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X.1 Abstract (Swedish)

Denna rapport behandlar en studie for att implementera en riktbar cylinderantenn med 8
sektorer for det taktiska radiolanksystemet ERITAC. Rapporten diskuterar idéer for hur man
skall ga till vaga for att implementera styrbarhet for cylinderantennen. Den tar upp problem
som finns och vad som kan gdéras for att I16sa dem.

En prototyp av antennstyrningselektroniken har designats och testats. Rapporten beskriver
att andringar pa ECCM kortet och PRO kortet endast ar gjorda i mjukvaran. Den beskriver
I6sningen pa hur en ny enhet som ska styra antennen kan se ut. Enheten som kallas for
antennstyrningsenheten stromforsorjs och styrs av radiolanken.

Systemet ar primart tankt att fungera ihop med huvudstationen i ett flerslavssystem.
Problemen som uppstar da man vill anvidnda samma antenn hos en slav, eller hos en station
i ett punkt till punkt system behandlas ocksa.

Andringarna i systemets mjukvara har utvarderats ihop med den konstruerade prototypen.
Tidsimulering har visat att antennstyrningen fungerar korrekt, samt att erforderliga
tidsmarginaler erhalls. Med ett tillgangligt intervall pa 1.125 millisekund ger detta god
marginal for tidsférdrojning i antennstyrningsrela och fér sandning och mottagning att
synkronisera ihop.

Rapporten tar aven upp idéer som har diskuterats och kasserats av en eller annan
anledning.






X.2 Abstract (English)

This report contains a study for implementing an eight phase directional cylindrical antenna
for the tactical communication system ERITAC. The report describes ideas for implementing
control of the directional cylindrical antenna. It describes problematic issues and gives
solutions to them.

The report describes a tested prototype solution. It describes that changes made on the
ECCM unit and the PRO unit are all made in software. It describes a possible design
solution of a new unit to control the antenna switch. This unit is called the antenna switch
control unit and is supplied and controlled from the Radio relay unit.

The system is designed to function in the master station in Point to multipoint
communication. But solutions are also given for the cylindrical antenna to function in point to
point communication and on the out-stations in point to multipoint communication mode.

Testing and evaluation of the system have shown that the antenna electronics select the
right direction and that the time delay for the electronics is around 120 microseconds. This
gives a good margin for the time delay for the antenna switch and the synchronization of
transmitting and receiving when the available change interval is 1.125 milliseconds

The report also mentions ideas that have been discussed but abandoned for some reason.
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2 Introduction

21 A brief look at history

In warfare, the communication between units is an essential part of success. There have
been many solutions to this problem throughout history, from the medieval use of signal
flags to the 19" century use of instruments as drums and trumpets. For the communication
over large distances, runners were used to send messages between different parts of the
army. In modern times, the way of conducting warfare has changed. The units of an army
are spread over a large area, which makes the use of signals and sounds more difficult to
use for communication.

The discovery of radio waves revolutionized the way of warfare. It made it possible to detect
enemy armies with radars and it made it possible to communicate with friendly units using
radio communication. It also provides for a more stealthy way of communicating.

One of the inherent problems with radio communication is the lack of control over
propagation. Both the intended listener as well as the enemy may listen to the
communication over the air. This leads to increased risk of detection by the enemy as well
as increased risk that the enemy intercepts and deduces the information from the radio
communication.

There are many solutions to avoid unwanted listeners, where one common way is to encrypt
the information. One inherent property of encryption is that any encryption scheme can be
broken given enough time and effort. While the use of better and more advanced schemes
can minimize the risk of encryption being broken, it is always better not to let the enemy
intercept the communication at all. One way of doing this is by concentrating the radio
energy in the direction of the intended listener by using directional antennas. This approach
has the advantage of both increasing Signal to Noise Ratio (SNR) of the communication as
well as reducing the impact of an enemy radio-jamming device. The risk of signal
interception by the enemy is also reduced since less energy is spilled in unwanted
directions, as is the case with a non-directional antenna. The drawback with this approach is
the need to know where the receiving antenna is located. This is generally not a problem in
the military world since operations are well planned, and the equipment is set up in a
coordinated manner. Usually a compass and a field strength meter are used for this
purpose.

Point to point communication between a pair of nodes in a network is most common, for
example a telecommunications switching centre where the antennas replace a cable. In
some cases there is however a need for communication between one node and several
others, as is often the case when communicating between headquarter and units in the field
see Figure 3 on page 18. This situation is possible to solve using a pair of antennas for each
communication path. This solution is however both logistically and economically non-
optimal, and therefore an antenna system where one antenna can communicate with several
others, so called Point To Multi Point (PTMP) would be of value.

2.2 The situation today

Ericsson has produced defence communications products for more than 100 years. Today
the products are in service in more than 30 countries. Ericsson masters key technologies
such as communication security, jamming protection and design for severe electronic and
mechanical environments. Some famous products from Ericsson are ARTHUR, ERIEYE,
and the JAS antenna. [1]
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Figure 1: The Radio Relay unit

Ericsson Microwave Systems has developed a system for high speed, low maintenance, and
movable data communication between units that is called ERITAC. The system consists of a
wide range of different versions, where the radio relay unit shown in Figure 1 and its Data
Interface Unit (DIU) KA400, shown in Figure 2, are the basic units for transmission. The
system implements a design approach based on module thinking. A variety of
communication scenarios with differing demand on bandwidth, privacy and the number of
users can be constructed by combining different units to form a complete communications
system.

Figure 2: The KA400.

The cornerstone of the ERITAC communications system is the radio relay unit, which is
responsible for providing a communication path between nodes. In its most basic mode,
point-to-point (PTP) mode, the radio relay units are able to operate without the KA400. The
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radio relay units support, in addition to this mode, communication in PTMP mode where a
centre-station can communicate with a number of different outstations. However, to use this
communication mode, the KA400 data interface unit must be used in the centre-station and
in the out-stations. The task of the KA400 unit is to multiplex and demultiplex the data
stream to and from each connected user to interface the high rate interface on the radio
relay units.

The task of acting either centre-station or out-station is given the radio relay units through
simple commands, and can even be altered at runtime. When the system operates in PTMP
mode, the KA400 and the radio relay unit form a unit. The radio relay unit interfaces the
KA400 through a serial interface called V24 in order to set parameters etc. This interface is
also open for external communication from a computer terminal.

The system contains an Engineers Order Wire (EOW) interface for voice communication
between the operators. EOW communication is possible in all modes of communication. As
with data communication in TDMA mode, it is only possible to use EOW between a centre-
station and an out-station, not between out-stations.

2.3 Proposal of the master thesis

The out-stations in a PTMP system are often randomly spread over a wide geographic area,
and it is therefore difficult for the centre-station to obtain any antenna directivity when
addressing them. Today an omni-directional antenna is used on the centre-station. This is a
solution, which is very general and simple to use, but gives bad results. For example the
distance of communication is short, hence the low antenna gain. The system is also
accessible for higher interference and could interfere with other communication systems.

The task aims to investigate and evaluate a design for controlling an electronic directional
group antenna. The system is to be as automatic as possible. The work shall include making
a prototype design for this kind of system.

The system is to be used in a point to multi point system were each communication slot time

is about 5 ms. The centre-station shall be composed of the radio relay unit and a controllable
directional antenna, and possibly with some additional equipment.
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3 Requirements
3.1 Physical layer of communication
3.1.1 Frequency hopping mode

In frequency hopping mode (FH), the radio relay units communicate using frequency
hopping keys. The keys control pseudo-random functions, which decide which frequencies
to use for transmission and reception. A chosen frequency is used for the duration of a
timeslot and then changed. In FH mode, data are packed into timeslots, which correspond to
4.5 ms of transmission time. Between timeslots, there is a change interval of 1.125 ms in
length, during which no communication takes place. Output power is switched off, and
communication frequencies are changed during the change intervals.

Frequency hopping mode exists in two modes; conventional and adaptive. In conventional
FH mode a fixed range of frequencies are used even if they yield poor bit error rates.
Adaptive FH evaluates the bit error rate of the communication channel, and adapts by
changing parameters in such a way that bad frequencies are removed.

31.2 Frequency and Power modes

It is possible to select from a range of strategies for adjusting output power. In addition to
LOW and HIGH power modes, there are AUTO POWER and MANUAL POWER modes
available. The automatic mode adjusts output power to obtain an ideal bit error rate with as
low transmission power as possible.

3.1.3 Physical layer, PTP mode
PTP mode communication can use both FH and fix frequency (FIX) mode.

In FIX mode, the transmitter and receiver frequencies are static during communication. This
communication mode is the most basic, and is the easiest for an enemy to jam.

The FIX mode doesn’t have the concept of timeslots; it simply transmits data in a first in, first
out manner, as it enters the radio relay unit. In this mode, all side data (EOW data, control
information, and synchronization words) are interleaved into the outgoing signal stream.

In FH mode, data are framed into timeslots. EOW data and control information are
interleaved into the data stream similar to the FIX mode.

PTP communication is defined as communication between pairs of units. This mode gains
the most from using highly directional antennas. Directional corner reflector antennas are
used at both units for this purpose.

314 Physical layer, PTMP mode

A PTMP system consists of a centre-station, which controls transmission, and a number of
out-stations as shown in Figure 3 on page 18. Communication is only allowed to take place
between the centre-station and an out-station. Direct communication between out-stations is
impossible. Data are transferred encapsulated in timeslots, where each out-station is given
one timeslot for communication with exception for out-station number one, which under
special conditions can have more than one timeslot. The reason for letting out-station
number one have a non-standard number of timeslots is to enable it to have either higher
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data rate for itself, or to use out-station number one as a carrier for more than one data
channel.

OULSTATTION |r——

entre
Station

Outstation
N

Outstation

-~
A

Figure 3: Point to multipoint communication

Systems that operate in PTMP mode can be configured to have a maximum of three, seven
or fifteen out-stations. In each of the configurations, there is one more timeslot available than
the maximum number of out-stations. This timeslot is used for TDMA synchronisation and
EOW; it is placed last in the round robin transmission scheme. This is where EOW differs
from how it is transferred in PTP mode.

Before communication can take place in any timeslot, the communication between the
centre-station and that particular out-station must be synchronized. In the synchronization
phase, the centre-station and the particular out-station adjust their frequency hopping to be
in phase as well as the timing relationship for when a timeslot begins. After successful
synchronization, ordinary communication between the centre-station and the out-station can
begin. It should be noted that out-stations work independent of each other. Out-stations can
be added or removed from the system during runtime without affecting communication for
the others.

Control data for EOW are transferred interleaved with ordinary data in the timeslots for each
out-station. This way each out-station is able to negotiate EOW communication parameters
with the centre-station independent of each other. When it has been decided to use EOW
with a particular out-station, the EOW timeslot is synchronized. Then the centre-station and
out-station transfer their EOW data just as ordinary data would be transferred in the EOW
timeslot.
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3.1.5 Detailed description of EOW interface

The radio relay units provide two different physical interfaces for voice communication over
the EOW channel, 2-wire and 4-wire. These interfaces connect handsets to the units. Both
interfaces use 16kbit/s balanced Manchester diphase communication. The difference is that
the 2-wire interface is only half duplex, while the 4-wire provides two sets of balanced
circuits, and is therefore full duplex. The 2-wire interface is old and is not in use today. It is
scheduled to become obsolete in future versions of the radio relay unit.

