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Reducing the real time H.264 Decoder’s Decoded Picture
Buffer Size by removing the pixels that are no longer

used in time

Student : Ying-Heng Liu Advisor : Hsin-Chia Fu ~ Chung-Ping Chung

Institute of Computer Science and Engineering
National Chiao-Tung University

Abstract

In the H.264 video compression standard decoder, the Decode Picture Buffer (DPB)
consumes over 95% memory space and the chip area. If we can reduce the DPB size, it
can achieve the reduction in chip area and power consumption especial the embedded

video decoder.

In this paper, we focus on the analysis of the reference behavior among the frames.
We find that there are 60%.to 80 % of pixels of each frame which are no.longer used in
specific time. Therefore, we can remove the unused pixels after the specific time to
reduce the DPB size. Besides, according to the properties of streaming data, we
proposed the suitable decoding pipeline to achieve the steady frame output rate. In order
to reduce the DPB size, we propose the suitable time to remove the unused pixels for
each frame, a pre-decoding mechanism to obtain the lifetime information of pixels, and
new memory architecture to store the frames. Without affecting the decoding
performance, our design is able to achieve a 62.4% reduction in storage, with a decrease
in image quality less than 4.1%. Compared to the traditional H.264 decoder, our design
can achieve a 66.7% reduction in chip area and a 56.2% reduction in power

consumption.



s

Sz EaY A HN RS LG 4 5D RA LB o A
EET OB iE- Bl o BANER S RITE A d N EFHIRTE F
BUAF R ARGEEIRM 4 AE TR B RAFE N kAP

E o

TABE S A
R AL e
2 o ¥ th o o PR HHE ZEXFOFE LR REEREH TN v

¥

EEF LR E s R 0 A D BT E AR PP g 0 X

EREL R ey

B ¥ oh s R R L T E , ] i R 2 A3

° B ts

ER s

FROER
AR T TAR LT

CEAR-FR-E



Content

BB B o s [
ADSEFACT ... i
3 OSSP UR ORI iii
(O] 01 (=] o1 TSP TP v
I T 0O B vi
Listof table ......... o A Il ..o R R . oo e viii
(O p =1 o (=1 bR Vi 1 (o [ [ 1 o] o S SR 1
Chapter 2° Background.and Related WOrK ..............cooiiiiiiiie st 3
2.1 BRECKOround.weessseedll B o . B WY N . BW & . ... 3
2.1.1  Reference behaviors of frames.........c..ccccoviiiiiiiiiiic 3
2.1.2  Output time of frames for diSplay.......cccoocrriiiiiiiii s e 23
2.1.3 Replacement Policy of the DPB..........cccoiiiiiiiiicc e 23

2.2 BRIGcd worldi W 23
2.2.1 _Hierarchical B Pictures reference scheme...........c....o.ciiviiiiinn e 23
2.2.2  REIATBA WOIK ..ot b bbb 24
2.2.3  Summary Of related WOTK............coooviiiiii i it esins e 26

2.3 Opportunity .. ¥ . S S ———— . W Y 27

(O T 1o (=] g N I -1 o | o PSPPSR 28
3.1 Propose a new decoder scheme and decoding pipeline..........cccccovvvicnciinnnnn. 29
3.2 Decision of Partial Frame Data Removed Time.........cccccovvviiinininicncnenen, 31
3.3 Pre-decoding MECNANISIM ........coviiiiiiiee e 32
3.3. 1 Partial deCOUEN ..o 33
332 PRT TADIC.ociiice e 33
3.3.3  INPUE BUFTEI ..o 35



3.4 MOITIEA DPB ...t 36

3.41 Complete Reference Frame StOrage.........ccooovvirereiiiineneieeeseseeeeeee 37
3.4.2 Fragmented Reference Frame StOrage.........ccccovvvevverieieeneeneesieese e e 38

35 Compensated method while the conflicts misses of FRFS happened.............. 43
Chapter 4 SIMUIALION........c.ooiiiie et sre e eesreesreens 48
4.1 4 0 T=] [ 1= | TS 48
4.2 Analysis of Proposed deSIgN..........cccociiiiiiiiie e 60

4.2.1 Timing analysis of propos §F 61
422 3 s of proposed design ............ a......nnnnnns 64
4.2.3 analysi - ign ... " ... 65
Chapter i ! ! . W N 67

References.........c.......... ! I WA B WY TR O\ e 68



List of figure

Figure 2-1 An example of display and decoding orders of a H.264 coded video............... 4

Figure 2-2 An example of status of reference frame in the DPB when each frame

[0 (<1070 0 [<To TP 7

Figure 2-3 (a) The percentage of pixels of I frame which are still referenced using the
number of the subsequent decoded frames as the horizontal axis. (b) The percentage of
pixels of P frame which are still referenced using the number of the subsequent decoded
frames as the horizontal axis. (c) The percentage of pixels of B; frame which are still
referenced using the number of the subsequent decoded frames as the horizontal axis.
(d) The percentage of pixels of B, frame which are still referenced using the number of

the subsequent decoded frames.as the horizontal @xis. .............ccieveiii it 9

Figure 2-4 The percentage of pixels of frame of different videos which are still

referenced using the number of the subsequent decoded frames as the horizontal axis.21

Figure 2-5 Referential behavior between frames in a 4-layer HBP reference hierarchy.

