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Multimedia Communication IC Design Lab

i Outline
\I

> Introduction

> JPEG, MPEG-1, MPEG-2, and MPEG-4
> Programmable Architectures

> Dedicated Architectures

> Conclusion
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i | ntroduction
H

> Application Fields
* I[mage analysis (object recognition)
* Image synthesis (X-ray tomography,
synthetic aperture radar)

* Video coding (JPEG, MPEG, H.263,
Video Phone, and Video Conference)

o

2] ﬁrfﬂ' L 'fwﬁj—' FEEE BW TR SRy
Nétional ChungHsing University



Multimedia Communication IC Design Lab

ﬁ] ﬁr‘f’!ﬁ:#‘% R @ BT AR

Nétional ChungHsing University



Multimedia Communication IC Design Lab

ﬁ Video Conferencing System

m Video equipments
m Audio eguipment
m Network

m \Window Interface
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ﬂ Digital Video Format
352 1920
176
240 120
CIF 1080
CIF Q
640 720 HDTV
480 480
m NTSC CCIR 601
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i Digital Video Format (cont.)
H
Format Data Amount Bit-Rate
352x240 30.4 Mbits/s 1.5 Mbits/s
CIF
720x480 165.9 Mbits/s| 15-25 Mbits/s
CCIR 601
1920x1080 1.9 Gbits/s 80 Mbits/s
HDTV
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|SO/IEC JPEG

> Still Image compression

> DCT, RLC, VLC, Predictive DC
> Loss compression

> Compression ratio 8 ~ 10

Original— DCT VLC — Compressed
Image Data

S
& ﬁﬁr’-@ﬁ?"‘*% CERESS S R AL

Nétional ChungHsing University

Y
Q
\




Multimedia Communication IC Design Lab

| SO/IEC MPEG-1

‘-h

>

>

>
>

>

Nétional ChungHsing University

Media storage

Optimal for frame size 352x240x30 or
352x288x25

Bitrate: up to 1.5 Mbit/s
International standard in 1992
Single chip for the whole system
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> Applications from storageto HDTV

> Bitrate: standard definition TV: 4-9 Mbit/s
HDTV: 15-25 Mbit/s

> Interlaced/non-interlaced

~ Scalability

> Capable of decoding MPEG-1 bitstream

> International standard in 1994

> Single chip for video and audio
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|SO/ITEC MPEG

INPUT —»g—P—— DCT Q - VLC Buffer | - OUTPUT
- Y
IQ
IDCT
#
7
Loop | Frame
Filter Memory
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Video Sequence

Forward Prediction

N
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BEBHApD

Bidirectional Prediction
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Motion Compensation/Estimation

Search Range ()
!g |l\/|oti3n Vector

%uﬂ" (1
at \\
FAN

Previous Frame

N

E Current Frame
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‘ Motion Compensation/Estimation

Original

»

Reconstructed
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Discrete Cosine Transform

> DBlock size: 8 x 8
> Two-dimensional DCT:

- 2r(2x+Du __ 27(2y+1)v
F(u,v _fC u)C(v f(x,y)cos CoS
(u,v) (U) ()u:O 2 (X,y) AN AN
C(U),CV) = 1/v2, uv=0

1, othewise
Separable -- row-column method

* Most large coefficients concentrate on the
upper-left corner

* Quantization and zig-zag scan
S
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Discrete Cosine Transform
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| Quantization
\I

> Each of 64 DCT coefficients is then quantized.

Output

2 —
Tow,
}F’_,_I_r Input

Y=-oo y | M-1 —°°

_r*r
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| Z1g-Zag Scanning
|
> DCT coefficients are coded in Zig-Zag scanning

Process.
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ﬂ Variable Length Coding

> To reduce the statistical redundancy
> Probability-based codewords arrangement
> Huffman Coding

S1 0.45 1

S2 0.3 00
S3 0.15 010
54 0.1 011

e S4 S1S2S2S3S1 <---> 011100000101
> Arithmetic coding
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Block Diagram of JPEG Encoder

f(1.)) F(u,v) — qu(u,v)
WQuantlzatlonj
[ ] [] i a
8x8 '
____________________ Quantization
E ] Table
 Coding
! Tables
Header :
= ¥
Tables o EElEEE N DC
01001011101... h DPCM
- Entropy
Data Coding Zig zag
E L ) RLC C scan
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Block Diagram of JPEG Decoder

