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LADAR Family Overview
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Scanner/Telescope Family

Micro LADAR
10mm aperture &

ISL LADAR
18mm aperture

* Risley Prism Scanners
e Cassegrain Receive Telescope
e Coaxial Laser Collimator

Gen | LADAR
25mm aperture

Gen IV LADAR
50mm aperture
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Analog
Gen |

19.35 cm?/channel

9 S&H

55K Frame/sec

LADAR Receiver Family

ROIC

NASA
100ux100u Pixel
15 S&H

800 MSPS

1K Fame/sec

* Detect First 3 Objects in Range
» Capture Waveform

 Enhanced Range Accuracy by
Deconvolution

- Sample Rate: 500-MSPS Analog
Readout Rate; 50 MSPS Output

Digital |
Read Out X
Signal

MCML, Pipeline Processing} \:
Gen IV

4.83 cm?/channel
24 S&H

300 MSPS

400K Frame/sec
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HDG6D LADAR Detalls

@}1 Multi-Dimensional Imaging



SPEC Systems & Processes E ineering Corporation
HD6D Gen IV LADAR Bench and Alrcraft Conflguratlon

=

Multi-Dimensional Imaging

«12. 8M PIX| per second
« 30° FOV

* 0.7mr pixels NRO & OSLI, 0.15mr LGSS

* 3.0 Wrms LGSS, 25W rms OSLI

* Final size scanner & receiver boards, output FPGA and
processors non miniaturized for ease of software development
e 7.38x7.0x11.0 inches

» Vector Nav Inertial Navigation Included

» Sentech USB3 RGB 5Mpixel camera, bore sighted
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Fully Miniaturized Gen IV LADAR (HD6D)

» 12.8M Pixel per second
Laser Pump, Temp Control . .
And Modulator Board  First 6 targets in range
1ssonm Transminier | © CAPTUTE receive waveform
'/Egiﬁ Seed « 3Mmm range accuracy
ower Amp ; .
» Pixel size 0.7mr to 0.15mr
» Scan FOV 30° to 90°
« Zero net angular momentum
* Range to 30km vacuum,
5km rain
mage Processor Boara, * PIP€liN€ processing receiver

Xenon or Hyper X™

Control Board
3D image pipeline Processing,
Scanner Control, Laser control

3.45¢

. Cassegrain
4 Channel Receiver Boards ﬁ8 Wrms Transmit Telescope
50mm Aperture Scanner, With Pipeline Image Processing aser
Receive Optics and 1x2" MCM-L, 8 each 3.5ns pulse,
Transmitter Optics /J 1550.12nm Laser
8.50 inches Collimator LG
/ L |
Scanner
32 Channe!, Focal
MCM Receiver - Plane
and Controller Array i
! 7
l Risley Prism
] MFE M M Scanner

Image
Processor
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Pipeline Processing Software and Data Flow

LCS or LCS/msq
Peak amplitude,
Range and Gain inputs

Phase Range ﬁ
R1-RO
R2-RO
R3-RO

Channel 1-32

3.7Gbps
XY,Z
Pomomtd
Unit Vector v
Times Range -  X)Y,Z, LCS
Gives X,Y,Z 2
c
©
=
(&)
[aV}
(42}
Global Unit time
Vector For 32 Channels

Prism Position
To pointing E>
Unit Vector

Pointing Unit Vector
Converted to Global
Coordinates 4Mp Image Overlay

1 5.9Gbps

Scanner Prism tormi RGB
Position at Laser Quaternion 100Hz 1

Fire

Resolvers

Kalman
Filter

Accumulated
Rigid Bodies

|

1.75Gbps

with 6DOF Dynamics | Max to

0.17Gbps




SPEC

Systems & Processes En

ineering

Gen IV LADAR (HD6D) Range
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Range Accuracy vs. Range
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Close Inspection, Complex Waveform Range Accuracy

Variable Frequency Modulated Long Pulse Waveform
* Enables high range accuracy at close ranges (>10 feet)
* Accuracies of 15 microns in range demonstrated

» Only senses the first object in range
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Scanner / Receive Optics Detalils

Foveal Scan Pattern, 2 Prisms

Internal Cassegrain

* Flying Frame scan with
frame sized optimized for
maximum range and pixels
per second.