.............................................................................................................................................. 24
Figure 2-6 Data dependency of frames in a 4-layer HBP reference scheme. .................. 25
Figure 2-7 Accumulated percentage of frames which can be safely removed using the

number of the subsequent decoded frames as the horizontal axis. .......cc...cccoceeveivennnnne. 27
Figure 3-1 Block diagram of proposed new H.264 deCOder. ..c.....ccve.ievenrenenieiieieneie, 30
Figure 3-2 Proposed decoding pIpeling. ..o 31

Figure 3-3 The time when each frame is no longer highly utilized and the earliest time at

which the frame can be finished being output for display............c.ccooviiiiiiiiiciiee, 31
Figure 3-4 Partial frame data removed time of each frame. ...........c.ccccoei i, 32
Figure 3-5 Block diagram of pre-decoding mechanism. ............ccccccviiiinininiiienc e 33
Figure 3-6 Data structure of PRT table. ........cooooiiiie e 34
Figure 3-7 Pre-decoding and decoding time of frames. .........cccccccoov i 34
Figure 3-8 Memory architecture of the modified DPB. ...........cccccoviiiiiiiiiiiic 36

vi



Figure 3-9 Frames stored in the CRFS using time as the horizontal axis. ..............c....... 37
Figure 3-10 Block diagram of Fragmented Reference Frame Storage............cc.cooeevnee. 41
Figure 3-11 Time to remove the invalid blocks of frames in the FRFS. ..............cccee... 42

Figure 4-1 Effect of PSNR(Luma) value for different storage sizes and block sizes. .....51

Figure 4-2 Effect of PSNR(Chroma(U)) value for different storage sizes and block sizes.

vii



List of table

Table 2-1 The time when the frames are no longer highly utilized for different frame

types (Assume the frame sequence is “I, B1, B2, P1,....”%°). c.ccoooiiiiiiiiiie e 7
Table 2-2 BENCAMATKS .......oiiiiiieiic ettt sttt te e sreesre e 8

Table 2-3 The time when the frames are no longer highly utilized for different frame

types (Assume the frame is "I,LB1,B2,....Bn,P1,..."(0>0)). .......cooooviiiiiiiee e 22
Table 2-4 DPB status when decoding each frame in a 4-layer HBP reference scheme. . 25

Table 3-1 Required PRT table size for different block sizes in unit of storing on frame’s

pixels......... A AF........................ [ - A 35
Table 3-2 Comparison of traditional DPB.and CRFS. ...........ccccecoo it 37
Table 3-3 Comparison of the data structure iN FERFS ......c.cc..oooiiiiiiiie i 40
Table 4-1 Common video sequences used iN EXPEriMENT. ........ccceiveeiveeiireiieiecaiieiiesee e 48
Table 4-2 Average PSNR of standard H.264 decoder...............ccooovvvieeiieeviiieiieesee e 49
Table 4-3 The issues are affected by different block sizes of Modified DPB................... 49
Table 4-4 The issues are affected by different block sizes of storage overheads.............. 49

Table 4-5 Storages sizes of PRT table and CRFS with luma parts for different block

SIZES. e A T . W 50
Table 4-7 Overall DPB sizes and storage overheads. .........cccccccvevieiviievieeniessee e e 53
Table 4-8 Environment parameters 0f CACT I c....cooviiiiii i 60
Table 4-9 Timing analysis of writing one encoded frame into Input Buffer. .................. 62
Table 4-10 Access time of modified DPB and traditional DPB. ............c.ccccooiiiiiiinnne. 62

Table 4-11 Timing analysis of loading all pixels of the frame reaching PRT from CRFS
and storing useful pixels INtO FRIFS. ... 63

Table 4-12 Timing analysis of removing one invalidated frame in FRFS. .................... 64

viii



Table 4-13 Hardware cost of traditional H.264 deCoder...........oooeeeeeeeeeiieeeeeeeeeeeee e 65

