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ler 1 UAS GPS/IMU/Camera Payloads
 Challenge

 DoD has an ever-increasing need for miniature, multi-
function UAS platform sensors

o Tier | UAS SWAP limitations present significant engineering
challenge

 Ability to positively identify and precisely locate military targets
in real-time is a current shortfall with current Tier 1 UAS

e Solution

« Small form-factor lightweight GPS/IMU Micro-Camera
payload
* Provides precision georegistered imagery

* Moving capabilities currently available in larger Tier Il payloads
to the smaller UAS payloads
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« Capabilities Georegistered Imagery brings to the Warfighter
» Targeting
o StrikeLink Integration
« Mapping
» Military Mission Planners
Near real-time targeting data/Bomb Damage Assessment
» Low-cost Rapid Coastal Surveys
* Precision Land Maps

* Bathymetry

* Army Corp of Engineers
High resolution shoreline data for modeling for forecasting

» Littoral Battlespace Sensing, Fusion, and Integration (LBSF&I)
Bathymetry surveys critical for modeling & mission planning operations

* Navy METOC
Bathymetry data from shallow regions in support of littoral operations

» Wave Modeling

 Flight Tests at US Air Force Academy
» Targeting and Mapping Results
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FLIR StarSAFIRE I

NGA Tactical Surveying and
Targeting System (TS2)

Micro-Camera
(Dual Camera)

Dual Gl- Eye System
Flown at USAFA
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Features
eQOperation

Interface
eCommand
eVideo Out

Electrical
eSupply Voltage
ePower

Mechanical
eSize
e\Weight

Video
ePayload Camera

Operating Envelope
eRange

eSpeed

eOperating Altitude

Data Processing
eBathymetry
eMapping

In-flight, fully autonomous flight
planning

Serial over UAV platform
wireless link
Serial over UAV platform
wireless link

12 Volts
10 W (typical)

3.25" x4” x 7”7
900 grams / 2 Ibs

Dual side looking 3.1 megapixel
color machine vision imaging
modules

Limited by UAV platform and
available memory

Up to 60 mph

500 - 1500 ft AGL

Post process data collected over
littoral region

Mapping capability from
mosaicked imagery
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Power Module
pico PSU-60-WI

WebGRIM

Server
PC-104Based

Imager USB

PixelinkPL-B957U

RS-422 -'
E_ soLc >l —rs 232>

Mid-grade IMU NAVSYS > By A
HG1900 Interface Module CPU Board
(NIM) Kontron |DE
RS-232
i IWiFi Link
-
L1/L2 .
Aero Antenna Solid State Hard g S =
i DriVe 3
GPS Receiver
NovatelOEMV thotwork
ation

Component Weight Power

As shown ~ 300 Cubic ~ 9 lbs ~ 175 Watts
above Inches
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WebGRIM Ground Station Software

| %3 GRIM - MAVSYS - Mozilla Firefox

th (it Yew Hgoy (oolmws Qoo beb

.e L . 1 it e shen Webi TR MEfsorcelrdes - | i
* Web Based e e .
* No new software to install

) ':_5;_" " GBO Web-based Geo-Referenced Image Manager
. On-line collaboration between multiple s st & wiie 22 2 0 w9
users SR A ir S M # Bw Images
= Layest | @ Pontion | I Targetng | W7 151 HChekc o Turged

* Quickly locate & manipulate collected | v - LSS

Al Tmage Foctprints

imagery e
e Orthorectification & mosaicking | iy
» Point and click targeting

 User Customized Tools

e UAV Flight planning

O O Fonr Towx 2008-11-22 204

» Bathymetry map generation :
L4 Targeting OO0 Towr Towr 2008-11.22 184

OO Tour Tow 2008-11-22 183

« Auto-DEM generation from collected Eiinne ot 11 1

OO Tour Towr 2008-11-22172

imagery 8 | OO Towr Tow 2008-11-22171 _} ; ot

1] e s

« OGC Compliant
» Display third party maps
* Acts as Web Mapping Service

== g
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Overall Web-based Georeferrenced Image Manager (WebGRIM) Architecture

