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Moving Picture Expert Group

• Moving Pictures Expert Group (MPEG)
– ISO/IEC JTC1/SC29/WG11
– Formed in Jan. 1988

• MPEG standards
– MPEG-1 (ISO/IEC 11172, Nov 92)
– MPEG-2 (ISO/IEC 13818, Nov 94)
– MPEG-4 (ISO/IEC 14496, Oct 98)
– MPEG-7 (ongoing)

• Specify only bitstream syntax and decoding
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MPEG-1 vs. MPEG-2

• MPEG-1
– Audio and video on storage media such as CD-ROM

• 1x CD-ROM drive: 150 KB/s = 1.2 Mbits/s

– Targeted at 1 to 1.5 Mbits/s
• ~1.2 Mbits/s for video, ~250 kbits/s for audio

• MPEG-2
– Digital TV: SDTV, HDTV
– Wide range of bit rates 4 to 80 Mbits/s
– Optimized around 4 Mbits/s
– Supports interlaced video and scalable coding
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MPEG-1

• Outline
– Applications and history
– Requirements
– New features (w.r.t. H.261)
– Simulation Model 3
– Bitstream syntax
– Video buffering verifier
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MPEG-1

• Applications
– Video on digital storage media
– Computer and telecommunication networks

• History
• 1988: started
• Sep. 1989: Proposal registration
• Oct. 1989: Subjective tests
• Mar. 1990: Definition of video algorithm (Simulation Model 1)
• Sep. 1990: Committee Draft for video

Competition

Convergence
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Parts of MPEG-1

• ISO/IEC 11172-1: Systems
• ISO/IEC 11172-2: Video
• ISO/IEC 11172-3: Audio
• ISO/IEC 11172-4: Conformance Testing
• ISO/IEC 11172-5: Software
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MPEG-1 System

• Decoder
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Requirements: Basic

• Coding of generic video with good quality (about
VHS video) at 1 to 1.5 Mbits/s

• Random access to a frame in limited time
– Frequent access points

• Fast forward/reverse
– Seek and play in FF/FR using access points

• System supporting audio-visual synchronized
play/access

• A practical/implementable decoder
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Requirements: Additional

• Reverse playback
– Access points and buffering

• Tradeoff quality with coding/decoding delay
– Delay between 150 ms  to 1 sec

• Source coding scheme and bits organization to be
robust to errors

• Some flexibility in picture format to support
variety of applications

• Real-time encoder at reasonable cost
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New Features (w.r.t. H.261)

• Flexible picture sizes, picture rates, etc.
• Flexible slice structure instead of GOB
• Group of pictures (GOP)
• Bi-directional motion compensation
• Half-pel motion compensation
• Separate MB-type VLC tables for I, P, and B

pictures
• Quantization tables
• VLC for MV difference
• VLC supports large range of DCT coefficients

Parameters

• Picture size up to 4096 × 4096 supported
– Normally at 360 × 240

• Pel aspect ratio: 14 choices
• Picture rates: 23.976, 24 (movies), 25 (PAL), 29.97, 30,

50, 59.94, 60

• 4:2:0 format
– (same as H.26x)

= Y Pels

= CB and CR Pels

= Block Edges
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Horizontal picture size ≤ 768 pels
Vertical picture size ≤ 576 lines
Picture area ≤ 396 macroblocks
Pel rate ≤ 396×25 macroblocks per second
Picture rate ≤ 30 Hz
Motion vector range < − 64 to +63.5 pels (using half-pel vectors), etc.
Input buffer size (in VBV model) ≤ to 327 680 bits
Bitrate ≤ 1 856 000 bits/second (constant bitrate)

Constrained Parameters

• To allow interoperability of MPEG-1 equipment, a subset
of parameter space is defined

• All MPEG-1 conformant decoders shall decode
constrained parameter bitstreams
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Data Structure

…

Group of Pictures (GOP)

Picture

…

Slice
Y Y

Y Y

CB CR

Macroblock (MB)
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Possible Slice Arrangement
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0 1 2 3 4 5 6 7 8 9 10 1 1 1 2 1 3 1 4 15

I B B P B B P P P IB BB B B B

Forward
Pre d ic t ion

Bac kwa rd
Pre dic tion Ex a m pl e : M=3 ,  N=1 5

Group of Picture (GOP)

– N = number of pictures in a GOP
– M = prediction distance (M-1 in-between B-pictures)
– Tradeoff on M

GOP
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Previous Frame

Current Frame

Future Frame

Bi-Directional Prediction

• Prediction from the previous frame, or the prediction from
the future frame, or an average of both is used as the final
prediction.