Table 4-14 Hardware cost of proposed deSign. .........ccccoreiriieriieieineeeeese s 65
Table 4-15 Power analysis of traditional H.264 decoder. ............cccovvviiiiieiieccesce e, 66
Table 4-16 Power analysis of proposed deSign. .........ccoceoeiririiiieisiseeeese s 66




Chapter 1 Introduction

H264 1 & p R 8 &k &7 2L OB Y S 0T o Ap ot 2w iU SR
P RS ot P ifd & PR H264 38 5 G T IR Sl R

ERGURSERT 0 LR R L R -

Decoded Picture buffer(DPB) 7. H.264 decoder » H i & ezt iv B (%1% © 5 (%
= e frames > @ izt frames 3 & A Zxb % o 350 1. JA4% {3 5 f245 frames
% 2. % ﬁé&ﬁ;%] 1] display buffer % %3 - @ 1395 3 I 9H.264 profiles » £
“7 44 DPB sizes 7 545 A e o 430§ 2L enaBaseline profile H.264 decoder @ = >
H DPB & ¥ i5 3 17 5%k frames > H ¥ ¢ 2 16 5k © 5 fig#5 = e frames 14 2 1
& P W i Bf#fG e frame o ¥ ¢k > d [1]18 5> DPB #7% &0 chip area ™ 2 e g4
7 B & B 1% H.264 decoder 95% 4 F > F F M 5 3t S #r 3 e DPB size s %%?q‘i

» ;% video decoder @ 7 > ¥ & #5'F 43 &9 hardware costs o

[2] B = 4% Hierarchical B Picture(HBP) %~ -5 [3] ™ - #% 4!~ DPB size
eh 2o H 3 B it s £ frame 2 E 208 ",ﬁ% S &L ZEBR T g frame
r ‘fﬁz}é‘ “r % e oF cnframes » ki Fl 0 DPB size ehp g o fRGR 2 2 T 4 T
70.5%:rik 5 % @ o 2k [21P 2415 H.264 SaB s ¢ frame Wengd 2 58 Hoergp
dt e decoder it £ 2 HBP %% #5058 T #rih s 1) ko videos » A st B AT R
7 DPB size - @ = ;2 AR H.264 coded video T 12 jE {7 0 DPB size 43
B $ 1% R FIEE 2R3 DPB p % - o frame £F 7 Mk S 0% o ¥ oo o
L& H.264 #rf245 O e frames o B o7 i 3] e image quality 4p$ >t 12 HBP 4%
P8 T fags e frames ke 47 0 2 & £ F) 5 HBP 4]0 & - 3 frame #at 4

«*m*f%{liiﬁﬁ;ﬂ °



APFT[2] 0 A3 LR H.264 ¢ frames FFengd 7 5 0 I DPB p i
% — 3 reference frame » # life range ¥ ALFFAE & & @ RFdp - % — G sl Ayt 5k
frame shpixels 4+~ € %4 > % = B pFdp 5 4t 5 frame shpixels 54> 48 %% o
AR bk R S % 0 $0F — 5k reference frame  EE - B P &
PUPEHSELLS o W A AR * Dlahpixels ) KRBT R TRE o

Il DPBsize (p & o

MR e A » AP 2 DPB e B
-V - !:‘ o 3P i : 2 2% e 45t 0 DPB size
ATk A enp B 3 G At o

2k 2t i 5 e F o



Chapter 2 Background and Related work
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Figure 2-1 An example of display and decoding orders of a H.264 coded video.
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Figure 2-2 An example of status of reference frame in the DPB when each frame

decoded.
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Table 2-1 The time when the frames are no longer highly utilized for different

frame types (Assume the frame sequence is “I, B1, B2, P1,....”).
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Table 2-2 Benchmarks

Benchmarks Resolutions Number of frames
Carphone QCIF 100
Crew QCIF ~ CIF 100
Ice QCIF ~ CIF 100
Foreman QCIF 100
Highway QCIF 100
City. QCIF ~ CIF 100
Mother-daughter QCIF 100
Walk QCIF 100
Suzie QCIF 100
Coastguard QCIF 100
Bridge-close QCIF 100
Claire QCIF 100
Container QCIF 100
Grandma QCIF 100
Hall QCIF 100
Miss-america QCIF 100
Silent QCIF 100
Trevor QCIF 100
Akiyo QCIF 100
Salesman QCIF 100
News QCIF 100
Bride-far QCIF 100
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Figure 2-4 The percentage of pixels of frame of different videos which are still

referenced using the number of the subsequent decoded frames as the horizontal axis.
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quality 4 2 H.264 encoder @4, 1} &k e bit #ic o g A P #3273 = HBP layers 7
Bt R G WA TR ML K e bit e gk T o # 4-layer HBP %3 -
FpEct 2 @ layer ( HBP #rig if 3 i envideo quality: F10b > e fs & & ¢ >
300 e A-layer HBP 5= H03% 17 5 B 6|11 2 34 okt e o

Fn : Frame n

Fo.Fy F, FaF,{Fs F; F, F,
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DePOdi et 3 5 2 7.8 0859 1

order

A refers to B

Figure 2-5 Referential behavior between frames in a 4-layer HBP reference

hierarchy.

