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" Problem Formulation

» Goal: To segment
moving objectsin video

 Static camera

» Change detection
—What to compareto? | ||
—What changeis of

interest?
» Challenges




l'esat Emange

ldkenl
Foreproond

gl gl
Friiie
I MMer e

Mean &
[hreshald

Wian &

L oananco

- ' i 4 o
o & o, ':-' T e
.1, b . ’-’-i»l 2% ", ":, T %
.-' W -:.-___ .‘ -::. ‘:l:!cl -".-' l;"\'\.-c- ]
.-.

L hsir Laght Lighi ||-. | aregroand T cleas Ieering

vl pricsilly -..I FT ] DI Y ETR Bugw Hgmomiind  moLiis
LT TS wwrlichel TP L RIS @il

fHE [iia gl

-ﬂ“"[ )| Vi
RN AR LN
WEN TNERN
B (R=INEY

from [K. Toyama 99] -to be cont’'d

Mamhare of
LI RS 5 | S
T oo | 1l
Himck
Coownelatinsn

Termgairal

Lmivains

|8y s L
| Fusz i bi

Exin

hackgronml

Prodect on

Wallllirmer

HEISr\ Iai's
M . F=RR3
HE G0
MIEISET 15N
HE ..F\ kN

from [K. Toyama 99] 4




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

training

AC and DC feature Background model

Initial segmentation

High-level
processing

Update background
model 5

» DC and AC features
_ f°° =DCT(0,0)

N/2-1N/2-1

- =SSz + 1)aDCT G, |

i=0 j=0

g

» Local information is encoded, intensity and texture.

» Featuresinsensitive to noise, small scene changes,
and light shadows

» Foreground objects usually lead to significant
changesin AC and DC features
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Background Blocks

 Features change slowly from frame to frame
 Single Exponential Smoothing
+ Predict fuifrom f; and f, _

ftflc _aAC Ef AC 4 (1_0,Ac) f AC | | J

ftLDlC — aDC Df DC + (1 aDC) f DC

* For background blocks f, close to f,

 Deviation of 1‘t from f, has mean closeto 0 and
variance o2

of =a(f, - f)2+(1-a)of,

Foreground Blocks

» Features significantly differ from prediction
 Initial Segmentation
— Declare ablock as foreground if

| 1,26 = £°° p i 2 + A K >
AC £ AC AC £ AC
or [~ -7 kxlo ] +ALT,

2d term in thresholds due to small # of training frames
* If foreground, do not predict and update o?
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** Selection of @

e Initialization
—Minimize Sum of Squared Error
« Update
—Based on classification confidence and
frame-wise correlation

0 foreground block
a, = a min background block
max(a,,,(0.5)" (&) fast update needed

“* High-level Processing

Global Yes Increase O | Re-model and/or .
Change? re-segment

No
8-connected Labeling
v
Size Filtering (optional)
y

Temporal Filtering

Stationary Yes Remove blob Increase
blob? Hl

No

Filling (optional)
Il 10
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* Eorm blobs

» Group eight-connected foreground
blocks as blob

* Tag al blobsin each frame

» Match each blob with blobs in previous
k frames using proximity

e Link matched blobs from frame to frame

o Apply temporal filtering to remove
temporally isolated blobs
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':' Temporal Filtering

Temporally Isolated

Removel!! '
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“!- Blob Matching

centinuous motion
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- Comparewith Pixel-wise MoG

Frame 31 Frame 33

Frame 35 Frame 37
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- Experimental results

A. Strong moving
reflections

B. Severe global/local
illumination change, strong
lighting, mirror-effect

C. Flowing water, swaying | C.
branches, occlusions, small |
objects

D. Waving water, strong
reflections, small objects,
camouflage
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Comparison

PROPOSED METHOD

CLASSIC MOG

Texture and intensity

Color information

Block-based DCT Pixel-wise

Grayscale RGB or YUV

Modeled by Single Modeled by Mixture of
Gaussian Gaussians

Fast adaptation to changes | Slow adaptation

Robust to noise and small

scene changes

Sensitive to noise and
small scene changes .
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- Summary

 Fast (~40 fps)

» Robust to noise, small scene changes,
and illumination changes

e Can handle
—Moved background objects
—Foreground aperture
— Bootstrapping
— Shadows
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