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e Optical flow: estimating motion in video
spall 84S jall (padli e
e Background subtraction
Al - yla e
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Video

e A video is a sequence of frames captured over time
el e abailadl el Y e Al e

e Now our image data is a function of space
(X, y) and time (t)
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Motion Application

e Estimating 3D structure sla¥) 4506 JKEY) (jaess

» Segmenting objects based on motion cues 48 _all e alaie Yh ¢ 3l
e Learning dynamical models &Suliall z3laill ailas

e Recognizing events and activities J=d¥) 5 calaa¥) e (o il

e Improving video quality (motion stabilization) ssxsll 83 o (peas
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Motion Field

e The motion field is the projection of the 3D scene motion into the image
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* The motion field is the projection of the 3D scene motion into the image
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Motion Field + Camera Motion
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Figure 1.2: Two images taken from a helicopter flying through a canyon and the computed

optical flow field.

* Length of flow vectors inversely
proportional to depth Z of 3d point

* points closer to the camera move more
quickly across the image plane
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Motion estimation techniques 4S_all Gedd Colyes

e Direct methods g sall (5l

* Directly recover image motion at each pixel from spatio-temporal image brightness
variations

ANl 48 el Beliall Ol pad JIA (e Joy JS (8 58l 3 ) seall S ja (aed o
* Dense motion fields, but sensitive to appearance variations
(Uedaall ol JSal & ol paill dlia) 4850 A8 jal) Jgin o
 Suitable for video and when image motion is small
B yga by geall 8 AS Al ()5S0 Ladic 5 gl 3 AS Al Cpedl dulia o

e Feature-based methods <laudl Ao 3adiaall (3 )kl
e Extract visual features (corners, textured areas) and track them over multiple frames
sa2iall ol HUaY) IV Lt g (sl el 5 301) 3 yeanl) ilanal) (aDIATL)
e Sparse motion fields, but more robust tracking
ALS Gl g 3aclile 9 3 yilite 4S jall Jsas o
» Suitable when image motion is large (10s of pixels)
(S ) i) 508 5y gaall L84S jall Sl b dunlia
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Optical flow and motion field

eDefinition: optical flow is the apparent motion of brightness patterns in the image.
by eall b seloay) rilail 5 jallall A jall g S gual) G330 iy paille
e|deally, optical flow would be the same as the motion field /
AS Al Jia Jie Lalad (58 3 gaial) i) AUl s de
eHave to be careful: apparent motion can be caused by lighting changes without any actual motion
Qe diall ‘:AMASJ;L;\ s A gl Gyl JDA e Ehaad ) S 5 palall A< Al ¢ jaall Caae

(c) Thomas Brox 2009
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Optical flow and motion field
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Motion estimation techniques 4S_)all (edd &l

Optical flow and motion field
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Optical flow= motion field
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Optical flow and motion field
reilida JUa
motion field 48 Jia aa g Lia
No Optical (Fsa (8845 3 53 ¥ (S
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Optical flow JSLie A jal) Jin Lags gl ¥ igual) 8
Jasa u d_\\_)aﬂ\ e A<ia http://en.wikipedia.org/wiki/Barberpole_illusion
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http://en.wikipedia.org/wiki/Barberpole_illusion
http://en.wikipedia.org/wiki/Barberpole_illusion
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Can you see the
motion field?

Motion Illusions
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Motion estimation techniques 4S_jall (jedd Clayday

Optical flow and motion field ,
Example use of optical flow:

, Motion Paint n
A8 jaial) & g It gl (385 aJadd) e AT

Use optical flow to track brush strokes, in order to animate them to follow
underlying scene motion




Motion estimation techniques 4S_all (jedd Claydas

Optical flow and motion field Crowd Analysis 2 ssall Jalas
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Optical flow and motion field

Camera Mouse
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Motion estimation techniques 4S_all Gedd Colyes

e Direct methods 4¢a sall (3l

* Directly recover image motion at each pixel from spatio-temporal image brightness
variations

ANl 48 el Beliall Ol pad JIA (e Joy JS (8 58l 3 ) seall S ja (aed o
* Dense motion fields, but sensitive to appearance variations
(Uedaall sf JSEN 8 ol puaill Al 485N 4S al)l Jgin o
 Suitable for video and when image motion is small
B yga by geall 8 AS Al ()5S0 Ladic 5 gl 3 AS Al Cpedl dulia o

o Feature-based methods <lewdl Ao Baainal) 3 sall
e Extract visual features (corners, textured areas) and track them over multiple frames
sa2iall ol HUaY) IV Lt g (sl el 5 301) 3 yeanl) ilanal) (aDIATL)
e Sparse motion fields, but more robust tracking
ALAS Gl g Bac e 9 5 yilite 4S jall Jan o
» Suitable when image motion is large (10s of pixels)
(S ) i) 508 5y gaall L84S jall Sl b dunlia
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Background Subtraction

L3 pa & Foreground deaiall (glalic aadicsngdl e
‘Yl o
Traffic monitoring <l 481 je Jal (e Car Tracking Gkl (o <l jluall (el 8 andiis o
Human action recognition gbwdy) SIS s e o yaill o
Human-Computer Interaction «sladl s Lyl (m Jelddl) o
Object Tracking plua¥) cixi o
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Background Subtraction
(<Y1 (58) Frame Difference 4dlill 7 o dds ke
t-l u.AJ Nie .....S. n ... 2% e
(b SUaY) lal) 5 ) seall (e diedall 4l ~ jlae

.Foreground mask e Jsasll Th diiay » jhall il Caiati e
B(x.y.t)=I(x,y.t—1)

!
(x,y.t) = I(x.y.t —1)| > Th
T Mecayesy § S D IS Mecdyeisy §
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Background Subtraction Frame Differencing

Th =25 Th =50

Th = 100 Th = 200
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Background Subtraction . e e e
:Mean Filter 4daw gial) 4aidl) 4y jha e

(550 1) s 520 s gia 221 DA (0 ZlAl) (el e
z okl il st e

B(x,y, t) =15 (x,y, t — i)
)

(x,y,t) = 5 300 I(x.y, t =) > Th

» For n = 10:

Estimated Background Foreground Mask
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Background Subtraction

:Median Filter b sl 44, ) o

(o5 n) Jsadae Jaag 2l A (e Aalall pedie
dslhall daally Lol jUaY) (e apeiil) il slae

B(x,y.t) = median{l(x,y.t — i)} CJH‘ c_\\_\ izl @

4
(x,y.t)— median{l(x,y.t — i)} > Th where

» For n = 10:

Estimated Background Foreground Mask

Slide credit: Birei Tamersoy
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Background Subtraction

Background i\
Subtraction




