/10); % orces it to | oop again
end
%Cal cul ate path strength in dB
pat hStr(i)=10*1 ogl0(pathStr(i));
end
%li sp(['1:' nunRstr(dLoss1(i)) ' 2: ' num2str(dLoss2(i))]) %ebuggi ng
end
end

%li sp(['direct: ' nunRstr(pDirect-30) ' path: ' nunRstr(pathStr)]) %bDebugging

%-ind strength of multipath (noise) conponents.

pNoi se=ei rp*gr*(3e8/ (4*pi *freq*1e6))"2*((abs(sun(rc. *sqrt(dLossW./(pathLengt h*1e3).*e
xp(phase*-j))))"2);

%-ind total strength (add data for direct path)

% c(1)=0; % enp: renove ground reflection

%-orm arrays (including direct path)

rc=[1 rc];

phase=[ 0 phase];

pat hLengt h=[ d pat hLengt h];

%pat hLengt h=[ di st Strai ght pathLength];

dLossWE[ 107 (dLossDirect/ 10) dLossW ;

%otal strength

pR=ei rp*gr*(3e8/ (4*pi *freg*le6))2*((abs(sunm(rc. *sqgrt (dLossW ./ (pat hLengt h*1e3). *exp(p
hase*-j))))"2);

%Convert pDirect to Watts (Since all other strength are given in Watts)
pDi rect =10~( pDi rect/10);

% f nunpaths=1 there are no nultipath conponents (no noise)
if (nunpat hs==1)

pR=pDi rect;

pNoi se=0;
end

K.6 PTPMODEL.M

% Fil e: PTPMbdel . m

% Author: Sinmon WIllis (sinon.willis@ cu.edu. au)

% Dat e: 09/12/2004

% Last Modified: 01/02/2007

%

% MATLAB i npl emrent ati on of the PTP nodel by Wwng (ww. fcc. gov/oet/fnptp/)
% This is the FORTRAN PTP code given by the FCC ported to MATLAB

% (http://ww. fcc.gov/oet/fmptp/diffract.for)

% | nput s: -iElevat: Array of Elevation along the path (m
% -iDist: I ndex to distance of point under study
% -freq: Carrier frequency (Miz)

% -htanmsl: height of TX including terrain
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% -hr: Hei ght of receiving antenna

% -dd: Di stance between points in elevation profile
% Qut puts: -dLoss: Diffraction | oss at point on the earth

% -clutter: Clutter loss at point on the path

%

L i e
function [dLoss, ratio, clutter] = PTPModel (i El evat, iDist, freq,
ek=4/3; %quiv. earth curvature

ohr = 9.1; % esting

%nitialise variables

di st =i Di st *dd; %li stance in km

fresMn = hr +1.0; %MV ni mum fresnel radius
dLoss = O;

roundFact = O;

adj =0;

Yef aul ts
if (exist('hr')~=1)
hr=1. 875;
end
if (exist('dd )~=1)
dd=0.1; %caling (km per index point)
end
hransl = i El evat (i Di st) +hr; 9%Rx height including terrain

ht ansl , hr, dd)

D

% Det ermi ne cl earance ratio

Of mmmmmm e e m e e e

obst acl e=1; % nitialisation

ratio=1;

cl ear M n=1000; %M ni mum cl ear ance

sl ope=(hramsl - htansl) / dist; %5l ope between receiver and transmtter

% =1:iDi st-1; Y%ore-1/ 2/ 07

We don't want to

%-resnel radius

| =2:iDist; % he first position is the transmitter |ocation.

conpute Fresnel radius etc for this |ocation.

xd=dd* (I -1);

earthB=0.0785 * xd .* (dist - xd) / ek; %arth bul ge term (Hernando pp. 160)
cel =i El evat () + earthB; %qui val ent el evati on

hl os=ht ansl + sl ope * xd; %hei ght of LOS path

cl earance=hl os - cel; %! earance to obtacle

fresnel =548 * sqrt(xd .* (dist - xd) / (dist * freq));

(Wong pp. 5)

fresnel (find((fresnel < fresMn) & (clearance <= 0))) = fresMn;
radius to fresMn

9%l earance ratio
rat=cl earance ./ fresnel;

%et mn fresnel

[ratio,loc]=m n(rat); %The obstacle is at the nmin ratio
cLen=di st -1 oc*dd; Y%ath length to RX
[ cl ear M n, obst acl e] =m n(cl ear ance); %MV ni unum cl ear ance
obsEl ev=cel (obstacl e); % bst acl e el evation

if (ratio>0.8)

obstacle = iDist - 1; % here is no obstacle
end
obDi st = obstacle * dd; %li st ance to obstacle
rLength = dist - obDist; % stance to receiver
pLength = rLength/ dd; % n point counts
D R
% Snoot h earth horizon di stance
O mmmmmm e e e e e m e e
elMn = htanmsl - 30;
elMn = mn(iElevat); %-ind mn elevation

ref = elMn(1);

hrz= 4.122 *sqrt(hr); %Hori zon from RX
ht = htansl - ref; %Hei ght of TX antenna

239



Appendix K Investigation into Long-Range Wireless Sensor Networks

if (ht < 30)

ut = 30; %Set min antenna height to 30
end
%horizon= 4.122 * sqrt(ht); %dorizon fromTX

horizon= 4.122 * (sqrt(ht) + sqrt(hr)); 9%orizon fromTX (nodified from original)
fract = dist/horizon; %i stance in terns of horizon

% beyond Hori zon Adj ust nment
% (Wong i s unsure why, but indicated such a need
%to fit collected data cl oser)

L U U

adj =0;

blend = 100/ sqgrt(freq);

if (ratio <= 0.2) %at h clearance ratio <= 0.2
fregFact = 4.5 - 25.57/(logl0(freq) + 5.53);
beyond = dist - horizon; %low far beyond horizon?
if ((beyond+bl end) >= 0) %Beyond the horizon

hor zFact =224 / (horizon + 70) - 0.6;
if (horzFact < 0.2)
hor zFact =0. 2;
end
if (horzFact > 1.8)
hor zFact =1. 8;
end
beyond=hor zFact * beyond;

beyFact = 11.7 - 222.3/(beyond +19);

i f (beyond <=20)
blend = 100 /sqgrt(freq);
x1=- bl end;
x2=20;
y2=6;
bSl ope=y2 / (x2 - x1);
beyFact = bSlope * (beyond - x1);

end
adj = beyFact * fregFact;
if (adj < 0)
adj =0;
end
end
end
OB - -

% Smoort h-earth and knife-edge diffraction | osses
% (from Wng' s PTP paper)

edge = -1.377 * ratio.”2 + 11.31 * ratio - 6;
if (ratio < -0.5)

edge = 50.4/(1.6 - ratio) -36; %ni f e-edge diffraction |oss
end
if (edge > 0)
edge = 0;
end
snooth = 38.68 * ratio - 21.66; %Gnoot h-earth diffraction | oss

if (ratio < -0.8)

smoot h=3030/ (11.2 - ratio) -305.7; %\ot in paper
end
if (smooth > edge)

snoot h=edge;

end

if (ratio < 0.57) %bstacle in path
LR R R
% Varying terrain (non isolated)
R e

i nit=obstacle - 100;
| ast =obstacl e + 100;
if (init < 1)

init = 1;
end
if (last >= iDist)

240



Appendix K

Investigation into Long-Range Wireless Sensor Networks

| ast =i Di st-1;
end
n=1last - init + 1;
X = init:last;
y = i El evat(x);

sunx = sum(x);
sunx2 = sum(x."2);
suny = sun(y);
sunxy = sum(X.*y);

% Least -squares fit

%y = tSlope * x +tb

den = n * sunx2 - sunx * sunx;

tSlope = (n *sunxy - sumx *suny) / den;
tb = (suny * sunx2 - sumx * sunxy) / den;

% Determine fit through nedian (translate fitted line)
R
% Uses a 'divide by 2' search.

mpts = (n+l) [/ 2; %Hal f the nunber of points
boundUp=1000; %Jpper boundary
boundLow=- 1000; %Jpper bounday

t est =0;

whi | e (boundUp- boundLow > 1)
fit =tSlope * x + tb + test; %ind the fitted line
diff =y - fit; % ind the difference
countL = length(find(diff > test)); %we would like Iine noved up
countH = length(find(diff >= test)); %we would like |ine noved down
if (countH < npts) %bve |ine down
boundUp=t est ;
test = (boundUp + boundLow) / 2;
if (boundLow <= -1000)
test = boundUp - 10; %out of boundaries
end
el se
if (countL > npts) %bve line up
boundLow = test;
test = (boundUp + boundLow) / 2;
if (boundUp >= 1000)

test = boundLow + 10; %ut of boundaries
end
el se
boundUp=boundLow;, % ini shed
end
end
end
trans = test;
R e i
% Determne Delta H
R R R R R R L

x=init:last;
y = i El evat(x);
fit =tSlope * x + tb + trans; %itted line

diff =y - fit; %li fference

tMn = mn(diff); 9% ni nrum di f f erence
tMax = max(diff); %vaxi mum di f f erence
sunD = sum(diff); %otal difference

% ind sumof (diff~2). Break up upper and | ower parts.

sumtH2 = sun(diff(find(diff >=0)) .* diff(find(diff >= 0)));
suml2 = sun(diff(find(diff < 0)) .* diff(find(diff < 0)));
sumD2 = sunH2 + sunli2;

hill = 1.6 * tMx; %di Il at maxi mum di fference point

sigma = std(diff);
delta =2 * 1.282 * sigma; %90% probability (two tails)

deltaH = delta;
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if (sunD2 > 0.1) %ot flat terrain
if (delta > hill)
deltaH = hill;
el se
deltaH = hill / 2 + delta * sunL2/sunD2;
end
end

tBlock = -deltaH;

R e e e
% Recei ver very near obstacle
i e
if (rLength <= 5) %li stance fromobs to receiver <5
diff = obsElev - iElevat(ibDist); %li fference in elevation
if (diff > 0)
proj = 0.35 + 3/ (rLength + 0.4);
cliff =diff * proj;
if (deltaH > cliff)
deltaH = (deltaH + cliff) / 2;
end
end
end
R
% Short paths (no secondary obstacles & |ine-of-sight)
R e

if (ratio >= 0)
if (fract < 0.3)
deltaH = deltaH + 100 * (1.125 + 0.0422 / (fract - 0.3375));
end
end

% Section not nmentioned in paper, but contained in Fortran
% code.

% Recal cul ates | osses for NLOS |inks

%1 think it reduces the clearance ratio due to a sharp edge
% being close to the receiver.

fLim= 3413.8 / (deltaH + 266.7) - 5.8;
if ((cLen < fLim & (ratio < 0)) %on LCS
plow = dist / 2;
if (dist > 2*fLim
plow = fLim
end
%-resnel radius at central point.
f5 = 548 * sqgrt(plow * (dist - plow) / (dist * freq));
prinLim= -deltaH / f5;
if (ratio < prinLim
ratio = prinmLim
end
%Cal cul ate kni fe-edge and snoot h-sphere | oss
edge = -1.377 * ratio ~ 2 + 11.31 * ratio - 6;
if (ratio < -0.5)
edge = 50.4/ (1.6 - ratio) - 36;

end

if (edge > 0)
edge = O;

end

snoot h= 38.68 * ratio - 21.66;
if (ratio < -0.8)
smooth = 3030 / (11.2 - ratio) -305.7;
end
if (smooth > edge)
smoot h = edge;

end
end
R
% Cal cul at e roundness factor and diffraction | oss
DR e
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roundFact = 75 / (deltaH + 75); % oundness factor
if (roundFact < 0)
roundFact = O;
end
if (roundFact > 1)
roundFact = 1;

end

range = edge - snooth;

dLoss = edge - roundFact * range; %li ffraction | oss
R e i
% Adj ust roundness near the horizon

R R R R R

pRound = roundFact;

if (ratio >= -1.1) % f not big obstruction
part = fract; %li st/ horz
if (part > 0.7) % f we are approaching the horizon

power = 0.17 + 0.166 / (fract - 0.5);
if (power > 1)

power = 1;
end
diff =1 - power;
%Recal cul ate the path clearance ratio
rats = 1.33 - 0.266 / (ratio + 1.3);
if (rats < 0)

rats = 0;
end
if (rats > 1)
rats = 1;
end

power =1 - rats * diff;

power = power * |o0gl0(roundFact);
%vbdi fy the roundness factor
pRound = 10”power ;

% Recal cul ate diffraction | oss
dLoss = edge - pRound * range;

end
end
R e e
ptLim= 5 * roundFact; Y%set dist to |look for 2nd obstacle
ptLim= round(ptLim/ dd); % n point counts
if (ptLim< 10)

ptLi m = 10;
end
N e e
% Beyond | i ne- of - si ght
LR R R R E LR
%ransmtter side of the obstacle
t Round = pRound;
round2 = pRound;

if ((roundFact < 0.8) & (ratio <= 0)) % on LOS
tAdj = 0;
tCbhs = 1;
tRatio = 0.57;
clearMn = 1000;
%l ope between transnitter and obstacle
sl ope = (obsEl ev - htansl)/obDi st;

|l astPt = obstacle - ptLim

if (lasthPt > 1) %ot in original Fortran code
%Cal cul ate the path clearance ratio
% =10: | ast Pt ;
I=1:lastPt; %odified
xd =1 * dd;

%art h-bul ge term
earthB = 0.0785 * xd .* (dist - xd) / ek;
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end

% f

% errain elevation including earth bul ge

cel = iElevat(l) + earthB;

%ei ght of LOS path to obstacle

hLOS = htansl + slope * xd;

%! ear ance

cl earance = hLOS - cel;

%-resnel radius

fresnel = 548 * sqgrt (xd .* (obDist - xd) ./ (obDist * freq));
%Set fresnel radius to fresMn for |arge obstacles where

% resnel <fresMn

fresnel (find((clearance <= 0) & (fresnel < fresMn)))=fresM n;
%ath clearance ratio

rat = clearance ./ fresnel;

%-i nd m ni mum path cl earace ratio (TX side of obs)

tRatio = min(rat);

[clearM n, tos] = m n(clearance); 9%V numum cl ear ance

aRatio = tRatio - 0. 3;

if (aRatio > 0)

tFactor = 4.95 / (aRatio + 4.5) - 1.1;
el se

tFactor = 2 + 11 / (aRatio - 5.5);
end

% ecal cul ate the roundness factor
tAdj = tFactor * (1 -pRound);
t Round = pRound + tAdj;

if (tRound < 0)

t Round = 0;
end
if (tRound >1)
t Round = 1;
end

% End of transmitter side of primary obstacle

O -----ccc-mccccccicccccmc-cccmmcsc-cssc-mcmscc-mccceemmmaa===
% Adj ust roundesss for |ong beyond |ine-of-sight paths

% (1 oss between prinmary obstacle & receiver)

round2 = tRound;

(rLength > 10) %\Non LOS

if ((rLength/dd - ptLim-5) > 0)

rCbs = obstacle + 1,

rRatio = 0.57; Ypath-clearance ratio (rx side of obs)
8l ope fromobstacle to RX

sl ope = (hransl - obsElev) / rLength;

%tart and stop points for investigation

initPt = obstacle + ptLim %after obstacle
lastPt = iDist - 5 %bef ore receiver
% ind path clearance ratio

I=initPt:lastPht;

xd =1 * dd;

axd = xd - obbDist;

%arth bulge term

earthB = 0.0785 * xd .* (dist - xd) / ek;

%l evation, including earth bul ge

cel = iElevat(l) + earthB;

%l evation of LOS path between obs and RX

hLOS = obsEl ev + sl ope * axd;

cl earance = hLOS - cel; Y%ath clearance

fresnel = 548 * sqrt(axd .* (rLength - axd) ./ (rLength * freq));
%Adj ust min. fresnel

fresnel (find((clearance <= 0) & (fresnel < fresMn)))=fresM n;
rat = clearance ./ fresnel; %ath clearance ratio;

[rRatio, cNunj = min(rat); %rin path clearance ratio (RX side)
cLen = rLength - axd(cNum); 9%BOist fromRX
cNunmecl ear ance(cNunj ; % ear ance
[clearM n, rbs] = m n(clearance); %M ni mum cl ear ance

if ((cLen < 5) & (rRatio < 0)) %obstacle closer to RX
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plow = rLength / 2;
if (rLength > 10)
pl ow = 5;
end
%-resnel radius at point 'plow
f5 = 548 * sqrt(plow * (rLength - plow)/(rLength * freq));
rxLim= cNum/ f5; %ath clearance ratio
if (rRatio < rxLim
rRatio = rxLim
end
end

%undo 2nd obstacle gain TX side
un = 1;
if (roundFact <= 0.5) % f overall roundness factor is less than 0.5
% f we have a knife-edge obstacle on RX side, approx beyond
%orz and far from RX then adjust tRound
if ((fract >= 0.8) & (rRatio <= 0.1) & (rLength >= 15))
un =1 - 10 * rRatio;
if (un > 1)
un = 1;
end
end
el se
if (tAdj <= 0)
%Adj ust roundness factor for TX side
tRound = tRound - un * tAdj;
end
end

aRatio = rRatio - 0.5;

if (aRatio > 0)

rFactor = 4.95 / (aRatio + 4.5) - 1.1;
el se

rFactor = 2 + 11 / (aRatio - 5.5);

end
rAdj = rFactor * (1 - roundFact); 9RX si de adj ust nment
round2 = tRound + rAdj; %adj usted for both side;
if (round2 < 0)
round2 = O;
end
if (round2 > 1)
round2 = 1;
end

end
end

%End of RX side of prinmary obstacle
R R R R R LR
% Terrain variations near receiver (linmt snpothness)

second = roundFact;

if ((roundFact >= 0.4) & ((dist/horizon) >= 0.8))
if (rLength >= 10)
init = iD st - 200;
if (init < (obstacle + 50))
init = obstacle + 50;

end

last = iDist;

if ((last - init) >= 50)
X = init:last;
y=i El evat (x);
n=1last - init + 1;

sunx = sum(x);
sunx2 = sum(x."2);
suny = sun(y);
sunxy = sum(X.*y);
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down

% Least-squares fit

%y = tSlope * x +tb

den = n * sunx2 - sunx * sunx;

tSlope = (n *sunxy - sunmx *suny) / den;
tb = (suny * sunx2 - sunx * sunxy) / den;

% Determine fit through nmedian (translate fitted |line)
R R LR R
% Uses a 'divide by 2' search.

mpts = (n+l) [/ 2; %Hal f the nunber of points
boundUp=1000; %Jpper boundary
boundLow=- 1000; %Jpper bounday

t est =0;

whi | e (boundUp- boundLow > 1)

fit =tSlope * x + tb + test; %ind the fitted line
diff =y - fit; % ind the difference
countL = length(find(diff > test)); %we would like |ine noved up

countH = length(find(diff >= test)); %we would like |ine noved
if (countH < npts) %bve |ine down
boundUp=t est ;
test = (boundUp + boundLow) / 2;
if (boundLow <= -1000)
test = boundUp - 10; %ut of boundaries
end
el se
if (countL > npts) %bve line up
boundLow = test;
test = (boundUp + boundLow) / 2;
i f (boundUp >= 1000)
test = boundLow + 10; %ut of boundaries
end
el se
boundUp=boundLow; % i ni shed
end
end
end
trans = test;

%et ermine delta H

fit =tSlope * x + tb + trans;
diff y - fit;

sumD = sun{diff);

sunD2 = sum(diff."2);

sigma = std(diff);

delta2 = 2 * 1.282 * signmm; %lelta H
second = 75 / (delta2 + 75); %Roundness near RX
end
end
ref = obDist; % bst acl e di stance
if (obDist > horizon) % f obs is beyond horizon
ref = horizon; % ef erence obs becones horizon
end
x=di st/ ref;
fact = 0.4 * x + 0.6; %al cul ate correction factor
if (fact < 1)
fact = 1;
end
slim= fact * second; %rodi fy roundness factor
if (slim> 1)
slim=1;
end

if (roundFact / second >= 0.9)

Y%imlar terrain throughout radial

if (exist('rRatio') ~= 1) %ix for short LOS |inks between obs and RX
rRatio = 0.57;

end

aRatio = rRatio - ratio / 4; %ath clearance ratio

if (aRatio > 1)
aRatio = 1;

end
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if (aRatio > 0)

rFactor = 4.95 / (aRatio + 4.5) - 1.1;
el se

rFactor = 2 + 11 / (aRatio - 5.5);
end

rAdj = rFactor * (1 - roundFact);

round2 = roundFact + rAdj; %dj ust roundness factor
if (round2 > slim %dj usted roundness > horizon corrected
round2 = slim
end
end
end
dLoss = edge + round2 * (snmooth - edge); %dj usted diffraction |oss

end
%li ffraction | oss
dLoss = dLoss - adj;

B
% utter loss. Was comented out in Fortran code

O/ = = = = m m m e m m e e m e e e e e e e e e e e e e e e m e e e e m e e e e e e e e e e e m -
% utter loss as function of frequency (snoothed out near LOS)

% cMd = 1.0; % utter nodifier (fromland-usage?)

