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Motivation for unequal error protection (UEP) for video
applications

Bit errors in AV streaming vs. Subjective Picture Quality

original
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- Each bit of RGB bytes has different value in color
- Need protect valuable bits more than the valueless ones
- Especially important for video transmissions

MSB

LSB

R:30 R:30 R:30 R:30 R:30 R:30 R:30 R:30 R:30
G : 200 G:72 G:136 G:232 G:216 G:192 G: 204 G: 202 G: 201
B:30 B:30 B:30 B:30 B:30 B:30 B:30 B:30 B:30
: 00011110 R:00011110 R:00011110 R:00011110 R:00011110 | R:00011110 R:00011110 R:00011110 R:00011110
: 11001000 G:01001000 G:10001000 G:11101000 G:11011000 | G:11000000 G:11001100 G:11001010 G : 11001001
: 00011110 B:00011110 B:00011110 B:00011110 B:00011110 | B:00011110 B:00011110 B:00011110 B :00011110
R: 64 R: 64 R : 64 R: 64 R : 64 R: 64 R: 64 R:64 R: 64
G:64 G:192 G:0 G:96 G:80 G:72 G: 68 G: 66 G:65
B : 64 B : 64 B : 64 B:64 B : 64 B:64 B:64 B:64 B:64
: 01000000 R: 01000000 R:01000000 R:01000000 R:01000000 | R: 01000000 R:01000000 R : 01000000 R : 01000000
: 01000000 G : 11000000 G :00000000 G:01100000 G :01010000 | G:01001000 G:01000100 G:01000010 G : 01000001
: 01000000 B : 01000000 B : 01000000 B :01000000 B :01000000 | B: 01000000 B :01000000 B :01000000 B : 01000000
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Strategy: Unequal Error Protection (UEP)

Method 1 : Imposing different coding rates on MSB’s and LSB’s
— Effective use of the limited coding redundancy

Method 2 : Weighting MSB’s and LSB’s separately in the mapping
— Effective use of the limited transmit power

With these two methods, different levels of UEP protection are provided.

Bit 8 | Bit 8 |

Bit7 || MSB’s Block Code/ ait7 | | MSB’s

Bit 6 > — Convqlutional Code —_ > —— Put more weight
Coding Rate #1 !

Bit 5 |- Bit 5 |-

gita | | LSB’s | Block Code/ aita| | LSB's |

3t 2 - > |Convolutional Code - > » Put less weight
Coding Rate #2 Bit
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 UEP - Coding
MSB—| RSbank || CCPank >
k an _Rate 1 | Mux | | Normal
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. __Rate 2 \ )
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Skewed Constellation for UEP-mapping

b0 bl b2 b3
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® 00 T ® 01 2
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o 0000 cowo  ——3g, o 1100 o 1000
QPSK 16-QAM
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Multiplexer and Bit Interleaver

e Parallel convolutional encoders and decoders are needed In
order to support multi-gigabit data throughput

o Data multiplexer (MUX) combines data from all parallel
convolutional encoders

« Bit interleaver shuffles bits from multiplexer to 1/Q
constellations

—CcCc 1—p
—CC 2— ) Bit
. MUX > _  y
interleaver
—cCc N—p

cc : convolutional encoder
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Simulations

Simulation Conditions
v' Convolutional coding ( 1/3 mother code : 133, 171, 165) over AWGN channel

v Varying Eb/No from 5dB to 7dB, observe the subjective video quality

v Randomly distributed additive white noise

v No outer coding
1.00E+00
Example 100501 \\
EEP 2/3 = UEP (MSB : 4/7 + LSB : 4/5) 1.00E-02 - —e—r=1/2
—m—r=4/7
5 1.00E-03 | =2/3
m
r=3/4
1.00E-04 | —x—r=4/5
1.00E-05 |-
1.00E-06 ‘ ‘
45 5 5.5 6 65 7 715
Eb/No
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Effect of UEP on Image

Eb/No = 5dB

¥ SeaView - outdata-EEP(23-23) 5.0dB.rgb [£)B)X) W 7 Seaview - outdata-UEP(47-45) 5.0dB.rab =3
File Mew Sequence Tools WD File Mew Sequence Tools Window Help

=] «[K[ulvv| 2[a| =[2 =] «[K[ulvv| 2[a| =[2

[l outdata-EEP(23-23) 5.0dB.rgh (= ](51)5]| W | B outdata-UEP(47-45) 5.0dB.rgb =3

Frarne 1 of 1, zoom 1,00 Frarme 1 of 1, zoom 1,00
Ready MM Ready MM

EEP (2/3 rate) UEP (4/7 + 4/5 rate)
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Effect of UEP on Image

Eb/No = 6dB

¥ SeqView - outdata-EEP(23-23) 6.0dB.rgb [2|B)[X) W # Seaview - outdata-UEP(47-45) 6.0dB.rgb =19
File Mew Sequence Tools Window Help File Mew Sequence Tools Window Help

@ «lulnlnl>] &/a| =2 @ «lulnlnl>] &/a| =2

[#] outdata-EEP(23-23) 6.0dB.rgb (=)5)(%)| W | ™l outdata-UEP(47-45) 6.0dB.rgb =3

Frarme 1 of 1, zoom 1,00 Framme 1 of 1, zoom 1,00
Ready MWLM Ready MWLM

EEP (2/3 rate) UEP (4/7 + 4/5 rate)
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Effect of UEP on Image

Eb/No = 7dB

H SeqView - outdata-EEP(23-23) 7.0dB.rgb

File Wew Sequence Tools
& wlilnpfp] &l 22|

[ putdata-EEP(23-23) 7.0dB.rgb

EBEX

Window  Help

SIS

Frarne 1 of 1, zoom 1,00

Al SeqView - outdata-UER{47-45) 7.0dB.rgb

File Wew Sequence Tools
& wlilnpfp] &l 22|

[ putdata-UEP{47-45) 7.0dB.rgb

EBEX

Window  Help

SIS

Frarne 1 of 1, zoom 1,00

Ready MM

Ready MM

EEP (2/3 rate)

UEP (4/7 + 4/5 rate)

TG3c Proposal

Slide 10

Chiu Ngo et al. - Samsung




May 2007 doc.: IEEE 802.15-07/701r1

PSNR Performance

EEP vs. UEP
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Note :

Human eyes hardly recognize degradation beyond 40dB PSNR
(ex : MPEG2 decoding PSNR = 35 ~ 40dB)
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Summary

* |t Is very natural to exploit the nature of
Input data for channel coding and
modulation

 UEP Is a key technology to improve QoS
for video application

 Two methods of UEP: Coding and Mapping
— Provide flexible level of UEP protection

« UEP coding can be used with either
convolutional codes or block codes
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