2.2.2 Related work

%gc_* 47 HBP %4 #-58 ™ frame BF gt o4 enis 5 > 7 LR 415 — 3% frame

e life range » 2 Figure 2-6 # -+ frame ¥ data dependency =R % o # 4 3. I-frame
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7 % 7] Bl fz2s5 = 2 14 2 life range rjﬁg,.‘%é\ » m H s frames 7 life range %% & P&

Fav @ave ¥ebod Figure2-5 7 3 L= 4 & k ehframes f2m 2 = 18 > A &

PR 4% v 8 B — 3k frame e liferange » — B & o

Next group
of frames

Figure 2-6 Data dependency of frames in a 4-layer HBP reference scheme.

55 — 3 frame 2 life range & & «0ps @ > 2t & work 3% 102 frame 5 & = >
# “,/T‘ life range = % & eaframes > ki ¥ > DPB size <i7p % o Table 2-4 %

& f275 = — 5k frame 7 » DPB B @0 &% 17 7R frames 2 2 7Rt frame 7 life range

AR —_;—.g\ j;i,}';ﬁ% xf A, 4_|ayer HBP 9}«:}; ﬁj;\‘. :; ,’;,,J , t’r_ﬁ : 3 ]V} mri A Vi S
DPB &7 %% A5 % frames =z & v o @ § HBP %4 #3" 5 N & p5- 2 DPB

Z & %7 N+1 sk frames ez F o

Table 2-4 DPB status when decoding each frame in a 4-layer HBP reference

scheme.
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Display Used for Frames to Stored frames in the DPB
Number reference | be removed after decoding the frame
0 Yes 0
8 Yes 0 8
4 ‘es 0 8 4
2 ‘es 0 8 4 2
1 No 0.1 0 8 4 2 1
3 No 2.3 8 4 2 3
6 Yes 8 4 6
5 No 4.5 8 4 6 5
7 No 6.7 8 6 7
16 Yes 8 16
12 Yes 8 16 12
10 Yes 8 16 12 10
9 No 8.9 8 16 12 10 9
11 No 10,11 16 12 10 11
v 14 Yes 16 12 14
Decoding 13 No 12.13 16 12 14 13
order 15 No 14,15 16 14 15

2.2.3. Summary of related work

gt work 1 di2e =% > F HBP 44 #5558 5 N & P72 ¥ 4 DPB ﬁﬂ/)f:\‘
I %9 N+1 3k frames ez B ¥ » a2 4-layer HBP. 9~ §i5;% 5 &) - 7 % DPB ¢
R4 % %5 17 5& frames %’ﬁz}é\‘i 2 %% 53 frames eh3 B » 57 4 F 70.5%¢
mE e

R @t B owork < Jg 241 H.264 encoder 12 HBP %% 258 fa %k » B #1323k 2 en
decoder 4 ¥ 11 @& 5] > DPB size 47 e o ¥ 7F 0 17 HBP %% #53" #7 %08 11 e
videos - 4p 4R H.264 encoder m 7 0 7P e bit rate iR T 0 £ H.264
“riv i 3] { i ovimage quality > 3 & § %) 5 HBP 4] 7 & — 5% frame #ac 5
225 Sl BRI S i

BRSO Rt iR 2E H.264 decoder o H #1iy 0 DPB size s € 4p ¥
Folooom 3B EFL 0 E work £7 frame 1F L # Kf 223 N SN E E AL TR
8 H.264 » 23t #ripl3E e benchmarks =+ — 5 frame H life range e’ % > 4r

Figure 2-7 #f7 » ¥ # ML @G B g/ S B2 £ & * 2140 frames
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Accumulated percentage of frames which can be removed
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305 23%) o g ot 2]
L RAR ST ) h 4335 2.3.2 17 45 — 3k frame H i1 1] display buffer
pERF AR G VAR o P RRERE T APV UHE - %
frame £ 3% — B pFis et ‘,fzh’,-ﬂ £ i % Flenpixelss @EF v @ * pixels %ﬁ“
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Chapter 3 Design

%7 " DPBsize » A it 44 DPB & — 3k frame > 4~ B|:E % - B if & chpF
WEL > WIERF A AR ¥ apixels» &7 & % dopixels & 53 #73k 3 e