%c = 4.5 * loglO(freq) - 4;

%c = chvd * c;

%

% span = 0.28 - 0.144 * (roundFact - 1.2);
% para = ¢ /| span”2;

%if (ratio > 0.4)

% para = 6.25 * (c - 1);

% end

%clutter = para * (ratio - 0.4) ~ 2 - c;
%if (clutter > 0)

% clutter = 0;

% end

%

% %Adj ust nent for steep andle of arrival
% cSl ope = sqrt(freq) / 350;

% steep = 1 + cSlope * (dist - horizon);
%if (steep < 0)

% st eep 0;
% end
%if (steep > 1)
% steep = 1;
% end

% %l utter |oss at point on path.
%clutter = clutter * steep;

tropol00 = 20.34 - 0.077 * dist;
freqAdj = 23.978 - 58026.76 / (freq + 2320);
if (freq > 1000)

fregAdj = 24.5 - 7200 / (freq + 3000);
end
tropoFd = tropol00 - freqAdj;

fS field = 106.9 - 20 * |0gl0(dist);
scatter = tropoFd - fS field;
diffL = scatter - dLoss;
conbine = 150 / (20 - diffL) - 5;
if (diffL < -10)
conbi ne = 0;
end
if (diffL > 10)
conbine = di fflL;
end

o%inal diffraction | oss!
dLoss = dLoss + conbi ne;

K.7 ACTIVATEGLOBALS.M
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% File: Acivated obal s
% Author: Sinobn Wllis
% Dat e: 23/ 03/ 2005

% Actvat es gl obal variables generated by Anal yseSite. m
%

for start = startNode: endNode
for stop=start:endNode
if (start~=stop)
eval ([' gl obal SNRdirect' setstr(start) ' pDirect' setstr(start) '
dLossDirect' setstr(start) ' d' setstr(start) ' SNRmean' setstr(start) ' pR
setstr(start) '_' setstr(stop) ' offsetFit' setstr(start) ' stdevFit' setstr(start) '
aFit' setstr(start) ' diffFit' setstr(start) ' SNR setstr(start) '_"' setstr(stop)]);
eval ([' gl obal SNRdirect' setstr(stop) ' pDirect' setstr(stop)
dLossDirect' setstr(stop) ' d' setstr(stop) ' SNRrean' setstr(stop) ' pR setstr(stop)
"' setstr(start) ' offsetFit' setstr(stop) ' stdevFit' setstr(stop) ' aFit'
setstr(stop) ' diffFit' setstr(stop) ' SNR setstr(stop) '_' setstr(start)]);
end

end
end
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Appendix L TinyOS Code Developed for the JCUM ote

L.1 TESTING APPLICATIONS
L.1.1 LRNET-LONG RANGE WIRELESS SENSOR NETWORK

LRNET.NC

/ tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.

Al rights reserved.

Permi ssion to use, copy, nodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.
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File: LRNet.nc (Long-Range WSN testing application)

Long- Range Wrel ess Sensor Network (LRNet). Periodically sanples the

signal strength of neighbouring nodes and forwards these neasurenments through the
network to the base station, along with nmeasurenents of battery and sol ar vol tage.
This application is based on the Surge application that is distributed with TinyGsS
and has been nodified by S WIllis for the JCUWte | ong-range WBN testing. Al code
is copyright of TinyOS and is bound by the above copyright nessage. Sections of
nodi fi ed or added code are indicated by an "SW comment and are copyright of

S WIllis.

@ut hor Simon Wllis
@ut hor Unknown (Original Surge Author not noted in original file)
@modi fied 19/12/2006
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includes LRNet; /1SW nodified

i ncludes SurgeCnd;
includes Ml ti Hop;
configuration LRNet {

impl ementation {

// Uncomment for

conponents Main, LRNetM TinerC, LedsC, NoLeds, ADCC, RandonlFSR,
Generi cCommPr om scuous as Conm Bcast, EWVAMII ti HopRouter as nulti hopM
// Unconment Del ugeC for Deluge functionality (un-tested)
QueuedSend, /*Del ugeC, */ TH7122Radi olntM Vol tageRaw, Sol arRaw; //SW nodified

Del uge functionality (un-tested)

/1 Main.StdControl -> Del ugeC,
Mai n. StdControl -> LRNetM StdControl ;
LRNet M SubControl -> Bcast. StdControl;
station to nodes
LRNet M SubCont r ol
LRNet M SubCont r ol
pr ot ocol
LRNet M SubControl -> TinerC;
LRNet M SubControl -> Comm
/1 multihopM CommCont r ol

-> nul ti hopM StdControl ;

-> Comm

#i f ndef PLATFORM_PC

-> QueuedSend. StdControl ;

//Start LRNet
/1 Broadcast for nessage from base
// Ml tihop routing

// Queued send used by multihop

/] General tiner
|/ Generi cCommPr om scuous

LRNet M Bat t -> Vol t ageRaw;
#el se

LRNet M Bat t -> ADCC. ADC 10] ; //Battery nonitor
#endi f

LRNet M Sol ar -> Sol ar Raw; /1 SW Sol ar voltage
nmoni t or

LRNet M Ti ner -> TinerC. Timer[unique("Tiner")]; //Wre a timer instance

LRNet M VDTi mer -> Ti mer C. Ti mer [ uni que("Ti mer")]; //Wre a timer instance

LRNet M Leds -> LedsC; // NolLeds; /1 LEDs for diagnostics
/I Wre received surge comand nessages to LRNet
LRNet M Bcast -> Bcast. Recei ve[ AM_SURGECVDMVSQ ;

Bcast . Recei veMsg[ AM_SURGECMDMSG - > Conm Recei veMsg[ AM_SURGECVDMVS( ;

//Wre MiltihopMs RouteControl and send interfaces to LRNet
LRNet M Rout eControl -> nul ti hopM
LRNet M Send -> nul ti hopM Send[ AM_SURGEMS( ;

/1Ml tihop protocol
mul ti hopM Recei veMsg[ AM_SURGEMSE
/ | Recei ved nessages

LRNet M Recei veMsg -> Conm Recei veMsg;

handl e for received surge nessages
-> Comm Recei veMsg[ AM_SURGEMS( ;

/1 SW Added. Monitor inconing

packet s

}

LRNet M Radi oMoni tor -> TH7122Radi ol nt M /1 SW Added. Monitor RSSI (noise)

LRNETM.NC

/

EE R I R I N R

tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.

Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

I'N NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI S SCFTWARE AND | TS DOCUMENTATI ON, EVEN | F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED COF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
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PROVI DE MAI NTENANCE, SUPPORT,

Copyright (c) 2002-2003 Intel

*

*

*

* All rights reserved.

*

*

* file. If you do not find these files,
* Intel Research Berkel ey,

* 94704. Attention: Intel

*

K e e e e e e e e e e e e e e — e m -
*/

2150 sShattuck Avenue,
Li cense I nquiry.

UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Cor porati on

This file is distributed under the terns in the attached | NTEL-LI CENSE

copi es can be found by witing to
Suite 1300, Berkeley, CA,

/** File: LRNet.nc (Long-Range WBN testing application)
*

Long- Range Wrel ess Sensor
si gnal
network to the base station,

S WIllis.

@uthor Simon Willis
@ut hor Unknown (Original
* @mdified 19/12/2006

E I R I

includes LRNet;
includes SurgeCnd;

modul e LRNet M {
provides {
interface StdControl;
}

uses {
nterface StdControl
nterface ADC as Batt;
nterface ADC as Sol ar;

/1 interface ADCControl;
nterface Timer;

nterface Leds;

nterface Send;

nterface Receive as Bcast;
nterface RouteControl;
nterface
nterface
nterface

Radi oMbni tor;
Ti mer as WDTi ner;

}
}

i mpl ement ation {

// Conponent Vari abl es
enum {
TI MER_GETADC_COUNT = 1,
TI MER_CHI RP_COUNT = 10,
NUM_NEI GHBOURS = 5

b
bool sl eepi ng;
bool focused;

TOS_Msg | at est Packet ;

Nei ghbour St at s | at est Nei ghbour ;

heard

Nei ghbour St at s nei ghbour s[ NUM_NEI GHBOURS] ;

nei ghbours

norace uintl16_t gSensorData;
of SendBusy fl ag

norace uintl16_t gSol arDat a;
of SendBusy fl ag

uint8_t sendQueue[ NUM_NEI GHBOURS] ;

details to be send

Net wor k (LRNet) .
strength of nei ghbouring nodes and forwards these nmeasurenents through the
along with measurenents of battery and sol ar voltage.
This application is based on the Surge application that
and has been nodified by S Wllis for the JCUWte |ong-range WBN testing. All
is copyright of TinyOS and is bound by the above copyri ght nessage.
nmodi fi ed or added code are indicated by an "SW coment and are copyright of

Sur ge Aut hor

as SubControl ;

Recei veMsg[ ui nt 8_t

Periodically sanples the

is distributed with TinyCs
code
Secti ons of

not noted in original file)

/1 SW nodified

/1 SW nodified
/1 SW Battery vol tage nonitor
/1 SW Sol ar vol tage nonitor

/1 Send nmessages
/| Recei ve broadcast SURGECMD nessages
/] Determ ne parent for new nessages

id]; //SW Receive all nessages (nonitor neighbours)
/1 SW Monitor RSSI (noise)
/1 SW Added

/I Timer ticks for ADC
/1 Timer on/off chirp count
/1 SW Number of neighbours to record

/'l application command state

/1 SW Added
/1 SW Added. Latest nei ghbour
/1 SW Added. Array of strongest
/1 SW Added. protected by
/1 SW Added. protected by
/1 SW Added. Queue of neighbour
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uint8_t sendPutter; /1 SW Added. Putter for send queue
uint8_t sendCetter; /1 SW Added. Cetter for send queue
ui nt8_t queuelLen; /1 SW Added. Length of queue
TOS_Msg gMsgBuffer;
bool gf SendBusy;

uint32_t timer_rate;
uintl6_t tinmer_ticks;

] **

* Initialise tiners,

*/
static void initial
int i;
#i f ndef PLATFORM _PC
out p(0x00, DDRF);
#endi f
timer_rate =

atom ¢ gf SendBusy =

sl eepi ng = FALSE;

| NI TI AL_TI MER RATE -

node state and nei ghbour details queue

ize() {

(TOS_LOCAL_ADDRESS << 3);
FALSE;

}

sendPut t er =0; /1 SW Added.
sendCet t er =0; [/ SW Added.
queuelLen=0; /1 SW Added.
/1 SW Added. Initialise neighbour details

for (i=0; i<NUM NElIGHBOURS; i++) {

}

sendQueuel[ i ] =0xFF; |l enmpty queue contains Oxff, because index O can exi st
nei ghbour s[i]. addr ess=0xFF;
nei ghbours[i]. strengt h=0;

nei ghbours[i]. noi se=0;

/1 The follow ng block of code is witten by and is copyright of S Wllis

11

] **

*** General

Queue Functions ***

* Add a nei ghbour to the sending buffer

*

* @ttrib neighbourlndex Address of nei ghbour

* @eturn An indication if value was successfully added
**/

result_t addNei ghbour

}

/**

(uint8_t nei ghbourlndex) {

i f (queueLen<NUM _NEI GHBOURS) {

}

sendQueue[ sendPut t er ] =nei ghbour | ndex;
sendPut t er ++; /lincrement the putter
sendPutter % NUM NEI GHBOURS; /lcircular buffer.
queuelLen++,;
return SUCCESS;

el se

return FAIL;

* Take a nei ghbour off the sending buffer

*

* @eturn The address of the nei ghbour at

**/

ui nt 8_t next Nei ghbour

the front of the queue

0 Ao
nei ghbour = OxFF;

uint8_t
i f (queueLen !'= 0) {
nei ghbour = sendQueue[sendGetter];
sendQueue[ sendGet t er ] =0xFF;
sendCet t er ++;

//take this index out of the queue

sendGetter %NUM NEI GHBOURS;
queuelLen- -;
}
return nei ghbour;
}
/**

* Check if a nei ghbour

*

is already on the queue

* @ttrib neighbourlndex Address of nei ghbour
* @eturn TRUE/ FALSE
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**/

bool inQueue (uint8_t neighbourlndex) {
int i;
bool found = FALSE;

for (i=0;i<NUM NElI GHBOURS; i ++) { /] Search through the queue
i f (sendQueue[i]==nei ghbourl ndex) {
found = TRUE;
}

return found;

}
/1 End of code block by S Wllis

/**
* Task to send a LRNet data packet
**/
task void SendData() ({
LRNet Msg *pReadi ng;
uint1l6_t len;
uint32_t batt; //SW Battery voltage
ui nt 8_t nei ghbour | ndex; /1 SW 1ndex to nei ghbour in queue
dbg(DBG_USR1, "LRNetM Sending sensor reading\n");

if ((pReading = (LRNet Msg *)call Send.getBuffer(&MsgBuffer,& en))) {
/1 Set up the packet
pReadi ng- >t ype = SURGE_TYPE_SENSORREADI NG
/1 Set up the parent
pReadi ng- >parent addr = call RouteControl.getParent();

nei ghbour | ndex=next Nei ghbour () ; /1 SW Get the next nei ghbour
pReadi ng- >sol ar = gSol ar Dat a; /1 SW set the solar value
pReadi ng- >seq_no ++; |/ Sequence numnber
11 batt = ((uint32_t)(gSensorData)) << 23; //dd usage
/1 Jcunote has bigger ADC val ues than M ca2. M ca2 never used NMSB
batt = ((uint32_t)(gSensorData)) << 22; /1 SW altered
/1 pReadi ng- >seq_no &= Ox7fffff; /1A d usage
pReadi ng- >seq_no &= Ox3fffff; //SW altered
pReadi ng- >seq_no += batt; //Store battery val ue

//SW 1f we don't have a nei ghbour then send all Os
i f (nei ghbourlndex == Oxff) {

pReadi ng- >nei ghbour Addr = 0;

pReadi ng->strength = 0;
pReadi ng- >noi se = 0;

}

//SW Load the details of the neighbour into the packet

el se {
pReadi ng- >nei ghbour Addr = nei ghbour s[ nei ghbour | ndex] . addr ess;
pReadi ng- >strengt h = nei ghbour s[ nei ghbour | ndex] . st rengt h;
pReadi ng- >noi se = nei ghbour s[ nei ghbour | ndex] . noi se;

}

/1 Set the nei ghbour node strength to 0 in the nei ghbour table.
//This will allow another node to take that position in the
//table if required

nei ghbour s[ nei ghbour | ndex] . strengt h=0; //SW Added.

if ((call Send.send(&gMsgBuffer, sizeof (LRNet Msg))) != SUCCESS)
atom ¢ gf SendBusy = FALSE;

}

/**
* Task to process the | atest neighbour details that have been received
* The following task is witten by and is copyright of S Wllis
**/
voi d task processNei ghbour () {
bool bKnownNei ghbour = FALSE;
ui nt 8_t nei ghbour | ndex=0xFF;
uint 16_t weakest Si gnal ;
int i;

/Do we have this neighbour in the table already?
for (i=0; i<NUMNEI GHBOURS; i++) {
i f (IatestNei ghbour.address == nei ghbours[i].address) {
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t abl

}

bKnownNei ghbour =TRUE;
nei ghbour | ndex=i ;

/11f this neighbour is known update the details in the array
i f (bKnownNei ghbour) {

/lthis
/[1wth
el se {

e

nei ghbour s[ nei ghbour | ndex] =l at est Nei ghbour;
//add the nei ghbour to the sending queue if it is not already there
if (!(inQueue(nei ghbourlndex))) {
//add the nei ghbour to the sending queue if we can fit it in
addNei ghbour (nei ghbour | ndex) ;

is not a known nei ghbour. If there are any neighbours in the table
a weaker signal (or 0 - not used yet) then replace them

weakest Si gnal =OxFFFF;
//find the weakest nei ghbour
for (i=0; i<NUM NEIGHBOURS; i++) {
if (neighbours[i].strength < weakestSignal) {
weakest Si gnal =nei ghbours[i]. strength;
nei ghbour | ndex=i ;

}
/1if the new nei ghbour has a stronger signal then replace it in the
i f (weakest Si gnal <=I at est Nei ghbour . strength) {

nei ghbour s[ nei ghbour | ndex] =l at est Nei ghbour ;
//add this neighbour to the sending list if this index is not

t he sendi ng queue al ready

fit

}

] **

if (!(inQueue(nei ghbourlndex)))

addNei ghbour ( nei ghbour I ndex); //add nei ghbour if it wll

* Standard Control initialise comand

*

* @eturn Al ways returns SUCCESS.

* %

/

command result_t StdControl.init() {
call SubControl.init();
initialize();

return SUCCESS;

}

] **

* Standard Control start command

*

* @eturn Al ways returns SUCCESS.

* %

/

command result_t StdControl.start() {
call SubControl.start();

}

] **

call Tinmer.

start (TI MER_REPEAT, tiner_rate);

call VDTi mer.start (TI MER_ONE_SHOT, WATCHDOG M SSED PACKETS * timer_rate);
/I SW start the watchdog timer
return SUCCESS;

* Standard Control stop conmand

*

* @eturn Al ways returns SUCCESS.

