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Primitive Need

..our Navy Is missing a great opportunlty to influence
events by not having a riverine force.”

- Admiral Mike Mullen, Chief of Naval Operations, speech to the Naval
War College in August 2005

“...I want the biggest bang for the buck.”
- RADM Donald Bullard, Commander NECC, meeting with SEA-10

“The biggest tactical limitation inherent in operating on the
water is not being able to see very far beyond the banks. ”

- Mr. Joshua Iverson, Staff Sergeant, USMC (RET), assigned to Small
Craft Company in Iraq, Meetlng with SEA-10 at Special Mission Training
Center



RIVGRU ONE Feedback
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« VTC 30 November 2006

— Value of single sensor versus networked sensors
— UAV cost numbers too high

— Further use of SEA-10 MANA model

— USV dwell time and automation

— Verified and validated reliability numbers

— Perceived USV reliability low, UAV plug and play
reliability better

— Further study of sustainment/logistics
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 Riverine Area Control/Protect Critical
nfrastructure

* |nterdiction of Riverine Lines of communication
* Fire Support

 Insertion / extraction of conventional ground
forces

Theater Security Cooperation
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projected operational
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Research Focus

I\/Iost bang for the buck”
. Alternatlves
 Unmanned systems
* Organic indirect fires
* Ground combat element
* Dedicated helicopter support



Baseline Force:
Composition
3 Divisions of 4 SURCs (12 total)
(1) M 240G Medium machine gun
(1) GAU 17 Electric powered gatling
gun
(1) .50 cal
(1 per person) M -16
Disposition
SURC employment
(1) C2 SURC
(2) Force Protection SURC
(1) SURC with 7 man VBSS team

T

ALT 1: Baseline + Sensors:

Extend Sensor Range
Enable SURCs to bring superior
firepower to bear at maximum range

ALT 2: Baseline + Engagement
Increase Engagement capability of RF
GCE
(2) 12 man assault force
M-16 & Squad Automatic Weapon
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ALT 3: Baseline + Network
Sensors
Extend sensor range using networked sensors

ALT 4: Baseline + Network

Sensors + Indirect Fire
81mm Mortar
Mortar Barge
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ALT 5: Baseline + Dedicated

Helo Support
(4) Helicopter detachment
(4) Hellfire missiles 8
(2) 7.62mm machine gun



http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.fas.org/man/dod-101/sys/land/m-252-dvic509.jpg
http://www.fas.org/man/dod-101/sys/land/m-252-dvic509.jpg
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.blogsofwar.com/images/scaneagle.JPG&imgrefurl=http://www.blogsofwar.com/category/aerospace%3Ffrom%3D45&h=274&w=400&sz=13&hl=en&start=4&tbnid=vbKDgcxrqktbEM:&tbnh=85&tbnw=124&prev=/images%3Fq%3Dscan%2Beagle%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.xensory.com/blogs/robotsnext/spartan.jpg&imgrefurl=http://robotsnext.blogspot.com/&h=207&w=250&sz=11&hl=en&start=2&tbnid=9rBwWlxH1kIP7M:&tbnh=92&tbnw=111&prev=/images%3Fq%3Dspartan%2Bscout%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.defense-update.com/images/REMBASS.jpg&imgrefurl=http://www.defense-update.com/products/r/rembassII.htm&h=290&w=400&sz=25&hl=en&start=1&tbnid=KZX8TQ2qYgK5cM:&tbnh=90&tbnw=124&prev=/images%3Fq%3Drembass%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://irongators.com/Portals/0/SURC.jpg&imgrefurl=http://irongators.com/&h=284&w=1062&sz=20&hl=en&start=122&tbnid=Ubn5sgBZF2W8NM:&tbnh=40&tbnw=150&prev=/images%3Fq%3DSURC%26start%3D120%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN

EFFICIENCY FRONTIER ACROSS SCENARIOS

HHG60

NW MORTAR TM +

NW MORTAR BARGE

50

N
o1

LLl
o
O
@)
wn
>
=
—
=
D
-
<
-
O
=

Baseline GCE

0
$250 $270 $290 $310 $330 $350 $370 $390 $410 $430

TOTAL 10 YEAR OPERATING COST FYO6M$

$450




. S[N>s
Research Insights \/

* The Unmanned Surface Vehicle
provided the greatest overall improvement
system performance for the cost

* Dedicated helicopter support generated
the best performance, but was the most
costly alternative
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-
Research Insights '@3\\7@

* Improved sensor capability had the
greatest effect on overall system
performance for the associated cost

 Asingle unmanned sensor enhanced
baseline force performance and the
networked sensor alternatives

11



VY

Research Insights

 The ground combat element performance
was scenario dependent

* All modeled alternatives improved battle
space awareness and/or situational
responsiveness over the baseline force.

