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Abstract

The following report will show the design and implementation of a remote communications system used to provide
two-way wireless communications between a base station and an autonomous golfing robot. The purpose of the
golfing robot is to locate and place a golf ball into a hole given the GPS coordinates of the ball and the hole. The
golfing robot consists of four subsystems: chassis, ball / hole location, remote communication, and navigation. This
groups objective is to develop the remote communications portion of the robot to display ball, hole and robot
location as well as send GPS coordinates of the ball and hole to the robot. A base station transceiver is connected to
the base station and sends data wirelessly to the remote transceiver. The remote transceiver is integrated with the
navigation subsystem on the robot.

This report will cover a basic overview of the golfing robot project and each component of the remote
communications subsystem. Enough specific design details of the hardware and software behind the
communications subsystem will be covered to replicate this design.
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1 Introduction of Robot project

The task for our team is to develop a 'golfing' robot capable of locating a golf ball given GPS coordinates, pickup the
golf ball, locate the ball hole given GPS coordinates, transport the ball to the ball hole, and placing the ball into the
ball hole. The robot is constructed by a team of four groups each responsible for one robot subsystem. The robot
subsystems include: ball and hole location, smart chassis, robot navigation and location, and remote station
communications. The navigation subsystem is responsible for navigating the robot to the ball and hole by
calculating the desired course with GPS coordinates. The navigation subsystem is also responsible for sending status
information to the communications subsystem such as robot location and status for display on the base station. Once
the robot is within a few feet of the ball or hole, the ball-hole location subsystem is assigned the task of navigating
the robot to the desired location. The smart chassis subsystem is assigned the task of moving the robot according to
the demands of the navigation or ball-hole subsystem. The functional diagram is shown below:

Ball-hole

Base Base Remote

. — . 2 Navigation
Station Transceiver Transceiver g

Chassis

Figure 1: Functional diagram of robot project

Each subsystem must have a programmable device, the ability to communicate with other subsystems and I/O
devices as needed. A certain amount of abstraction is required of each subsystem. For example, the navigation
subsystem may command the chassis subsystem to travel two meters with a bearing of twenty degrees, but the
chassis subsystem must take care of the lower level details such as speed control, slip compensation, etc. Each
group will be provided an HC12 evaluation board microcontroller, multimeter, logic probe, wire strippers, proto-
board, and other basic tools (e.g. screwdrivers, pliers, etc.). Our team is given one full semester to design and
develop the robot to functionality.

2 Specifications and Requirements

Our group is assigned the task of developing the remote communications subsystem. Our subsystem must provide a
means of two-way wireless communication between the robot and the base station capable of the desired data rate.
The base station must be able to send ball and hole location as well as fundamental commands such as start and stop
to the robot. The base station will have a graphical user interface (GUI) as a fronted showing ball, hole, and robot
locations and other status information such as the current task of the robot (e.g. looking for ball) and link statistics.

3 Basic Overview of Design

The basic overview of the design of our remote communications system is depicted in the following figure. The
remaining portion of this report will commence as depicted in the following graphic. There will be a overview of
the requirements, interfaces, design, and implementation of the base station, base station transceiver, remote
transceiver, and robot integration (in that order). Each overview will be followed by an in-depth discussion on each
part with specific design details referenced in the appendices followed by a discussion of the communications
protocol. The next two sections (Communications protocol usage and Communications protocol implementations)
are not necessary information for the general user, but useful information for people desiring very specific
implementation details of the communications protocol.



Base Station Base Station
Transceiver
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Figure 2: Basic Overview

4 Base Station

The base station contains a graphical user interface (GUI) that allows the user to interact with the robot. As
described earlier, the GUI displays status information and is the interface by which the user can send GPS
coordinates of the ball and hole. Below is a screen shot of the GUI:

GP3 Position
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Orientation: UMNKOWN
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Green Geometry

‘ 01:34:13.205 jﬂu 01:45:05.546 H 1% Tf,.”'l-!_' — ‘

.
Figure 3: Screenshot of GUI

The usage of the GUI is simple. To enter ball or hole coordinates, simply enter the longitude and latitude and
specify which coordinate it is for (ball or hole) by clicking on the respective button. The display shows the positions
of the robot, ball and hole. The status information of the robot is displayed on the left side. The slider bar on the
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bottom allows the user to view different instances of time during the robots operation. The slider bar on the bottom
right allows the user to view the history of the robot’s operation at different speeds.

5 Transceiver Implementation

The transceiver consists of an ATA-100 transceiver module by ABACom technologies integrated on a printed
circuit board (PCB) with six schmitt triggers, and an RC circuit. The schmitt triggers are used to clean the signal
and power lines from the HC12 to the transceiver from any unwanted noise. The RC circuit is used to prevent any
voltage spikes emanating from the HC12. Through many hours of debugging, we've concluded that it is absolutely
necessary to regulate the +5V power drawn from the HC12 for the transceiver module.

It is important to note that the transceiver module that we're using transmits and receives data based on signal levels
(high or low) and does not transmit at the byte level. Therefore, it is our job to devise a suitable digital encoding to
transmit and receive data. We use pulse width modulation (PWM) and will be discussed further in section Error!
Reference source not found. Error! Reference source not found.. Since the module operates at half-duplex, our
communications protocol switches the transceiver between transmit and receive as needed. We must also provide
our own error detection and correction. With this known, this transceiver module allows us a lot of freedom to
implement whatever digital encoding and error recovery we desire.

o)

Figure 4: Photos of PCB (front and back)

Figure 5: PCB layout

5.1 Base Station Transceiver

The base station transceiver is connected to the base station through its serial port using an RS-232 cable. The RS-
232 cable is connected directly to an HC12 which is connected to the actual transceiver through a nine pin inline
connector. The base station transceiver does not contain a status LED as previously mentioned because all status
information would appear on the base station GUI. The pin assignments between the HC12 and the base station
transceiver is located in 16.1.1 Transceiver Module Pin-outs.




Refer to 16.1 Transceiver Module Specs for detailed transceiver module specifications.

5.2 Remote Transceiver

There is a very small difference between the remote and the base transceiver. Although the pin assignments
between the HC12s and respective transceivers are identical, the PCB layout is slightly different. The base station
transceiver does not contain a status LED. The LED status indicator shows whether or not a carrier is detected. The
carrier detect is determined at a much higher level and will not be discussed further (see Base station protocol).

The pin assignments between the HC12 and the transceiver are identical to the base station transceiver and is located
in 16.1.1 Transceiver Module Pin-outs.

Refer to 16.1 Transceiver Module Specs for detailed transceiver module specifications.

6 Robot Integration

Once the communications system has been fully assembled and tested, integration with the rest of the robot is
necessary to establish the wireless link to the base station. As mentioned earlier (see 1 Introduction of Robot
project) all communication between robot subsystems is done directly through the navigation subsystem.
Therefore, all communications are done either directly to the navigation subsystem or indirectly to other subsystems
through navigation. The following discussion will first explain how internal communications between various
subsystems occurs followed by why and how we communicate differently with the navigation subsystem. Finally,
we will discuss what types of data we send and receive to and from the robot.

6.1 Intended protocol

The navigation subsystem provides all other subsystems with a very simple protocol over the microcontroller's SPI

(serial .....). The navigation microcontroller is setup as a master which controls communications between itself and
the other slave microcontrollers for each subsystem. Two input capture pins are allocated to each of the other three
subsystems on the navigation microcontroller (one for read and one for write). A subsystem (other than navigation)
wanting to write data on the bus would set its write line and send its data. Likewise, the read line would be set high
when data is requested from navigation. The setting of the respective read and write lines are needed by navigation
for arbitration and control over all internal communications. All multibyte messages are prefixed with a message ID
which prevents confusion and missynchronization by other microcontrollers.

Consider, for example, a four byte message sent from the ball-hole subsystem to the chassis subsystem requesting a
change in course towards a located ball. The first of the four bytes is a message ID specifying a course change while
the next three bytes are heading and distance changes. The ball-hole microcontroller will put a byte on the SPI data
register and set their write pin high triggering an interrupt service routine on the navigation microcontroller. The
write pin will be set low after a short delay. The navigation module, after capturing the rising edge of the ball-hole
write line, will supply the clock necessary to shift the data from the ball-hole SPI data register to navigation's SPI
data register. The process repeats for any remaining bytes. To receive data from the SPI bus, the ball-hole
subsystem will pulse its read line and wait for the SPI data register to fill and repeat for all subsequent bytes.

6.2 Actual protocol

Our communications protocol and digital encoding use up much of the processing power of the HC12, we modified
our integration code to be run in a loop rather than in an interrupt service routine (ISR). This would mean that all
communications with navigation would have to be run periodically in a low priority loop to avoid the performance
penalty of an ISR. Such a low-priority function waiting to be executed is called a bottom half handler. Other
bottom half functions were discussed previously.



6.3 Integration with Navigation

The navigation subsystem requires the GPS coordinates of the ball and the hole and start / stop commands from
communications subsystem. All of these commands and information must come only after the calibration of the
robot' s digital compass and initialization of all of the subsystems has occurred. Therefore, after the navigation
subsystem has verified that all of the initialization and calibration is complete, a request for ball and hole GPS
coordinates is sent to the communications subsystem. Next, the ball and hole GPS coordinates and a 'start'
command are sent to navigation. The navigation subsystem now has all of the information it needs to complete its
task. The communications module on the robot has the ability to read (sniff) all messages between all other
subsystems because the navigation subsystem selects the slave line of communications and the subsystem receiving
a message when messages are sent. All messages sent to the navigation subsystem is copied to the communications
module once received. The communications module now has the ability to transmit these messages to the base
station once the data is classified into atomics (see Software design above). The data sniffed on the robot is the
primary source of status information of the robot. Such information includes: robot heading, ball hole targeting
status, and whether the ball or the hole is being located.

Initialized

A all and Hole
Navigation GPS .
\cooriates/mnlnunlcatlons

Sniffed Communication
Figure 6: Robot Integration

7 Communication Protocol Overview

7.1 Design Objectives

e All of the data that needs to be transmitted is well structured and can be easily classified. This includes the GPS
information consisting of latitude, longitude, height, and other GPS receiver status. It would therefore be
beneficial to develop a protocol that understands the structure of the data. This will also aid the graphical user
interface in displaying the data in a user friendly manner.

*  The design should be reasonably flexible. Adding a new data to send should be as simple as possible and in no
way break any existing code.

* A user is expected to be monitoring the data. It would therefore be beneficial if the data was received in a
timely manner. For this reason, the design should attempt to keep all latencies under a 1/10th of a second.

7.2 Terminology

Atomic A collection of data that must be transmitted at the same time. All data that is transmitted must be
classified as an atomic

Message The data of an atomic.

Packet Contains a set of messages and error checking data.

The communication protocol attempts to keep the data classified as atomics on the transmitting end and
synchronized with the data on the receiving end. To construct a packet, the protocol chooses the most important
atomics with new data that have not been sent. This packet is then transmitted once it is the transceiver’s turn to
transmit.



8 Budget

Our expected budget determined at the midterm of the semester was $300. This figure was estimated to be our
maximum budget use assuming the purchase of commercial transceivers. As shown below we are about $35 under
budget. This budget also includes the parts used during a failed attempt at building a home made transceiver (listed
as discrete components).

Item Quantity | Unit Price | Subtotal
2 $57.00] $114.00
2 $10.80] $21.60
BNC connectors 2 $4.95 $9.90
Dbl sided circuit board 2 $12.35) $24.70
Sngl sided circuit board 1 $5.00 $5.00

2

1

1

1

2

Tranceiver
Antenna

DB9 connectors $0.00 $0.00
Reset button $1.34 $1.34
Enclosure (Small) $4.50 $4.50
Enclosure (Large) $12.00f $12.00
Banana plugs $2.75 $5.50
Spacers, nuts, bolts $2.25
Discrete components $35.00
Shipping / Handling $30.00
Total $265.79

Table 1: Monetary Budget

8.1 Power Budget

Our final power budget (1.10 W) came to be .75W less than originally expected at midterm. We are therefore, under
our power budget which is depicted below:

Component Voltage | Current | Power
Transceiver 50V 40 mA|] 0.20 W
HC12 + On board components 50V 180 mA] 0.90 W
Total 210 mA] 1.10W

Table 2: Power Budget

9 General software issues

A majority of the operations performed on the microcontroller is started in response to an external event. Most of
these events are handled by interrupts, but the operation that must be performed as a result of the interrupt can be
time consuming. For this reason most interrupts will signal a bottom half handler outside the interrupt to finish the
action. This is necessary because other interrupts are blocked when an interrupt is being serviced. If an interrupt
runs too long, other interrupts might not have an opportunity to run in a timely fashion. If the flag for a handler is
raised, the handler will be executed in the main loop that is run any time the microcontroller is not in an interrupt.

The use of any operation that causes extensive delays (1ms) in the code execution will cause many interrupt and
bottom halves not to be serviced in time. Therefore, it is inappropriate to use printf’s to debug.
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All of the code for the microcontroller is included in one file using the #include directive. This allows the compiler
to inline nearly every function as most of them are only called in one place. Despite this, the compiler sometimes
chooses not to inline a function, probably because of their size.

The DBugl2 and the boot loader on the microcontroller intercept interrupts thereby adding an additional 30 cycles
to run. Placing the code for this project in flash memory overwriting DBug12 would allow this overhead to be
reduced to the 6 clock cycles caused by the boot loader. The boot loader must be overwritten to completely avoid
overhead clock cycles.

All of the code for this project was coded in C++ and compiled with GCC 3.0.4. Information about the HC12 port
of GCC can be found at http://myweb.worldnet.net/~stcarrez/m68hc11_port.html

10 Communication Protocol Usage

This section describes how to extend the code base to send new atomics. This information is useful for individuals
seeking to understand the details of the protocol code.

10.1 Atomic Implementation Overview

All the atomics that can be sent are represented by a structure named SendStruct that is instantiated once as send.
Each atomic is a subclass of the atomic template class which provides a commit method to mark the data of the
atomic as ready to be sent. The atomic template class also defines an atomic ID, a unique integer value used to
identify each atomic. In addition, an Afom template class is provided to allow sending atomics consisting of only
one elementary data type such as an integer, without the need to explicitly invoke the commit method. This
provides a very simple and familiar interface for sending data as shown in the following example:

struct GPSCordinate :

public Atom c<1> { /1 Inherits Atomc class
s32 latitude;
s32 | ongi t ude;
b
struct SendStruct {
At om<0, u32> count; // u32 is the data type, an unsigned 32bit integer
struct GPSCordi nat e GPS;
} send;

/1l The following line sends 5 as the value for count
send. count = 5; /1 The commit nethod is inplicitly executed

/1 The following lines send a GPS coordinate

send. GPS. | ati tude = 1;

send. GPS. | ongi tude = 2;

send. GPS. commi t () ; // Commit the atomic after all the data has been sent

The commit method will queue the atomic to be sent. When an atomic is ready to be sent, a message will be
constructed. Every class of atomics can have specialized functions for constructing a message. The appropriate
function to use for a given atomic ID is defined by a function pointer in an array. This array also contains the
position and size of the atomic data in the SendStruct. The following is a definition of this array for the preceding
example:

SEND( send_u32, count),
SEND( send_GPS, GPS),

SEND is a macro that generates the appropriate data for the function pointer, position and size fields of the element
in the array. The first parameter is the name of the function that generates the message for that type. The second
parameter is the name of the element within the SendStruct structure. Notice that the order that the elements appear
correspond with the atomic ID. This is necessary for proper functionality.

It would be possible to develop a preprocessor to automatically generate the SendStruct and the array, eliminating
the need for the user to be concerned with proper assignment of atomic ID's and the construction of the array. It is
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doubtful that a method exists that would retain the same functionality and performance of this method without a
preprocessor. One alternative method considered would involve using a linker script and section attributes within
the atomic class to construct the array.

The functions to generate a message are passed pointers to the data that needs to be sent and the data that has been
known to have been sent. It is the function’s responsibility to fill a buffer with the actual message to be sent and
return whether the message contains all the data of the atomic or the difference. The function to send the unsigned
32bit integer is as follows:

bool send_u32(u32 *newData, u32 *ol dData, u8)

{
/'l Get the difference of the new and ol d data
u32 diff = *newbData - *ol dDat a;
/'l Determine if this difference can be expressed in one byte
if (uoF(diff)) {
/1 The data can not be expressed in one byte so send all the data
add(*newbDat a) ;
return fal se;
} else {
/1 The data can be expressed in one byte so send only that difference.
add((u8)diff);
return true;
}
}

The uOF macro returns true of the data cannot be expressed in one byte. The add macro copies the parameter to the
buffer of the data to be sent. This macro will use the data type to determine how much data to copy.

Note: The last parameter is the size of the atomic that is to be constructed. This allows the use of only one function
to generate a message for multiple atomics of similar structure but different size. For example, one function could
be used for all integers no matter what size. This has not been done because the compiler had difficulty generating
efficient code.

10.1.1 Adding new atomics

All atomics that are sent from the robot to the base station are contained within the SendStruct defined in
"common/RobotSendStruct.hh" (p.41). The file "common/CommonStruct.hh" (p.40) contains some additional
structures used in the SendStruct. In order to add a new atomic, an element must be added to the SendStruct that is
inherited from the atomic template class. Note the Atom class inherits the atomic class. For example, to add a new
atomic that is an unsigned integer simply add the following line inside the SendStruct, where UNIQUE ID is an
unused atomic identifier less than 127.

At onxUNI QUE | D, u32> Atoni cNane;

Now a corresponding entry must be added to the "common/RobotSendArray.hh" (p.41) file. The atomic ID will
define where in the file the entry should be added. Use the position of existing entries and there corresponding
identifiers to determine the appropriate position for the new atomic entry, noting that an atomic with an ID number
of one greater than another atomic will appear immediately after the other atomic. The entry will take the form:

SEND( f uncti on nane, Atomi cNane),
The AtomicName is the same name as that used in the SendStruct. The function name is the function used to

generate a message for the atomic.

If the type of atomic has not already been defined it will be necessary to create a new send function and a new class
(or structure) that inherits the atomic class. The GPSStruct is an example of a specialized atomic. If a new
specialized atomic is needed, it is suggested that the GPSStruct be used as an example to assist in its construction.

The new atomic will now need to be added to the graphical user interface code. Refer to section .. for an
explanation of this process.

If an atomic needs to be added that will be sent from both the robot and base microcontroller, the CommonStruct in
"common/CommonStruct.hh" (p.40) should be modified along with "common/CommonSendArray.hh" (p.40)
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If an atomic needs to be added that will be sent from the link microcontroller, the SendStruct in
"link/LinkSendStruct.hh" (p.56) should be modified along with "link/LinkSendArray.hh" (p.56).

Adding atomics to be sent from the computer to the robot requires the definition of functions that will be called
upon receiving the message. The atomic must then be added to the SendStruct in "link/LinkRecvStruct.hh" (p.57)
that will act as a buffer until that data can be sent. The elements within the structure do not need to inherit the
atomic class unless the link itself needs to send data to the robot. The atomics to send must also be added to
"link/LinkRecvArray.hh" (p.57). On the robot end, an entry must be added to "robot/RecvArray.hh" that references
the function that handles the atomic in the "robot/RecvFunction.hh" (p.46) file.

11 Communications Protocol Implementation

This section describes the inner working of the communication protocol. It is useful to individuals wishing to
understand and extend the core protocol.

The communication protocol handles sending the atomic data. It consists of the following four distinct layers
starting from the highest level of abstraction:

Layer Name | Layer Description Code Page

Atomic Pool Determines what atomics to send from those that are ready 21

Messaging Constructs a message representing the current data of an atomic 25

Packet Combines multiple messages into one packet and verifies if the packet is 28
successfully sent

Transceiver Sends or receives a stream of bytes over the transceiver hardware 33

Table 3: Protocol Layers

Each layer of the protocol exposes a set of functions that are called by the layer immediately below it. The
Transceiver layer controls the flow of instruction execution.

11.1 Atomic Pool Layer

11.1.1  Objective

The Atomic Pool must allow each atomic a fair chance to be sent. Yet, some atomics are more important than
others. For this reason, some mechanism to give these important atomics a higher priority is desired. Generally the
important atomics change less frequently. For example, the robots GPS coordinates will probably change once per
second while the distance the wheels have traveled will probably change hundreds of times per second. Because the
GPS coordinates are update less frequently, a single update will be more valuable than a single update of the
distance the wheels have traveled. For this reason a GPS coordinate should be favored over wheel position when
both are available to be sent. The Atomic Pool should therefore place a higher priority on atomics that were last sent
a longer time ago.