01001011101...

l _____________________ Quantization
i Table
_ Coding :
’ e
]
]
]

f \J
Entropy Fa(u.v) Inverse |F(U.V) DT f(i ,J')>
Decoder [] Quantization ] ]

8x8

————g—---
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| MPEG video encoder

= current frame
— 7 >

Video sequence

prediction error

D texture coding
D motion coding

predicted frame

motion
compensation

frame memory

previos frame

>
E motion motion vector
estimation
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MPEG video decoder

Compressed bitstream

reconstructed video
T o -G »
D texture coding
motion coding .
motion
: frame memory
compensation

motion vector
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MPEG-4 Video Encoding

Shape © Shape information
Coding
e A
SIS S VOP_of_arbitrary_shape Motion
information MUX
* 7 7
v v v
Motion Motion Texture
Estimation Compensation Coding
x x /
: : Texture
Previous Reconstructed VOP information

Buffer
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MPEG-4 Video Decoding

Shape [¢e NP M
| Decoding ‘
v v
DeMux > Mothn —> Motlon. Compositor
Decoding Compensation
A
T t J VOP E Welcome to
exuure K MPEG (7§
g Decoding Buffer [« 3
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|
|

> Large amount of Image/video data
> Real-time processing requirement
> Severa thousand megaoperations per second

> So!tware So‘ ution

> Hardware Solution (VLSI)

i Difficulties in Realization
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> Programmable Architecture
« Cover wide range of different algorithms

« Simple software modifications for the change of
algorithms

* Rapid prototyping
> Dedicated Architecture
« Matched to one application
 High processing power and compact implementation
E * Inflexibility for subsequent changes in algorithms

i Approachesto VLSl | mplementation
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A Typical Video Compression System
u
H

> Video coding (JPEG, MPEG, H.263, Video Phone, and
Video Conference)

INPUT ~&—=|DCT[—{ Q| g VLC[— Buffer|— OUTPUT
I

IDCT
!
Loop Frame
Filter N:C Memory
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Typical Video Signal Processing
H

TyriCcAL VIDEO SiGNAL PROCESSING

Processing Operation | Addressing
Motion Estimation | 2|z — y| or | 2-D block
“(z—y)* | (Sliding)
Transform Coding axx 2-D block
Vector Quantization | XaxXx or 2-D block
S(z — y)°
Convolution LXXY 2-D block
(Sliding)
Filtering axXX+Db 2-D block
E FET aXx-+b Bit Reverse

&) 2 F. -
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VSP Architecture with Reconfigurable Pipelined
Architecture

> Block Diagram
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i Performance Analysis

|
> Lee'sAlgorithm (FDCT) , 1984

x(0) & B — X(0)
x(4) X——— V_' X(1)
S SNV
x(6) X =% 3_’yy\ X(4)
x(1) + + % "#’#% X(3
) 86 " A"‘# X(6)
X(3) ‘m‘é x //\ S X()
o be o ol 5.
& Addition
E & Substract

ﬁ] ﬁ"’f,ﬂﬁ—o“ r%(;' e X Multiplication

nnnnnnnnnnnnnnnnnnnnnnnnnnnn



Multimedia Communication IC Design Lab

Performance Analysis (cont.)

A1-5 A£1-7 Al-g
x(0) . w . w =+ X(0)
x{d) X = i b AN X(1)

X(2) | P % X(2)
K(G) ll I 4 = 1_6 =_"A 2_9 X(d)

A b Al-4 < Al-6  M2-7 v’v’v ‘“
x(1) ar 50 ‘%%fa X(5)
M2-1 M2-3 - AG ? ““‘ %6

}{(5) .l W d

e T & G AN
) b b—x——{o—® S X0
o wps s [ow/ ¥

' Y " X(8)

M1-4: M/AT at clock 4 @ Addition
A2-5: AU2 atclock 5
@ Substract

E ® Multiplication
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Performance Analysis (cont.)