BEE Y o ot - ko 4 DPBsize B ¥ L EER -
RO PR NT I APRRASREE 2 g

-

1 3 5 - sk frame irirE & - PR GFBO EHAPLLTEH
= PRT(Partial-Frame-Data-Removed-Time)) » &% F G v % @& *

pixels?
Ayt RRRE O AP Y T B gk kA2 & — 3k frame i £ (9 PRT
a. & - 3 frame 7 L 4~ & %% apFise
b. =+ - 3 frame & % ¥ 1 4% output for display = = &
2. 5 % - % frame e PRT & p&» dovie Fgnoa pixels ¥ 0 45 /7 2

-3V R 47 > A i 3 ) Pre-decoding mechanism s 3g L3R 4 (255 & -

3% frame » = FEin=* — B pixel 2. PRT 2 {8 8 & ™ /p4k i * o

3. 4rim 1 PRT 2 = & frames ™ 2 PRT 2 &« fragmented

frames?

¥t B RE > A4 £ decoding performance 12 % storage size > # i

WA BREHER A WAL

a. Complete Reference Frame Storage(CRFS):%& 5 PRT 2_ % e £

frames (#p 113t 1@ 3L DPB &7k 3+ » % & 13 = & o0 frames)
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b. Fragmented Reference Frame Storage(FRFS):k& PRT 2 (s eh
fragmented frames(<% & decoding performance - :£ # 12 Indexed

table ¥ % ¢ )7L & 1 Indexed table ¥ i % # conflicts)

4. ¥ FRFS % 4 conflicts misses & » F B~ N cnf R A kv 4k 7

* s 0 HAe @ =& At ?
FEF UL RRRE 0 AV A B 4 F 245 B 7 90 image quality 2 2 decoding
performance » % % 8248 decoding performance i/ ™ » iF 4% 27 i}

% 0% B A i pixels FGE AT o

F_*

R APR- - foE - BRESEALS 22 S E

3.1 Propose a new decoder scheme and decoding pipeline
Figure 3-1 % %1 #72& 3+ 70 H.264 decoder scheme » $* 3k ¢ 2.
1. - % 3 H.264 decoder(: # ¢ 2 @ 3t DPB 3% 4)

2. = i# Pre-decoding ¢8| » &= — 5& frame & & & ~ & % H.264 decoder

2_ v o FERee% ok frame & PRT 2 16 5 ¥R pixels ™ JE Ak # o
3. - i modified DPB» £ ¢ & 7 2 B 3 %%

a. Complete Reference Frame Storage(CRFS): * % &% 15 d decoder #7 %45

S e B frames 14 2 4p B 09 PRT F 3 (PRT information & % ¥ & — i pixel
A PRT 2 {48 F % ™) 2 7|3%5k frame & PRT 3:if 5 1+ o 3 :%5k frame
sew

S PRT $lif (e > AP Ry 7% copixels T g 3305 ¢h- BREFEE

# = Fragmented Reference Frame Storage -

b. Fragmented Reference Frame Storage(FRFS): * % &% 5% — 3 frame i

PRT z_ts v Z i * eapixels -
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Fn: framen
MV : motion vector
MC : motion compensation

Pre-decoding mechanism

| i
| [}
| |
i Input Buffer Encoded Fu i
i 2 (17Encoded frames) Modified DPB |
I About (.33 frame size !
| FRES |
| Refeirence H264
: Useful !
| e o |1 | Decoder
Encoded | 7 ) —7 info. i :
. i decoder R;;:d oF, to Fu0 CRTS | (excludlngthe
(from H.264 encoder) | Block size of R S with - 1- DPB paﬂ)
! \ et | PRTER. {1
| ]
i ofFu
Proposed Design Decoded Fu

Figure 3-1 Block diagram of proposed new H.264 decoder.

Figure 3-2 % #\ ir* #r3% dre decoding pipeline » 4-¥t& — & frame &= - B
FE - p A D H R Fandl 0 o fihs pr B dh(Pr B 238 - 3% frame #73 o»

FFRY) o %dh L frames ef378 g 5 o

¥ E — 5k frame 3 0 F 548 1.5 X384 245 (partial pre-decoding)®~ 18 #1
% chpixels 33 > i ¥ update PRT table(st table * 3% x 4+& — 1 pixel & PRT
2t 1 F vAEF )~ 2.% ~ 85 H.264 decoder fifi#As ~ 3.% 5k frame H PRT
PIE P o A 5K frame i 11 3] display buffer 1 @i g v AR % & pixels ~ 4.2 3]
Pt o5& frame h = @ BEEH ",ﬁ; o @ A& — 5k frame *TF i I T A

pipeline 3% 7 °
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Time unit: Time to decode one frame

01 2 3 4 5 6 16 17 18 19 20 21 22 23 24 25 26 34 35 36
- 1+ - ———+—>Time
I [e] (o] (=]
PRT
P, (o] (=]
PRT
3 =
PRT
B, (o log]
PRT
P, [o]
PRT
B, P-D: Partial decoding
PRT D: Decoding
B, PRT: Partial frame data
PRT removed
O: Output for display
R: Whole frame removed
Decoding
order

Assume the frame sequence is “IBy,B,P..."
Figure 3-2 Proposed decoding pipeline.

