




























































































Source side control Source side control - Source side control

- Network side control Network side control Network side control
ABR
Source (coding) side Network (ATM-BISDN) side
key technique> Buffer-based rate control — key technique>Stat. multiplexing
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Quantisation scal

Macro block input

MPEG
video
encoder

and

MPEG rate control specifications

design specific rate control

Occupancy

Control headers

Motion vectors

Quantised DCT

coefficients

i Multiplexed
Video bit sgcream
data
MuXx VBR

Transmission
buffer

to transmission

CBR



d_target(delay target in ms)
b_size (buffer size in bits)

p_rate (frame rate in frames/s) c_rate (channel rate in bits/s)

compressed Transmission
video Buffer

b_size= 327680 bits (max., MPEG1)
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— hit stream cb(t)

int () Ho(®) HR ()
51 per P g [ pie M e
intra/inter Qs(linear)
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1st and 2nd-order (mean, variance)

g Statistical
higher order

rapid, abrupt local motion

scene cuts
camera-induced < panning

zooming infout

g Contextual



Cascaded Starwars Adverts JFK Topgun
No. of frames 270 300 227 330 250
Entropy (Ho (Y))
bits/pel 4,94 5.66 6.16 5.50 5.34
Classi 4 4
Scene Class ii 4 4
Classi iii 4 4
change
Class iv 4 4
class | cjassv 4 4 4 4
Class vi 4 4
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Feed-forward approach
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1856 kbit/s

“__ 768 kbit/s
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Bit rate
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(Video rate estimator)
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Cascaded LIN LOG EXP SIGM SIGM-A | LOGEXP-A
Quantisatio] Mmean|  10.92 10.94 10.85 10.95 11.73 11.44
scale
std. dev]  8.37 8.41 8.48 8.50 8.32 8.84
Occupancy Mmean| — 32.44 20.67 58.90 42.42 4255 35.74
() lstd. dev] 26.92 19.81 22.08 12.79 12.12 8.18
mean| 34.01 33.92 34.07 33.97 33.43 33.67
PSNR (dB)
std. dev,  8.33 8.28 8.35 8.35 8.02 8.22
@
Starwars LIN LOG EXP SIGM SIGM-A | LOGEXP-A
Quantisatio] mean|  10.98 11.03 10.98 10.96 11.83 14.01
scale
std. dev]  2.18 2.39 2.28 2.69 2.40 4.46
Occupancy Mmean| — 32.54 16.52 64.91 44.36 35.16 33.20
) Isd. dev]  6.93 467 6.71 4.03 3.18 1.74
mean| 33.16 33.10 33.16 33.08 32.66 31.75
PSNR (dB)
std. dev]  4.98 4.97 4.99 5.20 4.86 4.81
(b)
Adverts LIN LOG EXP SIGM SIGM-A | LOGEXP-A
Quantisatio] mean|  13.12 13.20 13.15 13.35 13.81 15.17
scale
std. devl  4.81 4.93 5.06 5.36 4.94 6.36
Occupancyl mean| 3945 22.13 68.99 47.01 39.61 34.62
(%0) std. dev]  15.45 10.69 13.66 7.67 6.92 3.86
mean| 32.53 32.47 3253 32.42 32.13 31.65
PSNR (dB)
std. devl  6.74 6.73 6.78 6.76 6.51 6.62
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VBR CBR 1280 kbits/s
MSE [dB]
Linear RLS Linear RLS
Starwars -23.40 -23.94 -24.25 -22.65
Adverts -22.47 -23.07 -16.03 -18.50
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(a) sigmoidal(R) (b) unimodal( R)

(c) sigmoidal(gs) (d) unimodal( qu)