o[

AUl
AL
M/AT
M/A2
IN1
N2
VD1
VD32
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Chip Layout

M= B3
CE 3

Technology COMPASS 0.6 um CMOS
Die Size 7.9 mm * 8.1 mm
Number of Transistors 31128

Number of Pins 159 pins

Instruction Cycle 40 ns

Performance 150 MOPS
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Block-Matching Criteria

A B
Current block candidate bl 1\ /

11 12 13{ 14]15 16 17
C ~ 21] 22 23|[24|25 26 27
31| 32 33|34 (35 36 37
41 42 43 |44 45 46 47
51 52 53 54 55 56 57
61 62 63 64 65 66 67
71 72 73 74 75 76 77

>
co
M
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p—
M
7

-
(]
'T]
o,
¢

—

@
-
—
rQ

-

MAD(1,)) = MAD(l,)) + [X(K,])-Y (K+1,14))]
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Motion Estimation Processor for Full Search
Block-Matching Algorithm

MMAD  m;m;
CMP
6 . MAD
LEU—‘ .| PE1 NE [01] latch
o e
acc !
- - T— ;
. : la-bl
e g 0w @
p.-zve.n f f E Poda

[Ed [ PEwl— [P ¢ |
E PE:
8 8 - bty

ﬁ]ﬁrffgﬁ:ﬂ%' Mevd @87 Peven C Podi
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| An Example
|
> 4X4 current block column-scan order
a(0,0)| a(0,1)| a(0,2) a(0,3)
a(1,0 a(1,1)| a(l.2) a(l,3)
a(2,0)| a(2,1) a(2,2) a(2,3)
a(3,0); a(3,1)| a(3,2) a(3,3) y y y y

S
& ﬁr‘r’-@%"‘*% CERESS S R AL

Nétional ChungHsing University



Multimedia Communication IC Design Lab

X7 Search Area

b(0,0) b(0,1)| b(0.2)| b(0, 3)!' b(0.4)

b(0,5)] b(0.6)! b(0,7)| b(0,8) b(0,9) b((),l()’l

b(1,0) b(1, 1) b(1,2)| b(1,3x% b(1,4)| b(1,5){ b(1.6)! b(1,7)| b(1,8)] b(1,9) b(].l()’I

b(2,0)] b(2, 1)} b(2.2) b(2,3xb(2.4)] b(2.5)] b(2.6)! b(2,7)| b(2,8)| b(2,9) b(2.1()z

b(3,0){ b(3, 1) b(3.2)| b(3,3)yb(3,4)| b(3.5)) b(3.0)! b(3,7)| b(3,8)| b(3,9) b(3.l()zI

b(5,0)| b(5, 1) b(5,2)| b(5,3wb(5,4)| b(5,5)] b(5.6)] b(5,7)| b(5,8)| b(5,9) b(5.l()’l:

A
b(6,0)| b(6,1)| b(6,2)| b(6,3 (6 )| b(6.3)| b(6.6)] b(6,7)| b(6,8) b(6,9) bm.mil:

l block 0 block 1

i‘l search area for blockO search area for block1
@] ﬁn‘r,_l}ﬁ; ¢*% Bzd @800 AR
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Data-I nterlacing Architecture

MMAD mi,mj

. (N=4,p=
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H
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b(22) *— 010] bio.) |
— |

b3.2) PE11 . D
= Peven X odd

b2y [ E12] PE12 b0.3) o .

b2 J : PE

________________
b(6.2) PE14<— 014} b2y
° : PE15 015 b33
J]-ﬁ- Peven ¢ P
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Data Flow for FSBMA

o[

> (N=4,p=2)