Bt ¢ oS- — /.42 Figure 3-1 12 % Figure 3-2 © 4p R 3% 3t

£%

dmey o

3.2 Decision of Partial Frame Data Removed Time

sl g & — 3k frame (7 PRT » 2% 8 4

‘t;b’

2 BF)E > HP ¢

frame sapixels # £ 4 % £ &

¥ EPEHs L 2 2.5 = 3k frame B & F

z:1.5% -3k

24 output for

display = =P & = Figure 3-3 2V i/ 12 |, By, B, ..

, Bn, P1(n>0){F 4 &5+ » 741 &

- 5k frame 375 chps B - %

LA~ E

SF R (AL T)E ST

1 A% output

for display = chpF i (14 B % 77) e 35 = - 5k frame k3R > & % ¥ 2 output for
display eps & 2 g A2i8 7 L4~ £ 5 FpFRF o
Time unit: Time to decode one frame
bt t th L ottt o ot teo tus s ts )
f ! ! f f i oo f f ! f f time
Decoding Frame I P1 B1 B2 B3 Ba Bn-1 Bn P2 Bn+1 Bn:2
A | B1 Bz B3 Bn-3 Bn-2 Bn-1 P1  Bn+1
Bn
B B1 Bz B3 B4 Bn-2 Bn-1 Bn Bn+1 Bn+2
P1

Figure 3-3 The time when each frame is no longer highly utilized and the earliest

time at which the frame can be finished being output for display.
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Flpt 2N Al F - 3%k frame s PRT P » 2 & & 5k frame # £ AR 5 2 & %
THIDEFLTE > L RIAAE o S RE- BT EEREDH L
- 5 frame 7 £ & * 3| ehF L > A By-frame cHPRT &£ (5 - BPFRFE =5 4e

Figure 3-4 #751 » ¥ ¢k » ¥3t& — 5k frame #& ! 7] display buffer snpF F 2 £ 7 42

Pa-=-1p

3% 5% frame c7 PRT ™ » 75 3 B b o m AIH At FUE g

FAE e 5o AP e-E — 5k frame mﬁ%] DR 28 {5 B3 PRT 0P 4P e

doft— K AR MY > RS 42 dh Read port #icE o ¥ b o A TiE S
> g o viEF|# 28 - 3k frame E:'Pﬁ;?] dv= 5k frame #| display buffer -
Time unit: Time to decode one frame
ot b b Wikt b e bt e b
SamE memmes B o § om b . WEE \ aFuall
Decotifigfiene” | PrBiwb2l Bo "84 Bn4 Bn. P2 Bn+l Bne2
PRT | B1 B2 B3 Bn-2 Bni Bn P1 B+
Figure 3-4 Partial frame data removed time of each frame.
3.3 Pre-decoding mechanism
d 3.2 ¢ 2 &g & - 5k frame sn PRT > fe i %% & 7% Fg & — %k frame & PRT

z_fs7R4- pixels 2 p4k @ * o 57 AF — 3%k frame fRFB 2w 0 T FE L% % frame

B P %

% pixels t PRT 8 8% Mmipak @ * > A& i 3 gede § 16 frames eh %4

7
Moo H oo & F1E & - 3k frame e pixels £ 7 4 18 4 16 frames #7 %3 -
57 f# - 5k frame f2Fg 2w > TFEIRGE 5% frame 75 pixels & PRT {& £_F

mp Ak i * > A3k 4 Pre-decoding mechanism o 4 Figure 3-5 #77 » gt 4] ¢

1. - 1 Partial decoder( % & %t H.264 decoder = entropy decoder e iv) » #

kg F - 5% frame ch%3 F o
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2. - I PRT Table » * &kizéx5 — i pixel & PRT 2 {5 £ F v A48 1€ * 0 F

o

3. — B Input Buffer- * &k &5 d encoder #7i% %k -1 Encoded frames> § Frame

n cH PRT T3 % &= = {2 > B #-Encoded frame n i¥ »~ decoder #fi##§ °

Pre-decoding mechanism Fn : frame n
MV : motion vector
Input Buffer MC : motion compensation
> (17 Encoded frames) > Encoded Fn
Encoded Partial PIE;TTT_alfJIe o
Fn+17 > decoder —> 1110. > PRT info. of Fn
(form H.264 Encoder) - of Fy 10 Fyui6)
MV
Block size
of MC

Figure 3-5 Block diagram of pre-decoding mechanism.