é § E% %g PSNR (Y) [dB] Occupancy [%]
> g)')_ o - 8 mean std. dev. | mean (peak) std. dev.
TM5 31.55 4.51 97 (309)4 64.8
768 | Sigm 31.37 4.46 174 (5594 162.7
Unim 31.55 4.45 66 (190)4 30.5
TM5 32.96 4.49 53 (119)4 23.5
Adverts | 1024 Sigm 32.94 4.48 52 (92) 12.8
Unim 32.94 4.49 37 (68) 10.6
TM5 35.04 4.36 33 (65) 12.3
1536 Sigm 34.99 4.37 42 (58) 5.8
Unim 35.02 4.37 37 (56) 7.1
TM5 31.67 2.62 59 (119)4 18.6
768 | Sigm 31.64 2.60 54 (96) 10.2
Unim 31.65 2.61 40 (65) 7.5
TM5 33.27 2.69 41 (82) 10.8
Starwars| 1024( Sigm 33.03 2.68 46 (69) 4.7
Unim 33.04 2.69 33 (54) 54
TM5 34.99 2.78 29 (58) 6.6
1536 Sigm 34.96 2.78 40 (55) 3.3
Unim 34.98 2.78 25 (43) 4.1
TM5 34.10 4.17 61 (273)4 447
768 | Sigm 34.10 4.08 79 (356)4 77.4
Unim 34.04 4.27 39 (123)4 17.5
TM5 35.70 4.13 39 (145)4 23.0
JFK 11024 Sigm 35.65 4.11 46 (133)4 14.0
Unim 35.66 4.13 30 (68) 10.8
T™M5 37.82 3.86 24 (70) 11.5
1536| Sigm. 37.76 3.90 37 (65) 6.3
Unim. 37.78 3.89 22 (51) 7.3
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number of centres

MSE[dB] | var_org(k) | var_dif(k)
Cascaded| -24.49 1224.8 579.6
Starwars -22.44 1671.2 713.4
Adverts -20.67 2888.5 1143.9
JFK -15.33 3329.9 1914.7







Occupancy(%) coded bits / frame (bits) PSNR (dB)
Starwars
mean(max.) std.dev. NFVR std.dev. mean std.dev.

TM5 41 (75) 10.8 0.285 13704 33.27 2.69
LIN 33 (1) 7.4 0.138 4998 34.38 1.65
SIGM 35 (58) 6.6 0.129 4674 34.31 1.66
LOGEXP | 17 (36) 5.9 0.214 8879 33.68 2.73
RLS 18 (38) 4.5 0.127 4519 33.89 2.54
RBF 12 (34) 4.3 0.124 4288 33.87 2.54
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error’ Fuzzy rule-based control i

set point +

control

|nput Tal’get Output

- Fuzzify [~ Rule base~ Defuzzify | | system
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error
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video input
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——— fuzzy control path
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Fuzzy logic variables

Occupancy (FVO)

Differential occ. (FVD)

Quantisation scale (FVQ)

FL full PB positive big HG huge

CF close to full PM | positive medium LG large

HH higher than HF | PS positive small LM larger than MD
HF half full ZE Zero MD medium

LH lower than HF | NS negative small SM smaller than MD
CE close to empty| NM | negative medium SL small

ET empty NB negative big TN tiny
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(from the scene change calculator)

ge(k)
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ge(k), gd(k) =4

(b)

ge(k), gd(k) =16

Occupancy(%o) Coded bits / frame PSNR (dB)
ge, gd
mean(max.)| std.dev.| NFVR std.dev. mean std.dev.

2 14 (31) 2.8 0.098 3075 33.10 2.40
4 22 (32) 1.8 0.080 2153 32.88 2.41
8 26 (31) 1.0 0.067 1347 32.59 2.41
12 27 (31) 0.9 0.063 973 32.39 2.41
16 28 (31) 0.5 0.061 768 32.21 2.41
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Membership Occupancy(%) Coded bits / frame PSNR (dB)
functions
mean(max.) std.dev.| NFVR std.dev. mean std.dev.
Type 0 22 (32) 1.8 0.080 2153 32.88 2.41
Type 1 19 (29) 1.8 0.076 1891 33.15 2.46
Type 2 23 (24) 0.2 0.060 703 30.89 2.31
Control Occupancy(%) Coded bits / frame PSNR (dB)
surfaces
mean(max.)| std.dev. NFVR std.dev. mean std.dev.
LIN 19 (29) 1.8 0.076 1891 33.15 2.46
EXP 22 (38) 2.6 0.093 2819 33.53 2.52
LOG 19 (22) 0.4 0.062 916 31.60 2.34
SIGM 19 (24) 1.0 0.066 1221 33.02 2.48
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Coded bits / frame
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Occupancy(%) Coded bits / frame PSNR (dB)
Starwars
mean(max.) std.dev.| NFVR std.dev. mean std.dev.
TM5 41 (75) 10.8 0.285 13704 33.27 2.69
FRC-R 27 (32) 1.5 0.086 1321 33.40 2.59
FRC-SC| 1942 5.3 0.146 5058 33.86 2.55
FRC-QM| 22 (38) 4.29 0.128 4125 33.82 2.57
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9 T T T T 9 T T T T
8 /Football 1 8l 1
7 1 as b
6 1 6 | N
5 L _MissAmerica 1 51 1
4 — 4t f
8 \Susie 8 1 8
2 1 2t 1 2t
1 1 1t 1 1t
0 : : . : 0 : : . : 0 : : . :
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
(a) Cascaded (Y) frame no. (b) Starwars (Y) ~ frameno. (c) Adverts (Y)  frameno.
bit bit bit
9 T T T T 9 T T T T 9 T T T T
8 1 8t 1 8t
7 1 7t 1 7t
6l
sl
ok
sl
)l
1 1 1t 1 1t
0 : : : : 0 : : : : 0 : : : :
50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
(d) Cascaded (Ch) frame no. (e) Starwars (Ch) frame no. (f) Adverts (Ch) ~ frame no.
bit bit bit
9 T T T T 9 T T T T 9 T T T T
8 B 8 B 8
7 1 as 1 7r
6 B 6
5r 1 5r
! WW 1 4
3t 1 3
2t 1 2t
1 1 1t 1 1t
0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ o ‘ ‘ ‘ ‘
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200

