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Lecture 4: Introduction to MOOS Programming

Web: http://oceanai.mit.edu/2.680

Email:
Mike Benjamin, mikerb@mit.edu

2.681 Spring 2023 — Marine Autonomy — “Programming MOOS Applications” ¥ T J» "3~ &S Photo by Arjan Vermeij, CMRE
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Big Picture Preview
of Today’s Lecture and Lab
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MITMECHE

Alpha Mission Illil-

$ cd moos-ivp/ivp/missions/sl_alpha

DESIRED_RUDDER

DESIRED_THRUST
NAV_X, NAV_Y
NAV_HEADING
NAV_SPEED

MOOS
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$ ./launch.sh 10
il ST DESIRED_HEADING ;
i DESIRED_SPEED NODE_REPORT
ﬁ Configure
. Vil Tl gy

DESIRED_HEADING
DESIRED_SPEED

pMarinePID

CE

DESIRED_RUDDER
DESIRED_THRUST

3]

pNodeReporter

NAV_X  NAV_HEADING
NAV_Y  NAV_SPEED

NODE_REPORT
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NODE_REPORT

NAV_X
NAV_Y

NAV_HEADING
NAV_SPEED

] MITMECHE

Adding an Odometry MOOS App Illil-
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alpha.maos
alpha.ohv

RED_HEADING
SIRED_SPEED

NCDE_REPORT

DESIRED_HEADING
DESIRED_SPEED

pMarinePID

J

DESIRED_R!
LESIRED_TH

]

DESIRED_RUDDER
DESIRED_THRUST
NAV_X, NAV_Y
NAY_HEADING
NAV_SPEED

NAV_X NODE_REPORT

NAV_Y
NODE_!

pOdometry ODOMETRY_DIST

In today’s lab we will write our first MOOS App, to calculate odometry distance
* We will then use this MOOS app to be involved in the Helm’s decision-making

NAV_HEADING
NAV_SPEED
ORT

NAV
NAV.

HE

NAV_X
NAV_Y
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||| mimEenE Adding an Odometry MOOS App Ilrl-

The Alder Mission

MIT 2.680

NAV_X pOdometry

NAV_Y

Running the Alder Mission (in your moos-ivp-extend tree)

$ cd moos-ivp-extend/missions/alder
$ pAntler alder.moos —-MOOSTimeWarp=10
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||| e Adding an Odometry MOOS App Ilrl-

aphamons
i e by

The Alder Mission
with Odometry

MIT 2.680

NAV_X pOdometry

NAV_Y

* The Odometry App will publish odometry distance
» The Helm will transition to return home after a certain distance has been achieved.
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1[] MrTC e Intro to MOOS Programming Outline Illil-

»- MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&ageApi’sp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()
* Serializing and De-Serializing Messages

* Time Warp
Part 2: » Motivation and How to use Appcasting
Appeasting « How to convert an existing MOOSApp to an AppCastingMOOSApp
Part 3 Good : » Command-Line Switches
MOOS App * Documentation
CATIHERS * Pros and Cons of Branching, How to Branch
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| LS MOOS Applications and Inheritance i

* In general, MOOS applications are a subclass of the MOOSApp superclass.
» The parent class implementation does most of the work behind the scenes.

messages subclass

Your

Application Application Application

Process Process

A B

Each application:
- Publishes certain messages
- Subscribes for certain messages
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| [L o The MOOSApp Superclass T

Each MOOS application has the option of overriding key parent class virtual functions.

CMOOSApp: :Run ()

{ Startup HOnNewMailH Iterate J

@ D @ D @ D
::0OnStartUp () ::OnNewMail () ::Iterate()
{ { {
} } }

Key overridden virtual functions in a derived application

Subscribe Handle Mail Process/Publish
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- T (Y]
1|] T Example Class Definition |||"
0 | #include ”M0OOS/1ibMOOS/MOOSLib.h” ;nz?uée_mosipp -
1 |class Relayer : public CMOOSApp efinition and subelass
The Relayer class definition is in: 2 | {
moos-ivp-extend/ 3 public:
trunk/src/pXRelayTest/ 4 Relayer () ; Declare the constructor
5 virtual ~Relayer() {}; foclare and define the
6
7 bool OnNewMail (MOOSMSG LIST &NewMail) ; Declare the CMOOSApp
8 bool OnStartUp() ; superclass virtual
9 bool Tterate () . functions for
v overloading
10 bool OnConnectToServer () ;
11 -
12 void RegisterVariables(); beclare a utility
function where
13 registrations happen
14 protected:
15 // Local member variables
16 | };
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]IwI i MOOS Messages |||i|-

* The form of the data passed between clients is constrained by MOOS:

Name | The name of the data
StringVal | Data in string format
DoubleVal | Numeric double float data
Source | Name of client that sent this data to the MOOSDB
SourceAux = Optional additional information about the source client
Time = Time at which the data was written
DataType = Type of data (STRING or DOUBLE or BINARY)
MessageType = Type of message (usually NOTIFICATION)

Community | The community to which the source process belongs

» Typically, the data type is either a string or a double.
» Binary data may be packed into the string field (images or other data structures etc)
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1 LA Posting MOOS Messages Nir

(from with an application)

Messages are posted with the Notify () function.

string moos var = “WELCOME MESSAGE”;
string moos msg = “Hello World!”;
Notify (moos var, moos msgq) ;

Name | The name of the data
StringVal | Data in string format
DoubleVal | Numeric double float data
ISGErEEl  Name of client that sent this data to the MOOSDB
SourceAux | Optional additional infor about the source client
Time at which the data was written
Type of data (STRING or DOUBLE or BINARY)
Type of message (usually NOTIFICATION)
The community to which the source process belongs

Caller
specified
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1' U Posting MOOS Messages Illil-

(from with an application)

Messages are posted with the Notify () function.

string moos_var = “WELCOME MESSAGE”;
string moos msg = “Hello World!”;
Notify (moos var, moos msgq);

Name | The name of the data
StringVal | Data in string format
DoubleVal'|| Numeric double float data
ISGUErGEl  Name of client that sent this data to the MOOSDB
SourceAux | Optional additional infor about the source client
Time at which the data was written
Type of data (STRING or DOUBLE or BINARY)
Type of message (usually NOTIFICATION)
The community to which the source process belongs

Caller
specified
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| | L Posting MOOS Messages Nr

More examples

Posting Literals (string)

Notify ("WELCOME MESSAGE”, “Hello World”);

Posting Literals (double)

Notify (“TEMPERATURE”, 98.6);
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1L MOOS Message Names T

By convention, MOOS message names are all UPPER CASE letters with
numbers and underscores. A further convention is that that begin with a letter.

Good Examples:

TEMP

CURRENT VAL
COMPONENT 1
COMPONENT 278
TIME TO COLLISION

Meh:

Bad-idea
7854
_HELLO?

That being said, MOOS will let almost anything through, even white space. Why?
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e Posting MOOS Messages

I I I | B
Message Source Information I I

* When a message is posted to the MOOSDB, the source field is automatically filled in.

If Application pFooBar posts a message:

Notify (“WELCOME MESSAGE”, “Hello World”);

1 4

Received by another app:

MOOSMsg msg;

cout << “Wariable:
cout << “Walue:
cout << “Source:

V" << msg.GetKey () << endl;
W << msg.GetString() << endl;
Y << msg.GetSource() << endl;

The output would be:

Variable: WELCOME MESSAGE
Value: Hello World
Source: pFooBar

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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,lI] MITRECHE

Posting MOOS Messages

I I I o -
Specifying the Auxiliary Source I I

« When a message is posted to the MOOSDB, the auxiliary source field is typically left empty.

