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What is the Problem?

Ground Based Observers (GBOs) need an enhanced
ability to determine the location of targets to be
engaged by air, ground or naval surface fire support
means

Precise target coordinates are needed for Precision
GPS Munitions

Azimuth error causes target location errors to degrade
with distance from the Ground Based Observers

« Typical GBO range to target ~ 5-10 Km
Magnetic azimuth devices are very inaccurate

High quality inertial azimuth sensors are too large and
require too much power for man-portable operations
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GBO and Fire Support Observer
Target Location, Designation, Hand-
off System (TLDHS)

Description: The TLDHSisa man-portable, automated equipment suite
providing Fire Support Observer/Controllersthe ability to accurately acquire,
locate and digitally transmit (hand-off) target datato fire support platforms

and agencies
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Current GBO Targeting Architecture RNAVSYS
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GBO/UAS Hybrid Targeting Architecture
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Maximum Horizontal and Vertical

Position Error (HPE/VPE)
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Note: Different meter error scale on side for HBE/PE
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Expected Target Location Errors

e Current TLDHS

« Uses conventional GPS
* Magnetic heading sensor
* Laser rangefinder

e Enhanced TLDHS

 Uses Zero-Age GPS
corrections from GPSOC

« 3-axis IMU for attitude (az/el)
» Laser Rangefinder

« UAS Mensurated
Imagery
e Uses Zero-Age GPS
corrections from GPSOC
« 3-axis IMU for attitude (az/el)

 Assumes range known from
DEM or GBO Laser Range

Targeting | Current | Enhanced UAS
Sensor TLDHS TLDHS
GPS 8 m 1.5m 1.5m
Accuracy
Azimuth 10 mils 1 mil 1 mil
Accuracy
Ranging 5Sm 5Sm 4m
Accuracy
TLE 34 m 7m 6 m
(CEP)
Distance 5km 5km 9.2+5km
(km)
S
RTGT=6.3 km
RWIFI =10 km

h=13 kft

DUAS=9.2 km

DTGT =5 km

Q'Observer

UAS

Ll
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UAS GBO Support Concept Nnavs\ys
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UAS GI-Eye Payload navsys
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Pixelink PL-B957U

Power Module
pico PSU-60-WI

WebGRIM
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UAS Ground Control
- Web Browser w/WebGRIM SW
- Wi-Fi Link to UAS Payload
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Overall Web-based Georeferrenced Image Manager (WebGRIM) Architecture

WebGRIM Client Gl-Eye Payload
100% Web Browsgr based § ol 2 2% v N LandmarkUAV.exe
No local software installation req : g
Users can easily collaborate and : ; NIM RS-232
= = = GPS RS-232
| wr7e over | v
TCP/IP
us TP | || Internav
GRIM Server ETP over TCP/IP d Server
| Oracle 11g AS VUPT Object
PCI Pluggab!ﬁe”PCI MATLAB Services
i raad Targeting Hi
FunCtlonS ?ﬁo’mmm‘:‘m ‘\ Ortho/Mosaicing \ * F”e
WUPT S ||
FTP Storage Camera USB
APM, MOSAIC, ETL, GDB, Flight Plan/Monitor RURTe
AGCP, AUTODEM Bathymetry NAVSYS WebGRIM (ITT— v
AutoDEM 5 ,| L
Database Oracle
Base — Interface
Station Oracle MapViewer _ - o} . Object
Map Server ! - CZde
Novatel J2EE Application S J .
v N
Base Station .exe WebGRI.M: XSQL
— e OCl|via TCP/IP Link
A UPLINK: DOWNLINK:
Caleator 11g Spatial Database WUPT Corrections ~ GEOREGMESSAGE
Oracle Interf 2 Camera Settings IMAGES (thumbnails
racle Interface
Object _-|_ Platform Collected Imagery DGPS (XSVS) only)
OCl— Pre-designated Targets
Pre-loaded Maps
Pre-loaded Imagery NAVSYS Code
Calibration Data N\
v 3rd Party Code
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System Integration with StrikeLink navsys
StrikeLink Targeting Display
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| Targets
{21 Pending
= (1 Planned
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Active
3 oncal
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| SUSPENDI|
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Target Properties

Murm Elements: IW Sub Type: JUnknown

X
Target Number: (400019 Genetic Typs JUNKNDWN L]
=
=

Deg Pratection: ] Mot Set
Location

MGRS: 1 135 ED 13387 21469

LESSSHE |

Range (M) Invalid Obserrer Hoz Azmuth (Mils) {Invaid Observer Mag
Elew [Ft-MSLE  |-56.31 More Eleswation.,