11.1.2 Implementation Overview

Each atomic has a relative priority to the other atomics, represented by a doubly linked list. When an atomic is
requested to be sent, the atomic pool algorithm finds the highest priority atomic that is waiting to be sent. When an
atomic is successfully sent it is set to the lowest priority. If an atomic changes when it was already waiting to be
sent, the data to send is updated but not the priority.

11.1.3 Implementation Details
namespace Atoni cPool {
/1 O ass prototype
cl ass AtonicLink;

/1 Initialize the Atom cPool
static inline void init();

/1 Add an Atonmic to the pool by narking it as queued
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voi d add(Atom D);

/1 Return if an Atomic has been queued
static inline bool queued(Atom D);

/1l Queue the Atomic as if get() didn't return it
static inline void queue(Atom D);

/| Dequeue the Atomic
static inline void dequeue(Atomn D);

/! Return the Atomic with the highest priority

static inline Atom D get();

/'l Returned by get() to represent that no Atomic are queued
const Atom D null I D = OxFF;

/1l Set the Atomic to the |lowest priority
static inline void put(AtomD);
s

¢ The AtomicLink class provides an abstraction of a doubly linked list with the sole purpose of defining the
relative priority of atomics.

*  The add function is called by whenever an atomic needs to be sent. The Atomic class provides an abstraction of
the AtomicPool and the data buffers as described earlier in section 9.

*  The get function is used by the Messaging layer to determine the next atomic to send. The Messaging layer will
call put if the message data for the atomic is sent successfully and call gueue if not.

11.2 Messaging Layer

11.2.1 Objective

The Messaging layer must construct an actual message to be sent. It would be advantageous for the message data to
be as small as possible without requiring large amounts of computational power. This expectation arose from the
assumption that the transceiver hardware would not support very high data rates, as would be the case if a
commercial transceiver was not used.

11.2.2 Implementation Overview

Because of expected complexity and excessive computational demands, the use of a lossless compression was not
perused. Instead, because of the atomic nature of the data, knowledge of the data already transmitted is used to
construct a message containing the changes in the data. This provides a substantial reduction in the required data
rate for any atomic larger than one byte. A buffer of the data known to have been successfully sent must be
maintained. In order to keep this buffer updated, the Packet layer must determine if message data was properly
sent.

The Messaging layer uses the message generation functions to construct a message that is added to the send_buffer
which is shared between this layer and the packet layer. Every atomic sent will have its data and identifier copied to
a message buffer. This buffer stores all the data that has been sent but is not yet known to have been received by the
other end. If the data is confirmed to have been received, this buffer will be used to update the sent buffer. If the
data is confirmed to have not been received, the message buffer will be cleared.

11.2.3 Implementation Details
namespace MessageBuffer {
/1 Initialize the MessageBuffer
static inline void init();

/1 Compose a new nessage and place it in the send buffer
static inline bool get();

/1 Commit all the messages sense the last comit to the sent buffer.
static inline void commit();
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/'l Requeue all the atomics and cl ear the nessage buffer.
static inline void dunp();

}s

e The get function will place a message in the send buffer shared between the Messaging layer and the Packet
layer. If the get function returns false, no new message were available to send.

*  The commit function will be called if the last series of messages are known to have been sent. The dump
function is called if the last series of messages is known to have not been sent.

11.3 Packet Layer

11.3.1 Objective

The Packet layer must send a set of messages in a packet. One packet will be sent with each transmission. The
Packet layer must determine if the last packet sent was successfully received at the other end for use by the
Messaging layer. In addition, the Packet layer must determine if the data received has been corrupted. This layer is
responsible for informing the underlying Transceiver layer when all the data for a packet has been transmitted or
received.

11.3.2 Implementation Overview

A packet consists of an identifier of the last packet received by the transmitting transceiver followed by a series of
messages and a checksum. The checksum is preceded by a constant atomic identifier signifying the end of a packet.
A packet is deemed invalid if the checksum is incorrect or the packet is malformed. A malformed packet either
contains an invalid message identifier or exceeds a predefined maximum length. The Messaging layer will have no
knowledge of receiving of an invalid packet. The Transceiver layer will be signaled to switch modes if the entire
packet is received or the packet is determined to be invalid.

Every packet sent by a transceiver contains an identifier of the last packet successfully received by that transceiver.
The identifier of a packet is simply the packet checksum. The identifier is used by the receiving transceiver to
determine if the last or second from last packet was received. If a transceiver transmits without verifying what the
last successfully transmitted packet was, a dummy packet will be sent. This packet contains no data, just the last
packet received identifier and a checksum. The dummy packets identifier is not recorded as the last sent packet.

11.3.3 Implementation Details
namespace Packet {
/1 Initialize the Packet |ayer
static inline void init();

// Return true if nore data is availible for the current packet
static inline bool send_availible();

/'l Return a byte to send for the current packet
static inline u8 send_byte();

/| Passed byte received
static inline bool recv_byte(u8);

/1 Called if receive sequence is prematurely termninated
static inline void recv_term);

}s

The send_byte is called to get the next byte to transmit. If send byte returns the last byte of a message, a bottom
half handler will be invoked which calls the get() function of the Messaging layer. This will construct the next
message to send. This approach will construct a new message at the very last moment. The helps ensure all the data
sent is recent.
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11.4 Transceiver Layer

11.4.1 Objective
The Transceiver layer must transmit and receive a stream of bytes generated by the Packet layer. This layer could
be implemented entirely in hardware.

This protocol is based on the assumption that data cannot be sent and received at the same time. It is therefore the
responsibility of this layer to switch between the transmit and receive modes on the transceiver hardware as
instructed by the Packet layer.

11.4.2 Implementation Overview
The transceiver layer uses pulse width modulation. The data is encoded by changing the duration of a half cycle.
The input capture and output compare subsystems of the HC12 are used to encode and decode this signal.

A sync byte is used to detect the start of a packet. Once a sync byte is received, the Transceiver layer will relay each
successive byte to the Packet layer.

11.4.3 Implementation Details

The following parameters define the shape of the pulse width modulated signal sent

*  Bit Exponent - The number of bits encoded in each half cycle is 2"*b, where b is the Bit Exponent. Therefore
the number of possible half cycle duration is 2*(2”b). The Bit Exponent value must be between 0 and 3.

*  Minimum Period - The duration of the shortest period. This value must be great enough to give the HC12
adequate time to process the last received half period.

e Period Exponent - The difference in duration between different values encoded in the half cycle period. The
actual difference is 2”p where p is the Period Exponent. An exponent is used to allow quicker computation,
there is no need to divide or multiply, bit shifting will work. The transceiver used requires this value to be
between 6 and 12.

Maximum Transfer Rate

Minimum Transfer Rate

Average Transfer Rate

c
Z9b
m

;217
m+ 2p(2A2/\b—1)

c 2b
m+2 p(27(27b=1)-1)

Table 4: Transfer rate equations

11.5 Execution flow

11.5.1 Receiving data

The input capture interrupt handler in the Transceiver layer will wait for a sync byte to be received. The interrupt
will be called multiple times to receive a single byte (as it takes multiple half cycles to encode a byte). After the
sync byte is received, the Tranciever layer will call recv_byte(u8) of the Packet layer after receiving each full byte.
The recv_byte(u8) function will determine if the packet is valid. If it is invalid, or the entire packet has been
received, this function will return false which will cause the interrupt handler to switch the transceiver to send mode.
Once a complete packet has been received, the recv_byte(u8) function will flag the receive bottom half handler of
the Packet layer to run. This handler will use the last received packet identifier to invoke the commit() or dump()
function of the Messaging layer. These functions will call put() or queue() from the AtomicPool respectively to
update the atomic pool. The bottom half handler will then process the messages in the received packet by invoking
the appropriate atomic receive function or marking the received data as ready to be relayed to the computer. This
latter operation is abstracted by the RecvBuffer namespace.

On the base end, if the transceiver is in receive mode for a certain period of time, it will switch to send mode. The
robot end will remain in receive mode until a sync byte possibly followed by a valid packet is received. This helps
ensure that both ends do not transmit at the same time.
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11.5.2 Sending data

The output compare interrupt handler in the Transceiver layer will be invoked after each half period is sent. For
each byte to be sent, the send available() function in the Packet layer will be called to determine if more data needs
to be sent. If this returns true, the send byte() function will be called to get a byte to send, otherwise the transceiver
will be switched to receive mode. The send byte() function will generate the last received packet identifier and the
checksum. To generate the message data, the get() function of the Messaging layer will be called until it returns
false signifying no more messages to send or the packet reaches its maximum length. This function will call get() of
the AtomicPool layer to get the identifier of the atomic to send. The appropriate message generation function will
be invoked to create the message.

12 GPS integration

The robot microcontroller code can parse the NMEA GPGGA sentence send over the serial port from the GPS
receiver. The data of the sentence is stored in a buffer by the interrupt handler for the serial port. Once the line goes
idle, a bottom half handler is invoked to process the sentence in the buffer. In order to expedite execution, a hash
table is used to look up the weight of each ascii character in a decimal number that is part of the sentence. This
allows for quick parsing with the ability to send a 32bit integer representing latitude, longitude and height. The
same mechanism described above for sending the data is used.

13 Serial Interface

The base microcontroller uses the serial port to communicate with the computer. Interrupts are used to both send
and receive data over the serial port. The mechanism for sending data from the base transceiver to the computer is
virtually identical to the above communications protocol with a single simpler layer to replace the Packet and
Transceiver layer. The new layer features a pass through mechanism that will send data received through the
transceiver that has been confirmed to be valid directly to the computer without processing or changing it. The
computer will receive a stream of messages just like those sent in a packet consisting of a message identifier
followed by the message data.

Data sent from the computer takes the same form as that received without the difference feature. The computer
must wait for an acknowledge message for each byte of data that it sends. This provides flow control that ensures
that the computer does not send data to the microcontroller faster than it can receive it. This was found to be
necessary as an implementation without it dropped data. The data sent to the link from the computer is buffered and
the atomic is committed to be sent.

14 Graphical User Interface

14.1 Overview

The graphical user interface was programmed in C++ using Qt 3.0. Information about Qt can be found at
http://www.trolltech.com/

The code for the graphical user interface contains some code to access the serial port that is specific to Linux. For
this reason it might not work on other Unix variants and is guaranteed not to work on Windows 9x/NT or Macintosh
OS X. It would be feasible to modify this code to support these platforms code to access the serial port is produced
for each platform.

The code was compiled using Qt 3.0.3. Qt 3.0 or later is required with Qt thread support enabled.

In order to receive data over the serial port, the GUI code creates a separate thread. This thread reads the data from
the serial port and stores the data as defined by the AtomicDataSet class. The data is then displayed by the GUI.

14.2 Adding new atomics

Every atomic that the computer receives must be created and added to the recv_class_array in the
“command/atomicCollection.cc” (p.72) file. The atomic identifier defines the position in this array just as it did in
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the array for the microcontroller code explained in Adding new atomics on page 12. The object created must be
connected to the GUI with Qt signals and slots.

15 Conclusion

The final status of the remote communications subsystem is that the base station displays the location and heading of
the robot as well as the locations of the ball and hole. Our communications system sends the ball and hole GPS
coordinates at the request of the navigation subsystem (see 6. Robot Integration). The GUI displays the actual

GPS coordinates of the robot and has the ability to do basic logging of the robot’s history. Also included as a tab on
the GUI is a list of link statistics.

16 Appendices

16.1 Transceiver Module Specs

16.1.1 Transceiver Module Pin-outs

ABACom ATRT100 — Transceiver Module Pin Assignments

Pin 1-3 RF Ground

Pin 2 50Q impedance antenna connection
Pin 5,9,10,18 Ground

Pin 11 Carrier Detect (active low)

Pin 12 Receiver data out

Pin 13 Analog output of FM detector

Pin 14 Input to transmitter (0-5V)

Pin 15 Transmit Enable (active low)

Pin 16 Receive Enable (active low)

Pin 17 Vee (+5V = 10%)

Table 5: Pin Assignments

16.2 Base Station and Remote Transceiver

16.2.1 Transceiver Pin-outs

As discussed in the text, a cable having the 9-pin line connector on both sides is connected to the transceiver PCB
and to the HC12 microcontroller using the pins depicted in the table below. The nine connections from the 9-pin
connector on the HC12 are connected to the pins on the HC12 shown below in the third column.

Transceiver Module pins | 9-pin inline connector | HC12 Connection Function
1 8,9 Vce Vce
2 7 Ground Ground
3 5 Port T pin 4 Receive Enable
4 4 Port T pin 6 LED Status Indicator
5 3 Port T pin 2 Receiver Data Out
6 2 Port T pin 7 Carrier Detect
7 6 Port T pin 0 Input to Transmitter
8 1 Port T pin 5 Transmit Enable

Table 6: Pin connections
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16.2.2 Transceiver Circuit Diagram

9—pin inline connectar
LED Status Indicator

R2 DBY
LED_Status_Ind
X M 1
— P4
- o Tk
DBY
1 GND 18 GND Rx_Enabl
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6 NC Transceiver Module 13 Analog P6
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L L P2
7414 DB9
L P7
1000uF, R 089
P8
100 DBY
L 100pF L <
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Table 7: Transceiver Circuit Diagram
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16.3 Code Listing

16.3.1 Common
16.3.1.1 Definitions
16.3.1.1.1 types.h

t ypedef unsi gned char us;
typedef signed char s8;
typedef unsigned short ulé6;
typedef signed short s16;
typedef unsigned | ong u3z;
typedef signed | ong s32;

typedef u8 Atom D

16.3.1.1.2 params.h

const u8 send_buf |en = 16;
const u8 nessage_buf | en
const u8 packet _max_si ze
const u8 recv_buf _|en = 96;

192;
64;

16.3.1.1.3 SendDef.hh

nanespace Atoni cPool {
voi d add(Atom D) ;
static inline bool queued(Atom D);

i

tenplate <int I1D> class Atomc {

public:
inline void coonmt() const { Atom cPool::add(1D); }
i nline bool queued() const { return Atoni cPool::queued(ID); }
inline u8 index() const { return ID;, }

b

template <int ID, class T> class Atom:
public Atom c<ID> {
T dat a;

public:
inline void operator=(T val)

if (data == val)
return;

data = val;
conmit();

}

inline void operator++(int)

{

dat a++;
commt();

inline operator T() const
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{

return data;

}
inline int special _inc()
{
dat a++;
return | D;
}

s

16.3.1.1.4 SendArrayHeader.hh
typedef bool (*diff_send)(void *, void *, u8);

struct SendData {
di ff_send func;
us8 pos;
u8 si ze;

s
struct SendStruct send;

u8 send_buffer[send buf _|en];
u8 send_buf pos;

#i ncl ude " SendFuncti ons. hh"

#def i ne SEND(func, entry) { (diff_send)func, ((char *)&send.entry - (char
*)&send), sizeof(send.entry) }
#def i ne ZERO { 0, 0, 0}

const struct SendData send func_array[] = {

16.3.1.1.5 SendArrayFooter.hh
b

#undef SEND
#undef ZERO

const u8 atom cs = sizeof(send _func_array) / sizeof(SendData);

16.3.1.2 Protocol
16.3.1.2.1 atomicPool.hh

namespace Atoni cPool {
/1 O ass prototype
cl ass At om cLi nk;

/] Initialize the Atom cPool
static inline void init();

/1 Add an Atomic to the pool by marking it as queued
voi d add(Atom D) ;

/!l Return if an Atom c has been queued
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static inline bool queued(Atom D);

/1l Queue the Atomic as if get() didn't return it
static inline void queue(Atomn D);

/1 Dequeue the Atomc
static inline void dequeue(Aton D);

/1 Return the Atomic with the highest priority

static inline Atom D get();

/1 Returned by get() to represent that no Atonic are queued
const Atom D null I D = OxFF;

/1 Set the Atomic to the | owest priority
static inline void put(Atom D);

s

/* class Atom cLink
*
* This class provides an abstraction of an efficent doubly linked list with
a
* fixed nunber of elenments. The order of the elenments is defined by the
[i nk
* |ist.
*/
cl ass At oni cPool :: At oni cLi nk {
/1 Pointers (or indexes here) for doubly linked Iist.
u8 _hext;
u8 _prev;

/* A boolean is used to nake the operations on it atonic.

* the upper bit of the next and _prev pointers could be used but this
woul d require addi ng sorme nechani sm (probably disabling interrupts)
to ensure the operations on it are atomc. But, this would cut the
menory used by the Atom cLinks in half. */
bool _queued,;

* X X

/* This class should be a size that is a power of 2 to elimnate the
need
* for a multiply instruction when indexing an elenment in the array[]
*/
u8 filler;

/] Static array that all Atom cLinks are part of.
static class Atom cLink array[];
public:
/1 Move this el enent before the paraneter
inline void nmove(Atom cLink *el em

{
/! Renove for current position
array[_prev]._next = _next;
array[_next]. _prev = _prev;

/1 Insert this above el em
_prev = elem> prev;
elem> prev = array[_prev]._next = this - array;
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_next = elem- array;

}

/1 Return pointer to next Atom cLink in |ist
inline Atom cLink * next()

{
}

// Return the index of this Atom cLink
inline operator Atom IX)

{
}

/1 Mani pul ate the queued fl ag

i nline bool queued() { return _queued; }
inline void set_queued() { _queued = true; }
inline void clr_queued() { _queued = fal se; }

return &array[_next];

return this - array;

/1l Return last AtomicLink in |ist.

/1 This Atom cLink doesn't represent an actual atomc.

/1 1t is a place holder to establish a first and | ast Atom cLink
static inline AtomcLink * entry()

{
}

/1 Return the Atom cLink correspondi ng the paraneter index ID
static inline Atom cLink & i ndex(Atom D I D)

{
}

/[l Initialize the link list and clear the flags
static inline void init()

{

return &array[ atomcs];

return array[I|D];

/[* The link list nmust be initialized, giving each valid
* Atom cLink sonme arbitrary positionin the link list. */
u8 last_valid = atomcs;
for (u8 i = 0; i < atomcs; i++) {

if (!'send func_array[i].func)

conti nue;

array[i]. _prev = last_valid;

last _valid = i;
}

array[atom cs]. _prev = last _valid;

u8 next _valid = atomcs;

for (u8 i = atomcs - 1; i !'= OxFF;, i--) {
if (!'send_func_array[i].func)
conti nue;

array[i]._next = next_valid;
next valid = i;

}

array[atom cs]._next = next_valid;
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s

/[* Initialize the static array of all the Atom cLinks.

* Create one extra AtonmicLink to be a place holder to establish a first and
* last elenment in the list. */

cl ass Atom cPool :: Atom cLi nk Atom cPool :: Atom cLink::array[atom cs + 1];

static inline void Atom cPool::init()
{
Atom cLink::init();
}
voi d At omi cPool : : add( At om D | D)
{
At om cLi nk &tom = Atom cLi nk::index(ID);
if (!'atom queued()) {
atom set _queued();
/* Signal that an atomic is ready to be sent.
* This is used by the link mcro-controller to start sending
* data over the serial port if it is currently idle. */
atom dat a_ready();
} else {
[* If this atomc is already queued, increnent the dropped data
* count. W can not call add(Atom D) (this function) |like we
* can everywhere else as it will cause an infinite nunber of
* recursive calls if the dropped atomic is already queued. */
At om cLi nk: : i ndex( At om cDr opped. special _inc()).set_queued();
}
}
static inline bool Atom cPool::queued(Atom D ID)
{
return Atom cLi nk::index(ID).queued();
}
static inline void Atom cPool ::queue(Atom D | D)
{
At om cLi nk: :i ndex(ID).set_queued();
}
static inline void Atom cPool : : dequeue(Atom D | D)
{
At om cLink: :index(ID).clr_queued();
}

/* Search through the Atom cLinks starting with the first in the list until
one

* that is nmarked as queued is found. |If no Atom cLinks are marked as queued
* then return nulllD

*

* dueue(Atom D) nust be called right after the nmessage to be sent has been
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* formed for the atomc returned by get(). This is not taken care of in
get ()

* to prevent sending the sane data twice in the event that add(Atom D) is
* called in an interrupt between the time get() returns and the data to be
sent

* is copied fromthe send structure.

