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HIRESMIMTTR: RITR
HVS: #5857 B (visual acuity)

MC

@ The ability of the eye to resolve detail is known as "visual
acuity." The normal human eye can distinguish patterns of
alternating black and white lines with a feature size as small as
one minute of an arc (1/60 degree or w/(60*180) radians).

@ A few exceptional eyes may be able to distinguish features
half this size. But for most of us, a pattern of higher spatial
frequency will appear nearly pure gray.

@ Low contrast patterns at the maximum spatial frequency
will also appear gray.

@ Spatial frequency is typically measured in cycles or line
pairs per millimeter (Ip/mm), or cycles per degree (CPD).
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contrast sensitivity vs. spatial frequency

©,
5/
©

Contrast sensitivity

e

0.01

0.001

i

N

e e s e e e | e

Spatial frequency (cpd)

14



F
;
&l

7l

A2 Tk

]

MC

5[] G [R] L A

PIR S 5, ANHR
I GE 4| H & 22
TIRE SIRR AR 2
TR . D HER
JCSFRZE R,

of B SR R 3
Contrast Sensitivity Function (CSF)

CSF

Contrast sensitivity function {(CSF)
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Angular frequency (cycles/degree)

10°

CSF(f)=2.6(0.0192 + 0.114 f) exp(-0.114 f )1
The dc term (0.0192) can be dropped with very little effect.
CSF(f)=(0.0192 + 0.114 f ) exp(-0.1254 1)




MC

Spatial frequency is typically
measured in cycles or line
pairs per millimeter (Ip/mm),
which is analogous to cycles
per second (Hertz) in audio
systems. Lp/mm is most

appropriate for film cameras,

where formats are relatively
fixed, but cycles/pixel (c/p) or
line widths per picture height
(LW/PH) may be more
appropriate for digital
cameras.
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MC #REIRZN

€ JPEG (Joint Photographic Experts Group)

€ JPEG 2000

@ Exif (Exchangeable image file format)

@® TIFF (Tagged Image File Format)

® RAW refers to a family of raw image formats
@ GIF (Graphics Interchange Format)

¢®BMP

€ PNG (Portable Network Graphics)
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®PEGHH & “IEataifir b BFE I K4 gmts 7 [E br

PRIE T TR o JPEGEX HTBEE R Tx4 Joint

Photographic Expert Group) HJ & 5k,
Joint committee between ISO/IEC JTC1 and ITU-T

ISO/IEC Joint Technical Committee 1, Subcommittee 29, Working
Group 1 (ISO/IEC JTC 1/SC 29/WG 1) - Coding of still pictures.

@ JPEG TAEH T i 1 ER K 48 Jm i A 1
JPEG(1992): # 7€ T A 51 F1 Jo 452 (1993) P 2 g/ fif ith b 32
JPEG-LS(1998): Lossless JPEG, JCH/iT T4 & 4
JPEG2000(2000)

JPEG-XR(2009):JPEG extended range
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M JPEGHRER=THEARZR: ZEHEKN
JPEG File Interchange Format, JFIF

@ IPEGHREZ: 1 2= 1% A X IPEG A4 = AE H B A 1)
T, BUER) V2 K B 21992429 H H1C-Cube
Microsystems 2 & 2 HEIIPEG L Ac ks 3 (JPEG
File Interchange Format, JFIF) , hiA51.02. JFIFX
xS E A8 FHIPEGHRME Ay N HFE Y & IVF 2 AR,
MUIFIFRS 20, T 52 FIPEG A He ks bR .

@ JEPG X RAR _En] PLoy e 3847 peidhid (tag)
AL A2 o w1 S 45 JTJPEGM%EI’J)S)?%%%”
MEE R % & Huffmangk. =R
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M. JPEG-LS(1998)

@ JPEG-LS is the new lossless/near-lossless compression
standard for continuous-tone images, 1SO-14495-1/1TU-
T.87. The standard is based on the LOCO-I algorithm
(LOw COmplexity LOssless COmpression for Images)
developed at Hewlett-Packard Laboratories.