The EOW functionality enables operators to talk to each other over ordinary handsets. One
operator is able to call for attention from another operator, and they can establish a voice
call with each other.

The centre-station is in control of how EOW channels are set up and maintained. In fact, the
centre-station always sets up an EOW channel. An out-station actually only signals its
interest to talk when it wants to establish an EOW channel. The centre-station sees that an
out-station calls for attention and chooses to establish a call to it. The EOW control flag
SENDEQOW is always sent from the centre-station no matter which station in the system that
establishes a call. [2] [5]

3.2 The multi-directional antenna system

The proposed antenna is a construction that consists of eight different directional antennas
where each of the elements cover a 45 degree slice of the geographical circle, where the
antenna elements slightly overlap. Each antenna element provides a gain larger than an
omni directional antenna.

The radio relay unit in its current design has no way of knowing the location of the out-
stations. One prerequisite to provide antenna directivity to the out-stations is to make the
radio relay unit aware of which direction each out-station is positioned in. This has to be
manually configured in the radio relay unit by an operator.

An out-station that has a multi-directional antenna can use the implemented software to set
the antenna to point in a fixed direction, the direction of the centre-station. This also works
when the radio relay unit is operated in any of the PTP modes. The directional antenna is
usable for all operation modes, even if it only provides optimal results when used with the
centre-station.

3.3 Important parts of the radio relay unit

The radio relay unit is built on a common backplane, which is populated by a number of
units. The backplane connects the units to each other, and provides them with electric
power. The important units include Interface unit, FIX unit, ECCM unit, Transmitter unit,
Receiver unit, and PRO unit.

The interface unit is responsible for converting between electrical signal standards used
outside the unit, and ordinary TTL level digital data. The 2-wire and 4-wire EOW connectors
on the front of the radio relay unit are routed to this unit where their signals are converted
between TTL and balanced. The transmitter unit takes a base-band data signal, and
converts it to modulated RF. The receiver unit demodulates received RF and extracts base-
band data and clock signal.

Both ECCM and FIX units are connected in parallel to the same signals. Only one of them is

actively processing signals at any instant in time, where the inactive one sets its outputs in
high impedance mode to avoid interfering with the operation of the other.
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The PRO unit is the brain of the radio relay unit, and dictates the operation of the other
subunits. The control signals and buses that control the ECCM and FIX units originate from
the PRO unit. The PRO runs software that handles the Man-Machine-Interface (MMI) that is
accessible from the front of the radio relay unit. It also handles the V24 serial interface,
which primarily is used for interaction with a KA400 unit.

3.3.1 Interoperation of FIX, ECCM and PRO units

The units that handle base-band functionality are the FIX and ECCM units. The CPU and
programmable logic in the modern ECCM subunit is operational even in FIX mode. This
enables execution of antenna control software. The FIX unit handles transmission and
reception of radio signals in FIX PTP mode, and is only active then. The ECCM unit handles
all other operation modes.

The PRO and ECCM subunits have historically communicated through two unidirectional
parallel buses. This interface is called the RL371 interface and is in modern versions of the
radio relay unit only used for initial communication before switching to communication over
the CAN bus. The RL371 interface is left to provide limited functional compatibility with older
PRO and ECCM units. The function of the RL371 interface has been overtaken by a
balanced CAN bus between the PRO and ECCM units.

In addition to the RL371 interface and the CAN bus, a number of signals interconnect the
PRO, the ECCM and the FIX units. The important signals are FIXIECCM and RESET. When
the radio relay unit operates in FIX mode, the FIX unit is in charge of
modulation/demodulation and other tasks such as multiplexing of EOW data. The FIX unit is
controlled by signals from the PRO unit. The signal RESET is issued by the PRO unit each
time the operation mode has changed, or when critical parameters have changed. Both FIX
and ECCM units listen for this signal, and sample the FIX/ECCM signal after RESET to
decide whether to work in FIX or FH mode.

There is a difference between power on reset and a reset issued by the PRO unit. When a
power on reset occurs, the software in both PRO and ECCM units start to load their PLDs
with configuration bit files. The PLDs then remain configured until the next power on reset. A
RESET signal from the CPU unit only affects software running in the ECCM unit. Usually the
ECCM unit starts by reading the state of the FIXIECCM signal to decide whether it should
process base-band signals. If the system is to operate in FIX mode according to FIX/ECCM,
no more communication will take place with the units. If the system operates in FH mode,
the RESET is followed by a large sequence of configuration parameters sent over the CAN
bus.

Both the ECCM and CPU units have identical CAN bus controllers, microprocessors and run
the same operating system with the same routines for handling transmission and reception
of CAN messages. The operating system hides the hardware, and provides a uniform
interface for transmission and reception of CAN messages. Received CAN-messages are
delivered through signals to the application layer. The same principle applies to the
transmission of CAN messages, where only type, length and data of the message need be
specified, then dedicated functions are used for physical transmission. [3] [4]

3.4 Software design rules

The functionality of the software in ECCM and PRO units is decided at compile-time by
defines in make scripts. This convention has been followed in the implementation of the
antenna control system. The value of the define DIRECTIONAL_ANTENNA controls if the
system compiles with support for antenna control. The VHDL code used in FPGAs in the
ECCM subunit has no compile-time defines implemented.

20



4 Description of the antenna implementation
4.1 Specifications of the antenna system

The demand on the system is that it should be able to support all operational modes, for
which it shall be optimised for use with a centre-station. The antenna system must support
communication with fifteen out-stations, where addressing allows a directional resolution of
eight geographical sectors. The antenna system shall be able to operate from the same
power supply as the radio relay unit, and it shall provide a simple and robust electrical
interface for control signalling. It is of utmost importance that microwave distortion and signal
loss is kept at a minimum.

4.2 Alternative ways of obtaining configuration parameters

There was an idea of making the antenna system self-configuring. The evaluation of this
method showed implementation difficulties, and configuration would have large worst-case
configuration-time. The idea was abandoned in favour of manual configuration. Since
frequency hopping is used in TDMA mode, during the synchronization phase, the centre-
station cannot be sure if it has found an out-station before all initial frequencies have been
tried. If the centre-station is to find out the direction of the out-stations, it would in worst case
repeat this procedure for all antenna directions which would take unacceptably long time for
a large system.

4.3 A model for the antenna system

Directional antenna

Radio relay

/,

Figure 4: Radio relay unit unit equipped with directional antenna

Power, RF and control cables

The antenna has eight different antenna elements while the RF-parts of the radio relay unit
are constructed only to handle one single microwave signal. There are two choices for
where to place the antenna switch, inside the radio relay unit, or in the antenna. The
antenna switch electronics is placed inside the antenna since this reduces the number of
microwave cables that enter the antenna to one, which greatly reduces the weight placed on
the antenna rig. Placing the antenna switch inside the radio relay unit would require
mechanical changes to be made to the casing, which was not allowed in the prerequisites.

The antenna switch needs to be controlled from the radio relay unit. The antenna switch
needs to be able to change antenna element repeatedly with 5.625 ms period. The change
of antenna element must take place in the change interval of 1.125 milliseconds.

The antenna control circuitry has been divided into two parts, one hardware part in the
antenna, whose task is to receive commands over the 2-wire interface and perform antenna
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element switching. The second part, which is confined in the radio relay unit, has been
implemented by expanding existing software and programmable logic.

4,31 Communication to the antenna unit

A control signal path from the radio relay unit internals to the antenna had to be constructed.
This was rather difficult since modifications to the casing of the radio relay unit were strictly
prohibited. The best way of extracting a signal path was to use an unused pin in one of the
connectors on the radio relay unit. Unfortunately, all connectors were used, or reserved for
use in future modifications. Finally, use of the 2-wire EOW interface was promised since it
had been scheduled to become obsolete. This interface is designed to transfer balanced
diphase data at a rate of 16 kbit/s and provides high enough data bit-rate to control the
antenna switch. This interface is very old and well tested, and is known to be good for cable
lengths of approximately 2 km if suitable twisted pair cables and proper termination is used.
Manchester diphase coding is used. This coding scheme ensures frequent edge transitions,
and is suitable for balanced transmission where signal transformers exist in the signal path.

4.3.2 Radio relay unit internal control transfer

The 2-wire EOW interface on the radio relay unit front is routed to electronics inside the
interface subunit, where circuits convert between internal NRZ format and balanced,
differential signals. The signal to the 2-wire EOW interface is generated in the FIX subunit.
To get the signal from the BTX in the ECCM subunit to the interface unit a wire has to be
routed on the ECCM subunit to an unused pin. From the connecting pin on the backplane, a
wire is routed to an unused connection to the FIX unit. In addition, on the FIX subunit a wire
is routed to the BTX in the FIX subunit where programmable logic will remap the signal to
the interface subunit. There are no more hardware changes that need to be done to the
radio relay unit than the rerouting of this signal, which has the impact that the 2-wire EOW
interface stops working.

Time critical parts of the antenna control were placed in the ECCM subunit. The task of this
subunit is to construct the data inside timeslots, a task, which is mainly carried out by
programmable logic. Unused logic area in the programmable logic has been used in
conjunction with expansions of the software in the CPU in this subunit.

The PRO subunit has the task of supervising and controlling everything inside the radio relay
unit. This subunit handles the user interface and the serial V24 interface. All changes of
operation mode or other communication parameters are handled by the PRO unit, which
made it suitable for implementation of the user interface parts of the antenna control system.
It was chosen only to implement the user interface parts of the antenna control system in the
serial V24 interface. It was decided that the MMI was best to be left untouched because of
the vast amount of functionality that already had been implemented.

When functionality is implemented in a real system some other kind of interface for
controlling the unit has to be used. A probable interface is a web server interface that is
currently being evaluated for implementation in all future radio relay units. This is because
the V24 interface is used to communicate between the radio relay unit and the DIU.

The V24 interface provides a user interface for configuration of the radio relay unit, which
made it convenient to add new functionality for antenna system configuration.

4.4 Alternative ways of controlling the antenna

A solution was initially considered, where the antenna switch electronics were to be
configured through control data being sent along the main antenna cable. The method is
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possible to use, and has been used in some commercial applications. This idea was
however abandoned because additional hardware would need to be inserted into the RF
path. Signal quality would have been limited, and the operational range of the radio relay
unit would be affected. These changes to the advanced RF parts of the radio relay unit
would present too great cost to justify the practical gains of having one less cable.

4.5 Problems that need to be addressed

The antenna system proposed in the thesis requires that when the centre-station sends one
timeslot to an out-station, it also must receive a timeslot from the same out-station, at the
same instant in time, with both receiver and transmitter change intervals well overlapping.
Unfortunately, things do not work this way today; the centre-station transmits to out-station
N+1, but receives from out-station N. The receive interval for the receiver also overlaps the
change interval of the transmitter as is depicted in Figure 5.