If Application pFooBar posts a message:

‘Notify(“WELCOME_MESSAGE”, “Hello World”, “Special Greeter”); ‘

4

Received by another app:

MOOSMsg msg;

cout << “Wariable: “ << msg.GetKey() << endl;
cout << “Walue: " << msg.GetString () << endl;
cout << “Source: Y << msg.GetSource () << endl;
cout << “SrcAux:

W << msg.GetSourceAux () << endl;

The output would be:

Value:
Source:
SrcAux:

Variable:

pFooBar

Special Greeter

WELCOME_MESSAGE
Hello World

MOOS
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1“ MITRECHE

Posting MOOS Messages

I I I N .
Timestamps II

* The timestamp of a message posted to the MOOSDB, is the time when the message was posted.
* Not the time received by the MOOSDB. Not the time received by the receiving application.

If Application pFooBar posts a message:

‘Notify(“WELCOME_MESSAGE", “Hello World”);

4

Received by another app:

MOOSMsg msg;

cout << “NowTime:
cout << “Variable:
cout << “Value:
cout << “MsgTime:

W

W

W

<< MOOSTime () << endl;

<< msg.GetKey () << endl;

<< msg.GetString () << endl;
<< msg.GetTime () << endl;

The output

would be:

NowTime:

Value:
MsgTime:

1.39273e+09
Variable: WELCOME_ MESSAGE
Hello World
1.39273e+09
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”ll‘] [ MOOS Message Functions |||i|-

(nearly) full list

A summary of functions defined on MOOS messages:

MOOSMsg msg;

string msg.GetKey () // Get the MOOS variable name
string msg.GetName () // Get the MOOS variable name
bool msg.IsString() // true if message type is string
bool msg.IsDouble () // true if message type is double
string msg.GetString () // Get the message string contents
String msg.GetDouble () // Get the message double contents
string msg.GetSource () // Get the sender information

string msg.GetSourceAux () // Get further sender information
string msg.GetCommunity () // Get the sender community information
double msg.GetTime () // Get the time message was posted

There’s more. If you want to see for yourself, take a look at:

$ cd moos-1ivp/MOOS/MOOSCore/Core/1ibM0O0S/Comms/include/MOOS/1ibMOOS/Comms /
$ emacs MOOSMsg.h
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/1L i Intro to MOOS Programming Outline T

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
MOOS App . ; ; i ;
Concepts » Registering for and PubI!shlng Mail .
« Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()
* Serializing and De-Serializing Messages

* Time Warp
Part 2: » Motivation and How to use AppCasting
HppEEsiig « How to convert an existing MOOSApp to an AppCastingMOOSApp
Bt 3 G - » Command-Line Switches
MOOS App * Documentation
CETIIE S * Pros and Cons of Branching, How to Branch
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L Registering for MOOS Mail Messages Nir

(from within an application)

* Messages are registered with the Register () function.

bool Register (string, double);

T 1

Name of the Min time interval
MOOQOS Variable between notifcations

Register ("WELCOME MESSAGE”, 0);
Register (“"GOODBYE MESSAGE”, 0.5);

* Incoming mail for WELCOME_MESSAGE will be received each time
another client posts to this variable.

* Incoming mail for GOODBYE_MESSAGE to be received at most twice per
second.

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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1[] — More on Registering for MOOS Mail |||i|-

(In case you were wondering....)

Q: How is mail read by an application?
A: In the OnNewMail() function. (We'll get to that shortly)

Q: What are legal variables names?

A: Anything but an empty string allowed. By convention, variables consist
solely of uppercase letters, numbers, and the underscore character.

Q: Are there any ill effects from registering for a variable twice?

A: No. The 2nd registration is just ignored. Even if the min-interval arg is
different!

Q: Can an application send mail to itself?
‘ A: Yes, but the app still must register for it like other apps.

Q: Is it possible to un-register for a variable? (Why would one want to?)

| A: Yes, the call is UnRegister(VARNAME); |

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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1[] MrTC e Intro to MOOS Programming Outline Illil-

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&age':i’sp « Registering for and Publishing Mail
»- Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()
« Serializing and De-Serializing Messages

* Time Warp
Part 2: » Motivation and How to use AppCasting
Appeasting « How to convert an existing MOOSApp to an AppCastingMOOSApp
Part 3 Good : * Command-Line Switches
MOOS App * Documentation
CATIHERS » Pros and Cons of Branching, How to Branch
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| Lo Our Old Friend pXRelay Illil-

The pXRelay application works as follows:
« It registers for mail on a given variable (e.g., “APPLES”).
» When it receives mail for the variable, it increments a local “received” counter.
* For every mail received, it publishes on another given variable (e.g., “PEARS”).

Initial state:
(No activity)
pXRelay_Apples pXRelay_Pears
tally recd = 0 tally recd = 0O
tally sent = 0 tally sent = 0
incoming var=“APPLES” incoming var=“PEARS”
outgoing var=“PEARS” outgoing var=“APPLES”

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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LS Triggering the pXRelay Example i

(1) Someone publishes to “APPLES”
(2) pXRelay_Apples receives the mail, increments its “tally received” counter.

uPokeDB

APPLES=0

APPLES=0

pXRelay_Apples pXRelay_Pears
tally recd = 1 e tally recd = 0
tally sent = 0 tally sent = 0
incoming var=“APPLES” incoming var=“PEARS”
outgoing var=“PEARS” outgoing var=“APPLES”

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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| LS Triggering the pXRelay Example i

(5) pXRelay_Pears notes that tally_sent is less than tally_received.
(6) pXRelay_Pears publishes APPLES=1, and increments its tally_sent counter.

APPLES=1 APPLES=1
pXRelay_Apples pXRelay_Pears
tally recd = 2 e tally recd = 1 &
tally sent =1 tally sent = 1 e
incoming var=“APPLES” incoming var=“PEARS”
outgoing var=“PEARS” outgoing var=“APPLES”

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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,ll MITMECHE

Our Old Friend pXRelay Illil-

What’s happening inside
» OnStartUp(),

*  OnNewMail(),

+ lterate()?

incoming var=“APPLES”
outgoing var=“PEARS”

Initial state:

(No activity)
pXRelay_Apples pXRelay_Pears
tally recd = 0 tally recd = 0
tally sent = 0 tally sent = 0

incoming var=“PEARS”
outgoing var=“APPLES”

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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1' MITMECHE

The “Relayer” Class Definition

moos-ivp-extend/trunk/

src/pXRelayTest/

The Relayer class definition is in:

W Joy U W N EFEO

{

#include ”MOOS/1ibMOOS/MOOSLib.h”
class Relayer : public CMOOSApp

public:

protected:

Include CMOOSApp definition
and subclass it

Relayer();

virtual ~Relayer() {}; Declare the constructor
Declare and define the
destructor.

bool OnNewMail (MOOSMSG LIST &NewMail);

bool OnStartUp () ;

. Declare the CMOOSApp
bool Iterate(); superclass virtual
bool OnConnectToServer () ; functions for overloading

Declare a utility function
where registrations happen

void RegisterVariables();

Keep track of received and
outgoing message counts

unsigned long int m tally recd;

Store the user’s choice for
incoming and outgoing
variables.

unsigned long int m tally sent; ]

std::string m incoming var;

std::string m_outgoing var;

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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,lI] MITRECHE

The Relayer class definition is in:
moos-ivp-extend/trunk/

src/pXRelayTest/

MOOS
Classes

Michael Benjamin, Spring 2023

1 ] et (]
The “Relayer” Class Definition |||"
0 #include ”MOOS/1ibMOOS/MOOSLib.h”
1 | class Relayer : public CMOOSApp CONVENTION:
2 {
3 public: Functions declared before
L Bt ) § member variables
5 virtual ~Relayer() {}:
6
7 bool OnNewMail (MOOSMSG LIST “%NewMail) ;
8 bool OnStartUp () ;
9 bool Iterate();
10 bool OnConnectToServer () ; CONVENTION:
11
12 void RegisterVariables(); Class member variables
" begin with m_
14 protected:
15 unsigned long int m tally recd;
16 unsigned long int m tally sent;
17
18 std::string m_incoming_var;
19 std::string m outgoing_var;
20 }i

