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A New Generation of
Breakthrough Technologies for National Security

Rethinking Complex Military Systems

Electromagnetic Spectrum Dominance Fully & dynamically control the EM spectrum for communications, sensing, imaging
Position, Navigation, and Timing Beyond GPS Deliver accuracy without dangerous reliance on GPS and enable new coherent effect:
Air Superiority in Contested Environments Architect sustainable, cost-effective air superiority over a peer adversary in 2030+
Hypersonics Capability Prevent peer adversary sanctuary or strategic surprise
Robust Space Establish confidence in all aspects of space operations despite new threats
Undersea Capabilities Provide scalable effects from the undersea sanctuary
Overmatch Squad Expand reach, situational awareness, and maneuver for strategic overmatch
Defense Against Terrorism Create new counters for new mass terror threats

Information at Massive Scale

Cyber Capability Wield cyber as a military capability with confidence in our own cybersecurity

Big Data Extract new capabilities from the data explosion and map behavior patterns at scale

Biology as Technology

Brain Function Research Drive and harness fundamental advances in understanding brain function
Engineering Biology Create new classes of materials that are unattainable through today’s chemistry
Outpacing Infectious Disease Design rapid, specific diagnostics and therapeutics

These focus areas are part of a broad and diverse portfolio of DARPA investments
Focus areas change over time as some succeed and graduate, or fail, and as DARPA identifies new challenges and opportunities
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TRy Sample of DARPA Efforts

A recent series of studies have produced new starts and findings in the
following areas:

A Autonomy/cooperative operations for weapons, platforms, ISR and EM
A Survivability

A Speed, range, accuracy and lethality

A Cost imposition

Example DARPA programs:
A SoSITE

A CODE

A Communication in Contested Environments (C2E)
A Gremlins

A Persistent Close Air Support (PCAS)

A Hypersonic Air-breathing Weapon Concept (HAWC)
A Tactical Boost Glide (TBG)

A Seeker Cost Transformation (SECTR)
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John Shaw / STO

System of Systems Integration Technology and
Experimentation (SoSITE)

PROGRAM OVERVIEW
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Networked system-of-systems to provide increased
military effectiveness, cost leverage and adaptability

SoS = System of Systems
USAF = United States Air Force
USN = United States Navy

PROGRAM OUTCOMES

Capability Objectives:
A Proof of Concept SoS architectures which demonstrate
military effectiveness and impose net cost on adversaries

A Tools to simplify the integration of new technologies into
system of systems architectures

A Experiments with candidate SoS architectures to determine
viability and value of a heterogeneous SoS

Transition Partners:
AUSAF, USN, Air Force Rapid Capability Office

PROGRAM STATUS
Schedule: Q4FY14 7 Q4FY19

Upcoming Key Decisions and Milestones:
A SoS Architecture analysis for experimentation Q2FY16
A Flight experimentation BAA release Q3FY16
Accomplishments:

A Baseline architecture analysis and initial new concept
development complete Q4FY15

A Integration tool spin 1 complete and tested Q3FY15

A Composition Verification and Adaptable System Interfaces
demonstrated to Architecture performers Q4FY15
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Collaborative Operations in Denied Environment (CODE)
Mr. Jean-Charles Ledé / TTO

PROGRAM OVERVIEW

Development and demonstration of the autonomy and collaborative

behavior algorithms that will expand the mission capabilities of legacy
assets at a moderate upgrade cost

Key Insights: High-low platform mix can perform as well as equal number

of high end platforms alone

PROGRAM OUTCOMES
Capability Objectives:

A Demonstrate mission efficiency > 2 fold performance improvement
requiring less than 50 kbps bandwidth to/from command station

A Reduce manning to 1 supervisor for all assets

A Perform multi-mission capability >90% commonality between
reference missions

A Deliver s/w in open architecture compatible with emerging standards

Transition:

A Potentially: current and future long range weapons and UAS for
Navy, Air Force, Army, USMC

PROGRAM STATUS
Schedule: FY 2014 — FY 2018

Upcoming Key Decisions:
A Open architecture demonstration through 3rd party software or
independent integration
A Additional demonstrations in operational platforms