RECEIVER [] | N | [ N+ ] ]
TRANSMITTER [ N+1 | [ N+2 | [ N3 ]

Figure 5: TX and RX change intervals do not overlap today

The reason that receiver and transmitter change intervals overlap is to allow the CPU in the
ECCM subunit to have longer time for processing interrupt signals from communication
hardware. The ECCM processor performs all the necessary calculations associated with
transmission and reception of data during the change intervals. If the change intervals of the
transmitter and the receiver were completely overlapping, the processor would need to
perform computation in shorter time. This problem has to be solved to enable
implementation of this antenna switch, by means of changes in the ECCM BTX/BRX. The
antenna control electronics is very fast. Using a microwave switch with short change-time
requires the change intervals to overlap only a portion of time, thus easing the demands on
the changes that need to be done to the software.
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5 The antenna switch control circuitry

5.1 Overview of the antenna unit

The antenna control system is divided in two parts. One part in software and programmable
logic inside the radio relay unit, the second part close to the antenna. It was decided at an
early stage that all control should reside in the radio relay unit, the antenna part only
implements an interface to the microwave switch. This section discusses the implementation
of the part of the system in the antenna. The active antenna element is chosen serially
through the 2-wire interface from the radio relay unit. The antenna switch only changes
active direction when a command to do so has been received.

An engineering model of the circuitry has been built and tested. The model is only intended
for test of functionality and as a proof of concept. It doesn’t support all requirements the final
product has to manage. The aspects of the model that adhere to stated design goals are
Supply voltage ranges, 2-wire control signal voltage levels and circuit impedances, output
signal levels, output signal formats and control timing.

The unit consists of a power converter unit, which allows the circuitry to work from the same
supply voltage as the radio relay unit. Furthermore, there is an electrical interface part, which
converts the balanced differential 2-wire signals to TTL level suitable for processing by a
PLD. The control logic of the unit has been implemented in a XILINX CPLD, a small
statically configurable PLD. Processing of the incoming 2-wire data is implemented in this
circuit. The circuit has eight output pins that control one element each of the antenna.

5.2 Discussion on selection of switching component

The purpose of the antenna-switch controlling unit is to control a one to eight high power
microwave switch positioned between the main microwave antenna cable and each of the
eight directional antenna elements. There are two microwave switch technologies to choose
from, semiconductor PIN-diode switches and electromagnetic mechanical switches. Both
have their characteristic advantages and disadvantages, PIN-diode switches are fast and
easy to control but handle high power poorly. They have relatively bad isolation and high
insertion loss. Electromechanical switches are inherently slow, but have low insertion loss,
high isolation and handle high power well.

The switch time has to be max 0.5 ms over the entire temperature range. An
electromechanical switch has a switch time around 15 ms. It is evident that a semiconductor
device is the only solution.

The switch has to work acceptably in a frequency range of 1.35 Ghz to 2.7 Ghz.

The radio relay unit has a maximal microwave power output of 6.3 W. It is thus safe to use a
microwave switch with a slightly higher power rating. A PIN-diode switch can normally
handle 0.5 W but with customized switches, the power capability can be extended to 15-20
W. If higher microwave power levels were to be switched, electromagnetic switches would
need to be used.

Because of demands on low switching time, a PIN-diode switch must be used. A switch
utilizing a very simple design will provide 2 dB of insertion loss and a minimum isolation of
40 dB. If higher isolation is required, insertion loss rises and the working frequency range
narrows. In order to maintain good radio channel quality it is of more importance to have low
insertion loss than good isolation, and therefore it is proposed to use such a switch as
presented in Table 1.

25



There has not yet been any decision taken regarding which antenna switch to be used
though a PIN-diode switch is preferable. Therefore, the control circuitry has been designed
to interface eight TTL-outputs where each antenna element corresponds to an output of its
own. At any given time one of the eight outputs is set high while the others are set low. A
logic high on an output pin means that the antenna switch element corresponding to that pin
number should be set active.

If a PIN-diode switch is chosen, extra demands are placed on the power supply part of the
antenna switch. Certain PIN-diode switches demand as high as 100 Volt but low current
supply to operate.

5.21 A specification for a PIN-diode microwave switch
Frequency Range, GHz 1.35to
2.7
Insertion Loss, dB max. 2.0
Isolation, dB, min. 40
Power Handling, W, min. 10
Type Reflective
VSWR, selected port 1.5:1
Switching Time, ms., max. 0.5
Connector(s) Sma
Control TTL
Voltage(s) +5, -12
Vdc

Table 1: Parameters of a proposed PIN-diode switch
5.3 Signalling standard
5.3.1 Signal structure

The lowest layer of communication is the 2-wire interface. This interface defines both an
electrical standard, and a line-code to be used. The electrical standard is differential
balanced Manchester diphase, 130 Ohm impedance, 2 Vp-p.

The signal is encoded as a Manchester diphase line code, where the information is
conveyed in the phase of the signal as depicted in Figure 6. Constant value data
corresponds to no phase transition, while a change of data value causes a 180-degree
change in signal phase.

When the diphase signal is received, the phase transitions can be decoded by observing the

edge transitions of the signal. The term prolonged duration means a period of at least % bit
interval.
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Figure 6: Example of diphase encoding
5.3.2 Data structure

The data that are sent to the antenna over the 2-wire interface is formatted as words of three
bits of data. These three bits are to be interpreted as an octal number, where the number
decides which antenna element that shall be active in the next timeslot. This implies that the
received data must be buffered one timeslot in the antenna. As soon as the antenna notices
that transmission of a new data word has started, the direction sent in the last timeslot is
output, and used to set active antenna element. The reason for doing so is to minimize the
latency between a decision and a change of active antenna element. This is a good
approach since every microsecond is of value when the software in the ECCM subunit is

STOP-BITS START-BIT

.

Value ’0’ Value ’1’

Figure 7: Format of serial data used in 2-wire communication

The received data are serially encoded with the most significant bit first. A start-bit is added
to the beginning, and three stop-bits are added to the end of each transmission as shown in

Figure 7. The reason for having so many stop-bits is to allow the serial decoder to recover in
case it has lost track of the incoming data. Three stop-bits make the start-bit unique and no
combination of data can mimic a word that has a start-bit prefix. The start-bit has a dual
purpose, it is used to synchronize the serial decoder to know which data-bit is the first, but it
is also used to handle the output-buffer. When a start-bit is detected, the data that came in
the last transmission are fed to the output decoder block, which immediately presents the
choice of antenna direction to the microwave switch. When the stop-bits are encountered, all
data have been received and have been placed in the buffer, waiting for the next
transmission to begin. The start-bit has value ‘1’, and the stop-bits have value ‘0’. Between
transmissions of words, the serial data are supposed to be all zeroes. Data that have been
presented to the output decoder block are held static until new data are presented.

5.4 Electrical design
The antenna switch control circuitry has been implemented in a programmable logic circuit,

a XILINX CPLD that is clocked from a 1 MHz crystal oscillator. The reason for choosing a
CPLD over a small FPGA is that XILINX CPLDs are statically configured through embedded
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EEPROM technology, and needs no intervention after power-up to be operational. This limits
the number of components in the antenna switch. Development is convenient using a CPLD
since it allows in-circuit programming using simple programming equipment.

The incoming 2-wire signal is unbalanced with a transformer and passed trough a
comparator as depicted in Figure 8. The comparator takes feedback from the resulting signal
to give the input a small hysteresis to provide robustness against common-mode and
differential-mode disturbance. This non-linear operation has no negative side effects on
signal integrity since the only property of interest is edge transitions. The comparator outputs
a TTL level signal that is fed directly to an input on the CPLD. Output signals from the CPLD
are intended to control the microwave switch.

Signal in

X<Y

]

5.4.1 Power supply

Figure 8: Receiver side interface for 2-wire signal

The radio relay unit works from a nominal supply voltage of 24 volts dc that can vary in the
range 18-36 volts dc. The electronics in the antenna switch- controlling unit needs +5 V and
-5V, with low current demand. To avoid ground loops that pick up noise, a galvanic isolated
dc/dc converter with an input voltage range of 18-36 V and outputs of +5 V and -5 V has
been chosen. A dc/dc converter is advantageous over a linear regulator because of high
efficiency and galvanic isolation. The microwave switch might have a need for additional
power supply voltages. These needs were ignored in the design since no choice of
microwave switch had been taken.

5.4.2 The 2-wire interface

The 2-wire interface defines an electrical standard for the receiving and sending circuits of
the EOW interface. Electrical signals are balanced, with defined voltage level and
transmission impedance. The interface has been used for many years and is proven to work.
The 2-wire interface on the antenna switch has been heavily inspired from existing
implementations. The electrical parameters of the original interface have been preserved,
and the interface should therefore work. The implementation of the receiving side of the
circuitry is shown in Figure 8. The transmitter circuit used in the radio relay unit is shown in
Figure 9.

21k

15k

o |:| 100

220n 470 ‘% 2-Wire

Figure 9: Transmitter of 2-wire signals in interface subunit inside radio relay unit

The 2-wire interface is to use an electrically shielded twisted pair cable, which keeps signal
distortion low and lessens the influence from external noise sources. A small hysteresis is
used when converting balanced signals to unbalanced TTL; approximately 10 mV, which
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provides for good noise immunity as well as immunity against ringing from impedance
mismatch.

5.5 The control logic

The control logic in the antenna switch is implemented in a XILINX CPLD. The signal
operations that are executed, are mainly of state machine type, and lend themselves well to
logic implementation.

There is no reset-circuit in the antenna switch. The logic is designed to synchronize itself to
the incoming data stream. The state of the logic in the antenna is undefined at start-up, and
therefore at least one word of configuration data must be sent to it to prepare it for use. The
validity of this initial configuration setting cannot be guaranteed.

Signal in
Clock in

Outputs to
antenna switch

Diphase Serial Output

T} decoder r decoder decoder

Figure 10: CPLD internals, decoding of 2-wire control data

The control logic is assembled from three different blocks of logic. The logic code is included
in appendix 0. These three blocks work in sequence in a pipelined fashion, where diphase
signals enter from the left, and antenna switch control signals exit to the right as depicted in
Figure 10. The Clock_in input comes from the onboard 1 MHz oscillator.

5.5.1 Diphase decoder block

The first block, diphase decoder, manages conversion from Manchester diphase code to
extract the serial data in NRZ format. It extracts the data from the phase transitions in the
signal.

A prolonged negative duration of the diphase signal is decoded as ‘zero’ data, and a
prolonged positive duration of the signal is decoded as ‘one’ data,.

Serial_signal =0
If rising_edge(diphase_signal)
and more than % period has

passed since last change of
serial_signal

If falling_edge(diphase_signal)
and more than % period has
passed since last change of
serial_signal

Serial_signal =1
Figure 11: Diphase decoder state machine

The diphase coded signal may have edge transitions even between the edges that follow a
change of phase, see Figure 6 on page 27. Phase changes of the signal correspond to data
bits, which are sent at 16 kbit/s. An edge inhibit function has therefore been implemented to
avoid decoding of false transitions since edge transitions in the signal occur at twice the data
rate. Whenever a phase transition has been decoded to a symbol, the decoder is kept from
registering additional transitions until % of a 16 kbit symbol interval has passed, as depicted
in Figure 11.
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At power-on, if constant value data are sent, the diphase decoder may lock on the wrong
state; zeroes and ones will be switched. This is solved by sending data that contains a state
transition between logic levels. This translates to a diphase signal that has a known phase
transition, which can be unambiguously decoded. The decoder takes its absolute phase
relation from previously decoded data; this lets future symbols be correctly decoded as well.
Figure 12 shows an example of how the decoded data initially may be misinterpreted, and
also how the absolute value of the received data are established when the transmitted data
have a level transition.