* %

/

command result_t StdControl.stop() {
call SubControl.stop();

}

/**

return call

Ti mer. stop();

* Main LRNet tiner fires. Causes node to sanple data and send a packet

*
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* @eturn Al ways returns SUCCESS.
**/
event result_t Tiner.fired() {
dbg(DBG USR1, "LRNetM Timer fired\n");
timer_ticks++;
if (timer_ticks % TI MER_GETADC _COUNT == 0) {
/1 TOSH_SET_BAT_MON_PI N() ;
[/ TOSH uwai t (250) ;
call Sol ar.getData(); //SW Start the ADC getting the solar voltage

/1 If we're the focused node, chirp

if (focused && tiner_ticks % TI MER_CH RP_COUNT == 0) {
call Leds.greenOn(); /1SW nodified
call Leds.redOn(); /1SW nodified
cal |l Leds.yellown(); /1 SW nodified

/1 1f we're the focused node, chirp (toggle LEDs)
if (focused && tinmer_ticks % TI MER_CH RP_COUNT == 1) {
call Leds.greenOif(); /1 SW nodified

call Leds.redOf(); //SW nodified
call Leds.yellowOf(); //SW nodified
}
return SUCCESS;
}
/**

* Handler for the watchdog timer. If this tinmer goes off then it has

* not been reset. The tiner should be reset whenever a new packet is

* received. Reset everything. Used in troubl eshooting to ensure a node
does not get jamed in an erroneous state

* The followi ng event handler was witten by and is copyright of S WIllis
*

@eturn Al ways returns SUCCESS.
*/
event result_t WOTiner.fired() {
call Leds.redOn();
call StdControl.init();
call StdControl.start();
call WDTi ner.start (TI MER_ONE_SHOT, WATCHDOG M SSED PACKETS * tiner_rate);
//reset the watchdog tiner
return SUCCESS;

}
/**
* Once solar data has been collected then nmeasure battery voltage

*

The following event handler was witten by and is copyright of S Wllis

@eturn Al ways returns SUCCESS
*/
async event result_t Sol ar.dataReady(uint16_t data) {
/1 LRNet Msg * pReadi ng;
/[luintl6_t |en;
/1 TOSH_CLR_BAT_MON_PI N() ;
dbg(DBG_USR1, "LRNetM Got ADC readi ng: 0x%\n", data);

*
*
* @ttrib data ADC readi ng of solar voltage
*
*

atom c {
gSol arData = dat a;
}
call Batt.getData(); /1 Get the battery voltage
return SUCCESS;
}
/**

* Once the battery voltage has been neasured we are ready to send a packet
*
* @ttrib data ADC readi ng
* @eturn Al ways returns SUCCESS
**/
async event result_t Batt.dataReady(uintl6_t data) {
/1 LRNet Msg *pReadi ng;
/[luintl6_t len;
/1 TOSH_CLR_BAT_MON_PI N() ;
dbg(DBG_USR1, "LRNetM Got ADC readi ng: Ox%\n", data);
atom c {
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if (!9f SendBusy) {
gf SendBusy = TRUE;
gSensor Data = dat a;
post SendDat a() ; //Fill a packet and send it

}

}
return SUCCESS;
}

] **

* Packet was sent successfully

*

* @ttrib pMsg Pointer to TinyOS nmessage

* @ttrib success success of transm ssion

* @eturn Al ways returns SUCCESS

**/

event result_t Send. sendDone(TOS_MsgPtr pMsg, result_t success) {
dbg(DBG_USR2, "LRNetM output conplete Ox%\n", success);
//call Leds.greenToggle(); /1 SW troubl eshooting
at om ¢ gf SendBusy = FALSE;
return SUCCESS;

-

*

Conmmand interpreter for broadcasts

@ttrib pMsg Pointer to received nessage
@ttrib payl oad Pointer to payl oad
@ttrib payl oadLen Length of pointer
@eturn Pointer to nessage
*/
event TOS MsgPtr Bcast.receive(TOS MsgPtr pMsg, void* payl oad, uintl1l6_t payl oadLen)

E R I

SurgeCrdMvsg *pCnmdMsg = (SurgeCmdMsg *) payl oad;
dbg(DBG_USR2, "LRNetM Bcast type 0x%02x\n", pCrdMsg->type);

if (pCrdMsg->type == SURGE_TYPE_SETRATE) { /] Set tiner rate
timer_rate = pCndMsg- >ar gs. new at e;
dbg(DBG USR2, "LRNetM set rate %\n", tinmer_rate);
call Tiner.stop();
call Tiner.start(TlI MER_REPEAT, tiner_rate);

o8

se if (pCrdMsg->type == SURGE_TYPE_SLEEP) {

/Il Go to sleep - ignore everything until a SURGE_TYPE_WAKEUP
dbg(DBG_USR2, "LRNetM sleep\n");

sl eepi ng = TRUE;

call Tiner.stop();

call Leds.greenOf();

call Leds.yellowOif();

o

se if (pCmdMsg->type == SURGE_TYPE WAKEUP) {
dbg(DBG_USR2, "LRNetM wakeup\n");

/1 \Wake up from sl eep state
if (sleeping) {
initialize();
call Tiner.start(TlI MER_REPEAT, tinmer_rate);
sl eepi ng = FALSE;
}

se if (pCrmdMsg->type == SURGE_TYPE_FOCUS) {
dbg(DBG USR2, "LRNetM focus %\ n", pCmiMsg->args.focusaddr);
/1 Cause just one node to chirp and increase its sanple rate;
/1 all other nodes stop sending sanples (for deno)
if (pCrdMsg->args. focusaddr == TOS_LOCAL_ADDRESS) {
/1 OK, we're focusing on ne
focused = TRUE;
call Leds.greenOn(); /1 SW added
call Leds.redOn(); /1 SW added
cal |l Leds.yell own(); /1 SW added
call Tinmer.stop();
call Tiner.start(TlI MER_ REPEAT, FOCUS_TI MER RATE);

}

o
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}

el se {
/1 Focusing on soneone el se
call Tiner.stop();
cal | Timer.start (Tl MER REPEAT, FOCUS_NOTME_TI MER_RATE) ;

}

}
else if (pCndMsg->type == SURGE_TYPE_UNFOCUS) ({
/!l Return to normal after focus command
dbg(DBG_USR2, "LRNetM unfocus\n");
focused = FALSE;
call Leds.greenOif(); /1 SW added
call Leds.redOf(); /1 SW added
call Leds.yellowOf(); //SW added
call Tiner.start(TlI MER_REPEAT, tiner_rate);

}
return pMsg;
}
/**
* Event handler for all received packets
*
* Intercept event signalled when a packet is received. Wred to snoop
* and intercept so that packet is always received whether it is being
* forwarded or not. Used to determine the strength of neighbours' signals
*
* This is event handler is witten by and is copyright of S Wllis
* @ttrib pMsg Pointer to received nessage
* @eturn Pointer to nessage
*

*/
event TOS_MsgPtr Recei veMsg.receive[uint8_t id](TOS_MsgPtr pMsg) {
TOS_MHopMsg *pMiopMsg = (TOS_MHopMsg *) pMsg- >dat a;

if ((id==AM SURGEMSG) || (i d==AM MULTI HOPMSG)) {

| at est Nei ghbour . address = pMopMsg- >sour ceaddr ; //store address
| at est Nei ghbour . strength = pMsg- >strength; //signal strength
| at est Nei ghbour . noi se = call Radi oMoni t or. get Squel ch(); /1 Noi se

//restart the watchdog tiner once a packet has been received
call WDTi mer. start (Tl MER_ONE_SHOT, WATCHDOG M SSED PACKETS * tiner_rate);
/1 Add this neighbour to the queue if applicable
post processNei ghbour ();
}
return pMsg;
}

LRNET.H

/

ECE I R B . . N N N N N I A

tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.
Al rights reserved.

Permi ssion to use, copy, nodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

I'N NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI S SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED OF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al'l rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkel ey, CA,
94704. Attention: |Intel License Inquiry.
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*

/*

*

E o T R

*

*

}s
/1

/
* File: LRNet.h (Long-Range WSN testing application)

Header file for Long-Range Wrel ess Sensor Network (LRNet). Periodically sanples
the signal strength of neighbouring nodes and forwards these neasurenents through
the network to the base station, along with neasurenments of battery and sol ar

vol tage. This application is based on the Surge application that is distributed
with TinyOS and has been nodified by S WIllis for the JCUWte |ong-range WSN
testing. Al code is copyright of TinyOS and is bound by the above copyri ght
message. Sections of nodified or added code are indicated by an "SW coment and
are copyright of S WIllis.

@ut hor Simon Wllis
@ut hor Unknown (Original Surge Author not noted in original file)
@odi fied 18/ 12/ 2006

*/

I NI TI AL_TI MER_RATE = 1024 * 8, /18 second transnmit rate

FOCUS_TI MER_RATE = 1000,

FOCUS_NOTME_TI MER_RATE = 1000,

WATCHDOG M SSED_PACKETS = 15 /1 15*8sec=2 m nutes wat chdog ti ner

Sur ge nessage types

enum {

b

/1
/1

SURGE_TYPE_SENSORREADI NG = 0,
SURGE_TYPE_ROOTBEACON = 1,
SURGE_TYPE_SETRATE = 2,
SURGE_TYPE_SLEEP = 3,
SURGE_TYPE_WAKEUP = 4,
SURGE_TYPE_FOCUS = 5,

SURGE_TYPE_UNFOCUS = 6

SW altered this struct
LRNet nessage type definition (identical size to Surge packet)

typedef struct LRNetMsg {

}
11

uint8_t type;

uintl6_t solar;
uint16_t parentaddr;

ui nt 32_t seq_no;

uint 16_t nei ghbour Addr ;
uint16_t strength;
uint16_t noi se;

__attribute__ ((packed)) LRNetMsg;

SW Struct for Neighbour data

typedef struct Nei ghbourStats {

}

11
11

uint16_t address;
uint16_t strength;
uint1l6_t noise;
Nei ghbour St at s;

LRNet nmessages have same AMtype as Surge.
Al'l ows applications such as SurgeView to be used

enum {

b

AM SURGEMSG = 17
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L.

1.2 SIGNALSTRENGTHTEST — NODE RANGE TESTING

SIGNALSTRENGTHTEST.NC — | NSTALLED ON RECEIVER

] **

*

*

L S N

File: Signal StrengthTest. nc

Used for testing the transmi ssion range of nodes. The transmitter is |loaded with
Cnt ToLedsAndRf m whi ch periodically outputs a counter value. This value is
received by Signal StrengthTest, which is installed on the receiver. This program
stores the signal strength, noise and packet loss in a neasurenents buffer and
then out puts these measurenents once 10 have been collected. Gscilloscope is used
to output the measurenents over the UART. The program al so displays the counter
val ue on the LEDs. SinpleCnd is used to allow a ' Flush' command to be issued from
the PC. This causes the programto output the nmeasurements buffer inmediately.
This file is witten by and is copyright of S WIlis. It uses IntToLeds, Oscope,
Si npl eCnd and Del uge which are distributed with Ti nyCS.

@ut hor Simon Wllis
@modi fied 29/11/2006

i ncludes | ntMsg;
includes Sinpl eCdMsg;

configuration Signal Strengt hTest {

}

provides interface ProcessCnd;

i mpl ement ati on

{

conponents Min

, Signal Strengt hTest M /1 The nodul e

, TimerC /] General tinmer

, GenericComm /] Qut put over the UART

, IntToLeds //Qutputs the counter on LEDs

, TH7122Radi ol nt M // SW Radi o interface

, GscopeC //Qutputs values to the Oscill oscope
application

, Del ugeC // Renot e progranmiing

, Si npl eCnmdM /| Recei ves comrands from UART

//StdControl Interfaces

Mai n. St dControl -> Del ugeC;

Mai n. StdControl -> Sinpl eCrdM

Mai n. St dControl -> Signal StrengthTest M
Mai n. St dControl -> Ti merC,

Mai n. St dControl -> IntToLeds. StdControl ;
Mai n. St dControl -> GscopeC. StdControl;

//Wre the provided ProcessCnd interface to SinpleCm
ProcessCnd = Si npl eCdM ProcessCnd;

/] Qut puts counter value on LEDs

Si gnal Strengt hTest M | nt Qut put -> I ntToLeds. | nt Qut put;

// Communi cati ons control interface

Si gnal Strengt hTest M ConmControl -> Ceneri cComm

/levent handl er for received nessages

Si gnal Strengt hTest M Recei vel nt Msg -> Generi cConm Recei veMsg[ AM_| NTMS( ;
/I Determine the noise |evel

Si gnal Strengt hTest M Radi oMoni tor -> TH7122Radi ol nt M

/1 Three oscill oscope channels (strength, noise and packet | o0ss)

Si gnal Strengt hTest M GscopeChO -> GscopeC. Oscope[ 0] ;

Si gnal Strengt hTest M GscopeChl -> GscopeC. Gscope[ 1] ;

Si gnal Strengt hTest M GscopeCh2 -> GscopeC. Gscope[ 2] ;

/1 Event handl er of conmand messages (flush)

Si npl eCndM Recei veCmdMsg - > Generi cConm Recei veMsg[ AM_SI MPLECVDVS( ;
/1 Si mpl eCmdM requi res access to Oscope to flush the buffer

Si npl eCndM GscopeCh0 -> OGscopeC. Oscope[ 0] ;

Si npl eCndM GscopeChl -> OscopeC. Cscope[ 1] ;
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Si npl eCndM GscopeCh2 -> OscopeC. Gscope[ 2] ;
}

SIGNALSTRENGTHTESTM.NC

*

/
File: Signal StrengthTest. nc

Used for testing the transmi ssion range of
Cnt ToLedsAndRf m whi ch peri odi cal |y out put
received by Signal StrengthTest, which is i
stores the signal strength, noise and pack
then out puts these measurenents once 10 ha
to output the measurenents over the UART.
val ue on the LEDs. SinpleCnd is used to al
the PC. This causes the programto output
This file is witten by and is copyright o
Si npl eCnd and Del uge which are distributed

EE R N R N

@ut hor Simon Wllis
@modi fied 29/11/2006

includes | ntMsg;

nmodul e Signal StrengthTestM

{
provides interface StdControl;
uses {
interface Leds;
interface StdControl as CommControl ;
interface ReceiveMsg as Reset Count er Msg;
interface ReceiveMsg as Receivel nt Msg;
interface | ntQutput;
interface Radi oMonitor;
interface OGscope as OscopeChO;
interface OCscope as OscopeChl;
interface OCscope as OscopeCh2;
}
}
i mpl ement ati on
{
/ | Corponent vari abl es
uint 16_t readi ngNunber;
uint16_t | ost Packets; [/ Nunmber of pac
uint16_t | ast Count; /'l Last integer
/**
* |Initialises the CoomControl conponent and
* @eturn Al ways returns SUCCESS.
**/
command result_t StdControl.init() {
//Turn on radi o and UART
call CommControl.init();
// Reset all variables
atom c {
readi ngNunber = 0;
| ast Count =0;
| ost Packet s=0;
}
dbg(DBG_BOOT, "QOSCOPE initialized\n");
return SUCCESS;
}
/**

* Starts the CommControl conponent.
* @eturn Al ways returns SUCCESS.

* %[

command result_t StdControl.start()

nodes. The transnitter is |loaded with
s a counter value. This value is
nstalled on the receiver. This program
et loss in a neasurenents buffer and

ve been coll ected. Oscilloscope is used
The program al so di splays the counter
low a 'Flush' command to be issued from
the nmeasurenents buffer imediately.

f SWIIlis. It uses IntToLeds, Oscope,
with TinyCS.

// Reset counter nessages

/| Count er val ue

//Qutput to LEDs

// Radi 0o noi se

/] Gscope channels - strength

/1 - noi se

/1 - lost packets

kets | ost
recei ved

vari abl es.
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call CommControl.start();
return SUCCESS;
}

] **

* Stops the CommControl conponent.
* @eturn Al ways returns SUCCESS.
**/
conmand result_t StdControl.stop() {
call CommControl.stop();
return SUCCESS;
}

] **

* Signalled when an integer is received fromthe radio
* Qutput the integer on the LEDs and store to the oscope buffer
*

* @ttrib mpointer to received nmessage

* @eturn a pointer to a nessage (location to store next nsg)

**/

event TOS _MsgPtr Receivel nt Msg.recei ve(TOS_MsgPtr m {
IntMsg *nmessage = (IntMsg *)m >data; //Data conponent

if ((((nmessage->val)-lastCount) > 1) & (lastCount!=0))
| ost Packet s+=( nessage- >val ) - | ast Count - 1;
| ast Count =nessage- >val ;

call | ntQutput.output(nessage->val);
atom ¢ {
/] Qut put strength, noise and | ost packets to oscope buffers
call GscopeChO. put (m >strength);
call OGscopeChl. put(call Radi oMonitor.getSquelch());
call GscopeCh2. put (| ost Packet s);
}
return m

}
/**

* Signalled once an integer has been output to the LEDs.

*

* @ttrib success Success of int output

* @eturn Al ways returns SUCCESS.

**/

event result_t |ntQutput.outputConplete(result_t success) {
return SUCCESS;

}

] **

* Signalled when the reset nessage counter AMis received.

*

* @ttrib Pointer to received nessage
* @eturn Pointer to a nessage (location to store next nsg)

**/
event TOS _MsgPtr Reset Count er Msg.receive(TOS_MsgPtr nm) {
atom c {
readi ngNunmber = 0;
}
return m
}

}

SIMPLECMDM.NC
/ tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.
Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenment is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR
DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT

E o T N
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*

OF THE USE OF THI' S SOFTWARE AND | TS DOCUMENTATI ON, EVEN | F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED OF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS I S" BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al'l rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkel ey, CA,
94704. Attention: Intel License Inquiry.

* =~

File: SinpleCrdM nc

Recei ves command nessages and executes a correspondi ng conmand. Mdified by

S WIllis for use with Signal StrengthTest. Wen command '1' is received this
programwi || dunp 10 zeros into the oscill oscope buffer, causing oscilloscope to
output any data remaining in the buffer. Al code is copyright of TinyOS and is
bound by the above copyright nessage. Sections of nodified or added code are

i ndicated by an "SW comment and are copyright of S WIlis.

@uthor Sinon Wllis
@ut hor Robert Szewczyk (Original SinpleCrdM author)
@ut hor Su Ping (Original SinpleCnhdM aut hor)
@modi fied 29/11/2006
*/

includes Sinpl eCdMsg;

modul e Si mpl eCmdM {

}

provides {
interface StdControl;
interface ProcessCnd;

}

uses {
interface OGscope as OscopeChO; /1 SW Added. GCscill oscope channel 0
interface OCscope as OscopeChl,; /1 SW Added. GCscilloscope channel 1
interface OCscope as OscopeCh2; /1 SW Added. GCscilloscope channel 2
interface ReceiveMsg as Recei veCnmdMsg;

}

i mpl ement ati on

{

/

/1 declare nodul e static variables here
TOS _MsgPtr cur_nsg; // The current conmand nessage
TOS_Msg buf; /'l Free buffer for nmessage reception

* %

* This task evaluates a command and executes it.
* Signals ProcessCnd. sendDone() when the conmand has conpl et ed.
*

* @eturn Return: None

**/

task void cndlnterpret() {
struct SinpleCmdMsg *cnd = (struct SinpleCndMsg *)cur_nsg- >dat a;
result_t status = SUCCESS;
uint8_t i;

/1 do local packet nodifications: update the hop count and packet source
cnd- >hop_count ++;
cnd- >source = TOS_LOCAL_ADDRESS;

/] Execute the conmmand
switch (cnd->action) {
case DUMP_BUF: /1 SW Added. DUMP_BUF conmand
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for (i=0;i<10;i++) { //Add 10 zeros to the oscill oscope buffer
call OscopeChO. put (0);
call GscopeChl. put(0);
call GscopeCh2. put (0);

br eak;
// SW Renpoved LED ON, LED OFF, RADI O QUI ETER, RADI O LOUDER, START_SENDI NG,
READ_LOG comrands

defaul t:
status = FAIL;
}
signal ProcessCrd. done(cur_nsg, status); //Signal conpletion
}
/**

* |nitialize the application.
* @eturn Success of conponent initialization.

**/
command result_t StdControl.init() {
cur_nmsg = &buf; /1 SW deleted sonme initialisation code that was not needed
return SUCCESS;
}
/**

* Start the application.
* @eturn Al ways returns <code>SUCCESS</ code>

**/
command result_t StdControl.start(){
return SUCCESS; /1 SW del eted conms start code that was not needed
}
/**

* Stop the application.
* @eturn Always returns <code>SUCCESS</ code>

**/
command result_t StdControl.stop(){
return SUCCESS; /1 SW del eted comms stop code that was not needed
}
/1 SW del eted Logger Read. readDone event. No | onger needed
/**

Post a task to process the nessage in 'pnsg' .
Call ed fromreceiver event handl er

*

*

* @ttrib pnsg Pointer to command nessage

* @eturn Always returns <code>SUCCESS</ code>
*

*/

comand result_t ProcessCrd. execute(TOS MsgPtr pnsg) {
cur_mnmsg = pnsg; /] Save the comand nessage
post crdinterpret(); /'l nterpret the command
return SUCCESS;

}

/**

* Cal | ed upon nmessage receive; invokes ProcessCnd. execute().
*
* @ttrib pnsg Received conmand nmessage
* @eturn pointer to nessage
* *
/
event TOS MsgPtr Recei veCmidMsg. recei ve(TOS_MsgPtr pnsg){
result_t retval;
TOS_MsgPtr ret = cur_nsg;

retval = call ProcessCrd. execute(pnsg); //Call execute command above
if (retval ==SUCCESS) ({

return ret;
} else {

return pnsg;

}

| **

* Default event handler for <code>ProcessCnd. done</code>.

*

* @ttrib pnsg Pointer to command nmessage
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* @ttrib Result (success)of ProcessCrd
* @eturn The value of 'status'.
**/
default event result_t ProcessCnd. done(TOS_MsgPtr pnsg, result_t status) {
return status;
}

/1 SW Renoved SendLogMsg. sendDone event

} /1 end of inplenentation

SIMPLECMDM SG.H
/ tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.
Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
documentation for any purpose, without fee, and without witten agreenment is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI' S SOFTWARE AND | TS DOCUMENTATI ON, EVEN | F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED OF THE POSSI BI LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MCDI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al'l rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkeley, CA,
94704. Attention: |Intel License Inquiry.

EE R N N I N N I I A

~

*

File: SinpleCndMsg. h

Thi s header file defines the AM SI MPLECMDMSG nessage type for the SinpleCnd
application. This file has been nodified by S WIlis to suit the Signal StrengthTest
program All code is copyright of TinyOS and is bound by the above copyri ght
message. Sections of nodified or added code are indicated by an "SW coment and
are copyright of S Wllis.

