Dynamic Perspective

How a moving camera reveals scene
depth and egomotion parameters
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The Pinhole Camera

image
plane

pinhole




Suppose the camera moves with
respect to the world...

 When a point (X,Y,Z) in the world moves
relative to the camera, its projection in the
image (x,y) moves as well.

* This movement in the image plane is called
optical flow. Suppose the point (x,y) moves to
(x+Ax, y+Ay) in time At, then

_Ax o _ Ay
U=V~ A
are the two components of the optical flow

at (x,y)



Gibson’s example I:
Optical flow for a pilot landing a plane




Gibson’s example IlI:
Optical flow from the side window of a car
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Outline
i"‘_ (x,%)
* Derive equation relating optical flow field to
scene depth Z(x,y) and the motion of the

camerat, w

"N
* The translational component of the flow field
is the more important one — it is what tells

Z(x,y) and the translation t

* The rotational component of the flow field
reveals information about w




How does a point X in the scene move?

Assume that the camera moves with translational velocity t = (¢.,1,,t.)

and angular velocity w = (wz,wy,w.). Eq.(3.1) is used to characterize the
movement of X,

X=—-t—wAX, (3.1)

which can be written out in coordinates as Eq.(3.2):

}:{' ty Wyl —w,Y
Y |=—|¢t |- | w.X—-wZ |. (3.2)
7 t, WY —wyX



Now consider the effect of projection...

I
Y ==ty | — | w.X —w,Z |. (3.2)
[z] le] ler-wx)
Assume the image plane lies at f = 1, then = = % and y = % Taking the

derivative, we have

i 2_2 = Z_ﬁ (3.3)
X-:__)_(_ > (1) - XZ 2)‘
£ Z
- b ez = factri
- ——;: - Wy +u2\_f__2l‘_



Now consider the effect of projection...

t, wyd —w,Y
=—|t, | — | woX —w, 2
t, WY —w, X

. - X Y .
Assume the image plane lies at f = 1, then z = 7 and y = 7. Taking the
derivative, we have

. (3.2)

- XZ-ZX  YZ-ZY
Tr = — .

72 Y 72

(3.3)

Substitute X,Y, Z in Eq.(3.3) using Eq.(3.2), plug in = = %, y=2X and
simplify it, we get

BEHE RN | S Bt

B3



The Optical Flow Equations
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Optical flow for pure translation

If the motion of the camera is purely translational, the terms due to rotation
in Eq. (3.4) can be dropped and the flow field becomes

—ty + Yt
Z(SC._, yj .

Z(z,y)

'H’(I.'- y) — ?U(‘Tayj — (35)



Optical flow for pure translation along Z axis

If the motion of the camera is purely translational, the terms due to rotation
in Eq. (3.4) can be dropped and the flow field becomes
Z(z,y) Z(zy)
We can gain intuition by considering the even more special case of trans-
lation along the optical axis, 1.e. ¢, # 0,7, = 0,7, = 0, the flow field in
Eq.(3.5) becomes

(3.5)

u(z,y) =

u(z,y) =

u(w,) = s @ y) = (3.6)

or equivalently
L.
[u'? U]T(“Tﬂ y) — E[Iﬂ y]T (3'7)



Optical flow for pure translation along Z-axis
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The optical flow vector is a scalar multiple of the
position vector



Scale Factor Ambiguity
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However we can compute the time to contact



Optical flow for general translation
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With respect to the FOE, the flow
vectors are radially outward

Suppose we change the origin to the FOE by applying the following co- ‘
ordinate change to Eq.(3.5),

r =T — Y =Y (3'9)

then the optical flow field becomes

T(a',y) = 1" (3.10)

[w, v]

which should look very familiar. Thus the general case too corresponds to
optical low vectors pointing outwards from the FOE, justifying the choice of
the term. Figure 3.3 shows such an optical vector field.




The Optical Flow Equations
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0.5

Translation along Z-axis towards a wall edge
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Optical flow for points on a road
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0.5

Translation along X-axis in front of a wall
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Rotation about Z-axis in front of a wall
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Rotation about Y-axis in front of a wall

O

o H

o
(3]

U S N L N NUSE - o o o ,'////
e L N N I U —_— e e e R Y Y =i
e N A R e T T G e s i i e e . e
. L R L Rl e e e D e s G — o o
., T, e S e . e = ot e s i &= e e a a asH
. . . . e e e - -— e e e -— e e e A A
. . . e . e e -— e e e -— o e A A
M W . e e e e -— - e e - A
s W W G - - e e — - - e -— e e — —
M W —  — e~ - - e -— = = e -— e - G e
- —— G — - - e e -— = e e -— - — — —
M e e e e~ A e - - = = — — — N N
- - o o e e — - -— e e e — . . . .
" & &~ &~ &~ & o= > -_— e e —_— . e . e
Bl e AT AT A e e W -— - = — . S e
e & a4 e e e - -—_— e e —_ e R T
e o a4 am a — — -— e e L L
‘//‘//‘,” - I S D D W S N
1



	Slide 1: Dynamic Perspective
	Slide 2: The Pinhole Camera
	Slide 3: Suppose the camera moves with respect to the world…
	Slide 4: Gibson’s example I: Optical flow for a pilot landing a plane
	Slide 5: Gibson’s example II: Optical flow from the side window of a car
	Slide 6: Outline 
	Slide 7: How does a point X in the scene move?
	Slide 8: Now consider the effect of projection…
	Slide 9: Now consider the effect of projection…
	Slide 10: The Optical Flow Equations
	Slide 11: Optical flow for pure translation
	Slide 12: Optical flow for pure translation along Z axis
	Slide 13: Optical flow for pure translation along Z-axis
	Slide 14: Scale Factor Ambiguity
	Slide 15: Optical flow for general translation
	Slide 16: With respect to the FOE, the flow vectors are radially outward
	Slide 17: The Optical Flow Equations
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