• The prediction error is then coded and transmitted
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Bi-Directional Prediction (cont.)

• Advantages
– Higher coding efficiency

• Increased frame rate with few extra bits

– No uncovered background problem
– No error propagation

• Disadvantages
– More frame storage is needed
– More delay
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Code d 
Video from  

Channe l Decode d 
Picture s

Reorderin g 
Pictu re  
DelayVideo 

De code r
to Dis play

B-Picture s

I- a n d P -
Pictu re s

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

P B B I B B P P P IB BB B B B

M=3, N=12

0
Display Order 

Encoding Order (GOP = Pictures 1 to 12)
1 23 4 56 7 89 10 1112 13 14150

Delay

I P I
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Motion Compensation

• Same as H.263
– Half-pel resolution for motion vectors

• Bilinear interpolation

– Differential coding of motion vectors
– Motion compensation on 16×16 luminance blocks

• Motion vectors divided by 2 for chrominance

• Different from H.263
– Separate MB-type VLC tables for I, P, and B pictures
– VLC for MV difference
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No MC

Intra

Inter

Coded

Not Coded (skipped)

Coded+mquant

Coded

Coded+mquant

input
block

MC
Inter

Not Coded

Coded

Coded+mquant

mb_quant VLC

y

y

y

y

y

yy y

y

y

mb_mot
_forward

mb_mot
_backward

mb_
pattern

mb_intramb_type modes

1
01

001
00011
00010
00001

000001

y

y

MC, Coded

No MC, Coded

MC,  Not Coded
Intra
MC, Coded+mquant

No MC, Coded+mquant

Intra+mquant

mb_quant VLC

yy

mb_mot
_forward

mb_mot
_backward

mb_
pattern mb_intramb_type modes

1
01

yIntra

Intra+mquant

MB Type
• For I-pictures

• For P-pictures
– MB Type

– VLC Table

Nonexistent mode
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input
block

Intra

MC

No MC

 Forward

Backward

 Interpolated

Coded
Coded+mquant

Not Coded

Coded
Coded+mquant

Not Coded

Coded
Coded+mquant

Not Coded

Coded
Coded+mquant

mb_quant VLC
mb_mot
_forward

mb_mot
_backward

mb_
pattern mb_intramb_type modes

10
11
010
011
0010
0011

00011
00010
000011
000010
000001

y
y
y
y

y
y

y

y

y

y

y
y

y

y

y
y

y
y
y

y

y

y

y

y

MC Interpolated, Not Coded
MC Interpolated, Coded
MC Backward, Not Coded
MC Backward, Coded
MC Forward, Not Coded
MC Forward, Coded
Intra

MC Interpol., Coded+mquant
MC Forward, Coded+mquant
MC Backward, Coded+mquant
Intra+mquant

MB Type (cont.)

• For B-pictures
– MB Types

– VLC Table
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– Range [–512, +511.5] for half-pel motion vectors
– Range [–1024, +1023] for full-pel motion vectors

|motion_code| VLC

0 1
1 01s
2 001s
3 0001 s
4 0000 11s
5 0000 101s
6 0000 100s
7 0000 011s
8 0000 0101 1s
9 0000 0101 0s
10 0000 0100 1s
11 0000 0100 01s
12 0000 0100 00s
13 0000 0011 11s
14 0000 0011 10s
15 0000 0011 01s
16 0000 0011 00s

f=1,2,4,8,16,32,64

dMD=MD – PMD

motion_code=[dMD+Sign(dMD)×(f-1)]/f

r = | motion_code × f | – | dMD |

The residual r is sent with log(f) bits

dMD = motion_code×f

            – Sign(motion_code)×r

VLC for MV Difference
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original

quantized

original

quantized

Quantization
without dead zone

Quantization
with dead zone

Intra

(nearest integer)

Nonintra

(rounded down)

Quantization

• Same as H.263
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Quantization Tables