@ut hor Simon Wllis

@ut hor Robert Szewczyk (Oiginal SinpleCrdM aut hor)
@ut hor Su Ping (Original SinpleCnhdM author)

@modi fied 29/11/2006

* % [

E I R

*

enum {

AM_SI MPLECVMDVSG = 8,
AM_LOGVBG=9
b

enum {
DUMP_BUF = 1 //SW Renpved LED ON, LED OFF, RADI O LOUDER, RADI O QUI ETER,
/| START_SENSI NG and READ LOG Added DUMP_BUF
b

/* /1 SW Commented out this struct. Not needed in
Si gnal Strengt hTest
typedef struct {
int nsanpl es;
uint32_t interval;
} start_sense_args; */
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/* /1 SW Commented out this struct. Not needed in
Si gnal Strengt hTest
typedef struct {
uint16_t destaddr;
} read_l og_args; */

/1 SinpleCnd nmessage structure
typedef struct SinpleCndMsg {
int8_t seqno; /] Sequence nunber
int8_t action; /1 Acti on/ conmand nunber
uint16_t source; // Sour ce address
uint8_t hop_count; //Hop count
/*uni on { /1 SW Renoved union. No |onger required.
start_sense_args ss_args;
read_l og_args rl_args;
uint8_t untyped_args[O0];
} args; */
} Sinpl eCdMsg;

/'l Log message structure

/* /1 SW Commented out this struct. Not needed in
Si gnal Strengt hTest
typedef struct LogMsg {
uint16_t sourceaddr;
uint8_t |og[16];
} LogMsg; */

CNTTOLEDSANDRFM —INSTALLED ON TRANSMITTER
/ tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.
Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreement is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

I'N NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI S SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED COF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATI ON TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al'l rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkel ey, CA,
94704. Attention: Intel License Inquiry.

E T N R R S . . . N R N

-~

[ **

This application blinks the LEDS as a binary counter and al so send
a radi o packet sending the current value of the counter.

**/

configuration Cnt ToLedsAndRf m {

impl ementation {
conponents Main, Counter, IntTolLeds, IntToRfm TinerC,

Mai n. St dControl -> Counter.StdControl;
Mai n. StdControl -> |ntTolLeds. StdControl ;
Mai n. St dControl -> IntToRfm StdControl;
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Mai n. StdControl -> TimerC. StdControl ;
Counter. Tinmer -> TinmerC. Tinmer[unique("Timer")];
I nt ToLeds <- Counter.|ntCutput;
Counter. I ntCutput -> IntToRfm

L.1.3 TXRXTEST

TXRXTEST.NC
/
File: TxRxTest.nc

*
*
*
* Periodically switches the TH7122 on the JCUWMbte between transmt and recei ve node.
* Used for tuning the PLL. This file is witten by and is copyright of S WIllis.

*

*

@ut hor Sinon Wllis
* @odified 7/11/2006

**/
configuration TxRxTest ({

impl ementation {
conponents Min

, TXRxTestM /1 Modul e

, TH7122Control M /1 Radi o control

, TimerC /1 Ti mer

, HPLTH7122M // Radi o hardware presentation |evel
/1, LedsC, /1 Unconment to activate LEDs

//Wre the tinmer and radi o standard control interfaces
Mai n. St dControl -> TxRxTestM StdControl ;

Mai n. St dControl -> TH7122Control M

Mai n. StdControl -> TinerC,

TxRxTest M TH7122Control -> TH7122Control M // Radio control interface

TXRxTest M Timer -> TinerC. Timer[unique("Timer")]; // Radi o tiner

TH7122Cont r ol M HPLMel exi s -> HPLTH7122M /1 HPL

/| TH7122Control M Leds -> LedsC; /! Unconment to
activate LEDs

}

TXRXTESTM.NC

/
File: TxRxTestM nc

*
*
*
* Periodically switches the TH7122 on the JCUWMbte between transmt and recei ve node.
* Used for tuning the PLL. This file is witten by and is copyright of S WIllis.

*

*

@ut hor Sinmon Wllis
* @odified 31/08/2006

**/
R e L
modul e TXRxTest M {
provi des {
interface StdControl; /] Standard Contr ol
}
uses {
interface Timer; /1 Ti mer
interface TH7122Control ; /1 Radi o control
}

}
i mpl emrent ation {

const uint32_t TIMER INTERVAL = 500; //Switch every 500ns
bool bTxOn; //Current state

/**
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* Init command of standard control interface
*
* @eturn Al ways returns SUCCESS
**/
conmmand result_t StdControl.init() {
return SUCCESS;
}
/**
* Start command of standard control interface

* Switch radio to Rx node,

*

* @eturn Al ways returns SUCCESS

start the tiner

* *

/

command result_t StdControl.start() {
call Tiner.start (Tl MER_REPEAT, TIMER | NTERVAL); [/Start tinmer
call TH7122Control . rxMde(); //Switch to receiver node
bTxOn=FALSE; //Not in TX node
return SUCCESS;

}

/**

* Stop command of standard control interface

* Stop the tiner

*

* @eturn Al ways returns SUCCESS
**/
comand result_t StdControl.stop() {
call Tiner.stop();
return SUCCESS;
}

/**

* Timer fired event

* Toggl e between Tx and Rx nodes

* @eturn Al ways returns SUCCESS

**/

event result_t Tiner.fired() {

if (bTxOn) { //1f in transmt node
call TH7122Control . rxMde();
bTxOn=FALSE;

/1 Else in Rx node
call TH7122Control .t xMde();
bTxOn=TRUE;

el se {

}
return SUCCESS;

L.1.4 TXTEST2

TXTEST2.NC

/

File: TxTest2.nc

encoder .

@ut hor Sinmon Wllis
* @odified 24/ 12/ 2006

* % [

configuration TxTest2 {

impl ementation {
conponents Min
, TxTest2M
, TH7122Control M

/1 Modul e
/| Transcei ver

//Stop the timer

//Switch to Rx npde

// Change the status bit

//Switch to Tx node

// Change the status bit

*
*
*
* Constantly outputs a bit streamto test the radio transceiver and the manchester
* This file is witten by and is copyright of S Wllis.

*

*

control
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, HPLTH7122M /] Transcei ver HPL
, Manchest er Byt eFl FOM // Manchest er encoder

, HPLPower Managenment M // Power managemnent
, HPLTi mer 1M /1 Timer used for
, LedsC, /| LEDs

Mai n. St dControl -> TxTest2M StdControl ;

TxTest 2M SubControl -> TH7122Control M

TxTest 2M TH7122Control -> TH7122Control M

TxTest 2M Manchest er Byt eFl FO - > Manchest er Byt eFl FOM

TH7122Cont r ol M HPLMel exi s -> HPLTH7122M

Manchest er Byt eFl FOM O ock16 -> HPLTi mer 1M

Manchest er Byt eFl FOM Power Managenent
(manchest er encoder)

Manchest er Byt eFl FOM Ti mer Capture -> HPLTi mer 1M
(manchest er decoder)

TxTest 2M Leds- >LedsC;
}

TXTEST2M.NC

/

File: TxTest2.nc

encoder .

@ut hor Sinon Wllis
* @odified 24/12/2006

**/

nmodul e TxTest 2M {
provides {
interface
}

uses {

StdControl ;

interface
interface
interface
interface

TH7122Cont r ol ;
StdControl as SubControl;
Manchest er Byt eFl FO,
Leds;
}
}
impl ementation {

uint8_t byteNum

/**

* Init command of standard control interface
* Initialise radio interface and LEDs
*
* @eturn Al ways returns SUCCESS
**/
conmmand result_t StdControl.init() {
call SubControl.init();
call Leds.init();
return SUCCESS;

}
/**

* Start command of standard control
* Send a byte.
*
* @eturn Al ways returns SUCCESS
**/
command result_t StdControl.start() {
call SubControl.start();
call ManchesterByteFl FO. initSlave();

interface

(Rx node)
call
call
cal |

Manchest er Byt eFl FO. enabl el ntr();
Manchest er Byt eFl FO. wri t eByt e( Oxaa) ;
TH7122Cont rol . t xMode() ;
node

cal |l Manchest er Byt eFl FO. t xMode() ;

byt eNum=0;

manchest er

-> HPLPower Managenent M // Power

/] Transcei ver
// Standard control
/1 Manchest er
/| LEDs

//lnitialise Manchester

encoder

/1 Standard Control

/1 Standard Control

/1 Transcei ver control

/I Manchest er encoder

/'l Transcei ver HPL

/1 Manchest er cl ock
managenent

/Il nput capture

/| LEDs

*
*
*
* Constantly outputs a bit streamto test the radio transceiver and the manchester
* This file is witten by and is copyright of S WIlis.

*

*

/1 St andard Contr ol

control

encoder

//Variables (current byte numnber)

encoder
//Wite a byte
//Switch radio to transmt

/1 Send the byte
[/ Current byte nunber
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11

/1

return SUCCESS;
}

/**

* Stop command of standard control interface
* Shutdown the radio
*

* @eturn Al ways returns SUCCESS

**/

command result_t StdControl.stop() {
call SubControl.stop(); //Stop the radio IC
return SUCCESS;

}

/**

* dat aReady event generated by Manchester Encoder

* |ndicates that a transm ssion has conpleted. Time to send another byte
*

* @ttrib data The sent data

* @eturn Al ways returns SUCCESS

**/
async event result_t Mnchester Byt eFl FO dat aReady(ui nt 8_t data) {
call Leds.greenToggle(); /1 Toggl e the green LED
byt eNumt+; //lncrement the current byte nunber
if (byteNunx=10) { /11f it's less than 10 then send AA
call Manchest er Byt eFl FO writ eByt e( 0XAA) ;
el se { /1 El se send some ot her bytes
switch (byteNum {
case 11:
call ManchesterByt eFl FO writeByt e(0xE8);
br eak;
case 12:
call Manchest erByt eFl FO writ eByt e(0x46);
br eak;
case 13:
call Manchest erByt eFl FO writeByt e(OxED);
br eak;
case 14:
call ManchesterByt eFl FO writeByte(0xDB);
br eak;
case 15:
call ManchesterByt eFl FO writeByt e(0x5B);
br eak;
defaul t:
call Manchest er Byt eFl FO writ eByt e( 0XAA) ;
}
}
i f (byteNumr=15)
byt eNum=0; */
return SUCCESS;
}
/**

* Manchester code violation. Only used in receive node.
* Do not hi ng

*

* @eturn Al ways returns SUCCESS
**/
async event result_t Mnchester Byt eFl FO manchester Vi ol ation() {
return SUCCESS; /1 Do not hi ng
}
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L.1.5 RXTEST2 — RECEIVER TEST PROGRAM

RXTEST2.NC

] **

* File: RxTest2.nc

* Used for testing and tuning the receiver and checking the nanchester decoder.

* This program sends each received byte over the UART. This file is witten by and
* is copyright of S WIlis.
*
*

@ut hor Sinmon Wllis
* @odified 29/ 11/ 2006

ncl udes | nt Msg; //Used for transnmitting the byte

configuration RxTest2 {
}

impl ementation {
conponents Min

RxTest 2M /[ Modul e
TH7122Cont r ol M // Radi o Contr ol
HPLTH7122M // Radi o hardware presentation |ayer

, Manchest er Byt eFl FOM // Manchest er encoder/ decoder
, HPLPower Managenent M // Power managenent (machester encoder)

HPLTi mer 1M /1 Timer used by Manchester encoder
UARTComm as Comm /1 UART conmmuni cati ons
LedsC, /| LEDs

//Wre standard control interfaces

Mai n. St dControl -> RxTest2M StdControl;
RxTest 2M SubControl -> TH7122Control M
RxTest 2M TH7122Control -> TH7122Control M
Mai n. St dControl -> Conm

/I Manchest er decoder

RxTest 2M Manchest er Byt eFl FO - > Manchest er Byt eFl FOM

RxTest 2M Leds -> LedsC. Leds; /| LEDs

TH7122Cont r ol M HPLMel exi s -> HPLTH7122M /I HPL for radio control

Manchest er Byt eFl FOM Power Managemnent -> HPLPower Managenent M // Power nanagenent
for manchester decoder

Manchest er Byt eFl FOM Ti mer Capture -> HPLTi mer 1M [l Timer for
manchest er decoder

Manchest er Byt eFl FOM C ock16 -> HPLTi mer 1M /1 Timer for manchester
decoder

Manchest er Byt eFl FOM Leds- >LedsC; /1 LEDs for manchester
decoder (diagnostic)

RxTest 2M Send -> Conm SendMsg[ AM_| NTMSQ ; /1 Send and int nessage
over UART
}
RXTEST2M.NC
/**
* File: RxTest2M nc
* Used for testing and tuning the receiver and checking the manchester decoder.
* This program sends each received byte over the UART. This file is witten by and
* is copyright of S WIlis.
* @uthor Sinon Wllis
* @mdified 28/ 12/2006
**/
e e e P R
includes | ntMsg; //Used for transnmitting the byte
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modul e RxTest 2M {
provi des {
nterface StdControl;

}
uses {
interface TH7122Control ;
i nterface Manchest er Byt eFl FQ,
interface StdControl as SubControl;
interface SendMsg as Send;
interface Leds; /| LEDs
}

}

impl ementation {
/1 Define variabl es
bool pending;
TOS_Msg dat a;
ui nt 8_t newbDat a;
uint8_t tenp[100];
uint8_t bitCounter;

/] Transmi ssi on pendi ng
// dat a packet
/1 New number received

/1 Count of bits received

/**
* Init comand of Standard Control
* @eturn Al ways returns SUCCESS
**/
command result_t StdControl.init() {
call SubControl.init();
call Leds.init();
return SUCCESS;

interface

}
/**
* Start command of Standard Control interface
* Starts the radio and manchester decoder
*
* @eturn Al ways returns success
command result_t StdControl.start() {
call SubControl.start();
call TH7122Control . bi asOn();
call ManchesterByteFlI FO. initSlave();
decoder
call TH7122Control . rxMde();
nmode
cal |l Manchest er Byt eFl FO. r xMode() ;
recei ve node
call Manchest er Byt eFl FO. enabl el ntr();
decoder
call Leds.greenOn();
return SUCCESS;
}

| **

* Stop command of the Standard Control
* Stops everything

interface

* @eturn Al ways returns SUCCESS
**/
comand result_t StdControl.stop() {
call Leds.redOn();
call Leds.greenOf();
call SubControl.stop();
return SUCCESS;
}

| **

* Task to send the received integers

**/

task void sendData () {
Int Msg *nmessage = (I ntMsg *)data. data;

1 cal |
i f (!pending)
{

Leds. greenToggl e();

atom c {
/] Assenbl e the packet

/! Red LED on -
/1 G een LED of f
//Stop the radio

/1 Radi o control

/I Manchest er decoder

/1 Standard control of radio
/1 Send message ((UART)

/] Tenporary Buffer (used for JTAG debuggi ng)

/llnitialise radio
//1nitialised LEDs

//Start the radio

/1 Transcei ver to | DLE node
//lnitialise manchester

/1 Transcei ver to RECElI VE
/I Manchest er decoder to

//Start the manchester

/1 LED on

shows st atus

/11f no transmi ssion is pending then assenbl e the packet
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val ue

message->val = (uintl6_t) newDat a; //Latest received

pendi ng = TRUE;
/] Transmi ssion i s now pendi ng
message- >src = TOS_LOCAL_ADDRESS; /] Sour ce address
}

}
call Send. send(TOS_UART_ADDR, sizeof (I ntMsg), &data);
//Send the data

}

/1 SPl byte has received. Send it off.

/**

*Event handl er for byte received from manchester decoder
*Stores the byte in the buffer and sends it over the UART
*

* @ttrib value Received byte
* @eturn Al ways returns SUCCESS
**/
async event result_t Mnchest er Byt eFl FO dat aReady(ui nt8_t value) {
at omi ¢ newbDat a=val ue;

t enp[ bi t Count er ] =newbDat a; //Store the value in the tenp buffer
bi t Count er ++; //1ncrenent the counter
if (bitCounter==99) //Roll the counter to the start
bi t Count er =0;
post sendDat a(); /1Send the received byte over the UART
if ((value==(0xAA)) || (val ue==(0x55))) /11f we have a preanble

then toggle green LED

call Leds.greenToggl e();
el se
call Leds.yell owToggl e(); /1 El se toggl e yell ow LED

return SUCCESS;
}

/**

* Event handler for a conpleted transm ssion over the UART
*

* @ttrib nsg Pointer to transnmitted nmessage

* @eturn Al ways returns SUCCESS

**/
event result_t Send. sendDone(TOS_MsgPtr nsg, result_t success) {
atom ¢ {
pendi ng=FALSE; //Transmission is conplete. Reset the pending bit
}
return SUCCESS;
}
/**

* Event handler for a violation detected by the Manchester decoder
*

* @eturn Al ways returns SUCCESS
* *
/
async event result_t Mnchester Byt eFl FO manchesterViol ation() {
call Leds.redToggle(); //Toggle the red LED to indicate Manchester

viol ation

return SUCCESS;
}

L.1.6 REVERSEUARTEEPROM —UART AND EEPROM TEST PROGRAM

ReEVERSEUARTEEPROMC.NC

/* "Copyright (c) 2000-2003 The Regents of the University of California.
* All rights reserved.

* Perm ssion to use, copy, modify, and distribute this software and its
* docunentation for any purpose, w thout fee, and without witten agreenent
* is hereby granted, provided that the above copyright notice, the follow ng
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E I S N B R . I T

* X X

*

*

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR
DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DANMAGES ARI SI NG OQUT
OF THE USE OF THI'S SOFTWARE AND | TS DOCUMENTATI ON, EVEN | F THE UNI VERSI TY
OF CALI FORNI A HAS BEEN ADVI SED OF THE PGSSI BI LI TY OF SUCH DAMAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Fil e: Rever seUARTEEPROMC. nc (Long- Range WBN testing application)

Programto test the UART and EEPROM on the Mca2 / JCUWbte. This programreceives
a string fromthe UART, reverses it and stores in on the EEPROM The program then
extracts the string fromthe EEPROM and outputs it on the UART. This program can
be used with Test ReverseUART. java whi ch sends and receives the strings. The
programis based on ReverseUART which is distributed with TinyOS and has been
nodi fied by S WIlis to include the EEPROM interface. Al code is copyright of
TinyOS and is bound by the above copyright nessage. Sections of nodified or added
code are indicated by an "SW conmment and are copyright of S WIlis.

@uthor Sinon Wllis
@ut hor Cory Sharp (Oiginal ReverseUART Aut hor)
@modi fied 22/ 07/ 2006

*/

i ncl udes Rever seUART;

configurati on Rever seUARTEEPROMC

{
}
i mpl ement ati on
{
conponents Min
, Rever seUARTEEPROW // Modul e
,  UARTConm /1 UART Communi cati ons
, LedsC /1 LEDs for indication
, Logger; /1 SW Added. Logger interface to EEPROM
/'l Wre standard control interface
Mai n. StdControl -> UARTConm
Mai n. St dCont rol -> Rever seUARTEEPROVM
Mai n. St dControl -> Logger; /1 SW Added. Standard Control interface on |ogger
Rever seUARTEEPROWM Logger Wite -> Logger.LoggerWite; /1 SW Added. Logger write
interface
Rever seUARTEEPROW Logger Read - > Logger. Logger Read; /1 SW Added. Logger read
interface
Rever seUARTEEPROW SendMsg - > UARTConm SendMsg[ AM REVERSEUARTNGG ] ; /1 Send

message on UART

}

Rever seUARTEEPROVWM Recei veMsg - > UARTConm Recei veMsg[ AM REVERSEUARTMSG ] ;
/ /| Recei ve nessage on UART
Rever seUARTEEPROW Leds -> LedsC; /| LEDs

ReEVERSEUARTEEPROMM .NC

11

/

E S

$ld: ReverseUARTM nc,v 1.2 2005/07/12 07:38:43 cssharp Exp $

"Copyright (c) 2000-2003 The Regents of the University of California.
Al rights reserved.

Permi ssion to use, copy, nodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent
is hereby granted, provided that the above copyright notice, the follow ng
two paragraphs and the author appear in all copies of this software.

I'N NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR
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E o T

*/

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI'S SOFTWARE AND | TS DOCUMENTATI ON, EVEN | F THE UNI VERSI TY
OF CALI FORNI A HAS BEEN ADVI SED OF THE PGSSI BI LI TY OF SUCH DAMAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE.
ON AN "AS | S" BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATI ON TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MCDI FI CATI ONS. "

THE SOFTWARE PROVI DED HEREUNDER | S

/** File: ReverseUARTEEPROWM nc (Long- Range WBN testing application)
*

L S

@ut hor Sinmon Wllis
@ut hor Cory Sharp (Oiginal
* @mdified 22/07/2006

**/

* %k

nmodul e Rever se UARTEEPROWM
{

provides interface StdControl;

uses interface SendMVsg;
uses interface ReceiveMsg;
uses interface Leds;

uses interface LoggerWite;
uses interface Logger Read;

i mpl ement ati on

TOS_Msg m_nsg;
bool m sendi ng;
char buff[16];
UART
char * ptr = &uff[0];
char readBuff[16];
char* readPtr = & eadBuff[0];

/**

* Standard Control initialisation conmand

*

Rever seUART Aut hor)

Programto test the UART and EEPROM on the Mca2 / JCUWbte. This programreceives
a string fromthe UART, reverses it and stores in on the EEPROM The programthen
extracts the string fromthe EEPROM and outputs it on the UART. This program can
be used with Test ReverseUART. java whi ch sends and receives the strings. The
programis based on ReverseUART which is distributed with TinyOS and has been
nodified by S WIllis to include the EEPROM interface. Al code is copyright of
TinyOS and is bound by the above copyright nessage. Sections of nodified or added
code are indicated by an "SW comment and are copyright of S WIlis.