WebGRIM Client Gl-Eye Payload
100% Web Browser based LandmarkUAV.exe
No local software installation re
Users can easily collaborate an
—  NIM RS-232
GPS RS-232
HTTP over
TCP/IP
| IS FTP h 4
GRIM Server FTP over TCP/IP sever | iyl nternav 4
Oracle g A A
le MATLAB Services
ety TPCI e r
Geomatics 4 Ortho/Mosaicing File
MLL%';T Storage Camera USB
APM, MOSAIC, ETL, GDB, Flight Plan/Monitor
AGCP, AUTODEM Bathymetry ebGRIM *
AutoDEM lication
Oracle
Base p  Interface <~
Station Oracle MapViewer Internav.e : Object
Map Server 2 SE
Novatel J2EE Application | [T B
Base Station .exe i it
s OCl via TCP/IP Link
g Spatial Databa
Calculator i
i Ok
Platfo 0 ed g L % A
Pre-de ated Targ i D A.-
P oaaed Map L 5 :\. B
Pre-loaded Image Pl g I, NAVSYS Code .
b onD ..': —
3rd Party Code .
GMPO
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Cessna 206G
 Based in Denver

* Collection Area

* Northeast section of USAFA

» 25 NGA surveyed Ground Control
Points

 Landmark Payload

1 Hz images, looking Nadir
 Micro-Camera Payload

2 Hz images, 30 degrees off Nadir
» Post processed images used to:

« Test single and multi-shot targeting
through WebGRIM

» Collect imagery for AutoDEM
processing and mapping

» Validate WUPT navigation algorithms
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StrikeLink/WebGRIM Integration

i

O2-26C|@9 9 ~ -0  [452358N15107 43E |[+56 353528 05029026 |56T LR 53528 29026 |[No elev data [1m || [1: 118,569,625 ~ ]

TrackPlot |/ StikeLink

=( 8| m|wm(e| & | b |@]em|e | [E ] )

StikeLink
TGT | FLT | COMM | @ MSHMSG |

00 x® 4t
|3 Targets
(23 Pending
=1 Planned
+ apoo1g
Active
D oncal
[ Inactive

DR+

GPS: Unknown
FOM: N/A
b (Urk) N/A

g N/

~| BUSPEND|

Target Properties

Target Humber: [AD00T3 Generic Type: | UINKNOWN
Num Elements: |1 SubTyper  [Unknown

DeaFrotection: |Not Set

Location

MGERSE | 135 ED 13387 21469

Range (M) Invalid Observer Horiz.  Azimuth [Mils} |Invalid Observer  Mag

Blev(Ft-MSL} [5631 HareElevation..

Shape properties:
Type
& Point

" Circle
 Line

" fea

I™ Locked

The user generates his target in StrikeLink in the usual fashion, and then clicks the
PSS-SOF button. WebGRIM intercepts this COT XML message...
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StrikeLink/WebGRIM Integration

File Edit VWiew History EBookmarks Tools

6 - c x ) | |http:,f,fgrlmallen,l’WehGRIMZ,l’snurce,l’lndex.]sp

e

WebGEIM  Esplorer EMapping Current Image

“ ” GBO Web-based Geo-Referenced Image Manager v..
@ @ X

(7}

Help & About

! @ Map | = Raw Tnages

= Layers | @ Position € Targeting

% 7 Key: Display Map Layer

% ¥ Display & Aute Update Layer
Map Layers: (refresh list)

™ 7 All Tmage Footprints

™ 7 Surveyed Truth Vahies
Mosaic Layers:

™ 7 Tour: Tour 2009-07-28 20:1
7 7 Tour: Tour 2009-07-24 155
™ I Tour: Tour 2009-07-24 18:0
7 7 Tour: Rpcd Landmark Flight
™ ™ Tour: Hew Tifton 2001-05-1
7 7 Data: -TASA DTED Lewel 2 US
™ 7 Data: Duck 10 meter cells

™ 7 Data: Duck 100 meter cells

7 I Data: Duck 3000 meter cell

7 7 Data: -TASA DTED Level 1 7S
Base Maps:

TS States, Counties, Hiways

& WIS USGS DO Imagery
WS TTEGE Topo Map
WS TT23E Urban Imagery
Force auto-refresh

g

i The page at http://grimalien says:

WebGRIM received new coordinates from StrikeLink!
Time: 2003-07-15 15:04:00

Latitude: 39.042182 deg

Longitude: -104,845309 deg

CE; 999,99 m

LE: 999,99 m

MGRS: 135ED1338721469

-111 ft HAE {-53 fr M3L)

Move ko this map location?