MOOS MOOS MOOS App Serialization AppCasting MOOS
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1“ MITRECHE

The pXRelay OnStartUp() Method

0

1

The task of the OnStartUp() 2
method is to grab the two 3
configuration parameters for 4
pXRelay — 5
The INCOMING_VAR and 6
OUTGOING_VAR 7
8

9

10

11

12

13

14

15

16

17

18

19

20

bool Relayer::0nStartUp () <
{

STRING_LIST sParams;
m MissionReader.GetConfiguration (GetAppName (), sParams);

STRING_LIST::iterator p;
for(p = sParams.begin(); p!=sParams.end(); p++) {

string line = *p;
string param = MOOSChomp (line, "=");
string value = line;

if (MOOSStrCmp (param, "INCOMING VAR"))
m_incoming var = value;

else if (MOOSStrCmp (param,
m_outgoing var = value;

"OUTGOING_VAR"))

}

RegisterVariables () ;
return (true);

Declare
function

Get the list of

parameters from
the .moos file

Iterate through
the list of
param=value
pairs

If param matches,
store value in
local member var

If param matches,
store value in
local member var

Now that incoming
var is known,
register for it!

MOOS
Classes

Michael Benjamin, Spring 2023
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,lI] MITRECHE

The pXRelay OnStartUp() Method

The task of the OnStartUp()
method is to grab the two
configuration parameters for
pXRelay —

The INCOMING_VAR and
OUTGOING_VAR

MOOS
Classes

Michael Benjamin, Spring 2023

O Joy bW NE O

bool Relayer::0nStartUp ()
{
STRING_LIST sParams;

m_MissionReader.GetConfiguration (GetAppName (), sParams) ;

STRING _LIST::iterator p;
for (p = sParams.begin(); p!=sParams.end(); p++) {

string line = *p;
string param = MOOSChomp (line, "=");
string value = line;

if (MOOSStrCmp (param, "INCOMING VAR"))
m_incoming var = value;

else if (MOOSStrCmp (param,
m_outgoing var = value;

"OUTGOING_VAR"))

}

RegisterVariables();
return (true) ;

]

Declare
function

Get the list of

parameters from
the .moos file

Iterate through
the list of
param=value
pairs

If param matches,
store value in
local member var

If param matches,
store value in
local member var

Now that incoming
var is known,
register for it!
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1“ MITRECHE

The pXRelay OnStartUp() Method

The task of the OnStartUp()
method is to grab the two
configuration parameters for
pXRelay —

The INCOMING_VAR and
OUTGOING_VAR

MOOS
Classes
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O Joy b W N E O

S e el el e e
O W WJo U WNEF O W

bool Relayer::0nStartUp ()
{
STRING_LIST sParams;

m MissionReader.GetConfiguration (GetAppName (), sParams);

STRING_LIST::iterator p;
for(p = sParams.begin(); p!=sParams.end(); p++) {

string line = *p;
string param = MOOSChomp (line, "=");
string value = line;

if (MOOSStrCmp (param, "INCOMING VAR"))
m_incoming var = value;

else if (MOOSStrCmp (param,
m_outgoing var = value;

"OUTGOING_VAR"))

}

RegisterVariables () ;
return (true);

Declare
function

Get the list of

parameters from
the .moos file

Iterate through
the list of
param=value
pairs

If param matches,
store value in
local member var

If param matches,
store value in
local member var

Now that incoming
var is known,
register for it!
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,lI] MITRECHE

The pXRelay OnStartUp() Method

The task of the OnStartUp()
method is to grab the two
configuration parameters for
pXRelay —

The INCOMING_VAR and
OUTGOING_VAR

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
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O Joy bW NE O

bool Relayer::0nStartUp ()
{
STRING_LIST sParams;

m_MissionReader.GetConfiguration (GetAppName (), sParams);

STRING _LIST::iterator p;
for (p = sParams.begin(); p!=sParams.end(); p++) {

string line = *p;

string param = MOOSChomp (line, "=");

string value = line;

if (MOOSStrCmp (param, "INCOMING VAR")) <j

m_incoming var = value;

else if (MOOSStrCmp (param, "OUTGOING VAR"))
m_outgoing var = value;

}

RegisterVariables();
return (true) ;

Declare
function

Get the list of

parameters from
the .moos file

Iterate through
the list of
param=value
pairs

If param matches,
store value in
local member var

If param matches,
store value in
local member var

Now that incoming
var is known,
register for it!

Dept of Mechanical Engineering

1“ MITRECHE

The pXRelay OnStartUp() Method

The task of the OnStartUp()
method is to grab the two
configuration parameters for
pXRelay —

The INCOMING_VAR and
OUTGOING_VAR
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O Joy b W N E O

S e el el e e
O W WJo U WNEF O W

bool Relayer::0nStartUp ()
{
STRING_LIST sParams;

m MissionReader.GetConfiguration (GetAppName (), sParams);

STRING_LIST::iterator p;
for(p = sParams.begin(); p!=sParams.end(); p++) {

string line = *p;
string param = MOOSChomp (line, "=");
string value = line;

if (MOOSStrCmp (param, "INCOMING VAR"))
m_incoming var = value;

else if (MOOSStrCmp (param, "OUTGOING VAR")) <:|
m_outgoing var = value;

}

RegisterVariables () ;
return (true);

Declare
function

Get the list of

parameters from
the .moos file

Iterate through
the list of
param=value
pairs

If param matches,
store value in
local member var

If param matches,
store value in
local member var

Now that incoming
var is known,
register for it!

Dept of Mechanical Engineering
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IL] MITMECHE I Ly
1 The pXRelay OnStartUp() Method ]
0 bool Relayer::0OnStartUp () Declare
1 { function
The task of the OnStartUp() 2 STRING LIST sParams; Get the list of
thod is t b the t et : : .
ZZ)enfigur;ioc:wgpr:ramZtev::for 2 m MissionReader.GetConfiguration (GetAppName (), sParams); Eifmﬁgiffffzm
pXRelay - 5 STRING LIST::iterator p;
The INCOMING_VAR and 6 for (p = sParams.begin(); p!=sParams.end(); p++) { Tterate through
OUTGOING_VAR 7 string line = *p; the listlof
8 string param = MOOSChomp (line, "="); gzi?va e
9 string value = line;
10 If param matches,
11 if (MOOSStrCmp (param, "INCOMING VAR")) store value in
12 m_incominq_var = value; local member var
13
14 else if (MOOSStrCmp (param, "OUTGOING VAR")) If param matches,
15 m outgoing var = value; store value in
16 } - - local member var
17
18 RegisterVariables () ; <:| Now that incoming
19 return (true) ; var is known,
20 ) ! register for it!

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

N The pXRelay OnNewMail() Method nir

The onNewMail () method is called on each application
iteration. If there is no mail, it simply returns true.

0 || bool Relayer::0OnNewMail (MOOSMSG LIST &NewMail) <‘7 ‘ Declare function

1 {

2 MOOSMSG_LIST::reverse iterator p;

3 for(p = NewMail.rbegin(); p!=NewMail.rend(); p++) { Iterate through the

4 CMOOSMsg &msg = *p; MOOS messages

5

6 string key = msg.GetKey(); GetKey() returns

7 the MOOS variable

8 if (key == m_incoming var)

- m—tally—reCd++; If the key matches
10 } the user-specified
11 incoming key,

12 return (true) ; increment the tally
13 ||}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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lfl T The pXRelay OnNewMail() Method Illil-

The onNewMail () method is called on each application
iteration. If there is no mail, it simply returns true.