/] Standard Contr ol

/1 Send message over UART

/ / Recei ve nessage from UART

/1 LEDs for indication/debugging

/I SW Added. Wite to the EEPROM
/1 SW Added. Read fromthe EEPROM

/1 Ti nyCS message
/1 Sending state variabl e

/1 SwW

/1 SW
/1 SW
/1 SwW

* @eturn Al ways returns SUCCESS

Added.

Added.
Added.
Added.

16 bit received text buffer from

Poi nter to receive buffer
Recei ved text buffer from EEPROM
Poi nter to read buffer

**/
conmand result_t StdControl.init()
{
m sendi ng = FALSE; //Set the sending status to false
return SUCCESS;
}
/**

* Standard Control start conmand
* Does nothing. Programwaits for text to be received from UART

*

* @eturn Al ways returns SUCCESS

**/
conmmand result_t StdControl.start()
{
return SUCCESS;
}
/**

* Standard Control stop conmand

*

* @eturn Al ways returns SUCCESS

* %[
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conmand result_t StdControl.stop()
{
return SUCCESS;

}
] **

* Event handl er called once UART nessage has been sent
* Clears the data conponent of the TinyOS nessage
*
* @ttrib nsg Pointer to transmtted nessage
* @ttrib success Indicates whether the transmi ssion was successful
* @eturn Al ways returns SUCCESS
**/
event result_t SendMsg.sendDone( TOS_MsgPtr msg, result_t success )
o
int i;
call Leds.greenToggle(); //Toggle the green LED to indicate that the transm ssion
was successful

m sendi ng = FALSE; /1 ear the sending status variable
for (i=0;i<16;i++)
m nsg. dat a[i]=0; /1 SW Added. Reset the transmitted nesssage (debuggi ng)
return SUCCESS;
}
/**

* Task to send the nmessage over UART

*
**/

task void sendMsg()

//Transmt the nessage
if( call SendMsg.send( TOS _UART_ADDR, mnsg.length, &mnsg ) == FAIL )

m sendi ng = FALSE; /1l O ear the sending status variable
}
/**
* Function to determine the Iength of an array
* Searches for non-zero characters
*
* @ttrib data Data array
* @ttrib maxlen Maxi mumlength of the array to search through
* @eturn Returns the length of the data/text in the array
*

*/

int szLen( int8_t* data, int naxlen )
int i;

for( i=0; i<maxlen; i++)

if( data[i] == 0) /11f the value at the current index is O then this is
the end of the string
return i; /1 The current index is the sane as the string | ength
}
return maxl en; /1String fills whole array
}
/**

* Event handl er called when a nessage is received fromthe UART

* Reverses the received data and calls task to wite it to the EEPROW
*

* @ttrib nsg Pointer to the received nessage

* @eturn Returns pointer to received nessage

**/

event TOS_MsgPtr Recei veMsg.receive( TOS MsgPtr nsg )

cal | Leds.redToggl e(); /1 Toggle the red LED for indication
if( msending == FALSE ) //If we're not already sending then continue
{
const int n = szLen( nsg->data, sizeof(msg->data) ) - 1; /| Determine the
size of the string
int i;

/1 SW Renoved. Section of code that saved data into a second buffer for sending

for (i=0; i<16; i++) //SW Added. Copy and reverse first 16 characters into
buf f er
buff[i]=nsg->data[n-i];
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for (i=0; i<16; i++) { /1 SW Added. Clear the received nessage (debug)
nmsg->data[i] =0;
readBuff[i] =0;

}

i =n; /1 SW Added. Length of data
if (n>6) /1 SW Added. Limt to 7 character (plus null)
i =6;
buff[i+1] = O; /1 SW Added. Add the null character at the end.

m nsg. |l ength = nmeg- >l engt h;

if( call LoggerWite.append(ptr) == TRUE ) //SW Modified. Add the data to
t he EEPROM
m sendi ng = TRUE; // Change the sending state
}
return nsg; // Return pointer for storage of next received nessage
}
/**

* Event handl er called when the data has been witten to the EEPROM
* Read data back from EEPROM Event handl er added by SW

*

* @ttrib status Status of wite operation

* @eturn Al ways returns SUCCESS

**/
event result_t LoggerWite.witeDone( result_t status ) {
call Logger Read. readNext (readPtr); //Now text is stored, read it back.

//Text that is read back is stored in readBuff (pointed to by readPtr)
return SUCCESS;

}
/**
* Event handl er call ed when data has been read fromthe EEPROM
* Send the received data over the UART. Event handl er added by SW
*
* @ttrib packet Pointer to packet
* @ttrib success Success of read operation
*

@eturn Al ways returns SUCCESS
event result_t Logger Read.readDone(uint8_t * packet, result_t success) {
/'l Send nmessage only if read was successful

/] Copy data into mnmsg and send

int i;
for (i=0;i<16;i++) //Copy the EEPROM data into the nessage to be sent
m nsg. datali]=readBuff[i];

i f( post sendMsg() == TRUE ) //Send the nessage over the UART
m sendi ng = TRUE; /1 Set the sending status
return SUCCESS;

L.2 JCUMOTE PLATFORM SPECIFIC FILES

TH7122RADIOC.NC

/ tab: 4

"Copyright (c) 2000-2002 The Regents of the University of California.
Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenment is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR
DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI'S SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY OF

ECE I I T R .
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-~

E R S R N I S I R I R S A I I N N N S I N . S T T N

CALI FORNI A HAS BEEN ADVI SED COF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

tab: 4
| MPORTANT: READ BEFORE DOWNLOADI NG, COPYI NG, | NSTALLI NG OR USING By
downl oadi ng, copying, installing or using the software you agree to
this license. |If you do not agree to this license, do not downl oad,
install, copy or use the software.

Intel Open Source License

Copyright (c) 2002 Intel Corporation

Al'l rights reserved.

Redi stribution and use in source and binary forms, with or w thout

nmodi fication, are permtted provided that the follow ng conditions are
net:

Redi stributions of source code nust retain the above copyright
notice, this list of conditions and the follow ng disclainer.

Redi stributions in binary formnust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclainmer in the
docunent ati on and/or other materials provided with the distribution.

Nei ther the nane of the Intel Corporation nor the names of its
contributors may be used to endorse or pronpte products derived from
this software without specific prior witten perm ssion.

THI'S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTORS
"TAS IS’ AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG, BUT NOT
LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A
PARTI CULAR PURPCSE ARE DI SCLAI MED. | N NO EVENT SHALL THE INTEL ORI TS
CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTI AL DAMAGES (I NCLUDI NG, BUT NOT LI M TED TGO
PROCUREMENT OF SUBSTI TUTE GOODS COR SERVI CES; LOSS OF USE, DATA, OR
PROFI TS; OR BUSI NESS | NTERRUPTI ON) HOWEVER CAUSED AND ON ANY THEORY OF
LI ABI LI TY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (| NCLUDI NG
NEGLI GENCE OR OTHERW SE) ARI SI NG I N ANY WAY OQUT OF THE USE OF THI S
SOFTWARE, EVEN | F ADVI SED OF THE PGCSSI Bl LI TY OF SUCH DANAGE.

Configuration for TH7122 radi o transceiver 1C as used on the JCUWwte. This
file is based on the CCl000 configurati on (CCLOOORadi oC.nc) that is distributed
with TinyOS and has been nodified by S WIllis for the JCUWwte. Al code is
copyright of TinyOS and is bound by the above copyright nmessage. Sections of
nodi fi ed or added code are indicated by an "SW coment and are copyright of

S WIllis.

@ut hor Simon Wllis
@ut hor Philip Buonadonna (original CCLO00Radi oC. nc author)
@modi fied 17/01/2007

*/

configurati on TH7122Radi oC

provides {

}

nterface StdControl;

nterface BareSendMsg as Send;

nterface ReceiveMsg as Receive;

nterface TH7122Control ; /1 SW Modified. For TH7122
nt erf ace Radi oCoordi nator as Radi oRecei veCoor di nat or;

nt erface Radi oCoordi nator as Radi oSendCoor di nat or;

nterface MacControl ;

nterface MacBackoff;

i mpl ement ati on

{

conponents TH7122Radi ol nt M as TH7122Radi oM // SW Modi fied. For TH7122. Data-link
| ayer inplenmentation
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, TH7122Control M /1 SW Modified. For TH7122. Control interface

, HPLTH7122M /1 SW Modified. For TH7122. Hardware presentation |ayer
, RandonlFSR /I Random nunber gener at or

, ADCC /1 Anal ogue to digital converter

, ManchesterByteFl FOM //SW Added. Manchester encoder/decoder

, TinerC /'l Timer interface

, HPLPower Managenment M // Power managenent interface

, LedsC // LEDs for debuggi ng

, HPLTi ner 1M /1 SW Added. Tinmerl interface used for Manchester

encoder/ decoder

/llnterfaces provided by the TH7122RadiolntMfile

StdControl = TH7122Radi oM /1 SW Modified. For TH7122. Standard Control
interface

Send = TH7122Radi oM /1 SW Modified. For TH7122. Send interface

Recei ve = TH7122Radi oM /1 SW Modified. For TH7122. Receive interface

MacControl = TH7122Radi oM /1 SW Modified. For TH7122. MAC control interface

MacBackoff = TH7122Radi oM /1 SW Modified. For TH7122. MAC backoff interface

TH7122Control = TH7122Control M /1 SW Modified. For TH7122. Radio | C control
interface

Radi oRecei veCoor di nat or = TH7122Radi oM Radi oRecei veCoor di nat or ; /1 SW Modified. For
TH7122. Radi o recei ve coordi nator

Radi oSendCoor di nat or = TH7122Radi oM Radi oSendCoor di nat or ; /1 SW Modified. For
TH7122. Radio receive interface

/1 SW Modified. For TH7122. Standard Control interface of radio IC control wired to
data-link |ayer

TH7122Radi oM TH7122St dControl -> TH7122Contr ol M

/1 SW Modified. For TH7122. Radio IC control interface wired to data-link |ayer

TH7122Radi oM TH7122Control -> TH7122Control M

TH7122Radi oM Random - > RandonlFSR;, //SW Modified. For TH7122. Random used for MAC
backoff periods etc

TH7122Radi oM ADCCont rol -> ADCC, /1SW Modified. For TH7122. Anal ogue-
digital converter interface

TH7122Radi oM RSSI ADC - > ADCC. ADC[ TOS_ADC_TH_RSSI _PORT] ; /1 SW Modified. For
TH7122. Anal ogue-di gital converter used for RSSI neasurenents

TH7122Radi oM Manchest er Byt eFl FO - > Manchest er Byt eFl FOM /1'SW Modified. For
TH7122. Manchester encoder/decoder

TH7122Radi oM Ti mer Control -> Ti merC. StdControl ; /1 SW Modified. For
TH7122. Timer used in data |ink |ayer

TH7122Radi oM Squel chTi mer -> Tinmer C. Ti mer [ uni que("Ti mer")]; /1 SW Modified. For
TH7122. Squelch timer used in data |link |ayer

TH7122Radi oM WakeupTi ner -> TinerC. Ti mer[uni que("Timer")]; /1 SW Modified. For
TH7122. Wakeup tinmer used in data |ink |ayer

TH7122Radi oM Leds -> LedsC, /1 SW Modified. For

TH7122. LEDs Used for debuggi ng

/1 SW Modified. For TH7122. Hardware presentation layer for TH7122 Control nodul e
TH7122Cont r ol M HPLMel exi s -> HPLTH7122M

/1 SW Modified. For TH7122. MCU power managenent

TH7122Radi oM Power Managenent - >HPLPower Managenent M Power Managenent ;

/1 SW Added. For TH7122. MCU Power managenent used in manchester encoder/decoder
Manchest er Byt eFl FOM Power Managenent - >HPLPower Managenent M Power Managenent ;

Manchest er Byt eFl FOM Cl ock16 -> HPLTi ner 1M /1 SW Added. Tiner used for
Manchest er encoder/ decoder

Manchest er Byt eFl FOM Ti mer Capt ure -> HPLTi mer 1M /1 SW Added. Tiner input capture
used for Manchester decoder

Manchest er Byt eFl FOM Leds- >LedsC; /1 SW Added. LEDs for debuggi ng
}

TH7122CONTROL.NC

/ tab: 4

"Copyright (c) 2000-2002 The Regents of the University of California.
Al rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

E o T N
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~

*

/**
* %
int
{

/

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THIS SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY CF
CALI FORNI A HAS BEEN ADVI SED OF THE POSSI BI LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S* BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MCDI FI CATI ONS. "

tab: 4
| MPORTANT: READ BEFORE DOWNLCADI NG, COPYI NG, | NSTALLI NG OR USI NG By
downl oadi ng, copying, installing or using the software you agree to
this license. |If you do not agree to this license, do not downl oad,
install, copy or use the software.

Intel Open Source License

Copyright (c) 2002 Intel Corporation

Al'l rights reserved.

Redi stribution and use in source and binary fornms, with or w thout
nmodi fication, are permtted provided that the follow ng conditions are
nmet :

Redi stributions of source code nmust retain the above copyri ght
notice, this list of conditions and the follow ng disclainer.

Redi stributions in binary formnust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclainer in the
docunent ati on and/or other materials provided with the distribution.

Nei ther the nane of the Intel Corporation nor the nanes of its
contributors may be used to endorse or pronpte products derived from
this software without specific prior witten perm ssion.

TH S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTCORS
"TAS IS AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG, BUT NOT
LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A
PARTI CULAR PURPOSE ARE DI SCLAI MED. I N NO EVENT SHALL THE INTEL OR I TS
CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL, SPECI AL,
EXEMPLARY, OR CONSEQUENTI AL DAMAGES (| NCLUDI NG, BUT NOT LIM TED TO
PROCUREMENT OF SUBSTI TUTE GOODS OR SERVI CES; LOSS OF USE, DATA, OR
PROFI TS; OR BUSI NESS | NTERRUPTI ON) HOAEVER CAUSED AND ON ANY THEORY OF
LI ABI LI TY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (| NCLUDI NG
NEGLI GENCE OR OTHERW SE) ARI SING I N ANY WAY QUT OF THE USE OF THI S
SOFTWARE, EVEN | F ADVI SED OF THE PGSSI BI LI TY OF SUCH DAMAGE.

Control interface of TH7122. Based on CCl1000Control.nc and nodified for the
JCUMbt e which has a TH7122 transceiver with external PA. This file is based on the
CC10000Control.nc file that is distributed with TinyOS and has been nodified by

S Wllis for the JCUWwte TH7122 radio transceiver IC. Al code is copyright of
TinyOS and is bound by the above copyright nessage. Sections of nodified or added
code are indicated by an "SW comment and are copyright of S Wllis.

@ut hor Sinmon Wllis

@ut hor Philip Buonadonna (original CCL000Control author)
@ut hor Jaein Jeong (original CCl000Control author)

@mdi fied 17/ 01/ 2007

/

TH7122 Radio Control interface.
/
erface TH7122Contr ol

*

Tune the radio to one of the frequencies available in the TH7122_Parans t abl e.
Calling Tune will also reset the rfpower and LockVal selections to the table
val ues.

@aram freq The index into the TH7122_Parans table that hol ds the desired preset
frequency paraneters.

L N I T
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* @eturn Status of the Tune operation.

* %[

command result_t tunePreset(uint8_t freq);

| **

* Shift the TH7122 Radio into transmt node.

*

* @eturn SUCCESS if the radio was successfully switched to TX node.

* %/

async conmand result_t txMde();

/**

* Shift the TH7122 Radio in receive node.

*

* @eturn SUCCESS if the radio was successfully switched to RX node.

**/

async conmand result_t rxMde();

/**
* Turn off the BIAS power on the TH7122 radi o, but |eave the core
* and crystal oscillator powered. This will result in power savings.

*

* @eturn SUCCESS when the Bl AS powered i s shutdown.

**/

command result_t biasOf();

*

~

E I

Turn the BIAS power on. This function nust be followed by a call
to either RxMode() or TxMbde() to place the radio in a recieve/transmt
state respectively.

@ et urn SUCCESS when BI AS power has been restored.
*/
conmand result_t biasOn();

/**

* Set the transmt RF power value. The input value is sinply an arbitrary
* value that is programmed into the TH7122 registers. Consult the TH7122
* datasheet for the resulting power output/current consunption val ues.

*

* @aram power A power value between 0 and 3.

*

* @esult SUCCESS if the radi o power was adequately set.

*

**/

command result_t set RFPower (ui nt8_t power);

| **

* Cet the present RF power index.

*

* @esult The power index val ue.

* % [

comand uint8_t get RFPower () ;

/**

* Enable the LD signal on the TH7122.

*

* @aram LockVal The bool ean value for the TH7122_LOCKMODE register bit.
*

* @esult SUCCESS if the selected signal was progranmmed into the TH7122
*

**/

command result_t sel ectLock(bool LockVal);

/**

* CGet the binary value fromthe LD pin. Analog signals cannot be read using
* function.

*

* @esult 1 - Pinis highor 0- Pinis |low

*

**/

conmand bool getLock();
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TH7122CONTROLM.NC

/

E I T N N I I N N N N R T I N N N N N S R T I S I A S I . N I N I .

~

* =~

tab: 4

"Copyright (c) 2000-2002 The Regents of the University of California.
Al'l rights reserved.

Perm ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreement is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI' S SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY OF
CALI FORNI A HAS BEEN ADVI SED OF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S" BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATI ON TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MCDI FI CATI ONS. "

tab: 4
| MPORTANT: READ BEFORE DOWNLCADI NG, COPYI NG, | NSTALLI NG OR USI NG By
downl oadi ng, copying, installing or using the software you agree to
this license. |If you do not agree to this license, do not downl oad,
install, copy or use the software.

Intel Open Source License

Copyright (c) 2002 Intel Corporation

Al'l rights reserved.

Redi stribution and use in source and binary forns, with or wthout
nmodi fication, are permtted provided that the follow ng conditions are
met :

Redi stributions of source code must retain the above copyri ght
notice, this list of conditions and the follow ng disclainer.

Redi stributions in binary formnust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclainer in the
document ati on and/or other materials provided with the distribution.

Nei ther the nane of the Intel Corporation nor the nanes of its
contributors may be used to endorse or pronbte products derived from
this software without specific prior witten perm ssion.

THI S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTCORS
"TAS IS AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG, BUT NOT
LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A
PARTI CULAR PURPOSE ARE DI SCLAI MED. I N NO EVENT SHALL THE INTEL OR I TS
CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL, SPECI AL,
EXEMPLARY, OR CONSEQUENTI AL DAMAGES (| NCLUDI NG, BUT NOT LIM TED TO,
PROCUREMENT OF SUBSTI TUTE GOODS OR SERVI CES; LOSS OF USE, DATA, OR
PROFI TS; OR BUSI NESS | NTERRUPTI ON) HOAEVER CAUSED AND ON ANY THEORY OF
LI ABI LI TY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (| NCLUDI NG
NEGLI GENCE OR OTHERW SE) ARI SING I N ANY WAY QUT OF THE USE OF THI S
SOFTWARE, EVEN | F ADVI SED OF THE PGOSSI BI LI TY OF SUCH DAMAGE.

Control interface of TH7122. Based on CCl000Control M nc and nodified for the
JCUWbt e which has a TH7122 transceiver with external PA. This file is based on the
CC10000Control M nc file that is distributed with TinyGQS and has been nodified by

S Wllis for the JCUWte TH7122 radio transceiver IC. Al code is copyright of
TinyOS and is bound by the above copyright nessage. Sections of nodified or added
code are indicated by an "SW comment and are copyright of S WIlis.

