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2 Introduction
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3 Approach: Use multiple images with motion constraints
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4 Outline

- Detection Problem

- Signal Integration

- Motion Constraints

- Examples
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6 Detection preprocessing example

% Background Subtraction to find moving objects



7 I Signal-to-noise ratio
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8 I Low signal-to-noise ratio (SNR)
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9 Signal Integration —Add data together to enhance signal



10 Why signal integration works — with pictures
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11 I Why signal integration works — with plots
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12 Simple image summation with moving objects

Object is smeared
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14 Searching over many paths enhances the signal.

0.40 -

0.35 -

0.30 -

Z-•
,•71 0.25 -c
(1.1

Z7' 0.20

0• 15 -

0.10 -

0.05 -

0.00 -

Original Noise Distribution

Original Target Distribution

--- Integrated Target Distribution

fe
e

96

.16

glf 96,

94•

—5 0 5 7_0

pixel value

15 20. 25



15 I Searching over many paths also enhances the noise.
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16 I Effect of fewer paths searched:
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1, I Constraints needed for very low-SNR detection

21 frame integration of SNR 1.5 target
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18 Existing methods I: Velocity Matched Filters (VMFs)



19 I Existing methods 2: Dynamic Programming Algorithm (DPA)

= '3

t = 1 t = 2

b i3-

b?

— 0t 9

- 3 •

t T

bf:

b T
T



20 Research Hypothesis

A method that uses stronger valid constraints
to integrate the signal will perform better at
detecting very low SNR objects.



2 1 Example Application I: Objects travelling on known curve.

. . . ...... .4 ._ ;•:1 :1-4.-7-- ';'' III I: .
• :,_ . .;. 221:.. -ai ... r. ;1%4; . . a: .1: .1_..0 ..;•".,z if r ' :11;1. . I • i . :1-.12-11'. ili:' - : • .4 Ill I! - -. I 1.
t

il . ... • ......_. 1.: .., ... • Jr,. -:- , .1. :v. Y. - .1- .:1:
47;•• .1.1. : ; .1..; -:1-. i'•11: p.- ze.i. -,e. • !cm,. _. ;! 44= i"r Vv. .0 . -.1,-T- 1 j-...-v2r zi•-• II. d eih. r, .. I : .. la._...0):: 

......::.;.rs1:13411,'..-... 
_ri:i.cli..1::elflorFLIrT: :iiii.r.::: ...

.  1. . . . . ). .... 
',:,-..--.C.06....r'.-dr. •'..i.• 7..:11;

• 4r.Fa ilr -...: ... w• NI 41-ti 2•1::: .. '-..;; 1 :7}..;
.1. 7-.3,if,... ........; _-, i , 4: 1 .,:.. '; : ,

.. r• .., ...e:-1 -2.- .e : 5r. ;... r- ••P =:••!'7.:: -Nz
— .1; 41... l' ...1, -. ! -• la: _ki• II A'S.?;?,. i'l .1 •:-
% g $ .r I__ i  7... An, 4.--Le. k. 

...7.1.,..1......1......

1 --I I- • 1'-' 1 x-re ? K.Iv... ..! 'L. . -. r 2 .N.
.... ::. -.... 1. ILL.-% '1-11161"151: '44 .1- %-e-* :jev 4 •

- I •;-... • -. IA.. e I :... . 4. . ....... :.. &....._ % ...... ::
'' - ' 5 ‘);:r•-• = r....; IP. LI X : a •-1-1•• '12 ._ - • I '' - L •

i" '4-1 %nem: 1; 61 t . 19.1 k I' .1 ' I l. : Li 1 -. . 5. .

• l'' ..0.: . ' 
•...v.! 'Nu, z . ;:-I.-- r 71 40 ? 1 -1 •:',. i•-••••;' l•

'?. q4-.1:!:-...r. -Z A ..::c.- 
...-12L7?!...!:-:...r....i.:: :,;(_. , :

a • 
I-. • ."....- % 41:• Lri 

...7-,..:0...... !

.- .:).-: e : F.t.:,.. ,!-• -.F.2 ..,.':. a r :TS:. j.. L•rle' . 4: •.: -•

- e -?r 1•7•1:- .- 4...1 .1: : . O.., . .. ... . .
.I: } .7-.1 j 

i•-- •

• 15 .1 71% 
. i 

,: 1;14.r. i ; -

Input Image
Search a range of speeds



22 Example Application 2: Maneuvering Objects
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" Conclusion

Very Low SNR detection requires constraints

Use a priori knowledge about object motion

Challenge to design constraints that:
- don't exclude real objects
- suppress enough noise
- allow fast computation


