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APPLE Vision: Raytheon

Multi-function EO Sensor/Weapons Beam Control

Lasercom Links

/
Power tg i burn.

LaserWeapon
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Laser Countermeasures

Laser'Sensing

Multi-target Search and Track, IFF
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APPLE Scenario Raytheon




Raytheon

= i APPLE Architecture
@l - A Phased Array of Phased Arrays
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| Modular Array of Sub-apertures |

Coherently
Combined Wide-
angle All-electronic
Beam Control

Electronic Beam Control
(Optical Phased Arrays)

| Hi-Res Adaptive Optic |

v ‘ Beam Expanding Telescope ‘

Low-Res Adaptive Optic
(Fiber Position Control)

Eik

| SPGD Control |

Conformal
Aperture | Distributed MOPA Fiber Laser
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e oP_A: An Optical Analog of Raytheon
masll ~  Microwave Phased Arrays

PAVE PAWS Brings to EO systems the enhanced
Phased Array Radar functionality & mission flexibility that
__ /v | microwave phased arrays brought to RF
> - & ‘ systems

Optical Phased Array (OPA)

‘ ,‘*T?'.-

;ur/ l “ — i

7,000 Phase Shifters, 35 Foot Array

\

» Multiple-beam Generation

 Beam Steering

e Electronic Focus 10,000 Phase Shifters, 4 cm Array
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Optical Phased Arrays HRayfheon
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High-Precision Beam Raytheon
Control Demonstration

Results:

e 1.5 ywrad rms noise on otherwise strictly
linear, open-loop response

 Smallest detectable motions correspond to

1.5% of far-field spot size
e RF rule of thumb is 1/100t" spot motions

Conditions:

 Wavelength: 1.06 microns

« Beam diameter (1/€?): 1.2 cm

» Far-field spot size: 105 prad

 Angular position determined by
centroiding beam spot on a FPA

Open-loop Data

| A =106 um
Beam Diameter = 1.2 cm

o
S

-100

19015080 60 40 20 0 20 40 60 80 100

programmed angle (microradians)

std. dev. from linear fit = 1.54 prad -

measured angle (microradians)
(e ]

» Data are actually limited by system vibrations
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<«—Zone-fill OPAs /

<«—PTRG Holographic Gratings
<+«——Zone-select OPAs
<«— Adaptive Optic ———

4_|—SPGD AQO Controller

Beam Expander

Fiber-Tip XYZ-Actuators

XYZ control via
Stochastic Parallel
Gradient Descent
(SPGD) algorithms
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APPLE: Control Concept Raytheon

APPLE Transceiver operation
with a non-cooperative target

Ejn

Directed energy applications

SPGD HEX127
controller
Global metric: Speckle-metric
M
Speckle-metric J . = J
| ’ /v*’sensor ph — ; i
| S [ =l || _
Phase-locking algorithm
SPGD xyz- Global SPGD n+1 n 7(n
controller controller Vg ) — Vg : + Y JJ( )
Global metric | y : P
Speckle-metric computation ;; ! Local metric: Local speckle-
computation . i
High-power Phase-shifters JEE
fiber amplifiers & polarization J i
controllers _ ) _
Aberration compensation algorithm

(n)
VA
j (n+1) _ () (N g1

Ui =U;’ +pou; " oJ;

From seed laser
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Componentry Developed Rayfheon

MO e TS TR IPL LY BEFeE

Component Developer Special Capabilities

127 Pixels in Transmission-mode format
Raytheon 500 Hz Frame Rate
High power capability (kW class)

Spatial Phase Modulator for
Adaptive Optics
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20 kHz closed-loop Phase-locking - !

demonstration (7 channels)

ERSIT,

Electronics  s/3.% A
Phase-locking * o e

: B VAR
SPGD micro- %, 9 WS
processor; update

Jd-

Components rate 10* iterations/sec
Development .
Fiber-tip tip/tilt \\\ :
actuators: g, .
100 pm amplitude, z ‘{k

3 kHz bandwidth £ o "

1 10 100
Center Frequency of Distortions (Hz)
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Demonstrates acceptable
temperatures and gradients
for Phase 1 components

Prototype OPA’s
Tested to 113 W

Package Design for Wide-angle
Beam Steering Module

127 Pixels
kW Class

300 Hz Frame Rate
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APPLE Prototype
Aperture

T -

100 W
Fiber Laser
Feed

Beam
Expanding
Telescope

PZT
Actuator

Adaptive

Optic

Zone Select
OPA's

PTRG
Gratings

Zone Fill
OPA's

i
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Array Concept

Seven-aperture Prototype
Array
* Distributed Fiber Laser MOPA Train
» Coherently Combined Beams

e Electronic Beam Control

To Fiber
Amplifiers

* Integral Adaptive Optics

- No Wavefront Sensor
« SPGD Control .«

- Scalable -
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APPLE: Beam Control Raytheon
for the 21st Century

HEL Fighter
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Raytheon

APPLE is a revolutionary approach to EO beam control ‘

 Revolutionary Architecture
— Coherent beam control with no moving parts
— Distributed apertures, distributed laser train, distributed control system
— Simple SPGD control
— Built in compensation for aberrations
— Modular, Adaptive, and Flexible

 Enabling Mission Attributes
— Conformal
— Scales to high powers
— Scales to large apertures ,
— Offers order-of-magnitude SWaP savings over conventional systems
— Advantageous to a wide variety of programmable Multi-function systems
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