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Abstract

It is important to reduce computational complexity of de-blocking filter for real-time implementation, because it accounts

for a great part of total computational complexity of the decoder. Because there are a lot of conditional branches and
memory accesses in a decoding loop, it is not easy to speed up the de-blocking filter. Therefore, this paper presents a
new algorithm of de-blocking filter minimizing conditional branches and memory accesses. The proposed structure of
de-blocking filter enables filter operation to parallelize by software pipelining. The proposed optimization method was
immplemented on a TMS320DM6467 EVM board and we achieved approximately 46% cycle reduction, compared with that of

FFmpeg.
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Register File A0-A31

.D1 .D2
Store St
32LSBs

Register File BO-B31 ‘

Load Store tore Store Load Load
32LSBs 32 MSBs. 32LSBs 32 MSBs 321LSBs 32 MSBs

Data Data
Address 1 Address 2

Data Path A Data Path B

a2 1. TMS320C64x+ DSP Ciojef Hd=Z
Fig. 1. Data paths of TMS320C64x+ DSP.
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Yes

No

tmpBS = ((P_non_zero_cnt1) > 0) |
((P_non_zero_cnt2) > 0) << 1) |
((P_non_zero_cnt3) > 0) << 2) |
((P_non_zero_cnt4) > 0) << 3))

tmpBS = _xpnd4(tmpBS);
bS[0] = (tmpBS & 0x02020202);

No

No
v

tmpRefldx = ((P_ref1 1= Q_ref1) |
((P_ref2 1= Q_ref2) << 8) |
((P_ref3 1= Q_ref3) << 16) |
((P_refd 1= Q_refd) << 24));

tmpMv = ((MvDiff(P_mv1, Q_mv1)) |
(MvDIff(P_mv2, Q_mv2)<<8)|
(MVDIff(P_mv3, Q_mv3) << 16) |
(MVDIff(P_mv4, Q_mv4) << 24));

tmpBS1 = tmpRefldx | tmpMv;
tmpBS = ~tmpBS;
bS[0] += tmpBS & tmpBS1;

v v v
Yt el orst mElE ey
g4 55 B4 55 PO

O3 8 Heotsles 25 AL 23 g

Fig. 8. Proposed method for determining block
boundary strength.
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Q)

tmp_cnt
(0x2221)

----------------- TCO
ADD SHR
(8) v v
shift_cnt (0) shift_cnt tmp_TC )

l AND i

SHR (OXFF)

iBS >—>< tmp_BS ) cur_TC
AND SuB
(OxFF). (0)

< cur_BS > minusTCO

=5 dAZE, AR woll HE HFol Tz
ir

Instruction graph to get bS and tC.

C

N

O
A

2 ap, agE 7ok
T3] el ARE =

LDW LDW
pOp1p2x ( xq291q0
SHR

SHR
(0x8) ROTL SUBABS4
(0x8) (0x8)
( q291q0x }{quLqu

<xp0p1p2> < p1p2xx >
l ROTL

SUBABS4 SUBABS4 (0x8)

xp17p0xx> xp27p0xx>» (

SUBABS4

q1g0xx Xg2_q0xx

SUBABS4

SWAP2 SWAP2

PACKHL2

Ve Y
xp1_p1xq0_p0 >< Xxxp2_p0 ) (xqu27q0 >
AND AND
(0xff) (Oxff)
p1_p0g1_pOxx ( p2_p0 ) C q2_q0 >
PACKHL2
p1_p0qg0_p0q1_qOx iBeta
CMPGTU4 CMPGTU CMPGTU
(bab)

Cm gD @D @D

CMPGTU
(0xd)

1. 3t 2+ 2 =Ad|w Anse #5e o™

11. Process to get pixels and condition comparison.

a3
Fig.



