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Abstract

This paper presents optimized searching technique to improve the performance of H.264/AVC. By using the proposed forward
and backward searching algorithm, redundant cycles of latency for data reordering can be removed. Furthermore, in order to
reduce the total number of execution cycles of CAVLC encoder, early termination mode and two stage pipelined architecture
are proposed. The experimental result shows that the proposed architecture needs only 36.0 cycles on average for each 16x16
macroblock encoding. The proposed architecture improves the performance by 57.8% than that of previous designs. The
proposed CAVLC encoder was implemented using Verilog HDL and synthesized with Magnachip 0.18um standard cell library.
The synthesis result shows that the gate count is about 17K with 125Mhz clock frequency.
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Architecture of the Proposed CAVLC encoder.

A AEHE AT A (D
3} 7+o] BCoeffl ~ BCoeff49} FCoeffl ~ FCoeffd2]

el wek S1 ~ S128 A4St 7 AREd dY
gt

if (BCoeffl=0) then Sl=1, else SI1=0

if (BCoeff2=0) then S2=1, else 52=0

if (BCoeff3=0) then S3=1, else S3=0

if (BCoeffd= 0) then Si=1, else S4=0

if (BCoeffl==41) then S5=1, else S5=0

if (BCoeff2=+1) then S6=1, else S6=0 (1)

if (BCoeff3==+1) then S7T=1, else S7T=0

if (BCoeffd=41) then S8=1, else S8=0

if (FCoeffl=0) then S9=1, else S9=0

if (FCoeff2= 0) then S10=1, else S10=0

if (FCoeff3=0) then Sll=1, else S11=0

if (FCoeffd=0) then S12=1, else S12=0

S1~S12¢] 2AES & 13 Zrh S1~S4¢9F S9~
S12= Wk Al57E 0] obd Aol 1o] Hal S5~S8

© WA AFT7E #1910 Aol 10] ok

E 1. S1 ~ S12 2HE
Table 1. S1 ~ S12 schedule.

CycleCnt 0 1 2 3

Beoeffl-4 0000 | 1100|0280 ]0269
Feoeffl-4 9620 | 0820|0011 0000
S1 ~ 4 0000 1100|0110 0111
S5 ~ S8 0000 | 1100|0000 ] 0000
S9 ~ S12 1110|0110 0011|0000

3. TotalCoeff 7I2E

TotalCoeff 7}E= Q0] obd W3 Ago ¢S
7HeE gt} TotalCoeffs= 2] (2)9F #o] S1 ~ S4F5 ©]
&3] FR-EHT

case(S1,.52,.53,54)

0000 : Total Coeff= Total Coeff Pre
0001 : 7otal Coef f= Total CoeffPre+ 1
0010 : 7otal Coef f= Total CoeffPre+ 1
0011 : Zotal Coeff= Total Coef fPre+ 2
0100 : Total Coeff= Total CoeffPre+ 1
0101 : Zotal Coeff= Total CoeffPre+ 2
0110 : Zotal Coeff= Total Coef f Pre+ 2
0111 : Zotal Coeff= Total CoeffPre+ 3 2)
1000 : Zotal Coeff= Total CoeffPre+ 1
1001 : 7otal Coeff= Total CoeffPre+ 2
1010 : Total Coeff= Total Coef fPre+ 2
1011 : Zotal Coeff= Total CoeffPre+ 3
1100 : Zotal Coeff= Total CoeffPre+ 2
1101 : Total Coeff= Total CoeffPre+ 3
1110 : Total Coeff= Total CoeffPre+ 3
1111 : Total Coeff= Total CoeffPre+ 4

2] (2)ol 4 TotalCoeffi= 0°] obd W3k A= 7|4
=  yel  TotalCoeffPre=  ©]A /\}01%01]/\1
TotalCoeffE EFITE TotalCoeff] 2A1&S 3 29
2}, TotalCoeffi= S1~S4 Foll A ko] 121 Aeje] 74
FubE FAE Z 0 S1~S47F 0001, 0010 0100, 1000
A 9ol 10] FHH S1~S47F 0011, 0101, 0110,
1001, 1010, 110081 %ol 27} F# €t} u}imx]i
S1~S47} 0111, 1011, 1101, 111081 7ol 3¢]

1 S1~S47F 11119 A $-ell&= 47F FAE,

E 2 TotalCoeff 2HE
Table 2. TotalCoeff schedule.

