Motion and Optical Flow
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video as spacetime block

® Set notation

() is a rectangle in R?
I:Qx[0,00) — RT

vector field z €9

v(x) =< v1(x),v2(x) >



variational formulation:
active contours

* We wish to define some functional that will allow
us to partition the image I into region d its
complement I - R.

Let f() be a monotone decreasing function, then
we seek:

AT f(oI(x))dx + )\/ds
Ry T

Q. What does minimizing this functional favor?



variational approach ...

AT f(oI(x))dx + )\/ds
R~ Y

* minimizing favors regions of large gradient of I, and
at the same time controls (minimizes) length of
boundary

Minimizing not over real numbers, but over function
spaces: eg Over Curves,
Apply calculus of variations.

Solving Euler-Lagrange equations for that functional
yields this differential equation,
called an evolution equation:



evolution equation

* Evolution equation for functional is an ODE to

vary the boundary curve:

% _ Fo— (F(6I(2)) + AR)7

'7  inward normal to curve 7

Kk geodesic curvature

As 61 — oo, f(0I) — 0

so the balloon force pushes contour to
large gradient image areas



sphere inversion problem

* old and new approaches
Thurston proof & video

Sullivan proof & video
using curvature-driven flow



motion estimation

* different criteria for
compression: motion-compemsated
compressopn (MPEG)
Vs
motion-based video segmentation

skip many apparent motion effects due to
variations in illumination or camera
characteristics

focus on object-induced motion



models of motion

* spatial models
temporal models
region of support

spatial model: assume that the movement of a
dot at position x is modeled by some affine

e b1 b3 b4
vix)= b2 ) + b5 b J %



temporal model of motion

temporal model
assuming velocity is constant between time t and 7 > ¢

(1) =x(t) + v(x) (T — t) = x(t) + di.-(x)

* and ... region of support



observation models

e Key assumption: Image intensity of a (point)
object does not change along motion trajectory;
so , for every x:

Ik[n] = Ik_l[n 10 d]

Differentiating wir s,
where s is length al 1)
along trajectory: ds

dl al al dl
by chain rule: rkoting i |l (VI) v+ i 0



regularization of image

* Underconstrained -- not enough conditions to
yield a motion. Assume neighboring points move
alike. One way: motion field is locally smooth,
with low gradient. We minimize E[v}] for a
velocity field

[ (V1@ 0(@) + TR AT @) P + 19 @) )
D




estimation criteria

* (Boldfaced are 2-vectors in Z? )
din} = displaced image of point n under the
vector field vinl = din] - n

estimated image intensity: [ [n]

I[n] = I_1[n — d[n]]

Find d that minimizes an error function. A reasonable
one is not quadratic (too many outliers) but simply:



examples




G0 1_cv.jit.HSflow_x2.help

cv.jit.HSflow: Optical Flow

Uze live camera input L.0F use & mowvie file m oo jit. HSflow computes the optical flow of an incoming greyscale
rnatrix u=sing the Horn-Schunk technique.

e tioE2a) ||:|I|:|e-n HGIDSE | e tioE2a) |r|'eau:| ||5|tart ||5|t|:-|:- | |r|'ate- il | The "lambda” attribute iz strictly for internal calculations.

Howewer, changing the value gives an interesting visual effect.
[Jit.gt. movie 80 &0 @unique 1 |
it.gt.grab 20 &0 T

l-@vm-:u:le 2 @unique 1

Single-plane char matriz.

Z2-plane float32 matrix.
Flane O: Horizontal flow

Flane 1: Yertical flow

Input irnage

itrgbZluma | Grewscale only!