• Default quantization tables
8 16 19 22 26 27 29 34
16 16 22 24 27 29 34 37
19 22 26 27 29 34 34 38
22 22 26 27 29 34 37 40
22 26 27 29 32 35 40 48
26 27 29 32 35 40 48 58
26 27 29 34 38 46 56 69
27 29 35 38 46 56 69 83

16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16

intra

inter
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-255 to -128 
-127 to -64 
-63 to -32 
-31 to -16 
-15 to -8 
-7 to -4 
-3 to -2 

-1 
0 
1 

2 to 3 
4 to 7 

8 to 15 
16 to 31 
32 to 63 

64 to 127 
128 to 255

8 
7 
6 
5 
4 
3 
2 
1 
0 
1 
2 
3 
4 
5 
6 
7 
8

1111 110 
1111 10 
1111 0 
1110 
110 
101 
01 
00 

100 
00 
01 

101 
110 

1110 
1111 0 

1111 10 
1111 110

1111 1110 
1111 110 
1111 10 
1111 0 
1110 
110 
10 
01 
00 
01 
10 

110 
1110 

1111 0 
1111 10 

1111 110 
1111 1110

00000000 to 01111111 
0000000 to 0111111 

000000 to 011111 
00000 to 01111 

0000 to 0111 
000 to 011 

00 to 01 
0 
 

1 
10 to 11 

100 to 111 
1000 to 1111 

10000 to 11111 
100000 to 111111 

1000000 to 1111111 
10000000 to 11111111

Differential DC SIZE
VLC 

Luminance
VLC  

Chrominance VLI

Coding for Intra DC

• VLC and VLI for Intra DC differential values
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EOB = 2 bits

  1   2    3    4    5    6    7    8    9   10  11  12    16    32  40 

4
5

6 

7
8
9

 10
 11

Absolute Level 

R
u
n

0

2
3

1

13
14
22

63

32

3   5   6    8    9    9   11  13  13  13  13  14    15    16  16

4   7   9  11  13
5   8  11 13
6   9
6  11

7  11

7
7
8
8
9
9

9
11
14

41

20 bit Fixed Length Codes

Escape(6bits)+Run(6bits)+ Level(8bits)

127

13
13

13
14
14

13
13

14

14

14

 14
20

20

20

20

20

20

20

2020

255

28 bit Fixed Length Codes

Escape(6bits)+Run(6bits) 
+ Level(16bits)

2820 28

28 28

128

31
26 14

17

17

17

17

17

14

16 16 16 1616 17

2D VLC

• Similar to H.261
– Most codes same, some codes shorter
– Levels up to 255
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 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  1 1 1 1 1 1 1  2 2 2 2 2 3 3 3 3  EO
B

       10 
Escape   0000  01

 1 1 2 3 4 5 6 7  8 9 10 
11 
12 
13 
14 
15 
 1 2 3 4 5 6 7  1 2 3 4 5 1 2 3 4

 1s 
11s 
0100 
0010 
0000 
0010 
0010 
0000 
 0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
 011s 
0001 
0010 
0000 
0000 
0000 
0000 
 0101 
0000 
0000 
0000 
0000 
0011 
0010 
0000 
0000

   s 1s 
110s 
0110s   
0001s   
0010 
 0001 
0001    
0001 
0001 
0000 
0000 
0000 
0000 
  10s 
0101s 
0011 
0001 
0000 
0000 
 s 100s 
0010 
0001 
0000 
1s 
0100s 
0001 
0000

10s 
 1101s 
1000s 
0011s 
0000s 
1101s 
1100s 
1100s 
1011s 
    00s 
1011s 
1011 0s 
1010 1s 
   11s 
0100s 
1010 0s 
  1100s 
1001 1s

4 4 4 5 5 5 6 6  7 7 8 8 9 9 10 
10 
 11 
12 
13 
14 
15 
16 
17 
18 
 19 
20 
21 
22 
23 
24 
25 
26 

1 2 3 1 2 3 1 2  1 2 1 2 1 2 1 2  1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1

0011 
0000 
0000 
0001 
0000 
0000 
0001 
0000 
 0001 
0000 
0000 
0000 
0000 
0000 
0010 
0000 
 0010 
0010 
0010 
0000 
0000 
0000 
0000 
0000 
 0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0s 
0011 
0001 
11s 
0010 
0000 
01s 
0001 
 00s 
0001 
111s 
0001 
101s 
0000 
0111 
0000 
 0011 
0010 
0000 
0011 
0011 
0010 
0000 
0001 
 0001 
0001 
0001 
0000 
0000 
0000 
0000 
0000 