Shape properties
i Type - 1 Dimensions

= Point e ] . ,—

" Circle gt 1 I—‘

 Line Wit T ]7
@}@@i| | © ez Htticie il [—' e

The user generates his target in StrikeLink in thelusshion, and then clicks the
PSS-SOF button to send the COTXML message.
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COTXML / WebGRIM Integration
RIM - NAYSY Firefox _!EII x |
File Edit Miew Histary Bookmarks Tools Help ___-'_"o.|
@_ _1' c x {1 |E ihttp:,l’,l’gr|ma||en,l’WebGRIMZ,l’source,l’lndex.]sp ‘:If = |‘| ,;- ‘

@ Tab Help

" 6BO Web-based Geo-Referenced Image Manager 1

S 8 W w0 X @

WebGEIM  Explorer EMappi.ng Current Image  Settings FAQ Tools Help & About

Twols |‘§'}’ QL4 D100 B -le | @ Map | = Raw Images

= Layers .OPosition 3 Targeting

7 I” ey Display Map Layer

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

™ I Al Tmage Footprints

™ 17 Surveyed Truth Values

Mosaic Layers:

I 17 Tour: Tour 2009-07-28 201

™ I7 Tour: Tour 2009-07-24 195
7T Tour: Tour 2009-07-24 180

™ I” Tour: Rpcd Landmark Flight

™ T Tour: Mew Tifton 2001-05-1

" " Data: ASA DTED Level 2 U3
™ I” Data: Duck 10 meter cells

717 Data: Duck 100 meter cells

™ I” Data: Duck 3000 meter cell

" I Data: ITASA DTED Level 1 U3
Base Maps:

IS States, Counties, Hiways

& WS USGS DOQ Imagery
WS USGS Topo Map
WIS USGS Urban Imagery : ; :
Force auto-refiesh pacs it R : ; e O

The page at http:/#grimalien says:

‘WebGRIM received new coordinates from StrikeLink!
Time: 2003-07-15 18:04:00

Latitude; 39.042132 deg

Longitude: -104.845309 deg

CE: 999,99 m

LE: 999,99 m

MGRS; 133ED1336721469
-111 ft HAE {-53 ft MSL)
Mave ko this map location?

WebGRIM displays the COTXML target coordinates andgsasthe user wants to
move the map there. The GBO clicks “OK”.
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COTXML / WebGRIM Integration

@ WebGRIM - NAYSYS - Mozilla Firefox _!Eliil
File Edit Miew History Bookmarks Tools Help e

@ hd c h |E:http:,l’,l’grimalienJ‘WebGRIM2,|’source,|’index.]'sp ﬁi? - ]‘|
"""""""" " GBO Web-based Geo-Referenced Image Manager ... otodemo Logou

D & W = @@ @

WebGEIM  Ezplorer EMapping Current Image  Settings FAQ  Tools Help & About

Tools: S G e 103 E-I':' I@Map =% Raw Images

3 Layers | @4 Position | 9€ Targeting AR ]ick to Target
' A E -
EEE
Target: ]

Position:
Lat: 3904218 deg
Lon: -104.84531 deg
MGRE: 135ED1338721469
Source: DPSS Message
Time:  2003-07-15 18:04:00
Al -111 ff HAE (-53 f MSL)
Source: DPSS Message
Errors:
CE: 999,99 m
LE 99999m
TLE: 1414.1%m
Warning: TLE > 10

) Hide Overlay |

WebGRIM brings up the GBO targeting page displagsoen cross targeting ico
using the Cursor on Target (COTXML) coordinates anlihckground map with th
most recent image from GI-Eye orthorectified andria on the background may
layer.

“"l:v ‘\




System Integration with StrikeLink

2 WebGRIM - NAVSYS - Mozilla

Firefox
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F—— S
@ -~ C 0 w2 L] htpybruceh-p2:7001ANebGRIM30/grim/source inde. jsp ok —| |28~ cnogle

| |_‘] WebGRIM - NAVSYS

‘ ¥ 4 WihebiGRIN “ &Explorer

Tagls: S Sk £ W :'-

| S Layers | 4% Position K :Targetlng

GBO Web based Geo-Referenced Image Manager

| = Layers " -':*- Fozition

FAQ V @ Help & &bout

Mapping

"T-b Seftings
U Map | = Raw Images

nﬁ

Target: Test Target

Position:
Lat: 32.04185 deg
Lan: -104.84544 deg
MIGRS: 135ED133762 1444
Source: DPSS Message
Time: 2010-05-07 15:42:50
alt: Mot available
Source: Hone
Errors:
oFY Mot available
LE: Mot Available
TLE: Mot Available

Warning: Mo Solution

Lat;
Lan:
MGRES:

Time:
Alt:

Errors:

| £ Hide Overlay

CE:

| 4 Send to StrikeLink

LE:

Adding BaseMap with image therme,
Best image is 351857
Querying for best and nearby images...

