UNCLASSIFIED

FOCUS

FUsION ORIENTED CAISR UTILITY SIMULATION

WARFIGHTER FOCUSED.

Small UAS Analysis of Laser Designation and Search and Target
Acquisition Capabilities in an Urban Environment

76" MORS Symposium 10-11-12 June 2008

Eric Harclerode

Approved for PUBLIC RELEASE;
UNCLASSIFIED Distribution is UNLIMITED.




Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
01 JUN 2008 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Small UAS Analysisof Laser Designation and Search and Tar get
Acquisition Capabilitiesin an Urban Environment

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
RDECOM Aberdeen Proving ground, MD 21005-5071 REPORT NUMBER
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES
See also ADM202527. Military Oper ations Resear ch Society Symposium (76th) Held in New L ondon,
Connecticut on June 10-12, 2008, The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE UU 16
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



a)

Bottom Line

Exceliznce in Analpsis
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« Completed for TRAC in September 2007 as a
follow-on to TRAC UAS Mix Analysis of 2006
 Analysis Goals
— Small UAS Laser Designation targets in urban environment
— Rotary Wing (RW) versus Fixed Wing (FW) UAS detection

 Implementation
— FOCUS was used for all modeling and analysis
— Two missions: laser designation and persistent surveillance
— Three flight modes: FW, RW, P&S

 Results
— Poor LD of moving targets in high density terrain
— Inconsistent LD of moving targets in medium density terrain
— Good LD of stationary targets

— Perch-and-Stare could be the best choice for persistent
surveillance

— Surveillance of an intersection by hovering gives better
performance than a circular flight path around the area

FOCUS
2= WARFIGHTER FOCUSED.
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Fusion Oriented C4ISR Utility Simulation

FOCUS
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ROECOM » Fusion Oriented C4ISR Utility Simulation

FOCUS
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Potential Applications

—C4ISR analysis
*Sensor mix questions
*C4ISR in urban terrain
«Collection / search strategy evaluation
*Fusion effects
*Unit behavior effectiveness
*Sensor Cueing / coll

—TTP Development and
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Caveats/Limitations/Assumptions [ AMSAA
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e Limited Scenarios

« UAS Movement
— No jitter
— Fixed-Wing UAS
 Minimum turn radius used for path; circular flight path around intersection
— Hovering UAS
« Stays behind target when tracking; standoff when lasing
 Hovers at a point with LOS to intersection for 5 minutes then moves
— Perch-and-Stare
 Edge of building, 10 m from intersection
« Altitudes: 20 m (High Density), 10 m (Medium Density)

e C4ISR
— Communications simplified
e Sensors

— 3-axis mount, 2 FOVs
« Warhead receiver
— Low fidelity representation
— Horizontal safe angle
— Assumed LOS
— Power on Receiver measured by NVLaserD Model at each time step

FQCUS
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Terrain Types
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[l

High Density Medium Density

« Samarra, Iraq * Fallujah, Iraq

« Tall buildings (3-5 story), tightly « Low residential buildings (1-2
packed story)

e« Narrow streets with some  Narrow streets and back alleys
intersecting wide avenues « Enclosed courtyards

FOCUS
= WARFIGHTER FOCUSED.
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Run Matrix

UNCLASSIFIED

Excellznce in Analpsis

UAS Follow-On Study
Run Matrix Fixed Wing
Laser Designation Scenario .
Run # Target Type Terrain Flight Characteristic Rotary Wing
1 Moving High Density Fixed-Wing
2 Moving High Density Rotary-Wing Perch/Stare
3 Moving Medium Density Fixed-Wing
4 Moving Medium Density Rotary-Wing
5 Stationary High Density Fixed-Wing Perch/Stare
6 Stationary High Density Rotary-Wing Wide FOV
7 Stationary Medium Density Fixed-Wing
8 Stationary Medium Density Rotary-Wing
Intersection Surveillance Scenario
Run # Sensor Type Terrain Flight Characteristic
9 IR High Density Fixed-Wing
10 IR High Density Rotary-Wing
11 IR High Density Perch-and-Stare
12 IR High Density Perch-and-Stare Wide FOV
13 IR Medium Density Fixed-Wing
14 IR Medium Density Rotary-Wing
15 IR Medium Density Perch-and-Stare
16 IR Medium Density Perch-and-Stare Wide FOV
17 TV High Density Fixed-Wing
18 TV High Density Rotary-Wing
19 TV Medium Density Fixed-Wing
20 TV Medium Density Rotary-Wing
Sensitivity Analysis
Altitudes 100,200,300,400,500
Standoff Ranges 100,200,400,500,700
Run # Scenario Terrain Flight Characteristic
21 LD Moving High Density Fixed-Wing
22 LD Moving High Density Rotary-Wing
23 Surveillance High Density Fixed-Wing
& 24 Surveillance High Density Rotary-Wing
FOCU
=, WARFIGHTER FOCUSED.
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« Moving or Stationary Target