0 || bool Relayer::0OnNewMail (MOOSMSG LIST &NewMail) ‘ Declare function

1 {

2 MOOSMSG LIST::reverse iterator p;

3 for(p = NewMail.rbegin(); p!=NewMail.rend(); p++) { <::| Iterate through the

4 CMOOSMsg &msg = *p; MOOS messages

5

6 string key = msg.GetKey(); GetKey(JBreturns

7 the MOOS variable

8 if (key == m _incoming var)

9 m tally recd++; If the key matches
10 } the user-specified
11 incoming key,

12 return (true) ; increment the tally
13 1}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

lﬂ T The pXRelay OnNewMail() Method Illil-

The onNewMail () method is called on each application
iteration. If there is no mail, it simply returns true.

0 || bool Relayer::0OnNewMail (MOOSMSG LIST &NewMail) Declare function

1 {

2 MOOSMSG_LIST::reverse iterator p;

3 for(p = NewMail.rbegin(); p!=NewMail.rend(); p++) { Iterate through the

4 CMOOSMsg &msg = *p; MOOS messages

5

6 string key = msg.GetKey () ; <:| GetKey () returns

7 the MOOS variable

8 if (key == m_incoming var)

- m—tally—reCd++; If the key matches
10 } the user-specified
11 incoming key,

12 return (true) ; increment the tally
13 ||}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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1|“| T The pXRelay OnNewMail() Method Illil-

The onNewMail () method is called on each application
iteration. If there is no mail, it simply returns true.

0 || bool Relayer::0OnNewMail (MOOSMSG LIST &NewMail) Declare function

1 {

2 MOOSMSG LIST::reverse iterator p;

3 for (p = NewMail.rbegin(); p!=NewMail.rend(); p++) { Iterate through the

4 CMOOSMsg &msg = *p; MOOS messages

5

6 string key = msg.GetKey(); GetKey() returns

7 the MOOS variable

8 if (key == m_incoming var) <:|

9 m tally recd++; If the key matches
10 } the user-specified
11 incoming key,
12 return (true) ; increment the tally
13 1}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

1L The pXRelay Iterate() Method T

The Iterate () method is called on each application iteration — after OnNewMail () is called.

0 | bool Relayer::Iterate () <:|

1 |{

2 unsigned deficit = m tally recd - m tally sent; DEeEERe I wehwe

- - - - sent less than we’ve

8 received

4

5 for (unsigned int i=0; i<deficit; i++) { Make N postings

6 m tally sent++; uhere I ig Hhe
L3 —- q deficit

7 Notify(m outgoing var, m tally sent);

8 }

9

10 return (true) ;

11 1}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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e The pXRelay lterate() Method T

The I1terate () method is called on each application iteration — after onNewMail () is called.

bool Relayer::Iterate ()

0

1 { : :

2 unsigned deficit = m tally recd - m tally sent; RIS aE E e A

- - - - sent less than we’ve

3 received

4

5 for (unsigned int i=0; i<deficit; i++) { Make N postings

6 m _tally sent++; where N is the
St - q deficit

7 Notify(m outgoing var, m tally sent);

8 }

9

10 return (true);

11 |}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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1L The pXRelay Iterate() Method T

The Iterate () method is called on each application iteration — after OnNewMail () is called.

0 | bool Relayer::Iterate ()

1 |{

2 unsigned deficit = m tally recd - m tally sent; Determine if we've
- - - - sent less than we’ve

3 received

4

5 for (unsigned int i=0; i<deficit; i++) { Make N postings

6 m_tally sent++; < where N is the

7 Notify(m outgoing var, m tally sent); deficit

8 }

9

10 return (true) ;

11 |}

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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1[] e OnStartup() and RegisterVariables() Methods |||i|-

Variable registration is done both at the end of OnConnectToServer () and OnStartUp ()

0 | bool Relayer::0nConnectToServer () Deelaze fuueitien
1{

2 Register\/ariables () ; Register here in

Z } return (true) ; gizia:‘t’gpff“e 4

0 | void Relayer::RegisterVariables () \M
1{

2 if(m_incoming_var I= "") Just register for

3 m Comms.Register (m incoming var, 0); cheflonefuzersdefined
4 } — — — incoming variable

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

lﬂ e Intro to MOOS Programming Outline |||i|-

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&(ggeApE’Sp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()
» * Serializing and De-Serializing Messages

* Time Warp
Part 2: » Motivation and How to use AppCasting
HppEEsiig « How to convert an existing MOOSApp to an AppCastingMOOSApp
Bt 3 G - » Command-Line Switches
MOOS App * Documentation
CETIIE S * Pros and Cons of Branching, How to Branch

MOOS MOOS MOOS MOOS App | | jalizati AppCasting MOOS
Classes Messages Mail Functions i MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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lﬂ TR General MOOS App Concepts |||i|'

Message Serialization

» AMOOS Message data type is either a string or a double

¢ |t is common to want to pass a data structure

» For example, if we want to pass a point in 3D space, we could pass MY_POINT = “22,87,95”
* The recipient would be responsible for parsing this string back into a 3D points.

Ways of handling this:

Poorest way: Passing the string “22,87,95” and just have an informal agreement that
the first field is X, second field is Y, third field is Z.

Better way: Passing the string “x=22, y=87, z=95".
The fields are self-labelled and the message is easily extendable. Still have to
have an informal agreement on the field labels.

Even Better way: Create a Class or Structure for holding this information.

Class implements an instance-to-string function.
Class implements a string-to-instance function.

Best(?) way: Use a general-purpose scheme like Google Protocol Buffers to define
your data structure in a meta-file and auto-generate the class.

MOOS MOOS MOOS MOOS App B Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

lfl rarmiscne Intro to MOOS Programming Outline Illir

* MOOS App Class Hierarchy

Part 1: General * MOOS Messages and Posting to the MOOSDB
M&ageApE’Sp « Registering for and Publishing Mail
« Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()

* Serializing and De-Serializing Messages

»- Time Warp
Part 2: » Motivation and How to use AppCasting
HplpeEElr « How to convert an existing MOOSApp to an AppCastingMOOSApp
Bt 3 G - » Command-Line Switches
MOOS App * Documentation
CETIIE S * Pros and Cons of Branching, How to Branch

MOOS MOOS MOOS MOOS App B Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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T General MOOS App Concepts Nir

Time Warp

* MOOS implements a function called MOOSTime ().

It returns the number of seconds since the start of Jan 1st, 1970.
* MOOS simulations may be run with TimeWarp
* In your .moos configuration file:

‘MOOSTimeWarp = 20 ‘

* From the command-line:

‘ pAntler --MOOSTimeWarp=20 ‘

* From within your app, MOOS implements GetMOOSTimeWarp ()
You may want to slow down any terminal debug output at high time warps.
» TimeWarp accepts values less than 1, if you want to actually slow things down.

“Time Warp Compliance”:

Your app may be “time warp compliant” if it only gets its time from MOOSTime()

MOOS MOOS MOOS MOOS App B Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

lﬂ e Intro to MOOS Programming Outline |||i|-

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&(ggeApE’Sp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), Iterate()
* Serializing and De-Serializing Messages

* Time Warp
Part 2: »- Motivation and How to use AppCasting
HplpeEElr « How to convert an existing MOOSApp to an AppCastingMOOSApp
Bt 3 G - » Command-Line Switches
MOOS App * Documentation
CETIIE S * Pros and Cons of Branching, How to Branch

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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] MITMECHE

Life Before AppCasting

* One window for each
MOOS Application:

10 windows

MOOS MOOS MOOS MOOS App Serialization | AppCasting
Classes Messages Mail Functions Time Warp MOOS Apps

Michael Benjamin, Spring 2023
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MOOS
Conventions

Dept of Mechanical Engineering

] MITMECHE

AppCasting in MOOS

MOOS MOOS MOOS MOOS App Serialization ( AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023

AppCasting was motivated by a few observations:

* The biggest headache of users new to MOOS (students in MIT 2.680) was the derailment of a mission
due to an unnoticed configuration or runtime error.

