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1959: SACLANT
NATO maritime and transformational requirements

Seagoing research: Maritime innovation in NATO Nations

— Cooperative AntiSubmarine Warfare
— Autonomous Naval Mine Countermeasures
— Ship and Port Protection
— Marine Mammal Risk Mitigation

— Maritime Situational Awareness

— Environmental Knowledge & e ol bl
Operational Effectiveness
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OEX AUVs: Groucho & Harpo
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Hardware-in-the-Loop (HIL)

» Verify computational load
» Benchmark performance

» Reduce errors at sea
— backseat in runtime and simulation as similar
as possible
— avoid missing packages

- check system configuration
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%% Overview

» NURC's mission file generation

> Previous simulations — single PC

> HIL requirements, set-up and

lessons learned

» Conclusions / Summary
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. — — — — — — — —

.............................................

#define .hook
#include .plug

#define <param>
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.plug g .plug.in

create-plug.sh
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plug.in

> standard parameters added automatically:
AppName, AppTick, CommsTick, verbose,

velvet line with NewConsole and WriteToFlle.
» other parameters (one per line):
— default values: after parameter name

— optional parameters in square brackets
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plug.in example

1 Ak
2

3 A tcp client process that interfaces a socket to an incoming and an outgoing MOOS variable.
4 Messages posted to the outgoing MOOS variable are sent out via the tcp connection.

5 Any message coming in wia the tecp connection is posted to the incoming MOOS variable.
5}

7 *xf

=}

8//

10 // The host to connect to.

11 7/

12 host localhest

13

14 7/

15 // The tcp port to connect to.

16 //

17 port

18

19 //

20 // A string that terminates each message.

21 // The end of each incoming message 1s determined by the location of the terminator.
22 // wWhen publishing an incoming message the terminator is not included.

23 // The terminator i1s appended to each outgoing message before sending out.

24 /f

25 // Some special characters may be used in the message terminator: {\Code ‘n} for a newline character, and {\Code \r} for a carriage return character.
26 //

27 message-terminator

28

29 //

30 // The name of the variable from which to read outgoing messages.

317/

32 variable.in.tcp

33

34 7/

35 // The name of the variable te which to publish inceming messages.

36 //

37 variable.out.tcp

38

39 //

40 // The name of the variable to which to publish the number of active sessions.

41 // The number of active sessions can be 0 (connection not yet established or broken) or 1 (connection established].
4z //

43 [variable.out.sessions]
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create-plug.sh

$ create-plug.sh <pCamelCase>.plug.in

> takes .plug.in

<xslvalue-of=
Title:name
Date:Scurdat
<fuslvalue-o

> internally changes .plug.in to .xml (Perl) ‘:::

> then it uses

XML Input XSLT Code

— .Xsl style-sheet (main conversion rules)

— xsltproc (command line XSLT processor)

XSLT Processor

— sed

to convert the .xml into a .plug

Result Document
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enerated .plug

1/
27/ Generated from iTcpClient.plug.in

377 You may not want to make changes to this plug file, make changes to the plug.in file instead.
a

s

6 #ifndef _iTcpclient ippliane

7 #define _iTcpClient_Apphane iTcpClient
_appTick

#define _sppTick 4

i f

jef _iTepClient_tppTick

#defing _iTcpclient_apprick _ApeTick

_commsTi
msTick &

iTepclient CommsTick
#defing _iTcpClient_ComnsTick _CommsTick

22 #define _NewcConsole true
23 #ands f
247 fre

_iTepClient ole
% _iTepclisnt_NewConsole _Newconsole

25 #dafin
#ench

27 #ifndef _writerorile
#define _WriteTorile > ./log/4s. log

20 pendi

30 #ifndef _iTepclient writeTorile

3L #define _iTcpClient WriteToFile _WriteToFile

32 fandi

_iTepClient_verbose
iTcpclient_verbose _verbose

39 #ifndof _iTepcliont host
#defins _aTcpclisnt_host localhost

iTepclient port
port not set

43 serror iTepclie
randi f

45 #1fndef _iTepclient
46 #orror _iTcpclie

essage_terminator
nessage_terminator not st

Client_variable_in_tcp
Client_variable_in_tep not set

sa
55 Processconfig = _iTcpClient_spphane

57 velvet = iTcpClient @ NewConsole = _iTcpClient NewConsole ~ _iTcpClient_ippName _iTcpClient_Wri teToFile

sTcpelasnt_AppTick

S8 AppTick =
s

6L CommsTick = _iTepclient_CommsTick

s:
63 verbose = _iTepcliont_verbose
6

&5 /1
65 // The host to comect to
& /1

68 host = _iTepcliant_host
£

7 /
7L 7/ The tcp port to comnect to
7

73 port = _iTepclisnt_port
74

/
76 // A string that terminates each message.