 11s 
0010s 
 01s 
1001 0s 
 1110s 
  0101s 
 0001s 
 1000 1s 
s 1000 0s 
 s s s 10s 
01s 
00s 
1111s 
1010s 
 1001s 
0111s 
0110s 
1111 1s 
1111 0s 
1110 1s 
1110 0s 
1101 1s

 R
un  Level     C

ode W
ord

 R
un  Level     C

ode W
ord

(if first inter coefficient) 
   (otherw

ise)

2D VLC (cont.)
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4
0
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vel     C
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ode W
o
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8
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8
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8
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 8
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8
*0 

8
*0 

8
*0 

8
*0 

 8
*0 

8
*0 

8
*0 

8
*0 

8
*0

01
1

1 
01

1
1 

01
1

1 
01

1
1 

01
1

0 
 01

1
0 

01
1

0 
01

1
0 

01
0

1 
01

0
1 

 01
0

1 
01

0
1 

01
0

0 
01

0
0 

01
0

0 
 01

0
0 

00
1

1 
00

1
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00
1

0 
00

1
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 00
1

0 
00

1
0 

00
1

0 
00

1
0 

00
1

0

11
s 

10
s 

01
s 

00
s 

11
s 

 10
s 

01
s 

00
s 

11
s 

10
s 

 01
s 

00
s 

11
s 

10
s 

01
s 

 00
s 

00
0s 

11
1s 

11
0s 

10
1s 

 10
0s 

01
1s 

01
0s 

00
1s 

00
0s

 1 
 1 
 1 
 1 
 1 
  1 
 1 
 1 
 1 
 1 
  1 
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1

1
 

1
2
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1
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2
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9
 

3
0
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1

 8 
 9 
1

0
 

1
1

 
1

2
 

 1
3

 
1

4
 

1
5

 
1

6
 

1
7

 
 1

8
 

 3 
 2 
 2 
 2 
  2 
 2 
 2 
 1 
 1 
  1 
 1 
 1

8
*0 

8
*0 

8
*0 

8
*0 

8
*0 

 8
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8
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8
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8
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*0 

8
*0 

8
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8
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8
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8
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8
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8
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8
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8
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0
0
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0
0
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0
0

1
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0
0

1
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 0
0

1
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0
0

1
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0
0

0
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0
0

0
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0
0

0
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 0
0

0
1 

0
0

0
1 

0
0

0
1 

0
0

0
1 

0
0

0
1 

 0
0

0
1 

0
0

0
1 

0
0

0
1 

0
0

0
1 

0
0

0
1 

 0
0

0
1 

0
0

0
1 

0
0

0
1

11
1

s 
11

0
s 

10
1

s 
10

0
s 

01
1

s 
 01

0
s 

00
1

s 
00

1
1s 

00
1

0s 
00

0
1s 

 00
0

0s 
01

0
0s 

10
1

0s 
10

0
1s 

10
0

0s 
 01

1
1s 

01
1

0s 
01

0
1s 

11
1

1s 
11

1
0s 

 11
0

1s 
11

0
0s 

10
1

1s

8*0 = 0 0
0

0 00
0

0

2D VLC (cont.)
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2D VLC (cont.)

fixed length code run fixed length code level
0000 00 0 forbidden -256
0000 01 1 1000 0000 0000 0001 -255
0000 10 2 1000 0000 0000 0010 -254
... ... ...
... ... 1000 0000 0111 1111 -129
... ... 1000 0000 1000 0000 -128
... ... 1000 0001 -127
... ... 1000 0010 -126
... ... ... ...
1111 11 63 1111 1110 -2

1111 1111 -1
forbidden 0
0000 0001 1
... ...
0111 1111 127
0000 0000 1000 0000 128
0000 0000 1000 0001 129
...
0000 0000 1111 1111 255
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Simulation Model (SM) 3

• Pre- and Post- processing
• Motion estimation/compensation

– Telescopic search
– Half-pel update

• Mode decision: MC/no MC inter/intra
• Quantization adaptation and rate control
• See Annex D of IS 11172-2
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CCIR-601

