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Abstract

This paper proposed a novel H.264 deblocking filter for low-power mobile multimedia SoCs. In H.264 deblocking filter,
filtering can be skipped on some pixels when pixel value differences satisfy some specific conditions. Furthermore, whole
filtering can be skipped when quantization parameter is less than 16. Based on these features, power consumption can be
significantly reduced by shutting down deblocking filter partially or as a whole. The proposed deblocking filter can shut
down partial or whole blocks with simple control circuits. Common hardware performs both horizontal filtering and vertical
filtering, It was implemented in silicon chip using 0.351im standard cell library technology. The gate count is about 20,000
gates. The maximum operation frequency is 108MHz. The maximum throughput is 30 frame/s with CCIR601 image format.

Keywords : H.264, deblocking filter, low-power, shut down, quantization parameter, skipping conditions.
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Po=po,P1=p1,F’z=sz3=p3,Oo=qo,Q1=q1,02=q2,03=q3 J

if by = Pyl =t or by, = |py-pgl 2 P or by = lgy-gy! 2B then
Fo=Po, P =P, Pa=po Pa=py, Qo=0p, Q@ =0y, Qo=0, Qy=1
else

if &, = | popol < Bthen
| = P+Clip3(-topten (PH{Prtae+1)>>1-(py<<1))>>1), o = tept1
else
Pi=pnlc=te
A= clip3(ete.(((Qo-Po)<<2+{(py-a)+4)>>3)
Py =clipt(py+A), Po=ps, P3=ps
if ag = | qugol < B then
|Q1 = Gy+clip3(-too, oo (G Potag+1)>>1-(y<<1))>>1), o = oo+
else
Qi=qytc=t
A= clipd(tete(((oPol<<@+((py-a:)+4)>>3)
Qo =clip1(Ge-8), Qo =, Q=g
where clip3(A,B,K) = A if K<A, B if KB, K otherwise
clip1(A) = 0 if A<0, 255 if A>255, A otherwise

= Ipy-pol 2P or by = lay-gol 2B then
=P Pa=P2, P3=p3 Q=00 Q1 =0y, Qo =0, Q=03

if by = Ipgel Zaorb,
Po =pg, P4
else
i 8, = Iy < P and by < ((ce>>2)+2) then
Py = (PoH(py<<1)+{(po<<1)HGge< +q+4)>>3

= (PotPHPp+0g+2)>>2

Py = (Pa<< 1P HpPos<T)+P1+Pg+0g+4)>>3, P3 = Pg
B.=4 else
° Po = ((p1<<1)+pg+q#2)>>2, Py =Py, Pa=py, P3 =5

if ag = lap-go| < B and by < ((c>>2)+2) then

Qp = (prHPo<<TIH{dg<<1)Hay<<1)+ap+4)>>3

Q; = (py+ao+a+Qp+2)>>2

Q; = ((Gg=< A HA<< I A +HDp+A+4)>>3, Q3 = Gy

else

Qp = ((Gr<<)+0P1+2)>>2, Q =Gy, Q=0 Q3=
ag 2 C28z Zez iy
Fig. 2. Deblocking fittering process.
oPlo 1 2 34586 7 8 9 1011 1213 14 15 16 17
/0 00 00O0OOOO0OO0O0O0O0O0O0O0 4 4
B/|o o 0 0 0 00 00O0CO0O0OGOGO0OO
QP18 1920 21 2 23 24 25 26 27 28 29 0D 3 X B H B
a|5 6 7 8 9 1012 13 15 17 20 22 25 28 2 36 40 45
B 3 3 3 44 46 6 7 7 88 9 9 1010
QP(36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
o |50 56 63 71 80 90 101 113 127 144 162 182 203 226 255 255
B|11 11 12 12 13 13 14 14 15 15 16 16 17 17 18 18
g 3. a2t B HEe2lole
Fig. 3. Parameters a and B.
QP |0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Bs=t{0 0 0 0 0 0 O 0 O 0 O O g 0 0 0 ¢
Bs=2|0 0 0 0 o 0 0 0 O O 0O O O O O O O O
Bs=34/0 0 0 0 0 O 0 O O O O O O O O O O 1
QP [18 19 20 21 22 23 24 25 26 27 28 23 30 31 32 33 34 35
Bs=<1|GC 0 0 0 0 1 1 14 1 1 1 1 1 % 1 2 2 2
Bs=2}10 © ¢ 1+ 1+ 1 1+ 4 1 1 1 t 1 2 2 2 2 3
Bs=34/1 1 1 1t 1 1 1 1 1 2 2 2 2 3 3 3 4 4
QP {36 37 38 539 40 41 42 43 44 45 46 47 48 49 50 51
Bs=1 |2 3 3 3 4 4 4 5 6 6 7 8 9 10 11 13
Bs=2|3 3 4 4 5 5 6 7 8 8 10 11 12 13 15 17
Bs=34/4 5 6 6 7 8 9§ 10 11 13 14 16 18 20 23 25
a2 4 tco H2lojH