48 TMS320C64x+ DSPOIAIS| H.264/AVC Cl2E7 TE 3} olFY ¢
xxq0_pOx W o] 5 ALg3te] Hlul AIE flagel] A Adsio) whek
Ip1-p0l, 1a0-pO0l, lql-q0l #E°l 2+t B, o, B #ERT
@ 5 & 49 flagoll &= 111x 3ol AZHAL) Y 1M E
_ _ _ _ _ o= on] fle Bl AFfolB R flags} Oxd #HS W]l
31bit  23bit 15bit 7 bit 0 bit 8}01] ﬂag7]- = 73_0'_ H]i’_ 7.%3’/]- ]_ ;d—o] E]O-] ﬂagoﬂt 1
X | X |a0p0 | x o] AT ap, aq EF 0|k L& WA ow TH
= X AELS T+ O} D= DB HAF 23
Fig. 12. Register structure. 9 138 Az A Axke] 489 0, pl. O, ql
plp2xx, q2qlq0x, glgOxxs 3HA GAIQl AA| I AES TIe HAAS HOY AZEH A gl
Axte A& ARG-¥ T AL o] 9= pOplp2x, xq2qlq0, xplplp2 £ 19
AAZH olFelM xi RUE AAZEAA e 1le] vt g 2uE ARES Fehe 33 Fo
gl SHIE s onlgith 18 12¢] vob 9= AA TaAE gEolth o #ES SHLMB, SHRMB
A x xq0p0x HA2EE 49 16U E9} 519] 8u|Eo] PACKLH2 W&ol 55 AR&sto]l FEgo] 2484 i
= oon] gl gtol Bolglm, F7tel q0-p0 @ol AF  5& 7zt A ave] wold A4F & ol A%
Ho] k= omojtt. 3 & e ghel 0x02£c0101, 0x0101dc02, 0xff04fc0l &
Beol2 Aegel QoA BUF WHols ol W 3} DOTPSU4 BHolg 3 4% Feg 443 o
AREsHE A FA Fh 1 ol 7 WEojnith A ADD, SHR W#@ol& &8l v diffl, diff2, diff3 #t=
d5= 715 il sol HERE, HeolH 42 Ast B S MIN2, MAX2 W&ol Algate] Ze]3 A
of 7zt 474 9= L, S, D, M 7% §Y5S a2 S}, wpAuto 2 ZeWE kSl diffl, diff2, diff3 zt
A AR&ete] 87 71 FrHle Hdig Hol AHEet S S AA 34 gkl po, pl, q0, gl E3 ADD, SUB
soF strh. wiiZo LDW WHAZ 292 sih HES Ars FEA AL ZEHE sk @9l Luma_ PO,
AZE @ W% S f9E AHgeks SHR Bl 9
= M %€ A8 ROTL Bl Agstel 7%
THs Hdigh 124 ARggth M 7le frie WH
5L RE 20l o Aee} AT} Yok v (ome )—
42 AL AW, S L A% 95 BHols) T T e
Wa) A MRS ) e Ao wol AHget sol mn &
= Ao] Foh
LDW W#HolE AMgste] P £57 Q E59] &
55 pOplp2x, Xq2q1q0 A ~Holl 2t7t A o &
SHR, ROTL DéEﬂOJ S Ahgdte] B S AEE
th AE3 34 FES SUBABSY WHolE ALE-3}o]

sa FEY A9
xq0_pOxx, xq2_qOxx #A=H 5] A74dgt

koAl F3 FA FE  AY
PACKHL2, PACK4, SWAP2 HHo &2 Al&3le] I
Hey v A7 35S pl_p0g0_pOgl_q0x, p2_po,
a2_q0 #AA e Agget ¢4 AAA FEHE o
ARshs dva AdE Fe] Sl
pl_p0q0_pOgl_qOx #A|=E 2} 9] H|ENE 8H]EA
B, a, B AR A7E g A 2~E 9} CMPGTU4

QEH S xpl_pOxx, xp2_pOxx,

H=
T=

o] =
A

(213)

AND

(0xff)

=

suB
Luma_P0O Luma_Q0

a7 13 EHZE 3 g Fote 1t
Fig. 13. Process to get filtered pixels.



49
2ol

2=
=

E,:L]_

]

. u—

s

(]

A2

hud

& J. Lou®l

Z]