CycleCnt 0 1 2 3
Beoeffl-4 0000|1100 | 0280|0269
S1 ~ S4 0000 1100|0110 0111
TotalCoeff
TotalCoeffPre 0 0
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4. TrailingOnes 7t2E
TrailingOnes 7++E+ TrailingOnes®] 7|45 71%

E3lt} TrailingOnesS 7HEEsH7] s Ak A
47} Level?lA]  TrailingOnes1#]  FE-3fofst2 =
LLF(Last Level Flag)$} TrailingOnes®] 7H<=(Tnum)

Z o] &3}9] TrailingOnesE 7F-E3dth LLFE= 4 (3)
i} o] S1 ~ S8& o]g3te] FAhair)

IsLevell= S1 A (E)

Is Level2= 52 N\ (56)

IsLevel3= S3 A (S7)

IsLeveld= S4 A (S8)

case (IsLevell, Is Level2, Is Level3, Is Level4)
0000 : LLF= 0000
0001 : LLF= 0001
0010: LLF= 0011
0011: LLF= 0011

0100: LLF= 0111
0101: LLF= 0111
0110: LLF= 0111
0111: LLF= 0111
1000 : LLF= 1111
1001 : LLF= 1111
1010: LLF= 1111
1011: LLF= 1111
1100: LLF= 1111
1101: LLF= 1111
1110: LLF= 1111
1111: LLF= 1111

if (LLFPre = 0000) then
LLF= 1111

)

2 QA A= HIE =8 Ak Andg HERNT
Islevell ~ Isleveld= 03} 1] obd W3k A2l 45
of 10] ®r}. 183 LLFPre o|dAte]&9] LLFE Y
EbH, LLF= @A AFe] 2744 Levelo] WA H =4
£ YEpdith LLF A& £ 39 2tk 3 WA Aol
ol Al IsLevell ~ IsleveldZ} 00000]7] wiitoll LFF=

00000] v F WA Alo]Fo A= IsLevell ~ Isleveld

7} 11000]7] wiito] LLF= 1111¢] =i Al WA Aol
Z5EE LLFPre7} 000000] ofy7] wj&o] LLF=
E 3 LLF 2#HE
Table 3. LLF schedule.
CycleCnt 0 1 2 3
Beoeffl ~ Beoeff4 | 000 0 11001 0280|0269
S1 ~ S4 0000 1100011010111
S5~ S8 0000 110010000 1| 0000
IsLevell ~ IsLeveld| 0000 | 0000 | 0110 | 0111
LLF 0000 0000 0111 1111
LLFPre 0000|0000 | 0000|0111

(130)

2E5317] stEof M s 2
11110] #Hr,
TrailingsOnes®] 74+ 4 (49} o] LLFSF S5 ~
S8& o] &ate] FHEEH T
Is Absone = S5, 56, S7, S8
Is TNum Flag= Is Absone N\ LLF
case (Is Thum Flag)
0000 : 7Num = TNum Pre+ 0
0001 : 7Num = TNum Pre + 1
0010 : TNum = TNum Pre + 1
0011 : 7Num = TNum Pre + 2
0100 : 7Num = TNum Pre + 1 (4)
0101 : 7Num = TNum Pre + 2
0110 : TNum = TNum Pre + 2
0111 : 7Num = TNum Pre + 3
1000 : T’Num = TNum Pre+ 1
1001 : 7’Num = T'Num Pre + 2
1010 : TNum = TNum Pre+ 2
1011 : TNum = TNum Pre+ 3
1100 : T’Num = T'Num Pre + 2
1101 : T’Num = TNum Pre+ 3
1110 : T’Num = T Num Pre + 3
1111 : TNum = TNum Pre+ 3
if (7Num > 3) then
TNum=3
21 (4ol A IsTNumFlage TrailingOnes?t HZE€

