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We want to zoom
and pan in videos,
just like in photos
and Web pages

s










How to zoom on a
video?













decompress







decompress




We need not
decompress
the whole frame!




detour:
video compression
IN 2 minutes




a video frame is divided in
macroblocks
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difference in macroblock
information is compressed
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a compressed macroblock may
depend on another macroblock
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need to decode the macroblocks of the region
plus other macroblocks that it depends on

decode




scan through video and ask:
do we need to decode
the current macroblock?




for each macroblock m
if misin ROl or
m is needed by m'in RO
(curr or future frames)
decode m



Questions:
1. how to check if mis

needed by m'in ROI?

2. how to reduce the
number of such m?



Requirements:
1. work with standard codec
2. no re-encoding of video



Our approach:

User Input

e Bl

selective
ROI decoding

preprocess




preprocess




how it works with
MPEG-4 SP

(can be generalized
to other codec)



starting bit position
ending bit position

AC/DC prediction direction
MV values




Our approach:

User Input

e Bl

selective
ROI decoding




construct
inter-frame
dependency graph
by tracing the motion




frame N

frame N-1

frame N-2




construct
intra-frame
dependency graph
by tracing the AC/DC

prediction directions
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frame N-1

frame N-2




Questions:
1. how to check if mis

needed by m'in ROI?

Answer:
lookup the data structure



Questions:
2. how to reduce the
amount of dependencies?

Answer:
storing AC/DC prediction
directions and MV vectors



for each macroblock m
if misin ROl or
m is needed by m’in ROI
(curr or future frames)
mark m for decoding
for each marked macroblock m
seek tom
decode and display m



Recall: aim to save
computation and power
as much as possible




©O Standard Decoding O Selective Decoding
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at the cost of
huge meta-data file

(up to 5 times the video size)



Zoomable Video Playback
on Mobile Devices by
Selective Decoding

Liu Felpeng
MComp Dissertation



Scaling reduces the
resolution of frame
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canwe“zoom” on
video streams?




Dynamic ROI Cropping

(which is not supported by
standard video codec)







Local playback: need not
decode the whole frame

Remote playback: need not
send the whole frame




Video Compression

bitrate
@ DO

quality




Video Compression
(for zoomable video)

bandwidth of ROI
@ DOG
quality




Method 1:
Dynamic Encoding







Not scalable
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encode once
multiple ROIs
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Method Il;
Tiled Streams




1 tile = k x k macroblocks
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Motion vectors are constrained within a tile.
Each tile stream is independently decodable.
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Big tile or small tile?




sent but not displayed (wasted bits)
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bigger tile=p more waste
=p more bits




smaller tile=pless compression
= more bits




Evaluation of Tiled Streams




Standard test video
GOP size 7 (IPBBPBB)

Constant quality
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Gain in compression is
less significant than
lost in wasted bits




Can wereduce
wasted bits?




Method lli:
Monolithic Stream




send the ROI, plus any extra bits needed to
decode the pixels within ROI
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some macroblocks
within ROl depends on these




VLC dependency in aslice
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Within a slice, preceeding macroblocks [l need to
be parsed to access macroblocks in the middle Il
(no random access to macroblocks)




motion dependency across frames
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motion dependency propagates
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motion dependency propagates
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careful optimization can reduce the dependency
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data structure: given a
macroblock m, is there another
macroblock m’inside the ROI
that depends to m?




d(m)={(x,y) | m’ at position
(x,y) depends on m}

offline: compute d(m) for each macroblock min
I-Frames and P-Frames

online: send mif misin ROI, or a position in d(m)
s in RO,




d(m)={(x,y) | m’ at position
(x,y) depends on m}




compute bounding box and only
inspect d(m) if the bounding box
intersects with ROI




average 0.44 ms per frame




Effects of Encoding
Parameters




larger slices

better compression,
less overhead

v

less bits




larger slices

v

more dependency

v

more bits
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Average Data Rate (Mbps)
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small slice size is better




longer motion vector

v

better compression

v

less bits




longer motion vector

v

more dependency

v

more bits




Video File Size when Compressed with Different Maximum Motion Vector Length
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B Inside ROI

B MV Dependency [ VLC Dependency

Motion Vector Length




longer motion vector
is better




longer motion vector
is better




Hybrid

(Smarter Tiled Streams)




« not used +
used for parsing +
used for decoding




for each tile:
send as if it is a monolithic
stream




results: big improvements for
large tiles, but still can't beat
monolithic stream




Summary




Monolithic

Tile

less bandwidth if encoding
parameters carefully chosen

higher bandwidth

standard encoder can be
used

need to modify encoder

much metadata needed

little metadata needed

no prefetching

prefetches surrounding

AreAS

hard to multicast

multicast is easy: one group
per tile




monolithic streaming is both
scalable and bandwidth-
efficient for dynamic ROI
streaming,




encoding parameters need to
be chosen carefully --

long motion vector is OK but
long slice is not.




Parameters that are good for
compression are not
necessary good for zoomable
video




Can we adapt the encoding
parameters based on user
access patterns?
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Observation 1

Areas with small access
probability can have more
dependencies and larger tiles




Observation 2

Areas that are accessed together
can be put in the same tile




Given access pattern, find the best
way to tile the video to reduce the
expected bandwidth.




Access Probability




cost = size (in bytes) x total probability




cost = size of tile x total probability




A greedy heuristic:

from left to right, top to bottom

merge with neighbors if the
expected size is reduced




cost=09 cost=>5
p=0.7 p=0.8
cost=12

p=1
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20-27%

Savings in Bandwidth

(even better than Monolithic Streaming)
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Questions?