Cancel |

WebGRIM displays the StrikeLink coordinats and prompts userto mve the map
display

Nnavs

CORPORATION
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Web Based DPSS Pages & StrikeLink Integration

@ WebGRIM - NAVSYS - Mozilla Firefox _|D|ﬁ
File Edt ‘“ew History Bookmarks Tools Help
G - c A b IE |http:J‘,l’gr\maIieanEhGRIMZ;’snurceIindex‘jsp 17 - |v| )7

= e e, i,

& 7 GBO Web-based Geo-Referenced Image Manager 1:c s o Logour

Z &R @ = 9 oK

WebGRIM  Explorer | Mapping | Current Image  Settngs FAQ Tools Help & About
N InisyiEs | @ Map | = Raw Images

3 Layers | @ Position | 9 Targeting HAEE C].ick_ to TarzetlCancel
o -E

Target:
Position:
Lat: 39.04218 deg
Lon -104.84521 deg
MGRS: 135ED1338721469
Source: DPES Message
Time:  2003-07-15 18:04:00
Al 11T HAE (-53 £ MEL)
Source: DP3E Message
Errors:
CE 999.99m
LE: 99999 m
TLE: 1414.19m
Warning: TLE = 10

&) Hide Owerlay |

= \ \ b N B, ] v -
-,_-. 48 \ 'J . A o
It ] == -
i \ % - 9
AL |
\ : % =Y

by

DPSS page displays red open cross targeting icon using the CoTXML coordinates
on the background map with the most recent image from GI-Eye overlaid on the
background map layer
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Web Based DPSS Pages and StrikeLink Integration

& WebGRIM - NAVSYS - Mozilla Firefox _|EI ﬂ

File Edit Wew History Bookmarks Tools  Help

i; - c A ey I E |http Igrimalien'ebGRIMZ sourcefindesx. jsp

" GBO Web-based Geo-Referenced Image Manager sout
O W Tl

Current Image  Settings FAQ Tools Help & About

77 - Q-]

WebGRIM  Exzplorer | Mapping

) G A 30 e | @ Map | 2 Raw Images

3 Layers | @ Position 3 Targeting I~ [~ "NClick to Target
o E
L[]
Target:
Position: P

Lat: 3904218 deg

Lon -104.84531 deg

MOGRS: 133ED1338721469
Source; DP3S Message
Time:  2003-07-15 18:04:00

Al -111 R HAE (-553 f M5L)
Source; DP3ES Message

Errors:

CE: 99999 m

LE 999.99m

TLE. 1414 18 m

Warning: TLE = 10

@ Hide Owerlay |

<

User can zoom in and select target feature
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Web Based DPSS Pages & StrikeLink Integration

@ WebGRIM - NAYSYS - Mozilla Firefox

a1

File Edit WMew History Bookmarks Tools  Help

cefindex.jsp

77 - g

i; - C‘ )( (ot | it rarimatieniwebaRinzfso

age Settings FAQ Tocls Help & About

T{bGRIN. Explorer | Tlaoping L
w&%m&dﬁ

S Layers | @/ Position X

| OMap = Raw Images

Cance

[argeting © || "BChck to Targe
< )

Target:

Position:

Lat 3304215 deg
Lon -104 84534 deg
MGES: 135ED1338521466

mg 222143

11:35

Source: Tour 1082 Bes
Time:  2009-07-11 1§
Al 6734 FT MSL
Souwrce: DTED L2
Errors:
11.2m
LE 18 m
TLE: 21.2m
Warning: TLE = 10

@ Hide Overlay |

# Send to StrikeLink |

]

=

= Layers @ Position xTargetmg

Target:
Position:
Lat: 2904215 deg
Lot -104. 84554 deg
MGES: 135ED1338521466
mource: Tour 1082 Bestlmg 222143

Time:  2009-07-11 16:41:35
Al 6734 FT MEL
source: DTED L2
Errors:
iZE: 11.2m
LE: 18m
TLE: 21.2m

Warning: TLE = 10
) Hide Owetlay

4 Send to StrikeLink

WebGRIM displays latitude longitude, & altitude & th

& TLE. GBO cansend LLA, CE & LE back to StrikeLink via CoTXML.
resolution or accuracy not sufficient, user continues on to raw images.

e corresponding CE, LE,
If
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Back at StrikeLink...

