
Advanced Sighting Svst--- 
(One-Shot) 

Prom ser’s Day r 

Dr, Deepak Varshneya 
DARPA -STO 

20 November 2006 

1 
Did r ibd im Satment “PI‘ [ P g p m d  for Publi: Release, Didributim Unlinited), D A R P A C x e  8096 



nzJ i 
Awanced Sighting System (One-Shot) s- STOL 

+per JrmanceGoaI : 
4~evelop 01 ;hot System fr-Snipers #Pk: >50% a t  (5 - 40mph) 
#Compensat.e- - D W ~  Range Wind 
#Doubles wipers Operational Range 
#Increases lst Round by > l o x  @ RE 
+Fits ito a Range of Weapns:  XM-3; 

#Ranging 50m to 2000rn: +/-5m 
Weight: L5kg 
#voI u me: 25~5x2 I 5cm3 
#Power: 3lOOht-s Usage / Charge 
-Cost: 97k 1000fh unit 

! 
DJectlves: 

M24; M40; I K I I  &others 

loverlay 
screen 

r -  

[f u can See the Target, MUST Hit the Target 
t k  th-  m l  



JCONOPS: I ,Spotter guides Shootw on Target 
4 &. calculPtPs G'u e s se s -Ra n g e/C rn cc 1 

*Shooter identifies target using zoom, 
correct ions. 

indexes corrections &. when ready pulls 
trigger 

Key Prnblems; . .  

m l &  shW+ n-5abik\ - - (Pk)  
substam I I Y  reduct! W I  . mssw ind  

*Two or more shots n e e m  :o s t r w  
Target at 600m w i th  -1Omph wind 

*During Zooming, Shooter must move! 
Eyes off Target 

+Loses hit accuracy; must re -bores igh t  
+Slows down e n g a g e m e n t  w i t h  T a r g e t  

*No standoff advantage against enemy 
*2nd shot gives away shooter position 
*Train 8. qualify 6000 rounds / year 
+For night operations, h e  in-line MCP 

+ Requires Rifle re-boresighting 
+ Reduces Target Kill Range by > 25% 

Other Problems; 

I 7rnnCrPDi irt nt- -.-- ' .- - 

- - .  ctical Sights 
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How .w Large 7 IS Crosswind Error? --. SiOL L I 

I 1  

Very Large 
I Depends on Velocity, 

Range & Bullet type 
=Data from Snipers & 

PRQDAS Simulations 
c m f i  rm find ings 

1 Snipers miss targets a t  
ranges > 300m even 
with 10mph crosswind 
Vertical, Head-on tail 
winds & Spin make the 
errors worse, 
Require minimum 20 
Crosswind 
measurements 
including ballistic 

l- ,303 Cal- 10 MPH - I ,303Cal- 40 MPH z 
5 0  Cal - 10 MPH 

E a m  - - I .50Cal- 40 MPH 
/ - ;am - 
- 0 

= 1400 
- 1200 5 
G 1000 I I  

v 

400 +-I L3 

1 2 3 
Hmiz mtal, Vem cal and Radial 



-7 lw uo we nee to Profile Wind? How Often? '-fw$-!mwY 

[For non- nit rm winc long 21 m range, 
Ballistics Simulations conducted with I00 to 
400m segments show that 200 meter may be 
the optimum size. 

mMore often profiling will provide more accurate 
hit results 

+ Y t >  5/4 or tm mnge Lr icai aue to ieve 
=+Profile more often if Back Scatter SNR & timini I rn 
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+Measure downrange Wind & 
Range & Compensate Bullet 
Trajectory. Investigate: 
.Concept #I: Time Correlat 
of Eddies 

on 

.Concept #2: Target Imaging 
through Eddies 

Ranging to Target comes 
for Free if crosswind 
compensated 
Mount Sight Seamlessly on: 
.Rifles: XM-3, M40A3, M24, 
M K I I  & M82Al 

1 

LbaGl r u 1 3 G I J  Data 
"-inchroniz a t ion  Eye safe laser 

I 

I Multi-color FF 

.JILJllU' I-l ULC33IIILJ# 

Auto Correlat ion 
P + teticle Correctic- 

- 1  Error Free  Zooming 

P. SI ply 

h e  Unit for Davmiaht OD *ation and Weac: 



yyI~cIyIi: Rofile down 
range 2D Wind Using 
Laser and Detecbrs 

*Approach: Measure 
range gated (sliced) 
Aerosol Back scattered 
laser signal by 2x2 APD 
Detector Array 