*

* This algorithum has a conplexity of ohn(1l) and Q(n) where

* n = (the nunber of atomcs).

* The best and worse case time are well defined but are substantially

di fferent.

* This algorithumtherefore can take a substantially different anpbunt of
time

* to run depending on the circunstances. This can be a source of problens
on

* amcro-controller in which the processor tine is fully utilized. */
static inline Atonl D Atom cPool :: get()

{
At om cLink *atom = Atom cLink::entry()->next();
while (!atom >queued()) {
atom = atom >next () ;
if (atom== Atom cLink::entry())
return nulll D
}
return *atom
}
static inline void Atom cPool :: put (Atom D | D)
{
At oni cLi nk: : i ndex(1D).mve(AtonicLink::entry());
}

16.3.1.2.2 messageBuffer.hh

/1 Interface

nanespace MessageBuffer {
/1 Initialize the MessageBuffer
static inline void init();

/1 Conpose a new nmessage and place it in the send buffer
static inline bool get();

/] Commit all the nessages sense the last commit to the sent buffer
static inline void conmmit();

/1l Requeue all the atom cs and clear the nessage buffer
static inline void dunp();

}s

/1 Internal data

nanespace MessageBuffer {
/1 Message buffer to store sent data before we know if it was received.
u8 message_ buffer[nessage buf len];
u8 message_buf _pos;
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/1 Sent buffer has the sanme structure as the send struct, containing
/1 data known to have been received.
u8 sent[sizeof (SendStruct)];

b
static inline void MessageBuffer::init()
{

nmessage_buf _pos = O0;

/* Clear the sent buffer (all zeros is the intial known state) */

for (U8 i = 0; i < sizeof(SendStruct); i++)

sent[i] = 0;

}
/* Fill the send buffer with a nessage and setup the nessage buffer to all ow

* conmitting the sent data to the sent buffer if it is confirned to have
been
* sent. */
static inline bool MessageBuffer::get()
{

/1 Get the next atonmic to send

Atom D | D = Atom cPool ::get();

if (ID == Atom cPool::nulllD)

return fal se;

/1 Clear the buffer (this buffer grows down)
send_buf _pos = send_buf | en;

/1 Fill nessage buffer
nessage_ buffer[ nessage_buf _pos++] = ID

u8 size = send func_array[I|D]. size;
bool diff;
if (size) {
/1 Find the position of the atomic in the send buffer

u8 pos = send func_array[|D]. pos;

voi d *dst
void *src

(void *)&message_buf fer[ message_buf_pos];
& ((char *)&send)][ pos]);

/* The data that needs to be sent is copied into the nessage

* puffer with interrupts disabled. This prevents an interrupt
* fromwiting the the atomic in the middle of the copy.

* The atonmic is then dequeued. Refer to atomi cPool.hh for an
* expl anati on of why dequeue is called here */

ock();

mencpy(dst, src, size);

At omi cPool : : dequeue(I D);

unl ock();

nessage buf pos += size;
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/1 Call the appropriate function to generate the data for this
atom c

diff = send_func_array[1D].func(
dst,
(void *)&sent[pos],
si ze);

} else {

diff = fal se;

l ock();

At omi cPool : : dequeue(ID);

unl ock();

}

/1 Wite header
send_buffer[--send_buf_pos] = (ID << 1) | diff;

return true;

}
static inline void MessageBuffer::commt()
{
/1 Enunerate each nessage in the nessage buffer and commit it to the
/1 sent buffer.
for (u8 i = 0; i < message_buf pos;) {
Atom D I D = nmessage_buffer[i ++];
At omi cPool : : put (1 D);
u8 pos = send func_array[|D]. pos;
u8 size = send_func_array[|D]. si ze;
nmencpy( &sent [ pos], &nmessage buffer[i], size);
i += size;
}
/1 O ear message buffer
nessage buf pos = O;
/1 i == nessage_buf _pos, if not BUG
}
static inline void MessageBuffer::dunp()
{

/1 Enunerate each nessage in the nessage buffer and requeue it to the
/1 atomic pool to be sent again.
for (u8 i = 0; i < message_buf_pos;) {

Atom D | D = nessage_buffer[i ++];

At om cPool : : queue(l D);

i += send_func_array[|D].size;

}

/1 C ear message buffer
nessage_buf pos = 0;
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/!l Increment the | ost count
::send. conmon. | i nk. | ost ++;

}

16.3.1.2.3 packet.hh

/] Interface

nanespace Packet {
/1 Initialize the Packet |ayer
static inline void init();

/1 Return true if nore data is availible for the current packet
static inline bool send_availible();

/1 Return a byte to send for the current packet
static inline u8 send_byte();

/1 Passed byte received
static inline bool recv_byte(u8);

/1l Called if receive sequence is prematurely terninated
static inline void recv_term();

}s

/1l Internal Data
nanespace Packet {

/1 Defines if |ast packet sent has been confirnmed to have been sent or
not

bool | ast_confirnmed;

/1 Checksumidentifiers packets sent and recieved
u8 recv_| ast_packet;
u8 send_t his_packet;
u8 send_I| ast _packet;

/1 Bytes sent in packet
u8 send_I engt h;

/1 Runni ng checksum of sent packet
u8 send_checksum

/]l State of data availibility fromsend bottomhalf for interrupt
handl er

bool availi bl e;

bool pendi ng;

/1 Runni ng checksum or received packet
u8 recv_checksum

/1 Position within a nessage in a packet
u8 recv_nsg_pos;

/!l Reset receive state to receive a new packet
static inline void recv_end();

// Bottom hal f handel ers
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bool run_bh_send;
static inline void bh_send();

bool run_bh recv;
static inline void bh_recv();

static inline void bottom half_handler();

}s

static inline void Packet::init()
{
run_bh_send fal se;
run_bh_recv fal se;
| ast _confirnmed = fal se;

recv_| ast packet
send_t hi s_packet
send_| ast _packet
send_| ength = 0;

0;
0;
0;

recv_end();

}

#def i ne MSG_CHECKSUM OxFF

/* The function constructs a packet to be sent by the send_byte function */
static inline void Packet::bh send()
{
if (last_confirnmed) {
if (send_length < packet_max_size &&
MessageBuffer::get()) {

/1 Al'low send_byte to send the data in send_buffer

/1 created by MessageBuffer::get()

pendi ng = fal se;

availible = true;

send_length += send_buf |en - send_buf_pos;

for (u8 i = send_buf _pos; i < send_buf len; i++)
send_checksum += send_buffer[i];

return;

}

/1 Put a the checksum at the end of the packet
send_buf _pos = send_buf len - 2;
send_buffer[send_buf pos] = MSG CHECKSUM
send_buffer[send_buf pos+l] = send _checksum

pendi ng

= fal se;
availible =

fal se;
if (send_length) {

/1 Reneber this packet as the | ast sent
send_| ast _packet = send_this_packet;
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if (send_|ast_packet == send_checksun
send_t his_packet = ~send_checksum
el se
send_t hi s_packet = send_checksum

}

/1 Cear confirmed flag
/1 Set if packet is confirmed to have been sent
| ast _confirned = fal se;

/1 Reset to send a new packet
send_length = O;
send_checksum = 0;

/1 Update Status
_io_ports[M812 PORTT] &= ~(1 << LED PORT);
::send. conmon. | i nk. sent ++;

return;
} else {

/1 Send a dummy packet if the |ast packet wasn't confirned to

/1 have been sent or not. W can't continue until we know the
/1 state of the data at the other end.

send_buf _pos = send_buf | en;
send_buffer[--send_buf_pos]

send_buffer[--send_buf_pos]

recv_| ast_packet;
M5G_CHECKSUM

pendi ng

= fal se;
availible =

fal se;

send_l ength = O;
send_checksum = 0O;

/1 Update Status

_io_ports[M812_PORTT] &= ~(1 << LED _PORT);
::send. conmon. | i nk. sent ++;

return;

}

/!l Return if the send bottom half has nore data to send
static inline bool Packet::send availible()

{
if (send_buf _pos == send_buf | en)
return availibl e;
return true
}

static inline u8 Packet::send byte()

/1 1f the bottomhalf didn't finish in time send a filler byte
if (pending) {

send_| engt h++;

return filler_nessage();
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/1 1f this is the last byte in the buffer, enable the bottom hal f
/] to generate nore data to send
if (send_buf_pos == send_buf _len - 1 & availible) {

run_bh_send = true;

pendi ng = true;

}

return send_buffer[send_buf_pos++];

[* This recv_byte function deternmines if the recieved packet is valid wthout
* the assistance of a bottomhalf. This is likely the primary perfornmace
bottl e neck.

* Changing this to be done outside the interrupt could substantially inprove
t he

* maxi num data rate.

* The robot and link use distinctly different nethods for handling recieved
dat a

* for this reason the recieve buffer has been abstracted to allow the sane
reci eve

* code for both. Like everything else hopefully the conpiler can inline
this. */

static inline bool Packet::recv_byte(u8 byte)

/1 lgnore first byte, the last recieved packet identifier
/1 used by bottom half
if (RecvBuffer::put_size()) {
if (!'recv_nsg_pos) { /1 If this is the start of a nessage
static bool in_checksum

if (in_checksum {
/1 Check checksum
if (recv_checksum == byte) {
if (RecvBuffer::put_size() != 1) {
[l If this is not a dunby packet set it

as
/1 the last recieved packet
if (recv_|ast_packet == recv_checksum
recv_| ast_packet = ~recv_checksum
el se

recv_| ast _packet = recv_checksum

}

/! Run the bottom half handl er
run_bh recv = true;

/1l Commt the received data. Only used on the
/1 link end to start the data pass through
RecvBuffer::put_conmt();

recv_end();

} else {
::send. common. | i nk. BadChecksumt+;
recv_term));
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}

i n_checksum = fal se;
return fal se

}

if (byte == MSG_CHECKSUM ({
i n_checksum = true;
return true;

}

/] Check if this is a valid nessage identifier
if (byte >= MessageBuffer::nessages()) {
::send. common. | i nk. Mal f or med++;
recv_term);
return fal se

}
recv_nsg_pos = MessageBuffer::nsg_size(byte);

/1 Check if this will remain withing the packet size limt
if (RecvBuffer::put_size() + recv_nmsg_pos >= recv_buf _len -

2) {
: 2 send. common. | i nk. Mal f or ned++;
recv_term);
return false;
} else
recv_mnsg_pos--;
}
/1 Handl e a buffer overflow (This has never been known to happen)
if (RecvBuffer::put_can()) {
recv_checksum += byte;
RecvBuffer::put(byte);
} else {
::send. conmon. | i nk. Buf f er Over f | ow++;
recv_term));
return fal se;
}
return true
}
static inline void Packet::recv_end()
{

/1 Set the first byte of the next packet to be sent,
/1 the last packet received identifier.

send_buf _pos = send _buf len - 1
send_buffer[send_buf_pos] = recv_| ast_packet;
send_checksum = recv_| ast _packet ;

pendi ng

= fal se;
availible =

true,

/1 Clear vars to receive next packet
recv_checksum = 0;
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recv_nsg_pos = 0;

}

static inline void Packet::recv_term))

{
/1 Mark data just received as bad
RecvBuffer::put_dunmp();
recv_end();

}

static inline void Packet::bh_recv()

{

u8 header = RecvBuffer::get first();

/1 1 nform Message Buffer |ayer of success or failure of |ast
transmition
if (header == send_this_packet) {
| ast_confirmed = true;
MessageBuffer::commt();
} else if (header == send_| ast _packet) {
send_t his_packet = send_| ast_packet;
| ast_confirmed = true;
MessageBuf fer:: dump();

}
MessageBuf fer: : put _good();
}
static inline void Packet::bottom half_handl er()
{
if (run_bh_recv) {
run_bh recv = fal se;
bh_recv();
}
if (run_bh_send) {
run_bh _send = fal se;
bh_send();
}
}

16.3.1.2.4 transciever.hh

#defi ne SYNC_BYTE OxFF

/* Data I/ O port assignnents on port T */

#defi ne | N PORT 0
#defi ne QUT_PORT 2

#def i ne RX_PORT 4
#defi ne TX PORT 5
#def i ne CD_PORT 7

/* Timer Prescal er 2”val <= 32 */
#defi ne TI MER PRESCALE O;
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/* Nunmber of bits to send per period 2*val <= 8 */
#defi ne Bl T_EXPONENT 1

/[* Mnimumtinme of period */
#defi ne M N_PERI OD 640 /1 Wbrks between (1024 and 320(bit flaky))

/* Time added val *2”val */
#defi ne PERI OD_EXPONENT 6

[* Tinme to wait before transmiting */
#def i ne SEND DELAY 50 /1 2 works

#define TI MEQUT_PERI OD OxFFFF

#define BIT_MASK (OxFF >> (8 - (1 << BI T_EXPONENT)))

#define _tc_regs ((volatile unsigned short *)& io_ports[M812_TCO])

nanespace Tranciever ({
usi ng Packet::send_availi bl e;
usi ng Packet::send_byte;
usi ng Packet::recv_byte;
usi ng Packet::recv_term

static inline void init();

static inline void set_output();
static inline void clr_output();

static inline void send node();
static inline void recv_node();

void _attribute_((interrupt)) send_handl er(void);
void attribute_((interrupt)) pre_handl er(void);
void attribute_((interrupt)) recv_handl er(void);
void __attribute_ ((interrupt)) tinmeout_handl er(void);

unsi gned char pre_state;

unsi gned char send_state;
unsi gned char send_buffer;
unsi gned char recv_state,;
unsi gned char recv_buffer;

unsi gned char usin

b
static inline void Tranciever::init()

/1 Enable Tinmer System
_io_ports[Me812 TSCR] = 0x80;

/1 Set Timer prescaler
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/1 and (optional) Enable timer overflow interupt
_io_ports[Ms812_TMSK2] = TI MER_PRESCALE; //0x80 | TIMER _PRESCALE;

/1 For wutilization part
set _tiner_counter(0);
_io_ports[M6812_TFLG&2] = 0x80;

/1 Set ports to input capture or output conpare
/1 [ EBach bit corresponds to a T port ]

/1 [ O =input capture, 1 = output conpare ]
_io_ports[Ms812 TICS] = 1 << QUT_PORT;

/1 Set input action
#if IN_PORT > 3

_io_ports[M812 TCTL3]
#el se

_io_ports[M812 TCTL4]
#endi f

0x03 << ((IN_PORT - 4) << 1);

0x03 << (I N_PORT << 1);

[l Setup port T

_io_ports[Me812_DDRT] =
(1 << LED_PORT) |
(1 << RX_PORT) |
(1 << TX_PORT);

recv_state = 0;
recv_buffer = ~SYNC BYTE;

//setup interrupt vector
*((int *)(0x0B2E - QUT_PORT*2)) = (int)pre_handler
*((int *)(0x0B2E - IN PORT*2)) = (int)recv_handl er;

recv_node();

}
static inline void Tranciever::set_output()
/1 Set output action on output conpare

#if OQUT_PORT > 3
_io_ports[ M6812_TCTL1]

0x01 << ((QUT_PORT - 4) << 1);
f#el se

_io_ports[M812 TCTLZ2] 0x01 << (QUT_PORT << 1);
#endi f

}

static inline void Tranciever::clr_output()

/1 Set output action on output conpare
#if OUT_PORT > 3
_io_ports[M6812_TCTL1] = 0x02 << ((QUT_PORT - 4) << 1);
#el se

_io_ports[M6812 TCTLZ2] 0x02 << (QUT_PORT << 1);
#endi f

}

static inline void Tranciever::send_node()
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}

set _output();

/1l Set Tranciever to transmt node

/1 _io_ports[M812_PORTP] = 0x80;

_io_ports[Ms812 PORTT] = (1 << TX PORT) |
(_io_ports[ M812_PORTT] & (1 << LED PORT));

/1 Set interrupt to run after SEND DELAY tinme

/1 _tc_regs[QUT_PORT] =_io_ports[Ms812 TCNT] + SEND DELAY,
_tc_regs[QUT_PORT] =_io_ports[Ms812 TCNT] + M N_PERI OD;
pre_state = SEND DELAY;

send_buffer = SYNC BYTE;
send_state = 8 / (1 << BI T_EXPONENT);

*((int *)(0x0B2E - OQUT_PORT*2)) = (int)pre_handler;

/1l dear Interrupt flag
_io_ports[Me812 TFLGL] = 1 << QUT_PORT;

/1 Set only the send interrupt
_io_ports[M6812_TMBK1] = 1 << QUT_PORT;

static inline void Tranciever::recv_node()

{

}

clr_output();
*((int *)(0x0B2E - QUT_PORT*2)) = (int)timeout_handl er;
_tc_ regs[ QUT_PORT] =_io_ports[M6812 TCNT] + TIMEQUT PERI OD;
usin = 5; /1 1 Works at best
/1 Set Tranciever to recieve node
/1 _io_ports[ M6812 PORTP] = 0x40;
_io_ports[M6812_PORTT] = (1 << RX_PORT) |
(_io_ports[ M812_PORTT] & (1 << LED PORT));
/1 Clear Interrupt flag

_io_ports[M812 TFLGL]
_io_ports[M812 TFLGL]

1 << | N_PORT;
1 << QUT_PORT;

/1 Set only the recv interrupt
_io_ports[M6812_TMSK1l] = (1 << IN_PCRT) |
(1 << QUT_PORT);

voi d Tranci ever::timeout_handl er (voi d)

{

if (lusin) {

#i f def MASTER_TRANCI EVER

::send. tineout ++;
recv_term);
send_node();
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#el se

_io_ports[M6812_PORTT] |= (1 << LED PORT);
#endi f
}
usin--;
_io_ports[Me812_TFLGl] = 1 << QUT_POCRT;
}
voi d Tranci ever: :pre_handl er (voi d)
{
if (!pre_state)
*((int *)(0x0B2E - QUT_PORT*2)) = (int)send_handl er
el se
pre_state--,;
_tc_regs[ QUT_PORT] += M N_PERI OD
_io_ports[Ms812_TFLGL] = 1 << QUT_PORT;
}
voi d Tranci ever::send_handl er (voi d)
{
if (!send_state) {
if (send_availible()) {
send_buffer = send _byte();
send state = 8 / (1 << BIT_EXPONENT) - 1;
} else {
recv_node();
}
} else

send_state--;

/[* Set next edge tine */
_tc_regs[ QUT_PORT] +=
M N PERI OD + ((send_buffer & BI T_MASK) << PERI OD_EXPONENT) ;

/* Shift to next set of bits */
send_buffer >>= (1 << BI T_EXPONENT);

_io_ports[Ms812 TFLGL] = 1 << QUT_PORT;

#define BIT EXP. COWP (8 - (1 << Bl T_EXPONENT))

voi d Tranci ever::recv_handl er(voi d)

{

static unsigned short | ast;

unsi gned short diff = tc_regs[I N PORT] - |ast;
last = tc_regs[|N PORT];

/1 Transformdiff froma half cycle period to an integer representing
/] the actual data sent in that period at the upper bits of a byte.
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/1 This bizzar method of using the upper bits inproves the performance
/1 of this function for the particular settings that work with the

/1 tranciever.

diff -= MN_PERIOD - (1 << (PERI OD_EXPONENT - 1));

di ff >>= PERI OD_EXPONENT - BI T_EXP_COWP;

if (diff >= (1 << (BIT_EXPONENT + 1)) << BI T_EXP_COW) {
/1 diff is outside data range, term nate receive
if (recv_state) {
recv_term);
send_node();
recv_state = 0;

recv_buffer = 0;

} else {
/1 Store byte segnment into byte receive buffer
recv_buffer |= diff & (OxFF << BI T_EXP_COWP) ;

if (recv_state == 8 / (1 << BIT_EXPONENT)) {
if (recv_byte(recv_buffer))
recv_state = 1,
el se {
/1l Al data received, switch to send node
send_node();
recv_state = 0,

recv_buffer = 0;
} else {
if (recv_state) {
recv_st at e++;
} else if (recv_buffer == SYNC BYTE)
/1 Sync received, now accept data
recv_state = 1,

/1 Shift byte buffer to accept next byte segnent
recv_buffer >>= 1 << BI T_EXPONENT,;

}
}
_io_ports[M6812_TFLGL] = 1 << | N_PORT;
}
16.3.1.2.5 sendFunctions.hh
#def i ne add(val) { send_buf_pos -= sizeof(val); \