... Introducing AppCasting in MOOS

» Debugging typically involves re-launching with app terminal windows open and analyzing expected vs.
observed output.

» Deploying multiple vehicles each with multiple MOOS Apps means a lot of terminal windows are open.
» On a remotely deployed vehicle, one cannot ssh in and see any application terminal output at all!

« Since terminal output is rarely viewable for the above practical reasons, apps are rarely designed with
much thought put into their terminal output.

Dept of Mechanical Engineering
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] MITMECHE

With AppCasting

MOOS
Classes

Michael Benjamin, Spring 2023

v MU wraion |

Fis Botkow Gecir Verlkr ApCosig MOCSEScoce Mouse Comest Acton

nETLANT

MOOS MOOS
Messages Mail

MOOS App Serialization
Functions Time Warp

AppCasting
MOOS Apps

MOOS
Conventions

Dept of Mechanical Engineering

] MITMECHE

AppCasting

Without

With Appasting

MOOS
Classes

Michael Benjamin, Spring 2023

Lo T—

MOOS MOOS MOOS App Serialization
Messages Mail Functions Time Warp

AppCasting
MOOS Apps

MOOS
Conventions

Dept of Mechanical Engineering
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e MOOS Application I/0 i

» A typical MOOS application interacts by way of mail and the MOOSDB.

MOOS Application

:gﬁtigrg::g m::: mail LR

- Status Report

Standard Output

Terminal

* Most applications also produce debugging/status info to the terminal.
+ Often this format is an afterthought.
» Often this content is out of sight, if a terminal is not open.

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

| LS Typical Terminal Output Mir

Typical terminal output of a MOOSApp will show:
 Startup summary and health status,
* A simple heartbeat character or other simple health indicator.

Terminal — pLogger — 87x22 — 34 P

pLogger

* *
* This is MOOS Client 2
* c. P Newman 2001 *
* *
pLogger
MOOS CONNEC
contacting a MOOS server localhost:9000 - try 00001
Contact Made

Handshaking as "pLogger"
Handshaking Complete
Invoking User OnConnect() callback...ok

Warning:
neither "::GlobalLogPath" or "Path" are specified
Will Log to ./
pLogger is Running:
AppTick @ 4.0 Hz
CommsTick € 4 Hz

0
MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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| L. Introducing AppCasting

MOOS Application

AppCast

MOOSDB
AppCast

(serialized)
Standard Output

Terminal

An AppCast-Enabled MOOS App:

» Generates an AppCast representing its status report.
* The AppCast is sent to the terminal standard output.

(From the user’s perspective it looks like any other MOOS application.)
* The AppCast is also serialized and sent to the MOOSDB.

MOOS
Classes

Michael Benjamin, Spring 2023

MOOS MOOS MOOS App Serialization
Messages Mail Functions Time Warp

MOOS

AppCastin
o J Conventions

MOOS Apps

Dept of Mechanical Engineering

=

An Example AppCast

From the uProcessWatch MOOSApp

List of
Strings —

List of
Events =
(Limited)

MOOS
Classes

Michael Benjamin, Spring 2023

MOOS
Messages

uProcessWatch henry (160) Appll_catlon
T |teratK)n
All Present Counter

pBasicContactMgr, pHelmIvP, pHostInfo, pLogger, pMarinePID
pNodeReporter, pShare, uFldMessageHandler, uFldNodeBroker
uSimMarine, uXMs
Watch Reason Status
pBasicContactMgr
pHelmIvP
pHostInfo
pLogger
pMarinePID
pNodeReporter
pShare
uFldMessageHandler ANT
uFldNodeBroker
ANT WATCH

Most Recent Events (8)
Resurrected: [uFldMessageHandler]
: PROC_WATCH_EVENT: Process [uFldMessageHandler] is missing.

to be present: [pShare]

i to be present: [pLogger]

i to be present: [pBasicContactMgr]

i to be present: [pHostInfo]
to be present: [uFldNodeBroker]
to be present: [uFldMessageHandler]

Dept of Mechanical Engineering

MOOS MOOS App Serialization ( AppCasting MOOS
Mail Functions Time Warp MOOS Apps Conventions
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1|“| e AppCast Viewing Illil-

» A separate MOOS utility application may be run to view AppCasts from
any AppCast-enabled application.

MOOS Application

AppCast MOOSDB
AppCast

Standard Output

Terminal

MOOS Application

AppCast Viewer

* Now a user can see application output even if an application terminal output is
otherwise suppressed (e.g., no open terminal or I/O re-directed to /dev/null).

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering

lfl T AppCast Viewing Illil-

AppCast
AppCast

MOOSDB

AppCast

MOOS Application

AppCast Viewer

» The AppCast viewer may “connect” to multiple applications.
» The AppCast viewer can switch between “channels”.

» The AppCast viewer brings Config alerts and RunTime alerts to the
user’s attention even when not monitoring that channel.

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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II] MITMECHE

AppCast Viewing Illil-

MOOS
Classes

Michael Benjamin, Spring 2023

WA Apa
Mol iicin

— }'-‘“-‘:‘1'.\_“:’_‘5 MDOSDR |

MOOS App / o

Shoreside

Field

M0as Apa
\ ApaCas
MOCS App }J‘.‘t‘:‘_
PE—— _‘_> wmoosoe |
MODS Agp |~ 2
NGOS Agp

ROOS App

MOOSDB

MOQOS Application

MOOS Apu —

AppCast Viewer

Moos top |7 >
| oos aop P/uum

*The AppCast viewer may connect to multiple vehicles, diving down to the
vehicle and application it selects.

MOOS
Conventions

AppCasting
MOOS Apps

MOOS MOOS MOOS App Serialization
Messages Mail Functions Time Warp

Dept of Mechanical Engineering

ll] MITMECHE

AppCast Viewing Ui

MOOS
Classes

Michael Benjamin, Spring 2023

MOOS Application

| AppCast Viewer | MOOSDB

PR
PAVIRNS
i

| WADEDI
s T

A |
PACDS Sy I| | MO3S5 Mg

MOUS App ] 1LOS 003

MOOS MOOS MOOS App Serialization ( AppCasting MOOS
Messages Mail Functions Time Warp MOOS Apps Conventions
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l' U— AppCast Viewers Illil-

What does an AppCast Viewer do?

» Sends AppCast requests to clients.

* Renders received AppCasts.

» Allows the user to select/switch between different MOOSApps and vehicles

Currently there are three AppCast Viewer applications:

(1) UMAC (2) UMACView (3) pMarineViewer

Ty

Terminal

e i

(good for ssh'ing into a -~ = b e —
remote vehicle) GUI (ﬂtk) GUI (ﬂtk)

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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[ 1L S AppCast Viewing Ty

with the uMACView Tool

MOQOS App

MOOS App 25T

| M0OS App

Select the Select the
Vehicle/Node MOOSApp
|

| moosoe Field ! Shoreside

MACYIow

MOOS App

MOOS Apn

MOOSDB; |~ """ mmmmeeel L

wmoosoe |
MOOS Aop —
View the  m——
AppCast

MOOS App

* uUMACView is a stand-alone, GUI-Based Viewer
 Launch from the command-line or with pAntler. 5 |

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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| | L S AppCast Viewing

with uMAC

Terminal — uMAC — 72x35 — ¥2
pAnter | UMAG

Field Shoreside "
(5)

(8627}

MOOS App

Sumpary: All Presest

Antler Liat: pielmivey, plogger, inerin
56 ;

ProcXane ¥atch Reagon  Status

plasiccontactygy A D
plfelnIve

Ik

g

ERREEREE
:

i
HEBEREER

P Most Recent Events (8)1
e [3.02]: Resurrected: [pHostinfo}
. 13.02]1: Resurrected: [urldNodenroker)
[uF.

