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S HARVEST

S Conceptual UAV swarm

S Policy management vs. cross-layer design
S JOCosim I (JOC-I)

S Java data exchange

S Single UAV
S JOCosim 11 (JOC-II)

S Java control

S Multiple UAVs
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HARVEST

Host of Armed Reconnaissance Vehicles

Enabling Surveillance & Targeting
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HARVEST: A Prototypical UAV Swarm OENRTW()liE{
.

S What it is: cooperative UAV swarm concept
S What it is not: architecture for UAV design, e.g., JAUS
S Configurations
S A micro-UAYV assigned to each member of a platoon
S A small UAV assigned each security forces element
S A deployable attack/recon asset
S Applications
§ Troop reconnaissance or anti-sniper support
S High-threat environments
S Active target tracking
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HARVEST: A Conceptual Deployment OPNE.W()IQ\
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/ Sensor Refueler

Bi-Static Radar
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s Configuration
S (4) Mobility Domains
S (4) GCSs
S (4) UAVs

s Operation

S GCS communicates w/
vertically/horizontally
adjacent GCSs, but not
diagonally adjacent

S UAV assigned to GCS
controlling domain

S UAV flies using
random waypoint model
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HARVEST: Protocol Design OPNE,I\L;()I;;E\
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R

S Cross-Layer Design
S Integrate vertically...
S Pros: optimization

Services | Policies

User Preserve
Interaction fuel

S Cons: testing, upgrading Swarm
S Management Policies Setvices
, Vehicle
S§ Command vertically Services
S Pros: maintainable, scalable
S Cons: speed?
S (2) policies (planes)

S Preservation

defense

S Employment

References

+Timing

I. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci. “A survey on
sensor networks,” IEEE Comm., vol. 40 (8),2002, pp. 102-114.
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HARVEST: Protocol Examples OIE;NE, ()1{1’\

!

i
i
1% it

L

S Localization
S Link-layer timing

S Network & transport User Preserve

. Interaction
layer forward timing Swarm/Vehicle fuel

$ Application-layer Services defense
Localization algorithm N
consumes timing data

S Power Management

S Each layer/protocol
provides API

S Each protocol adjusts Employ
consumption based on \ |/ recon
UAYV status, swarm i imi W
intel, an rin

. tel, .a d user inputs -
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HARVEST: Application Layer

Aerial 4 ‘ Collision Payload
Docking Avoidance Tasking

Target Cooperative Telemetry Information
Tracking Search Reporting Sensing

Flight Query Munitions
Planning Generation | | Deployment

Copyright © 2006 OPNET Technologies, Inc.
CONFIDENTIAL - RESTRICTED ACCESS: This information may not be disclosed, copied, or transmitted in any format without the prior written consent of OPNET Technologies, Inc. Used with permission of the Author.




T T
E g ' L LT '
g ' .
s

HARVEST: Why Co-Simulation O T WORK
o il

S What is co-simulation?
S Integration of multiple simulation engines

S Leverages capabilities or investment 1n multiple
simulators

S Co-simulation goals
S Wireless performance (OPNET)
S Application-layer protocols (Java)
S Aerial behavior (DTED, flight simulator)
S Co-simulation interfaces?
S OPNET: ESI (generic co-simulation interface)
S OPNET: HLA (from DoD DMSO)
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HARVEST: Co-Simulation Tools

S Java

§ Java Native Interface (JNI) (ESM, aka CPU)
S Threads & Networking - .

S External Model Access (EMA)
S External System Definition (ESD)

S External System Interface (ESI)

S System Definition (SD)

SC

S Common language
§ Enables both phases of JOCosim

._ '_';.17

UPNE:IW( )m\

External System Model

S External System Access (ESA, from external)
S External System Calls (ESYS, to external)




JOCosim I
JOC-D)
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S JOCosim: Java, OPNET, and C Mobile Co-Simulator

S Concept: Enable independent and parallel research
about UAV swarms, e.g., HARVEST

S Motivation: To see if it could be done...
S How: Phased development
S JOC-I: verity Java can exchange data w/OPNET
S JOC-II: verify Java can control an OPNET simulation
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Virtual Channel

Coyg\(ESD - ESI)

C

(control)

Script
\/
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JOC-I: Functional Decomposition

External System (ES)
ESD SD

ESI platform: windows
esd_Duration bind_objs: JOCosim-.obj
esd_xPsn.. use_esa_main: no

Controller (C) GUI (Java)

Esa_Main/Init/Load
Esa_Interface_Group_Get xInit, xUpdateSpeed, xUpdateBearing

JNI_CreatedavaVM )
GetStaticMethodID Library (C)

CallStaticVoidMethod cGetRandDouble, cSetSeed
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JOC-1: External System Definition (ESD) OP;ILI{;U&’\
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Field

Type

Data Flow

esd DURATION

double

Java

~ OPNET @ initialization

esd SEED

Integer

Java

OPNET @ initialization

esd xPsn

double

Java

OPNET 1/sec, for GUI

esd_yPsn

double

Java

OPNET 1/sec, for GUI

esd_speed

double

Java

OPNET every 100 secs

esd_bearing

double

Java

OPNET every 100 secs
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JOC-I: Data Flow Diagram (DFD) = OfnerwoRrk.
. R