Aerosol that move with 
wind phase modulate 
lase r signa I produc ing 
Intensity Patterns 

*Eddies do not dissipate 
over Frozen Time (FT) 
= Beam Ht, / Velocity 

*Cross correlation of 
patterns over R 
provides time peak 

*Wind velocity = 
Collection erture 

*Turbulence Eddies/ 

CanaratinnAPT ime 
- 

Laser T m m i t k r  

I I  dflfl m - 
=For Cost reduction; Trade off 2x2 detectors withplacemnt of h e r  beam m 4positions I 

LL JI 



L '  

I n  weak turbulence (speckle 
dominakd), 2x2 Syskm achieves 
accurate profiling with 200 m 
intervals for estimation of X 
component of wind 

Greatest accuracy achieved in first 
half of path (less than 0.2 m/sec) 

As expected, small degradation in 
accuracy observed near target (still 
less than 0.5 m/sec) 

In  stronger turbulence, accuracy is 
degraded at long ranges due tn 
"noise" associakd with turbulence 
from other layers - more averaging - 

I 

I - m 

1 

c 3 
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Came rdLaser - 
Edaewo cessi nq 

I I 
1 

Auto- 
C O t W I *  

with time to 
estimate T 

from 
various 
slices 

~ +Approach: nage I arget through I urbulence tdd les  using a high speed Camera & Laser I 
+ Light returning from Target through Atmosphere is phase distorted by Turbulence Eddies 
+ Atmosphere contains wide distribution of Eddy Spatial Frequencies (small & large bubbles) 
+ High speed Camera records images of T-rqet as a function of time 
+ Image processing separates large and t;rrlal I a reas of scintillated Target Image 
+ Correlation of specific scintillated areas provides Time for wind movement at that range. 
+ For profiling down range wind, utilize the characteristic that Large scintillated areas 

-8 Key Advantages. 1) Require 4 Ox lower Laser Power than Concept #I because light is 
arrive from Targl end while Smaller from Receiver end 

~ collected from Target instead of Aerosol. 2) Could Use Same Camera for Imaging. - - - -- 



+ARL conducted experiments a t  2.3 km (one way) 
to estimate crosswind by Imaging Target with a 
high speed Camera. No laser was used. 

which is graphed below 
+ Compared Crosswind data with anemometer 

12 
L 
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- mnd speed trom intenslty sunhll ah o n s  
- wind sensor &a 
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L- ut ter h u e s  Kange to iarget 

I w. U W # n r  

I 
1 

Ft/3OOOi 1.33 .ril dot 
miis in Elevati wang ing  t r ro r  4 . 3 :  - 
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One L-'w Sho roviaes Military Bene 7 its -- ? 

Range 101 Target 
Minimal Training a t  Sniper 
School 

lo Math calculations for 
Spotter/ Shooter to perform 
under stressed conditions fc  
adjusting Rifle Clicks 
Less than I sec to engage & 
pull the trigger 
I Reduced workload 

Spotter to identify 
targets 

for 
other 

One s h d  Accomplishes Mission Efficiently R Successfullu 
. -  
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Go No/Go Metrics 

Does it work? 

Metrics are 
CLASS1 FI ED 
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SiOL 
7. 

r -  A>.- 

Program P -shot -- 
I Phase I: System Feasibility 

1 , 1  
1. I. I sysre m s Hnaiys is 
1,1 ,2  Integration 
I. I. 3 Testing 

1 2  Lrosswind mncept Feasibility 
1.2.1 Conact Crosswind systems a 
1.2.2 Validate Eddy Life times 
1.2.3 Design, build and test laser & receive 

Contract ward 4 I 
I Sustem Analusis. Intearation 8 Testint 

1.2.4 Dembnstrate ranging to 2km +/- 5m 
L2,5  Ruild & test  breadboard System 
1.2.6 Conch& tesb  to profile crosswind 

Phass E: Svstem Refinement 
' I 1  I ? I  I 

2. I. 1 ie uoss  Incept design 
2.1.2 M o d i v  hardware and s o h a r e  
2.1.3 Integrate Ei test  system in lab & field 
2.1.4 Demo %stem Accuracy a t  1, L 5 k m  
2.1.5 Refine FPA Design, Fabricate & Test 

Phase I 
Kick Off 

Re Y i$ 

1 

'nd 'base 1 A 

3tart 
'base 2 d 

Phase 2 
vs Kick Off 

End 
Phase2 
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Questions? 
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