 All alternatives are fractional cost
Increases to the baseline
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SEDP Process

STAKEHOLDER

HISTORICAL ANALYSIS FUNCTIONAL
ANALYSIS ANALYSIS

OBJECTIVES HIERARCHY
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Revised Problem B[S

Statement A4

Define, analyze, and recommend a cost
effective alternative from competing
architectures that increases the US Navy's
proposed riverine force’s battle space
awareness and situational
responsiveness utilizing technologies
currently in use or available for use by

2010
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Objectives Hierarchy

Increase Riverine
Force Mission

N
Increase Battlespace

Awareness )
e I ) ™ e I ) 1
Increase Detection Increase Information Improve
Capability Processing Communications

( Increase Number, )
Extend Sensor Range Type, Environments of
\ Sensors J

Increase Sensor
Performance

~
Increase Situational
Responsiveness

'a N\ 4 N\
Increase Engagement Increase
L Capability )L Interoperability
I 4 I A e I N
Extend Weapon Range Increase Number and Increasg Weapon
Type of Weapons JE Effectiveness

oY

Operationally Suitable
J

—_—  -—-————

~
: . A Interoperable
[ Reliable } { Available } { Maintainable { ST } { Transportable }
J/




* Niger River Delta

Densely populated
200,000 live in cities
Length: 4350 km

Width: 1 km to 150 meters

AVE LOS: up to 150 meters (can
be as little as 50 meters)

Jungle canopy, mangroves and
brackish water

Red Forces
Level Il threat

Can operate at or near
company strength

+ Automatic weapons

* RPGs

» Crew served weapons

+ Small boats

» Technicals
“Networked Comms”

* Cell phones

* PRC-117 equivalent
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LT Rich Byers

SEA-10 Modeling
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Map Aware r— B

— agents at individual and squad  Bause [+ un |

level are aware of and respond to D] |4 B

the geographic characteristics of o

thelr_surroundmgs. e
Non Uniform

— “Global” behavior of the system -
“emerges” as the result of many
local interactions.

Lock ™ FIE5060872
— Provides feedback that is not
present in top-down models.

— Cannot be decomposed into
simple independent parts.

— Agents interact with each other in
non-linear ways (Adapt)
Automata
— Scaleable
— lterative

| Tewan Tpe Wl acded
Téwain Tspe Hidop added
Tewan Tipe floed addad
Teran Trpe LighB uh added

| Teran Tipe Deresuh added
Teran Tspe Wadunil ush added
Teran Type fiver added

| _Oly | ey

(v b 105
| Inka Squiie
| i Squad Nt

Wh 1000 Hegft 550
Sourd 56 b Fae Deed
lew Pah

Fure | Segc 0 B Cas: 0 RedCas: 0 Total 54 Cootacts: 0

- Quantlflable Tesvi ByrdTabbe, Byl 0 Model |, y/)585, 299 Pl (x
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e Battlefield v

« Specifications
— Real World
— 24 x 15 mile
— 38m/grid x 36 m/grid

— Conversion to 8 bit
palletized version




Terrain Effects

| Going | Cover J Conceal I Red | Green I Blue I
‘BillialdTable 1.00 000 0.00 0 0 0
|Wall 0.00 1.00 1.00 178 178 178
Hilltop 0.90 0.10 0.95 46 46 25
Road 1.00 0.00 0.00 255 255 0
‘ LightBush  |0.75 010 0.30 102 102 51
| DenseBush |0.20 0.30 0.90 51 95 9%
| MediumBush 0.43 020 0.60 53 94 53
River 1.00 0.00 0.00 50 50 105