@ Compression for JPEG-LS is generally much faster than
JPEG 2000 and much better than the original lossless

JPEG standard.
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M. JPEGE FiFE
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¢ 2.= 14 (quantization)
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DFT DCT

original

Transform selection

Information packing ability: KL7>DCT>DFT
Computational complexity: DCT<DFT7T<KLT
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M.

/ #Quantization Table Used

| 8] 5

6 B
7 B
7 8
9 11
12 17
24 32
36 46

5
7
8
11
18
27
39
47

8

9
12
14
28
32
43
49

12
13
20
25
34
40
51
56

20
29
28
43
54
52
60
50

25
30
34
40
51
56
60
51

30
27
28
3
38
46
50
49

(16 ] 11
T 12

14 13
14 17
18 22
24 35
49 64
72 92

10
14
16
22
37
55
78
95

16
19
24
29
56
64
a7
98

24
26
40
51
68
81
103
112

40
58
57
a7
109
104
121
100

51
60
69
80
103
113
120
103

61
55
56
62
77
92
101
99

(64 ] 44
43 48
56 52
56 68
72 88
96 140
196 256
288 300

40
56
64
88
148
220
300
300

64
76
96
116
224
256
300
300

96
104
160
204
272
300
300
300

160
232
228
300
300
300
300
300

204
240
276
300
300
300
300
300

244
220
224
248
300
300
300
300

128 N28
128 128

128 128
128 128
128 128
128 128
128 128
128 128

128
128
128
128
128
128
128
128

128
128
128
128
128
128
128
128

128
128
128
128
128
128
128
128

128
128
128
128
128
128
128
128

128
128
128
128
128
128
128
128

128
128
128
128
128
128
128
128

Compressed Image

Compression Ratio: 60.1
55
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M’ 64 (8 x 8) DCT basis functions
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M’ 4x4 blocks IN[E)ZEH#HY

@ 4x4 Discrete Cosine Transform
@ 4x4 Walsh-Hadamard Transform (WHT)
@® 4x4 Haar Wavelet Transform
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Y =0.299 R + 0.587G + 0.114 B
Cb =-0.1687R - 0.3313G + 0.5B + 128
Cr=0.5R-0.4187G - 0.0813 B + 128
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JPEG-2000%5E :
JPEG2000F1JPEGHY%

Difference between JPEG and original

W 7
Barbara.bmp (50% size)

/7 | |
Y Y- P Barbara, JPEG 2000, ACDSee, 32412 bytes Difference between JPEG 2000 and original
M &1% Barbara

Black and white image. Main feature — stripes on tablecloth, on scarf and on
pants where moire and other artifacts often appear.
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M JPEG-XR(JPEG extended range)

€ JPEG XR (I & NWindowsIEAA R | Al EE e /v, HD Photo)
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Internet Explorer 9t 37 Frttwdp & )# J}Eﬁnﬂﬁo

., Original SIFUPEG 2000 9.16KB ol JPEG XR 9.16KB_ JPEG 9.14KB

-
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M/’ JPEG-XR encoder and decoder

Quantization Adaptive VLC
8x8 tables table switching
blocks
A 4 A 4
R Reversible int-int Scalar VLC Coded
" mapping LBT quantization Encoding image
Original
image
Block based
encoder
» lapped bi-orthogonal transform (LBT)
* VLC Encoding
Adaptive VLC Quantization
table switching tables
Coded VLC . Scalar » Reversible int-int > -
image Decoding Dequantization mapplrigB _Il_nverse Original
image
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M’ Kaiser-Bessel Derived (KBD) window

_ ~ Review
@ A 50% overlap add (OLA) structure with certain pre and

post, time domain aliasing cancellation (TDAC)
windowing, the initial signal can be completely recovered.