@uthor Sinon Wllis

@ut hor Philip Buonadonna (original CCL000Control author)
@ut hor Jaein Jeong (original CCl000Control author)

@modi fied 17/ 01/ 2007

*
~
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includes HPLTI nmer1; /1 SW Added

modul e TH7122Control M {
provides {

interface StdControl; /] Standard control interface
interface TH7122Control ; //Radio transceiver control interface
}
uses {
interface HPLTH7122 as HPLMel exi s; // Har dwar e presentation | ayer
}
}
i mpl ement ati on
{
norace uint8_t gCurrentParaneters[12]; //SW Modified. Array containing radio IC
settings
/1
/1 PRI VATE Mbdul e functi ons
/1
/**

* Wite current state to the given register
* Function added by S Wllis

*

* @aram addr TH7122 Register to be written to.
**/
void witeMel exis(uint8_t addr) {
switch (addr) {
case (TH7122_A): //Wite to register A
call
HPLMel exi s. write(TH7122_A, (((ui nt 32_t) gCurrent Par anet er s[ 0] <<16) |
((uint32_t)gCurrentParameters[1]<<8) | ((uint32_t)gCurrentParameters[2])));
br eak;
case (TH7122_B): //Wite to register B
call
HPLMel exi s. write(TH7122_B, (((ui nt 32_t) gCurrent Par anet er s[ 3] <<16) |
((uint32_t)gCurrent Paraneters[4]<<8) | ((uint32_t)gCurrentParaneters[5])));
br eak;
case (TH7122_O): //Wite to register C
cal |
HPLMel exi s. write(TH7122_C, (((ui nt 32_t) gCurrent Par anet er s[ 6] <<16) |
((uint32_t)gCurrent Paraneters[7]<<8) | ((uint32_t)gCurrentParaneters[8])));
br eak;
defaul t: //Wite to register D
cal |
HPLMel exi s.write(TH7122_D, (((uint32_t)gCurrent Paranet er s[ 9] <<16) |
((uint32_t)gCurrent Paraneters[10]<<8) | ((uint32_t)gCurrentParaneters[11])));
}

}
] **

* Wite current state to all registers
* Modified by S Wllis
**/
voi d th7122Set Freq() {
uint8_t i;
//IWite registers A B, C and D
for (i=0;i<4;i++) {
writeMel exis(i); //SW Mdified. Wite to the TH7122
}

return;

/1
/1 PUBLI C Modul e Functi ons
/1

/**
* Standard Control initialisation conmand
*
* @eturn Al ways returns SUCCESS
**/
command result_t StdControl.init() {
call HPLMelexis.init(); //SW Modified for TH7122. Initialise the IC
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/1 SW Added for TH7122. Set the OPMODE to standby

gCur r ent Par anet er s[ 1] =gCurr ent Par aneters[ 1] & ~(0x03<<TH7122_OPMODE) ;

/1 SW Added for TH7122. Call TunePreset to set the parameters to default freq
call TH7122Control .tunePreset (TH7122_DEF_PRESET) ;

return SUCCESS;

-

*

tunePresent comand: Set the TH7122 to the default state
Consi derably nodified by SWfor TH7122. Al code in this command is witten by
and is copyright of S WIlis unless stated otherw se.

@aram freq Index to defined frequencies (See th7122.h)
@eturn Al ways returns SUCCESS
*/
command result_t TH7122Control .tunePreset (uint8_t freq) { //Line originally in
CC1000Cont r ol

EE R T

uint8_t statel; //State of Reg B

uint8_t state0; //State of Reg A

uint8_t tenp;

int i; //Line originally in CCL000Contr ol

//Save the current state, so we restore the OPMODE, LOCKMODE

st at el=gCurrent Par anet er s[ 1] ;

st at eO=gCurrent Par anmet er s[ 0] ;

statel=statel & (0x03<<TH7122_OPMODE);

stateO=state0 & (0x01<<TH7122_LOCKMODE);

for (i=0;i < 12;i++) { //SW Modified. Line originally in CCL000Control, but
nmodi fied by SW

gCurrent Paraneters[i] =PRG RDB(&TH7122_Parans[freq][i]); /1 SW Modified.

Line originally in CCl000Control, but nodified by SW

}

/1 Cl ear OPMODE and LOCKMODE

gCur r ent Par anet er s[ 1] =gCurr ent Par anet ers[ 1] & ~(0x03<<TH7122_OPMCDE) ;
gCur r ent Par anet er s[ 0] =gCurrent Par anet er s[ 0] & ~(0x01<<TH7122_LOCKMODE) ;
/] Restore settings

tenp = gCurrentParaneters[0] | stateO;

gCur r ent Par anet er s[ 0] =t enp;

temp = gCurrentParaneters[1l] | statel;

gCur r ent Par anet er s[ 1] =t enp;

th7122Set Freq() ; //SW Modified. Line originally in CClL000Control, but nodified
by SW
TOSH_uwai t (500) ; //Wait switching tine
return SUCCESS;
}

/**
* txMbde command: Switch the TH7122 to transnmit state
* Considerably nodified by SWfor TH7122. Al code in this conmmand is witten by
* and is copyright of S WIlis unless stated otherwi se.
*
* @eturn Al ways returns SUCCESS
**/
async conmand result_t TH7122Control . txMde() { //Line originally in CC1000Contr ol
ui nt8_t curPower;
/1 TX power will have already been set in gCurrentParaneters by Set RFPower
/] Change gCurrentParaneters to transnmt node and turn on PA
/] Save the current transmt power
cur Power =gCur r ent Par aneters[ 1] & (0x03<<TH7122_TXPOXER) ;
//Clear the bits to be changed
gCur r ent Par anet er s[ 1] =gCurrent Paraneters[ 1] & ~((0x03<<TH7122_OPMODE) |
(0x03<<TH7122_TXPOAER) ) ;
gCur r ent Par anet er s[ 0] =gCurrent Paraneters[ 0] | (1<<TH7122_DTAPQL); [/ Turn off
external PA
/1 Now set them
gCur r ent Par anet er s[ 1] =gCurrent Paraneters[ 1] | (0x02<<TH7122_OPMODE); /1 Tx node
gCur r ent Par anet er s[ 6] =gCurrent Paraneters[ 6] | (0x03<<TH7122_VCOCUR); / 1 VCOCUR

hi gh

writeMel exi s(TH7122_C); //Wite to C-register

writeMel exi s(TH7122_A); //Wite to A-register

/1 TOSH _uwai t (5000) ; //Wait 5nms for LF to settle

while (!(call HPLMel exis.getLOCK())) { //Wait for |ock before sending
dat a

//call Leds.redOn(); /| Debug
}
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//call Leds.redOf(); /| Debug
/1 Now start the external and internal PAs.
gCur r ent Par anet er s[ 0] =gCurrent Par anet ers[ 0] & ~(1<<TH7122_DTAPQL); [/ Turn on
external PA
gCurr ent Par anet er s[ 1] =gCurrent Paraneters[ 1] | (curPower); /1l nternal
PA
writeMel exi s(TH7122_A);
//IWite to the IC
TOSH_uwai t (5000) ; //Wait for the external PA to
settle
return SUCCESS;
}
/**
* rxMode command: Switch the TH7122 to receive state
* Considerably nodified by SWfor TH7122. Al code in this conmand is witten by
* and is copyright of S WIlis unless stated otherwi se.

*

* @eturn Al ways returns SUCCESS

**/
async conmand result_t TH7122Control . rxMde() { //Line originally in CC1000Contr ol
/| Change gCurrent Paranet ers to RX node

//Clear the bits to be changed

gCur r ent Par anet er s[ 1] =gCurrent Par anet ers[ 1] & ~(0x03<<TH7122_OPMODE) ;

// Now set them

gCurrent Par anet er s[ 1] =gCurrent Paraneters[ 1] | (0x01<<TH7122_OPMODE); /1 Rx node
//VCOCUR | ow (set to 00 by ANDi ng)

gCur r ent Par anet er s[ 6] =gCur r ent Par anet ers[ 6] & ~(0x03<<TH7122_VCOCUR) ;

writeMel exi s(TH7122_C); //IWite to Cregister
writeMel exi s(TH7122_A); //Wite to A-register
TOSH_uwai t (1500) ; //Wait 1.5nms for switching tine
return SUCCESS;
}
/**
* biasOFf command: Switch the TH7122 to idle state and turns off the PLL
* Considerably nodified by SWfor TH7122. Al code in this conmand is witten by
* and is copyright of S WIlis unless stated otherwi se.
* @eturn Al ways returns SUCCESS
**/
conmmand result_t TH7122Control . biasOf () { //Line originally in CC1000Contr ol

/1 Turn off external PA, set IDLESEL to O (turns off PLL)
gCur r ent Par anet er s[ 0] =gCurrent Par aneters[ 0] & ~(1<<TH7122_| DLESEL);
/Iswitch to idle node
gCur r ent Par anet er s[ 1] =gCurrent Paraneters[ 1] | (0x03<<TH7122_OPMODE);
writeMel exi s(TH7122_A); //Wite data
TOSH_uwai t (200) ;
return SUCCESS;
}
/**
* biasOn command: Switch the TH7122 to idle state
* Considerably nodified by SWfor TH7122. Al code in this conmand is witten by
* and is copyright of S WIlis unless stated otherwi se.

*

* @eturn Al ways returns SUCCESS
**/
command result_t TH7122Control .biasOn() { //Line originally in CCL000Contr ol
//set OPMODE to idle
gCurrent Par anet er s[ 1] =gCurr ent Paraneters[1] | (0x03<<TH7122_OPMODE) |
//Set |DLESEL to power up the PLL
(1<<TH7122_| DLESEL) ;
writeMel exi s(TH7122_A);
TOSH_uwai t (200) ; //Line originally in CC1000Contr ol
return SUCCESS;

}
/**
* Standard Control Stop command

* Considerably nodified by SWfor TH7122. Al code in this command is witten by
* and is copyright of S WIlis unless stated otherwi se.

*

* @eturn Al ways returns SUCCESS

**/

conmand result_t StdControl.stop() { //Line originally in CC1000Contr ol
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/1 MAIN register to power down node. Shut everything off

//switch to standby node, turn off PA, only ROis active in IDLE
gCur r ent Par anet er s[ 1] =gCurr ent Par anet ers[ 1] & ~(0x03<<TH7122_OPMODE) ;
gCur r ent Par anet er s[ 0] =gCurrent Par aneters[ 0] & ~(1<<TH7122_| DLESEL) ;
//Wite data

writeMel exi s(TH7122_A);

return SUCCESS;
}
/**
* Standard Control Start conmand
* Considerably nodified by SWfor TH7122. Al code in this conmand is witten by
* and is copyright of S WIlis unless stated otherwi se.

*

* @eturn Al ways returns SUCCESS
**/
conmmand result_t StdControl.start() { //Line originally in CC1000Contr ol
/1A'l code commented out by S WIlis. Upper layers start the radio
//Switch to idle nmbde, but just wake the xtal oscillator
/1 gCurrent Paranet er s[ 1] =gCurrent Paramet ers[ 1] | (0x03<<TH7122_OPMODE) ;
/' gCurrent Paramet er s[ 0] =gCur r ent Par anet er s[ 0] & ~(1<<TH7122_| DLESEL);
/'l Wite data
[1writeMel exi s(TH7122_A);
//Wait for oscillator to start
// TOSH uwai t (1000) ;
return SUCCESS;
}
/**
* Set the desired RF power output. Nunber between 0 and 3 (see TH7122 datasheet)
* The desired power output will be set on the next transm ssion

Consi derably nodi fied by SWfor TH7122. Al code in this command is witten by
and is copyright of S WIlis unless stated otherw se.

@eturn Al ways returns SUCCESS

*/

conmand result_t TH7122Control . set RFPower (ui nt 8_t power) { //Line originally

in CC1000Contr ol

/1 RF power level is set on every transmt, so set our state variable
/1 and the TX power level will be sent to the radio on the next TX
/1 Clear the TXPOAER bits
gCurrent Paraneters[1] = gCurrentParaneters[1l] & ~(0x03<<TH7122_TXPOXER);
/1Set the bits
gCurrent Paraneters[1] = gCurrentParaneters[1l] | (power<<TH7122_TXPO/ER);
return SUCCESS;

}

/**

* Get the current RF power output. Nunmber between O and 3 (see TH7122 dat asheet)
* Considerably nodified by SWfor TH7122. Al code in this command is witten by

*
*
*
* @aram power Desired power output O to 3 (see TH7122 dat asheet)
*
*

* and is copyright of S WIlis unless stated otherwi se.
*
* @eturn The current set RF power |evel
* *
/
command uint8_t TH7122Control . get RFPower () { //Line originally in
CC1000Cont r ol
uint32_t state; //Hol ds the current state

/1 Get the value and nask other bits
state=gCurrent Paranet ers[1] & (0x03<<TH7122_TXPOXER) ;
return ((uint8_t)state>>TH7122_ TXPONER); //Return power (bit shift)

] **

* Set the current PLL | ock node. Remain high once |ocked or constantly reflect the
* PLL lock state (see TH7122 dat asheet)

* Considerably nodified by SWfor TH7122. Al code in this conmand is witten by
* and is copyright of S WIlis unless stated otherwi se.

*

* @aram Value 0 or 1 representing | ock node

* @eturn Al ways returns SUCCESS

**/

command result_t TH7122Control . sel ect Lock(bool Val ue) { //Line originally
in CC1000Contr ol
/1 Get the A-register, clear the bit we want to set
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gCur r ent Par anet er s[ 0] =gCurrent Par aneters[ 0] & ~(1<<TH7122_LOCKMCDE) ;
//Set the bit

gCur r ent Par anet er s[ 0] =gCurrent Par anet ers[ 0] | (Val ue<<TH7122_LOCKMODE) ;
writeMel exi s(TH7122_A);

return SUCCESS;

}
/**
* Get the current state of the TH7122 | ock detect pin
* Considerably nodified by SWfor TH7122. Al code in this command is witten by
* and is copyright of S WIlis unless stated otherwi se.
*
* @eturn O - unlocked, 1 - |ocked
**/
command bool TH7122Control . getLock() { //Line originally in CC1000Contr ol
bool retVal;
retVal = call HPLMel exis. get LOCK(); /1 Get the current |level on the LD
pin
return retVal;
}
}
HPLTH7122.NC

/ tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.

Al'l rights reserved.

Perm ssion to use, copy, nodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenent is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THI S SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY COF
CALI FORNI A HAS BEEN ADVI SED COF THE PGCSSI Bl LI TY OF SUCH DANAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS I S" BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATION TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkeley, CA,
94704. Attention: Intel License Inquiry.

Har dwar e Presentation Layer for the TH7122. Based on HPLCC1000.nc and nodified for
the JCUWte which has a TH7122 transceiver with external PA. This file is based on
the HPLCC10000.nc file that is distributed with TinyOS and has been nodified by

S WIllis for the JCUWte TH7122 radio transceiver IC. Al code is copyright of
TinyOS and is bound by the above copyright message. Sections of nodified or added
code are indicated by an "SW comment and are copyright of S Wllis.

@uthor Simon Wllis
@ut hor Jason Hi Il (original HPLCCLO000 author)
@ut hor David Gay(original HPLCCL000 aut hor)
@ut hor Philip Levis (original HPLCCL000 aut hor)
@modi fied 17/01/2007

*/

E N R R S I e T N R R R I I S R N N N N I

interface HPLTH7122 {

/**

* |Initialize TH7122 pins

*

* @eturn SUCCESS if successful
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H

/

L R R S N I I S T N I S I R R N R R R N I

*/
command result_t init();

*

/
Transmit 22-bit data for 2-bit register address

@aram addr 2-bit address of register
@aram data 22-bit data word to wite to register
@eturn SUCCESS if successful

L N A

~

async conmand result_t wite(uint8_t addr, uint32_t data);

/**

* Read a BINARY value fromthe TH LD pin
*

* @eturn TRUE or FALSE

*/

async conmand bool get LOCK();

PLTH7122M.NC

tab: 4
"Copyright (c) 2000-2003 The Regents of the University of California.
Al'l rights reserved.

Permi ssion to use, copy, nmodify, and distribute this software and its
docunentation for any purpose, without fee, and without witten agreenment is
hereby granted, provided that the above copyright notice, the follow ng

two paragraphs and the author appear in all copies of this software.

IN NO EVENT SHALL THE UNI VERSI TY OF CALI FORNI A BE LI ABLE TO ANY PARTY FOR

DI RECT, | NDI RECT, SPECI AL, | NCI DENTAL, OR CONSEQUENTI AL DAMAGES ARI SI NG QUT
OF THE USE OF THIS SOFTWARE AND | TS DOCUMENTATI ON, EVEN I F THE UNI VERSI TY CF
CALI FORNI A HAS BEEN ADVI SED OF THE PCSSI BI LI TY OF SUCH DAMAGE.

THE UNI VERSI TY OF CALI FORNI A SPECI FI CALLY DI SCLAI M5 ANY WARRANTI ES,

I NCLUDI NG, BUT NOT LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY
AND FI TNESS FOR A PARTI CULAR PURPCSE. THE SOFTWARE PROVI DED HEREUNDER | S
ON AN "AS | S" BASIS, AND THE UNI VERSI TY OF CALI FORNI A HAS NO OBLI GATI ON TO
PROVI DE MAI NTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MCDI FI CATI ONS. "

Copyright (c) 2002-2003 Intel Corporation
Al'l rights reserved.

This file is distributed under the ternms in the attached | NTEL-LI CENSE

file. If you do not find these files, copies can be found by witing to
Intel Research Berkeley, 2150 Shattuck Avenue, Suite 1300, Berkel ey, CA,
94704. Attention: Intel License Inquiry.

Har dwar e Presentation Layer for the TH7122. Low | evel hardware access to the
TH7122. The TH7122 does not include a read function so the status of the registers
has to stored in menory. Based on HPLCCL000M nc and nodified for the JCUWte which
has a TH7122 transceiver with external PA. This file is based on the HPLCCLO0000M nc
file that is distributed with TinyOS and has been nodified by S Wllis for the
JCUMbt e TH7122 radio transceiver IC. Al code is copyright of TinyOS and is bound
by the above copyright nessage. Sections of nodified or added code are indicated by
an "SW comment and are copyright of S WIlis.

@uthor Simon Wllis
@ut hor Jason Hill (original HPLCCL000M aut hor)
@ut hor David Gay (original HPLCCLO000M aut hor)
@ut hor Philip Levis (original HPLCCLO0O0M aut hor)
@mdi fied 17/ 01/ 2007

*/

modul e HPLTH7122M { /1 SW Modified. For TH7122

provides {
interface HPLTH7122; /1 SW Modified. For TH7122
}

i mpl ement ati on
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norace bool bProghbde;

] **

* Intialise the MCU to transceiver

*

* @eturn Al ways returns SUCCESS

*x [

command result_t HPLTH7122.init() {
bPr ogMode=FALSE;

fal se

TOSH_MAKE_TH_LD_I NPUT() ;

TOSH_MAKE_TH_SDEN_OUTPUT() ;
TOSH_MAKE_TH_SCLK_OUTPUT() ;
TOSH_MAKE_TH_SDTA_OUTPUT() ;

TOSH_MAKE_SPI_OCLC_OUTPUT() ;

encoder
TOSH _CLR _TH_SDEN PI N() ;
TOSH _CLR _TH_SDTA PI N();
TOSH_CLR_TH_SCLK_PI N();
return SUCCESS;

-

*

EE I T I

*/

Wite to a TH7122 control
Accepts a 2 bit address and 32 bit data,
for each,

@aram addr 2 bit address of
@aram data 22 bits of data
@eturn Al ways returns SUCCESS

/1 SW

/1 SwW

/1 SW
/1 SW
/1 SW
/1 SW
/1 SW

/1 SwW
/1 SW
/1 SW

register

interface.

register

Added. | n programuabl e user node.

interface pins

Added. Set programmmabl e user node status to

Added. Make the | ock detect pin an input
Modi fied. SDEN to suit TH7122

Modi fied. SCLK to suit TH7122

Modi fied. SDATA to suit TH7122

Added. Qutput conpare to drive Manchester

Modi fi ed. Set SDEN | ow

Modi fi ed. Set SCLK | ow
Modi fi ed. Set SDTA | ow

creates an array of ones and zeros

and uses a |l oop counting through the arrays to get consistent timng
for the TH7122 radi o control
programrabl e user node, then send 2 bits of address, followed by 22 bits of data

Set SDEN pin high to switch to

async conmand result_t HPLTH7122.write(uint8_t addr, uint32_t data) {
uint8_t cnt = 0;

switches to programmabl e user
TOSH_SET_TH_SDEN_PI N
TOSH_CLR_TH_SDEN_PI N

/! address cycle starts here

/1 SW Added. Switch to programmabl e user node if not already in that node

if (!bProghWode)

{
TOSH_SET_TH_SDEN_PI N();

bPr ogMbde=TRUE;
}

for (cnt=0;cnt<2;cnt++)

}

if (addr&0x02)

TOSH_SET_TH_SDTA PI N() ;
el se

TOSH_CLR TH_SDTA PI N();
TOSH_CLR _TH_SCLK_PI N();
TOSH_SET_TH_SCLK_PI N() ;
TOSH_SET_TH_SCLK_PI N() ;
TOSH_CLR _TH_SCLK_PI N();
addr <<= 1,

/1 data cycle starts here
for (cnt=0;cnt<22;cnt++)

}
TOSH_CLR _TH_SDTA PI N();
TOSH_SET_TH_SDEN_PI N() ;

if (data&0x200000)

TOSH_SET_TH_SDTA PI N() ;
el se

TOSH_CLR TH_SDTA PI N();
TOSH CLR TH_SCLK_PI N() ;
TOSH_SET_TH_SCLK_PI N() ;
TOSH_SET_TH_SCLK_PI N()
TOSH_CLR _TH_SCLK_PI N()
data <<= 1;

1

node

() ;
() ;

/1 SW

/1 SW

/1 SW

/1bit

/1 SW

/1 SwW

/1bit

/1 SW

/1 Logi c change on pin SDEN

Modi fi ed. Send addr PDATA nsb first

Modi fied. Send 2 address bits

Modi fied. Pul se the SCLK

shift the address

Modi fi ed. Send data SDATA nsb first

Modi fi ed. Pul se the SCLK

shift the data

Modi fied for TH7122 pins
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TOSH_CLR_TH_SDEN_PI N() ;
return SUCCESS;
}

] **

* Get the current status of the TH7122 | ock detect pin

*

* @eturn 0->PLL unl ocked, 1->PLL | ocked

**/

async conmand bool HPLTH7122. get LOCK() {
bool val;
val = TOSH_READ TH LD PI N(); //SW Mdified to suit TH7122 pins
return val;

}

}

MANCHESTERBYTEFIFO.NC

/**

* Manchest er encodor/ decoder.