* Foveal Scan allows fast
framing center with outside
situational awareness

*Foveal Scan is constant
velocity counter rotating 2
prism scan tuned to zero net
angular momentum

e Isolation rings on prisms
gives 54dB isolation transmit
to receive, allows sub 1m
minimum range.

e Total FOV can be up to 90°+

* Resolvers indicate pointing
position to 0.015mr
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Micro LADAR Detalls
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AF093-107 Micro Seeker Technology Program

AF093-107 Micro Munitions Seeker, 3 cubic inch

Beyond GPS
TEC Control Board . .
Motor Control Board NaV|gat|0n

Scanner Motors
Scanner | %
GEO Cube Sat HD3D @ §

Micro UAV LADAR 1 Shot C_ounter Sni_per
Cross Wind Detection

TEC Control Board
Motor Control Board
Scanner Motors

Scanner |

TEC Control Board
Motor Control Board
Scanner Motors

Scanner |
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@ Micro Seeker LADAR 4 Channel Receiver Board
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1Mp 30Hz RGB Sensor

Back plane
Vertex-5QV FPGA Connector
Hardened Double height
1.2 inch
RGB Sensor

LADAR Rec€eiver

Cards (2) Micro LADAR

Scanner, with

Cold Plate Ceramic bearings

Micro LADAR Attached to outside wall

Scanner Laser EDFA preamp & power amp
800 Fiber

LADAR Receiver PCI 104 Configuration Board

Cards (2)

Micro LADAR

| Scanner i
old Plate .
_ Pumps 96.mm L*QO.mm g
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Micro LADAR Range, Fiber Laser 1550nm Pulse
SOA/InGaAs APD Sensors

Range « 1.6M Pixels per second
10000 \\\\ i Vacuum, Day E
Accuracy vs. Max Range
N\ 0
1000 = 25 . /
2 \\‘\ £ E /
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Range, meters, .1 reflectivity target
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Micro LADAR with 25mm scanner
Adapted for GEO and Cube Sat. Long Range, .5U

Scanner

LADAR Receiver
Telescope

PCle 104
Board with
Hardened Vertex 5 \

Boards

PCle 104 T~
Connector

Fiber Laser/

5 Km range in Vacuum
3.2 Mpps
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Raman Spectra LADAR Detalls
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Raman Spectra LADAR

Laser Pulse Driver

Fiber
PwrAmp
v Telescope Seed PreAmp YDFAClad pump po
Detectorl 1060nm  YDFA 38dB small Signal
é\ 6ns pulses  38dB Gain Gain Frequency
Fiber WDM 50GHz BW Doubler 530nm Transmit
A2 : —
L., SM Pump MM Pumps
§ * Fiber Laser Transmitter
R [ Detector31
R TR R TR Detector32
\= =} Laser Pump, Temp Control
Control Board
. S . And Modulator Board
3D image pipeline Processing,
32 Ch Raman LADAR Scanner Control, Laser control 1550nm Transmitter
32 Channel SiPM Sensor Card \ / EDFA Seed

EDFA Power Amp

|
Image Processor Board,
Xenon or Hyper X™

4 Channel Receiver Boards |
50mm Aperture Scanner, With Pipeline Image Processing

Receive Optics and 1x2" MCM-L, 8 each
Transmitter Optics _/’J
8.50 inches
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Spectra of Explosives

Demonstration Windows

Explosive Detection

N
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(555 to 575nm)

Fig. 1A. Raman signatures of explosives in a
silica background (532 nm laser excitation).
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Signal to Noise Ratio

SPEC
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Explosive Detection LADAR Range, 1 molecule layer

Ground Based, Eye-Safe, 17.8 Peak Pwr,
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Raman Spectra LADAR Capabilities

1. Identifies chemical composition of material being looked at an adsorbed gasses
on surface

2. ldentifies Stokes and AntiStokes giving temperature sensing capability

3. Gives 3D image with 0.7 to 0.14mr cross range pixels, 3mm range accuracy

Resultant Uses:
1. Chemical detection of explosives, propellant, rocks, plants

2. Identification of adsorbed gasses for:
1. Leak detection
2. Underground reservoirs
3. ldentification of radioactive boxes (nitrous oxide)
3. ldentification of temperature profile, Stokes and Anti-Stokes Ratio

4. Above uses plotted on an accurate 3D profile
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Contact Information:

Bradley Sallee

Vice President, Systems Technology

Systems & Processes Engineering Corporation (SPEC)
7050 Burleson Road

Austin, Texas78744

Telephone: 512-479-7732 x2122
Cell: 512-423-5101

E-mail: sallee@spec.com

URL: http://www.spec.com
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