*(__typeof _(val) *)(&send_buffer[send_buf_pos]) = val; }

#define sO-(val) (val < -128 || val > 127)
#defi ne uOF(val) (val > 255)

bool send_null (void *, void *)

{
}

bool send_c8(u8 *newbata, u8 *ol dData, u)

return fal se;

38



add(*newDat a) ;
return false;

bool send s16(s16 *newbData, sl16 *ol dData, u8)
s16 diff = *newbData - *ol dDat a;

if (sOF(diff)) {
add(*newDat a) ;
return fal se;

} else {
add((s8)diff);
return true;

bool send_s32(s32 *newData, s32 *ol dData, u8)
s32 diff = *newbData - *ol dDat a;

if (sOF(diff)) {
add(*newDat a) ;
return fal se;

} else {
add((s8)diff);
return true;

bool send ul6(ul6 *newbData, ul6 *ol dData, u8)
ule diff = *newbData - *ol dDat a;

if (uoF(diff)) {
add(*newDat a) ;
return fal se;

} else {
add((u8)diff);
return true;

bool send_u32(u32 *newbData, u32 *ol dData, u8)
u32 diff = *newbata - *ol dDat a;

if (uoF(diff)) {
add( *newDat a) ;
return fal se;

} else {
add((u8)diff);
return true;
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}

bool send_GPS(GPSPosition *newbata, GPSPosition *ol dDat a)

/1 Difference feature uninpl enented
add(*newDat a) ;
return fal se;

}
bool send_GPSMessage( GPSMessage *newDat a, GPSMessage *ol dDat a)

add(*newDat a) ;
return false;

}

#undef add
#undef sOF
#undef uOF

16.3.1.3 Atomic Structures
16.3.1.3.1 CommonStruct.hh

/* Every Atomic here nust be reflected in CormobnSendArray */

struct GPSPosition {
s32 | atitude;
s32 | ongi t ude;

s

struct GPSMessage {
u8 sat _qual ;
struct GPSPosition cordi nat e;
s32 hei ght ;
ule di lution;

s

struct LinkStatusStruct {
At onx0, u32> At omi cDr opped;
At onkl, u32> | ost;
At onx2, u32> sent;
At onx3, u32> Buf f er Over fl ow;
At onk4, u32> BadChecksum
At onk5, u32> Mal f or ned;

s

struct CommonStruct {
struct LinkStatusStruct |ink;
}s

16.3.1.3.2 CommonSendArray.hh

SEND( send_u32, conmmon. | i nk. At om cDr opped),
SEND( send_u32, common. |ink. | ost),

SEND( send_u32, comon. link.sent),

SEND( send_u32, common. | i nk. Buf ferOverfl ow),
SEND( send_u32, conmon. | i nk. BadChecksum,
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SEND( send_u32, conmon. | i nk. Mal f or ned),
ZERO,

16.3.1.3.3 RobotSendStruct.hh
/* Every Atomic here nust be reflected in Robot SendArray. hh */

struct GPSStruct
public Atom c<8>,
publ i c GPSMessage {};

struct SendStruct {
struct CommonStruct conmon;

At om c<7> reset;
struct GPSStruct GPS;

At onx9, u8> pot1,
At onx10, u32> badMessages;

Atom c<11> filler;

/1 Integration Data
At onx16, ul6> headi ng;
At onx37, u8> bal | _hol e;

s
#define LAST LOCAL ID 11

16.3.1.3.4 RobotSendArray.hh

SEND(send_nul |, reset),
SEND( send_GPSMessage, GPS),
SEND( send_c8, potl),
SEND( send_u32, badMessages),
SEND(send_nul I, filler),
ZERO,
ZERO,
ZERO,
ZERQ,
SEND( send_s16, headi ng),
16.3.1.3.5 RecvStruct.hh

struct RecvStruct {

struct GPSPosition bal | ;
struct GPSPosition hol e;
b
16.3.1.4 Makefile
obj ects := $(patsubst %cc, %o, $(wildcard *.cc))

hcl12.s19 : hcl2.elf
n6812-el f - obj copy --output-target=srec --only-section=.text --only-
section=.rodata --only-section=.vectors $< $@

hcl2.elf : $(objects)

41



n6812-el f-gcc -n68hcl2 -nshort -o $@$(objects) ./../lib/libutil.a
./..lconfig/ nm8hcl2-eval / menory. x

%o : %cc %d
n6812-el f - g++ -n68hcl2 -nshort -ffixed-z -fomt-franme-pointer -nsoft-

reg-count=0 -Wall -Gs -1./../include -1../common -1. -c $< -0 $@
%d : %cc
set -e; $(CPP) -1./../include -1../comon -1. -MM $< \

| sed -e "s/\($*\)\.o] :]*/\1l.0 $@: /g > $@ \
[ -s $@] || rm-f $@

i ncl ude $(objects:.o=.d)

cl ean: :
rm-f *.d
rm-f *.elf
rm-f *.s19
rm-f *.o0
16.3.2 Robot

16.3.2.1 main.cc
#i ncl ude <string. h>

#i ncl ude <sys/ I ocks. h>
#i ncl ude <sys/ports_def. h>
#i ncl ude <sys/ports. h>

#i nclude "types. h"
#i ncl ude "parans. hh"

#i ncl ude " SendDef. hh"
#i ncl ude " ConmmonStruct. hh"
#i ncl ude " Robot SendStruct. hh"

/1

#i ncl ude " SendArrayHeader. hh"
#i ncl ude "ComonSendArray. hh"
#i ncl ude "Robot SendArray. hh"
#i ncl ude " SendArrayFooter. hh"

struct Small Cordi nate {

short ball _| ongitude;
short bal | _| atitude;
short hol e_| ongi t ude;
short hol e | ati tude;
} smal | Cord;
bool bal | Avail, hol eAvai l

static inline void atomdata_ready(void) {}

typeof (::send. common. | i nk. At om cDr opped) &At om cDropped =
;. send. common. | i nk. At om cDr opped,;
static inline u8 filler_nessage()

{
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}

return send.filler.index();

#define LED PORT 6

#i
#i

#i

#i
#i
#i

#i

#i

#i

ncl ude
ncl ude

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

ncl ude

ncl ude

"at om cPool . hh"
"messageBuf fer. hh"

"spilnterface. hh"
"RecvStruct. hh"

" Recv. hh"
"messageRecv. hh"
" packet . hh"

“tranci ever. hh"

"gpslnterface. hh"

int main()

{

At omi cPool ::init();

RecvBuffer::init();

MessageBuffer::init();
Packet::init();

for

(u8 i = 0; i < sizeof(send); i++)
((char *)&send)[i] = 0;

_io_ports[ M6812_ATDOCTL2]
_i0o_ports[ M6812 ATDOCTLA4]
_io_ports[ M6812_ATDOCTL5]

0x80;
0x81;
0x63;

bal | Avai
hol eAvai

= fal se;
= fal se;
Tranciever::init();
Interface::init();
SerialPort::init();

while (1) {
for (unsigned int i = 0; i < OxO0FF;
Packet :: bottom hal f _handl er();
Interface::bottom);
Serial Port::bottomhal f();

}

send. potl = (
_io_ports[ M6812_ADROOH]
_io_ports[ M6812_ ADRO1H]
_i0o_ports[ M6812_ ADRO2H]
_io_ports[ M6812_ ADRO3H]
_io_ports[ M6812_ADRO4H]
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_io_ports[Mc812 ADROSH] +
_io_ports[Mc812 ADRO6H] +
_io_ports[M812_ADRO7H]) >> 3;

}

16.3.2.2 Definitions
16.3.2.2.1 Recv.hh

typedef void (*diff_recv)(void *, void *, u8);

struct RecvData {
diff_recv func;
us8 pos;
ug si ze;

s
struct RecvStruct recv,

#i ncl ude "RecvFuncti ons. hh"

#def i ne RECV(func, entry) { (diff_recv)func, ((char *)&ecv.entry - (char
*)& ecv), sizeof(recv.entry) }

const struct RecvData recv_func_array[] = {
#i ncl ude "RecvArray. hh"

b
#undef RECV
const u8 recv_funcs = sizeof (recv_func_array) / sizeof(RecvData);

16.3.2.2.2 RecvArray.hh
{ (diff_recv)recv_filler, 0, 0},
{ (diff_recv)recv_start, 0, 0},
{ (diff_recv)recv_stop, 0, 0},
RECV(recv_ball, ball),
RECV(recv_hol e, hole),

16.3.2.3 Imperative
16.3.2.3.1 messageRecv.hh
nanespace RecvBuffer {
u8 buffer[recv_buf_Ilen];
u8 pos;

static inline void init();

static inline bool put_can();
static inline void put(u8);
static inline u8 put_size();
static inline void put_conmit();
static inline void put_dump();

static inline bool get_avail (u8);
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static inline u8 get fi

rst();

static inline u8 *get(ud);

s

static inline void RecvBuffer

{
}

static inline bool RecvBuffer

{

pos = 0;

crinit()

1 put _can()

return pos < recv_buf len;

}

static inline void RecvBuffer

buf fer[ pos++] = val;

}

Dl put(u8 val)

static inline u8 RecvBuffer::put_size()

{
}

static inline void RecvBuffer

{
}

static inline void RecvBuffer

{
}

static inline bool RecvBuffer

{

return pos;

pos = 0O;

return val < pos;

Dput_commit ()

;o put _dunp()

;. get_avail (u8 val)

}
static inline u8 RecvBuffer::get first()
{
return buffer[0];
}

static inline u8 * RecvBuffer

{
}

return &buffer[val];

nanespace MessageBuffer {

;. get(u8 val)

static inline void put_good();

static inline u8 messages();
static inline u8 nsg_size(AtomD);
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static inline void MessageBuffer::put_good()

/'l For each message received execute the appropriate function
for (u8 i = 1; RecvBuffer::get_avail(i);) {
Atom D ID = *RecvBuffer::get(i++);

bool diff = 1D & 0x01;
ID >>= 1;

u8 pos = recv_func_array[I|D]. pos;
u8 size = diff ?2 1 : recv_func_array[lD].si ze;

recv_func_array[1D].func(
(void *)RecvBuffer::get(i),
(void *)((char *)& ecv + pos),
si ze);

i += size;

}

/1 Clear buffer
RecvBuf fer::put_dunp();

}
static inline u8 MessageBuffer::nessages()
{
return recv_funcs * 2;
}

static inline u8 MessageBuffer::nsg_size(Aton D | D

{
if (ID & 1)
return 1;
el se
return recv_func_array[I D >> 1]. si ze;

}

16.3.2.3.2 RecvFunctions.hh
void recv_filler(void *, void *, u8)

{
}

void recv_start(void *, void *, u8)

// Start Command
}

void recv_stop(void *, void *, u8)

/1 Stop Command
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void recv_generic(u8 *srcData, u8 *dstData, u8 size)

{
for (u8 pos = 0; pos < size; pos+t)
dst Dat a[ pos] = srcDat a[ pos] ;
}

void recv_ball (GPSPosition *srcbhData, u8 *dstData, u8 size)
{

smal | Cord. bal | _| ongi t ude = srcDat a- >l ongi t ude;
smal | Cord. ball latitude = srcData->l atitude;
bal | Avail = true

}

void recv_hol e(GPSPosition *srcData, u8 *dstData, u8 size)

{

smal | Cord. hol e_| ongi tude = srcDat a- >l ongi t ude;
smal | Cord. hole_|l atitude = srcData->l atitude;
hol eAvai |l = true;

}

16.3.2.4 Interface
16.3.2.4.1 gpsinterface.hh

#def i ne BUFFER_LEN 82
#i ncl ude <sys/sio. h>

nanespace Serial Port {
void _attribute_((interrupt)) sci_handl er(void);

static inline void init();
static inline void bottomhal f();
static inline bool parse();

char buffer[ BUFFER_LEN] ;
char pos;

bool run_bottom

s

void attribute_ ((interrupt)) Serial Port::sci_handl er(void)

{
char state = _io_ports[M812 SCOSR1];

if (state & M6812_I DLE) {
pos = 0;
run_bottom = true;

}

if (state & M6812_RDRF) {
if (pos == BUFFER LEN - 1) {
/1 send. common. | i nk. Buf f er Over f | ow++;
pos = 0;
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}

buf fer[ pos++] = serial _recv();
} else
serial _recv();

static inline void SerialPort::init()

{

/1

}

serial _baud(4800);
serial _init();

run_bottom = fal se
pos = 0;

*((int *)Ox0B16) = (int)sci_handler;
_io_ports[M812 HPRIQ = 0x16;

serial _set_rx_int();
serial _set _idle_int();

static inline void SerialPort::bottom half()

{

}

const

const

if (run_bottonm {
/I parse();
if (!parse())
send. common. | i nk. Buf f er Over f | owt+;
run_bottom = fal se;

char header[] = "$GPGA, “;

| ong decimal _array[][16] = {
{ 0, 60000000, O, 0, 0, 0, O, O, O, O, O, O, O, O, O, O},
{ 0, 6000000, 12000000, 18000000, 24000000, 30000000, 36000000,

42000000, 48000000, 54000000, O, O, O, 0O, O, O},

{ 0, 600000, 1200000, 1800000, 2400000, 3000000, 3600000, 4200000,

4800000, 5400000, O, O, O, O, 0, O 1},

{ 0, 100000, 200000, 300000, 400000, 500000, 600000, 700000, 800000,

900000, 0, 0, 0, 0, 0, O 1},

{ 0, 10000, 20000, 30000, 40000, 50000, 60000, 70000, 80000, 90000, O,
Oy Oy O }1
0, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, O, O, O, O,

, 100, 200, 300, 400, 500, 600, 700, 800, 900, O, O, O, O, O, O 1},
10, 20, 30, 40, 50, 60, 70, 80, 90, O, O, O, O, O, O }
, 1, 2, 3, 4, 5 6, 7, 8 9, 0,0, 0,0, 0, 0 }

P e L L T,
oo

3

char short_decinmal _array[][16] = {
{ 0, 100, 200, 300, 400, 500, 600, 700, 800, 900, O, O, 0,0 ,0, O},
{ o0, 10, 20, 30, 40, 50, 60, 70, 80, 90, O, O, 0,0 ,0, O}
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const char snall _decinmal _array[ 16] =
{ o, 10, 20, 30, 40, 50, 60, 70, 80, 90 }

#def i ne COMMA_ CHECK if (buffer[pos++] !'=",") return fal se
static inline bool SerialPort::parse()

{

/ 1 $GPGGA, 005108, 3403. 9857, N, 10654. 4168, W 1, 05, 3.5,1489.1,M-23.7, M, *4B
/1 static const char buffer[] =

"$GPGGA, 012417, 3403. 9785, N, 10654. 4511, W1, 05, 2.5, 1419.9, M -23.7, M, *4C"
unsi gned char pos = O;

/1 while (buffer[pos] !'="'$ && pos < (BUFFER_LEN - 70))
/1 pos++;
/1 pos++;

/1 Check header
for(unsigned char i = 0; header[i]; i++) {
if (buffer[pos++] != header[i])
return fal se;

}
/1 Skip time
pos += 6;
COMVA_CHECK
/1 return true;
/1 LATI TUDE
long & atitude = send. GPS. cordi nate. | atitude;
latitude = O;
/1l Get first part of Latitude
for(unsigned char i = 1; i < 5; i++, pos++) {
char byte = buffer[pos];
if (byte <'0" || byte > "'9")
return fal se;
| atitude += decimal _array[i][byte - '0'];
}
/1 Check for period
if (buffer[pos++] !=".")

return fal se;

[/l Get last part of Latitude

for(unsigned char i =5; i < 9; i++, pos++) {
char byte = buffer[pos];
if (byte <'0" || byte >'9")

return fal se;
latitude += decimal _array[i][byte - "0'];

}

| * send. GPS. comi t () ;
return true; */
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COMMA_CHECK;

if (buffer[pos] =="'S5")
|atitude = -l atitude;

else if (buffer[pos] '="'"N)
return fal se;

pos++;

COWMIVA_CHECK

/1 LONG TUDE

| ong & ongitude = send. GPS. cordi nat e. | ongi t ude;
| ongi tude = O;

/] Get first part of Longitude

for(unsigned char i =0; i < 5; i++, pos++) {
char byte = buffer[pos];
if (byte <'0" || byte > "'9")

return fal se;
| ongi tude += decimal _array[i][byte - '"0'];
}
/1 Check for period
if (buffer[pos++] !=".")
return false;

/1 Get last part of Longitude

for(unsigned char i =5; i < 9; i++, pos++) {
char byte = buffer[pos];
if (byte <'0" || byte > '9")

return fal se;
| ongi tude += decinmal _array[i][byte - "0'];

}
COMVA_CHECK
if (buffer[pos] =="'W)
| ongi tude = -1l ongitude;
else if (buffer[pos] !'="FE)
return fal se;
POS++,
COMVA_CHECK
unsi gned char &sat_qual = send. GPS. sat _qual ;
sat_qual = (buffer[pos++] - '0') << 4;

if (sat_qual > (9 << 4))
return fal se;

COWVIVA_CHECK
{
char byte = buffer[pos++];
if (byte <'0" || byte >'1")
return fal se;
sat_qual += small _decimal _array[byte - '0'];
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}

if (buffer[pos] <'0" || buffer[pos] > "'9")
return false;

sat_qual += buffer[pos++] - '0';

COMVA_CHECK
unsi gned short &dilution = send. GPS. dil ution;

if (buffer[pos] '=",") {
char first buffer[pos++] - '0';
if (first > 9)
return fal se;

if (buffer[pos] ==".")
dilution = short_decinmal _array[1][first];
el se {
dilution = short_decinmal _array[O][first];
if (buffer[pos] <'0" || buffer[pos] > "'9")
return fal se
dilution += short_decimal _array[ 1] [buffer[pos] - '0'];
}
pos++;
if (buffer[pos] < '0" || buffer[pos] > "'9")
return fal se;
dilution += buffer[pos++] - '0';

} else
dilution = O;

COMVA_CHECK

| ong &hei ght = send. GPS. hei ght ;
hei ght = 0;

if (buffer[pos] '=",") {
[l Get first part of Height
for(unsigned char i = 4; i < 8; i++, pos++) {
char byte = buffer[pos];
if (byte <'0" || byte >'9")
return false
hei ght += decinmal _array[i][byte - "0'];
}

/1 Check for period
if (buffer[pos++] !=".")
return fal se;

hei ght += buffer[pos++] - '0';
}

send. GPS. comm t () ;
return true

}

16.3.2.4.2 spilnterface.hh
[* interface */
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#defi ne DATA AVAIL (_io_ports[ M6812 SPOSR] & 0x80)
#def i ne GARBAGE 0
#defi ne DELAY 1000

#define RECV_ID  0x55

nanespace Interface {
static inline void init();
static inline void bottom();
static inline void send_to_master_poll();

bool tx;

char data

unsi gned char wstate;
unsi gned int cl ock_count;

unsi gned char mnsg_pos;
unsi gned char nsg_si ze;
unsi gned char nsg_I D;

1
static inline void Interface::init()
{
wstate = 0O;
tx = fal se;
_io_ports[Me812 DDRP] = OxFF;
_io_ports[M6812_DDRS] |= 0x10;
_io_ports[M6812_SPOCR1] = 0x4C
_io_ports[M812 SPOCR2] = 0xO00;
_io_ports[M812 PORTP] = 0x10;
nmsg_size = 0;
}
static inline void Interface:: bottom)
{
static char count;
if (1tx) {
i f (DATA AVAIL) {
char byte;
if ((byte = _io_ports[M812 SPODR]) == RECV_ID) {

nmsg_pos = 0;
wstate = O;
tx = true;
} else {
_io_ports[M6812_PORTP] = (count++ % 10) << 4;

if (msg_size) {

neg_si ze--;
((char *)&send)[ nsg_pos++] = hyte;
} else {

nsg | D = byte;
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if (msg_ID <= LAST_LCCAL_ID ||
nmeg_I D >= atomics ||
I'send_func_array[nsg_I D].func) {
send. badMessages++;
return;

}

nmsg_size = send_func_array[nmsg_I D]. si ze;
msg_pos = send_func_array[nsg_I| D . pos;

}

if (!'nsg_size)
At om cPool : : add(nsg_I D) ;

}
} else {
if (!'ballAvail || !hol eAvail)
return;