. 13.021s
MOOSDEB [1.01]: Besurracted: [pAasicContactMgr] :
[1.01]: Regurrected: [pSharel

[0.01]: PROC_WATCH BVENT: F:
ﬁa.ou: FROC_WATCH_OVENT: Process [pHostinfo] is missing.

» Terminal interface provides most of what the GUI tools provide.
 Primary advantage: When a remote vehicle is not sending AppCasts to
a shoreside, user can ssh into the vehicle and launch uMAC to debug.

MOOS MOOS MOOS MOOS App Serialization AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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II U The AppCast Structure Illil-

AppCast Config Warnings

» AnAppCast is an instance of the e
AppCast C++ class. Config Warnings { {1 of 1]: Unhandled config line: foobarmabracadabra
) Run Warnings { s Ll
* |t contains:

‘Gl Sutmary: AWOL: pNodeReporter

Antler List: pBasicContactMgr,pHelmIvP,pHostInfo,pLogger,pMarinePID
pNodeReporter, pShare, uFldMessageHandler, uFldNodeBroker
uSimMarine, uXMs

Configuration warnings:

* Usually created at App startup time. General
 Unlimited in quantity. messages

pNodeReporter
pshare
uFldMessageHandler

uFldNodeBroker
uSimMarine

PROC_WATCH_EVENT: Process [pNodeReporter] is missing.
: Noted to be present: [pShare]
: Noted to be present: [pLogger]
Events .00]: Noted to be present: (gﬂaggcContacr_Mgr]
: Noted to be present: [pHostInfo]
: Noted to be present: [uFldNodeBroker)
: Noted to be present: [uFldMessageHandler]
: Noted to be present: [uSimMarine]

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions

Michael Benjamin, Spring 2023 Dept of Mechanical Engineering
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Tl

The AppCast Structure

AppCast Run Warnings

* AnAppCast is an instance of the
AppCast C++ class.

* |t contains:

Config Warnings

Run Warnings

Run warnings:

» Created typically well after
launch time when something
goes wrong.

* Limited in quantity.(don’t want
the size of an appcast to grow
unbounded)

* Provisions are made in AppCast
Viewers to ensure RunWarnings
come to the user’s attention.

General
messages

Events

MOOS
Classes

Michael Benjamin, Spring 2023

MOOS MOOS MOOS App Serialization
Messages Mail Functions Time Warp

uProcessWatch gilda
Configuration Warnings
{ [1 of 1]: Unhandled config line:

foobar=abracadabra

Runtime Warnings: 1
{ [1]: Process [pNodeReporter] is missing.

gl Sutmary: AWOL: pNodeReporter

Antler List: pBasicContactMgr,pHelmIvP,pHostInfo,pLogger,pMarinePID
pNodeReporter, pShare, uFldMessageHandler, uFldNodeBroker

uSimMarine, uXMsS

Watch Reason

Status
pBasicContactMgr
pHelmIvP

pHostInfo

plogger

pMarinePID
pNodeReporter
pShare
uFldMessageHandler
uFldNodeBroker
uSimMarine

nresent:
present:
present:
present:
present:
present:
present:

{pShare]
[pLogger]
[pBasicContactMgr]
[pHostInfo]
[uFldNodeBroker)
[uFldMessageHandler]
[uSinMarine]

MOOS
Conventions

AppCasting
MOOS Apps

Dept of Mechanical Engineering

I‘I MITMECHE

The AppCast Structure

AppCast Messages

* AnAppCast is an instance of the
AppCast C++ class.

* |t contains:

Messages:

 Free in format. Up to the
user to {)lckt e
information and layout.

* Typically “cleared” on each
generation of an appcast.

* Just a list of strings.

» Tables, columns etc. done
by the user.

MOOS
Classes

Michael Benjamin, Spring 2023

Config Warnings

Run Warnings

General
messages

{ Configuration Warnings: 1

[1 of 1): Unhandled config line: foobar=abracadabra
Runtime Warnings: 1
{ [1]: Process [pNodeReporter] is missing.
il Sutmary: AWOL: pNodeReporter
Antler List: pBasicContactMgr,pHelmIvP,pHostInfo,pLogger,pMarinePID
pNodeReporter, pShare, uFldMessageHandler, uFldNodeBroker
uSimMarine, uXMS

Status

Watch Reason
pBasicContactMgr
pHelmIvP
pHostInfo
plogger
pMarinePID
pNodeReporter
pShare
uFldMessageHandler
uFldNodeBroker

Events

uSimMarine

: Noted t
: Noted
: Noted
: Noted
: Noted
: Noted
: Noted

o
present:
present:
present:
present:
present:
present:

[pShare]

[pLogger]
[pBasicContactMgr]
[pHostInfo]
[uFldNodeBroker)
[uFldMessageHandler]
[uSimMarine]

MOOS MOOS MOOS App Serialization ( AppCasting MOOS
Messages Mail Functions Time Warp MOOS Apps Conventions
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L The AppCast Structure Illil-

AppCast Events

* AnAppCast is an instance of the e s
. . onfiguration Warnings:
AppCast C++ class. Config Warnings { (it i hat iy abirr t N tae Fostammatzacsdibra

. Runtime Warnings: 1
Run Warnings -[ [1]: Process [pNodeReporter] is missing.

* It contains:
'@l Surmary: AWOL: pNodeReporter
Antler List: pBasicContactMgr,pHelmIvP,pHostInfo,plogger,pMarinePID
pNodeReporter, pShare, uFldMessageHandler, uFldNodeBroker
uSimMarine, uXMS
Watch Reason Status
G | pBasicContactMgr
Events: meseages = [t R
pHostInfo ANT
+ Created typically after launch time et N waroh
when something “notable” happens. plodeReportex ANT WATCH
. . . . N . ﬁFldMessageHandler
« Limited in quantity.(don’t want the size uFldNodeBroker
uSimMarine
of an appcast to grow unbounded) L
. . . . M
» Each event is just a string with a = .
1 - : PROC_WATCH_EVEN' Process NodeReporter] is missing.
tlmeStamp- {0.001 :JNoted Eo be prese pshare][p y : &
Events Dh1: macan £o he prense: Famastofantacttgs

.00]: Noted to be prese pHostInfo]
.00]: Noted to be prese uFldNodeBroker]
.00]: Noted to be prese: uFldMessageHandler]
.00]: Noted to be present: [uSimMarine]
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[ LS Intro to MOOS Programming Outline Nir

* MOOS App Class Hierarchy

Part 1: General * MOOS Messages and Posting to the MOOSDB
M&ageAp?g « Registering for and Publishing Mail
« Key Overloadable Functions: OnNewMail(), OnStartUp(), lterate()

* Serializing and De-Serializing Messages
* Time Warp

Part 2:' » Motivation and How to use AppCasting
AppCasting » « How to convert an existing MOOSApp to an AppCastingMOOSApp

Part 3 Good * Command-Line Switches
MOOS App * Documentation
Conventions

* Pros and Cons of Branching, How to Branch
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,ll MITMECHE III.-

How do you make an
“AppCast-Enabled”
MOOS application?
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| LS On-Demand AppCasting Nr

To implement on-demand appcasting, a few things need to be done in each application.

http://oceanai.mit.edu/ivpman/appcast_enable

* Apps must register for APPCAST_REQ mail.
An AppCast request will renew a token for some number of seconds
Until the token expires, the app generates an appcast repeatedly.

CMOOSApp

Subclass

 Even while appcasting, the app only generates an AppCast every N secs.
The app keeps track of the last real-time appcast generation.