* RGB Table

Cover and Concealment

* Movement Rates

« Impacts Detection Capability
- Range to detection
- Time to detection

* Realism

21
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Behavior and SA

Agent SA Squad SA Inorganic SA
A ild gl | . N I I B I I o

u E = £ a n E In ol 21 a & - E = IE £ £ = -g - £ ;E = = i E
o i = = 4 g = - | L] I} H =] " u = = L w | = z = = w | = z
2 | Bl 2|w | 3 |F|5|8|2|c L] clulal = = = o [T|8] @ = = = |5 |B| 2
E|E|E|E|E|=|o|E|L|alEls|a|5|>|8|¢|a| E|E|E |2 |5|E|E|E|E|E|[E|E|cE
ES| BB BB | E|2(2(E\E|8| 2| F 3|5 | BB zlE|a|E|E| g8 |E|E|E
AGENT and STATE Glo|G|a| &S |2|a]s|Elalzlzlala|ld|o|o]l3] & w [ o |0z 2| w w u|L|z| o
TOC 100 100 75| 50] 100{ 0] 100] 50 0 0 0] 10[ 100] 100 0] 100 75 o0] 100{ 50| 0 0 75 al 15 50| O a
SURC 100 100] 75| 500 00{ O 0f 0 0| 75 0] 10 10{ 10| 10| 100[ 100 500 30 0] 0 0] 100 100 500 0] O a
VBSS 100 100 75 500 100 0 ] ] 0] 75 0] 10f 10| 10 10| 100{ 100 50 o 0 0 0] 100 100 25 0f 0 a
TRSS 100 0 0 0 0 o 0 0 0 0 0 o0 O 0 0 0 0 o] 0 0 0 0 i of 0] 0 il
LAY 100 100 100] 100 U] af 0 af 20 0 0 al 0 of 1000 100f 100 af 0 O 10af 100 100] 100] O 9] 100
e 100 100] 75 500 100 0 f 0 0| 75 0 0 0 0] 0f 100{ 100 o0 30f 0] 0 0] 100[ 100 a0 0] 0 a
GCE Default 0 0 0 0 0 0 0 0 0 0 0 0f 0 0 0 0 0 0] 0] 0 0 0 0 of 0] 0 a
GCE Fusl Out Q 0 0 0 0 ] ] 0 0 0 0 o0 o 0 0 0 0 o 0 0 0 0 Q af o] 0 a
GCE Refuelled by Anyone 100 100 75 50 U] 100] 50 0] 75 O 101 300 300 1w 1000 7S a0l 58] 25| O 100 7a o0 250 25] 0] 75
Martar Team Defaull 0 0 U ] 0 g 0 g 0 ] U g 0 0 ] 0 0 g 0 0 U U 0 of of 0 0
Martar Team Fual Qut 0 0 0 0 0 0 0 0 0 0 0 0f 0 0 0 0 0 0] 0] 0 0 0 0 0 0 i
Martar Team Refuslied by Anyone 100 100] 75| 50 0 100] 50 0 0 0] 10( 30{ 30 10] 100f 75 0] 30[f 0] 0 0 75 50 25[ 25) 0] 100
Martar Bame 100 100 75 500 100 0 ] ] 0] 75 0] 10f 10| 10 10| 100{ 100 501 30 0 0 0] 100( 100 50( Q| @ a
HH50 100 100 100] 100 U] af 0 af 20 0 0 al 0 of 1000 100f 100 af 0 O 10af 100 100] 100] O 9] 100
Red RilleRPG-22 100 100 75| 50] 100{ 0] 100] 50 0] 50 0] 10[ 30| 301 10] 100 9 o0] 25[ 0] 0] 100 I a0 25[ 15) O] 75
Red RilleRPG-22 AMB Dalault 100 100 7 50{ 100] 0 100 50 0] &0 0] 10[ 30| &0 10] 100 7 501 25 0 0] 100 75 50 25 15] 0] 50
Red RifleRPG-22 AMB Squad EN Contact 100 100 100| 500 100] Q| 100 S0 0] 50 0] 10( 30| 30| 10 100{ 100{ 100 50| 25 Of 20 75 50 25 15 0 50
Fed RifleRPG-22 AMB 10 5A Enermy Contact 100 1001 75 500 1001 0] 100] 50 0f 50 Of 10] 30/ 30[ 10 1000 75 a0l 50] 25| 0O 100 T a0l  25[ 15 0] 50
WEUTRAL 100 U] U] ] U] 10| 50 af 10 1000 100 al 0 af <100 -100{ -100 of 0 0 af -100) 100 <100 Q] 7 d
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Weapons