* Uses the SPI to transmt Manchester encoded bytes. The SPI is run in slave node
* and the OCLC output conpare pin is used to generate a clock pulse to drive the
* SPl at the desired data rate. The ICl input capture pin is used for the

* Manchester decoder. Al code in this fule is witten by and copyright of S

* Wilis.

* @uthor Sinon Wllis

* @odified 17/01/2007

**/

nt erf ace Manchest er Byt eFl FO {

/**

* Transnit a byte over the SPI

* Breaks the byte into 2 halves and transmits LSB first
*

* @aramdata Data to transmt
* @eturn True if data was stored to the transnit buffers successfuly

* %[

async conmand result_t witeByte(uint8_t data);

/**

* Determines if the transnmit buffer is enpty or not

*

* @eturn O if the buffer is full, 1 if the buffer is enpty

**/

async conmand result_t isBufBusy();

/**
* Get the last received byte (gives conpatibility with a standard SPI as used by the
M ca2)

* @eturn The |last received byte

**/

async conmand uint8_t readByte();

/**

* Enable the interrupts. WIIl generate interrupts when bytes are received or
transmitted

* Starts the SPI or input capture

*

* @eturn TRUE if interrupts were stated successfully

**/

async conmand result_t enablelntr();

/**

* Disable interrupts, turn off output conpare and input capture

*

* @eturn Al ways returns SUCCESS

**/

async conmand result_t disablelntr();

] **
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Initialise slave (conpatible with SPI for M ca2)
Switch to receive state and enable interrupts

@eturn Al ways returns SUCCESS
*/
async conmand result_t initSlave();

*
*
*
*
*

/**

* Switch to transmt node. Enable interrupts if already on (Mca2 conpatibl e)

*

* @eturn Al ways returns SUCCESS

**/

async conmand result_t txMde();

] **

* Switch to receive node. Enable interrupts if already on
*

* @eturn Al ways returns SUCCESS

* % [

async conmand result_t rxMde();

] **

* Set the data rate

*

* @aram dat aRate Desired datarate (/8 prescaler)
* @eturn Al ways returns SUCCESS

* % [

async conmand result_t setDataRate(uint8_t dataRate);

] **

* dat aReady event. Signalled when a byte has been received or sent.
*

* @aram data The data that was sent or received.
* @eturn success

* %[

async event result_t dataReady(uint8_t data);

/**
* manchesterViol ati on event. Signalled when an error has occurred in the

* Manchest er decodi ng.
*

* @eturn success
*/
async event result_t manchesterViol ation();

-

MANCHESTERBYTEFIFOM.NC

/**

* Manchest er encodor/ decoder.

* Uses the SPI to transmt Manchester encoded bytes. The SPI is run in slave node
* and the OCLC output conpare pin is used to generate a clock pulse to drive the
* SPl at the desired data rate. The ICl input capture pin is used for the

* Manchester decoder. Al code in this fule is witten by and copyright of S

* Wilis.

* @uthor Sinon Wllis

* @odified 17/01/2007

**/

nodul e Manchest er Byt eFl FOM {
provi des {

interface Manchest er Byt eFl FG, //Byte level interface
}
uses {
i nterface Power Managenent ; /1 MCU power nmanagenent
interface C ockl6; /1 Clock for output conpare 1
interface TimerCapture; //1nput capture for received bytes
interface Leds; / | Debuggi ng
}
}
impl ementation {
enum { /] States of encoder/decoder
INIT, //1nitialisation
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TXSTATE_H,
TXSTATE_L,
RXSTATE

b

enum {
| DLE,
GETLQOCK,
DETECT
b

const uint8_t BUFFLEN=10;

uint8_t Fl FOsState;

ui nt 8_t manchest er Byt eH;
ui nt 8_t manchest er Bytel;
ui nt 8_t out goi ngByt e;
uint8_t rxByte;

bool bTxPendi ng;

uint8_t decState;
uint8_t bitCounter;
uintl6_t |astTine;
uint16_t el apsed;
uint8_t dataln[2];

bool curBuf;

uint8_t putter;

uint8_t getter;

uint8_t chiptine;
uint8_t bitlag;

ui nt8_t gCurrent Dat aRat e;
bool bl nterrupt On;

bool bViol ation;

bool centrePos;

ui nt 8_t nunthi ps;

/1 Public functions

/**

//ready to send the high byte
//ready to send the | ow byte
// Recei ve state

// Recei ve states
//1dle
/1 Get | ocked onto preanble

/1 Sychroni sed, getting data

//Buffer length

//Current state of the FIFO
/I Manchest er encoded bytes

/1 The current outgoing byte (buffer)

/1 The | atest received byte

/] Transmi ssi on pendi ng

/1 State of the decoder

// Nunber of bits detected

//Holds the tine of the last transition

/I Tinme since last transition

/11 nput data. Use 2 buffers

//1ndex to current buffer

//Putter for dataln buffer

/lCGetter for dataln buffer.

//Half the period of 1 bit (a manchester chip)
/1 Al'lows for delay of transition.

//Current datarate

/llnterrupts are on.

/1A Manchester viol ation has occurred.

/I Manchest er decoder. Last rising edge in centre of bit
// Nunber of el apsed chips

* Transnmit a byte over the SPI
* Breaks the byte into 2 halves and transmits LSB first

*

* @aramdata Data to transmt
* @eturn True if data was stored to the transnit buffers successfuly

* % [

async conmand result_t ManchesterByteFl FO witeByte(uint8_t data) {

/| Tenporary vari abl es

uint8_t i, tenpH, tenpL;

bool txStateTnp;

t empH=0; /] Temp buffer
t empL=0; /] Temp buffer
atom c {

t xSt at eTnmp=bTxPendi ng;

}
if (!txStateTnp) {

atom ¢ outgoi ngByte = data;

for MSB
for LSB

//Save current transnmit state

//1f we're not transnmitting then continue
/] Save the outgoing byte for the dataReady signal

/' Machest er encodi ng
for (i=0; i<4; i++) {
i f (data&0x80) //NMSB

1=1->0 (2)

tempH=t enpH | (0x2<<(6-(2%i)));

el se

/10 = 0->1 (1)

tempH=tenpH | (0x1<<(6-(2*i)));

if (data&0x08) //LSB

tenpL=tenmpL | (0x2<<(6-(2*i))); [//1 =1->0

el se

tempL=tenpL | (0x1<<(6-(2%i)));
//Bit shift the data

dat a<<=1;
atom c {
manchest er Byt eH = t enpH;
manchest er ByteL = tenplL;

bTxPendi ng=TRUE;
i f (FlFCst at el =RXSTATE)
FI FOSt at e=TXSTATE_H,;

}
return SUCCESS;

/10 = 0->1

/] Save the encoded data

/1 Transnit pendi ng
/1 Get ready to transmit it (if not in Rx state)
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Y/ /Transmit is still pending
el se
return FAIL;

}
] **

* Determines if the transnit buffer is enpty or not

*

* @eturn O if the buffer is full, 1 if the buffer is enpty

**/

async conmand result_t Manchest er Byt eFl FO. i sBuf Busy() {
return (!bTxPending);

}

] **

* Get the last received byte (gives conpatibility with a standard SPI as used by the
M ca2)

* @eturn The |last received byte
**/
async conmand ui nt 8_t Manchest er Byt eFl FO readByte() {
return (rxByte);
}
/**
* Enable the interrupts. WIIl generate interrupts when bytes are received or

transmtted
* Starts the SPI or input capture
*

* @eturn TRUE if interrupts were stated successfully

**/

async command result_t Manchester Byt eFl FO enablelntr() {
result_t retVal ue;

atom c {
switch(FlI FOState) {
case (RXSTATE): //Switch to receive nbde, turn on interrupts
out p( 0, SPCR) ; //Switch off SPI
out p( 0, SPDR) ; //Clear any data left in the SPDR
if ((bViolation) | (decState==IDLE)) ({ //1f we have had a violation then
restart
decSt at e=| DLE; /llnitialise state
bi t Count er =0; // Reset nunber of bits received
| ast Ti me=0;
bVi ol ati on=FALSE; //No Manchester violation yet.
cur Buf =0; // Reset the current buffer
cent r ePos=TRUE; //The first rising edge will be in the centre
chi pti me=(gCurrent Dat aRat e+1) <<1; //Chiptinme is twice the datarate
val ue.
bi t Lag=chi pti ne>>1; //bitlag is 50% of chiptine
}
cal |l TinerCapture. set Edge( FALSE) ; /'l Capture on falling edge.
The transmitter inverts data, so by capturing on falling edge, we get around this
call O ockl6. set Rat e( TI MERL_DEFAULT_| NTERVAL, TCLK_CPU DI V8) ; //Start the

cl ock source (/8 prescaler)
call TinerCapture.clearPendinglnterrupt(); //Cear any pending interrupts
cal |l TinerCapture. enabl eEvents(); //Enabl e interrupts, switch tiner
to input capture node
bl nt er r upt On=TRUE;
r et Val ue=SUCCESS;
br eak;
case (TXSTATE_H): //Transnmit state. Turn on OC clock and SPI
case (TXSTATE_L):
/1 Di sabl e the input capture
cal |l TimerCapture. disabl eEvents(); //stop the input capture interrupts
call O ockl6.intDisable(); // Disable the clock interrupts
TOSH_MAKE_M SO _OUTPUT() ;
call C ock16. setlnterval AndScal e((uint16_t)gCurrentDataRate, TCLK_CPU DI V8);
//fire up the clock

out p(0xQ0, SPCR) ; //Turn on the SPI and interrupts
r et Val ue=SUCCESS;
bl nt er r upt On=TRUE; /llnterupts are ON
br eak;
defaul t:

bl nt er r upt On=TRUE;
ret Val ue=FAI L;
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}

cal |l Power Managenent . adj ust Power () ; /] Adj ust MCU power
return retVal ue; /1 Return SUCCESS or FAIL

}
/**

* Disable interrupts, turn off output conpare and input capture
*
* @eturn Al ways returns SUCCESS

* % [

async comand result_t Manchester Byt eFl FO di sablelntr() {

atom c {

out p(0, SPCR) ; /1 Di sabl e the SPI

bl nt er r upt On=FALSE; /llnterrupts are OFF
call TinmerCapture. di sabl eEvents(); /1 Di sabl e i nput capture
call dock16.intDisable(); /1 Di sabl e out put conpare

call dock16. setlnterval AndScal e( TI MERL_DEFAULT_| NTERVAL, TCLK_CPU OFF);
the cl ock
return SUCCESS;
}

/**
* Initialise slave (conmpatible with SPI for M ca2)
* Switch to receive state and enable interrupts
*
* @eturn Al ways returns SUCCESS
* *
/
async conmand result_t ManchesterByteFl FO initSlave() {
atom c {
Fl FOSt at e=RXSTATE;
decSt at e=| DLE;
gCurrent Dat aRat e=TH7122_DEF_DATARATE; //Load the default datarate.
bl nt er r upt On=TRUE;

/1 Stop

call ManchesterByteFl FO enablelntr(); //Call enablelntr to start the clock etc.

}
return SUCCESS;
}

] **

* Switch to transmt node. Enable interrupts if already on (M ca2 conpatible)

*

* @eturn Al ways returns SUCCESS

* *
/

async conmand result_t Manchester Byt eFl FO t xMode() {
uint8_t tenp;
TOSH_MAKE_M SO _OUTPUT() ;

call C ock16.intDisable(); /1 Di sabl e the clock interrupts
atom c {
FI FOSt at e=TXSTATE_H,; /] Change the state
if (blnterruptOn) //Enable interrupts if applicable
call Manchest er Byt eFl FO. enabl el ntr();
el se
t enp=0;
}
return SUCCESS;
}
/**

* Swmitch to receive node. Enable interrupts if already on

* @eturn Al ways returns SUCCESS
**/

async conmand result_t Manchester Byt eFl FO rxMde() {

TOSH_MAKE_M SO _| NPUT() ;

atom c {
FI FOSt at e=RXSTATE; /] Change the state
if (blnterruptOn)

call Manchest erByt eFl FO. enabl el ntr(); /1 Set up the manchester decoder

}
return SUCCESS;
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/**
* Set the data rate
*
* @aram dat aRate Desired datarate (/8 prescaler)
* @eturn Al ways returns SUCCESS
**/
async conmand result_t Manchester Byt eFl FO set Dat aRat e(ui nt 8_t dataRate) {
/] Set the datarate
atonmi ¢ gCurrent Dat aRat e=dat aRat e;
return SUCCESS;
}

AR R R R R R EEEEEREE R EEE R R R R R R R EEEEE R

// Event and interrupt handlers

/**
* Event handler for clockl16.fire. This will fire if we have received rubbish
* @eturn Al ways returns SUCCESS
**/
async event result_t Cockl6.fire() {
si gnal Manchest er Byt eFl FO. dat aReady(0); //Signal data received, send 0

call O ockl6.intDisable(); //Disable the clock interrupts
call Manchest er Byt eFl FO. enabl el ntr(); //Reinitialise the decoder.
return SUCCESS;
}
/**
* Interrupt data for SPIF. Signalled when a transfer has been conpleted on the SPI.
**/

TOSH_SI GNAL(SI G_SPI') {
switch (FIFOState) {

case TXSTATE_H: //Need to transmit the high byte
out p( manchest er Byt eH, SPDR) ; //Transnit the high byte
manchest er Byt eH=0; /1 Clear the buffer
atom ¢ FI FOSt at e=TXSTATE L; //ready to transmt the |ow byte
br eak;

case TXSTATE_L: //Need to transnit the | ow byte
out p(manchest er Byt eL, SPDR) ; //Transnit the | ow byte
manchest er Byt eL=0; /1 Clear the buffer
atom ¢ {

bTxPendi ng=FALSE; //We're ready for the next byte

FI FOSt at e=TXSTATE_H,;

si gnal Manchest er Byt eFl FO dat aReady( out goi ngByte); //signal with the byte
just sent.

/* br eak;
defaul t:
call Manchest er Byt eFl FO. enabl el ntr(); */ / | RXMODE? -
Reinitialise.
}
}
/**
* signal Done task. Called when a byte has been received
**/

task voi d signal Done() {
uint8_t tenpData;
atom ¢ tenpData=dataln[!curBuf]; //Buffer has already been increnented to next
buf fer
signal Manchest er Byt eFl FO. dat aReady(t enpDat a) ; //Signal with data that has been
recei ved

}
/**

* Event handl er for input capture

* Locks onto preanmbl e and then decodes the follow ng data

*

* @aramtime |nput capture counter

**/

async event void TimerCapture.captured(uintl1l6_t time) { //interrupt handl er
uint8_t currentRate;

if (decState==IDLE) { //We are in the idle state. 1st bit received
//call Leds.redOn(); / | Debug
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| ast Ti me=ti me; /1 Record the transition
decSt at e=GETLOCK; /] Change to the GETLOCK state
el se { /12nd bit received. Determine el apsed tine
//call Leds.yellowOn(); /| Debug
if (lastTime>tinme) { //timer overflow

el apsed=0xFFFF-1 ast Ti me+ti me+1;

el se {
el apsed=ti ne-| ast Ti nme;

| ast Ti me=ti ne; //Update |astTinme
if (elapsed < TH7122_NMAXRATE) { //Val ues in TH7122const corresepond to
chiptime * 2
//Very short time since last transm ssion. Likely to be nouise
//We are going to get rubbish data here, so just set the OC to generate an
interrupt at the point where the byte would end.

cal | Ti nerCapture. di sabl eEvents(); //disable the ICinterrupts
atom ¢ {
current Rat e=gCur r ent Dat aRat e;
bVi ol ati on=1; /I Manchester violation has occurred

//Wait for the time equivalent to transmitting the rest of the byte
call O ock16. setlnterval AndScal e(((uint16_t)(currentRate<<2))*(8-
(bit Counter>>1)), TCLK_CPU_DI V8) ;

call d ock16. set Counter(0); /| Reset the counter
call d ock16.intEnable(); /1 Enabl e the clock interrupts
return; // Done. Return

/! Determ ne the nunber of el apsed chips
/11 chip
if (elapsed<(chiptinme+bitLag)) ({
numChi ps=1,; /I Record the number of chips
return; /1 Finish early
}
el se {
/12 chips
if (el apsed<((chiptime<<l) + bitlLag)) [/ Chiptime * 2
i f (nunChi ps==1) /11f we previosuly detected 1 chip, then add it
nunChi ps=3;
el se
nunChi ps=2;
el se {
/13 chips
if (elapsed<((chiptinme*3)+bitlLag))
if (numChi ps==1) /11f we previosuly detected 1 chip, then add it
numChi ps=4;
el se
numChi ps=3;
el se {
/14 chips
if (elapsed<((chiptime<<2)+bitLlag))
i f (nunmChi ps==1) /11f we previosuly detected 1 chip, then add it
nunmChi ps=5;
el se
nunChi ps=4;
el se
numChi ps=0xFF;
}

}

switch(decState) {
/I W need to get the lock
case( GETLOCK) :
/11f 4 chips have el apsed, then we have a | ock
i f (nunmChi ps==4) {

dat al n[ curBuf ] =datal n[ curBuf]<<2 | ((uint8_t) 2); /1 W have detected
10
bi t Count er +=2; /12 bits detected
cent r ePos=TRUE; /I Ri sing edge occurred in nmddle of bit.
if (bitCounter>=TH7122_MANCHESTER PREAMBLE) {/I'We are | ocked (detected
preanbl e)
decSt at e=DETECT; /] Change state.
//call Leds.yellowToggle(); /| Debug
}
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el se { /1 Else reset the bit counter and keep waiting.
bi t Count er =0;
}

br eak;
case (DETECT):
/11f the last rising edge was in the middle of a bit
if (centrePos) {
swi t ch( nunChi ps) {
case (2):
/11f we have 2 chips and we're in the centre, we have another 0
dat al n[ curBuf] =dat al n[curBuf] <<1; //Bit shift
bi t Count er ++;
br eak;
case (3):
/11f we have 3 chips, then we have a bit change (1)
dat al n[ curBuf] =datal n[curBuf]<<1 | ((uint8_t)1);
bi t Count er ++;
centrePos=FALSE; //Currently not at the centre.

br eak;
case(4):
/11f we have 4 chips, then we have a 10
dat al n[ curBuf] =datal n[ curBuf]<<1 | ((uint8_t)1); /1 Append the 1

bi t Counter++; //Incremenent bit counter
if (bitCounter==8) {//1f we have a full byte

cur Buf =! cur Buf ; /| Change buffers
post signal Done(); //Signal it.
bi t Count er =0; /I Reset bit counter
}
dat al n[ cur Buf ] =dat al n[ cur Buf ] <<1; /1 Append the 0
bi t Count er ++; //lncrenment bit counter
br eak;
/1 Any other number of bits is a manchester error
defaul t:
si gnal Manchest er Byt eFl FO manchest er Vi ol ati on(); /1 Si gnal manchest er
violation
//call Leds.redToggle(); / | Debug
bVi ol ati on=TRUE; //Violation has occurred
call Manchest er Byt eFl FO. enabl el ntr(); //lnitialise the system
agai n
}
}//end if(centrePos)
el se { //Last edge not in the centre position
swi t ch( nuntChi ps) {
case(2): //2 chips means we have another 1.
dat al n[ curBuf] =datal n[curBuf]<<1 | ((uint8_t)1);
bi t Count er ++;
br eak;
case(3): //3 chips means we have a 10 and back to the centre of the bit
dat al n[ curBuf] =datal n[curBuf]<<1 | ((uint8_t)1); /1 Add the one
bi t Count er ++;
if (bitCounter==8) { /11f we have a byte now.
cur Buf =! cur Buf ; /| Change buffers
post signal Done(); //Signal it.
bi t Count er =0; // Reset bit counter
}
dat al n[ cur Buf ] =dat al n[ cur Buf ] <<1; //Add the 0O
bi t Count er ++; //lncrement the bit counter
cent r ePos=TRUE; //Currently in the centre of the bit.
br eak;
// Manchester error
defaul t:
si gnal Manchest er Byt eFl FO. manchest er Vi ol ati on();
//call Leds.yellowToggle(); / | Debug
bVi ol ati on=TRUE; /1Violation has occurred
call Manchest er Byt eFl FO. enabl el ntr(); //lnitialise the system
again
}/1End el se - !centrePos

break; //End case(detect)
}//end switch(decState) */
//1f we have a byte, send it.

if (bitCounter==8) { /11f we have a byte now.
cur Buf =! cur Buf; /] Change buffers
post signal Done(); //Signal it.
bi t Count er =0; // Reset bit counter
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}
}/ 1 End el se(decSt at e! =I DLE)
}//End inputcapture interrupts

TH7122CONST.H

/ tab: 4
| MPORTANT: READ BEFORE DOWNLQOADI NG, COPYI NG, | NSTALLI NG OR USING By
downl oadi ng, copying, installing or using the software you agree to
this license. |If you do not agree to this license, do not downl oad,

install, copy or use the software.
Intel Open Source License

Copyright (c) 2002 Intel Corporation

Al rights reserved.