ESD C (controller)

Written At Startup ) | DURATION At startup

At startup

Written At Startup > |SEED

> |xPsn

Every simulation second ) |yPsn

Esa Interface_Value_ Get

Every simulation second After return from Esa_Execute_Until

After return from Esa_Execute_Until

Every 100 seconds

|ntel’l’upt |bearing

Esa Interface_Value_Set

Interrupt | . Every 100 seconds
spee

C (RNG)

cSetSeed

xUpdateTrack

xUpdateTimer

xSimSleep

xUpdateBearing

cGetRandDouble Out: 0.0, 360.0)

xUpdateSpeed

Out: [0.0, 50.0)
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JOC-I: Calling Java fromC

o o
._;r.. Bt -.I-' .
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. T

Java: Define Method
public static void xSI Sl eep(int ms)...

Java: Compile & Extract Signatures
javac callbacks
javap -s callbacks > callbacks.s
type callbacks.s

public static void xSI Bl eep(int); /1 “(HV”

C: Find Method (use signature from callbacks.s)

JMIDsS[JVM_SLEEP] = (*JEnv)-> Get Stati cMet hodl D
(JEnv, |Cls, " xSI nSl eep”, "(HV");

C: Call Method
(*JEnv)-> Cal |l St ati1 cVoi dMet hod
(JEnv, jClS JMIDs[JVM_SLEEP], 5000);




JOC-I: Calling € from Java (1 of 2)

UPNRWt )RL\
5 #ET

Java: Define Method Stub
private static native void cSet Seed(int seed);

Java: Call Method
Int s = 97;
cSet Seed(s);

Java: Compile & Extract C Header
javac callbacks
javah callbacks
type callbacks.h
JNIEXPORT void JNICALL Java_Cal | backs cSet Seed
(JNIENnv *, jclass, jint);
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C: Define Method (from callbacks.h)
#include <callbacks.h>
JNIEXPORT void JNICALL

Java_Cal | backs cSet Seed
(JNIENnv *, jclass, jint);

C: Compile Dynamic Link Library (DLL) — all one line

CL /LD /MD /1.
/I"C:\Progra~1\opnet\10.5.A\sys\include"
/I"C:\Progra~1\Java\jdk1.5.0 06\include"
/I"C:\Progra~1\Java\jdk1.5.0 06\include\win32
" jocosim_CoSIMOPNET.c opsim.lib /link
/[LIBPATH:C:\Progra~1\OPNET\10.5.A\sys\pc _inte
| win32\lib




JOC-I: Co-Simulation Results

s Links Java/OPNET

S Script control (C)
S Uses ESI (C « Java)

S Single UAV

S Position — Java
$ Vector - OPNET

s GUI
S Single UAYV tracker

§ Verity using
animation viewer
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Clear!
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JOCosim 11
JOC-II)
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JOC-II: Extensions to JOC-I
K =

13
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. Move co-simulation control to Java
. Develop interface cloud for ESYS access
. Create models w/external model access (EMA)

. Enable broadcast & routed transmissions (modes)

*Active statistic collections via probes (global)
*Port a node mobility algorithm to Java

*Integrate a data indexing app
. *Migrate from OPNET 10.5to 11.5

* partially completed extensions

Copyright © 2006 OPNET Technologies, Inc.
CONFIDENTIAL - RESTRICTED ACCESS: This information may not be disclosed, copied, or transmitted in any format without the prior written consent of OPNET Technologies, Inc. Used with permission of the Author.

1
2
3
4
5. Support node failure and recovery (via power mgmt)
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JOC-II: Simulation Creation Dialog Box OI”;’ 1_01*%,\
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S User interface to L Create simulation...
create a simulation

S GUI tailored for
cooperative search

S Network created
w/EMA (JOCnet) # Observers 5=+ ¥ Save Animation

Metwork, Width {m) 1 IIIIIIi|| [v Wiew Animation

Basic I Advanced |

Madel Mame o _5_100_100

Scenatio Manme JoC_5_100_100_10_10_s00_3

S Network size

§ Search grid
SUAVs & cloud
SESD

Mekwiork Height (m) Probe Model

Cell width {r) : IGI:::I::aI

Cell Height {m) - Use Defaults

Time (sec) - i_reate Scenariol

Random Seed - Run Scenarial
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JOC-II: Animation Viewer

S Interface cloud
SUAVs

S Active

S Reserve

S Destroyed
S Search Areas

S Searched

S Not searched
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JOC-II: Design View UPNE,’IWURL\

o

C OPNET
(wrapper) (ESD ESI)

/Virtual C2

Java Simulation EMA
(control) Parameters (models)

MATLAB Java Java
(analysis) (indexing) (mobility)
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JOC-II: Conceptual Data Flow (OPNETWORK.
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> C Library -

A A
|
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JOC-1I: Extérnal System Definition (ESD) (5 inirrwORK.