5ol 7t A= 1o] Hm TNumPret ©]d Abol&
oA TNum& YeRdHTh TNum 27A1&E & 494 2tk
4719 W3 Al 5 37019 W3 AlG7} TrailingOnes ¥

= 39 74%¥4. IsTNumFlag”} 0111, 1011, 1101,
1110, 111191 73-§-7F sfgaiet. 471¢] A Al 5 270
o] W3 A47} TrailingOnesd &= 271 2 €Th
IsTNumFlag”} 0011, 0101, 0110, 1001, 1010, 110021 7
S7F sgetet 4719 WS A S 119 W At
TrailingOnes¥ w+ 1¢] +x¥ct IsTNumFlag”7}
0001, 0010, 0100, 100021 A7} sig3tct.
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4. TNum A2H &
Table 4. TNum schedule.

CycleCnt 0 1 2 3
Beoeffl ~ Beoeffd| 0000 | 1100 | 0280 | 0269
S5~ S8 0000|1100 (0110|0111
LLF 0000|0000 0111|1111
IsTNumFlag 0000 |1100{00001|0000
TNum 0 2 2 2
TNumPre 0 0 2
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5. TotalZeros 7I2E

TotalZeros 7+H-E+x= 09]
stek 091 W8 Alge Aee
g3t 7hEHT

case (S1,.52,.53,.54)

A AT A A
= 4 G)sk 2ol S1 ~ $4

=

0000 : Total Zeros = LCPre? Total ZerosPre+ 4: 0
0001 : Total Zeros = LCPre? Total ZerosPre+ 3: 0
0010 : Total Zeros = LCPre? Total ZerosPre+ 3: 1
0011 : Total Zeros = LCPre? Total ZerosPre+2: 0
0011 : Total Zeros = LCPre? Total ZerosPre+2: 0
0100 : Total Zeros = LCPre? Total ZerosPre+ 3: 2
0101 : Total Zeros = LCPre? Total ZerosPre + 2: 1
0110 : Total Zeros = LCPre? Total ZerosPre+2: 1
0111 : Total Zeros = LCPre? Total ZerosPre+ 1: 0
1000 : Zotal Zeros = LCPre? Total ZerosPre+ 3: 3
1001 : Zotal Zeros = LCPre? Total ZerosPre+ 2: 2
1010 : Zotal Zeros = LCPre? Total ZerosPre+ 2: 2
1011 : Total Zeros = LCPre? Total ZerosPre+1: 1
1100 : Zotal Zeros = LCPre? Total ZerosPre+ 2: 2
1101 : Zotal Zeros = LCPre? Total ZerosPre+1: 1
1110 : Zotal Zeros = LCPre? Total ZerosPre+ 1: 1
1111 : Total Zeros = LCPre? Total ZerosPre: 0

if((LOPre=1) A (81,52,53,54= 0000)) then
LC=1

else <5)
LC=0

2l (5914 TotalZerosPrer= oA Alo]F<]

TotalZerosE YERN™ TotalZerost= @A Ato] 71|
09 4= YebALh LCPre= ol Alol&9] LCE
Ehllm LCE A4l ~d &A= 49 ¥ A
Foll A mpA|Etel] Q1= 00] obd WSk A4t A
EAE Yehdt}h TotalZeros®] 275 & 53 2t}
LCE o]d Ato]Zo| A 0o] opd W3t A7 A
U @A Afo]Zell A 00] obd WS ATt e A
o 10] Ft}. TotalZeros= A 1AL 2~ &=
gy Wk Aol A wpA] et 0c] opd W3k A
u} %

o] =
PR

ool QU 08 FH&EGI] WiEel LCPred] wel ¢4
i go] thzd o] AelZelA 0o] ol WE A
S BAENS A AW W Aol 09 A

E 5 TotalZeros 2HZE
Table 5. TotalZeros schedule.