Kinetic
Meters GGrids
Max
Shot Gy — , Targets | {High Ra,l"l Carried Penetration
Radius {m) e Hargets) Step Ll Rounds [mm})
Name Min Effective Max Min Effective Ma x (arids) min [MANA) — MNotes
AK-4TIAKM ] 300 2500 0 = 55 0 0 40 1000 500 120 0 7.62mm Assault Rifle
AK-T4 0 500 BOO 0 13 21 0 0 40 1000 &S00 200 0 545mm Assaull Rifle
RPK-T4 0 BOO 1000 0 21 26 0 0 50 1000 G600 320 0 545mm Light Machine Gun
SVD a 1300 3800 d 24 k] d 0 3 1000 30 40 10 7.862mm Sniper Rifle
PH.M 0 1000 3800 0 28 99 0 0 250 1000 650 800 8 7 E2mm GPM
NSV 0 2000 TE50 0 52 208 0 0 100 1000 680 300 20 12.7mm Heaw Machine Gun
M-16AZAZ 0 550 3800 0 14 94 0 0 45 1000 8O0 1250 0 7.62mm Assault Rifle
M240B ] 800 3725 0 2 a7 0 0 100 1000 200 1200 0 7.62mm Heawy Maching Gun
11242 0 1000 3600 0 28 g4 0 0 100 1000 750 1000 0 5.56mm Heawy Maching Gun
ME0 0 BO0 3725 0 21 a7 0 0 100 1000 550 0o B 7.62mm Heaw Machine Gun
GAUATIA ] 400 1000 0 10 2 0 0 2000 1000 4000 5000 0 7.62mm Mini Gun
M2 0 2400 6770 0 63 77 0 0 200 1000 550 &00 11 12.7mm .50 cal Machine Gun
High Explosive
Meters Grids
Max )
Shot Sh.m Max .| Targets | [Hlnh. Ra.m Carried | Penetration
) Radius Targets/ of Fire/
] . . ] Radius {m} (grids) el Step i} Rounds (mmy}
Mame PMin Effective Max Min Effective Ma x : (MANAY MNotes
RPG-7 0 500 BOO 0 13 21 5 0 G &0 G 5 330 40mm ATG
RPG-22 d 150 250 0 4 7 5 a 1 100 1 1 380 72mm Disposable ATGL
SA-18 800 3500 5000 16 91 13 5 0 1 100 1 2 0 Manportable SAM
82mm Mortar 1000 4000 4000 26 104 104 15 0 4 400 (&5 10 0 40mm ATGL
GP-30 40 400 400 1 10 10 & 0 4 400 ] 10 0 40mm Grenade Launcher
M203 3 350 400 1 g 10 5 a 5 500 7 38 330 40mm Grenade Launcher
M-72 10 200 1000 0 o 26 o 0 1 100 1 1 200 gamm Disposable ATGL
224 44 1830 1830 1 50 50 4 0 8 &00 a0 20 0 E2mm Mortar
252 B3 5508 5808 2 148 145 40 1 15 1000 a0 &0 ] B2mm Mortar
AGHM-114K 500 85000 13 200 10 ] 4 4 4 4 500 Helifire Missile
MK 19 18 1500 2550 0 39 &7 15 ] 40 1000 &0 164 51 40mm Grenade MG

23




Process

* Mana Processes:
1.  Situational awareness maps are updated by
squad number.
2. Randomly selected Agents (one turn per time
step) carry out the following tasks:
a. Detection and Communication Prep
Weapons Engagement

b
c. Refuel
d. Movement
3. Each squad is selected once in random order to
process its communications gueues.