Cycle Time | Data Sequence PEO PE1 . PE14 PE15

0x 1640 200) | a(0,0):5(0,0) | a(0,015(L0) | - | a(0,0)(23) | a(0,0)-6(3.3)
0x 1641 a(1,0) a(1,0)-b(1,0) | a(1,0%-(2,0) | - | a(1,0)-5(3,3) | a(1,0)-b(4,3)
0x16+14 223) | a(23)b(23) | a(2:3)5(33) | . | a(23)b(46) | a(23)5(56)
0x16+15 2(33) | a(33)-b(3.3) | a(3.310(43) | . | a(3.3)5(58) | a(3,3)-b(6,6)
Tx 1640 2(0.0) | 2(0,005(0,8) | a(0.01b(1A) | . | a(0,0)5(2,7) | (0,0)b(3,7)
IX 1641 a(1,0) a(1,01-b(1,4) | a(1,00b(24) | . | a(1,00b(3,7) | a(1,0)-b(4,7)
1x16414 223) | a(230b(27) | a(2:3)537) | . | a(2,3)b(4,10) | a(2,3)-b(5,10)
1x16+15 a(3,3)-b(3,7) | a(3,3)-b(4,7) (3,3)-b(5,10) | a(3,3)-b(6,10)
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Current Block : NxN
Search Area: -N to N-1

~ (8)4 sub-search area (b)Block Diagram for
cascading 4 chips
C
N 10 N-1 ' P
'N N X N - N X N - peve'l
Chip B |« ChipA «—— p .
B A
-1
0 D Comparator
vector [ 1
D C
NXN = NXN ~— p.,..
N-1 ChipD |«—| ChipC - p’
N |
Joy —
ﬁ] ﬁ\‘f,llﬁ: 7""%’ Bz E«Qaé)%;h AR (b)
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Current Block : 2Nx2N
‘-H Search Area: -N/2 to N/2-1

> (@2 sub-blocks (b)Block Diagram for
cascading 2 chips
0 N-1 2N-1
0 N X N . ;
A Chip A S

J

N-1
=~ Adder/Comparator
motion
vector L T
B
-~ C
N XN D
2N-1 i .
= Chlp B p dd

WL (a) (b)

B ZFEAHE n-onnepi nas
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Comparison with other architectures

|
> (N=16,p=28)

Architecture 1] 2] 3] [4] [5] [6] | proposed architecture

No. of input data pins 24 24 24 16 136 24 24
No. of PEs 16 16 256 256 256 256 256

Clock cycles/block 4096 | 4096 | 256 961 496 | 256 256
Throughput(blocks/cycles) || s T i S 451;—6 E”é"é %—é
PE utilization 100% | 100% | 100% | 26.6% | 100% | 100% 100%

No. of data accesses 12288 | 12032 | 752 | 1217 | 8192 | 768 752
Cascadable ? Yes Yes No No No Yes Yes
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Comparison with other architectures

> (N=16,p=16)

Architecture 1] 2] 3] 4] [5] [6] || proposed architecture
No. of input data pins 48 32 24 16 136 72 40
No. of PEs 64 64 256 256 256 | 1024 1024
Clock cycles/block 4096 | 4096 | 1024 | 2209 | 1504 | 256 256
Throughput(blocks/cycles) | o | s | 1073 | 705 | Tom | 7 i
PE utilization 100% | 100% | 100% | 46.6% | 100% | 100% 100%
No. of data accesses 32768 | 32256 | 1008 | 2465 | 24320 | 2304 1248

o[
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Board for Motion Estimation
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Board for Motion Estimation
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Demonstration for Table Tennis

E_ L Motion Estimation Test Program

Play Back Caontral ation Contral
[ Open ’7|7 Loop © Sync ™ Full Speed ’7|7 Motion [ Save W Diff ¥ Soft
o) [ s =

S

ﬁ] ﬁr‘f’!ﬁ:#‘% R @ BT AR
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Demonstration for Football

17 m

Play Back Caontrol tdotion Caontral
=7 Open ’VV Loop [T Sync W Full Speed ’7|7 Motion [~ Save I Diff W Soft ‘

m|m|z| FRs:fsn = 100

gl ﬁl‘f,_l}ﬁ;ﬁ%— R @ BT AR
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Chip Layout

Technology: COMPASS 0.6 um CMOS
DieSize: 7.5 mm X 6.7 mm

Number of Transistors: 220604
Number of Pins: 81
Clock Rate: 125 MHz

& iy m—
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gl ﬁ\‘f,‘l'lﬁ:.j';%- Hzd @k Ak