Subclass

 Each app handles a config setting indicating whether an xterm is open. Your MOOSApp
This setting is a global variable in the .moos config file.

So, a new generic “AppCastingMOOSApp” class is used:

Minimizes boilerplate in individual apps.
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]IL] F— Using the AppCastingMOOSApp Superclass Illil-

Six Steps

Step 1: Subclass the 2AppCastingMOOSApp Superclass

Step 2: Invoke two superclass methods in your Iterate () method.
Step 3: Invoke a superclass method when you register variables.
Step 4: Invoke a superclass method during OnNewMail ().

Step 5: Invoke a superclass method during OnStartUp ().

Trivial, 1-2 line
changes in each
case

Step 6: Implement your buildReport () function. This is where you
get to be creative
about what your
app reports.
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L= Using the AppCastingMOOSApp Superclass i

Your Class Definition

Step 1: Subclass the AppCastingMOOSApp Superclass

#include
“MOOS/1ibMOOS/Thirdparty/AppCasting/AppCastingMOOSApp.h”
class YourMOOSApp : public AppCastingMOOSApp

{

// All your normal class declaration stuff

bool buildReport () :;
}i

~ o U1 W NP O

The buildReport ()
function is a virtual
function in the
superclass. It is where
you can do the work of
constructing an AppCast.
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e Using the AppCastingMOOSApp Superclass Illil-

Modifying Your Iterate() and Registrations

Step 2: Invoke two superclass methods in your ITterate ()

bool YourMOOSApp::Iterate ()
{ Updates the current
AppCastingMOOSApp: :Iterate () ; MOOSTime, and # of
iterations.

// Do all your normal Iterate stuff

Determines if an AppCast

AppCastingMOOSApp: : PostReport () ; is warranted, ;nd invokes
return (true) ; buildReport () if so.

}i

‘OOQO'\U'\bLA)I\)D—‘O‘

Step 3: Invoke a superclass method when you register variables.

void YourMOOSApp::registerVariables ()
{ The superclass will
register for APPCAST REQ,
indicating another app,
like uMAC, is interested
in appcasts from this app.

AppCastingMOOSApp: :RegisterVariables () ;

// Do all your other registrations

MOOS MOOS MOOS MOOS App Serialization [ AppCasting MOOS
Classes Messages Mail Functions Time Warp MOOS Apps Conventions
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S Using the AppCastingMOOSApp Superclass |I|i|'

Modifying Your OnNewMail() and OnStartUp()

Step 4: Invoke a superclass method when you handle mail.

0| bool YourMOOSApp::OnNewMail (MOOSMSG_LIST
1| &NewMail) The superclass will handle
21| { the APPCAST REQ mail.

3 AppCastingMOOSApp: :OnNewMail (NewMail) ;
4

5

6

// Do all your other normal mail handling.

Step 5: Invoke a superclass method during OnStartUp ()

0 || void YourMOOSApp: :0OnStartUp () Thelsuperalass)will
1 { ]

) register for
2 AppCastingMOOSApp: :OnStartUp () ; APPCAST REQ, indicating
3 another app, like uMAC,
4 // Do all your other startup stuff is interested in
501 appcasts from this app.
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] MITMECHE

T

Intro to MOOS Programming Outline

* MOOS App Class Hierarchy

Part 1: General * MOOS Messages and Posting to the MOOSDB
Mggge':i’sp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), Iterate()
« Serializing and De-Serializing Messages
* Time Warp
Part 2: » Motivation and How to use AppCasting
AppCasting

» How to convert an existing MOOSApp to an AppCastingMOOSApp

Part 3 Good : » » Command-Line Switches

MOOS App * Documentation
Conventions

» Pros and Cons of Branching, How to Branch

MOOS
Classes

Michael Benjamin, Spring 2023

MOOS
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lI] MITMECHE

Good Conventions for MOOS Programming

Command-Line Switches

MOOS
Classes

Michael Benjamin, Spring 2023

* Most MOOS apps are launched from pAntler, but a number of common command-
line switches a common, good practice.

* Add these to your own apps — Remember they are there for the apps you use.

-V, --version: « Provides the version information for the given app
* Always provide this when/if submitting a bug report.
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lﬂ M Good Conventions for MOOS Programming |||i|-

Command-Line Switches

* Most MOOS apps are launched from pAntler, but a number of common command-line
switches a common, good practice.

» Add these to your own apps — Remember they are there for the apps you use.

-V, --version: « Provides the version information for the given app
* Always provide this when/if submitting a bug report.

Terminal — tcsh — 83x10

ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)% uTimerScript --version
LA AR 2 S 2 2 S 2 2 2 2 R e e R e e R e R e R e R R R RS
* uTimerScript - Part of the MOOS-IVP Release Bundle

* Version 12.2, Released Feb 6th, 2012

* M.Benjamin, H.Schmidt and J.Leonard (MIT), P.Newman (Oxford)
* Copyright (C) 2008 Free Software Foundation, Inc.
*

This is free software; see the source for copying conditions.
AR A R R R AR R AR AR AR AR AR AR AR AR AR AR AR AR AR R A AR AR AR *

LR T

ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)% |:|
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.l|‘] miTiecrE Good Conventions for MOOS Programming |||i|-

Command-Line Switches

* Most MOOS apps are launched from pAntler, but a number of common command-
line switches a common, good practice.

» Add these to your own apps — Remember they are there for the apps you use.
-V, --version:
-h, --help: * Short synopsis of what the app is intended to do.

» Other command line switches are available
* Other usage tips
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ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)% u'x‘i.;ersazipt ~h

1'1 MITMECHE Terminal — tcsh — 75x39

Usage: uTimerScript file.moos [OPTIONS]

Command Line Switches

Allows the user to script a set of pre-configured pokes to a
MOOSDB with each entry in the script happening after a speci-
fied amount of time. Script may be paused or fast-forwarded.
Events may also be configured with random values and happen
randomly in a chosen window of time.

‘$ uTimerScript --help ‘ Options:

~-alias=<ProcessName>
Launch uTimerScript with the given process
name rather than uTimerScript.
--example, -e
Display example MOOS configuration block
~~help, -h
Display this help message.
--interface, -i
Display MOOS publications and subscriptions.
~--shuffle=Boolean (true/false)
If true, script is recalculated on each reset. If event
times configured with random range, the ordering may
change after a reset. The default is true.
--verbose=Boolean (true/false)
Display script progress & diagnostics if true.
The default is true.
--version,-v
Display the release version of uTimerScript.

Note: If argv[2] does not otherwise match a known option,
then it will be interpreted as a run alias. This is
to support pAntler launching conventions.

ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)% D
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1|‘] miTiecrE Good Conventions for MOOS Programming |||i|-

Command-Line Switches

» Most MOOS apps are launched from pAntler, but a number of common command-
line switches a common, good practice.

» Add these to your own apps — Remember they are there for the apps you use.

-V, --version:

-h, --help:

-i, -interface:  « Short synopsis of what the app is intended to do.
* The variables to which this app subscribes, and example values
« The variables to which this app publishes, and example values
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4] MITMECHE | Ll Terminal — tcsh — 70x32 %
ll ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)% uTimerScript --interface

uTimerScript INTERFACE

SYNOPSIS:

Command Line Switches
Allows the user to script a set of pre-configured pokes to a

_— inte rface MOOSDB with each entry in the script happening after a speci-

fied amount of time. Script may be paused or fast-forwarded.
Events may also be configured with random values and happen
randomly in a chosen window of time.

SUBSCRIPTIONS:
g . . UTS_NEXT = next
S uTimerScript --interface UTS_RESET = reset
UTS_FORWARD = 10
UTS_PAUSE = true
PUBLICATIONS:

The primary publications are the events configured by the
user-defined scripts.