4. Simulation Halted upon 1440 Time steps or
termination of opposition

24



Limitations

e Movement

— MANA limits velocity ratio to 1000 grids per
100 time steps

« Modern vehicles exceed this by a factor of 100
 Limits all vehicles to 22 kph

* Disembarking Forces
— Transportation load/unload unavailable
— Simulated via prestaging and refueling

25



Limitations

 Erratic USV/UAV Movement

— USV / UAV would follow erratic search patterns based
upon behavior

— Given Patrol waypoints to simulate operator control

« SURC Damage Mitigation
— Cannot model cover provided by vessel

— Increased SURC Hits to Kill

* models cover afforded
* models Vessel Durability

7 crew (.60 armor) + 7 crew (total) = 11 Hits to Kill
26



Limitations

« Geography
— Mana can model elevation but not water
depth

« Mobility of platforms was not limited by water depth
— Terrain on billiard table

* Agents

— Swarm behavior
o Attack focused vice maneuver
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Clutter

* Military forces do not
operate in a vacuum

« Large civilian population

may Yyield;
— False Targets
—_ DlStraCtlon Country Total Population h:‘lﬁ?a:;tl;?t; fatio
- L I m ItS E n g ag e m e nt C'srzagnoa 2525?4089750722 360916'903831 ;g; 1
. Benin 7862944 749774 10.48:1
N Nel,Itral pOpUlatlon Nigeria 131859731 15052914 8.75:1
. d b t k Cameroon 17340702 1‘.;;\:6767 88.97;':11
aSSIgne y a Ing mean Reduc::;v’!ean 81

of MFMD against Total
Population of the region

« 8 Neutrals for every red
agent
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Baseline Force:
Composition
3 Divisions of 4 SURCs (12 total)
(1) M 240G Medium machine gun
(1) GAU 17 Electric powered gatling
gun
(1) .50 cal
(1 per person) M -16
Disposition
SURC employment
(1) C2 SURC
(2) Force Protection SURC
(1) SURC with 7 man VBSS team

T

ALT 1: Baseline + Sensors:

Extend Sensor Range
Enable SURCs to bring superior
firepower to bear at maximum range

ALT 2: Baseline + Engagement
Increase Engagement capability of RF
GCE
(2) 12 man assault force
M-16 & Squad Automatic Weapon

' ‘ . — .

d .'9'1

ALT 3: Baseline + Network
Sensors
Extend sensor range using networked sensors

ALT 4: Baseline + Network

Sensors + Indirect Fire
81mm Mortar
Mortar Barge

' i 'V” - -
L

|

ALT 5: Baseline + Dedicated

Helo Support
(4) Helicopter detachment
(4) Hellfire missiles 29
(2) 7.62mm machine gun
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Cost Estimation
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Cost Estimation Caveats ===

 All cost data obtained from open source
« All costs in FYO6$

» Cost estimation data Is provided for
comparison of alternatives

* Determining military significance is the
goal
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Procure all
capabilities in
2010
Personnel not
Included in
procurement
COSts

Procurement Cost
Summary
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Total 10 Year Cost

Total 10 Year Cost
* [ncludes
procurement 300.00 oo
and O&S cost 250,00 -
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Cost Estimation Summary

s B
WV

Average Operating Cost Procurement Cost Total 10 Year Cost
Alternative Description per Year (FYO6$M) (FYO6$M) (FYO6$M)
Baseline 16.31 85.00 263.54
UAV 3.90 36.00 78.32
I usv 0.26 0.90 3.77
UGS 0.38 1.90 7.96
I Ground Combat 0.74 0.19 8.03
Element
I Networked 4.58 45.01 90.85
Sensor
v Mortar Team 0.10 0.09 1.20
Vv Networked Mortar 4.69 45 10 92 05
Team
Vi NEMO 1.15 5.33 17.31
Vi Networked NEMO 5.73 50.87 108.16
Helicopter 3.89 126.90 169.71
Vil i -
Helicopter without N/A N/A 42 81
procurement 34
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Reliability
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(06 System Reliability =~ =88%

« SEA-10 analyzed
operational suitability Operational View One (OV-1)
component reliability J \
of the networked
system to help make
a cost-benefit
determination.