16 kHzclock | 1 LML LML LU LU

Transmitted data 1 LI I b

Diphase signal | M 1L M LML L L

Decoded data where correct phase

relation is known in advance I =

Decoded data where phase
relation initially is wrong

I S I

T Phase relation
is restored here

Figure 12: Example of synchronization in diphase decoding

The antenna switch is able to regain the phase relation of incoming signals if
synchronization should be lost. Every new transmission of control data resynchronizes the
antenna switch, and therefore maximally two timeslots will be lost. This will only work in FH
mode where configuration data are constantly being sent to the antenna switch.

5.5.2 Serial decoder block

This block converts serial data to parallel form, and buffers incoming configuration data. The
data that were stored in the buffer the last time data arrived are presented to the output
decoder block when the first edge of a start-bit arrives. This method provides the shortest
delay between a decision being taken, and an actual change of antenna direction.
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Signal _in is incoming serial data.
T is the bit period, 1/16000 s.

Transition on rising edge of signal in (start-bit arrives).
Internal counter set to t=0

STATE 1

(SAMPLING) Actions taken in STATE 1:

At t=0:

Send data in d[2:0] to output decoder block

At t=T/2 +T:

Sample signal in at midpoint, and store in d[2]
At t=T/2 + 2T:

Sample signal in at midpoint, and store in d[1]
At t=T/2 + 3T:

Sample signal in at midpoint, and store in d[0]

Figure 13: Serial decoder block, functional model

When the rising edge of a start-bit is received, the serial decoder knows that the following
three bits are data. The data-bits are sampled in the middle of the bit interval. Each of the
sampled data-bits is stored in a buffer, waiting for the next start-bit to arrive. When the stop-
bits arrive, the serial decoder returns to its idle state, waiting for a new start-bit to arrive.
Figure 13 describes the principle.

5.5.3 Output decoder block

The output decoder block is last. This block has two inputs, one data vector, and one latch
signal. The data input are a three bit wide vector. It is sampled each time the latch signal has
a rising edge. The data decide one of eight outputs to be active. The outputs control the
microwave switch. When an output has been chosen, it is held active until new data are
latched.
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6 Implementation in the ECCM subunit

6.1 Introduction and demands

The ECCM subunit is always switched on, and is always capable of communication over the
CAN bus with the PRO subunit. This allows the antenna control software to run unaffected
by the current operating mode. This is a prerequisite for implementing antenna control that is
valid in all operating modes.

The antenna needs to switch active direction when operating in PTMP mode as centre-
station. When operating in PTMP mode as out-station, the antenna must point towards the
direction of the centre-station. This also applies when operating in PTP mode, no matter if
FH or FIX mode; both antennas need to point at each other. The parameters of the antenna
control are communicated through the CAN bus from the PRO subunit.

The most demanding mode of operation is centre-station in PTMP mode. In this mode, the
system may at most contain 15 out-stations. A decision has been taken that the ECCM
subunit should not concern itself with questions about the correspondence between out-
stations and timeslot numbers. The ECCM subunit implements a mechanism to control the
active antenna direction individually for each timeslot. With this approach, it must be
specified from the PRO subunit which direction an eventual out-station that communicates
over EOW is positioned. EOW communication takes place in a separate timeslot, whose
direction cannot be known in advance. For the purpose of antenna directions configuration,
a new CAN message has been introduced.

The ECCM subunit contains both a CPU and a set of FPGAs. These FPGAs are called the
BTX and BRX FPGAs. The CPU uses specialized logic in these FPGAs to unburden
processing of the transmitted and received data. The BTX FPGA is used to assemble data
for transmission in timeslots, and the BRX FPGA is used for reception of data. The logic in
the BTX FPGA has internal registers and counters that amongst other parameters keep
track on the current timeslot number being addressed. The BTX FPGA is memory mapped
and attached to the CPU, this way it is easy to transfer control parameters from the CPU to
the FPGA. [6] [7]

6.2 Changes to the BTX FPGA

The BTX FPGA has an internal counter named ACTIVE_SLAVE, that counts between 0 and
the maximum out-station number that the current operating mode allows, at most 15 out-
stations. This counter decides which timeslot that is to be transmitted. It is updated at the
beginning of each change interval. Its value is updated to the timeslot-number of the next
transmission interval. It is then kept constant until the next change interval begins.

Unused logic in the BTX FPGA is used to implement the control logic of the radio relay unit
part of the antenna system. The control logic consists of a write-only register-file that keeps
16 registers of three bits width each. This register is called the DIRECTIONS register. There
is also a write-only register (START_TX_FLAG) that when written to, triggers the
transmission of serial data to the antenna. These registers are memory-mapped, and can be
written from the CPU. The individual registers are mapped at unique addresses, and are
independent of each other. Each of the entries in DIRECTIONS corresponds to a timeslot-
number. The value of each entry decides to which antenna direction the particular timeslot
corresponds. The direction parameters are values in the range 0-7.

A transmitter block has been implemented, which reads the DIRECTIONS register-file, the
timeslot number-variable ACTIVE_SLAVE, and outputs a stream of 2-wire data.
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The logic in the antenna switch buffers the received antenna direction in a (First In First Out)
FIFO-buffer of depth one. This way, the chosen direction lags one timeslot. To correct this,
the transmitter sends the directions for timeslots one timeslot in advance. The resulting
chosen direction is fed to the serial encoder block, which assembles and transmits it as
serial data when it notices a write from the CPU to the START_TX_ FLAG. An overview is
shown in Figure 14.

DIR 00
DIR 01 —\_\ Serial encoder diphase encoder
T , .
. Data in
i =N I
1
DIR 14 / trigger |
DIR 15
START TX FLAG
(ACTIVE_SLAVE + 1) modulo 16 KHla
(NO_OF SLAVES + 1) clock

Figure 14: Transmitter implemented in BTX FPGA

The START_TX_FLAG register is implemented to satisfy future needs to control exactly
when the antenna switch is to change direction.

The CPU receives an interrupt signal from the BTX FPGA when the change interval is
entered. The software interrupt handler allows the START_TX_FLAG register to be set when
appropriate, to start the change of active antenna element. This flag should be written to
when both the receiver and transmitter have entered their change intervals, which will be
somewhere in the transmitter change interval. Then both the transmitter and the receiver are
silent, and a change of active antenna element will not cause disturbance to any of them.

The resulting serial data that are generated by the serial encoder block is put through the
diphase encoder block. This converts the serial signal to a Manchester diphase encoded
version.

Rising edge of trigger

Sample parallell data d[2:0]
Serial out = ‘1’ /*start-bit*/

States change on
16 kHz clock

Serial out = d[2]

Serial out=d[1]

Serial _out = d[0]

Figure 15: Simple model of serial encoder block
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Signal out = signal in

Rising edge Falling edge
of clock of clock

Signal out = not signal in

Figure 16: Simple model of diphase encoder block
6.3 Implementation of timeslot control in the ECCM CPU software

The BTX FPGA updates its timeslot counter ACTIVE_SLAVE after each finished
transmission interval with no intervention from the CPU. The implemented 2-wire transmitter
block presents a simple interface toward the CPU, which allows each timeslot to be given an
individual direction by simply writing to a set of memory addresses. It allows the
transmission to be started anytime by writing (anything) to the special flag-register
START_TX_FLAG.

The task of the software is to configure the direction-register in the BTX FPGA, and to
initiate transmission of 2-wire data at a proper time-offset into the transmitter change-
interval. The ECCM subunit listens for timeslot direction configuration data that are sent over
the CAN bus from the PRO subunit; for this purpose, a unique CAN-message type has been
invented. The software keeps no memory of directions. When a CAN-message with
directions is received, the directions for all timeslots are extracted and written into the BTX
FPGA DIRECTIONS register-file.

Under normal operating mode, the TX_START_FLAG is written in each change-interval. But
at start-up, when no valid antenna directions have been written, the antenna switch must be
preloaded with directions before the system initiates communication. At start-up, the
START_TX_FLAG is written three times after reset. The first write is to reset the antenna
switch diphase-decoder, the second and third are to pre-charge and set the active antenna
element. There is a small delay of 1 ms between each write, to allow the previously written
word to be transmitted. A delay of 1 ms is also inserted after the last write, to prevent a
misplaced write from other parts of the software to overrun the internal buffer of the
transmitter block.

The CAN-message, TXPARAMETERS indicates that the ECCM subunit has received a
reset, and is being reconfigured. It is therefore necessary to transmit antenna directions
settings to the antenna switch to handle the first timeslots correct. The direction being
transmitted is the direction of timeslot 0.

When the system operates in FIX-mode, then the ECCM subunit receives no other CAN-
message than the one containing direction parameters. It will only be received once after
reset. The START_TX_FLAG is written three times, immediately after the reception of
configuration parameters, as described above.
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7 Implementation in the PRO subunit

71 Introduction and demands

The task of the PRO subunit is to provide a user interface to enable manual configuration of
the antenna control system. The PRO subunit is responsible for calculating which direction
each timeslot corresponds to, and to configure the ECCM subunit with this information. The
user interface to the antenna control system has been implemented as a functional
expansion of the serial V24 interface.

The parameters that the operator can edit are the directions of the out-stations. Given these
parameters, the PRO subunit calculates the correspondence between out-station numbers
and timeslot-numbers.

7.2 The user interface

The radio relay unit is equipped with two different user interfaces. One interface called MMI
(Man Machine Interface), which provides the operator with a display and buttons exist. The
second is a RS232 interface called the V24 interface, which allows the radio relay to be
operated from a serial console.

There is a third user interface being evaluated for use in future models of the radio relay
system. It is a web server interface where the operator can control the radio relay unit from a
computer anywhere in a network system that. This requires that the radio relay unit be
connected to the network system.

It was chosen not to add any functionality to the MMI interface because it is already very
crowded with functionality. The V24 interface was chosen instead.

Two additional commands were added. The first command, “UT?” lists the configured
direction of each out-station in a long list. The second command, “UT xx y” stores direction y
for out-station xx. These are the only commands necessary for manual antenna direction
control. All out-stations default to direction 0 at power-up. The antenna directions
configuration parameters are remembered until the unit is power cycled.

If the radio relay unit is used as a centre-station, all relevant out-station numbers are filled in.
If the radio relay unit is used either as an out-station or as a station in a PTP system, only
out-station 00 needs to be configured to set the wanted (static) antenna direction. The
configured directions are sent to the ECCM subunit either when the operating mode is
changed, or when EOW communication is used in PTMP mode.