250
(9) Cascaded (Cr) frame no. (h) Starwars (Cr) ~ frame no. (i) Adverts (Cr) ~ frameno.




Bit rate Coded bits / frame PSNR
IQPQBQ | Mbitss] | (sd dev) | (st dev)

1:1:1 10.896 44467 48.97 (0.55)
4:4:4 5.699 28472 44.43 (0.29)
7:7:7 3.230 19159 40.65 (0.38)
10:10:10 2.246 15441 38.39 (0.64)
13:13:13 1.650 12908 36.87 (0.79)
16:16:16 1.317 11303 35.71 (0.93)
19:19:19 1.093 10040 34.84 (1.02)
22:22:22 0.946 9307 34.13 (1.11)
25:25:25 0.836 8646 33.54 (1.17)
28:28:28 0.752 8031 33.01 (1.22)
31:31:31 0.688 7556 32.56 (1.26)
2:3:6 5.183 71944 43.45 (2.44)
4:5:12 2.752 54958 39.33 (2.84)
8:10:25 1.389 31667 35.52 (2.51)




Mbit/s

Bit rate
9 T T T T T T T T T
1» 5-3:6 =3.904
8 | 2 4:5:12 = 2.024 1
21 3»8:10:25 = 1.041
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5 | -
4T e 4
3 | -
2 | -
1r I g
O 1 1 1 1 1 1 1 1 1
1 4 7 10 13 16 19 22 25 28 31
1Q:PQ:B
(a) Q:PQ:BQ
PSNR[dB] Video quality
50 T T T T T T T T T
1w 5-3:6 =44.08
48 | 2® 4:5:12 = 40.66
3 3:10:25 = 37.42
46 + 4
44 + 1= B
42 + i
40 o 1
38 + B
36 B
34 1 1 1 1 1 1 1 1 1
1 4 7 10 13 16 19 22 25 28 31

1Q:PQ:B
(c) Q:PQ:BQ

bits/frame Bit rate (std. dev.)
80000 [ 1w 2:3:6 = 77162 -
1 2w 4:5:12 = 52333
70000 |- 3 8:10:25 = 31036
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1Q:PQ:B
(b) Q:PQ:BQ
PSNR(Sd)[dB] Video quality (std. dev.)
3 T T T T T T T T T
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Coded bits / frame

bits/frame
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Video quality

PSNR[dB]

150 200 250 300
frame no.

100

50

(b)



1Q:PQ:BQ M bit/s bits/frame (sd PSNR[dB] (sd)

1:1:1 8.943 50838 49.25 (0.52)
4:4:4 4.214 39337 44.87 (0.36)
7:7:7 2.300 30966 41.60 (0.66)
10:10:10 2.246 26382 39.65 (0.95)
13:13:13 1.650 22338 38.30 (1.16)
16:16:16 1.317 19566 37.22 (1.33)
19:19:19 1.093 17422 36.39 (1.46)
22.22:22 0.775 15974 35.69 (1.58)
25:25:25 0.699 14685 35.07 (1.66)
28:28:28 0.640 13552 34.53 (1.74)
31:31:31 0.594 12678 34.05 (1.80)
2:3.6 3.904 77162 44.08 (2.32)
4:5:12 2.024 52333 40.66 (2.46)
8:10:25 1.041 31036 37.42 (2.38)




j=l+ (MB-1)