Critical to support of
combat and

operational readiness. R Y s
By ga & Tactical Opefations.~

. Center (TOCY
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Avallability and Readiness

« To demonstrate the

’ i 0 0
connection between 100% - 95 30, B.8% U
availability and 95%
readiness consider the = g0%
following: 850, 97 5o
— Assume SURC
availability is 0.85 or 80%
85%. 75%
— 4 SURCs are required 70%
to begin a mission. 5 5o
« As the number of 50
SURCs in a squadron is v
increased, the 59% 157:2%
probability of having 4 or 50% | . . . . .
7 g 9 10

more SURCs available 4 5 6
for the mission is
Increased.

Percent time 4 or more available

Number SURCs in Squadron




N .z )
@48 Modified SEA9 SARM =&

=y

Probabhility of Having 4 SURCs Operational after 360 Hours
95% CI for the Mean
L9 Relability 001
Availability 0.99
Range (nm) 250
0.95 1 I 'Cruise Speed (knots) 35
0.90 0.9
B
g 0.85-
MTBF 76 Hrs
0.80- .
MTBR 72 Hrs (Min)
0.75 - 120 Hrs (Avg)
168 Hrs (Max)
I:I.?D- | | L] | | L] | |
12 SURCs 14 SURCs 16 SURCs 18 SURCs 20 SURCs

o0



Reliability Conclusions and _{m&].

Limitations A4

 Unmanned systems MUST have redundancy
to augment any low individual component
reliability.

* Models for SURC reliability/availability show
platform highly reliable, but more hulls needed
for extended operations.
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Data Analysis
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DATA ANALYSIS [NPs)

MQSHNT PER SCIENTIA,
\ D

PROCESS

MANA DATA RESBONSE
OUTPUT PROCESSING WEIGHTING
COST

ESTIMATION DECISION MATRIX

OVERALL
EFFICIENCY - RANKING - RANKING BY
CURVES ACROSS SCENARIO
SCENARIOS 41

RAW DATA
MATRIX

NORMALIZED
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MOP Evolution

Increase Battlespace Increase Situational
Awareness Responsiveness

ORIGINAL

Time of Detection
Range of Detection Length of Engagement
Loss Exchange Ratio

REVISED

Time of Detection

Range of Detection

Length of Engagement




VY

MOP Limitations

* Detect to engage time did not fairly
represent the battle space awareness
gained by the helicopter and networked
mortar barge alternatives

* Length of engagement was affected by
scenario and modeling limitations

» Detection Range was not a valid indicator
of sensor performance and could not be
used as a measure of performance
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Raw Data Matrix

LOSS
LENGTH OF MAX EARLIEST TIME OF FIRST

MOP, PERI—iEI\Fl{TUEE NO EX;:Q';GE ENGAGEMENT | CLASSIFICATION | DETECTION | DETECTION TO FIRST

Alternative (REDIBLUE) (IN MIN) RANGE (GRIDS) | TIME (IN MIN) |[ENGAGEMENT (IN MIN)
Baseline 3% 8.9 35 19.6 56.8 0.0
UAV 0% 12.1 215 17.9 26.0 20.0
usv 3% 9.6 22.2 126.3 23.8 18.4
UGS 0% 9.9 16.1 17.9 25.3 24.4
UAV+USV+UGS 0% 11.1 10.6 125.7 215 23.9
GCE 13% 10.7 4.3 19.9 50.6 0.0
HH60 97% 7.7 9.2 154.8 21.1 0.0
MORTAR TM 3% 8.4 2.2 19.3 41.1 0.0
MORTAR BARGE % 8.9 35 19.4 56.2 0.2
NW MORTAR TM 3% 11.4 30.1 123.3 15,5 26.7
NW MORTAR BARGE 87% 11.8 12.7 123.1 23.6 1.9
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Data Normalization

Responses where high values were desirable:
AlternativeData — MinDataValue
MaxDataValue — MinDataValue

jOIOO

Responses where low values were desirable:

( MaxDataValue — AlternativeData

: 100
MaxDataValue — MinDataValue

Combining Percentage of no hit runs and Loss Exchange ratio to a single value:

(.75) o| (PercentageOfNohitRuns ) e 100 | +(.25) K AlternativeData - MinDataval ue) 0100}

MaxDataValue — MinDataValue
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Weighting of measures of performance were determined from interviews
with
* NPS small boat operators
» Marine officers with riverine and combat experience