3.3.1 Partial decoder

st partial decoder 3 & % H.264 decoder ¥ = entropy decoder =@ it > Ap fi 3t
entropy decoder H #* * @ F f245 & - & frame cnhd T H Y 2 7 v 5T

er1 frame ID ~ motion ‘vector( #t % % == % )12 % block size of motion

¥

compensation(*7 4= eE ] < /| )T #- b i T s 3% PRT Table ik 45 o

— 2

=

3.3.2 PRT Table

BIE LG AR AN PEE R - BRI ER o o8k — B pixel & PRT
2 {6 E_F AR > fL % PRT Table » 4= Figure 3-6 #771 o d **5& — i pixel
Z.d luma(® &) %2 chroma(?¢ &)#rie= » ® ptd e 5 PRT information # &
A o Fp AR A b 2edk luma 2 2 chroma 9 PRT info » gt {4 2% i *F 12 luma

B ] o 507 ‘ﬁﬂ)é‘ PRT #7% et g 2 B > AP+ 1B bit 2 %4= - B pixel
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A PRT 2 (s 8 F ™A FT™ o % & - 5 frame eh PRT 3|:& pF » p|-& — B pixel

PRT bit T+ & & gt pixel £.7 5 F T o

4.
e

Location(x,y) of blocks
A (4

e N\ Data

PRT b1t [

PRT Table(Luma)

Figure 3-6 Data structure of PRT table.

PRT Table F p#f %% G 17 5& frames 4p b 50 PRT 7 2> 2 * d Figure 3-7 &
P R ¥ o 12 frame Fy 5 1 » Fo 57 PRT table & P& & t1 B 4oiedr 0 2 T FF A (17

Zd st FoPRT table 4 % 2o F|pt > A {2 & | P %% 17 3 frames # PRT info. -

Time unit: Time to decode one frame

ty 4 t t3 ts 7 te o
i i i ' - W i —> time
Pre-decodingFrame Fo F1 F2 Fi6~ Fi7 Fi18 F19
Decoding Frame Fo F1 F2
i. ________________________________ !
PRT table of Fy PRT table of F
creation done

Figure 3-7 Pre-decoding and decoding time of frames.

d 3 PF IR 17 & frames = PRT information > ¥ & 44>t % — & pixel 5 i *

1% bit &4 8 5 2§ T 5% i 3% PRT Table #1522 B i ~ R 38« F]pt >
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- % g & ehblock size # i & gFehE o ¥ 02§ sdpd] PRT Table #7F enié 5 %

@ o (block:— 5& frame ¥ *» = % @ 4p e = /] hablock » I 2 & s 2 & )

%3+ 7 e ehblock sizes» Table 3-1 & & 7 17 3& frames % 1 PRT Table &%
Z & % ¥ block size #f ~ » H #7% 7 PRT table size RlA& k4% | o e d 3107 |
sriblock sizes ik 4% ¢ B2 58F — 5k frame & PRT 2 #7% ¥ = chF £ £ > 4 block

size 3 4 pF > HATF T R E R € 4 o Fpt fT ¥ w48 block size 1T 3k &

PRT info.crk &~ ¥ i+ > 24 #&-d simulation =% % j&-2_-

Table 3-1 Required PRT table size for different block sizes in unit of storing on

frame’s pixels.

Block size Size of PRT tableof17 frames The number of pixels which are needed
(Unit : size of storing one frame) to bekept after PRT for each frame

1pixel (Luma)1.42+(chroma)0.36
2*2 pixels
. p. 0.36+0.09 The number of pixels which
4*4 pixels 0.09+0.023 is needed to be kept increase
8*8 pixels 0.023+0.06
16*16 pixels 0.006+0.0015

3.3.3 Input Buffer

% Pre-decoding mechanism # > %43t & — 3k frame % if* 5 7 7 L34 245 18
16 5& frame %% F 3o Fpt2£ & 7 & - 3k frame 2 & 245 copF o Figure 3-7
Aror 0 B t17 2018 A B 4sfE4% Frame 0> gt 2 % Input Buffer 3 %% i Frame
O~Frame 16 d %45 (5 chF 30 o F]pt > Input Buffer ¢ p#2f % A 17 encoded
frames - 293 H.264 )Eﬁ?ﬂ—:% en1%u3t[5] » 17 encoded frames & % % 0.53 3% frame

size(frame size: %75 - % frame #7% cnRE 3 2 &) o
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3.4 Modified DPB

d 3.1~33 e & ¢ o 30 E — 5k frame> A PR T doe A 2 PRT 12 2 4ofe
A %%k frame E & 2455 o Frin® — B opixel A PRT 2 (6 £ F ™2 9§ T - 434