777/ The end of each incoming message is deternined by the location of the terminator.
787/ When publishing an incoming message the terminstor is not ancluded

75 7/ The terminator is appended to each outgoing message before sending out.

= //
BL // Some special characters may be used in the message terminator: {\Code \n} for a newline character, and {\Code \r} for a carriage return character.
82

83 message-terminator = _iTcpClient_message_terminator

8

v

8 // The name of the variable from which to read outgoing messages.

&

_in_tep

7
8 variable.in.tep = _iTcpClient_variable.
&

/"
SL 7/ The name of the variable to which to publish incoming messages
=2
93 varisble.out.tcp = iTepclient varisble out tep
s
7
95 // The nane of the variable to which to publish the numbsr of active sessions.
7 7/ The number of active sessions can be O (comnection not yet established o broken) or 1 (comnection established).

-
98 #ifdef _iTcpClient_variable_out_ssssi

TrepClient_variable_out_sessions

103 #ifdf _iTcy
104 #include
105 fendi

dent t
_iTepClient_hook

107
108 #undsf

108 #undef _;
120 fundef _iTcoClient ConmsTick

terminator
in_te
out_tep

571 out_sessions

120 #undsT variabls_out_sessions

121 #end-

122

123 #ifdef _iTepClient_hook

124 #undeT _iTepcliont_hook

125 #ands f
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Advantages to generating .plug
g from .plug.in

> reduce typing/human errors

> reduce .plug development time

> be sure that every parameter is definable
> simplify maintenance

> allows for generating documentation from

plug.in
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. — — — — — — — —

.............................................

.............................................

#define <param>
#define .hook .hook

#include .plug . .plug {<—|.plug.in

—_—_—_—_—

create-plug.sh
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%‘% From .meta to .moos

> Makefile ~ CPP
— using #define, #ifdef, #include
— usage of INCLUDE_DIRS

(easy to include mission specific or

simulation/runtime specific paths)
» Make aborts & generates error if parameter

values are missing
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%‘% Overview

>

> Previous simulations — single PC

> HIL requirements, set-up and

lessons learned

» Conclusions / Summary
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%% Previous simulations: single PC

» One .moos file for simulation, generated

from .meta

» For each asset, all processes run within the

same MOOS community

» No proper testing of incoming connections
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HIL requirements

> backseat .meta file same between
simulation, HIL simulation and runtime

» Test incoming connections (serial, UDP,
TCP) Iin simulation as in runtime

> all simulator processes should be in a
different .meta file, run on a separate

computer If testing HIL
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HIL — General Conventions

> backseat .meta file: only processes that are

run in runtime (at sea)

> frontseat .meta file: processes that simulate
the vehicle's frontseat, the modem, the
normally acquired environmental data, etc.

> viewer .meta file: visualization and shared

objects (equal for all simulated vehicles)
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# "8 frontseat, backseat & viewer processes,
and their connections (draft)