CycleCnt 0 1 2 3
Beoeffl ~ Beoeffd| 0000 | 1100 | 0280 | 0269
S1 ~S4 0000|1100 (0110|0111

LC 0 1 1 1

LCpre 0 0 1 1

TotalZeros 0 2 4 5

TotalZerosPre 0 0 2 4
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W TotalZerosol —rx—q.
3t} LCPre7} 0¢1 A$ Oﬂ—t— A
obd W3k A7t & AS 00] ofd WE A

=

A= 09 7S

W TotalZerosel]l 24 ).

6. RunBefore, ZerolLeft 712 E

RunBefore, Zeroleft 7}
£ JFES) 1 Tl ZeroLeft:=
09 4+ % RunBeforeZ H33} %A &2 0
2 (6)3 el 89 ~

A=

o A5E

UElY ZeroLeft=

SI2E o] &3te] FhEES L

Fstleft

-
FEE

Wk A

= Fthileft + Zeros TempPre

Runbefore®} ZeroLeft
Sl &

case (9, S10, S11, S12)

0000: Sndleft= FstLeft+ 1, Trdleft = Sndleft+1,
Fthleft= TrdLleft+ 1, Zeroslemp=1

0001 : SndLeft= Fstleft+ 1, Trdleft = Sndleft+1,
Fthleft= TrdLeft+ 1, ZerosTemp= 0

0010: SndLeft= FstLeft+ 1, Trdleft = Sndleft+1,
Fthleft= TrdLeft, ZerosTemp=1

0011 : SndLeft= Fstleft+ 1, Trdleft = Sndleft+1,
Fthleft= Trdleft, Zeros Temp= 0

0100: Sndleft= FstLeft+ 1, Trdleft = SndLeft,
Fthleft= TrdLleft+ 1, Zeroslemp=1

0101 : SndLeft= Fstleft+ 1, Trdleft = Sndleft,
Fthleft= Trdleft+ 1, ZerosTémp= 0

0110: SndLeft= FstLeft+ 1, Trdleft = SndLeft,
Fthleft= TrdlLeft, ZerosTemp=1

0111: SndLeft= FstLeft+ 1, Trdleft = SndLeft,
Fthleft= Trdleft, ZerosTemp =0

1000 : SndLeft= Fstleft, TrdLeft = SndLeft+1,
Fthleft= Trdleft+ 1, ZerosTemp=1

1001 : Sndleft= Fstleft, TrdLeft = SndLeft+1,
Fthleft= Trdleft+ 1, Zeros Temp=0

1010: SndLeft= Fstleft, TrdLeft = SndLeft+1,
Fthleft= TrdLeft, ZerosTemp=1

1011 : Sndleft = Fstleft, Trdleft = Sndleft+ 1,
Fthleft= Trdleft, ZerosTemp =0

1100 : SndLeft= Fstleft, TrdLeft = Sndleft,
Fthleft= TrdLeft+ 1, ZerosTemp=1,

1101 : Sndleft = Fstleft, Trdleft = Sndleft,
Fthleft= Trdleft+ 1, ZerosTémp= 0, (6)

1110 : SndLeft= Fstleft, Trdleft = SndLeft,
Fthleft= TrdLeft, Zeros Temp=1,

1111 : Sndleft = Fstleft, Trdleft = Sndleft,
Fthleft= TrdLeft, ZerosTemp =0,

21 (6)oll A ZerosTempe Yl WA 3l Al=2] e
W3l Al4=2] ZeroLeftE

= el Fstleft A HA
UERNaL Sndleft2 5 WA W3 7

R,

ZeroLeft&
ZeroLeftE
Aol Z9]  ZerosTempet FthlLeftE

old

S TrdtLeft2

el 2 FthlLeft<-

9] ZeroLeftE

AR e ARl

vl WA w3k Al
Yepdt}. ZerosTempPre®t FthlLeftPre:=
UERdHT

ZeroLeft®] 2=AEL X 63 2l A HA Apo]Zo A
S9~S127F 0001¢]7] wiol Fstleft, SndLeft, TrdLeft,

(131
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E 6. ZeroLeft 2HE
Table 6. ZerolLeft schedule.