_io_ports[ M6812_PORTP] = 0xO00;

send_to_master_poll();

if (msg_pos == sizeof (Snal | Cordi nate))
tx = fal se;

}
}
static inline void Interface::send to naster _poll ()
{
if (wstate == 0) {
_io_ports[Ms812 _SPODR] = ((char *)&snuall Cord)[nsg_pos++];
_io_ports[M812 PORTP] = 0x01;
wstate = 1;
cl ock_count = DELAY;
} else if (wstate == 1) {
if (!--clock _count)
wstate = 2;
} else if (wstate == 2) {
i f (DATA_AVAIL)
wstate = 3;
} else if (wstate == 3) {
wstate = O;
}
}
16.3.3 Link

16.3.3.1 main.cc
#i ncl ude <string. h>

#def i ne MASTER_TRANCI EVER

#i ncl ude <sys/ | ocks. h>
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#i ncl ude <sys/ports_def. h>
#i ncl ude <sys/ports. h>

#i nclude "types. h"
#i ncl ude "paramns. hh"

#i ncl ude " SendDef. hh"
#i ncl ude " ConmmonStruct. hh"
#i ncl ude "Li nkSendStruct. hh"

/1 Array of data to send to conputer, inlined to get size of array
#i ncl ude " SendArrayHeader. hh"

#i ncl ude " CommonSendArray. hh"

#i ncl ude "Li nkSendArray. hh"

#i ncl ude " SendArrayFooter. hh"

static inline void atom data_ready(void);
static inline void nmessage_data_ready(void);

typeof (send. rel ay. At om cDr opped) &At oni cDropped = send. rel ay. At oni cDr opped,;
#i ncl ude "at om cPool . hh"

/1 Copy of data robot sends, used to verify data received

nanespace Robot Recv {

#i ncl ude " Robot SendSt ruct. hh"

struct SendData {

u8 si ze;
b
struct SendStruct send;
#def i ne SEND(func, entry) { sizeof(send.entry) }
#def i ne ZERO { OxFF }

const struct SendData send func_array[] = {
#i ncl ude " CommonSendArray. hh"
#i ncl ude "Robot SendArray. hh"
#i ncl ude " SendArrayFoot er. hh"

b
#defi ne LED PORT 6

/1 Some code is duplicated al nbst verbatim W have the nenory to waste, and
maki ng

/1 this object oriented would incur a substantial perfornmance overhead.
namespace Transport {

/* This "SendDef.hh" will refer to a different Atom cPool than the previous

*

/

#i ncl ude " SendDef . hh"

#i ncl ude " CommonSt ruct. hh"

#i ncl ude "Li nkRecvStruct. hh"

/1
#i ncl ude " SendArrayHeader. hh"
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#i ncl ude "Li nkRecvArray. hh"
#i ncl ude "SendArrayFooter. hh"

typeof (:: send. conmon. | i nk. At om cDr opped) &At om cDropped =
::send. comon. | i nk. At om cDr opped,;
static inline u8 filler_nessage()
{
crsend. filler++;
return O;

}

#i ncl ude "at om cPool . hh"

#i ncl ude "nmessageBuffer. hh"
#i ncl ude "nmessageRecv. hh"
#i ncl ude "packet. hh"

#i ncl ude "recei ve. hh"

#
}s

#i ncl ude "send. hh"
#i ncl ude "serial . hh"

ncl ude "tranci ever. hh"

static inline void bottom half()

{

Transport:: Packet::bottom hal f_handl er();
Send: : bottom hal f _handl er();

}

int main()
{

At omi cPool ::init();

Transport:: Atom cPool ::init();
Transport:: MessageBuffer::init();
Transport:: Packet::init();
Transport:: RecvBuffer::init();
Transport:: Receive::init();

for (u8 i = 0; i < sizeof(send); i++)
((char *)&send)[i] = O0;

Send::init();
SerialPort::init();

Transport:: Tranciever::init();
while (1)
bottom hal f () ;
}

16.3.3.2 Definitions
16.3.3.2.1 Recv.hh

struct RecvData {
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u8 pos;
us si ze;

s
struct RecvStruct recv;

#defi ne RECV(entry) { ((char *)&recv.entry - (char *)&recv),
sizeof (recv.entry) }

#i ncl ude "RecvFuncti ons. hh"
const u8 recv_funcs = sizeof(recv_func_array) / sizeof(RecvData);

#undef RECV

16.3.3.2.2 SendThrough.hh

struct SendData {
u8 si ze;
b

struct SendStruct sendThrough;
#def i ne SEND(func, entry) { sizeof (sendThrough.entry) }

const struct SendData sendThrough func_array[] = {
#i ncl ude "SendArray. hh"

}s
#undef SEND

16.3.3.2.3 RecvFunctions.hh

const struct RecvData recv_func_array[] = {
RECV( 1 i nk. m ssed),
RECV( I i nk. cpuTi ne),
RECV( GPS) ,

s

16.3.3.2.4 LinkSendStruct.hh
struct LinkRelayStruct {

At onx7, u32> At om cDr opped;
s
struct SendStruct {
struct CommpnStruct common;
struct LinkRelayStruct relay;
At onk8, u32> timeout;
At onk1ll, u32> filler;
At om c<12> flow,
b

16.3.3.2.5 LinkSendArray.hh
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SEND( send_u32, rel ay. At om cDropped),
SEND( send_u32, tineout),

ZERO,

ZERO,
SEND(send_nul I, filler),
SEND(send_nul I, flow),

16.3.3.2.6 LinkRecvStruct.hh

/| Data Received by robot
#i ncl ude "RecvStruct. hh"

struct SendStruct {
struct RecvStruct recyv,
ud out put;

1

16.3.3.2.7 LinkRecvArray.hh
{ (diff_send)send_null, 0, 0},
{ (diff_send)send null, 0, 0},
{ (diff_send)send null, 0, 0},

SEND( send_GPS, recv.ball),
SEND( send_GPS, recv. hol e),
SEND( send_c8, out put),

16.3.3.3 Imperative

16.3.3.3.1 MessageRecv.hh

nanespace RecvBuffer {
/1 Buffer must be 256 | ong
u8 buffer[256];
ug8 in, out, conmt;

static inline void init();

static inline bool put_can();
static inline void put(u8);
static inline u8 put_size();
static inline void put_commt();
static inline void put_dump();
static inline bool get_avail();
static inline u8 get first();
static inline u8 get();

b
static inline void RecvBuffer::init()

in = 0;

static inline bool RecvBuffer::put_can()

{
}

returnin + 1 !'= out;
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static inline void RecvBuffer::put(u8 val)

buffer[in++] = val;

}
static inline u8 RecvBuffer::put_size()
{
return in - out;
}

static inline void RecvBuffer::put_comit()

{

conmt = in;
}
static inline void RecvBuffer::put_dunp()
{
in =commt;
}
static inline bool RecvBuffer::get avail ()
{
return out !'= commt;
}
static inline u8 RecvBuffer::get first()
{
return get();
}
static inline u8 RecvBuffer::get()
{
return buffer[out++];
}

nanespace MessageBuffer {
static inline void put_good();

static inline u8 nmessages();
static inline u8 msg_size(Atom D);

}

static inline void MessageBuffer::put_good()
{
/1 1f data was added, start sending to the conputer
if (RecvBuffer::put_size() > 0)
nessage_dat a_r eady();

}
static inline u8 MessageBuffer:: nessages()
{
return RobotRecv::atomcs * 2;
}
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static inline u8 MessageBuffer::nsg_size(Atom D I D)
{
if (ID&1)
return 1;
el se
return Robot Recv::send_func_array[ID >> 1]. si ze;

}

16.3.3.3.2 receive.hh

nanespace Receive {
u8 recv_nsg_si ze;
u8 recv_nsg_pos;
u8 recv_msg_I| D

static inline void init();

void recv_byte(u8);

1
static inline void Receive::init()
{
recv_nsg_size = 0;
}
voi d Recei ve::recv_byte(u8 byte)
{
if (recv_msg_size) {
recv_nsg_size--;
((char *)&send)[recv_msg pos++] = byte;
} else {
if (byte >= atomcs) {
::send. flow commit();
return;
}
recv_nsg_size = send_func_array[ byte].size;
recv_nsg_pos = send_func_array[byte]. pos;
recv_nsg_ | D = byte;
}
if (!recv_nsg_size)
At om cPool : : add(recv_nsg_ID); // Comrit data to send
/1 Send nessage to confirmrecieving a byte (flow control)
::send. flow conmit();
return;
}

16.3.3.3.3 serial.hh

#i ncl ude <sys/sio. h>
#i ncl ude <sys/interrupts. h>

nanespace Serial Port {
static inline void init();
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b
void __attribute_ ((interrupt)) sci_handl er(void)

/1 utilization.conmp_inter.start();

if (serial _tx_enmpty()) {
if (Send::send_avail ()) {
serial _send(Send: : send_byte());
} else
serial _clr_tx_int();

}

if (serial_rx_full()) {
Transport:: Receive::recv_byte(serial _recv());

}
/1 utilization.conmp_inter.stop();
}
static inline void SerialPort::init()
{
serial baud(38400);
serial _init();
while (!'serial _rx_full());
serial _recv();
*((int *)0x0B16) = (int)sci_handler;
/1 _io_ports[Ms812 HPRIQ = 0x16;
serial _set _rx_int();
}
static inline void atom data_ready(void)
{
if (!Send::send_avail ())
Send: :run_bottom = true;
}
static inline void relay_data ready(void)
{
if (serial_tx_enpty()) {
Send: : passThrough = fal se;
serial _set _tx_ int();
}
}

static inline void nessage_data_ready(void)
if (serial _tx_ enmpty()) {
Send: : passThrough = true;
serial _set _tx_ int();
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16.3.4 Graphical User Interface

16.3.4.1 Data Decloration

16.3.4.1.1 types.hh

[ *tenpl ate <class T> cl ass Bi gendi anDat aTypel6 {
unsi gned short dat a;

public:
inline operator T() const
{
unsi gned short x = data;
__asm_("xchgb %0, 90" \
=gt (x) N
()
return x;
}
1

tenmpl ate <class T> cl ass Bi gekndi anDat aType32 {
unsi gned | ong dat a;
publi c:
inline operator T() const
{
unsi gned | ong x = data;
__asm_("bswap 9®" : "=r" (x) @ "" (X));
return x;

pixl

/ *typedef unsigned char us;
typedef signed char s8;
typedef Bi gEndi anDat aTypel6<unsi gned short> ule;
typedef Bi gEndi anDat aTypel6<si gned short> s16;

t ypedef Bi gEndi anDat aType32<unsi gned | ong> u3z;
t ypedef Bi gEndi anDat aType32<si gned | ong> s32;*/

tenpl ate <class T> cl ass Bi gendi anDat aType ({

T dat a;

public:
inline operator T() const
{

if (sizeof(T) == 1)
return data;

else if (sizeof(T) == 2) {
unsi gned short x = data;
__asm__("xchgb %0, 90" \

Dot=Egt (x) N
()
return x;

} else if (sizeof (T) == 4) {
unsi gned | ong x = data;
_asm_("bswap %" : "=r" (x) : "" (x));
return x;

}

}
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s

typedef unsi gned char usg;
typedef signed char s8;
typedef Bi gEndi anDat aType<unsi gned short> ulé;
typedef Bi gEndi anDat aType<si gned short > s16;
t ypedef Bi gEndi anDat aType<unsi gned | ong> u32;
typedef Bi gEndi anDat aType<si gned | ong> s32;

16.3.4.1.2 recvAtomic.hh

#i ncl ude <qnut ex. h>
#i ncl ude <qdatetinme. h>

cl ass Ti mel ndex {
private:
unsi gned int time;

publ i c:
static Qline base;

Ti mel ndex() { time = base.nsecsTo(QTlime::currentTime()); }
Ti mel ndex(int val) : time(val) {}

bool operator < (const Tinmelndex &ight) const { return time <
right.time; }
String getTinme() const { return
(base. addMsecs(tine)).toString("hh:mmss.z"); }

static Tinmelndex null () { return Timel ndex(OxFFFFFFFF); }
bool isnull() const { return time == OxFFFFFFFF; }

operator unsigned int() const { return tine; }

t ypedef unsigned char Atom D

cl ass ParseMessage {

public:
static unsigned char *ptr;

1

class AtonicSize {

private:
unsi gned char full _size;
unsi gned char di ff_size;

At om cSi ze();
public:
At omi cSi ze(unsi gned char full, unsigned char diff)
full _size(full), diff_size(diff) {}
unsi gned char getsize(bool type) { return type ? diff_size : full_size;
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At omi cSi ze operator+(Atom cSize right)

{

return Atom cSize(full _size + right.full _size,
diff_size + right.diff_size);

s

cl ass RecvAtom ¢
public AtonicSize {

private:
static Qwtex nut ex;
static RecvAtonmic * _head, * _tail
RecvAt om ¢ * next;

pr ot ect ed:

voi d queue();
bool gqueueabl e;

public:
static RecvAtoni ¢ *dequeue();

RecvAt om c(Atom cSize val) : Atom cSize(val), _next(0),

{}
vi rtual voi d recv(bool) = 0;
virtual void update() = O;
virtual void updat e( Ti nel ndex) = O0;
¥

/1 FromrecvSignals.cpp
extern RecvAtomi c *recv_class array[];
extern unsigned int NunRecvAt om cs;

static inline unsigned char size_recv(Atom D I D)

{
}

static inline void call _recv(Atom D ID, void *src)

{

return recv_class_array[ID >> 1]->getsize(ID & 1);

Par seMessage: : ptr = (unsigned char*)src;

recv_class_array[ID >> 1]->recv(ID & 1);

}

16.3.4.1.3 messageData.hh

#i ncl ude <gstring. h>
#i ncl ude <mat h. h>

#i ncl ude "recvAtom c. hh"
#i ncl ude "gpsCord. hh"

cl ass MessageData :
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public Tinel ndex {
public:
MessageDat a() : Tinelndex() {}
MessageDat a(const Ti nel ndex &val) : Tinmelndex(val) {}

}s

/1 Basic Data Types
tenpl ate <class T> class tenpl ate_RawData {
publi c:

T dat a;

tenpl ate_RawDat a() {}
tenpl ate_Rawbata(T val) : data(val) {}

int getlntValue() const { return data; }
doubl e get Doubl eVal ue() const { return data; }
String getStringVval ue() const

{
@String str;
str.set Nun{getlntVal ue());
return str;
}
i
typedef tenpl ate_Rawbat a<unsi gned char > u8_RawDat a;
typedef tenpl ate_RawbDat a<si gned char > s8 RawDat a;
typedef tenpl ate_ RawDat a<unsi gned short> ul6_RawDat a;
typedef tenpl at e_RawDat a<si gned short > s16_RawDat a;
typedef tenpl ate_Rawbat a<unsi gned | ong> u32_RawDat a;
typedef tenpl at e_RawbDat a<si gned | ong> s32_RawbDat a;

tenmpl ate <class T> class tenpl ate _MessageData :
public MessageDat a,
public tenpl at e_RawDat a<T>

{
public:
tenmpl at e_MessageData(T val) : MessageData(), tenplate Rawbata<T>(val)
{}
tenpl at e_MessageDat a(t enpl at e_RawbDat a<T> val ) : MessageData(),
t enpl at e_RawDat a<T>(val ) {}
tenmpl at e_MessageDat a(const Ti nel ndex &al) : Messagebata(val) {}
b

typedef tenpl ate_MessageDat a<unsi gned char > u8_MessageDat a;
typedef tenpl ate_MessageDat a<si gned char> s8 MessageDat a;
typedef tenpl ate_MessageDat a<unsi gned short > ulé_ MessageDat a;
typedef tenpl ate_MessageDat a<si gned short > s16_MessageDat a;
typedef tenpl at e_MessageDat a<unsi gned | ong> u32_MessageDat a;
typedef tenpl ate_MessageDat a<si gned | ong> s32_MessageDat a;

class Tinme_RawbData {
pr ot ect ed:
unsi gned char hour ;
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unsi gned char m nut e;
unsi gned char second;
public:
Ti me_Rawbat a() {}
Ti me_Rawbat a(unsi gned char _hour, unsigned char _minute, unsigned char
_second)
hour (_hour), mnute(_mnute), second(_second) {}

QString get StringVal ue() const
{

QString str;

@String tnp;

str.set Nun{ hour);
tmp. set Num( mi nut e) ;
str.append(':"');
str.append(tnp);
t np. set Nun{ second) ;
str.append(":");

str. append(tnp);

return Stl’;
}s

cl ass GPSCor di nat e_RawDat a :
public GPSCordi nate {
public:
GPSCor di nate_ RawbDat a() {}
GPSCor di nat e_RawbDat a( SubCord _|at, SubCord _I on)
GPSCor dinate(_lat, _lon) {}

1

cl ass GPSSt at us_Rawbat a {

pr ot ect ed:
enum States { no_fix =0, non_diff =1, diff = 2, estimate = 6 };
States state;
unsi gned int satelites;

public:

GPSSt at us_RawbDat a() {}
GPSSt at us_RawDat a(unsi gned char val)
{
state = (States)(val >> 4);
satelites = val & OxOF

}

int getlntValue() const { return satelites; }

@String getStringVal ue() const
{
switch (state) {
case no_fix:
return Qstring("Not Avail able");
case non_diff:
return QString("Non Differential");
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case diff:

return Qstring("Differential");
case estinmate:

return QString("Estimted");
defaul t:

return Qstring("BAD");
}

b

cl ass GPS MessageData :

public MessageData {
publi c:

GPS_MessageDat a( GPSSt at us_RawDat a _st at us, GPSCor di nat e_RawData _cord,
s32_RawData _hei ght, ul6 RawData _dil ution)

. MessageData(), status(_status), cordinate(_cord),

hei ght (_height), dilution(_dilution) {}

GPS_MessageDat a(const Ti mel ndex &val) : MessageData(val) {}

GPSSt at us_RawbDat a st at us;

GPSCor di nat e_RawDat a cordi nat e;
s32_RawbDat a hei ght ;
ul6é_RawbDat a dilution;

s

16.3.4.1.4 parseMessage.hh
#i ncl ude <qobj ect. h>

#i ncl ude "types. hh"

#i ncl ude "nessageDat a. hh"

class Atom cSignals : public Qbject {
Q _OBJECT
si ghal s:
voi d val ueChanged(int);
voi d val ueChanged(doubl e);
voi d val ueChanged( SubCord) ;
voi d val ueChanged( GPSCor di nat e) ;
voi d val ueChanged(const Qstring & ;

s

tenpl ate <class Data, class Diff> class tenpl ate_RawPar seMessage :
publ i c ParseMessage,
public AtonicSignals {

private:
Data data;

publ i c:
t enpl at e_RawDat a<Dat a> get val (bool type)
{

it (type) {
data += *(Diff *)((Bi gndi anDat aType<Di ff> *)ptr);
ptr += sizeof (Diff);

} else {
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data = *(Bi gEndi anDat aType<Data> *)ptr;
ptr += sizeof (Data);
}

return data;

}

At om cSi ze get TypeSi ze() { return Atom cSi ze(si zeof (Dat a),
sizeof (Diff)); }

void enitSignal s(const tenplate RawDat a<Data> *data) ({
val ueChanged( dat a- >get I nt Val ue()); }

s

tenpl ate <class Data, class Diff> class tenpl ate_ParseMessage
public tenpl at e RawPar seMessage<Data, Diff> {

public:
tenpl at e_MessageDat a<Dat a> get val (bool type)
{
return tenpl at e_RawPar seMessage<Data, Diff>::getval (type);
}
b

cl ass SubCord_ParseMessage :

public tenpl ate_Par seMessage<si gned | ong, signed char> {
public:

void enmtSignal s(const SubCord data) { emt val ueChanged(data); }
b

cl ass Ti me_Par seMessage
publ i c ParseMessage
public AtonicSignals {

private:
unsi gned char hour
unsi gned char m nut e;
unsi gned char second;
public:
Ti me_RawbDat a getval (bool type)
{

if (type) {
if (second == 59) {
second = O;
if (mnute == 59) {
m nute = O;
if (hour == 23)

hour = 0O;
el se
hour ++;
} else
m nut e++;
} else
second++;
} else {

hour = *((u8 *)(ptr++));
mnute = *((u8 *)(ptr++));
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second = *((u8 *)(ptr++));
}

return Ti me_RawDat a(hour, m nute, second);