Motion mae(k, I) = i=k+(MB-1)
estimation k=[O,SWY—;.] _( I:§]§ ‘mb_Curr(Ilj)-mb_preV(l1])‘ )
I= [0,sWX-1]
mae Addition Multiplication
sub-total SWY X SWX X (MBXMB x 2) none
X MBN = 357,519,300
j:::- gMB-lg j:::. gMB_lg
i i=k+(MB-1 i=k+(MB-1 2
Intra-Inter o mbogl) = SSbG)- 1 | var_mbd(k,) =SS (d(i,j)- o
decision i=k j=I i=k j=I
var_mbo ... s
var_mbd Addition Multiplication
sub-total (MBXMB x 4)x MBN (MBXxXMB x 2)x MBN
= 337,920 = 168,960
DCT(k,I) =g* . .
oCT XCTKRD _ "g b(ki)x DCT()
! I= [0,BL-1] i=0
IDCT . e
Addition Multiplication
for row (BLXBLXBL) X6 (BLX BLX (BL+2))x 6
for column (BLX BLx BL) %6 (BLX BLX (BL+2))x 6
sub-total (BLXBLXBL)x 6x4 (BLXBLX(BL + 2)) < 6x 4
X MBN = 4,055,040 < MBN =8,110,080

Quantisation,
I.Quantisation

DCTQ(k,I) =DCT(k,I) / (Q_MAT(k,l)x mquant )
DCTR(k,]) = ( DCTQ(k,)x Q_MAT(k,)x mquant )/ 16

Multiplication / Division

Quantisation

(BL X BL )X 2X MBN

I.Quantisation

(BL X BL)x 3X MBN

sub-total

(BLx BL )< 5x MBN = 105600




ROW coL

(\IQ—’TQ:’ (b(i.)) - M)/ (row= coL)

var_org
Addition Multiplication
mean COL < ROW *
var_org COL < ROWXx 2 COL < ROW
COL < ROWXx 3 COL <X ROW
sub-total
= 253,440 = 84,480
ROSVV§L
var_dif (P> dd.p - df)/( ROW>< COL)
Addition Multiplication
mean COL < ROW *
var__org COL < ROWXx 2 COL < ROW
COL < ROWXx 3 COL < ROW
sub-total
= 253,440 = 84,480
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Occupancy(%) coded bits / frame (bits) PSNR (dB)
Cascade
mean(max.) std.dev. | NFVR std.dev. mean std.dev.
TM5 35 (106) 27.33 0.397 20784 35.49 5.99
LIN 29 (77) 22.48 0.161 6027 35.78 6.16
SIGM 31 (70) 18.57 0.168 6587 35.66 6.14
LOGEXP | 18 (54) 16.99 0.161 6186 34.71 6.62
RLS 41 (54) | 15.33 0.149 5586 34.84 6.58
RBF 14 (56) 14.75 0.146 5426 34.81 6.53
Occupancy(%) coded bits / frame (bits) PSNR (dB)
JFK
mean(max.) std.dev. NFVR std.dev. mean std.dev.
TM5 39 (172) 23.00 0.378 20517 35.70 4.13
LIN 28 (84) 13.88 0.198 8490 36.85 3.05
SIGM 31 (76) 11.72 0.188 7885 36.77 3.05
LOGEXP | 16 (60) 11.79 0.217 9283 36.28 4.01
RLS 17 (76) 10.33 0.188 7687 36.49 3.83
RBF 11 (61) 10.07 0.169 6661 36.48 3.83
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Occupancy(%) Coded bits / frame PSNR (dB)
Cascaded
mean(max.) std.dev. NFVR std.dev. mean std.dev.
TM5 37 (102) 26.9 0.397 21352 34.67 6.63
FRC-R 27 (41) 3.6 0.102 2291 34.33 6.65
FRC-SC| 22 (50) 13.8 0.149 5137 34.76 6.66
FRC-QM| 22 (46) 10.8 0.141 4664 34.76 6.68
Occupancy(%) Coded bits / frame PSNR (dB)
JFK
mean(max.) std.dev. NFVR std.dev. mean std.dev.
TM5 39(172) | 23.0 0.378 20517 35.70 4.13
FRC-R 27 (38) 26 0.098 2512 35.85 4.09
FRC-SC| 18(61) 9.7 0.185 7281 36.48 3.89
FRC-QM| 21 (56) 8.0 0.169 6390 36.41 3.95
Occupancy(%) Coded bits / frame PSNR (dB)
Topgun
mean(max.) std.dev. NFVR std.dev. mean std.dev.
TM5 38 (114) 30.0 0.321 13516 37.32 5.47
FRC-R 27 (34) 2.7 0.095 1556 37.93 5.02
FRC-SC| 17 47) 13.6 0.154 5341 38.11 4.84
FRC-QM| 19 (42 10.9 0.142 4748 38.13 4.88
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Quantisation Sca Occupancy
Basic guidelines recommended by MPEG1
and