Accomplishments:
A OS-CoDR Spirals 1 & Track B TIM — March 2015
A OS-CoDR Spiral 2, DS-CoDR/SRR, & Track B TIM — June 2015
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Wayne Phoel / STO

Communication in Contested Environments (C2E)

PROGRAM OVERVIEW
Modular Hardware Architecture
Implements Multiple Waveforms

C2E Architecture

Conventional Architecture
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Includes Key Military Waveforms
ALink 16 (Joint/Coalition)
ATactical Targeting Network Technology (TTNT, Navy)
ACommon Data Link (CDL)
AMultifunction Advanced Data Link (MADL, F-35)
AlIntraflight Datalink (IFDL, F-22)

Accommodates Innovative Waveforms

interoperability and rapid technology insertion

CPU = Central Processing Unit

FPGA = Field Programmable Gate Array
DSP = Digital Signal Processor

UNS = United States Navy

[ Employ commercial approach to enable }

ASIC = Application-specific integrated circuit
XCVR = Transceiver
BE-CDL = Bandwidth Efficient Common Data Lin

USAF = United States Air Force

PROGRAM OUTCOMES
Capability Objectives:
A Communications architectures to allow technology adoption
at the rate of commercial maturation
A Ruggedized flight radios running Link 16, TTNT, MADL, IFDL
A Small form factor multi-waveform radio

A ASIC with software-reconfigurable processing elements
capable of Link 16, TTNT, MADL, IFDL, BE-CDL

A Formal-methods-based development environment (software)
Transition Partners: USAF, USN

PROGRAM STATUS
Schedule: Q4FY14 1 Q2FY17
Upcoming Key Decisions and Milestones:
A Contracting for legacy waveform interoperability
Accomplishments:

A Completed design of flight-capable modular radio with ability to
run four simultaneous airborne waveforms

A Completed initial formal methods contract-based waveform
development environment
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VGBI Gremlins
Dr. Daniel Patt / TTO

PROGRAM OVERVIEW . . PROGRAM OUTCOMES
Capability Objectives:

A Proof-of-concept of air-launched, air-recoverable, volley-quantity
unmanned systems to support massively distributed airborne
capabilities

A Staging supports long-range ops independent of basing

A Show that objective system feasible with

A 300 nm combat radius with 1 hour of loiter

A Modular ISR and RF payloads to provide real-time targeting
support to kinetic strike assets

A Recover at least 4 gremlins to host in less than 30 minutes
A Low cost per use
A Explore limited-life attritable design of unmanned systems

Proof-of-concept for air-launched, A Flight test of traceable demonstration system
recoverable, volley-quantity UAS Transition: Potentially USAF, SOCOM

PROGRAM STATUS
Schedule: FY 2015 - FY 2020

Upcoming Key Decisions:

A Conceptual design and system requirements review
A Mock-up fabrication and test

A Preliminary design review

Accomplishments:
A Proposers Day — September 2015

Key insight: Enable affordability via limited life and opportunistic reuse
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Persistent Close Air Support (PCAS)
Dr. Daniel Patt / TTO

PROGRAM OVERVIEW PROGRAM OUTCOMES
Capability Objectives:

Demonstrate airborne weapons command by a dismounted ground A Increased effectiveness, decreased response time, minimized collateral
agent — a Joint Terminal Attack Controller (JTAC) damage, and improved survivability of ground forces engaged with
enemy forces

PCAS J Higher precision collaborative Transition:

. targeti bl f _ ;

operational \ rge s“rg:l:‘; '::n‘i'tsii:s A usMC T_ac.tlcal Handoff Sys.terp _P.rogram of Record
concept S o . N A USMC - Digital Interoperability initiative

A ARSOAC (SOCOM) - Platoon Networking Capability
A SOCOM SOMPE — ATAK/APASS Android applications

A Army — PFED Increment II / Nett Warrior Programs of Record

LR > PROGRAM STATUS
Shared situational awareness . —
drives safety and effectiveness Schedule: FY 2011 — FY 2015
Upcoming Key Decisions:
A AH-64 Ramp side testing
A MQ-1C Laboratory test