7.3 Interaction with ECCM subunit

The PRO subunit communicates with the ECCM subunit over a CAN bus. In addition, it uses
a set of signals to control both ECCM and FIX subunits. The PRO subunit controls the
current operation mode. When the PRO subunit decides to change operation parameters,
the ECCM subunit software receives a reset, and the internal registers of the BTX FPGA in
the ECCM subunit are all reset to their default states. This raises a need for reconfiguration
of the timeslot direction parameters. In order to solve this problem, software in the PRO
subunit has been modified to identify the cases where changes in operation parameters that
cause a reset of the ECCM and FIX subunits occur. Whenever this happens, it is made sure
that the antenna direction parameters are transmitted over the CAN bus.
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7.31 Construction of antenna direction message

The CAN message for antenna directions consists of relations between timeslots and
antenna directions. The direction for a timeslot is encoded as three bits, there are a
maximum of 16 timeslots in the system. The CAN messages used in the system carries at
most 8 bytes of data. The direction parameters for all timeslots are encoded into a single
CAN-message with the size of 48 bits (or 6 bytes) of data depicted in Figure 17 on page 38.
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\ 4
A 4
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\ 4

CAN-message payload data

F(X) is the direction of timeslot X

Figure 17: Example of antenna directions message.
7.3.2 EOW-timeslot direction

When the system operates normally and only data traffic are exchanged, then the
configuration of timeslot vs. directions in the ECCM subunit will not need to be changed. An
EOW call can be established with any out-station, and will not be known in advance. A
listener is implemented in the software that handles the establishing of EOW calls. It extracts
the out-station number of the unit being called. Whenever this happens, a new antenna
directions message is composed with the EOW-timeslot containing the direction of the
chosen out-station. This message is immediately transferred over the CAN bus to the ECCM
subunit. The EOW-timeslot number is 4, 8 or 16 depending on the current operating mode.
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8 Testing and Evaluation

To evaluate the functionality of the implementation, the implementation was tested in a radio
relay unit. Communication was established with an unaltered radio relay unit.
Communication was tested in several different situations. The altered radio relay unit was
tested in PTP mode, centre-station in a 3, 7 and 15 outstation mode and as an outstation in
a PTMP system.

To test the functionality, several logic signals were mapped out and monitored. The signals
monitored from the radio relay unit were a signal indicating the change interval and the
“Tdm_dp_rd_slave” counter in the BTX. From the antenna switch control unit, the four first
directions were mapped out. The reason that only four of the eight directions were used was
to simplify the figures. The signals were monitored with a logic analyser with a time
resolution of 10 microseconds.

“Tdm_dp_rd_slave” represents which data buffer that is read and sent to the transmitter unit.
Each data buffer corresponds to a specific timeslot in the normal case. The special case
when a higher data rate is used to the first outstation, the data buffer for the first outstation is
used to buffer all its timeslots.

8.1 PTP mode & outstation mode

The evaluation in PTP mode and slave mode is easy to verify. In these modes, the antenna
is to point in the same direction until new parameters are entered. This was confirmed by
measuring the signals, which showed that the antenna control unit pointed in the chosen
direction until new parameters were entered.

8.2 PTMP mode

To be able to verify that the antenna is switched in the right direction for each timeslot, each
outstation got a direction in numerical order see Table 2 on page 39.

Outstation Direction
1 1
2 2
3 3
4 3
5 2
6 1
7 0
8-15 0

Table 2: The outstation direction relationship in the evaluation

Figure 18 on page 40 to Figure 23 on page 42 show the monitored state of the system with
different parameters. The change interval is shown in red. The transmitter is sending while
the change interval is low, and turned off while it is high. The directions that the antenna is
pointing in are shown by the ant0-3 signals, where ant0 is direction 0 and ant3 direction 3.
When the signal is high, the antenna is pointing in that direction. Only one signal at a time of
ant0-3 can be high.
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The “Tdm_dp_rd_slave” signal is represented by the count0-3 signals. When all four signals
are low, it corresponds to the first timeslot. It counts up with countO as the least significant bit
and count3 as the most significant bit.

| I :
’—_

s | |
changeintervall - | [ ] [ ] ] BE

countl = | | —

count? - —

countd - -

I I I I 1
0 3 10 15 20 25 30
Milliseconds

Figure 18: A 3-out-station system were no EOW has been established

In Figure 18 on page 40 it can be seen that in the fourth timeslot the antenna is pointing in
direction 0. The reason for this is that the radio relay unit is running in 3-out-station mode
and the fourth out-station is reserved for the EOW communication. When there has not been
any EOW communication established the fourth timeslot has the default value of zero.

When a EOW communication is established the fourth timeslot is synchronized to point
toward the out-station that the communication is to take place as shown in Figure 19 on
page 40.

o | —
e | | | —
changeintervall - | [ ] [ ] [ ] [ ] [ 14

countl = | | —

count2 = —

count3 = —

| | | | 1
0 & 10 15 20 25 30
Milliseconds

Figure 19: A 3-out-station system were the EOW communication is set to outstation 3
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Notice that the EOW communication is pointing in direction 3 and according to Figure 19 on
page 39 this corresponds to outstation 3. A remark can be made that after the EOW
communication is ended the antenna still points in the last communication direction until a
new EOW communication is established.

antd ’—‘ i
ant3 - | | _
owgra™ 1 [ [ [ 1 L JL A

countl = | | |

—
count? = | ]
I

countd =

I I I 1 I
0 A 10 15 20 25 30 35 40 45 50
Milliseconds

Figure 20: A 7-outstation system were the EOW communication is set to outstation 2

The system was also tested in 7 out-station mode, see Figure 20 on page 41 and 15 out-
station mode, Figure 21 on page 41. In 15 out-station mode out-stations 7-15 are not defined
and thus have the default value of direction 0.
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Figure 21: A 15-outstation system where no EOW communication is established
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8.3

Extended mode

The system was tested in two different extended modes. In one mode where a higher
number of subscribers were assigned to out-station 1, Figure 22 on page 42, and one mode

where higher data rate was given out-station 1, Figure 23 on page 42.
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Figure 22: 7 out-station mode where out-station 1 has 4 subscribers.

_—‘
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Figure 23: 7 out-station mode where out-station 1 has 4 times the data rate.



8.4 Timing properties

The time for a direction change has also been analyzed. When zooming in on the change
interval and the signal ant3 when it is set high, it could be seen Figure 24, that the delay is
around 100 microseconds. Considering the sampling step of 10 microseconds, the error is
1+20 microseconds.

ant3 - —

changeintersall |- —

countd - —

| 1 | | | | |
11.28 1.3 11.32 11.34 11.36 11.38 1.4 11.42 11.44
Milliseconds

Figure 24: The delay the antenna electronics have before the chosen direction is set.
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9 Conclusions

From the work that has been done the following conclusions can be drawn. It is possible to
implement control of a multidirectional antenna, and it can be done without changing the
casing of the radio relay unit.

There is a need for some kind of electrical hardware to be designed to control the antenna
switch. The antenna electronics is possible to implement with little hardware while obtaining
small size and low weight.

Changes have to be made to the software on both the PRO subunit and the ECCM subunit.
In addition, some changes have to be made in the programmable logic circuits in the ECCM
subunit.

To be able to communicate information to the antenna electronics, the 2-wire interface from
the INTERFACE subunit is suitable to use. However, this will require rerouting of a signal on
the backplane of the Radio relay unit. There needs to be a one-way path from the ECCM
subunit to the INTERFACE subunit.

The use of a customized PIN-diode switch is recommended. The motivation for this is the
requirements on the switching time.

The controllable directional antenna will work in all the operating modes of the radio relay
unit. However, the operator needs to know were the other stations are positioned and enter
that information to the radio relay unit.

The TX/RX communication mismatch problem needs to be solved before a working
implementation is possible.
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PTP
PTMP
TDMA
FIX
FH
EOW
DIU
PLD
MMI
PLD
CPLD
FPGA
RF
TTL
FIX
ECCM
PRO

Abbreviations

Point To Point

Point To Multi Point

Time Division Multiple Access

Fix frequency

Frequency Hopping

Engineering Order Wire

Data Interface Unit

Programmable Logic device

Man Machine Interface
Programmable Logic Device
Compact Programmable Logic Device
Field Programmable Gate Array
Radio Frequency

Transistor Transistor Logic

Fixed Frequency board

Electronic Communication Control Module
Processor
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B VHDL code antenna switch

B.1 Chip 1

-- Description

-- Chip 1

-- This chip contains the serial decoder and the outout decoder blocks
—-— This chip is wired to do all interfacing on the PCB

-— Therefore are some signals routed through this chip, and on to chip 2

library ieee;
use ieee.std logic 1164.all;

use ieee.numeric_ std.all;

entity ANTENNSWITCH CHIP1 is

port (

switch control : out std logic vector (7 downto 0); -- Output to
antennaswitch

signal in : in std logic; -- diphase signal

clock in : in std logic; -- 1MHz clock

latch en : out std logic;

di signal in : in std logic;

di signal out : out std logic

) ;
end ANTENNSWITCH CHIP1;

architecture STRUCT of ANTENNSWITCH CHIPI1 is

-- define signals

signal latch en i : std logic; -- switches out the previous
configuration

signal data 3 parallel i : std logic_vector (2 downto 0);

signal switch control i : std logic _vector (7 downto O0);

signal decoded signal i : std logic;
—-— Components

component SERIAL DECODER

port (
signal in : in  std logic;
clock in extrn : in  std logic;
data out : out std logic vector (2 downto O0);
latch en : out std logic

) ;

end component;

component OUTPUT DECODER

port (
data 3 parallel : in  std logic vector (2 downto 0);
switch control : out std logic vector (7 downto 0);
latch en : in  std logic

) ;
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end component;
-- End components
begin
di signal out <= signal in;
-- this signal is just routed though to the next chip

-- because it contains the diphase decoder

SERIAL DECODER I : SERIAL DECODER

port map (
signal in => di_signal in,
clock in extrn => clock _in,
data out => data 3 parallel i,
latch en => latch en i

);

OUTPUT DECODER I : OUTPUT_ DECODER

port map (
switch control => switch control i,
data 3 parallel => data 3 parallel i,
latch _en => latch en i

) ;

-- map signals to outputs
switch control <= switch control i;
latch en latch en i;

AN
I

end struct;

B.2 Serial Decoder
-- discription
-—- an asyncronous serial decoder.
-- input is a four bit signal with the first bit as a start-bit,
-- which is synchronized on
-- The output is a 3 pin bus and an output-enable signal

library ieee;
use ieee.std logic 1164.all;

use ieee.numeric std.all;

entity SERIAL DECODER is

port (
signal in : in std logic; -- serial singal
clock in extrn : in std logic; -- 1 MHz
data out : out std logic vector (2 downto 0); -- Data out
latch _en : out std logic -- latch enable for outout-decoder

) ;
end SERIAL DECODER;

architecture STRUCT of SERIAL DECODER is

constant delay : natural := 62;
-- depends on the clk frequiency / 16Khz (for 1Mhz)
constant delay 2 : natural := 31;

-- depends on the clk frequiency / 16Khz (for 1Mhz)
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signal databit 0 : std logic:='0"';
signal databit 1 : std _logic:='0"';
signal databit 2 : std logic:='0"';
signal latch en i : std logic:='0";
signal sampling : std logic:='0"';
signal count : unsigned(8 downto 0) := (others => '0');
-- Map signals to outputs
data out (0) <= databit 0; -- least significant bit
data out (1) <= databit 1;
data out (2) <= databit 2; -- most significant bit
latch en <= latch en i;
-- detect start bit
detect start : process (signal in, count)
begin
-- new incoming data burst
if signal in = 'l' and sampling = '0' then
sampling <= '1"';
latch en i <= '1"; -— set latch en
end if ;
-—- reset latch
if count = (delay) then
latch en i <= '0"; --reset latch en
end if;
--collects data
if count = (delay*2)-delay 2 then -- 350 is delay/2
databit 2 <= signal in;
end if;
if count = (delay*3)-delay 2 then
databit 1 <= signal in;
end if;
if count = (delay*4)-delay 2 then
databit 0 <= signal in;
end if;