TLE:

Source:

Saurce:

Target: Test Target

Position:

39.04195 deg
-104.84544 deqg
13SED 133702 14444
DPSE Message
2010-05-07 15:42:30
Mot Available

Mo

Mot Available
Mot available
Mot Available

Warning: Mo Solution

) Hide Overlay |

& Send to StrikeLink |

WebGRIM displays LLA & the corresponding CE, LE, & Tifilem CoTXML
Message. The GBO can update target and send cortaddeCE & LE back to

StrikeLink via CoTXML.
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Back at StrikeLink...

Target Mumber; (400079 Generic Type: |UNKNEIW'N

MNum Elements: |1 Sub Type: |Unkn0wn

Deg Pratection: | Mat Set

Location
tore

New Position Data ﬂ wES-84

Action PS5-50F

If pou weant to update an ikem not I .
|Update Target ADOOTS in the list, open itz dialog and imuth [Milz]: || walid Obzerver  Mag

rezend this location to StrikeLink -
tion...

Position Data

MGERS: | 135 ED 13387 21462

Fange: Hariz. Azimuth; |

Elewvation [Ft- MSL): |B?13.843341

ok, | Cancel |

Cancel

StrikeLink has received the updated coordinatesh®tadrget, and offers to modi
it’s target to match.
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Pixel coordinates +
GBO Range

Pixel coordinates + Precision DTED

Multiple Image Point Targeting
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UAS Pixels + GBO Range Nnavsys

©) WebGRIM - NAVSYS - Mozilla Firefox CEEX

Eile Edit “iew Higtory Bookmarks Tools Help

‘ SR e - - - — — iy
@ - € 0w 7 L] hiparimnavsys.comWebGRIMSD/ar im/Source/index. sp e
[ most visited [ orim &P Documentation [ weborimv-source B webarmmv-buid | 1 mcalien B Grimalien |7 qooxdon » Playground:... B Localws !
| | ] WebGRIM - NAVSYS =_' )
GBO Web-based Geo-Referenced Image Manager User ghodermo Logou i GBO

P ] —
A WWebGRIM H &Explorer @Mapping :;b Settings 6§ FaQ H @Help& About
Toais € QD1 Oy B _ % Raw Images

[g Lavers " # pDSmDn| 3¢ Targeting L i 1/7 2009-07-11 16:41:34.0 ; (5 TR o R T S T T T Mest Clic

'E'New Target

COTXML Target
/~ Heading Uncertainty

Target: Test Target

Position:
Lat: 39.04195 deg
Lon: -104.84544 deg
MGRS: 135ED1337621444
Source: DPSS Message
Tirme: 2010-05-07 15:59:40
Alt: Mot Available
Source: Mone
Errors:
CE! Mot Available
LE: Mot Available
TLE: Mot Available

Warning: Mo Solution

Hide e lay
& Send t StrikeLink

Adding BaseMap with image therne,
Best image is 351857
Querying for best and nearby images. ..

GBO range to target calculated from GBO locationo+ XML Target
Location (*Requires Target Location in CoTXML) 18

: Mot Loaded Yet | | 1 Motloaded Yet  #° 3 i

[ | Transfarring data from grim.navsys.cam...




UAS Pixels + Precision DTED NAavSYS

£) WebGRIM - NAVSYS - Mozilla Firefox

File Edit “iew History Bookmarks Tools Help

% = S i, - S - S =
@ - € 0w 7L hitoruceb-ma: 7001 AWebGRIME0)grim/source/index. 5o v ~| |38 a
18] Mast Wisitad grim AP Documentation [ webcRiM-source B webGrIM-build | ] mcalien EJ Grimalien || gooxdoo » Playground:. .. [ Localwis 2

| || webGRIM - NAVSYS - o=

PRI cB0 Weased Geo-Referenced Image Manager =
Target: Test Target

:4 WehGRIM ” & Explarer @ mapping | iy Settings @ FAD “ 9
oo & @ 71 5y m B = — Position:
------ T 5 Lat: ze0e02 deg Il GBO

|3 tapers [ 4 posioon | X rg | £ pebug || |17 20000711 1657030 0 0 @ G0 @ By A @ 0 @Trum | T Targe

L -104.284149 def

Target: Test Target , i
MGRS: 1sEbLE7iscimem Current Target
Lat: 3903602 deg SoLrce: S5T Image 24
Lon: -104,84149 deg .
Time: 2003-07-11 14 .
MGRS: 135ED1371920736
Source: SET Image 349752 '{-,Jt G552 FT MSL P reVI O u S Targ
Time: 2009-07-11 16:37:13
Alt: 6669 FT MSL Source: OTED L2
Source: DTED L2
JErrors: EerrS:
g5 AL CE: 2.1m
LE: 9.1m
TLE: 12,18 m LE: 3.1m
Warning: TLE > 10 TLE: 12,18 m