Accomplishments:
A Successful test of PCAS system on MV-22 — March 2015
A Successful test of PCAS system on A-10C — May - June 2015

PCAS Testing with SOCOM

Big Win: PCAS transition to multiple services and ground
software used worldwide and within US Federal Government
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Mr. Mark Gustafson / TTO

Hypersonic Air-breathing Weapon Concept (HAWC)

PROGRAM OVERVIEW

Transformational changes in responsive, long-range strike capabilities
against time-critical or heavily defended targets. Joint DARPA/AIr Force
(AFRL) program

PROGRAM OUTCOMES
Capability Objectives:
A Advanced air vehicle configurations capable of efficient hypersonic
flight
Hydrocarbon scramjet-powered propulsion to enable sustained
hypersonic cruise

A
A Thermal management approaches designed for high-temperature
cruise

A

Affordable system designs and manufacturing approaches

Transition:
A MOA: USAF

PROGRAM STATUS
Schedule: FY 2013 - FY 2019

Upcoming Key Decisions:

A HAWC intends to build on the advances made by the previously funded
X-51 program in terms of improving capabilities for speed, range and
altitude

Accomplishments:
A Completed technology demo systems requirements review — April 2015
A Completed propulsion system preliminary design review — October 2015
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Tactical Boost Glide (TBG)
Dr. Peter Erbland / TTO

PROGRAM OVERVIEW PROGRAM OUTCOMES

Capability Objectives:

A Vehicle feasibility—Vehicle concepts possessing the required
aerodynamic and aerothermal performance, controllability and
robustness for a wide operational envelope

A Effectiveness—System attributes and subsystems required to be
effective in relevant operational environments

A Affordability—Approaches to reducing cost and improving affordability
for both the demonstration system and future operational systems

Demonstrate technologies to enable future air-launched, tactical-range
hypersonic boost glide systems, including flight demonstration

Transition:
A MOA: USAF

PROGRAM STATUS
Schedule: FY 2014 - FY 2019

Upcoming Key Decisions:

A TBG program is exploiting the technical knowledge and lessons derived
from development and flight testing of previous boost glide systems,
including the Hypersonic Technology Vehicle 2 (HTV-2)

Accomplishments:
A Completed ConOps — April 2015
A Completed conceptual design of demo system — April 2015

Artist’s Concept
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Seeker Cost Transformation (SECTR)

Thomas Karr / STO

PROGRAM OVERVIEW

Core Seeker
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Capability Objectives:

PROGRAM OUTCOMES

A Develop open architecture, multi-mission seeker core with

low SWaP-C combining navigation and targeting functions
A GPS-free navigation

A Passive day/night (extremely low light) imaging sensor
A Rapid mods and synergism with new sensors and platforms
Transition Partners:
A Expected transition into new and legacy PGMs including:
ALow Cost Delivery Vehicle

ASOCOM Small Glide Bomb & small sensor unit
A Air Force GBU-X and others

Enable precision weapon guidance with significant
SWaP-C advantage in A2AD environment

PGMs = Precision Guided Munitions

GPS = Global Positioning System
A2AD = Anti-Access Area Denial
RF = Radio Frequency

SOCOM = Special Operations
Command

GBU-X = Guided Bomb Unit
SWaP-C = Size, Weight, Power, Cost API = Application Programming

IMU = Inertial Measurement Unit

Accomplishments:
Interface
SAR = Synthetic Aperture Radar
SAL = Synthetic Aperture Ladar
MWIR = Mid Wave Infrared

mmW = Millimeter Wave
FOV = Field of View

Oct
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PROGRAM STATUS
Schedule: Q1FY16 i Q1FY19

Upcoming Key Decisions and Milestones:

A SECTR Source Selection completed 10 Aug 2015
A Contract Award: 31 Oct 2015

A Program Start: 15 Nov 2015

A SECTR phenomenology data collection in early Oct &5
A Open Seeker Architecture Working Group (OSAWG) meeting
i n mid
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