Fig. 4. Parameters tco.



2006 128 HASES =2X H 43 # SD H

by<o and b,<B and b <p
ixel o?fgﬁ B,21:23 Byd
P or b:;B B=0 =0 t#0 a,<Bandb,| a>p orb,
o0~ a<p a>p <(e>>2)+2 | 2(0>>2)+2
P, X X X [ o 0 5
P, X X X [¢) X 0 X
P, X X X X X [¢] X
P, X X X X X X X
(a)
by<a and by<B and b <f
el o?obzaB B=1,2,3 B4
X
P or b:;} 8=0 t =0 t#0 a,<B and by| a2B orb,
0 ax<p a2p <(o>>2)+2 | 2(e>>2)+2
Q, X X X o] o] [¢] o]
Q, X X X 0 X <) X
Q, X X X X X 0 X
Q, X X X X X X X
b
a7 5 metsls MM H2G4 ClESY Hele] A
= (a) Po, Py, Py, P (b) Qo, Qi, Qo, s
Fig. 5. Skipping condition of the proposed low-power

H.264 deblocking filter..(a) Po, P1, P2, Pa. (b} Qu,
Q, Q, Qa

a9 2, 3, 4914 FApg Al QP<I6°]H a=f=0°]
HuE Bt A flo] dEEe] A FPHA g
& A & 5 Atk v R Be=0olW T deln|
Elol #AIgle] P o] Ha YA Y
aq, tw, b7t 54T A s B
dF7F FAEA Fevh 19 58 H64 1EE7 FE
4S Avde 24 UrEPﬂi Zdl, 0% X+&= z+zt 38
o‘a}ﬁ Shagro] ¥ Hiu ohuE vehdith w
= Hogd tEEZ FE=
QP<16 T Bs=0
facigs e AR oS
7}<°P1 A skagre]

oleld HYL Fo

LB q,

e}
215

2ol AHgHUTH
(176x144 pixel, 30 frame/s) P4 “Akiyo”$}
“Container’7} 100 e ¥ AL gjom HELS
kbpsoll 4] 400 kbps7tA W 3IA A7 T oA F
FYPAY. 28 6 2 7 44 “Akiyo” I
“Container” 3ol A Ha dA3t A4, Ackst
dEE7 de9 7|& UEE7 29
At HESZ Y Hsg o
UEbd T

i)

4

(o)
()

At A
A Xz

o & rlr w2 wo

81

H1=E 81
o
30 & 1800 E
25 £ 4500 §
g i
220 E 1200 E
< [=%
515 § 900 §
10 ] £ 600 3
5 E' 300 —#— Conventional S
0 8 ol Proposed E 00
0 100 200 300 400 0 100 200 300 400 € - 0 100 200 300 400
bitrate (kbps) bitrate (kbps) bitrate (kbps)
(a) ® {©)
“ H ” _—_ — |=|
a8 6. “Akiyo” GaollM Fotsts MM H264 ClE

Z EEo] oAatzl A (a) @ UXE 71|T

(b) At A2k (o) Metshs ClE82 Zeje o
TEHE AL A2t
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Fig. 8. Architecture of the proposed low-power H.264
deblocking fitter. (a) Horizontal filtering and
vertical fitering. (b) Deblocking filter, frame

memory, and motion compensator. (¢} Hardware
architecture of the deblocking filter.
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Fig. 11. Layout of the proposed low—power H.264
deblocking filter.
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