Nétional ChungHsing University



Multimedia Communication IC Design Lab

3-Step Hierarchical Search BMA

7 6 5 -4 3 -2 10 1 2 3 4 5 6 7

-7
"
N .1Bo 11 12
4 o ’
-3
-2
1
11 B3
0
1
2
3
11 B6
4 @
5
6
7
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O-cells Architecture with Data-Rings

search area pixels b(.)
——

Yy

\i

current block pixels a(.) {:

t |

<

\
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A
\ A
H+
ol

=
o

YyYvy
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Y vy

=
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A
[ E+
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E Address Generator To Next Step
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Architecture of the Cdll

partial accumulation MAD from

from the above PE the above PE
L]
search
area
pixels i
memory
module
current
block
pixels
I x-y |
partial accumulation partial accumulation
from the left PE ' to the right PE
+
CELL !
latch I——I comparator
partial accumulation
° from the right-most PE
partial accumulation partial accumulation MAD to

ﬁ J]ﬁ- 7‘_ from bottom PE to the below PE the below PE
& 'T =N »J? R A P B
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Distribution of the Search Area
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Miminmum MAD Extraction

cmpare cmpare cmpare

Min
o Address Generator }—> To Next Step

B ZFEAHE n-ovnepi nas
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Data Flow for Stepl and Step3

Cydle fime | Data Sequence | PEQ | PEL | PE2 | PE3 | PE4 | PE5 | PE6 | PET | PES
0x16+0 a(0,0) Bo | BL | B2 | B3 | B4 | B5 | B6 | B7 | B8
0x16+1 a(0,1) B2 | Bo | Bl | B5 | B3 | B4 | B§ | B6 | BY
0x16+2 a(0,2) Bl | B2 | Bo | B4 | B5 | B3 | BT | B8 | B6
0x16+3 2(0,3) Bo | BL | B2 | B3 | B4 | B5 | B6 | B7 | B8
0x16+4 2(0,4) B2 | Bo | BL | B5 | B3 | B4 | B8 | B6 | BY
0x16+5 a(0,5) Bl | B2 | BO | B4 | B5 | B3 | BT | B8 | B6
0x16+6 a(0,6) Bo | BL | B2 | B3 | B4 | B5 | B6 | BT | BS
0X16+7 a(0,7) B2 | Bo | Bl | Bs | B3 | B4 | B8 | B6 | BY
0x16+8 2(0,8) Bl | B2 | Bo | B4 | B5 | B3 | BT | B8 | B6
0x16+9 2(0,9) BO | BL | B2 | B3 | B4 | B5 | B6 | BS | B8
0x16+10 2(0,10) B2 | Bo | BL | B5 | B3 | B4 | B8 | B6 | BY
0x16+11 a(0,11) Bl | B2 | Bo | B4 | B5 | B3 | BT | B8 | B6
0x16+12 a(0,12) Bo | BL | B2 | B3 | B4 | B5 | B6 | BT | B8
0x16+13 a(0,13) B2 | Bo | BL | B5 | B3 | B4 | B8 | B6 | BY
0x16+14 2{0,14) Bl | B2 | Bo | B4 | B5 | B3 | BT | B8 | B6
0x16+15 a(0,15) BO | BL | B2 | B3 | B4 | B5 | B6 | B7 | B8
1x16+0 2(1,0) B6 | B7 | BS | B0 | Bl | B2 | B3 | B4 | B5
1x16+1 a(1,1) BS | B6 | B7 | B2 | Bo | Bl | B5 | B3 | B4
1x16+14 a(1,14) B7 | B8 B5 | B3
1x16+15 a(1,15) B6 | B7 B4 | BS
14x16+0 a(14,0) B3 | Bé Bl | B2
14x16-+1 a(14,1) B5 | B3 B0 | Bl
14x16+14 | a(14,14) B4 | B5 B2 | BO
14x16+15 | a(14,15) B3 | B4 Bl | B2
15x16+0 2(15,0) B0 | Bl B7 | B8
15x16+1 a(15,1) B2 | BO B6 | B7
° 15x16+14 | a(15,14) Bl | B2 B8 | B6
15x16+15 | a(15,15) B0 | Bl B7 | B8