Detailed Sensitivity Analysis conducted in thesis on MOP weighting

— —
e B — =
e e e o e e e e e e mm e = = e

NW NW
Alternative Baseline] UAV USV | UGS | NET | GCE | HH60 MOTRJAR NéiF;TGAER MORTAR| MORTAR
™ BARGE
Percentage of no
0.3 hit runs/Loss 3 21 8 7 10 18 76 2 5 12 62
Length of
0.1 Engagement 88 15 47 67 67 63 68 100 96 38 68
Time to first enemy
detection
0.4 15 67 84 55 86 8 93 34 16 94 84
Time from
detection to [ (R R, F— S e
0.2 Engagement D=7 [ 8 49 88 1 7 1 g3 == ]
WEIGHTED TOTAL [’ 16 49 58 41 62 15 68 25 18 63 61 _
= = =~



Architecture Ranking )

Patrol A4

PATROL ARCHITECTURE RANKING
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Architecture Ranking

Ambush

AMBUSH ARCHITECTURE RANKING
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Overall Architecture (w9

Ranking b 4

ARCHITECTURE RANKING ACROSS SCENARIOS
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Cost Estimation Summary

Average Operating Cost

Procurement Cost

Total 10 Year Cost

VY

Alternative Description per Year (FYO6$M) (FYO6$M) (FYO6$M)
Baseline 16.31 85.00 263.54
UAV 3.90 36.00 78.32
I usv 0.26 0.90 3.77
UGS 0.38 1.90 7.96
Ground
1 Combat 0.74 0.19 8.03
Element
I Networked 458 45.01 90.85
Sensor
v Mortar Team 0.10 0.09 1.20
Vv Networked 4.69 45.10 92.05
Mortar Team
VI NEMO 1.15 5.33 17.31
Networked
VI NEMO 5.73 50.87 108.16
Helicopter 3.89 126.90 169.71
VI Helicopter
without N/A N/A 42.81

procurement
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Ambush Efficiency Curve

VY

AMBUSH EFFICIENCY CURVE
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PRAGSTANTIA PER SCIENTIA Y

Overall Efficiency Curve =

EFFICIENCY FRONTIER ACROSS SCENARIOS
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Results

« “Most bang for the buck”
— USVv

Alternatives

— HH-60 and Networked NEMO best overall
Unmanned systems

— Single is as good as networked

Organic indirect fires

— Effective only when paired with sensors
Ground combat element

— Scenario dependent performance

Dedicated helicopter support
— Best performance/highest cost
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Other Findings

« The baseline force occasionally achieves parity in
performance with upgraded alternatives depending on
the response and scenario.

« Asingle sensor gives the baseline force almost all the
benefits of networked sensors.

« In the ambush scenario, upgraded weapons have a
significant effect in reducing the length of engagement.

« The combined indirect fire and sensor pairing of the
networked mortar barge and the helicopter option
dominated all other options across all responses except
detect to engage time (only because of model dynamics
described previously).
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Results

« Consider Unmanned Surface Vehicle as a
system that shows potential to improve RF
battle space awareness

* Invest In paired sensor and weapon
augmentations for the greatest increase In
performance

* A helicopter or networked sensor plus
Indirect fire option consistently
outperforms other alternatives
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Areas for Further Study

« Sustainment/Logistics
 Communications

* Modeling and Simulation
* Energy

« Movement

* Force Protection

 Mine Countermeasure

* Policy
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Softballs for SEA-11

« Sustainment/logistics

« Columbia riverine science symposium
— MIT infrared study
— China Lake infrared working group

« USV automation
 Unmanned system reliability analysis
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Key Source Documents

 Buede, D.M. The Engineering Design of
Systems: Models and Methods, John Wiley &
Sons, Inc., 2000.

« Naval Expeditionary Combat Command,
Concept of Operations - US Navy Riverine Force
(DRAFT), 30 August 2006, Naval Amphibious
Base, Little Creek, VA.

« US Marine Corps Center for Lessons Learned:
Small Craft Company’s Deployment in Support
of Operation Iraqi Freedom Il (OIF I1) by Colonel
M.E. Dunard, 4 April 2006.

e Others.
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