« After tracking target for 5
minutes, UAS moves into
slant range while maintaining
“safe angle”

» Warhead/Receiver moves
toward target

« Once warhead reaches target,
simulation ends

Shooter-Target Line

Slant Range 400-700m

FOCUS

CIF!U
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Rﬂﬂ@ Intersection Surveillance Scenario AMSAA

20 minute coverage
w/ FLIR or TV

« Targets circle around
block

e Sensor only attempts

e FW UAS —circular flight = 28 »
oS
path [ o
« RW UAS - hovers at
points on circle for 5

minutes

 Perch-and-Stare UAS —
Fixed position at edge
of building

= A WARFIGHTER FOCUSED.
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UAS Follow-On Results

UNCLASSIFIED

Issue 1. Can a Small UAS laser designate targets
In an urban environment?

 Moving Target
— High Density — LOS blocks result in unacceptable
Lock-On times
— Medium Density - Target maneuvering results in
inconsistent Lock-On
o Stationary Target

— Lock-On near 100% of overall lasing time for all
scenarios

Target Positions

FOCUS
s WARFIGHTER FOCUSED.
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UAS Follow-On Results E_g!}lSM
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Issue 2: Does a Fixed-Wing UAS provide better
acquisition performance than a Rotary-Wing UAS?

 Laser Designation
— Similar results for both FW and RW cases
— LOS blocks caused by constrained movement

e Surveillance

— High Density — hovering can increase acquisition
performance

— Medium Density — FW and RW UAS perform equally well

— Perch-and-Stare Operations, when given an appropriate Surveillance
sensor, increases performance in High Density Flight Paths
Environments

roA Lasing Flight Paths

FOCUS
= WARFIGHTER FOCUSED.
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Laser Designation Results

Exceliznce in Analpsis
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Moving Target / High Density Terrain
In Depth Results

Overall Lock-On Results

Lock-On Over Time Period (Fraction)
Small UAS vs. Moving Target in High Density Terrain

Overall Laser Lock-On
(Fraction of 30 sec lasing period)
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FOCUS
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Laser Designation Results AMSAA
Excellence n Analpsis

Sensitivity Analysis
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Fraction of Lock-On ~ Overall Lasing Fraction of Lock-On ~ Overall Lasing
FW Small UAS vs. Moving Target in High Density Terrain RW Small UAS vs. Moving Target in High Density Terrain

Fraction of Lock-On
Fraction of Lock-On
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200

100
200 400 500
700

100

Standoff Range (m) Standoff Range (m)

The probabilit 5SS increases with an
increase in altitude yund standoff range

] Operational Parameters

FOCUS
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Intersection Survelllance Results

IR Sensor mﬁﬂaﬂﬁ
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Small UAS Intersection Surveillance Detection Record
° ngh Density Terrain Fraction of Total Detection Opportunities
High Density Terrain
— Hovering UAS performance 500
. . g 1
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* Perch-and-Stare Small UAS Intersection Surveillance Detection Record
. Fraction of Total Detection Opportunities
— Poorly performs due to the size Medium Density Terrain
of the FOV (low Ops)
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Summary [ AMSAA
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e Conclusions

— Small UAS has extreme difficulty lasing moving
targets in high density urban environments

— Lasing moving targets in medium density terrain is possible but
not certain

— Lasing of stationary targets is not an issue given LOS

— Perch-and-Stare may be the best choice for surveillance of a point
or intersection

— Surveillance of an intersection by hovering gives better
performance than a circular flight path around the area

 Next Steps

— TRAC used this data in conjunction with Soldier interviews on the
operational ability/benefits of the FW and RW Small UAS when
compiling the final report

— AMSAA will be conducting an additional UAS Mix Analysis using
improved methodology for FOCUS

FOCUS
= WARFIGHTER FOCUSED.
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FUSION ORIENTED C4ISR UTILITY SIMULATION
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