Fararneter uzed for
internal caloulations.
larnbda $1 | There is no need to change
its value, but doing =0 can
giwve wisually interesting
results

ﬁ

o it HSflow

The values of the output matrix are estimations of that pixel's
displacernent cormpared to the previous frame. Megative walues .
indizate leftward and upward movernents. 2 tparlare el s

|E visualizer jmp@i:amag.ac._ip
) Copyright ©2002-2006

suppott

Left: Green Fight: Fed Up: Blue Down s elloe

Institute of Advanced
Media Arts & Sciences

14902
fp=




matrix_gradient_blur

O 6 2_matrix_gradient_blur

matrix_gradient_blur
© 2006, Sha ®in %Wei & Topalogical Media Lab

L
e feedback with switchable gain stage. mode
e it HS T o 0 gain iz applied to output(i.e. output iz
= ED_._:, | last_output*gain + input). mode 1, gain is
applied ta inputli.e. output iz last_output +
input*gain).
| ]
e ——
¥ 2 2 N 0.1 0.9 0.9 o9
jit.expr @inputs 2 ®expr "hypot(in[O].p[0]in[1].p[O])" P’]_l | PL, ”3 !_,P’” 1L
I b17e | F515 | [pak gain 0. 0.0, 0. |
| |

|5llin:le-_up 1 ||5IIiu:Ie_-:I-:|wn $1 | ifalEs
[iit=lide | —

L= matrix_gradient
'
[zlide_up $1 |{slide_down $1 |
| ]
|_iit.5|i-:|e| i ” .
- 4 -

N



matrix_gradient

®O06 [matrix_gradient]

matrix_gradient
) 2006, Sha Xin Wei & Topalogical Media Lab

[jit.ratriz 1 floatZ2 16 12 |
[it.rmatriz 1 char 16 12 |

||:- b lurrine |

[T |

| |

jit.matrix 1 float32 1512 jit.matrix 1 float32 15 12 jit.matrix 1 float32 16 11 jit.matrix 1 float32 16 11
@usesredim 1 @sredimstart 00 @usesredim 1 @sredimstart 10 @usesredim 1 @sredimstart 00 @uzesrodim 1 @sredimatart 01
@srcdimend 14 11 @srcdimend 15 11 @sredimend 15 10 @srcdirmend 15 11
— ..-4“"1 ||:| blurrne |
[jit.rmatriz= 1 float32 320 240 @interp 1 | jit.mnatriz 1 float3z 320 240 @interp 1 |
1 ]

210 [[awitch 5

.00

fps




Movie to Texture Grid 3_test_jit.gl.render.grid_mesh

thiz patch shows creating a grid

geormetry, and texturing and

displacing the geometry with a

Moy e,

® read a movie and turn metro on

zet geormnetry dims

[rmetro 20 | |re-a-:| | |5tar’t ||5t-:u|:u |

|rate- 1 |

jit.gt.movie 160 120 |

I
scale movie and map ARGEto RRGE ]

calculate surn of Fgb cormponents

convert to float3z

rmultiply by a scalar

zend to plane 5 (z) of geonetry

ratriz

the window is made in here. drag
in window to rotate the rendered

geometry. hit ‘esc’ to toggle
fullscresn mode.

[p window-mouze-rotate |
!

pse_|

it.matrix 4 char 20 60 @planermap 1 1 2 3 @interp 1

e,

send texture to ji

prepend texture movietexture |

jit.zcalebias 4 char 64 64 @mode 1 @scale 023 |

[ jit.matriz 1 float3z 64 &4 @thru 1 @interp 0

I Z=cale E

0.55 | z displace scale

plane 0, -0.5 -0.5
0505, plane 1, -
0505-0505
plane 2, 0.0.0
plane %, 0.1.0.
plane 4, 0.0 1

.o,
|
1

Jit.fill small

jit.op 1 float32 64 &4 @op &

jitpack 5 Tloataz 64 64 @out_narne georn |

default draw prim

other draw prims

tbhb eragel

jit.matrix small 3
floatdz 2 2

4 zmall 2x2x5
rnatrix is
created “bey
hand", then
interpolated to
create
geornetry .

order of planes for
geormnetry matrix:

erase_color 0.0. 0.1,

lookat 000, zarmera 0. -0.5 1.5, color 1. 1.
depth_enable 1,
o ietexture 64 &4, usetexiure movietexture