TDAC Windows
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IER &R
LOT: Orthogonal Lapped Transforms

MC

Bases for the 8-point DCT (M = 8) (left) and for the LOT (right) with M = 8.
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Figure 5: Mean opinion score vs. bitrate results for the different codecs across test images.
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M H.264%T5%E & 4mhE BT HY T H#EA

@ 4x4 Block Integer Transform 1 1 1 1
2 1 -1 -2
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11 1 1
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M H.264%]E%

O H.264723 VL [FBSKF 1 PR B I g A A =0

& 5L BN O k| AR ZMAYCABAC
CABAC: Context-Adaptive Binary Arithmetic Coding

¢ K YEVLC: CAVLC
CAVLC: Context-Adaptive Variable Length Coding
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M H.264%752E15 ZmhS By M A TN

@ Intra-frame Prediction
@ JPEGH RN Z AP BEAT G
@ AL B [a)iEH B R s A M g

& 5 G 1) 2% B A i 1) 2% BRARARL, TN A R
O TRIAE AN S PR 2 ) 1) 215

Samples that are
already encoded
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M
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K
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Samples to be
intra predicted
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Samples a, b, ..., p are predicted from samples A,..., M that
have been encoded previously.
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MO H.264%%

II)Q'

& STELJPEG2000: PSNR

5600 - —
5000 /i
4500 //
5’ 4000 /
3 /
! 500
3000 / — it
/./ e JPEG2008
26.00 -
v
2000 T T
007 024 075 214 584
Bitrnte [bop)
Figure 1: “Bike” test image
QP | Bitrate [bpp] | PSNR H.264 [dB] | PSNR JPEG [dB] | Compression ratio
10 5.84 52.11 50.85 4:1
20 2.14 43.40 40.14 11:1
255
Table 1: High bitrate tests for the image Bike PSNR = 10 - ]0510 [dB]
Z;\;n(x i }2)2
QP | Bitrate [bpp| | PSNR H.264 [dB] | PSNR JPEG [dB] | Compression ratio
30 0.75 36.08 32.91 32:1
40 0.24 29.47 27.14 100:1

Table 2: Medium bitrate tests for the image Bike




II)Q'

& STELJPEG2000: PSNR

M. H.264%%

Figure 7: Particular of “Space” QP=50: original (center), JPEG 2000 (left), H.264 (right)

QP | Bitrate [bpp] | PSNR H.264 [dB] | PSNR JPEG [dB] | Compression ratio
40 0.04 38.39 38.62 578:1
50 0.02 30.46 35.08 1120:1

Table 4: Low bitrate tests for the image Space

Sp?ce _ #jlzﬁﬁﬁ‘r%%?
Width 1024 H. 2645’? %%ﬁﬁ}

Height | 512
File size | 1,572,864 bytes
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ITU-T H.265

TELECOMMUNICATION (04/2013)
STANDARDIZATION SECTOR
OF TU

SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS

Infrastructure of audiovisual services — Coding of moving
video

— — =
Sy =

High efficiency video coding

Recommendation ITU-T H.265

HEVC encoders can achieve equivalent
subjective reproduction quality as encoders
that conform to H.264/MPEG-4 AVC when
using approximately 50% less bit

rate on average.

Overall the complexity of HEVVC decoders
does not appear to be significantly different
from that of H.264/AVC decoders. HEVC
encoders are expected to be several times
more complex than H.264/AVC encoders, and
a subject of research in years to come.
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M HEVC(H.265)%] &% =& B 4mAg

2013.04

@ kN LXL, L=16,32, or 64 samples

@ Integer basis functions similar to those of a discrete cosine
transform (DCT) are defined for the square transform blocks
sizes 4X4,8X8, 16 X16, and 32X 32.

@ Intrapicture prediction: supports 33 directional modes

@ Entropy coding: Context adaptive binary arithmetic coding
(CABAC) is used for entropy coding. This is similar to the
CABAC scheme in H.264/MPEG-4 AVC, but has undergone
several Improvements to improve its throughput speed
(especially for parallel-processing architectures) and its
compression performance, and to reduce Iits context memory
requirements.
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MO N H.264/HEVC

&L
DCT(1992)->DWT(2000)->LBT(2009)
PRA 25 B b v HH 1) 1145 2 S = Integer Transform(2003)
\ SJEETIT
HuffmanZri5(1992)>VLC(2009)
VLT G D A v o 1 45 4 A5 > Context-Adaptive VLC(2003)

@ H.264 (2003) i Py T
®H.264 (2003) LRGN IER; 25
@®HEVC (2013) HEFIERILIN 451

parallel-processing architectures
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