CycleCnt 0 1 2 3
Fcoeffl ~ Fcoeff4 | 9620 | 0820 | 0011 | 0000
S9 ~ S12 111001100011 }0000
ZeroLeft 0000|1222 | 3455|5555
ZerosTemp 1 1 0 0

Fthleft= @A #s FA38kaL ZerosTemp 1°] #th
T WA Alo]FdM = Fstleft= o] Apo]Fo A
ZerosTempZt 10]7] W&o 1o] F4®}h gl S9 ~
S127F 01100]7] wi&o] SndLeftollA] 1o] FA =
ZerosTempi= 10] ®t}h Al HA Alo] o A= Fstleft
E oA AtolZol A ZerosTemp7}t 10]7] wj&o] 10]
Ak w3k S9 ~ S127F 00110171 wiEel SndLefts}
TrdLeftoll 4 10] F2A % 1L ZerosTemp: 00] Ft} u]
HA]  Ato]Fo M Fstleft=  o]d  Alo] oA
ZerosTemp”t 0°]7] wjFo ko] A€ F3dH S9
~S127F 00000]7] W= SndLeft, TrdLeft, FthLeft=
& A8 ZerosTemps 00] # T}

RunBefore= W3 Alg= kel EAlah= A5 09
A4E JeRHY RunBefore= 4 (7)3} o] S9 ~
S12E o]&sto] 7HEEg

State = 89,510, 511,512

if (StatePrel0]=1) then
FstRun= 0
else
Fst Run = FthRunPre+ Zeros TempPre

case (State)
0000 : SndRun= FstRun+1, TrdRun = ShdRun+1,
FthRun= TrdRun+ 1, ZerosTemp=1
0001 : SndRun= FstRun+ 1, TrdRun = SndRun+ 1,
FthRun= TrdRun+ 1, ZerosTemp=0

0010 : SndRun= FstRun+ 1, TrdRun = SndRun+ 1,
FthRun=0, Zeros Temp=1

0011 : SndRun= FstRun+ 1, TrdRun = SndRun+ 1,
FthRun=0, Zeros Temp= 0

0100 : SndRun= FstRun+ 1, TrdRun =0,
FthRun= TrdRun+ 1, ZerosTemp=1

0101 : SndRun= FstRun+ 1, TrdRun =0,
FthRun= TrdRun+ 1, ZerosTemp= 0

0110 : SndRun= FstRun+ 1, TrdRun =0,
FthRun= 0, Zeros Temp=1

0111 : SndRun= FstRun+ 1, TrdRun =0,
FthRun=20, ZerosTemp = 0

1000 : SndRun= 0, TrdRun = SndRun+1,
FthRun= TrdRun+ 1, ZerosTémp= 1

1001 : SndRun= 0, TrdRun = SndRun-+ 1,
FthRun= TrdRun+ 1, ZerosTemp= 0

1010 : SndRun= 0, TrdRun = SndRun+ 1,
FthRun=0, ZerosTemp=1

1011 : SndRun= 0, TrdRun = ShdRun+ 1,
FthRun=0, Zeros Temp= 0

s o
1100 : SndRun= 0, TrdRun =0,
FthRun= TrdRun—+ 1, Zeros Temp= 1
1101 : SndRun= 0, TrdRun =0,
FthRun=0, ZerosTemp = 0 (7)
1110 : SndRun= 0, TrdRun =0,
FthRun= 0, ZerosTemp =1
1111 : SndRun= 0, TrdRun =0,
FthRun=20, ZerosTemp = 0