Target Murber: (400019 Genenc Type: |UNKNDWN

|Unkn0wn

o

ange: Hariz. Azimuth:
Elevation [Ft-MSL]: |6713.843341

StrikeLink has received the updated coordinates for the target, and offers to modify
It’s target to match.
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. File Edit Wiew Insert Tools Desktop Window Help
°
Targeting Accuracy DeEasRams € 0B 0
° Accuracy when f|y|ng at Tier | UAV Altitude WRApache\ipachethtdocs\ GRIMIMAGE S\Tour2123Sensord22W141 161
ranges 100
 DGPS post processed — Wi-Fi link not 20
available in test aircraft 300
400
Image Time Target ID North Error East Error Down Error 500
576249 1 -0.26 1.98 -1.15 00
576250 1 -0.21 -0.83 -1.14 700
576251 1 1.35 -1.63 -1.14 EL
576252 1 5.97 -2.324 -1.14 o0r
576236 2 2.32 -0.51 213 100
200 400 GO0 800 1000 1200
576237 2 -2.78 -1.79 2.13
576238 2 -192 024 213 Eile Edit Miew Insert Tools Deskfop ‘Window Help
576239 2 1.47 0.25 2.13 DEd& [aan®|[€0E = O
Flying Marth
576240 2 1.85 -0.61 2.13 280
576241 2 2.21 -0.1 2.13
578502 2 -1.18 4.26 2.13 300
578503 2 -2.43 9.68 2.13
578504 2 -2.36 5.44 2.13 380
578505 2 -2.83 3.85 2.13
578506 2 -3.08 2.16 2.13 P
578507 2 -2.83 -2 2.13
450
u]
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EEX

©) WebGRIM - NAVSYS - Mozilla Firefox
Edit

Eile Yiew Higtory Bookmarks Tools
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8] Most Visited E grim API Documentation . WehGRIM-source E WehGRIM-build |_1 MCalien E Grimalien |;"] gooxdoo » Playground:...

Help
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I OMap
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Key: Display Map Layer
Display & Auto Update Layer
Map Layers: (refresh list)
O O Camera Locations
O O Image Footprints
O O Surveyed Truth Values
O O Targeting Results
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|:| WUPT20090?1 1Big (Pn(e]LINI{

|2
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O O Tifton Swath (TiftonCam)
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O O & ardwark20090711 (PixelLIN
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O OTeur: Bped MicreCam Mobile
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£ I | >

< | >
Transferring data from grim.navsys.com... i Mot Loaded et | | 18.5MB /50 MB
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2 WebGRIM - NAVSYS - Mozilla Firefox
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* Image management software

« Single flight test generates 1000’s of
images

>
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Bathymetry
Underwater equivalent to topography

Littoral Zone

Permanently submerged ocean region
extending from high water mark to shoreline
areas

e

Mearshorg

== 1O#shore —
— ZShoreline
e

22
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NAVSYS Micro-Camera

Micro-
Camera
Payload
.h_:—,::.;::.'.1‘:.'_‘:_-_:—:_-_:________- UAV Ground
A% Station
MicroCamera - -
Ground Station
Post Flight A
Data Download Flight Control
Commands
PGE_ _ DGPS
Corrections Reference
Station

23
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500

a8 & = &
=1 =1 =] o

Alongshore Coordinate (m)

ry
3]
o

200

DepthWizard Software

Computer software for estimating water depth in shallow regions
(0.5 - 30 m) from time series of airborne imagery

Uses spectral (FFT) inversion techniques based on the physics of
surface gravity waves

Presently MATLAB code - C-coded GUI

20061207 0000 line 16 y = 560 m

~

o

Elevation (m)

& [
s
®
...
$
@
L
)

“IW l;ﬂ 2{;0 2;0 3;0 3;0 40‘0 45‘0 51‘10 56‘0
150 00 50 200 50 400 50 Cross-shore Coordinate (m)
Cross-shore Coordinate (m)

w
-
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