Ny

(pLaunchTarget }—{(pMultiTargetSim }—{ pMOOSBridge }—{ pMatlabDataStimulator) target
_fi /ﬁ
pDmhtTracker tracklet-file {pXMLUnpacker~trackletToNodeReport}——
pBistaticSourceSim SOURCE_INFO pMOOSBridge
SOURCE_INFO pmvSourceinfo JyewpoNT
DProCesSSIaBE CLUSTER_REPORT (oo CONTACT FILE BTVCOTATTIE) e e
CLUSTER_REPORT pMOOSBridge _
pNouc, ter NODE_REPC _ s ———
vie ver
)y ———  V_ALTITUDE A
V_X/Y/z — uBathy } -B, 4 pOctan = ' R BPV_ALTITUI pHelmlvP
AcommsHa dler
ENix } {__pOf )} pAcommsHe drer)
NAV LAT CTD_TEMPERATURE/_SALINITY ‘
NAV LONG S CTD_SOUND_VELOCITY, CTD1 SOUND_SPEED_pHeImIvP
NAV_DEPTH todo: check how these are normally received in
frontseat: reformat that way to feed into pOENix environment
to be written, or adapt
replace y pNull pArraySimToNAD
in front 2af? AT SITs PR TIapE ae arers ). T osca erer? )-f oo ol o S11Ta NAD
@ >mn Handler} e £ (Pl vSiTTow P7) (TIPS vrerT ) C T pSeu _potshon. )
= Rt u - — — | SLIT. NAD | I B = s x,
[ — = —_PA ¥ySMm}p —— ——, T :lm' NAI }—— —‘—@ )SBridge }— — — @ ayN: Esti, ate r/_-\F‘ 'EH?_HE?&ISIN\
_ns<i e te worary 1. in frontseat. “eta
TOW_POS_X/_Y/ Z
TOW VEL X/ Y/ Z
uMVS_Bluefin NMEA_OUT
SHUTDOWN
NAV_TIME/_LAT/ LONG/_X/_Y/_HEADING/ COURSE/_DEPTH/_ALTITUDE
NAV_SPEED/ SPEED_WATER
OENIX —— e OEX CTD_CONDUCTIVITY/_PRESSURE/_SALINITY/_TEMPERATURE
B H_iserial  H{_ iserial  }H{_ P }SOUND_SPEED vehicle dynamics
Legend
(backseat ) ( frontseat ) ( bs->fs ] ( addtobs ) ( addtofs ) (->viewerdb)
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HIL - dealing with serial_loopback

» The difficult cases: serial loopback

— pAcommsHandler

— PpOEX (vehicle interface)

> If split on 1 pc:

BACKSEAT

serial_loopback

' pAcommsHandler ]@ ttyModemHandler

| POEX %‘ iSerial |o|ttyOEX|C >

-

FRONTSEAT

ttyModemSim

@[ iModemSim ]

ttyOENix]o[ iSerial |

serial_loopback

PUBLIC RELEASE

NMEA_OUT
_OuT,
NMEA_IN

| POENix ]
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%‘% Serial port to network: ser2net

“The ser2net daemon allows telnet and tcp
sessions to be established with a unit's serial ports”

http://linux.die.net/man/8/ser2net

BACKSEAT

POEX |==re| iSerial |ofttyOEX](C [ttyOENix|={/dev/ttyOENiX oser2net-

‘ pAcommsHandler |© ttyModemHandler C:) ttyModemSim

# initialize the ser2nets

ser2net -C <local-ip>,<portl>:telnet:600:/dev/ttyOENix:38400
ser2net -C <local-ip>,<port2>:telnet:600:/dev/ttyModemSim:38400
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Serial port to network: ser2net (2)

FRONTSEAT

------ [ iTcpClient | %

...... [ iTcpClient ’ﬁmiA;E;MSSDEg&©|ttyModemHandIer|©\ttyModemSim|©|iModemSim}

» The advantage of modularity / keeping

iInterface processes separate
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AR

N7 Current HIL setup

backseat.meta frontseat.meta viewer .meta
pAntler pAntler pAntler
pCoroner pCoroner pCoroner
pLogger pLogger pLogger
pHelmIvP +----PppPOENIiX pMarineViewer
POEX d-2=mmreerneennnes 's"e'f*:iaI/ <vehicle sim> pOctaver/pXmlUnpacker
TCP <array sim> .
<sig proc> <array data sim> <target sim>
- pGetSlitaNad 4-----05-P--- - pArraySimToNad
uBathy
uCTDSim
<ACOMMS> @ rr=rrvnnns .....:....biModemSim
serial/
<other> TCP
pMOOSBridge » PMOOSBridge <« pMOOSBridge
pNodeReporter
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Modularity

> iSerial

> iTcpClient

> iUdpScatter
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Summary

HIL simulation helps Iin

» understanding differences between runtime

and simulation
» reducing errors
> error analysis, if something still goes wrong

> increasing trust
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%‘% Conclusion / Lessons Learned

» modularity
» generation of files

> trust
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%‘% Distribution

» To workshop participants

> Please use it, and give feedback!
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