1.05,
texture

}{.l I."Il.l E.l S.l t.l a.l r-.l
q, b, n=, my, nz

jit.matrix geomn 5
floatZ2 64 64
@interp 1

||:-Ianema|:- a1 zo |

L

[planemap 2 2 2 4 |

|inter|:- F1 ”IenS_angIe $1 |||:--:l|:-.-'_m-:n:le 1 %1 |
I I |

modified by sha xin wei tml april 2006
] pre L] b

[:1.25 |
=

| [§ zzcale |

P mMymouse

usetexture mmovietexture i
jit.gl.render render_grid

|u5e-te-xture iy texture

re ncler_grid

loadbang ' I



O render_grid

myshout

Ny T
—|l start audio in Iﬁl =00
|5tar‘twindnw | |5tn:||:| |
20|
ade™ I [rretro 100 render_grid

render_grid

252




®06

¢

pool 3d nurbs example modified sxw 10.06 live video texture

thie surface rotion of a contained fluid of constant walume is zirmulated uzing Jitter rmatrices and operators.
jit.conwolwe iz used to add neighboring pixel values in the fluid equation. clicking on the pwindow sends a =ingle ‘splash’

4_pool-3d-nurbs

to the simulation. try seeding the sirulation using the "a" or "s" keys, or drawing in the window below. the "c" key
resets the simulation. try loading a texture and setting the tex_map to 2 (sphere map environment mapping). setting
the nurbs dimensions to something larger like S0x80 produces smoother results, but runs slower.

® turn e an!

pos | [lzadbang |
|
rnetra 20 010401040 04010401 |

jit.fill kernel 0

[dit.matriz kernel 1 float32 3 3

[Jit.qball @rnode usurp |

 pew ind_durnp

route rmouse

prepend setoell

tbbhb
| append val 0.9
r seed
. [Jit.rnatriz swapl @thru 0 |
Jit.matrix t1 1
float32 160 120 resets the |—|
@they 0 sirmulation. ! -
[jit.matriz 12 1 float32 160 120 @thru O |
—

[Jit.convolve |

=1

I
[Jit.op @op + @val 1. | |

] = drawrme
[iit.op @op * @val 0.5 [ drawme |

[Jit.clip @min O @max 1 |
|

[Jit.matrix 1 char 160 120 |
n

jit.op @op -

darnping 0.599

L)
Bo ][22 |
——| 7

jit.op @op * @val 0.99
@inZ_dimn 160 1

—]

10.592
fps=

* click an‘l\drag! s pwind—_durnp

[Jit.window convolution |

luid eqn:

(, y, t+1) = damping ® (12 % 0 hx1, w0, 10 4+ hie=1, 4, 1) + hi, w41, 1) J]-te;tu

r dr,

use jit.scanslide to smooth the
geometry, and jit.slide to soften the
rapid oszillation deterrmined by our
fluid eqn

slide_up $1,
slide_down 1

se| 99 97 115

P
|59tceUfSD &0 val 2 |

setcell 00 val 2

= clear |

= seed

i

jit Soanslide @mode O |

slide_up $1,
slide _down $1

4

[Jit.zcanzlide @mode 1 |

Jit.matrix 1 floatd2 20 2

uit =lide

z displace =scale

_
]

[Jit.op 1 float3Z 20 20 @op * |

plane 0, -0.5 -0.5 0.5 0.5,
plane 1,-0505-0.50.5,
plane 2, 0.0, 0, 0.

it fill zmall |

asmmall 2x2
matrix is
created “by
hand”, then
interpolated to
create
gearmetry.

Jit.matrix small 3 float3z 2 Z |

—

jit.pack 3 float3Z 20 Z0 @out_name geom |

[Jit.matriz geam Z float22 20 20 @interp 1 |

frrend] [tberase 1|

[p window-rnouse-rotate |

jit.gl.render render_grid |

paly_mode $1 1

prepend ctlmatrix

[lighting—enable $1 | Jorder $1 $1 | [ctishow $1 |
T I T

r nurbs | [dim §1 $1 |
| |

ys.video

[Jit.matrix liver 4 char 512 512

PP, B S B Y PR P Bk |

re mytexture jit_rmatrix liver |

inztreaze the
dimensions of the
nurbs surface for
ewven smoother, but
slower display

@displaylist 0

jit.aglnurbs render _grid @lighting—enable 1 @color
1.1.1.1. @smooth_shading 1 @dirn 40 40

Jit.gt.movie 512 512 @interp 1 @autostart O |

= rend

I
[prepend texture mytesture | po_ |

[tescture mytescture | [tex_tnap $1

try tex_map 2 (zphere map environment mapping)



pool-3d-nurbs