-- end collect data
-- reset signals and wait for next data burst

if count = (delay*5-delay 2) then
sampling <='0";
end if;

end process;

clock count : process (sampling,clock in extrn)
begin
if rising edge(clock in extrn) then
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if sampling = '1l' then

count <= (count + 1); -- count every clock pulse
elsif sampling = '0' then -- if not sampling, count is held zero
count <= (others =>'0");
end if;
end if;

end process;

end STRUCT;

B.3 Output decoder

-- description
-- decodes parallell data to one-of-eight format

library ieee;
use ieee.std logic 1164.all;

use ieee.numeric_ std.all;

entity OUTPUT DECODER is

port (
switch control : out std logic vector (7 downto 0) := (others =>'0");
data 3 parallel : in std logic vector (2 downto 0) := (others =>'0");
latch en : in std logic := '0'

) ;
end OUTPUT DECODER;

output : process (latch en)
begin
if latch en = '1' then
case data 3 parallel is
when "000"=>

switch control <= (0 => '"1', others=>'0");
when "001"=>

switch control <= (1 => '1'", others=>'0");
when "010"=>

switch control <= (2 => '1'", others=>'0");
when "011"=>

switch control <= (3 => '1', others=>'0");
when "100"=>

switch control <= (4 => '"1', others=>'0");
when "101"=>

switch control <= (5 => "1'", others=>'0");
when "110"=>

switch control <= (6 => '1'", others=>'0");
when "111"=>

switch control <= (7 => '1', others=>'0");
when others =>

switch control <= (others=>'0");
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end case;
end if;
end process;

end STRUCT;

B.4 Chip 2
--Description
-- chip 2
-- contains diphase decoder and test pattern generator

-- Library initialisations
library ieee;

use ieee.std logic 1164.all;
use ieee.numeric std.all;

entity ANTENNSWITCH CHIP2 is

port (
clock in : in std logic;
incoming di : in std logic;
outgoing di : out std logic;
outgoing EOW : out std logic
)
end ANTENNSWITCH CHIPZ;

-- define the structure
architecture STRUCT of ANTENNSWITCH CHIPZ is

component ONLY DIPHASE DECODER SYNKRON

port (
data in : in  std logic;
clock in : in  std logic;
data out : out std logic

) ;

end component;

component DIFAS TESTGEN

port (
clock in : in std logic;
signal out : out std logic
);

end component;

begin

-- Map the ports to signals and inputs
DIPHASE DECODER I : ONLY DIPHASE DECODER SYNKRON

port map (
data in => incoming di,
clock in => clock in,
data out => outgoing di

)7

DIFAS TESTGEN I : DIFAS TESTGEN
port map (
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clock in => clock in,
signal out => outgoing EOW
)

end struct;

B.5 Diphase decoder
-- Description
-- 16 kHz diphase decoder
-— Takes a 1 MHz clock on input clock i
-- A logic one is encoded as a negative

n
transition

-- A logic zero is encoded as a positive transition

-— outputs asynchronous signal data out
-- inputs diphase signal on data in

library ieee;

use ieee.std logic 1164.all;

use ieee.numeric_ std.all;

entity only diphase decoder synkron is

port (data in : in std logic; --

clock in : in std logic; -
data out : out std logic
)

end only diphase decoder synkron;

architecture dec of only diphase decode

signal sample reg : std logic vector (1

signal c_set : std logic := '0';
signal c_reset : std logic := '0';
signal c_null : std logic := '0';

signal counter value : unsigned (6 downt
begin

sample proc : process(clock in)
begin
if rising edge(clock in) then
sample reg <= sample reg(0) &
end if;
end process;

data proc : process

begin
walt until rising edge(clock in);
c set <= '0"';
if (counter value > 47) and (samp

if sample reg = "10" then --
data out <= '1"';
elsif sample reg = "01" then
data out <= '0';
end 1if;
c set <= '1"; --
end if;

end process;

diphase signal input
1 MHz clock signal

r synkron is

downto 0);

o 0) := (others => '0'");

data in; -- shift in from right

le reg(l) /= sample reg(0)) then
falling edge

-- risign edge

reset counter value

c null proc : process(c_set, c reset)

begin
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if ¢ set = '1l' then
c null <= '1";
elsif ¢ reset = 'l' then
c null <= '0";
end 1if;
end process;

clock proc : process

begin
wait until rising edge(clock in);
c reset <= '0"';
if ¢ null = '1' then
counter value <= (others => '0');
c reset <= '1"';

elsif counter value <= 75 then
-- put upper limit on counter value to
-- prevent wrap around and following erronous
-- detection
counter value <= counter value + 1;
end 1if;
end process;

end dec;

B.6 Diphase test generator
-- Description
-— This block generates diphase signal test patterns
-- used in early testing

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

entity difas testgen is
port (
clock in : in std logic;
signal out : out std logic
)
end difas testgen;

architecture struktur of difas testgen is

constant minne : std logic vector (79 downto 0) :=
"1001010101"&"1001011001"&"1001100101"&"1001101001"&

"1010010101"&"1010011001"&"1010100101"&"1010101001";

constant C100 : natural := 14;
signal clock v : unsigned(4 downto 0) := (others =>'0"');
signal clock 16 : std logic := '0';

signal pointer : unsigned (6 downto 0) (others =>'0");

begin

klocka: process(clock in)
begin
if rising edge(clock in) then
if clock v > C100 then
clock 16 <= not clock 16;
clock v <= (others => '0");
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else
clock v <= clock v + 1;
end if;
end if;
end process;

manager: process(clock 16)
begin
if rising edge(clock 16) then
if (pointer = 0) then
signal out <= minne(to integer (pointer));

pointer <= "1001111"; -- 79
else
signal out <= minne(to_integer (pointer));
pointer <= pointer -1;
end if;
end if;

end process;

end struktur;
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C VHDL code changes in BTX

CA1 Diphase encoder
-—- Description
-- 16 kHz diphase encoder
-- Takes a 16 kHz clock on input clock in

-- A logic one is encoded as a negative transition
-- A logic zero is encoded as a positive transition

-— outputs synchronous signal data out
-— 1inputs logic signal on data in

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric_ std.all;

-- Entity
entity diphase encoder is

port (data in : in std logic; -- data signal input
clock in : in std logic; -- 16 kHz clock signal
data out : out std logic); -- diphase encoded data output

end diphase encoder;

architecture denc of diphase encoder is
signal data out ubuf : std logic;
begin

apa: process (clock in)
begin
data out <= (data_in and clock in) or not
end process;

end denc;

C.2 Serial encoder
-- Description
-- 16 kbit/s serial rs232-style encoder
-— Takes a 24 MHz clock on input clock in

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

-- Entity
entity serial encoder is

(data_in or clock in);

port (data in : in std logic vector (2 downto 0);
CLK_SYS : in std logic; -- 24 MHz
RESET SYS : in std logic;
write pulse : in std logic;
signal out : out std logic;
clock 16 : out std logic

)7
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end serial encoder;
architecture serenc of serial encoder is

type state t is (INIT, STARTBIT, BITO, BIT1, DONEl, DONE2) ;
signal state : state t;

signal write en : std logic;

signal reset write pulse : std logic;

signal clock 16 i : std logic;

signal clock vec : unsigned (9 downto 0) := (others => '0');

signal data buf : std logic vector (2 downto 0);
begin

clock 16 <= clock 16 i; -- map clock out
-- provides 16 kHz clock for diphase encoder block

clockproc: process (CLK SYS, RESET SYS)
begin
if RESET SYS = '1' then
clock 16 i <= '0';
clock vec <= (others => '0");
elsif rising edge (CLK SYS) then
if clock vec = 749 then
clock 16 i <= not clock 16 i;

clock vec <= (others => '0'");
else
clock vec <= clock vec + 1;
end 1if;
end 1f;

end process;

control write start: process (write pulse, reset write pulse)

begin
if write pulse = 'l' then
write en <= '1";
elsif reset write pulse = 'l' then
write en <= '0';
end 1if;

end process;

statemachine: process (clock 16 i, RESET SYS)

begin
reset write pulse <= '0';
if RESET SYS = 'l' then

state <= INIT;

signal out <= '0';

reset write pulse <= '0';

data buf <= data in;

elsif rising edge(clock 16 i) then
case state 1is
when INIT =>
if write en = '1l' then
data buf <= data in; -- buffer data so another write

-—- doesnt do damage to word
-- being transmitted
-- writes must still be
-- separated one 62.5us period
-- since state must have changed
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signal out <= 'l1'; -- start bit
state <= STARTBIT;
reset write pulse <= 'l1l';
end if;
when STARTBIT =>
signal out <= data buf(2);
state <= BITO;
when BITO0 =>
signal out <= data buf(1l);
state <= BIT1;
when BIT1 =>
signal out <= data buf (0);
state <= DONE1;
when DONE1l =>
-- this state is for making two stop-bits. dont know
-- exactly if this is needed or not, better be on the safe
-- side of things
signal out <= '0';
state <= DONE2;
when DONE2 =>
signal out <= '0';
state <= INIT;
when others =>
signal out <= '0';
state <= INIT;
end case;
end if;
end process;

end serenc;

C3 Transmitter
-—- Description
-— Transmitter for inclusion in BTX circuit
-— At the rising edge of start tx, the proper directional data is chosen
-- from the large vector DIRECTIONS, low end of DIRECTIONS corresponds to
-- first timeslot, high end to last timeslot. The timeslot is chosen is
-- governed by the unsigned value in ACTIVE SLAVE.

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

entity Transmitter 1is

port (RESET SYS : in std logic;
CLK_SYS : in std logic;
ACTIVE SLAVE : in std logic vector (3 downto 0);
NO OF SLAVES : in std logic vector (1l downto 0)
DIRECTIONS : in std logic vector (47 downto 0);
start tx : in std logic;
debug data crossbar : out std logic;
debug CLK_SYS : out std logic;
debug _clock 16 : out std logic;
Transmitted signal : out std logic

) ;

’

end Transmitter;

architecture tx of Transmitter is
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signal data crossbar : std logic;

signal clock 16 : std logic;

signal chosen direction : std logic vector (2 downto 0);
signal OUTPUT SLAVE : std logic_vector (3 downto 0);

component serial encoder

port (data in : in std logic vector (2 downto 0);
CLK_SYS : in std logic; -- 24 MHz
RESET SYS : in std logic;
write pulse : in std logic;
signal out : out std logic;

clock 16 : out std logic
);

end component;

component diphase encoder

port (data in : in std logic; -- data signal input
clock in : in std logic; -- 16 kHz clock signal
data out : out std logic); -- diphase encoded data output

end component;

begin
-- this process makes sure the antenna receives direction one timeslot ahead
ahead p: process (ACTIVE SLAVE, RESET SYS, NO OF SLAVES)

begin
if RESET SYS = '1' then
OUTPUT SLAVE <= (others => '0");
elsif ((NO _OF SLAVES = "00" and unsigned(ACTIVE SLAVE) = 3) or -- 3
(NO_OF SLAVES = "01" and unsigned (ACTIVE SLAVE) = 7) or -- 7
(NO_OF SLAVES = "10" and unsigned(ACTIVE SLAVE) = 15)) then -- 15
OUTPUT SLAVE <= (others => '0');
else
OUTPUT SLAVE <= std logic vector (unsigned (ACTIVE SLAVE) + 1);
end if;
end process;

direction p: process(start tx, RESET SYS, OUTPUT SLAVE)
begin
if RESET SYS = 'l1'" then
chosen direction <= (others => '0');
elsif rising edge(start tx) then
case to integer (unsigned (OUTPUT SLAVE)) is
when 0 =>
chosen direction <= DIRECTIONS (0*3
when 1 =>
chosen direction <= DIRECTIONS(1*3 + 2 downto 1*3);
when 2 =>
chosen direction <= DIRECTIONS(2*3 + 2 downto 2*3);
when 3 =>
chosen direction <= DIRECTIONS(3*3 + 2 downto 3*3);
when 4 =>
chosen direction <= DIRECTIONS (4*3 + 2 downto 4*3);
when 5 =>
chosen direction <= DIRECTIONS(5*3 + 2 downto 5*3);
when 6 =>
chosen direction <= DIRECTIONS(6*3 + 2 downto 6%*3);
when 7 =>