Hala) o
S L
o T
ol
]

S Parallel arrays use synchronized timing control
S Inbound/outbound packet channels are asynchronous
S Used assess utility/issues of both control mechanisms

Usage Field Name |Data Type| Data Flow
esd_status integer

Parallel arrays,
1/ UAV & cloud

Ctrl = -1: Free
Ctrl = 0: Hold
Ctrl = +1: Data

esd_inPkt character

esd_outCtrl integer
esd_outPkt character
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JOC'II: CO'SimUIation PaCket OPNRN()IQ\

. '1-1-‘ n#-tﬂ.

$ 4,000 bytes
S Used 1n all communication modes
S Multiple payload packets, currently only one defined

Network Source (4) Network Sink (4)

Application Source (4) Application Sink (4)

Payload Length (4) |Payload Type (1)| Reserved (3)

Payload (3976)




JOC-ITI: Comn}unication Modes (1 of 3) UP;JE.TWUM\
Overview | SN .

Communication

Category Source | Destination Communication Mode

Networkin
° broadcast (1x) ID1 - ID2

Inter-Process

Communication
(IPC) IDI . IDI
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JOC-II: CommunicationModes (20f3) (e,

Networking

Route, e.g., i i
AODV, DSR i | Flood
(+ID1, +ID2) | i (ID1, +o0)

O Start i i O Start
(O Route : : (O Route
O Drop O Drop
@ Stop @ Stop

Neighbor Targeted
Broadcast : : Broadcast

(+1D1, 0) | | (+ID1, -ID2)
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JOC-II: CommunicationModes (30f3)  pnr
Inter-Process Comm. (IPC) “m

Contfiguration l : Policy Setting
Management | i 0, -ID1)
0, 0) ' -

O Start | i O Start
O Route ’ ’ O Route
O Drop O Drop
@ Stop @ Stop

Inter-PrOFess. Status Updates
Communication : l (-ID1, 0)

(-ID1, -ID1)
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JOC-II: Starting a Simulation UP;;RM R
0 g #FT

Java Cloud: call C library wrapper
public static native int Simnit(..);

C Wrapper: call OPNET API
Esa Main (...);

Esa Text Qutput Cal |l back Regi ster (...);
Esa Init (..);
Esa Load (...);

Esa Interface Call back Register (...);

Copyright © 2006 OPNET Technologies, Inc.
CONFIDENTIAL - RESTRICTED ACCESS: This information may not be disclosed, copied, or transmitted in any format without the prior written consent of OPNET Technologies, Inc. Used with permission of the Author.




JOC-II: Control Flow

Java
Construct Network

Model, ESD & EF

Java - C - OPNET
Load Simulation
Initialize Nodes

! j.r'-:'d-}_l_

(OPNETWORK

&

Java
Rcvd Packets — OPNET
Update App Layer(s)

Java - C - OPNET
Gen Status/Positions
Gen “First” Packets

A

OPNET - C = Java
Messages — Java Queue
Packets — Java Queue

Copyright © 2006 OPNET Technologies, Inc.

Java
Send Packets - OPNET

\ 4

Java — C - OPNET
Execute
“Single Event”

OPNET
Update Status/Psn?
Receive/Transmit Packet

Y

Java
Update Status/Position
(1x/sec)
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JOC-II: MANET Station‘Advanced kel & crowonk
Node Model U;W_n U B il\

g
&

S Why this model?
S Mobility

S Packet
Generator

SWireless

SIP

S All changes occur
In “traf src”
process model

wlan_port_nx_0_0 wireless_lan_mac wlan_port_t¢_0_0
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Process Model

. ..1_;-‘-11;'&""';' e h,...g; 55 %L :
JOC-II: Traffic Source (traf_src) o ENRIW()l

. traf_src -

S Remove packet generator (1)
Disable packet destruction (1)

S| Add packet delivery to cloud (1)

Add packet format statistics handles (80)

T i

> STREEAM INTERBUFTWmanat rpg packet destroy ()
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JOC-II: OPNET Interface Cloud
Process Model

ESI Co-Sim Signal?

LLoad Model

(self_intrpt)

(default)

Move/Activate UAVs

Monitor ESIs, Update UAVs
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JOC-II: Co-Simulation Results

| £ JOCosim

File Yiew Sim Help

[ Simulation Control

UPNE,()RL\

f: ﬂF’ET

Simulation

Simulation Time |

Eaisers

clock

Step S5iZe (SeCs)

Dutput Messages

OPNET
messages

_ | Simulation and Model Library
Copyright 1287-2004 by
OFPMNET Technologies, Inc.
as a part of OFNET Release 10.5.4

Error Messages

Loading OPNET. ..
Fegistering OPNET callbacks...

Co-simulation Initializing OFNET...

Loading Simulation...

messages Initiating Status...

Sim Ready. ..
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S Discuss an unmanned swarm design framework,
HARVEST

S Demonstrates Java & OPNET can successtully
be used in a co-simulation

S Shows that Java 1s able to maintain positive
control of an OPNET simulation

S Proposes that centralized cloud management
provides a viable co-simulation mechanism
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