720 720 360

SIFOdd Field only

480 or
576

240 or
288

240 or
288

2:1 horizontal
decimationfield dropping

-29 0 88 138 88 0 -29 256Decimation FilterPreprocessing

SIF Odd Field only

720

CCIR-601

720360

240 or
288

240 or
288 480 or

576

1:2 horizontal
interpolation

1:2 vertical
interpolation

-12 0 140 256 140 0 -12 256Interpolation FilterPostprocesing

Pre- and Post- Processing
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DCT Quant

IDCT

Inverse
Quant

Forw VLC Encoder

 Multiplexer
Buffer

Mquant
Adapter

SW

Classifier
Inter/Intra

in
video

mquant

mquant

"0"
SW

inter/
intra

mv f , mv b

inter/
intra

inter/
intra

picture
type

inter/
intra

inter/
intra

mc/no mc

Previous
Picture
Store

Next
Picture 
Store

Motion
Estimator

Motion
Compensated

Predictor

mv f , mv b SW
picture
type

mc/no mc

Classifier
Motion Type

mot mode

mot mode

and

mc/no mc mot mode

bits
out

SM 3 Encoder
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vid eo
ou tIDCT

Inve rse
Qu ant

" 0"

mqu an t

Bu ff e r
VLC Decod e r

 Dem ul t iplexe r

m quant

mvf  , m vb

pict ure
t ype

inte r/
int ra

mc / n o mc m ot  mode

and

Pre viou s
Pic t ur e
St o re

Next
Pic t ure  
St o re

SW
pic t ure
t ype

mvf  , m vb

Mo t ion
Com p ens a t ed

Predict o r

SW
int e r /
int ra

m c /n o mc mot  m ode

bi t s 
in

int e r /
int ra

Decoder
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d at a( )

u s er _

h ea de r( )

p ic tu re _ p ict u re_

da ta ()

s e qu en ce _

en d

s e qu en ce

_ h ead er ()

g ro up _ of

h ea de r( )d at a( )

us e r_

d at a( )

u s er _

Bi t s t r e a m  Or g a ni z a t i o n

_ p ic tu re s_

s e qu en ce

_ he ade r( )

s e que nc e _ he a de r ( )

f ram e _
ra te _ co de

bit _
ra te _ c ode

co nstr_
pa ra m t r
_f la g

loa d_ non_
intra _qnt _

ma tr ix

non_ int ra

ma t rix[ 64 ]

 intra _ qnt
ma t rix[6 4]

s e que nc e
_he a de r

_ c ode
hor iz _ siz e ve rt _ s iz e

_ va lue

as pe c t _
ra t io_ info_va lue

lo ad _
intra _ qnt_

m a tr ix

_q nt_

g r o up_ o f _ pi c t ur e _ he a de r ( )
g ro up

_ s ta rt _
c od e

t ime _
c od e

c los e d
_g op_

f la g

b ro ke n
_ link_

f la g

us e r _ da t a ( )
use r_ d at a_

s ta rt _ cod e
use r_ d at a

pi c t ur e _ he a de r ( )

v bv_

de la y
t e mpora l_
re f e re nc e

pic t ure
_ sta r t_

c ode

pic ture _
c oding_

t ype

full_pe l
_f orw_
ve c t o r

forw _
f_ c ode

f ull_ pe l
_ba c kw_ ba ckw _

f_ c ode
e xt ra
_bit _

pic ture

e xtra
_info_
pic ture

e xt ra

pic tureve c tor
_bit _

Bitstream Syntax
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slice()

 picture_data()

quant_
scale

slice_
start_
code

extra_
bit_
slice

extra_
info_
slice

 slice()

macroblock()

macroblock
_type

 macroblock()

dmvf dmvb
coded_
block_
pattern block()

end_of
_blockcoefficient

DCT

block()

Bitstream Syntax (cont.)
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Encoder and Decoder Buffers

Encoder Buffer Fixed-rate
Channel

Buffer Decoder
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Buffer

At each picture time, the 
data for one picture is 
removed for decoding

to 
decoder

compressed 
video data 

from channel

Video Buffer Verifier

• Video Buffer Verifier (VBV)
– Any MPEG-1 bit-stream is prohibited from over/under-

flowing the buffer of this VBV
– For constant bit-rate operation, this puts limitation on

the variation of bits per picture
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Reference

– Joan L. Mitchell et al., MPEG Video: Compression
Standard, Chapman & Hall, New York, NY