=3

=2X A 48 B SP
=

201114 38 MABYE

Q07 LUIHa_Ql

, Luma

i Eto 2 37 14 oA T3

Luma_P1

WA W
M%W,Mw_ﬂmﬂ s o 3
_Moilo_/odﬂﬁl = 5 o - Q _ I r
o) oF ol = Z T H 5 = J0 S
Zn Ll,lewq Ltatﬂa - o _&H6moom = —
7 o F 5 oo o o (- = @ " Lo
o = i Ot s o i il Q@ ) 9 o=l - |- ||
5 o =0 o o= W 3 = B8 2 2|85 8|R (S| B|2|9 3|2
aﬂﬂrmaﬂwwwaje Wqﬁl ! m BR T S S = S
—_ ) 3 o | O —
Tegoe ™ dy Wso 0 e IR 7 ©lF B |fn
%ﬂmlon/%,mu mwlo uﬂ b% jul = m Mo o
atﬂiﬂn = qu]t = B o = = g %%2%B$9948
]61@%@ T ~—1 ~ 5 T o< || o ol Hl = KFIDINRNX2|SKIL K
PN ea Tw W Z g £ T NE|S
N hE o T ) = €= H  ©
_diuw_]@nwa@%%ﬂ "HE 53 4 £ we
of oM T R TR GRS ur | £ |k xlele|e|e|ele
RS EEI ST Lty L LN LY Elzl2lelelelelo| < |« o)< |«
ﬂannmaﬂ%u_aanbci% o;_.tozuimwx T 25
SRz LEE AEsg [T O ST TE | 2 e
B o ) 5™ c© = S|l s B = |e|y|zleae| s
]Aniw_aﬁe#_j —_ S © o Q [E | H| oo E =)
T = R il = i noH @ o ey c o — || =
HIMQ oy ™o E A By =<5 E = g o ~
ﬁ@ﬂiﬁ%?ﬁzri 2w o nT28 | X )
R EBTEPLRT T o5 oy wEs | T | %% el tew 2lele e
9 = oo o « T ound8 sl TS ES | B S| g membwe I
S T N G = o |of|of|m|MTSE | P ] o I o T o I | o
SRS o AR ~ NN e @ L ENT I oy g W | | ||
= =T N B B P IS R ) Z_/%Zﬂowﬁ.yw
o) 7T B Uk W T N~ ~ k) e ™ o5 N [N | o
) BB o WS u “I~ o o
= = e .nlﬂ UG Hﬁo W]ﬂ fir
_ = mE w4 Tk | FE
T M T T Moo
o 75 @ T M
oo do 9o = I
%}Lw]rm.ﬂg - * 323 pf m T
A ) : z,28 TRV =E TTTEBTET
W s = 2 aRlg S A T - A T A
IS - ar2f Peal g FEELCTIG
oo e 0 or — il
SEERizi Lps8 5F2Z g P T
o N M Loy 2 z ERs or X W RO Em i —
5 25 2 - O - w2 B L ﬂm%agﬂ@%z
w o P o N ] 3 12e HW-X o=S T LT T < o p Bl 2o X
ol R _15§°% CLapat- o Y T I B
OB o l~ 2m2%g TG ri) %mEﬂ%%@@
.ﬂﬂ;lﬂl_ﬂkﬂﬁl i e Kto x._me.m 102 ﬂoo o = o o B &o ,mr,_:i .
‘Dl ﬁEO {4 E le— nhp o . _U—_._._ ‘IEL AOﬂ \UI
1E§%1ﬁ] §] Wo2™ 3 oo o R CRNC X o 2
m.ﬁ m o o mo Er; ,mo (s N |_n._.._ m O% .M\., ‘_._mo ri U‘.# ﬂo HE R T HT_ ‘_ﬂof ;Iﬂ_ﬂ ‘lﬂr_l 101U
ARSI B z o= g Hr R o T W OE R o
© o Lo N ™Mo = o X4 e =) X zn
w ERLT T W (5 W5 L2 sewrs N %@%Mﬁ@%ﬂ}
R I [l ge =28 L H ﬂ.d%?imﬂﬁ%
ﬂ%%%@%@r — muw§ g B wo o A Mmﬂwnmowewmmbqﬂl
‘.:L m o = = ﬂ‘_ ) o HOI m Qo m FI AT L Lm_l - 110 D~ m\_ o Vnm BH S
28 ¥ I x - mms S8 S T o g TR
o a_ | | — B X g oo @ o o W = ol T e K B o= % N o
ﬂAromaao . g — < i — o om = T~ ..mﬂAX e
e g o o M 5 ¥ = X = T 70 ™ T = o
X m q =, ol N ey i o <9 B R ojp o
a N B3 0 o o > H BE L W o A
no2 T oop W W P EX =T E
) ﬁmmz@.%%w
TN o SR < | B 1 =1

(214)



50 TMS320C64x+ DSPOA Sl H.264/AVC CIEEZ EE £H3

7] Wiell & 29 2715 Aharel 242 6704 Hekd, vy
AREE T I e 720l BesrE, V&S]
1287l Hlel E7]2S& Bol =9 & Utk

F 32 Z Yang®] W} AlSke W
Aol tigk AL ESo] mjo]Zetoly

o)
=
e
iih)
My s
o,
o
S
k1
©orE g o
i&lof% J}lm
>HU4'JO§~£
- ol
Bl
ol Or%mlm%i_\ﬁ[ﬂ
oo e U oE
Bor 3% m g
IO
N
T oo % o 2
~ I do 2w
my =

f
oE
B
=

=
_O|_‘
0

o
oo o e & KTt 19 o R

52
ud r10

>

©

jy

°

i)

re

o

& 2

NG

Ty [

g o fuode w

' J

T E
) =
2,
- ol
= ot
e e
)

ok
[ oE
oo
IR
2 12
O
rir N
by 5
2 il
o s
OE_:" n\l
)
[U[o rg){_[
Py
o
i

>
oo
o,
ul
s
g

B o AAAQ A 8= =

glo] B g ¢l FFmpeg!"” 2353172 7utoz 1&st
Ak TMS320C64x+ AL 9] DSP7t A

TMS320DM6467 EVM E.= Aol A TIoA A &-3t=
=38 7 g7 CCS (Code Composer Studio) v3.3
S At Ads APsisla, A 2o R 47
o] DI (720x480)3} CIF (352x283) 3=l ANES
4709 QP ez 7tzh 10034 H-33et HEAEY
S ARt Aody FALS o3-S AE-EHS L,
dgg 8 Alo]FS S5t flsto]l FF ol B
Y& AFESFA] @i TMS320C64x+ Al 2] DSPei| At
A8+ TSCL (Time Stamp Counter Low Half)
A2HE AH dolA HE5% dE Y Alolgs 34

(m

]E/\

¢

o
jus)
AL

o Mo

—

AT A 212 4ol dERASIE 74 g |

® 4 Ade x4

Table 4. Experimental conditions.
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Table 5. Performance comparison of optimized deblocking
filter and FFmpeg.
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