}
At omi cSi ze get TypeSi ze() { return Atom cSize(3, 0); }

void em t Signal s(const Tinme_RawbData *data) { val ueChanged(dat a-
>get StringValue()); }
b

cl ass GPSCor di nat e_Par seMessage
publ i c ParseMessage,
public AtonicSignals {

public:
SubCor d_Par seMessage | atitude;
SubCor d_Par seMessage | ongi t ude;

GPSCor di nat e_RawDat a get val (bool type)

{
SubCord lat = latitude.getval (type).getlntVal ue();
SubCord | on = | ongi tude. getval (type).getlntVal ue();
return GPSCordi nat e_RawbDat a( | at,
I on);
}
At omi cSi ze get TypeSi ze()
{
return | atitude. get TypeSi ze() +
| ongi t ude. get TypeSi ze();
}
voi d em t Signal s(const GPSCordi nat e_RawDat a *dat a)
{
[ atitude. em tSignal s(data->getlLatitude());
| ongi t ude. eni t Si gnal s(dat a- >get Longi tude());
val ueChanged(*dat a) ;
}

s

cl ass GPSSt at us_Par seMessage :
publ i c ParseMessage,
public Atom cSignals {

public:
GPSSt at us_RawDat a get val (bool type)
{
return GPSStatus_RawbData(*((u8 *)(ptr++)));
}

At omi cSi ze get TypeSi ze() { return Atomi cSize(1l, 1); }

void em tSignal s(const GPSStatus_RawData *data)

{
val ueChanged( dat a- >get | nt Val ue());
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val ueChanged( dat a- >get Stri ngVal ue());
b
cl ass GPSHei ght _Par seMessage :
public tenpl at e RawPar seMessage<si gned | ong, unsigned char> {
public:

void em t Signal s(const s32_RawData *dat a)

{
QString str;
st r. set Nun{ dat a- >get Doubl eVal ue() / 10);
str.append(” m');
val ueChanged(str);
}
b
cl ass GPS_Par seMessage {
public:
GPSSt at us_Par seMessage st at us;
GPSCor di nat e_Par seMessage cordi nat e;
GPSHei ght _Par seMessage hei ght ;
t enpl at e_ RawPar seMessage<unsi gned short, unsigned char> dilution

GPS MessageDat a getval (bool type)

{
return GPS_MessageDat a( st at us. getval (type),
cordi nat e. getval (type), height.getval (type), dilution.getval (type));

}

At omi cSi ze get TypeSi ze() { return status.getTypeSi ze() +
cordi nat e. get TypeSi ze() +
hei ght . get TypeSi ze() +
di l uti on. get TypeSi ze(); }

void enitSignal s(const GPS MessageData *dat a)

{
st atus. em t Si gnal s( &at a- >st at us) ;
cordi nat e. em t Si gnal s( &dat a- >cor di nat e);
hei ght . emi t Si gnal s( &dat a- >hei ght) ;
di lution. enitSignal s(&data->dilution);
}

s

cl ass nul | _ParseMessage
publ i c ParseMessage
public Atom cSignals {

private:
unsi gned | ong count;
public:
u32_MessageDat a getval (bool type)
{
return ++count;
}
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At omi cSi ze get TypeSi ze() { return Atom cSize(0,0);

void enmit Signal s(const u32_MessageData *dat a)

{
}

val ueChanged( dat a- >get | nt Val ue());
¥

16.3.4.1.5 atomicCollection.hh

#i ncl ude "parseMessage. hh"
#i ncl ude "atom cSet. hh"

voi d registerUpdat e(Ti mel ndex, RecvAtomic *);

tenpl ate <class Data, class Info, class Parse> class
tenpl at e_At om cDat aCol | ecti on :

publ i c RecvAt omi c,

public Parse,

private Atom cDataSet<Data, |Info> {
private:

const char *nane;

QWut ex mut ex;

tenpl at e_At omi cDat aCol | ection();
public:
tenpl at e_At omi cDat aCol | ecti on(const char *val)
RecvAt om c(get TypeSi ze()),
At omi cDat aSet <Dat a, | nfo>(),
nane(val) {}

vi rtual voi d recv(bool);
virtual void updat e() ;
virtual void updat e( Ti el ndex) ;

virtual ~tenplate_ Atom cDataCollection() {}
1

templ ate <class Data, class Info, class Parse>

voi d tenpl ate_At om cDat aCol | ecti on<Data, Info, Parse>::recv(boo

{
Data val = getval (type);
mut ex. | ock();
add(val);
mut ex. unl ock();
queue() ;
}

tenpl ate <class Data, class Info, class Parse>

voi d tenpl ate_Atom cDat aCol | ecti on<Data, |nfo, Parse>::update()

{

mut ex. | ock();
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val ue_type value = last();
nmut ex. unl ock();

gueueabl e = true;

em t Si gnal s(val ue. first);

}

tenpl ate <class Data, class Info, class Parse>
voi d tenpl at e_At oni cDat aCol | ecti on<Data, |nfo, Parse>::update(Tinmelndex
i ndex)
{
/1 gDebug(" PRE FI ND");
mut ex. | ock() ;
conpl ete_type conplete = find(index);
/1 gDebug(" POST FIND");
nmut ex. unl ock();

if (conplete.second.isnull())
gueueabl e = true;
el se {
/1 gDebug("OLD");
gueueabl e = fal se;
regi st er Updat e(conpl et e. second, this);

}

em t Si gnal s(conplete.first.first);

/1 qDebug(" POST UPDATE");

class null _RecvAtomc :
public tenpl ate_Atoni cDat aCol | ecti on<u32_MessageDat a,
At omi cl nf o,
nul | _Par seMessage>

{
public:
nul | _RecvAtom c(const char *val) :
tenpl at e_At omi cDat aCol | ecti on<u32_MessageDat a,
At om cl nf o,
nul | _ParseMessage>(val) {}
b

tenmpl ate <class Data, class Diff> class tenplate RecvAtonic :
public tenpl ate_At om cDat aCol | ecti on<t enpl at e_MessageDat a<Dat a>,
At omi cl nf o,
tenpl at e_Par seMessage<Data, Diff> >

{
publ i c:
tenpl ate_RecvAt om c(const char *val)
t enpl at e_At om cDat aCol | ecti on<t enpl at e_MessageDat a<Dat a>,
At omi cl nf o,
tenpl at e_Par seMessage<Data, Diff> >(val)
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cl ass GPS_RecvAtom ¢

public tenpl ate_Atoni cDat aCol | ecti on<GPS_MessageDat a,

At omi cl nf o,
GPS_Par seMessage>

{
public:

GPS_RecvAtom c(const char *val)

tenpl at e_At omi cDat aCol | ecti on<GPS_MessageDat a,

}s

At om cl nf o,

GPS_Par seMessage>(val)

16.3.4.1.6 atomicCollection.cc
/1 #i ncl ude <qgapplication. h>

#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude
#i ncl ude
#i ncl ude

typedef tenpl ate_ RecvAt om c<unsi gned char,
typedef tenpl ate_RecvAt onmi c<unsi gned short,
typedef tenplate_RecvAt om c<unsi gned | ong,

uu32_RecvAt om
uu32_RecvAt om
uu32_RecvAt om
uu32_RecVAt omi
uu32_RecVAt omi
uu32_RecvAt om

nul | _RecvAt om

GPS_RecvAtom c

uu8_RecvAtom ¢

uu32_RecvAt om
nul | _RecvAt omi

usl6_RecvAt om

uu32_RecVAt omi
uu32_RecVvAt omi
uu32_RecVvAt omi
uu32_RecvAt om
uu32_RecvAt om
uu32_RecVvAt omi

uu32_RecVvAt omi

c

c

OO0 000

<gl abel . h>
<gl cdnunber. h>
<gpr ogr essbar . h>

"conmon. hh"
"at om cCol | ecti on. hh"
"arbitrator.hh"

unsi gned char>
si gned char>
unsi gned char>

r obot _dr opped(" Robot Dropped");
robot _| ost (" Robot Lost");
robot sent ("Robot Sent");
robot overfl owm " Robot Overflow');
robot checksun{" Robot Checksun');
robot _mal f or med( " Robot Mal f or med") ;

robot _reset ("Robot Reset");
robot GPS("GPS") ;

pot 1("Pot 1");
robot _badmessages("Pot 2");

robot filler("Robot Filler Message");

r obot _headi ng(" Robot Headi ng");

I i nk_dr opped("Link Dropped");
link_|lost("Link Lost");
link sent("Link Sent");
[ ink_overflow("Link Overflow');
l'i nk_checksun{"Link Checksum);
i nk_nmal formed("Link Malfornmed");

conp_dr opped(" Conput er Dr opped");
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uu8_RecvVvAt oni c;
us1l6_RecvAt om c;
uu32_RecvAt omi c;



uu32_RecvAtomic link tineout("Trans Tinmeout");

uu32_RecvAtomic link filler("Link Filler Message");

class flow RecvAtom c :

virtual void update(Tinmel ndex);

{

public:
fl ow RecvAtom c();
virtual void recv(bool);
virtual void update();

}s

public RecvAtom c

fl ow RecvAtomic::flow RecvAt om c()
void fl ow RecvAtom c::recv(bool)

{

arbitrate. fl owRecv();

}

void fl ow RecvAtonic::update() {}

RecvAt om c(Atom cSi ze(0,0)) {}

void fl ow RecvAtom c::update(Ti el ndex) {}

flow RecvAtomic |ink_flow

nul | _RecvAtom c enpty("EMPTY");

RecvAtomi ¢ *recv_cl ass_array|[]

&r obot _dr opped,
& obot | ost,
&r obot _sent,

&r obot _overfl ow,
& obot _checksum
& obot _nmal f or med,

&enpty,
&r obot _reset,
& obot _GPS,

&pot 1,

& obot _badnessages,

& obot _filler,

&enpt y, /1
&enpt y, 11
&enpty, /1
&enpt y, /1

& obot _headi ng,

12
13
14
15

/1 16

{
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&l i nk_dr opped,
&l i nk_| ost,

& ink_sent,

& i nk_overfl ow,
&l i nk_checksum
&l i nk_mal f or med,

&enpty,
&conp_dr opped,

&l ink_ti meout,

&enpt y,
&enpt y,
&ink filler,
&l i nk_fl ow,

s

unsi gned int NunRecvAtom cs =
si zeof (recv_class_array) / sizeof (RecvAtonic *);

voi d initRecv(Qbj ect *canvas)

{
/* QObj ect : : connect (& obot _GPS. tine, SIGNAL(val ueChanged(const QString

&),

mai NW n->Val ue_GPS _Ti ne, SLOT(setText(const QString &));*/

Qbj ect : : connect (& obot _GPS. st atus, Sl GNAL(val ueChanged(const QString
&),

&));
Qbj ect : : connect (& obot _GPS. status, SIGNAL( val ueChanged(int) ),

mai NW n->Val ue_GPS Satelites, SLOT( setNunm(int) ));

mai nW n- >Val ue_GPS_St at us, SLOT(set Text (const QString

QObj ect : : connect (& obot _GPS. cordi nate. | atitude, SI GNAL(
val ueChanged( SubCord) ),
mai NW n- >Cord_Robot Lat, SLOT( setCord(SubCord) ));
Qbj ect : : connect (& obot _GPS. cordi nate. | ongi tude, SI GNAL(
val ueChanged( SubCord) ),
mai NW n- >Cor d_Robot _Lon, SLOT( set Cord(SubCord) ));
Qhj ect : : connect (& obot _GPS. hei ght, SI GNAL( val ueChanged(const QString

& ),
)

mai NW n- >Val ue_GPS_Hei ght, SLOT( set Text(const QString &)

QObj ect : : connect (& obot _GPS. di | uti on, SIGNAL( val ueChanged(int) ),
mai NW n->Val ue_CGPS_Di | ution, SLOT( setNun{int) ));

Qbj ect: : connect (& obot _GPS. cordi nate, Sl GNAL(
val ueChanged( GPSCor di nate) ),
canvas, SLOT(robot Set (GPSCordi nate)));
Qbj ect : : connect ( & obot _headi ng, SI GNAL( val ueChanged(int) ),
canvas, SLOT(robotRotate(int)));

Qbj ect : : connect ( & obot _headi ng, SI GNAL( val ueChanged(int) ),
mai nW n- >Val ue_NAV_Headi ng, SLOT( setNun{int) ));
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Qbj ect : : connect ( & obot _badnmessages, SI GNAL( val ueChanged(int) ),
mai nW n- >Val ue_NAV_BadMsg, SLOT( setNum(int) ));

Qbj ect : : connect ( & obot _dropped, SI GNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot Dropped, SLOT(setNum(int)));

Qbj ect : : connect (& obot _| ost, SI GNAL( val ueChanged(int) ),
mai NW n- >Val ue_Robot _Lost, SLOT(setNum(int)));

Qbj ect: : connect (& obot _sent, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot _Sent, SLOT(setNum(int)));

QObj ect : : connect (& obot _overfl ow, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot _Overfl ow, SLOT(setNum(int)));

Qbj ect : : connect ( & obot _checksum SI GNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot _Checksum SLOT(setNum(int)));

Qhj ect : : connect (& obot _mal f ormed, SI GNAL( val ueChanged(int) ),
mai NW n- >Val ue_Robot Mal forned, SLOT(setNum(int)));

Qbj ect:: connect (& obot _filler, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot _Filler, SLOT(setNum(int)));

Qbj ect : : connect (& obot _reset, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Robot Reset, SLOT(setNum(int)));

Qbj ect : : connect (& i nk_dropped, SIGNAL( val ueChanged(int) ),
mai NW n->Val ue_Li nk_Dropped, SLOT(setNum{(int)));

Qbj ect::connect (& ink | ost, SIGNAL( val ueChanged(int) ),
mai NW n- >Val ue_Li nk_Lost, SLOT(setNunm{int)));

Qnj ect: : connect (& i nk_sent, SIGNAL( val ueChanged(int) ),
mai NW n->Val ue_Li nk_Sent, SLOT(setNum{(int)));

Qbj ect : : connect (& i nk_overfl ow, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Li nk_Overfl ow, SLOT(setNun{int)));

Qbj ect:: connect (& i nk_checksum SI GNAL( val ueChanged(int) ),
mai NW n->Val ue_Li nk_Checksum SLOT(setNum(int)));

QCbj ect: : connect (& i nk_nmal formed, SI GNAL( val ueChanged(int) ),
mai nW n->Val ue_Li nk_Mal forned, SLOT(setNum(int)));

Qbj ect::connect (& ink_filler, SIGNAL( val ueChanged(int) ),
mai NW n->Val ue_Link_Filler, SLOT(setNum(int)));

QObj ect : : connect (&conp_dropped, SI GNAL( val ueChanged(int) ),
mai nW n- >Val ue_Conput er _Dropped, SLOT(setNum(int)));
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Qbj ect::connect (& ink_tineout, SIGNAL( val ueChanged(int) ),
mai nW n- >Val ue_Conput er _Ti neout, SLOT(setNum(int)));

Qbj ect : : connect (&pot 1, SI GNAL( val ueChanged(int) ),
mai NW n- >Val ue_Pot 1, SLOT(setProgress(int)));

Qbj ect: : connect (& i nk_sent, SIGNAL( val ueChanged(int) ),
mai nW n->Bl GL, SLOT(display(int)));

Qbj ect::connect (& ink_tineout, SIGNAL( val ueChanged(int) ),
mai nW n->BlI &, SLOT(display(int)));

Qhj ect : : connect (&pot 1, SICGNAL( val ueChanged(int) ),
mai NW n->BlI G3, SLOT(setProgress(int)));

}

16.3.4.1.7 atomicSet.hh
#i ncl ude <map. h>

struct Atomiclinfo {

/1 MessagelLi st View tem *current M5G
1
tenmpl ate <class _Data, class _Info> class Atom cDataSet ({
private:
typedef map<_Data, _Info> MapType;
MapType dat aSet ;
MapType: :iterator datalterator;
pr ot ect ed:
typedef std::pair<const _Data *, _Info *> value_type;

typedef std::pair<value_type, Tinelndex> conplete_type;
Atom cDataSet() : datalterator(dataSet.end()) {}

void add(const _Data & k)

{

/1 gDebug(" Set Add Pre");

MapType: :iterator __ i = dataSet.|ower_ bound(__ k);

[l __i->first is greater than or equivalent to _ k.

if (__1 == dataSet.end() || dataSet.key_comp()(__Kk,
(*_i).first))

__i = dataSet.insert(__i, MapType::value_ type(_ Kk,

_Info()));

/1 return value_type(& _i->first, & i->second);
/1 gDebug(" Set Add Post");

conpl ete_type find(const Tinelndex & k)

{
/1 gDebug("Set Find Pre");
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MapType: :iterator _ n = dataSet. upper_bound(static_cast <const
_Data>(__k));
MapType: :iterator _ i = _ n;
-
Ti mel ndex next = Tinelndex::null();
if (__n!=dataSet.end()) {
next = n->first;
/1 qDebug("OLD % - %", __ Kk, next);
}
/1 gDebug(" Set Fi nd Post");
return conpl ete_type(value_ type(& i->first, & i->second),
next);
}

val ue_type last()

MapType: :iterator
V-~

__V =

return value type(& v->first,

dat aSet . end() ;

& v->second);

&dat al t er at or - >second) ;

}
bool have_next ()
{
return datalterator != dataSet.end();
}
val ue_type next ()
{
datalterator--;
return val ue_type(&datalterator->first,
}

b
#i ncl ude <map. h>

struct Atomiclnfo {
/1 MessagelLi st Vi ew t em

}s

templ ate <cl ass _Dat a,
private:
typedef nap<_Dat a,
MapType
MapType: :iterator

class _Info>

_I nfo>

pr ot ect ed:
typedef std::pair<const Data
typedef std:: pair<val ue_type,

At onmi cDat aSet ()

*current MSG

cl ass At omi cDat aSet {

MapType;
dat aSet ;

dat al t er at or

*
’

_Info *> val ue_type
Ti mel ndex> conplete_type

datalterator(dataSet.end()) {}
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void add(const Data & k)

{
/1 gDebug(" Set Add Pre");
MapType::iterator _ i = dataSet.|ower_bound(__k);
/1 __i->first is greater than or equivalent to _ k.
if (__i == dataSet.end() || dataSet.key_conmp()(__k,
(*_i).first))
_ i = dataSet.insert(__i, MapType::value_type(__ Kk,
_Info()));
/1 return value type(& i->first, & i->second);
/1 gDebug(" Set Add Post");
}

conpl ete _type find(const Tinelndex & Kk)
{
/1 gDebug("Set Find Pre");

MapType: :iterator __n = dataSet.upper_bound(static_cast<const
_Data>(__k));
MapType: :iterator _ i

n;

Ti mel ndex next = Tinelndex::null();
if (_n!=dataSet.end()) {

next = _n->first;
/1 qDebug(" QLD % - %", __ Kk, next);
}
I gDebug(" Set Fi nd Post");
return conplete type(value type(& i->first, & i->second),
next) ;

}

val ue_type last()

MapType: :iterator __ v = dataSet.end();
_V--

return value type(& v->first, & v->second);

}
bool have_next ()
{
return datalterator != dataSet.end();
}
val ue_type next ()
{
datalterator--;
return value type(&datalterator->first, &datalterator->second);
}
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16.3.4.1.8 sendSignals.hh

#i ncl ude <qobj ect. h>
#i ncl ude "types. hh"

#i ncl ude "gpsCord. hh"

cl ass SendMessage : public QObject {

Q _OBJECT
private:
SendMessage() ;
pr ot ect ed:
unsi gned char | D
public:
SendMessage(int);
b
class Send_null : public SendMessage {
Q _OBJECT
publi c:

Send_null (int val) : SendMessage(val) {}
public slots:
voi d set Val ue();

b

class Send_u8 : public SendMessage {
Q OBJECT

public:

Send_u8(int val) : SendMessage(val) {}
public slots:
voi d setVal ue(int);

b

cl ass Send_GPSCordi nate : public SendMessage {
Q _OBJECT

public:

Send_GPSCordi nate(int val) : SendMessage(val) {}
public slots:

voi d set Val ue( GPSCor di nat e) ;
¥

16.3.4.1.9 sendSignals.cc

#i ncl ude <qapplication. h>
#i ncl ude <qgslider. h>

#i ncl ude "common. hh"

