Motion analysis
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Motion analysis:
consider changes over time

* Short time intervals
— “Early warning system” based on sudden change

— Image flow = instantaneous 2D velocity estimates
(usually dense field)

— Visual tracking to estimate new target locations in the image
— Image segmentation to identify separately moving object surfaces

* Longer time intervals
— 3D structure/shape from motion (SFM)

— 3D velocity estimates (translational and rotational)
— Estimate time to collision
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Image tlow
(also called optical flow or optic flow)

* Goal: For each pixel in the 1mage,
determine a 2D velocity vector

— Each velocity vector 1s assumed to represent the
instantaneous 2D 1mage velocity of a 3D
moving object

— This 1s like determining 1mage disparities for 2
images taken at very short time intervals
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Image flow recovery (Horn and Schunck, 1981)

* Consider the Taylor series expansion of /:

I(x+Ax,y+Ay,t+At) =I(x,y, )+%Ax+a—]Ay gAt+h.0.t.

dy ot
e Assume:

— The movement is very small between successive
images, so that we can i1gnore the higher-order terms

— Locally, we can model the flow as translation only

e This leads to

a—]Ax a—]Ay %A =0

< ox dy t
BIAx_I_B]Ay ol _0 ol ox Blay ol

ox At dy At Ot ox ot ay ot at
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e Rewrite:

ol Bx ol ay o
ox ot ay ot Bt

EEREER

lu+l,v+1 =0

* This is the image flow equation

(also called the

* Now the goal
at every pixel

5554: Packet 17

“optical flow constraint equation”)

1s to determine the 2D velocity (u, v)

e

u|_| ot
vl

| ot |

15



5554: Packet 17

LETS EXAMINE THIS ONSTRAINT
t * Jou) I, = O
= _It W [ ]

Tim¢ MTE unm,-g \ VEwcITY

oF <hANEC INTENSITY OF BRIGYINESS
oF IMAGE GRADIENT YALVE v imAGE
INTENSI TY

THE ConSTRAINT Do€S NeT DETERMINE [ ] UNIQUELY, /
[:‘} MUST LiE ON A LINE 1N “VELoCiTr sppcE”
‘“
otleu M\ [:] VI = nermal vecter
"I)" . to given line ‘n '.ma)e

N
‘ '
oo u
WE CAN CALCULATE THE CompoNENT oF |v [ IN

dirECTion oF VI !

]t =72

16



5554: Packet 17

S0, For A PanT (Wy) N THE mAGE, WE

CALCVLATE THE mMAGNITIDE OF T/+E OPTICAL

FLow V&TOR n THE BIRECTIoN  #an” (F) 45
2

-
EEE

UNFORTUNATELY, WE HAVE NO (NFORMWATION ARoyT
THE VELoCITY ALoNG THE 3SoBRIEHTNESS ConTouR

W Tley)e THIS 15 huLs THE [APERTEE] FRosiEn
EXAMPLE !

DIRECTIgN OF “TRVE”
MoTIoN

IMAGC

ASSUmE THAT THE DARK BAND moyEs
HoR 20w TALLY IN THE IMAGE, wEk
CAN oNLY ALCULATE THE SPEED oF
THE BAND IN THE DIRE<TIoN OF

THE BRIGHTNESS GRADIEVT UL/ "



5554: Packet 17

CAuUTION ¢
OP7ICAL FLow MAY NOJ CORRESPoND
70 THE 3D morioN FIELD

EXAmPLE wHAT Dg Yoy SEE
WHEN THIS cBTEcr
SPINS Slowly P

EnpmPLE " BArBER PoLe*

S A
SPIN

EXAMPLE:  LIGHTING CondiTigns CHANGE, BuT
ORJECT REMAINS S$ST8TIONARY

ALso, No OPTIKAL Fiow INFORPATION
1S AVAILABLE FeR FEATURELESS
(von - TEXTURED) SURFACES.

18



Balancing 2 constraints

* 1) How well the image flow equation holds:

e = ”‘(]xu+]yv+lt )2 dx dy

» 2) Assume the flow field varies smoothly over I:

e = ”‘[uxz +uy2 +v° +vy2]dx dy
or

e, = ”‘[(Vzu)z +(V2v)2}dxdy
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Goal: find (&, v) throughout image to minimize
e=e +Ae,

Consider the integrand 2only , , ,
ey =(Lu+1v+1) +l[(v2u) +(V2) }

* Approximate the Laplacian as Vu=u, —u
(average of u-values of 4 neighbors)”

Now we have
e = ([xu+]yv+[t )2 +ﬂ[(u—um)2 +(v—vav)2}
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« Revised goal: find (u, v) thrzoughout image to minimize
e = ([xu +va+[t) +ﬂ[(u—um)2 +(v—vav)2}

« Strategy: solve for

d€, _ 0 d€, _ 0

ou v
oey :2(1 u+1 v+1 )] +2A(u-u,)=0
au X y t b av
aeint
. =2(Lu+Iv+1)I,+2A(v=v,)=0
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* Collecting terms with respect to u# and v yields
(1 +A)u+(11,)v+1,1,-Au, =0
(1,0, )u+(1,”+A)v+1,1,—Av,, =0

* Solve simultaneously for u# and v:

[/fmw+lww+h\

u:uav_ X 2 2
AL+
(L, +1v, +1,

] I e
AL+

J
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Algorithm 1 (iterate on same 2 1mages):
(Horn and Schunck)

Initialize u” =v” =0
k=1
Repeat until error criterion e 1s sufficiently small:

k-1 k-1
(k-1) _7 £]xuav( ) +]yvav( ) +1t}

" ) A+17+1]
k-1 k-1
(k) . (k-1) ]xuav( ) +]yvav( ) +]t
vii=vy —1
) ay Y 2 2
A+1"+1,
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Algorithm 2 (iterate on successive 1mage pairs):
(Horn and Schunck)

1. Initialize u (x,y,O) = v(x, y,O) =0
t=1

2. Repeat until time ¢ = latest-frame time:

( A
Tu +1v +1
u(x,y,t):=u, (x,y,t-1)-1 | ————— t
L A+1"+1, )
4 3\
Tu +1Iv +1
vix,v,t):=v (x,y,t—1)—-1 | =2 2r2 !
(x,,0) = v, (x, 3,1 =1) A\ Taerier
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290 Motion Field & Optical Flow

(a) (b)

(c) @)

Figure 12-8. Four frames of a synthetic image sequence showing a sphere slowly
rotating in front of a randomly patterned background.

12.7 Discontinuities in Optical Flow

There will be discontinuities in the optical flow on the silhouettes, where
one object occludes another. We must detect these places if we are to
prevent the method presented above from trying to continue the solution
smoothly from one region to the other. This seems like a chicken-and-egg
problem: If ;~ “ave a good estimate of the optical flow, we can look for
places wher¢ aanges very rapidly in order to segment thc victure. On
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Figure 12-9. Estimates of the optical flow shown in the form of needle diagrams
after 1, 4, 16, and 64 iterations of the algorithm.

the other hand, if we could segment the picture well, we would produce
a better estimate of the optical flow. The solution to this dilemma is
to incorporate the segmentation into the iterative solution for the optical
flow. That is, after each iteration we look for places where the flow changes
rapidly. At these places we set down marks that inhibit the next iteration
from smoothly connecting the solution across the discontinuities. We first
set the threshold for this decision very high in order to prevent premature
carving up of the image. We reduce the threshold as better and better
estimates of the optical flow become available.

We can g some feel for how well our assumption of smoot. /s holds
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Algorithm 3: (direct translational estimation)

Recall the image flow equation: [ I ] ]{u} =-1
X Y
.
Suppose we decide to constrain u and v to be constant over

some small region of the 1image; then we can find a least-
squares fit!

]x(x19J’1) ]y(x19y1)_ __Iz(xlayl)_
]x(xZDyZ) ]y(‘x29y2) u _ _]z(xzayz)
: : % :
_Ix(xn9yn) ]y(anyn)_ __]t('xnﬁyn)_

DMZT —»m{“}:m — {

AT\ AT
) v}—(D D) D'T
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Image flow: refinements

* Use the previous method with coarse-to-fine
processing
(This can handle large motion)

 Straight-forward search (usually area-based) to
find best matches between successive images
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’Ig’ J;M*I,V

FROM THIS, WE CAN onLY DETERMINE THE
COMPoNENT OF VYELoCITY THAT 1S PARAILEL
70 THE ImPRGE GRADIENT,

dx
o [“Jﬁ [‘2?1 = ACTYAL VEL6CITT IN INAGE

%

V. 2 VEloci7Y ComponEnT PERPENDICLAR To IMAGE
CoN TOUR

V. 2 VElociTY ComPoNENT TANGENT To CONTOYR

;-;VL'VT
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OPTICAL Flow FRom 0BSERVED Mo7|oN
oF CoNTOURS

leey . IMAGE CoNTOURS
AnD

PERPENDICULAR VELOCITY ComPONENTS (&7.,_)

GoAL °  DETERMNE Acugr vELociTy FiEw (V)
AlonG conTOURS

ASSUMPTions
o THE IMAGE CONTOVRS ARE 7THE PROJECTIONS

oF 3D CURVES whHItH ARE IN MoTIoN .

® YElouiTY YECTORS ALONG (mAGE CON TouRS
SHOULD BE CoNSSTENT wWITH THE
UNDERLYING, DENSE VELoc/rY FIELD.
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EXAMPLE 1  RIGID TRANSLATION IN IMAGE PLANE

€— MOVING IMAGE REGION

&L VELOCITY SPACE _ '

\

THE CONSTRAINT WNES INTERSECT AT A
SINGLE POINT IN YEwociTY SPRCE,

WDCATING THE ACIVAL REGIoN VELociTY V,

CAUTION ¢
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‘“u)
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2D MoTigN  DISCRImINATION

s \ %
l 1 7 l A \'\ \\\
o L,
Soe SHo 5
e WNIRN
SEGMENTATION SEGMEN TATION
NoT PosciBee possIBLE

o oP7IcAL Flow DIRECTION S IMPORTANT
FoR oBJECT DETECTWN [

DiR€cTion BounNDARIES => ORITECT BouNDARIES
(2D (3D)

* USUALLY, SEEMEuTATION BASED ON Frow
DIRECTION SEPARATES SURFACES THAT movE
INDEPENDENTL Y,
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