Redi stribution and use in source and binary forms, with or w thout

nmodi fication, are permitted provided that the follow ng conditions are
net:

Redi stributions of source code nmust retain the above copyri ght
notice, this list of conditions and the follow ng disclainer.

Redi stributions in binary formnust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclainer in the
docunent ati on and/or other materials provided with the distribution.

Nei ther the nane of the Intel Corporation nor the names of its
contributors may be used to endorse or pronbte products derived from
this software wi thout specific prior witten perm ssion.

TH S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTCORS
"TAS IS AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG, BUT NOT
LIMTED TO, THE | MPLI ED WARRANTI ES CF MERCHANTABI LI TY AND FI TNESS FOR A
PARTI CULAR PURPOSE ARE DI SCLAI MED. I N NO EVENT SHALL THE INTEL OR I TS
CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL, SPECI AL,
EXEMPLARY, OR CONSEQUENTI AL DAMAGES (| NCLUDI NG BUT NOT LIM TED TO,
PROCUREMENT OF SUBSTI TUTE GOODS OR SERVI CES; LOSS OF USE, DATA, OR
PRCOFI TS; OR BUSI NESS | NTERRUPTI ON) HOWEVER CAUSED AND ON ANY THEORY OF
LI ABI LI TY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (I NCLUDI NG
NEGLI GENCE OR OTHERW SE) ARI SI NG I N ANY WAY OQUT OF THE USE OF THI S
SOFTWARE, EVEN | F ADVI SED OF THE PGCSSI BI LI TY OF SUCH DAVAGE. *

Settings for TH7122 radi o transceiver. Defines registers, frequency and data

rate settings. This file is based on the CC10000Const.h file that is distributed
with TinyOS and has been nodified by S WIllis for the JCUWte TH7122 radio
transceiver IC. Al code is copyright of TinyCS and is bound by the above copyright
message. Sections of nodified or added code are indicated by an "SW coment and
are copyright of S Wllis.

@ut hor Simon Wllis
@ut hor Philip Buonadonna (original CCL000Const.h author)
@modi fied 17/01/2007

*/

E R S I S N I N I R T R I . N N N N S S I I

#i fndef _TH7122CONST_H
#define _TH7122CONST_H

#i ncl ude <avr/ pgmspace. h>

/* Constants defined for TH7122 */
/* Regi ster addresses */

/1 SW Added. Al register definitions have been changed to suit the TH7122

#define TH7122_A 0x00

#define TH7122_B 0x01
#define TH7122_C 0x02
#define TH7122_D 0x03

/! Register A Bit Posititions
#define TH7122_| DLESEL 5
#defi ne TH7122_DTAPCL 4
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#define TH7122_MODSEL
#defi ne TH7122_CPCUR
#defi ne TH7122_L OCKMODE 1
#defi ne TH7122_PACTRL
#define TH7122_TXPONER
#define TH7122_SETTOLA
#define TH7122_LNAGAI N
#defi ne TH7122_OPMODE
#define TH7122_RRVSB
#define TH7122_RRLSB

N W

oOoOoONDMUIO O

/!l Register B Bit Positions
#defi ne TH7122_PKDET
#define TH7122_SETTOLB
#define TH7122_DELPLL
#define TH7122_LNAHYST
#define TH7122_AFC
#define TH7122_QA2
#defi ne TH7122_ROVAX
#define TH7122_ROM N
#define TH7122_RTMSB
#define TH7122_RTLSB

CQONUIORNWAO

/!l Register CBit Positions
#define TH7122_LNACTRL
#define TH7122_PFDPOL

#defi ne TH7122_VCOCUR

#defi ne TH7122_BAND

#defi ne TH7122_NRVSB
#define TH7122_NRM D
#define TH7122_NRLSB

COoorNdO

/!l Register D Bit Positions
#define TH7122_MODCTRL
#define TH7122_LDTM

#defi ne TH7122_ERTM
#define TH7122_NTMSB
#define TH7122_NTM D
#define TH7122_NTLSB

[eoNeNeN NN

/
TH7122 Regi ster Paraneters Tabl e

This table follows the sane format order as the TH7122 register
set EXCEPT for the last entry in the table which is the
CURRENT regi ster value for TX node.

NOTE: To save RAM space, this table resides in programnmenory (flash).
This has two inportant inplications:
1) You can't wite to it (duh!)

ECE T I

ORDI NARY C ARRAY.
*

* Add/renove individual entries belowto suit your RF tastes.

*

*/
#define TH7122_40_750_MHZ 0x00 /1 SW Mbdified. Frequency
definitions changed to suit JCUWte
#define TH7122_40_850_MHZ 0x01
#define TH7122_40_900_MHZ 0x02

#i fdef TH7122_DEFAULT_FREQ

#define TH7122_DEF_PRESET (TH7122_DEFAULT_FREQ
#endi f

#i fdef TH7122_MANUAL_FREQ

#define TH7122_DEF_FREQ ( TH7122_MANUAL_FREQ
#endi f

#i f ndef TH7122_DEF_PRESET
#defi ne TH7122_DEF_PRESET (TH7122_40_850_MH2) //SW Modified
#endi f

//Data rates are calcul ated assuming a /8 prescaler on timer 1 (7.3728M1z). For
19200bps datarate we have

2) You nust read it using the PRG RDB(addr) macro. | T CANNOT BE ACCESSED AS AN

/1 38400bps Manchester encoder datarate. The SPI outputs on each falling edge, so the

OC1C pin must be toggled
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//at twice the Manchester datarate (76.8kHz)->(7.3728e6/8)/76.8e3 -> 12
/1 SW Added. Al data rate definitions added by S Wllis

#define TH7122_19200BPS 12-1

#defi ne TH7122_9600BPS 24-1 //Data rate (assunes a /8 prescaler on tiner 1)
#define TH7122_4800BPS 48-1

#define TH7122_2400BPS 96-1

#define TH7122_MAXRATE (TH7122_19200BPS)

#i f ndef TH7122_DEF_DATARATE
#defi ne TH7122_DEF_DATARATE  (TH7122_9600BPS)
#endi f

#def i ne TH7122_MANCHESTER PREAMBLE 8 /1 SW Added. Nunber of
bits detected in preanble to get Manchester |ock (max 8)

/] #define TH7122_Squel chl ni t 0x02F8 // 0.90V using the bandgap reference

[/ #define TH7122_Squel chlni t 0x138 (CClK val ue)

/] #define TH7122_Squel chlni t Ox1F7 /1 (~1.47V -> -90dBm) TH7122 Val ue
#define TH7122_Squel chl ni t 0x270 // SW Added. Measured with antenna on

JCUWbte in lab

#define TH7122_Squel chTabl eSi ze 9
#defi ne TH7122_MaxRSSI Sanpl es 5
#define TH7122_Settling 1
#define TH7122_Val i dPrecursor 2
#defi ne TH7122_Squel chl nt erval Fast 128
#defi ne TH7122_Squel chl nt erval Sl ow 2560

#define TH7122_Squel chCount 30
#defi ne TH7122_Squel chBuf f er 0
#define TH7122_LPL_STATES 7

#define TH7122_LPL_PACKET_TI ME 16

/1 duty cycle max packets effective throughput
R e e L T T P

/1 100% duty cycle 42.93 packets/sec 12.364kbps

/1 35.5%duty cycle 19. 69 packets/sec 5. 671kbps

/1 11.5%duty cycle 8. 64 packets/sec 2. 488kbps

/1l 7.53%duty cycle 6. 03 packets/sec 1. 737kbps

/1l 5.61%duty cycle 4. 64 packets/sec 1. 336kbps

/Il 2.22%duty cycle 1. 94 packets/sec 0. 559kbps

/1 1.00% duty cycle 0. 89 packets/sec 0. 258kbps

static const prog_uchar TH7122_ LPL_Preanbl eLengt h[ TH7122_LPL_STATES*2] = {

0, 8, /128
0, 94, /194
0, 250, /1250

0x01, O0Ox73, //371,
0x01, OxEA, //490,
0x04, O0xBC, //1212
0x0A, Ox5E //2654

b
static const prog_uchar TH7122_LPL_S| eepTi ne[ TH7122_LPL_STATES*2] = {
0, O, /10
0, 20, /120
0, 85, /185
0, 135, /1135
0, 185, /1185
0x01, OxE5, //485
0x04, 0x3D //1085
b

static const prog_uchar TH7122_LPL_S| eepPreanbl e[ TH7122_LPL_STATES] = {

00 00 ™ 00 ®O

b

/1 SW The bel ow settings (until end of file) have been conpletely changed by S Wllis
to suit the JCUWbte
static const prog_uchar TH7122_Parans[4][12] = { // Changed from prog_uchar - SW
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/1(0) 40.75 Mz channel
{ /1 A-register
//Byte 2
//Only ROis active in |DLE node
((0<<TH7122_| DLESEL) |
//Normal input data polarity (0->Fmn)
(0<<TH7122_DTAPQL) |
// FSK node
(1<<TH7122_MODSEL) |
/| Charge punp output current (260uA default)
(0<<TH7122_CPCUR) |
/1 LD signal is ascertainted once after signal remains in high state (default)
(0<<TH7122_LOCKMODE) |
/1 PAis always on in TX node (default)
(1<<TH7122_PACTRL) ),
//Byte 1
/] Qut put power attenuation (highest power setting-default)
((0x03<<TH7122_TXPOVNER) | (1<<TH7122_SETTOLA) |
/1 LNAGAI N max (default)
(1<<TH7122_LNAGAI N) |
// OPMODE - set to standby (default)
(0x00<<TH7122_OPMODE) |
/IRR - reference divider ratio in RX node (dec 160, O0xAQ).
/1160
(0x00<<TH7122_RRMSB) ),
//Byte O
(OxA0<<TH7122_RRLSB), //fref=50kHz

/'l B-register

//Byte 2

/I RSSI peak detector outputs via OAlL (default)
((0<<TH7122_PKDET) | (1<<TH7122_SETTOLB) |
//del ayed start of PLL (default)
(1<<TH7122_DELPLL) |

//Hysteresis on pin GAI N LNA (not used)
(1<<TH7122_LNAHYST) |

I/l nternal AFC feature on

(1<<TH7122_AFC) |

/1 OA2 disabl ed (default)

(0<<TH7122_0A2)),

//Byte 1

//Start-up current of reference oscillator 525uA (default)
((0x07<<TH7122_ROVAX) |

/] Steady state of reference oscillator 150uA (default)
(0x02<<TH7122_ROM N)

/I Ref erence divider in TX npode (dec 160, O0xAO)
/1160

(0x00<<TH7122_RTMSB) ),

//Byte O

(OXA0<<TH7122_RTLSB), //fref=50kHz

/1 C-register

//Byte 2

//LNA will be controlled by LNAGAIN bit
((1<<TH7122_LNACTRL) |

/I negative phase detector polarity (default)
(0<<TH7122_PFDPQL) |

//Set VCOto |low current (receive)
(0<<TH7122_VCOCUR) |

//Set to | ow frequency band

(0<<TH7122_BAND) |

/| f eedback divider ratio (RX npde) (dec 705, 0x2Cl)
/1705 (35.25Mz)

(0<<TH7122_NRMSB) ),

//Byte 1

(0x02<<TH7122_NRM D), //fref=50kHz

//Byte O

(0xC1<<TH7122_NRLSB), //fref=50kHz

/I D-register

//Byte 2

// Modul ation is set by MODCTRL register
((1<<TH7122_MODCTRL) |

//Lock condition of the PLL (16 clocks - default)
(0x01<<TH7122_LDTM |

//Unl ock condition of the PLL (2 clocks - default)
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(0x00<<TH7122_ERTMN |

/ | Feedback divider ratio (TX node) (dec 815, O0x32F)
/1815 (40. 75Mz)

(0x00<<TH7122_NTMSB) ),

//Byte 1

(0x03<<TH7122_NTM D),

//Byte O
(0x2F<<TH7122_NTLSB)

40. 85 MHz channel

Il A-register

//Byte 2

//Only ROis active in | DLE node

((0<<TH7122_| DLESEL) |

/I Normal input data polarity (0->Fmn)

(0<<TH7122_DTAPQL) |

/1 FSK node

(1<<TH7122_MODSEL) |

/] Charge punp output current (260uA default)
(0<<TH7122_CPCUR) |

/1 LD signal is ascertainted once after signal remains in high state (default)
(0<<TH7122_LOCKMODE) |

/1 PAis always on in TX node (default)
(1<<TH7122_PACTRL)),

//Byte 1

/] Qut put power attenuation (highest power setting-default)
((0x03<<TH7122_TXPONER) | (1<<TH7122_SETTOLA) |

/1 LNAGAI N max (default)

(1<<TH7122_LNAGAI N) |

/| OPMODE - set to standby (default)

(0x00<<TH7122_OPMODE) |

//RR - reference divider ratio in RX node (dec 160, O0xAQ).
/1160

(0x00<<TH7122_RRVEB)),

//Byte O

(OxAO0<<TH7122_RRLSB), //fref=50kHz

_~———
-~
—
=
~

/1 B-register

//Byte 2

/I RSSI peak detector outputs via OAl (default)
((0<<TH7122_PKDET) | (1<<TH7122_SETTOLB) |
//del ayed start of PLL (default)
(1<<TH7122_DELPLL) |

//Hysteresis on pin GAIN-LNA (not used)
(1<<TH7122_LNAHYST) |

/l1nternal AFC feature on

(1<<TH7122_AFQ) |

/1 OA2 di sabl ed (default)

(0<<TH7122_0A2)),

//Byte 1

//Start-up current of reference oscillator 525uA (default)
((0x07<<TH7122_ROVAX) |

/] Steady state of reference oscillator 150uA (default)
(0x02<<TH7122_ROM N) |

/I Ref erence divider in TX node (dec 160, O0xAQ)
/1160

(0x00<<TH7122_RTMSB) ),

//Byte O

(OxXA0<<TH7122_RTLSB), //fref=50kHz

/1 C-register

//Byte 2

//LNA will be controlled by LNAGAI N bit
((1<<TH7122_LNACTRL) |

/I negative phase detector polarity (default)
(0<<TH7122_PFDPQOL) |

//Set VCOto |ow current (receive)
(0<<TH7122_VCOCUR) |

//Set to |ow frequency band

(0<<TH7122_BAND) |

/| f eedback divider ratio (RX node) (dec 707, 0x2C3)
/1707 (35.35Mz)

(0<<TH7122_NRVMSB) ),

//Byte 1

(0x02<<TH7122_NRM D), //fref=50kHz
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//Byte O
(OxC3<<TH7122_NRLSB), //fref=50kHz

/1 D-register

//Byte 2

// Modul ation is set by MODCTRL register
((1<<TH7122_MODCTRL) |

//Lock condition of the PLL (16 clocks - default)
(0x01<<TH7122_LDTN |

//Unl ock condition of the PLL (2 clocks - default)
(0x00<<TH7122_ERTM |

/ | Feedback divider ratio (TX node) (dec 817, 0x331)
/1817 (40.85 Mz)

(0x00<<TH7122_NTNSB)),

//Byte 1

(0x03<<TH7122_NTM D),

//Byte O

(0x31<<TH7122_NTLSB)

40.9 MHz channel

/1 A-register

//Byte 2

//Only ROis active in |DLE node

((0<<TH7122_| DLESEL) |

//Normal input data polarity (0->Fm n)

(0<<TH7122_DTAPQL) |

/1 FSK node

(1<<TH7122_MODSEL) |

/] Charge punp output current (260uA default)
(0<<TH7122_CPCUR) |

/1 LD signal is ascertainted once after signal remains in high state (default)
(0<<TH7122_LOCKMIDE) |

/1 PAis always on in TX node (default)

(1<<TH7122_PACTRL) ),

//Byte 1

/] Qut put power attenuation (highest power setting-default)
((0x03<<TH7122_TXPONER) | (1<<TH7122_SETTOLA) |

/1 LNAGAI N max (default)

(1<<TH7122_LNAGAI N) |

/| OPMODE - set to standby (default)

(0x00<<TH7122_OPMODE) |

//RR - reference divider ratio in RX node (dec 160, O0xAQ).
/1160

(0x00<<TH7122_RRMSB) ),

//Byte O

(OxA0<<TH7122_RRLSB), //fref=50kHz

_~———
~-
—
w
~

/] B-register

//Byte 2

/I RSSI peak detector outputs via OAl (default)
((0<<TH7122_PKDET) | (1<<TH7122_SETTOLB) |
//del ayed start of PLL (default)
(1<<TH7122_DELPLL) |

//Hysteresis on pin GAIN-LNA (not used)
(1<<TH7122_LNAHYST) |

I/l nternal AFC feature on

(1<<TH7122_AFC) |

/1 OA2 disabl ed (default)

(0<<TH7122_0A2)),

//Byte 1

/lStart-up current of reference oscillator 525uA (defaul t)
((0x07<<TH7122_ROVAX) |

/] Steady state of reference oscillator 150uA (default)
(0x02<<TH7122_ROM N) |

/| Ref erence divider in TX node (dec 160, O0xAQ)
/1160

(0x00<<TH7122_RTMSB) ),

//Byte O

(OxA0<<TH7122_RTLSB), //fref=50kHz

/1 C-register

//Byte 2

//LNA will be controlled by LNAGAIN bit
((1<<TH7122_LNACTRL) |

/I negative phase detector polarity (default)
(0<<TH7122_PFDPQL) |
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b

}

//Set VCOto |ow current (receive)
(0<<TH7122_VCOCUR) |

//Set to |ow frequency band
(0<<TH7122_BAND) |

/| f eedback divider ratio (RX node) (dec 708, OxDD1)
/1708 (35.4M1z)

(0<<TH7122_NRMSB) ),

//Byte 1

(0x02<<TH7122_NRM D), [//fref=50kHz
//Byte O

(OXCA<<TH7122_NRLSB), //fref=50kHz

/1 D-register

//Byte 2

// Modul ation is set by MODCTRL register
((1<<TH7122_MODCTRL)

//Lock condition of the PLL (16 clocks - default)
(0x01<<TH7122_LDTN |

//Unl ock condition of the PLL (2 clocks - default)
(0x00<<TH7122_ERTM |

/ | Feedback divider ratio (TX node) (dec 818, 0x332)
/1818 (40.9 Mz)

(0x00<<TH7122_NTNSB)),

//Byte 1

(0x03<<TH7122_NTM D),

//Byte O

(0x32<<TH7122_NTLSB)

#endif /* _TH7122CONST_H */
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