#i ncl ude "sendSi gnal s. hh"

#include "arbitrator. hh"
SendMessage: : SendMessage(int val) : ID(val) {}
void Send _null:: set Val ue()

{

unsi gned char buffer[1];
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buffer[0] = ID

arbitrate.witeMessage(buffer, 1);

}
voi d Send_u8: :setVal ue(int val)
{ unsi gned char buffer[2];
buffer[0] = ID
buffer[1] = (u8)val;
} arbitrate.witeMessage(buffer, 2);

voi d Send_GPSCor di nat e: : set Val ue( GPSCor di nat e dat a)

/* struct {
unsi gned char id;
long latitude;
l ong | ongitude;
} cord _ attribute_ ((packed));*/

unsi gned char buffer[9];
buffer[0] = ID

| ong | at
| ong | on

= data. getlLatitude().getNunber() - 20430000;
= -dat a. get Longi tude(). get Nunber() - 64140000;
printf("%l, %\ n", data.getlLatitude().getNunber(),

dat a. get Longi t ude() . get Nunber ());

*((long *)&buffer[1])
*((long *)&buffer[5])

*((s32*) (&l at));
*((s32*) (& on));

/* cord.id = 1D
cord.latitude = 0; /((s32*)(& at));
cord.longitude = 0; /((s32*)(& on));*/

arbitrate.witeMessage(buffer, 9);

s

Send_null start_action(l);
Send_GPSCor di nate bal | _cord(3);
Send_GPSCor di nat e hol e_cord(4);
Send_u8 out put (5);

voi d initSend()
{
QChj ect: : connect (mai nWn, SIGNAL(startAction()),
&start_action, SLOT(setValue()));

Qbj ect : : connect (mai NnWn, SI GNAL( bal | Set (GPSCor di nate)),
&bal | _cord, SLOT(setVal ue( GPSCordi nate)));
Qbj ect : : connect (mai NWn, Sl GNAL( hol eSet ( GPSCor di nate)),
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&hol e_cord, SLOT(set Val ue( GPSCordi nate)));

Qbj ect : : connect (mai NW n->Set _Qut put 1, SI GNAL( val ueChanged(int) ),
&out put, SLOT(setValue(int)));
}

16.3.4.1.10 gpsCord.hh

#i fndef _H_GPSCORD
#define _H_GPSCORD

class SubCord {
private:
long cord;

static const long _invalid = 0x80000000;

publi c:
SubCord() { cord = _invalid; }
SubCord(l ong val) : cord(val) {}
SubCord(int deg, float mn)

{
bool negati ve;
if (negative = deg < 0)
deg *= -1;
cord = (deg * 600000) +
(long)(mn * 10000.0 + 0.5);
if (negative)
cord *= -1;
}
SubCord(i nt deg, unsigned int mn, float sec)
{
bool negati ve;
if (negative = deg < 0)
deg *= -1;
cord = (deg * 600000) +
(mn * 10000) +
(long) (sec * 10000.0/60.0 + 0.5);
if (negative)
cord *= -1;
}
bool invalid() { return cord == _invalid; }

int getDeg() const { return cord / 600000; }

unsigned int getIntMn() const { return (abs(cord) / 10000) % 60; }

float getFloatMn() const { return (float)(abs(cord) % 600000) /
10000. 0; }

float getSec() const { return (float)(abs(cord) % 10000) *
(60.0/10000.0); }
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| ong get Nunber () const { return cord; }

b
cl ass GPSCordi nate {
pr ot ect ed:
SubCor d [ atitude;
SubCor d | ongi t ude;
/1 | ong height;
public:
GPSCor di nate() {}
GPSCor di nat e( SubCord | at, SubCord _Ion)
latitude(_lat), longitude(_lon) {}
SubCord getlLatitude() const { return latitude; }
SubCord getLongitude() const { return |ongitude; }
1
cl ass GPSCordi nateAngl e : public GPSCordinate {
pr ot ect ed:
unsi gned short angl e;
public:
GPSCor di nat eAngl e() {}
GPSCor di nat eAngl e( SubCord _lat, SubCord _Ion, long _angle)
GPSCor di nate(_lat, _lon), angle(_angle) {}
| ong get Angl e() const { return angle; }
i
#endi f

16.3.4.2 Data Handlers
16.3.4.2.1 arbitrator.hh

#i ncl ude <qobj ect. h>
#i ncl ude <gsocketnotifier.h>
#i ncl ude <qt hread. h>

class Cl OQArbitrator
public Qrhread

{

private:
i nt conf d;
char out buffer[ 256];
unsi gned char in, out;
bool empty;

public:

virtual void run();
void witeMessage(void *, int len);

void fl owRecv();
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private:
voi d dat aRecei ved();
}s

extern ClQArbitrator arbitrate;

16.3.4.2.2 arbitrator.cc

#i ncl ude <sys/types. h>
#i ncl ude <sys/stat.h>
#i ncl ude <sys/un. h>

#i ncl ude <fcntl. h>

#i ncl ude <term os. h>
#i ncl ude <stdi o. h>

#i ncl ude <uni std. h>

#i ncl ude

<sys/socket. h>

#i ncl ude "arbitrator. hh"

#i ncl ude "recvAtom c. hh"

[/bool init = true;
void ClQArbitrator::run()

{

struct term os newti o;

confd = open("/dev/tts/ 0",
newtio.c_cflag = B38400
newtio.c iflag = | GNPAR;
newti o.c_oflag = 0O;
newtio.c_|flag = O;
newtio.c_line = 0;
newtio.c_cc[ VINTR] = 0;
newtio.c_cc[ VQU T] = 0;
newt i 0. c_cc[ VERASE] = 0;
newt i o. c_cc[ VKI LL] = 0,
newti o. c_cc[ VEOF] = 4;
newtio.c_cc[ VTI Mg] = 0;
newtio.c_cc[VMN| = 1
arrives

newtio.c_cc[ VSWI(C| = 0;
newti o. c_cc[ VSTART] = 0;
newtio.c_cc[ VSTOP] = 0;
new i o. c_cc[ VSUSP] = 0;
new i o. c_cc[ VEQL] = 0;
newti o.c_cc[ VREPRINT] = 0;
newti o.c_cc[ VDl SCARD] = 0;
newti o.c_cc[ VAERASE] = 0;
newti o. c_cc[ VLNEXT] = 0;
newtio.c_cc[ VEQL2] = 0;
newtio.c_cc[17] = 0;

O RDWR | O_NOCTTY);
CS8 | CLOCAL | CREAD;
Il Crl-c
[l Crl-\
/1 del
Il @
/I Crl-d
/!l inter-character tinmer unused
/1 blocking read until 1 character
/1 '"\O0
Il Crl-q
[l Crl-s
/Il Crl-z
/1 "\O
[l Crl-r
/[l Ctrl-u
[l Crl-w
[l Crl-v
/1 "\O
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newtio.c_cc[ 18] = 0;

tcflush(confd, TC FLUSH);
tcsetattr(confd, TCSANOW &newtio);

char byte = OxFF;
wite(confd, &byte, 1);

in=0;
out = 0;
empty = true
/* confd = ::socket (AF_UN X, SOCK_STREAM 0);

struct sockaddr _un address;
address.sun_famly = AF_UNIX;
strcpy(address. sun_path, "../socket");

::connect (confd, (struct sockaddr *)&address, sizeof(address));*/

while (1)
dat aRecei ved();
}
void print(unsigned char *buffer, unsigned char pos)
{
for (unsigned char i = 0; i < pos; i++)
printf("9%®2x,", buffer[i]);
printf("\n");
}

unsi gned int offset = 0;
unsi gned char buffer[ 256];

void ClQArbitrator::dataReceived()
{

int len = read(confd, buffer + offset, 256 - offset);

/* if (init) {
for (int i =0; i <len; i++) {
if (buffer[i] == OxFF) {
pre_count ++;
if (pre_count == 16) {
init = fal se;
printf("INIT COWLETE");
got o out;

}

pre_count = O;

el se

}
}

return;

84



out: */

/1 printf("RECV %: ", offset);
/1 print(buffer + offset, |en);

| en += of fset;

of fset = 0;

for (int i =0; i <len; i++) {

Atom D ID = buffer[i];

if (ID>= (NunRecvAtomcs * 2)) {
gFat al (" BAD MESSAGE | D");
print(buffer, len);

}

unsi gned char size = size recv(ID);

if (i +size >=1len) {
for (int j =i; j <len; j++) {
i] =

buffer[j - buffer[j];
offset = len - i;
br eak;
}
i ++;
/1 printf("MsG %:", ID); print(buffer + i, size);

call _recv(ID, (void *)((char *)buffer + i));

i += size - 1;

}
}
void ClQArbitrator::witeMessage(void *ptr, int |en)
{
/1 if (in + 1 == out)
/1 gFatal ("WRI TE BUFFER FULL");

printf("Send "); print((unsigned char *)ptr, |en);

mencpy( &ut buffer[in], ptr, len);

in += len;
if (enpty) {
fl owRecv();
enpty = fal se;
}
I wite(confd, ptr, len);
}
void ClQArbitrator::fl owRecv()
{

if (in == out) {
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if (enpty)

gFatal ("No MORE DATA TO SEND');
el se {

printf("SEND TERM n");

enpty = true;

return;

}
printf("SEND BYTE %, %d - %©2x\n", in, out, outbuffer[out]);

wite(confd, &outbuffer[out++], 1);

}

ClQArbitrator arbitrate;

16.3.4.2.3 timeFlow.hh

#i ncl ude <qobj ect. h>
#i ncl ude <qti ner. h>
#i ncl ude <mul ti map. h>

#i ncl ude "recvAtom c. hh"
const int pl ay_divisor = 4;

class TinmeFlow : public Qbject {

Q _OBJECT
private:
i nt pl ay_speed,;
unsi gned int start _tine;
unsi gned int base tine;

typedef nulti map<Ti nel ndex, RecvAtomic *> tinmes_type;
times_type tines;

QTi ner timer;
QrTi mer peri odi c;

friend void regi sterUpdat e(Ti nel ndex, RecvAtomic *);
Ti mel ndex currentTi ne();

void clearTiner();
voi d setupTimer();

voi d updat eTi me();
private slots:
voi d tinmerEvent();
voi d periodi cEvent();
public slots:
voi d setTi me(unsigned int val);
voi d set Speed(int val);
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public:
Ti meFl ow()

pl ay_speed(pl ay_di vi sor),

start _time(0), base_tine(0)

connect (& imer, SIGNAL(tineout()),
this, SLOT(tinerEvent()));

connect (&periodic, SIGNAL(tineout()),
this, SLOT(periodicEvent()));

peri odi c.start (100);
}

virtual bool event(QEvent *e);

}s

16.3.4.2.4 timeFlow.cc

#i ncl ude <qt hread. h>
#i ncl ude <qsl i der. h>
#i ncl ude <ql abel . h>

#i ncl ude "conmmon. hh"
#i ncl ude "ti nmeFl ow. hh"

QTi me Ti mel ndex: : base;
unsi gned char *ParseMessage: :ptr;

Qwvut ex RecvAtom c: : mut ex;
RecvAtom ¢ *RecvAtonic:: head
RecvAt omic *RecvAtomic:: _tail

Ti meFl ow flow

voi d RecvAtom c:: queue()

{

/1 qDebug(" PRE QUEUE");
nmut ex. | ock();
i f (queueable &&

no
e

Qrhr ead: : post Event (& | ow, new QEvent ( QEvent

I _next) {
if (_head)
_tail->_next = this;
el se {
_head = this;
}
_tail =this;

}

nut ex. unl ock();
/1 gDebug( " POST QUEUE");

RecvAt om ¢ *RecvAtoni c: : dequeue()

{
/1 gDebug( " PRE DEQUEU');
mut ex. | ock();
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RecvAtomic *ret = 0O;
whil e (_head) {
ret = head;

_head = ret->_next;
ret-> next = 0;

if (ret->queueabl e)
br eak;
}
nmut ex. unl ock();
/1 gDebug(" POST DEQUEU');

return ret;
}
voi d registerUpdat e(Ti nmel ndex i ndex, RecvAtom ¢ *atom c)
{
gDebug(" Regi ster Pre % - %", index, atomc);
for (TimeFlow :times_type::iterator i = flow tines.|ower_ bound(index);
i !'=flowtinmes.upper_bound(index);
i++) {
if (i->second == atomc) {
gFat al (" Regi ster Post Duplicate");
return;
}
}
flow tinmes.insert(TimeFlow :times_type::value_type(index, atonic));
gDebug(" Regi ster Post");
}

Ti mel ndex Ti meFl ow. : current Ti ne()

{
unsi gned int elapsed = Ti el ndex();
unsi gned int current =
((el apsed - start _tine) * play_speed)
[ play_divisor
+ base_ti ne;
if (current > elapsed) {
/1 play _speed = play_divisor;
mai NW n->Sl i der _Speed- >set Val ue(pl ay_di vi sor);
base tinme = start_tinme = current = Ti mel ndex();
}
return current;
}
voi d Ti meFl ow. : peri odi cEvent ()
{
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Ti mel ndex current;

mai NW n- >Val ue_Current Ti me- >set Text (current. getTi ne());
mai nW n- >Sl| i der _Ti ne- >set MaxVal ue(current);

mai NW n->Sl i der _Ti ne->set Val ue(current Ti me());

}
voi d Ti meFl ow. : cl ear Ti mer ()
{
timer.stop();
times.clear();
}
voi d Ti meFl ow. : set upTi nmer ()
{
times_type::iterator i;
Ti mel ndex current (0);
while ((i = times.begin()) !'=tines.end() &&
i->first <= (current = currentTinme())) {
gDebug(" TI MER UPDATE") ;
i - >second->updat e(current);
times.erase(i);
}
if (i '=times.end() && play_speed) {
int val = ((i->first - currentTinme()) *
play _divisor) / play_speed;
gDebug(" TI MER START %", val);
timer.start(val, true);
}
}
bool Ti neFl ow. : event (QEvent *e)
{

if (e->type() !'= QEvent:: User)
gFat al ("EVENT");

/1 gDebug( " PRE EVENT");
RecvAtomi c *item

while ((item = RecvAtom c::dequeue()))
item >update(currentTinme());

/1 gDebug(" POST EVENT");
setupTimer();
/1 gDebug(" POST TI MER');

return true;

void TinmeFl ow. :timerEvent ()

{
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gDebug(" Ti mer Event");
setupTimer();

i meFl ow. : set Ti me(unsigned int val)

Ti mel ndex tinme = val;

clearTiner();

for (unsigned int index = 0; index < NunmRecvAtom cs; index++) {
recv_cl ass_array[index] ->update(tine);

}

base tinme = val;

start _time = Tinmel ndex();

setupTi mer();

voi d Ti meFl ow. : set Speed(int val)

/1

}

void T
{

}

{

}
voi d i
{

/*

*/

}
16.3.4.3
16.3.4.3.
#i ncl u
#inclu
#inclu
#i ncl u
#i ncl u
#inclu
#inclu

gDebug("---SET SPEED---");
base tinme = currentTinme();
start_time = Timelndex();
pl ay_speed = val;

setupTimer();

nitTinme()

Qbj ect : : connect (mai NWn->Sl i der _Ti e, SI GNAL(val ueChanged(int)),
&f 1 ow, SLOT(setTime(unsigned int)));

Qbj ect : : connect (mai NW n->Sl i der _Speed, SI GNAL(val ueChanged(int)),
& | ow, SLOT(set Speed(int)));

Ti mel ndex: : base = Qlime::currentTime();

Ti mel ndex current;
mai NW n->Val ue_Start Ti me- >set Text (current. get Tinme());

Qt
1 main.cpp
de <qapplication. h>
de <qgstring. h>
de <qtabl e. h>
de <ql abel . h>
de <qbuttongroup. h>

de "wi dgets. hh"
de "comon. hh"
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#i nclude "arbitrator. hh"

#i ncl ude "canvasltens. hh"

Mai nW ndow * mai nW n;

int min( int argc, char ** argv )

{

/*

}

QApplication a( argc, argv );
mai NWn = new Mai nW ndow,
mai nW n- >show() ;

a.connect( &a, SIGNAL( | astWndowd osed() ), &a, SLOT( quit() ) );

i nitSend();
initTime();

arbitrate.start();
Bool eanSi gnal And But t onMux;

Qhj ect : : connect (mai NW n- >Edi t Lati tude, SI GNAL(valid(bool)),
&But t onMux, SLOT(i nput A(bool)));

Qbj ect : : connect (mai NW n- >Edi t Longi t ude, SI GNAL(val i d(bool)),

&But t onMux, SLOT(i nput B(bool)));
Qbj ect : : connect (&But t onMux, SI GNAL(result (bool)),
mai NW n- >But t onG oup, SLOT(set Enabl ed(bool)));

GreenCanvasControl canvasControl (mai nW n- >G eenCanvas) ;
Qbj ect : : connect (mai NW n, Sl GNAL( hol eSet ( GPSCor di nate) ),
&canvasControl, SLOT(hol eSet (GPSCordi nate)));
Qbj ect :: connect (mai NWn, SI GNAL( bal | Set (GPSCor di nate)),
&canvasControl, SLOT(ball Set (GPSCordinate)));
Qbj ect : : connect (mai NWn, Sl GNAL(robot Set ( GPSCor di nate)),
&canvasControl, SLOT(robot Set (GPSCordi nate)));*/

Qbj ect : : connect (mai NWn->ButtonG oup_Units, SIGNAL(clicked(int)),

&Cor dLabel Arbitrator, SLOT(unitsChanged(int)));

i nitRecv(&canvasControl);

return a.exec();

16.3.4.3.2 mainwindow.ui.h
/****************************************************************************

ui.h extension file, included fromthe uic-generated formi npl enentati on.