Hide Cverlay

Warning: TLE = 10

| A Send to StrikeLink

(Used 349752),

Mew best soln: S5T TLE was 12.182774724995944,
Adding BaseMap with image therme,

from Tour 2863 date 2002-07-11 16:37 14000000
Best image is 349753

[

Hide Crverlay

| 4 Send to StrikeLink

153

{Used 349752), ~
Mew best soln: 55T TLE was 12, 182774724905044, 3
Adding BaseMap with image theme.

from Tour 2863 date 2009-07-11 16:37:14,000000

GBO identifies the target on the image and WebGRidplays the calculated LLA & theg
_ corresponding CE, LE, & TLE based on DTED accuracy.

< T
[ | Transferring data from caprica. . t Mot Loaced et | | :Motloadedvet & @ 19




Multiple Image Point Targeting Navsys

£) WebGRIM - NAVSYS - Mozilla Firefox

File Edit “iew History Bookmarks Tools Help

% = S i, - S - S
@ - € 0w 7L hitoruceb-ma: 7001 AWebGRIME0)grim/source/index. 5o v ~| |38
18] Mast Wisitad grim AP Documentation [ webcRiM-source B webGrIM-build | ] mcalien EJ Grimalien || gooxdoo » Playground:. .. [ Localwis
| || webGRIM - NAVSYS -

e 6BO Web-based Geo-Referenced Image Manager

Target: Test Target

(j\z et GRIM “ & Explorer @ Mapping :Sb Settings @ FAQ “ 9
[oos: QT o R [ g T 156 Position:
‘ & Layers || % Position | b 4 o 3 Dehug L 11417 2009-07-11 16:37:13.0 | O O ¢ & A @ | STun | T Taros Lat: 39.03602 leg . G BO
T t: Test T . Lon: -104.84149 de
argec: 1est | arge ) []
MGRS: 1sEbLE7iscimem Current Target
Lat: 3903602 deg SoLrce: S5T Image 24
Lon: -104,84149 deg .
Time: 2003-07-11 15 .
MGRS: 135ED1371920735
Source: SET Image 249752 At 5669 FT MSL P reVI OUS Targ
Time: 2009-07-11 16:37:13
Alt: G665 FT MSL Source: DTED LZ
Source: DTED L2
JErrors: Errors:
eE: BLin CE: 21m
| 9.1m
TLE: 1218 m LE: 9.1lm
Warnlrjg: TLE > 1D TLE: 12.18 m
Hide Cverlay
| & Send o StrikeLink Warning: TLE > 10
(Used 349752), ~ Hide Crverlay
Mew best soln: S5T TLE was 12.182774724995944, =
Adding BaseMap with image therme. q .
from 'gI'rJur 2563[: date 200;07—11 16:37:14,000000 | j SEﬂd ua] StrlkELlrlk
Best imane is 349753 2

{Used 349752), ~
Mew best soln: 55T TLE was 12, 182774724905044, 3
Adding BaseMap with image theme.

from Tour 2863 date 2009-07-11 16:37:14,000000

If resolution or accuracy not sufficient, GBO conies to click on target in provided
| images. WebGRIM displays LLA & the corresponding, CE, & TLE from MIPT calc.

4
=] Transferr'ing_data frorn caprica...

i Mot Loaded et | | : Motloaded vat ¢ 3 | 20




Targeting Results

RMS Targeting Errors (m)

navsys

CORPORATION

Simulation Parameters Error

(1-sigma)
Range 5.0 m
Current GBO 22.89 | 2358 | 12.29 GBO N/E 1.5 m
TLHDS * GBO Down 3.0 m
Pixel 152 | 0.95 | 9.62 Az 10.0 mrad
coordinates + El 25 mrad
**
GBO Range Camera Target Pixel 1.0 Pixel
[X, yI*
Camera position N/E* 1.6 m
Camera position Down 2.54 m
Camera Pitch/Roll* 0.65 mrad
* Simulated Results — Range to target: 5 kshcamera Heading 1.78 mrad
. . . * Error Held Constant Throughout Simulation
** Actual Pixel Coordinates + simulated J

GBO range observation

Use or disclosure of the data on this page

is subject to the restrictions on the title page 21



Conclusions

GRIM Geospatial database management provides
powerful capability for managing UAS imagery and for
search, retrieval and viewing of target-quality imagery

GBO can request and view UAS imagery through
existing Web software or Browser

GBO/UAS Hybrid System removes target location
errors caused by GBO targeting hardware azimuth
errors

Eliminates need for high quality inertial azimuth
sensors located with each GBO
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