+
N

downto 0*3);
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chosen direction <= DIRECTIONS(7*3 + 2
when 8 =>
chosen direction <= DIRECTIONS(8*3 + 2
when 9 =>
chosen direction <= DIRECTIONS(9*3 + 2
when 10 =>
chosen direction <= DIRECTIONS (10*3+ 2
when 11 =>
chosen direction <= DIRECTIONS(11*3+ 2
when 12 =>
chosen direction <= DIRECTIONS (12*3+ 2
when 13 =>
chosen direction <= DIRECTIONS (13*3+ 2
when 14 =>
chosen direction <= DIRECTIONS (14*3+ 2
when 15 =>
chosen direction <= DIRECTIONS(15*3 +2
when others =>
chosen direction <= (others => '0');
end case;
end if;
end process;
serial encoder i : serial encoder
port map (data in => chosen direction,
CLK_SYS => CLK_SYS,
RESET SYS => RESET SYS,
write pulse => start tx,
signal out => data_ crossbar,
clock 16 => clock 16
)
diphase encoder i : diphase encoder
port map (data in => data_ crossbar,
clock in => clock 16,
data out => Transmitted signal

)7

-- debug mappings

debug data crossbar <= data crossbar;

debug CLK SYS <= CLK SYS;

debug clock 16 <= clock 16;

end tx;
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D Software changes in ECCM subunit
115 : src/ProComm/CanMsg.cpp
#ifdef DIRECTIONAL ANTENNA
case ANTDIR: // added for antenna communication
return CAN ANTDIR; /==
fendif

295 : src/ProComm/CanMsg.cpp

#ifdef DIRECTIONAL ANTENNA
case CAN ANTDIR: // added for antenna communication
return ANTDIR; //--

#endif

80 : src/ProComm/CanMsg.h
#ifdef DIRECTIONAL ANTENNA

const UINT16 CAN ANTDIR = 0x767; // added for antenna communication
#endif

e et et e e T >
93 : src/ProComm/ProCommHandler.cpp

#ifdef DIRECTIONAL ANTENNA

// antenna defines

#include "Global/antenna defines.h"
#endif

654 : src/ProComm/ProCommHandler.cpp
#ifdef DIRECTIONAL ANTENNA
case ProMsg::ANTDIR:
{
dbgprintf ("ANTDIR message received. directions being written to hardware.
\r\n") ;
SetBtxAntDir (message->GetDatal());
break;
}
fendif

1011 : src/ProComm/ProCommHandler.cpp
#ifdef DIRECTIONAL ANTENNA
void ProCommHandler::SetBtxAntDir (const UINT8* dir)
{
/* Purpose of this function is to extract bitfields from CAN message data,
and set configuration in BTX FPGA LUT. */

IOSignals *PIo = IOSignals::GetIOPtr(); /* request pointer to object */
UINT8 TempAntReg[l6];

for (int i=0; i<16; i++)
TempAntReg[i] = 0;

for (int 1=0; i<16; 1i++)
for (int j=0; 3<3; J++)
TempAntReg[i] |= ((dir[(1i*3+3)/8] & ( 0x80 >> ((1*3+3)%8) )) >0) << (2-3);
//Write to hardware
for (int 1=0; 1i<16; 1i++)

AntReg->DIR[i] = (UINT16) TempAntReg[i];

/* in FH mode, antenna direction is clocked out to antenna element first
when PARAM has been received. When operating in FIX mode, nothing else
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than ANTDIR is passed from PRO to ECCM, and thus this is the only point
of control where the current antenna element can be updated after reception
of antenna directional settings. */

if (!PIo->EccmMode()) /* FIX mode */

{
dbgprintf ("AntReg->START TX FLAG set in FIX-mode \r\n");
/* first pulse makes phase knowing of antenna switch absolute

second and third push data through fifo in antenna switch */

delay(1l);
AntReg->START TX FLAG
delay (1) ;
AntReg->START TX FLAG
delay (1) ;
AntReg->START TX FLAG
delay (1) ;

}

I
=
~

Il
i
~.

Il
=
~

dbgprintf ("receiving 8 byte DIR vector with timeslot/direction relation : ");
dbgprintf ("<direction of slot 1><direction of slot 2>...<direction of slot 15>
\r\n") ;

dbgprintf (" %$x %$x %$x %$x %X %$x %x %$x \r\n"
dir[0], dir[1l], dir[2], dir[3], dir[4], dir[5], dir[e6], dir[7]):;
/*

for (int i=0; 1i<8; i++) {
for (int j =0; j<16; j++)
(TempAntReg[i] & (0x80 >> j)) > 0 ? dbgprintf("1") : dbgprintf("0");

dbgprintf ("™ ");

}
*/

dbgprintf ("\r\n") ;

return;

}
#endif

240 : src/ProComm/ProCommHandler.h
#ifdef DIRECTIONAL_ANTENNA
// Sets antenna<->timeslot LUT in BTX FPGA
void SetBtxAntDir (const UINT8* dir);
#endif

106 : src/ProComm/ProMsg.h
#ifdef DIRECTIONAL ANTENNA

ANTDIR,
#endif

45 : src/Tx/#TxIntProc.cpp#

#ifdef DIRECTIONAL ANTENNA

#include "Global/antenna defines.h"
#endif

59 : src/Tx/#TxIntProc.cpp#
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#ifdef DIRECTIONAL ANTENNA
if (pIO->EccmMode ()) |
//Tell antenna controlling circuitry inside BTX to
//start serial transmission
AntReg->START TX FLAG = 1; //Dummy write
//dbgprintf ("Interupt av BTX./r/n");
}
#endif

45 : src/Tx/TxIntProc.cpp

#ifdef DIRECTIONAL ANTENNA

#include "Global/antenna defines.h"
#endif

59 : src/Tx/TxIntProc.cpp
#ifdef DIRECTIONAL ANTENNA
if (pIO->EccmMode ()) {
//Tell antenna controlling circuitry inside BTX to
//start serial transmission
AntReg->START TX FLAG = 1; //Dummy write
//dbgprintf ("Interupt av BTX./r/n");
}
#endif

49 : src/Tx/TxProc.cpp

#ifdef DIRECTIONAL ANTENNA

#include "Global/antenna defines.h"
#endif

81 : src/Tx/TxProc.cpp
#ifdef DIRECTIONAL ANTENNA
if (pIO0O->EccmMode()) {
/* Only get here in FH mode (?), and then shall TX FLAG
always be set three times to update antenna switch */

delay (1) ;

AntReg->START TX FLAG = 1; //Dummy write

delay (1) ;

AntReg->START TX FLAG = 1; //Dummy write

delay (1) ;

AntReg->START TX FLAG = 1; //Dummy write

delay (1) ;

dogprintf ("Tx/TxProc.cpp: Now we have written START TX FLAG three times
\r\n") ;

}

#endif
ittt e it L TP P >

first: src/Global/antenna defines.h
#include "Global/SysInc.h"

struct ant str {
UINT16 DIR[16];

UINT16 START TX FLAG;
b

//Attach registers to BTX address map
volatile ant str *AntReg = (ant str*)BTX DIR BASE;
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E Software changes in PRO subunit
158 : src/Global/GlobalParameters.cpp
#ifdef DIRECTIONAL ANTENNA
/* initially set all directions to zero */
for (int i=0; i<1l6; i++)
OUTSTATION_DIRECTION[i] = 0;
fendif

316 : src/Global/GlobalParameters.h
#ifdef DIRECTIONAL_ANTENNA

//Antenna stuff

UINTS8 OUTSTATION_DIRECTION[16];
#endif

85 : src/Global/SignalNumbers.h
#ifdef DIRECTIONAL ANTENNA
const SIGSELECT SIGANTDIR
#endif

PROCOMMBASE+15; //added for antennacommunication

2380 : src/Global/Signals.h
#ifdef DIRECTIONAL_ANTENNA
// added for antenna communication

struct SigAntDir //==

{ //==

SIGSELECT sig no; /==

UINT8 dir([8]; //==

/==

public: //==

protected: //==

private: /==

private: //==

}i //==

#endif

e >

125 : src/ProComm/CanMsg.cpp

#ifdef DIRECTIONAL ANTENNA
case ANTDIR: // Added for communication of
return CAN ANTDIR; // antenna directions

fendif

238 : src/ProComm/CanMsg.cpp

#ifdef DIRECTIONAL ANTENNA
case CAN ANTDIR: // Added for communication of
return ANTDIR; // antenna directions

#endif

442 : src/ProComm/CanMsg.cpp
#ifdef DIRECTIONAL ANTENNA
bool CanMsg::SetAntDir ( const UINT8 dir[8])

{
//## begin CanMsg::SetAntDir,

UINT8 buffer([8];
memcpy (buffer,dir, 8);

SetMsqg (ProMsg: :ANTDIR, 8, buffer);
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return true;

//## end CanMsg::SetAntDir
}
#endif

79 : src/ProComm/CanMsg.h

#ifdef DIRECTIONAL ANTENNA

const UINT16 CAN ANTDIR = 0x767; // Added for comunication of
antennadirection

#endif

193 : src/ProComm/CanMsg.h
#ifdef DIRECTIONAL_ANTENNA

bool SetAntDir (const UINT8 dir[8]); //sends directions of slaves
#endif

205 : src/ProComm/EccmCommHandler.cpp

#ifdef DIRECTIONAL_ANTENNA
case SIGANTDIR: // added for antenna direction communication
SendAntDir (msg->sigAntDir.dir); // --
break; /] ==

#endif

258 : src/ProComm/EccmCommHandler.cpp
#ifdef DIRECTIONAL ANTENNA
AntennaFunctions AF;
ProProxy m_proProxy;
GlobalParameters *m pGlobalParameters =
GlobalParameters: :GetGlobalParameters () ;
fendif

272 : src/ProComm/EccmCommHandler.cpp
#ifdef DIRECTIONAL ANTENNA
dbgprintf ("SENDEOW, slaveNo: %d, on/off: %s, Master/Slave: %$s \r\n",
slaveNo, on ? "on" : "off",
m_pGlobalParameters->Master () ? "Master" : "Slave");
if (on)
{
dbgprintf ("SENDEOW anbefallet. direkt efter detta skall can-meddelande
skickas \r\n");
UINT8 temp[8];
AF.MakeAntennaMsgData (temp, slaveNo) ;

// m proProxy.SendAntDir (temp) ;