* %

* %

* %

* %

* %

If you wish to add, delete or renane slots use @ Designer which will

update this file, preserving your code. Create an init() slot
a constructor, and a destroy() slot in place of a destructor.
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/
bool haveHol e = fal se;
bool haveBall = fal se;

voi d Mai nW ndow: : bal | i ck()

{
GPSCor di nate cord(EditLatitude->get GPS(),
Edi t Longi t ude- >get GPS() ) ;
Cord_Bal | Lat->setCord(cord. getlLatitude());
Cord_Bal | _Lon->set Cord(cord. getLongi tude());
haveBal | = true
i f (haveHol e)
PushBut t on_Act i on- >set Enabl ed(true);
emt ball Set(cord);
}
voi d Mai nW ndow: : hol e i ck()
{
GPSCor di nate cord(EditLatitude->get GPS(),
Edi t Longi t ude- >get GPS() ) ;
Cord_Hol e_Lat->set Cord(cord. getlLatitude());
Cord_Hol e_Lon->set Cord(cord. getLongi tude());
haveHol e = true
if (haveBall)
PushBut t on_Act i on- >set Enabl ed(true);
emt holeSet(cord);
}
voi d Mai nW ndow: : robot O i ck()
{
GPSCor di nate cord(EditLatitude->get GPS(),
Edi t Longi t ude- >get GPS() ) ;
Cord_Robot Lat->set Cord(cord. getlLatitude());
Cord_Robot _Lon->set Cord(cord. get Longi tude());
emt robotSet(cord);
}
voi d Mai nW ndow: : actiond i ck()
{
emt startAction();
}

16.3.4.3.3 canvasltems.hh
#i ncl ude <qobj ect. h>
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#i ncl ude <qcanvas. h>
#i ncl ude <qi mage. h>
#i ncl ude <qpi xmap. h>
#i ncl ude <stdio. h>
#i ncl ude "wi dgets. hh"

/1 Copied from QI Canvas exanpl e
class Inageltem: public QCanvasRectangl e

{
public:
I mgeltenm{ Q mage ing, QCanvas *canvas);
pr ot ect ed:
voi d drawShape( QPainter & );
private:
Q mage i mage
QPi xmap pi xmap;
b
cl ass CCanvasVi ew : public QCanvasVi ew
{
Q OBJECT
private:
bool needrePosition;
public:
CCanvasVi ewm{ QN dget * parent = 0, const char * name = 0, WWlags f = 0
)
void rePosition();
b
const | ong absXmax = 648000000;
const |ong absYnax = 324000000;
const long centerX = -64144434;
const long centerY = 20439804,

const long scale = 2;
const long regi onWdth = 1500;
const |ong regi onHei ght = 1500;

const |long canvasWdth = scale * regi onWdt h;
const | ong canvasHei ght = scale * regi onHei ght;

const |long edgeOfset = 1

const | ong nunber O | nages = 90;

cl ass GreenCanvasControl : public QCanvas
{

Q_OBJECT
private:

QCanvasPi xmapArr ay *robot _array;
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QCanvasSprite *robot ;

| mageltem *bal | ;
| magel t em *hol e;

CCanvasVi ew *vi ew;

Q mage i mage;
QPi xmap pi xmap;

void zoom();

inline long transX(l ong val)

{
long ret = 2 * (val - centerX) + canvasWdth/2;
printf("X %\n", ret);
return ret;

}

inline long transY(l ong val)

{
long ret =2 * (-val + centerY) + canvasHeight/?2;
printf("Y: %\n", ret);
return ret;

}

public:

GreenCanvasControl (CCanvasVi ew *) ;
QRect get Bounds();

public slots:
voi d bal | Set (GPSCor di nate);
voi d hol eSet (GPSCor di nat e) ;
voi d robot Set ( GPSCor di nat e) ;
void robotRotate(int);

s

16.3.4.3.4 canvasltems.cc
#i ncl ude <qpai nter. h>

#i ncl ude "canvasltens. hh"

I mageltem : 1 magelten( Q nage ing, QCanvas *canvas)
(CanvasRect angl e( canvas ), inmage(ing)

{
set Si ze( image.wi dth(), image.height() );
pi xmap. convert From mage(i mage, Order edAl phabDither);
}
void I mageltem : drawShape( QPainter &p )
{
p. drawPi xmap( int(x()), int(y()), pixmap );
}
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CCanvasVi ew. : CCanvasVi ewm{ QN dget * parent = 0, const char * name = 0, W ags
f =0)
CanvasVi em parent, nanme, f) {}

voi d CCanvasVi ew. : rePosi tion()

{

QRect rect = static_cast<G eenCanvasControl *>(canvas())->getBounds();
doubl e scal e;

if ((long long)rect.height() * (long long)visibleWdth() >
(long long)rect.width() * (long |ong)visibleHeight())
scal e = (doubl e)visibleHeight() / (double)rect. height();
el se
scal e = (doubl e)visiblewdth() / (double)rect.w dth();

QMWatri X nx;
nk = nx.scal e(scal e, scale);
set Wor [ dMat ri x(nmx) ;

int x, vy;
mx. map(rect.center().x(), rect.center().y(), &, &);

printf("SCALE % %, %d\n", scale, X, y);

center(x, y);

}

voi d G eenCanvasControl ::zoom()

{

/1 Vi ew >rePosi tion();
update();

}

QRect G eenCanvasControl :: get Bounds()
{
l ong Xmin
long Ymn
| ong Xmax
[ ong Ymax

OX7FFFFFFF;
OX7FFFFFFF;
0x80000000;
0x80000000;

QLCanvasltenlist list = allltens();
QLCanvasltenlist::Iterator it = Ilist.begin();
for (; it I'=list.end(); ++it) {
QCanvasltem*i = (*it);
if (i->isVisible()) {
QRect rect = i->boundi ngRect();
if (rect.left() < Xmn)
Xmn =rect.left();
if (rect.right() > Xnmax)
Xmax = rect.right();
if (rect.top() < Ymn)
Ymn = rect.top();
if (rect.bottom() > Ymax)
Ymax = rect.bottom();
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}

printf("BOUNDS: %, %d %l, %\ n",
Xmn, Ymn, Xmax, Ymax);

return QRect(Xmn - edgeOfset, Ymin - edgeOffset,
Xmax - Xmin + 2*edgeOffset, Ymax - Ymin + 2*edgeCffset);

}
/*QRect GreenCanvasControl :: get Bounds()
{
return QRect (0, 0, 5000, 5000);
yel
GreenCanvasControl : : G eenCanvasCont r ol (CCanvasVi ew *val )
/1 : LCanvas(absXmax * 2, absYmax * 2), view(val)
QCanvas(canvasW dth, canvasHeight), view(val) //, Xtrans(0),
Ytrans(0)
{

i mage = Q nage("i mages/ background. png");

pi xmap = QPi xmap(i mage) ;
set Backgr oundPi xmap( pi xmap) ;

hol e = new | magel tem Q nage("i mages/fl ag. png"), this);

ball = new | mageltem Q nage("i mages/ ball.png"), this);
/1 robot = new | nagel tem( Q mage("i mages/robot. png"), this);
/1 robot _array = new QCanvasPi xmapArray("i nmages/robot %. png",

nunber O | mages) ;
QPi xmap robot _pi xmap(Q mage("i mages/ robot . png"));

Qval uelLi st <QPi xmap> |1 st;

for (int i =0; i < nunberO | nmages; i++) {
QMWAatrix matri x;
matri x. rotate((double)i * 360.0/((doubl e) number O | mages)) ;
list.append(robot_pi xmap. xForm(matrix));

}

robot _array = new QCanvasPi xmapArray(list);
robot = new QCanvasSprite(robot _array, this);

vi ew >set Canvas(this);

/* bal | - >nmove( 750, 750);
bal | - >show() ;
hol e- >move( 750, 750);
ol e->show(); */
/1 robot - >nove( 750 - 100, 750 - 100);
/1 r obot Rot at e(90) ;
/1 robot - >set Fr ane(45) ;
robot - >show() ;
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voi d GreenCanvasControl :: bal | Set (GPSCor di nate cord)

bal | - >move(transX(cord. get Longi tude(). get Number() - 18),
transY(cord. getLatitude().getNurber()) - 4);

bal | - >show() ;
zoom();
}
voi d G eenCanvasControl :: hol eSet (GPSCor di nat e cord)
{
hol e- >nove(transX(cord. get Longi tude() . get Nunber()) - 161
transY(cord. getlLatitude().getNunmber()) - 198);
hol e- >show() ;
zoom() ;
}
voi d GreenCanvasControl ::robot Set (GPSCor di nat e cord)
{
robot - >nove(transX(cord. get Longi t ude(). get Nunber() - 100),
transY(cord. getLatitude().getNunber()) - 100);
r obot - >show() ;
zoom() ;
voi d GreenCanvasControl::robotRotate(int val)
{

robot - >set Frane((val - 360/ (2*nunber O | mages) )/ (360/ number OF | mages) ) ;
/1 r obot - >show() ;
}

16.3.4.3.5 widgets.hh

#i f ndef CW DCGETS H
#def i ne CW DGETS_H

#i ncl ude <qregexp. h>
#i ncl ude <qval i dator. h>
#i ncl ude <qlineedit. h>
#i ncl ude <qgl abel . h>
#i ncl ude <qgstring. h>

#i

ncl ude "gpsCord. hh"

c

{
Q _OBJECT
publi c:
CCor dLi neEdit ( const QRegExp & rx, QAN dget * parent, const char * name

ass CCordLineEdit : public QineEdit

SubCord get GPS() ;
(RegExpVal i dat or | ocal val i dat or;
si gnhal s:

voi d valid(bool);

private slots:
voi d privateText Changed(const QString &str);
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s

class CLatLineEdit : public CCordLi neEdit

{
public:
CLatLi neEdit( QWdget * parent, const char * name = 0 );
¥
class CLonLineEdit : public CCordLi neEdit
{
publi c:
CLonLi neEdit( QWdget * parent, const char * name = 0 );
b
cl ass Bool eanSi gnal And : public Qoject
{
Q _OBJECT
private:
bool A, B, state;
inline void sendSig();
public:

Bool eanSi gnal And() : A(false), B(false), state(false) {}

public slots:
voi d i nput A(bool ) ;
voi d i nput B(bool ) ;

si gnal s:
void result(bool);
b
cl ass CCordLabel : public Q.abe
{
Q OBJECT
public:

CCordLabel ( QN dget * parent, const char * name = 0, Wrlags f = 0 );

public slots:
voi d set Cord( SubCord);

private:
friend class CCordLabel Arbitrator;

enum Units { seconds, minutes };
static Units units;

SubCord cordi nate

private slots:
voi d updat eText ();
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cl ass CCordLabel Arbitrator : public Qject
{
Q _OBJECT
si gnal s:
voi d updat eAll ()
public slots:
voi d uni t sChanged(int val);
1
ext ern CCordLabel Arbitrator CordLabel Arbitrator;
#endi f

16.3.4.3.6 widgets.cc
#i ncl ude <qobj ect. h>

#i ncl ude "wi dgets. hh"
CCor dLi neEdi t : : CCor dLi neEdi t ( const QRegExp & rx, QN dget * parent, const

char * name = 0)
Qi neEdi t (parent, nane), |ocalvalidator(this)

{
| ocal val i dat or. set RegExp(rXx);
set Val i dat or (& ocal val i dator);
connect (this, SIGNAL(textChanged(const QString &)),
this, SLOT(privateTextChanged(const QString &)));
}

voi d CCordLi neEdit:: privat eText Changed(const QString &val)
{
int pos = cursorPosition();
Qstring str = val;
bool res = validator()->validate(str, pos) == Qvalidator::Acceptable;

emit valid(res);

}

SubCord CCordLi neEdit: : get GPS()
{
/1 QRegExp rx("(-2A\d*)d(\\d*)\ " (\vdF\ AN dF) )
/* QRegExp rx("(-2A\d*)d((\\dxNv o ANdF) (NN dF) N (NN dFNN L ANdF) ) ) Y)
rx.search(text());
return SubCord(rx.cap(1l).tolnt(),
rx.cap(2).toU nt(),
rx.cap(3).toFloat());

@Stringlist list = rx.capturedTexts();

printf("NUM % %:%: %:%\n", |ist.count(),
list[0].ascii(),
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list[1].ascii(),
list[2].ascii(),
list[3].ascii());

int deg = list[1].tolnt();
if (list.count() == 3)
return SubCord(deg,
list[2].toFloat());
else if (list.count() == 4)
return SubCord(deg,
list[2].toUNnt(),
list[3].toFloat());
el se
return SubCord();
*/

QRegEXp rx("(-2A\d*)d(\Vvdx\ L A dF) N (NN dFN L AN dF) ) ;
rx.search(text());

int deg = rx.cap(l).tolnt();
if (rx.cap(2).find('.") == -1)
return SubCord(deg,
rx.cap(2).toU nt(),
rx.cap(3).toFloat());
el se
return SubCord(deg,
rx.cap(2).toFloat());

CLat Li neEdit:: CLatLineEdit( QN dget * parent, const char * name = 0 )
/1 : CCor dLi neEdi t (QRegExp("-?[0-8] 2\\d?d[ 0-5] 2A\\d?\ " [ O-
5] A\ d?2((\\.\\d{0,3}")]")9$"),
. CCordLi neEdi t (QRegExp("-?[0-8] 2A\\d?d[ 0-5] 2A\\d?((\\.\\d{O, 4}\")] (\"[O-
51 A\ d?2((\\ .\ d{0,3}")[')))$"),
parent, nane)

{}
CLonLi neEdi t:: CLonLi neEdi t (QW dget * parent, const char * name = 0 )
/1 : CCordLi neEdi t (QRegExp("-2((1[0-7]\\d)| (\\d{0, 2}))d[0-5] 2\\d?\"[O-

51 2A\\d?2((\\ .\ d{0,3}")]")$"),
: CCordLi neEdi t (QRegExp("-2((1[0-7]\\d)]| (\\d{O, 2}))d[O-
51 A\ d?2((\\ . ANA{0, 43\") | (V[ O0-5] AN d?2( (V. \\d{0,3}")]")))$"),
parent, nane)

{}

i nline void Bool eanSi gnal And: : sendSi g()

{
bool val = A & B

if (val !'= state) {

state = val
emt result(val);
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}

voi d Bool eanSi gnal And: : i nput A(bool val)

{
A = val;
sendSi g() ;
}
voi d Bool eanSi gnal And: : i nput B( bool val)
{
B = val;
sendSi g() ;
}

CCor dLabel : : Units CCordLabel ::units;

CCor dLabel : : CCor dLabel ( QN dget * parent, const char * nane = 0, WWlags f = 0
)

{

Q.abel (QString("UNKOMWN'), parent, name, f)

set Alignment( int( Q.abel::AlignCenter ) );
connect ( &Cor dLabel Arbitrator, SIGNAL(updateAll()), SLOT(updateText()));
}

voi d CCordLabel :: set Cord(SubCord cord)
{

cordi nate = cord;

updat eText () ;

}

voi d CCordLabel : : updat eText ()
{
if (cordinate.invalid()) {
set Text (" UNKOMW") ;
return;

}
QString tnp, result;

resul t. append(tnp. set Nun{ cordi nate. getDeg()));
resul t. append( QChar (0x00B0)) ;

if (units == seconds) {
resul t. append(tnp. set Num{cordinate.getlntMn()));
resul t.append('\""');
resul t. append(tnp. set Nun{ cordi nat e. get Sec()));
result.append('\'");

} else {
resul t. append(tnp. set Nun{cordi nate.getFloatMn()));
result.append('\"");

set Text (result);
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voi d CCordLabel Arbitrator::unitsChanged(int val)
{

CCor dLabel : : Units newal = (CCordLabel::Units)val;
if (newal != CCordLabel::units) {

CCor dLabel ::units = newal ;
emt updateAll ();

}

CCor dLabel Arbi trator CordLabel Arbitrator;

102



A

ABACOININ ...ooeiiiiieeieeeeee ettt e e e e e e e e e e e e e et aaeeeeeeeeteaaaaeeeeeeeeetaabeaaeeeeaataabaaaeeeeaaaarbaaeaeeeeaaarrareeeeeeaanres 7
AOINL L.ttt ettt et e e te e te et e etbeeabeetaeeta e be e beerbeeraeeaeeeteebeebeenbeetseetseateenbeenbeenneareas 11, 12, 20, 40, 41, 57
ALOITIIC ... .veeveeteeere ettt e ete et e et e et e eteesteeeteesseeaeeeaeeeseenseesseessesssenreas 9,11,12,13,14, 15,16, 17, 22, 23, 24, 25, 26, 27, 89
B

[oF: TICI ¥ 15 (o )« DO PR RTRRROTRRR i, 5,7,8,9
C

ettt ettt ettt ettt te et et beerte et e e bt ea b e et b e et b et e et e esbeesbeeRte Rt e beenbeenteert e et b e et s eteenbeenbeesseereesaeereenreenes 11,17
CRASSIS ...ttt et e e et e ee—— e e ettt e e e ——t e e e ——eeea——ee e e —teeen—teeeaa—eeeatrteeaarteeenaes i, 5,8
1e70) 10113V USRS 11, 14, 15, 16, 20, 25, 27, 32, 33, 45, 50, 52, 58, 60
LT3 001 001010 oF: 15 (o) 1 SRR i, 5,7,8,9
D

DIBUZL2 .ttt ettt et ettt e et ettt e st e et enteat et et e be Rt eReeR e eRtenten s e s se A et e Rt eRtenten b e seseeseeneestentensensenseene e 11
G

GPS oo i1, 5,6,9, 11, 13, 17, 40, 41, 49, 50, 51, 52, 57, 66, 69, 70, 72, 73, 74, 75
GPSCOrdinate .......c.cccvieuiierieiieriereeeeeeeie e 11, 66, 67, 68, 69, 70, 75, 80, 81, 82, 83, 92, 93, 95, 97, 98
EAPNICAL USET INTETTACE ......eivieiieiicie ettt ettt et e b e e e e aeesbe e beesbeesbeessessaesseessesssesseesseesseenseenns 12,17
H

= (O PSSP PRUPRRUPRRRPRRRRNE 57,8
L

LMWK ettt ettt et e e ta e e bt e e tae e ta e e bae e bae e aae e tae e aeeeataeebaeentae e tae e baeenbaeetae e abeetbeeasaeetbeearbeesbeesrraentreas 17
M

IMESSAZING LAYCT ...ttt ettt ettt et e et ee e ebe e bt et e et e emaesseesaeesaeese e et enteemeeeneeeneeseans 14,15, 16, 17
N

0 E AT 110 4 DSOS 1,5,8,9
P

PACKEL LAY ... eetieeiieiieiiecteecttete ettt ettt et s bt et e et e e st e s taestaesteesseessesraesseesseenseessesssensaeseans 13, 14, 15, 16, 17, 28
PO ettt b ettt et e bt b e ea b e et b e taeate e bt e bt arteaRteett e bt e s beesbe et s e st e beesbeesbeeraeereesreereenseenes 7,8
PUISE Width MOAUIALION .......eectieiieiieiecie ettt ettt e et e s e s sa e seesseesseeseenseenseessessaenseensennsenssennnes 7,16
ST USSP 7
0

ettt ettt te e bttt e aeeteeateeaeeeteeteeteetteeteeateebeeteeateeaee et e abeeateebeeateetteetb e beebeenreenteereas 17,91, 92
R

REMOTE TTANSCEIVET ....veeuviietieiiieeitieeitteesiteeteeesteeeteesteessbeeasseessseessseessseesssaessseensseessseansseensseenssesnsseenssessseeseeensseanseesnses 8
S

SCIIMIEE EIIZEOT ..ottt ettt et et a e e a e e e b et ea e e et e eb e e e bt e bt e bt embesbeesbe e bt emteemteeaeeeb e e bt enbeenbeensesanes 7
SENASTIUCE ...e.vieieeie ettt ettt e e e sbe e beesaeeseesteesseesseesseessesssenseensens 11,12, 13, 21, 26, 41, 54, 56, 57



T

transceiver

TTANSCRIVET LAYCT ...eviiiiieitiiete sttt ettt sttt b e st b ettt et bt besbe bt oot enneneennen

B0 Y 15 () o 2 T (NN



	Introduction of Robot project
	Specifications and Requirements
	Basic Overview of Design
	Base Station
	Transceiver Implementation
	Base Station Transceiver
	Remote Transceiver

	Robot Integration
	Intended protocol
	Actual protocol
	Integration with Navigation

	Communication Protocol Overview
	Design Objectives
	Terminology

	Budget
	Power Budget

	General software issues
	Communication Protocol Usage
	Atomic Implementation Overview
	Adding new atomics


	Communications Protocol Implementation
	Atomic Pool Layer
	Objective
	Implementation Overview
	Implementation Details

	Messaging Layer
	Objective
	Implementation Overview
	Implementation Details

	Packet Layer
	Objective
	Implementation Overview
	Implementation Details

	Transceiver Layer
	Objective
	Implementation Overview
	Implementation Details

	Execution flow
	Receiving data
	Sending data


	GPS integration
	Serial Interface
	Graphical User Interface
	Overview
	Adding new atomics

	Conclusion
	Appendices
	Transceiver Module Specs
	Transceiver Module Pin-outs

	Base Station and Remote Transceiver
	Transceiver Pin-outs
	Transceiver Circuit Diagram

	Code Listing
	Common
	Definitions
	types.h
	params.h
	SendDef.hh
	SendArrayHeader.hh
	SendArrayFooter.hh

	Protocol
	atomicPool.hh
	messageBuffer.hh
	packet.hh
	transciever.hh
	sendFunctions.hh

	Atomic Structures
	CommonStruct.hh
	CommonSendArray.hh
	RobotSendStruct.hh
	RobotSendArray.hh
	RecvStruct.hh

	Makefile

	Robot
	main.cc
	Definitions
	Recv.hh
	RecvArray.hh

	Imperative
	messageRecv.hh
	RecvFunctions.hh

	Interface
	gpsInterface.hh
	spiInterface.hh


	Link
	main.cc
	Definitions
	Recv.hh
	SendThrough.hh
	RecvFunctions.hh
	LinkSendStruct.hh
	LinkSendArray.hh
	LinkRecvStruct.hh
	LinkRecvArray.hh

	Imperative
	MessageRecv.hh
	receive.hh
	serial.hh


	Graphical User Interface
	Data Decloration
	types.hh
	recvAtomic.hh
	messageData.hh
	parseMessage.hh
	atomicCollection.hh
	atomicCollection.cc
	atomicSet.hh
	sendSignals.hh
	sendSignals.cc
	gpsCord.hh

	Data Handlers
	arbitrator.hh
	arbitrator.cc
	timeFlow.hh
	timeFlow.cc

	Qt
	main.cpp
	mainwindow.ui.h
	canvasItems.hh
	canvasItems.cc
	widgets.hh
	widgets.cc