B ZFEAHE n-ovnepi nas

Nétional ChungHsing University



Multimedia Communication IC Design Lab

Data Flow for Step2

Cycle time | Data Sequence | PE0 | PE1 PE2 | PE3| PEA| PE5 | PE6 | PET | PE8
0x16+0 a(0,0) BO | B2 | BL | B6 | B4 | BT | B3 | B | B4

0x16+1 a(0,1) Bl | Bo | B2 | B | B6 | B4 | B4 | B3 | BS
0% 16+2 2(0,2) B2 | BL | Bo | B4 | B7 | B6 | B5 | B4 | B3
0x16+3 2(0,3) Bo | B2 | BL | B6 | B4 | BT | B3 | B5 | B4
0x16+4 a(0,4) Bl | Bo | B2 | BT | B6 | B4 | B4 | B3 | BS
0X16+5 a(0,5) B2 | BL | Bo | B4 | BT | B6 | B5 | B4 | B3
0x16+6 a{0,6) Bo | B2 | BL | B6 | B4 | BT | B3 | B5 | B4
0X16+7 a(0,7) Bl | Bo | B2 | BT | B6 | B4 | B4 | B3 | B5
0% 1648 2(0,8) B2 | BL | Bo | B4 | B7 | B6 | B5 | B4 | B3
0x1649 a(0,9) Bo | B2 | Bl | B6 | B4 | B7 | B3 | B4 | B4
0x16+10 2(0,10) Bl | Bo | B2 | BT | B6 | B4 | B4 | B3 | BS
0x16+11 a(0,11) B2 | BL | Bo | B4 | BT | B6 | B5 | B4 | B3
0x16+12 a(0,12) Bo | B2 | BL | B6 | B4 | BT | B3 | B5 | B4
0x16+13 2(0,13) Bl | Bo | B2 | BT | B6 | B4 | B4 | B3 | BS
0x16+14 2(0,14) B2 | BL | Bo | B4 | BT | B | B5S | B4 | B3
0x16+15 2(0,15) Bo | B2 | Bl | B6 | B4 | BT | B3 | B5 | B4
1x16+0 a(1,0) B3 | B5 | B4 | BO | B2 | BL | B6 | B4 | B7
1x16+1 a(1,1) B4 | B3 | B5 | B1 | Bo | B2 | BT | B6 | B4
1x16+14 a(1,14) B5 | B4 B7 | B6
1x16+15 a(1,15) B3 | Bs B4 | BT
14X 16+0 a(14,0) B6 | B4 Bz | Bl
14x16+1 a(14,1) B7 | B6 B0 | B2
14x16+14 | a(14,14) B4 | B7 Bl | BO
14x16+15 | a(14,15) B6 | B4 B2 | Bl
156x16+0 a(15,0) B0 | B2 Bs | B4
15x16+1 a(15,1) Bl | Bo B3 | BS
o 15x16+14 |  a(15,14) B2 | Bl B4 | B3
15x16+15 | a(15,15) B0 | B2 B5 | B4
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Overlap for the Search Area Adjacent Current Blocks

HSA blocks (31 x 16) current blocks (16 x 16)
16 pixels l \\\ ..... \ .....
_ :
" 0 1 o| 3] 4] [5| |6 |7
pixels B P
o A B C D E F G R

| " search area of current block 0 (task 0)

| | search area of current block 1 (task 1)

I | search area of current block 2 (task 2)
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Comparison with other architectures

Architecture proposed | architecture architecture in [6]
architecture in (5] Type I | Type Il | Type Il
Input data ports 16 136 40 132 416
No. of the used PE’s 9 9 9 36 144
Clock cycles per

block matching 783 1280 798 237 129
Throughput o= 55 o5 55 5
T hroughput 1 _1 1 1 1
No. of the used PE's 7047 11520 7182 8532 18576
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Chip Layout

§ ;g' El >  Technology: COMPASS 0.6 um CMOS
- > DieSize 6.67 mm x 4.69 mm

;l Q - > Number of Transistors: 25636
2 % El > Number of Pins: 26
J i < ~ Clock Rate: 50 MHz
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Conclusion

> Software Solution
> Hardware Solution (VLSI)
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