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Introduction

MPEG-4 sprite coding:
* background image (sprite)
 transmitted only once
* may be larger than a single input frame
« decoder displays only part of the sprite, defined by camera parameters
» foreground objects
» shape-coding is used

foreground

* inserted into background at decoder _
object

current view

background mosaic | dcded video
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Sprite-Creation Problem 1/3

MPEG-4 employs 8-parameters perspective motion-model.

« Sprite is modelled as a planar background.
o aoox + agry + t, / _ 0107 +any +1y
P +py+1 7 P2+ pyy + 1

D Model covers arbitrary camera motion at a fixed camera location.

D No estimation of focal-length required (unlike cyl./spherical panoramas).
D Maximum of 180 degrees field of view in one sprite.

D Camera images projected in acute angle cover large area on sprite.

background-sprite image plane

camera image planes

cannot be projected

camera location onto background sprite

top view
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Sprite-Creation Problem 2/3

The more the camera rotates away from the frontal view,
the larger the projection area in the sprite.

> Sprite coding-cost increases dramatically !
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Sprite-Creation Problem 3/3

Further problems:
Which input frame should be used as reference coordinate system ?

reference at
rightmost frame

reference at
optimal position

How to preserve input resolution during zoom-in operations ?

 Input frames would be mapped to increasingly smaller sprite areas,
hereby reducing output quality.
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Solution

|ldea: use several independent sprites for a single scene.

Some areas may be coded twice, but geometric distortion is limited.

sprite C
sprite B
sprite A

sprite A

sprite B

camera location

camera location

Multiple sprites to Multiple sprites to
increase field of view. increase local resolution.
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Example: Panning Camera Motion
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Example: Panning Camera Motion  (2/2)

* Total sprite area when using 1, 2, or 3 sprites to cover camera pan.

25 T T T T = T
three-part multi-sprite 3

single sprite
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- . ‘4' '- .
one sprite two sprites atl three sprites
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total covered sprite area A

one sprite two sprites three sprites
1 1 1 1

0 10 20 30 40 50 60
camera pan angle o (in degrees)

Sprite area increases rapidly.
* Using two sprites first has overhead, but is more efficient after approx. 25 degrees.
* Three sprites more efficient after 40-50 degrees.




Sprite-Partitioning Algorithm 1/2

For each range of input frames (a,b):
« Calculate sprite area ||S;;b || using area of sprite border polygon.
 If sequence range cannot be projected onto sprite, set area to .

- Bounding box size ||S;,-b ||; can be used as simple approximation.

Find partitioning of input frames 1...N
P = ((1ap1 _ ]-)7 (p17p2 o 1)7 JRILN (pn — ]-7 N))
such that total sprite area is minimal:

P =argmgn > [
(a,b)eP




Sprite-Partitioning Algorithm 2/2

Build graph, with edge for each possible frame-range.
Edge weight is set to corresponding sprite-area.

frame 1 2 3 4 5
]
-
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partitioning -

Minimum cost path gives sprite partitioning of minimum size.

lterative algorithm to find optimal partitioning:

With c; being the sprite size up to frame i, we calculate: ¢; = min {Ck—l 4 ||SZZ| ‘}
Tracing back the computed k values, we find the partitioning. kel




Results (stefan sequence)

frames: 1-241
size: 926x339

-—-———- ——— T ="
L’ frames: 242-255
size: 699x296

L PR

frames: 256-292
size: 830x318 "

frames: 293-300
Naive algorithm: size:  431x350

frames: 1-255 Size reduction: factor 2.7 (4.8 for frames 1-255)
size:  2445x1026
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Incorporating a Resolution Constraint

One problem remains:
If projection onto sprite < input frame-size, output quality is degraded.

Solution: add a scaling factor to increase sprite resolution.
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Modified Optimization Algorithm

To compensate down-scaling, increase sprite resolution
by the factor m;,zl) (minimum scale for range a;b).

Adapted costs:

1
P*=argmin > —— S|
(a,p)cp| 'Tbash

Further constraints can be incorporated into sprite cost.
E.g., limited sprite buffer size:

1 * 1 * .
P* = arg min Z {ma,b HSa;b” m“sagd n < buffer size
j2

(ayep | X else

No increase of computational complexity !




demo 4

Results

table-tennis sequence:

]

frames: 1-51 frames: 52-77 frames: 78-132
size: 603x500 size: 587x501 size: 585x478

Naive algorithm:

frames: 1-132 Size reduction: factor 2.9
size: 1687x1516
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Results (rail sequence)

t*f iy

input sequence

sprite 2 sprite 3 )
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Conclusions

Previous MPEG-4 sprite generation algorithms
 did not support more than 180 degrees field of view,
« were inefficient for wide camera pans,
 did not optimize placement of reference frames,
 could lose quality because of camera zooms.

Our algorithm
 splits background images into multiple sprites,
* is still compliant to MPEG-4 sprite coding tools,

* result has minimum sprite size,
- stefan sequence: factor 2.7 (factor 4.8 when using same input range!)
* table-tennis sequence (beginning): factor 2.9

* handles camera zoom-in operations without loss of quality,
 can integrate the constraint of limited sprite-buffer size,
* has negligible computation time (<1 second for 300 frames).