SendAntDir (temp); /* this is faster than the previous */

dbgprintf ("Sent SENDEOW to slave number %d , and I am %s \n", slaveNo,
m_pGlobalParameters->Master () ? "Master" : "Slave");

/* updated EOW direction sent */

}
#endif

421 : src/ProComm/EccmCommHandler.cpp

#ifdef DIRECTIONAL ANTENNA

void EccmCommHandler: :SendAntDir (const UINT8 dir[8])

{
//## begin EccmCommHandler::SendAcceptSlave%$3B8DF2ER017E.body preserve=yes
ProMsg* msg = GetBufferMsg() ;

if (msg->SetAntDir (dir))
{
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m devPtr->Write (msg);

}

else

{
//Release allocated message buffer again
m_devPtr->FreeBuffer (msqg) ;

}

}

#endif
ettt it >
99 : src/ProComm/EccmCommHandler.h

#ifdef DIRECTIONAL_ANTENNA

#include "Global/AntennaFunctions.h"
// GlobalParameters

#include "Global/GlobalParameters.h"
#endif

172 : src/ProComm/EccmCommHandler.h

#ifdef DIRECTIONAL_ANTENNA
// added for antenna direction communication
void SendAntDir (const UINT8 dir([8]):;

#endif

105 : src/ProComm/ProMsg.h
#ifdef DIRECTIONAL ANTENNA
ANTDIR,
#endif

193 : src/ProComm/ProMsg.h
#ifdef DIRECTIONAL ANTENNA

// Sets a sendantenna direction to be sent to ECCM

virtual bool SetAntDir (const UINTS8 dir[8]); // added for antennadirection
communication
#endif

351 : src/ProComm/ProMsg.h

#ifdef DIRECTIONAL_ANTENNA

inline bool ProMsg::SetAntDir (const UINT8 dir[8]) //added for antennadirection
communication

{ / /==
return false; / /==
} / /==
#endif
D >

252 : src/ProComm/ProProxy.cpp
#ifdef DIRECTIONAL ANTENNA

void ProProxy::SendAntDir (const UINT8 dir[8]) // added for antenna communication
{
//## begin
SignalHandler<SIGNAL> handler (SIGANTDIR, sizeof (SigAntDir)); //--
union SIGNAL* outSignal = handler.SignalPtr(); / /==
memcpy (outSignal->sigAntDir.dir, dir,8); //==
handler.Send (EccmComm ) ; //==
//## end
}
fendif
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179 : src/ProComm/ProProxy.h
#ifdef DIRECTIONAL_ANTENNA

void SendAntDir (const UINT8 dir[8]); // added for antenna communication
#endif

172 : src/ProComm/ProSignals.h

#ifdef DIRECTIONAL ANTENNA
// signal for communicating antenna directions to eccm
SigAntDir sigAntDir; //--

#endif

77 : src/TxRx/TxRxHandler.cpp

#ifdef DIRECTIONAL ANTENNA

// AntennaFunctions

#include "Global/AntennaFunctions.h"
#endif

142 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL ANTENNA
dbgprintf ("TxRxHandler: :HandleSettingsChanged, opmode == FIX \r\n");
#endif

150 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL ANTENNA
dbgprintf ("TxRxHandler: :HandleSettingsChanged, opmode == FH \r\n");
#endif

463 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL_ANTENNA
dbgprintf ("Fixmode\r\n") ;
AntennaFunctions AF;
dbgprintf ("AAF init ok\r\n");
#endif

555 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL ANTENNA
/* After reset, before anything else is transmitted to ECCM,
CAN-message containing antenna parematers shall be transmitted */
delay(600); /* we actually need to use the ECCM, so issue proper reset */
dbgprintf ("satter MAKEANTENNAMSGDATA\r\n") ;
UINT8 temp[8];
AF.MakeAntennaMsgData (temp, 0); /* dont care about EOW direction in PTP mode */
m proProxy.SendAntDir (temp) ;
#endif

605 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL_ANTENNA
dbgprintf ("FH mode \r\n");
AntennaFunctions AF;
dbgprintf ("Af init ok \r\n");
#endif

678 : src/TxRx/TxRxHandler.cpp
#ifdef DIRECTIONAL ANTENNA
//Create && Transmit ANTDIR
dbgprintf ("kér makeAntennaMsgDatalr\n") ;
UINT8 temp[8];
AF.MakeAntennaMsgData (temp, 0); /* dont care about EOW after reset */
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m proProxy.SendAntDir (temp) ;
#endif

82 : src/V24Comm/V24Handler.cpp
#ifdef DIRECTIONAL ANTENNA

#include "Global/AntennaFunctions.h"
#include "ProComm/ProProxy.h"

#endif

203 : src/V24Comm/V24Handler.cpp
#ifdef DIRECTIONAL ANTENNA
UINT8 RES([2];
AntennaFunctions AF;
#endif

947 : src/V24Comm/V24Handler.cpp
#ifdef DIRECTIONAL ANTENNA
//listen for command "UT" , "UTR" and "UT?"

if (!strncmp(cmd, "UT ", 3))
{
if (AF.ExtractValuesFromString(&cmd[3], RES)) {
if (!'AF.SetOutstationDirection(RES[0], RES[1])) {
m pV24Dev->Write ("Antenna set operation syntax error\r\n");
m pV24Dev->Write ("usage: UT <station 1-15> <direction 0-7> \r\n");
} else {
m pvV24Dev->Write ("Dir set successfullr\n");
}
} else {
m pV24Dev->Write ("Antenna set operation syntax error\r\n");
m pV24Dev->Write ("usage: UT <station 1-15> <direction 0-7> \r\n");
}

return;

char str[40];

if (!strncmp (cmd, "UT?",3))
{
m pV24Dev->Write ("\r\nOutstation : Direction \r\n");
for (int i=0; 1i<15; i++) {
ostrstream os(str, 40);
0s << (UINT16)i+1 << "™ : " << (UINT1l6)AF.GetOutstationDirection (i+1l) <<
"\r\n";
str[os.pcount ()] = 0; //terminate string
m pVz24Dev->Write (str);
}
return;

}

#if 0 /* this command has no function whatsoever */
if (!strncmp (cmd, "UTR",3))
{
UINT8 temp[8];
ProProxy PP;
AF.MakeAntennaMsgData (temp, 0); //construct 8 bytes CAN
PP.SendAntDir (temp) ;
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m pV24Dev->Write ("CAN message consisting of 3x16 bits antenna direction sent
to ECCM \r\n");
return;
}
#endif

116 : src/V24Comm/V24Handler.h
#ifdef DIRECTIONAL_ANTENNA

// AntennaFunction

#endif

first: src/Global/AntennaFunctions.cpp
#include "Global/AntennaFunctions.h"

void AntennaFunctions::AntennaFunctions ()
{
m _pGlobalParameters = GlobalParameters::GetGlobalParameters () ;

}

bool AntennaFunctions::SetOutstationDirection (UINT8 Outstation, UINT8 Direction)
{
//First sanity check to make sure parameters conform to range
if ( (Outstation >= 1) && (Outstation < 16) &&
(Direction >= 0) && (Direction < 8) ) {
m pGlobalParameters->OUTSTATION DIRECTION[Outstation-1] = Direction;
return true;
}
return false;

}

UINT8 AntennaFunctions::GetOutstationDirection (UINT8 Qutstation)
{ //Sanity check
if ((Outstation >= 1) && (Outstation < 16))
{ return m pGlobalParameters—->OUTSTATION DIRECTION[Outstation-1];
reiurn 0; //make sure to return something

}

bool AntennaFunctions::ExtractValuesFromString (char* str, UINT8 *RESULT)
{
/*
this function takes a string that contains two unsigned values
and returns their UINT8-equivalent.

*/

if ((str[2] !'= " ") || (strlen(str) < 4))
return false; //should be space separating fields and length enough

RESULT[O] = (str[0]-'0')*10 + (str[l]-'0");
RESULT[1] (str[3]1-'0");

if ( (RESULT[O0] > 0) && (RESULT[0] <= 16) &&
(RESULT[1] >= 0) && (RESULTI[1] <= T7) )
return true;
else
return false;
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void AntennaFunctions::MakeAntennaMsgData (UINT8 *DIR, UINT8 EOW slave)

{
dbgprintf ("first line in MakeAntennaMsgData () reached \r\n");

/*
is now expanded to also set EOW slot to correct direction
m _pGlobalParameters->NoOfSlaves () == {THREE, SEVEN, FIFTEEN}
and EOW slot in BTX is highest allowed slot in any configuration,
therefore set THREE, SEVEN or FIFTEEN accordingly
*/

UINT8 temp[l6];
memset (temp, 0, sizeof (temp)); /* zero out array */

UINT8 one slots;

UINT8 EOW_SLOT;

SlaveNumbers SN = m pGlobalParameters->NoOfSlaves();

UINT8* OUTSTATION DIRECTION = m_pGlobalParameters—>OUTSTATION_DIRECTION;

if ( m _pGlobalParameters->Master () && m pGlobalParameters->TDMAMode () )
{

if (SN == THREE)
EOW SLOT = 3;

else i1f (SN == SEVEN)
EOW_SLOT = 7;

else

EOW SLOT = 15;
one slots = m pGlobalParameters->SlaveAddress () % 10;
/* only interrested in least significant decimal digit */
dogprintf ("Number of one-slots: %d \r\n", one slots);

/* first outstation has this many slots */
for (int i=0; i< one slots; i++)
temp[i] = OUTSTATION DIRECTION[O0] & 0x7;

/* assign directions to the resulting outstations
that are entitled to only one slot each */

for (int i= one slots; i< EOW_SLOT; i++)
temp[i] = OUTSTATION DIRECTION[i] & 0x7;

/* set EOW slot */
temp[EOW_SLOT] = OUTSTATION_DIRECTION[EOW_Slave];

}
else
{ // slave/P2P/FIX
for (int i=0; i< 16; i++)
temp[i] = OUTSTATIONiDIRECTION[O] & 0x7;
}

for (int i=0; i<8; i++)
DIR[i] = O;

for (int i=0; i<16; i++)
for (int 3=0; 73<3; J++)

DIR[((1i*3 + 3) / 8)] |= ((temp[i] & (0x4 >> 7J)) > 0) << (7-((i*3+3) % 8));
dbgprintf ("printing sent 8 byte DIR vector with timeslot/direction relation : ");
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dbgprintf ("<direction of slot 1><direction of slot 2>...<direction of slot
15>\r\n");
for (int i=0; 1i<8; i++) {
for (int j =0; 3<8; j++)
(DIR[1] & (0x80 >> j)) > 0 ? dbgprintf("1") : dbgprintf ("0");

dbgprintf (™ ");
}

dbgprintf ("\r\n");

return;

first: src/Global/AntennaFunctions.h
#ifndef __ANTENNAFUNCTIONS__
#define _ ANTENNAFUNCTIONS

#include "Global/TypeDefs.h"
#include "Global/GlobalParameters.h"

class AntennaFunctions

{

AntennaFunctions () ;

public:

bool SetOutstationDirection (UINT8 Outstation, UINT8 Direction);
UINTS8 GetOutstationDirection (UINT8 Outstation);

bool ExtractValuesFromString (char* str, UINT8 *RESULT);

void MakeAntennaMsgData (UINT8 *DIR, UINT8 EOW _slave);

private:
GlobalParameters *m pGlobalParameters;

b

#endif
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