UTS_STATUS = name=RND_TEST, elapsed time=2.00, posted=1,
pending=4, paused=false, conditions_ok=true,
time warp=3, start delay=0, shuffle=false,
upon_awake=reset, resets=0/4

ptsur:moos-ivp-doc/memo_ivphelm(12.2mit)$ D
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Command-Line Switches

» Most MOOS apps are launched from pAntler, but a number of common command-line
switches a common, good practice.

» Add these to your own apps — Remember they are there for the apps you use.

-V, --version:
-h, --help:
-i, --interface:

-e, --example: « An example MOOS configuration block.
* Description of MOOS parameter meanings
» Example values and default values
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,ll MITMECHE

Terminal — tesh - 74xd44 i I
ulinerScript Example MOOS Configuration
Blue linea: Default configuration

Command Line

Switches
-- example

‘S uTimerScript --example

MOOS MOOS
Classes Messages

Michael Benjamin, Spring 2023

ProcessConfig = uTimarScripk
{
Appfick =4
Comms®ick = &

// Logic condition that must be mot for script to be unpausod
condition = WIND_CUSTS = true

[/ Saconds addad to @ach avant tima, on each seripk pass
dalay _resat -0

4/ Seconds added tu wach wvent tine, on first pass only
deley stazt =

// Bveat{s) azc the Xey componcots of the soript

cvent ar=g33_RANCE REQUEST, val="nanc-archie”, time=25:38
// » Mocs varllbla for Laklng cues to forward tima

forvard var = 078 _TORWARD // or othar %008 variabla

// TFf true acript ia paused upon launch

paused = false 7/ or {trus}

// A MOOS varisble for receiving pause state ocues

pouse_var = U25_PAUSE /{ or other #0085 variable
{# Declaration of randcm var macro expanded ic cveat valucs
randvar = varname=ANG, min=0, max=359, key=at vesot
// Maximom numbar of rasats allowed

raBat_masx = nolimit // or in range [0,inf)

// A point when the script ie reset

reset time - noae /! or {all-posted} or range {0,inf)
/f A MOOS vazisble for receiving reset cues

rocot var = UTS_RTIET /f or cther WOOS variable

/f Tf true seript will complete if conditions suddenly fail
seript_atomic = false {f ar {trua}

// B nopefully unlque name givan to the seript

soript_name = unnamed

/4 If true tinestenps are cecsloulated on esch script resst
shuffle = true

//f £ true progrocs ia generated to the console

verbase = true 1/ or ifalac)

//{ Rasat or vestart scriph upon conditions baing mat afear failura
upon_avake - nia /7 or {rasat,resstart)

// B MOCS variable for posting the status sumnary

status_var = 025 STATUS /f or cther ¥005 variable

// Bate at which tine is accelersted in execuing the sczipt
time_warp =1

pERUr:nooa-{vp-doa/nans_tvpheln(12.3nit)% []

MOOS App Serialization AppCasting MOOS
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ll MITMECHE

Command Line

Switches
--web, or -w

‘$ uTimerScript ——web‘

MOOS MOOS
Classes Messages

Michael Benjamin, Spring 2023
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1[] T Intro to MOOS Programming Outline Illil-

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&ageﬁsp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), Iterate()
« Serializing and De-Serializing Messages

» Time Warp
Part 2: * Motivation and How to use Appcasting
Appaasting * How to convert an existing MOOSApp to an AppCastingMOOSApp
Part 3 Good : * Command-Line Switches

MOOS App » * Documentation
SEENES « Pros and Cons of Branching, How to Branch

MOOS MOOS MOOS MOOS App Serialization AppCasting ( MOOS
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lﬂ miTiece Good Conventions for MOOS Programming Illir

Documentation (Why and How)

* Types of documentation for your MOOS App:
» Document your code, inside your code with comments, or Doxygen tags
» Document your application with command-line switches
» Document your application with a manual-like PDF, with example missions.
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lﬂ miTiec e Good Conventions for MOOS Programming |||i|-

Documentation (Why and How)

« Types of documentation for your MOOS App:
» Document your code, inside your code with comments, or Doxygen tags
» Document your application with command-line switches
» Document your application with a manual-like PDF, with example missions.
* Why do we document our code and application. Three Reasons:
» So users know what it does and how to use it effectively.
» So developers may continue development someday when you're not around.
» What is the third reason? (Perhaps the most important)
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.ll‘] I — Good Conventions for MOOS Programming Illil-

Documentation (Why and How)

* Types of documentation for your MOOS App:
» Document your code, inside your code with comments, or Doxygen tags
» Document your application with command-line switches
» Document your application with a manual-like PDF, with example missions.
» Why do we document our code and application. Three Reasons:
* So users know what it does and how to use it effectively.
» So developers may continue development someday when you're not around.
» What is the third reason? (Perhaps the most important)
» Answer: So that YOU write better code!
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T Good Conventions for MOOS Programming |||i|-

Documentation (Why and How)

« Types of documentation for your MOOS App:
» Document your code, inside your code with comments, or Doxygen tags
» Document your application with command-line switches
» Document your application with a manual-like PDF, with example missions.
* Why do we document our code and application. Three Reasons:
» So users know what it does and how to use it effectively.
» So developers may continue development someday when you're not around.
» What is the third reason? (Perhaps the most important)
= Answer: So that YOU write better code!
» Don’t leave documentation until the end.
» By documenting as you go along, you will write better code.
» By documenting as you go along, you are less likely to “run out of time”

MOOS MOOS MOOS MOOS App Serialization AppCasting ( MOOS
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LA Good Conventions for MOOS Programming Illil-

Documentation (Why and How)

* Types of documentation for your MOOS App:
» Document your code, inside your code with comments, or Doxygen tags
» Document your application with command-line switches
» Document your application with a manual-like PDF, with example missions.
» Why do we document our code and application. Three Reasons:
* So users know what it does and how to use it effectively.
» So developers may continue development someday when you're not around.
» What is the third reason? (Perhaps the most important)
» Answer: So that YOU write better code!
* Don’t leave documentation until the end.
» By documenting as you go along, you will write better code.
» By documenting as you go along, you are less likely to “run out of time”
» For MOOS Apps, document:
* What it does
* The publish-subscribe interface
» An example app configuration
» An example mission using the application
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{1 LB Intro to MOOS Programming Outline Nir

* MOOS App Class Hierarchy
Part 1: General * MOOS Messages and Posting to the MOOSDB
M&ageApE)sp « Registering for and Publishing Mail
» Key Overloadable Functions: OnNewMail(), OnStartUp(), Iterate()
« Serializing and De-Serializing Messages

* Time Warp
Part 2: » Motivation and How to use Appcasting
Appeasting « How to convert an existing MOOSApp to an AppCastingMOOSApp
Part 3 Good : * Command-Line Switches
MOOS App * Documentation
CATIHERS » » Pros and Cons of Branching, How to Branch
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]Ii] N Branching - Why and When? Illil-

* A powerful feature of MOOS and Open Source code: If you don’t like what the
application does, you have options.

* Branching here refers to (a) copying an existing module (b) modify for a different or
augmented use, (c) making it available for others to use.

* Pros of Branching:
* You are free to innovate! (From a decent baseline case)
» Authors are motivated to maintain their code (or else it will be replaced)
» Authors have limited liability — (hey, if you don't like it, build your own!)
» Cons of Branching:
* Lots of choices between trivially different modules is confusing for other users.
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,lI] MITRECHE

The Etiquette of Branching |I|II-

MOOS
Classes

Michael Benjamin, Spring 2023

« If you have a minor bug fix or feature request, give the maintainer
a chance to maintain the code. Don’t branch trivially.

* If you do branch, definitely, absolutely, give it a different name!

* Give credit where credit is due to the original author.

MOOS MOOS MOOS App Serialization AppCasting ' MOOS
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