Design-specificbuffer and rate control
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@— Video Data Buffer

3 Encod Mux

g E)

VBR : Variable Bit Rate DCTQ : Quantized DCT coefficient
CBR : Constant Bit Rate
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MPEG1
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i to
Encoder| MV ?\//lldio Transmission | channel
perv| VBR Buffer
CBR
FQS : Fixed quantisation step size O(n) : Current buffer occupancy
VQS : Variable quantisation stepsize O(n-1) : Previous buffer occupancy
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DCTV : DCT coefficients quantised by VQ#V : Motion vector



Q.Scale Logarithmic Quantizer Scale Mapping
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Q.Scale Logarithmic/Exponential Quantizer Scale Mapping
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Feed forward buffering and rate control
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var_org(K) .
var di | RBF video

pype(k) | rate estimatoy
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Occupancy(%) cbf(k) (bits) PSNR (dB)
JFK
mean(max.)| std.dev.| std.dev. NFVR mean std.dev.
TM5 39 (172) 26.57 20517 0.378 36.08 3.34
RBF 11 (61) 10.07 6661 0.169 36.48 3.83
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Occupancy(%) coded bits / frame (bits) PSNR (dB)
JFK
mean(max.) std.dev.| NFVR std.dev. mean std.dev.
T™M5 39 (172) 26.57 0.378 20517 36.08 3.34
RLS 17 (76) 10.33 0.188 7687 36.49 3.83
RBF 11(61) 10.07 0.169 6661 36.48 3.83
Starwars| Occupancy(%) coded bits / frame (bits) PSNR (dB)
Tmax mean std.dev.| NFVR std.dev. mean std.dev.
TM5 41 10.78 0.285 13704 33.70 1.96
5 SIGM 51 0.51 0.030 1060 31.84 2.36
UNIM 26 4.89 0.122 4728 33.91 2.54
7 SIGM 51 0.39 0.027 958 31.65 2.35
UNIM 18 4.58 0.117 4516 33.89 2.55
9 SIGM 51 0.33 0.023 802 31.57 2.35
UNIM 13 4.16 0.111 4274 33.87 2.55
11 SIGM 51 0.26 0.022 782 31.39 2.34
UNIM 10 3.69 0.106 4043 33.84 2.55
13 SIGM 51 0.24 0.020 701 31.33 2.35
UNIM 7 3.43 0.099 3755 33.82 2.55
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240 250
frame no.

2

a0 250
frame no.

Occupancy(%) coded bits / frame (bits) PSNR (dB)
JFK
mean(max.) std.dev. NFVR std.dev. mean std.dev.
TM5 39 (172) 26.57 0.378 20517 36.08 3.34
RLS 17 (76) 10.33 0.188 7687 36.49 3.83
RBF 11 (61) 10.07 0.169 6661 36.48 3.83
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—— fuzzy control path
——» video encoding path
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HH SL | SM|MD| LM| LG | LG | HG
CH SM|MD| LM| LG | LG | HG| HG
. : FL| MD| LM| LG | LG | HG| HG| HG
Fuzzy logic variables ®
Occupancy (FVO) Differential occ. (FVD) Quantisation scale (FVQ)
FL full PB posituve big HG huge
CF close to full PM | positive medium LG large
HH higher than HF | PS positive small LM larger than MD
HF half full ZE zero MD medium
LH lower than HF | NS negative small SM smaller than MD
CE close to empty | NM negative medium SL small
ET empty NB negative big N tiny
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Occupancy(%) Coded bits / frame PSNR (dB)
Starwar:

mean(max.) std.dev. NFVR std.dev. mean std.dev.

T™M5 40 (75) 11.0 0.285 13704 33.70 1.96

FRC-R 27 (32) 15 0.086 1321 33.40 2.59

FRC-SC 19 (42) 5.3 0.146 5058 33.86 2.55