21 (7)ol A ZerosTemp: Yl HA W3l A2 Abg)
£ YERY FstRuns 3 WA ¥3 A5=¢] RunBefore
£ Yeyz SndRune F HA WHE AF9
RunBeforeE YWERATE HESH TrdtRune Al 914 #3
A5=2] RunBefores WL FthRun o] HA #HE
A2 RunBeforeE  YERATE  ZerosTempPre<}
FthRunPre, StatePrex= ©]d Alo]&¢] ZerosTemp®t
FthRun, StateE eIt} RunBefored] ~A&2 %
W 2o A WA Abe] Sl A S9~S127F 000101 7] wE
o] FstRun, SndRun, TrdRun, FthRunt 0°] =i
ZerosTempi 10| €t} F WA Alo]Zo| A& FstRun
E oA A}olZol A ZerosTemp7}t 10]7] wj&o] 10]
gk 3 S9~S127F 011001 7] Wl SndRunol A
1°] 43 ™ TrdRun, FthRunt 0°] ¥ ZerosTemp
= 10 "k Al HA Alo]Zo A= FstRunis o] A}
o] Z Al ZerosTemp7t 10]7] wiiell 1o] F4 €t &
3k S9 ~ S127}F 0011¢]7] W] SndRun®t TrdRunol
A 10] T4 %1 FthRun, ZerosTemp+: 0°] It} U
WA Ape]Zo) A= FstRuni= StatePre[0]¢] 10]7] Wi
of 0o] ®t} =3k S9 ~ S127F 00000]7] ol
SndRun, TrdRun, FthRun, ZerosTemp: (o] Frt}.

E 7. RunBefore 2HZE
Table 7. RunBefore schedule.

CycleCnt 0 1 2 3
Feoeffl ~ Feoeff4 | 9620 | 0820 | 0011 | 0000
S9 ~ S12 1110|0110 0011|0000
RunBefore 0000 | 1200| 12300000
ZerosTemp 1 1 0 0
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Table 8.  Comparison of the CAVLC encoder
architectures.
Tsail” | g2 | fgjald! Propose
d
Technology 0.18um 0.18um 0.18um 0.18um
125MH
Frequency 81MHz 125MHz | 125MHz
VA
Gate
10.5k 16.4k 15k 17k
Counter
E 9 MIREE Y HT Y MOIZ
Table 9. Cycles/MB.
QP | Sequence Tsai'l | Hsia!™ Proposed | Reduced
akiyo 100.8 89.8 39.1 56.4%
coastguard | 355.3 266.2 105.5 60.4%
10 hall 374.8 | 256.3 102.1 60.2%
mobile 375 294.5 118.8 59.6%
mother 339.2 | 200.8 91.1 54.6%
silent 172.3 | 198.2 86.3 56.4%
akiyo 31.4 18.2 8.0 55.9%
coastguard | 218.3 | 135.0 60.2 55.4%
20 hall 207.7 | 158.5 68.4 56.8%
mobile 295.5 177.5 75.3 57.6%
mother 52.4 33.7 15.0 55.6%
silent 172.3 43.5 19.4 55.5%
akiyo 6.3 3.2 1.3 58.5%
coastguard 91.6 51.1 23.5 53.9%
30 hall 13.8 8.7 3.7 57.3%
mobile 120.3 68.6 28.4 58.7%
mother 10.8 5.9 2.5 57.8%
silent 21.4 11.7 5.0 57.3%
akiyo 1.7 0.5 0.2 61.5%
coastguard 9.3 8.8 3.6 59.7%
10 hall 3.7 1.5 0.6 59.4%
mobile 20.7 12.5 4.6 63.4%
mother 1.9 1.0 0.4 62.5%
silent 4.3 2.7 1.0 61.9%
average 125.0 85.4 36.0 57.8%
of JMI329eN MEZEYS FEEAT, At
CAVLC %3718 ABelold & Assl = AZE
folol | F27 HMEXEDS Waste] JAHoz B
3tds stk
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