[ER

G0 ARl heip T 2§ E - 3 frame -

Figure 3-8 & 5 {1 “##% o1 sy modified DPB % # > £ & 3 1 2 Bk s ik n &

v
¥~ w5 Complete Reference Frame Storage 12 2 Fragmented Reference Frame
Storage - § & — % frame A2/ = 2 & A3 %% frame ¢ PRT pF > A jpis-d
k&3> CRFS ® & CRFS #7¢& 5 ¢ frames ¥ % = & e frames »2 2 4p B 1 PRT

T oo § & — 3 frame < PRT 2[af pF » P41 Jf @ * i pixels # 5 ¢ FRFS #

E 3|t 5k fragmented frame 7 £ 4 ié * R #-H Bk o

T

#5 CRFS | #7415 e B frame > 3% i 123 02 8 5o DPB ik 3t &k ¢ i
i frames > @ ¥t FRFS m & » 5 7 7 8238 decoding performance » 2% i 3% 112

Indexed table % ¢ iz 4 fragmented frames °

Fn: frame n
Encoded Fn =
FRES >
x Reference S
useful blocks (excluding the
DPB part)
CRFS
with >
PRT info. Reference
decoded Fn

Figure 3-8 Memory architecture of the modified DPB.
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3.4.1 Complete Reference Frame Storage

CRFS § +# & 55 — % f245 % ch= & frame 12 2 gt 5& frame 4p B cHPRT 330 >
E F|& - 3 frame 7 PRT 3] o @ CRFS $*t = §f frames < 123 3% 4p i3t @
% DPB ek 3t A fmd Table 3-2 tst g H ¥ 4 & e b 4t @45 DPB 3 ik

F 17 frames m CRFS # % #%13 3 5& frames 14 2 Replacing order 1% & o

Table 3-2 Comparison of traditional DPB and CRFS.

| Traditional DPB | CRFS
Similar parts . Storing whole frames
. Indexed by frame id and location of pixels.
Stored data Pixels Pixels and PRT information
Kept frames 17 frames 3 frames
Replacing order Decoding order (FIFO) Display order

@ %t DPB =7 Replacing order $= 2 FIFO(decoding order)> @ #* i* ¥ & Figure 3-4
i ar& — 3k frame 2 PRT =p% [ & 43 &1 & display order- ¥t CRFS s2Replacing
order % display order o ¥ #t » Figure 3-9 &7+ &% - B 2.H CRFS P #1i %
crframese d 35 - BRERE H L EfEL — 5k frame & 253 DPB b > ¥ ek i
PR t3 B 4e @ F — 3 frame 0 PRT 3|z (K% 5% frame 7 Jg & # & pixels #& 5+

FRFS) » # CRFS # % %5 3 5 frames eh% @ T+ o

Time unit: Time to decode one frame

g b TR s e b e e
I 1 1 1 1 " 1 1 1 1 — time
DecodingFrame | p; By B2 B3 B4 Bni Bn P2 Bml Bn+2
PRT of each frame | Bi1 B2 B3 Bn3 Bn2 Bnl Bn P1 Bn#l
Stored frames | I | P]. Pl Pl Pl Pl P]. P]. Pl P2
inthe CRFS P P1 Bi1 B2 B3 Bn3 Bn2 Bnil Bn P2 Bntl

Bt B2 B3 B4 Bn2 Bni1 Bn P2 Bn+1 Bn+2

Figure 3-9 Frames stored in the CRFS using time as the horizontal axis.
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3.4.2 Fragmented Reference Frame Storage

%+ — % frame <H PRT FJd pF » ARG G128 7 i@ * 0 pixels ¥ & 353
FRFS ¢ o 44yt FRFS ek 3+ & - 242 & 2 7 8258 decoding time 12 2 *% i<

ﬁ/r%ﬁwrrﬁm'm l?;pf'&?/%'ﬂ‘liéﬁﬁ” ’/"f x'a‘d’ﬁi—ﬁiﬁ r'i

—\

R AE B 5 decoding time > 2 & §_F] 5 4> real time decoder @ % v &

FT

FAR Lhoutput rate K g & & Flehp AR FUTE & TR B ¢ #2581 decoding
time> B| ¢ & @ 35 & output ratee d @ 5L DPB et 3t % 8 5 = B f2 G B ¢ o
Flt adeE T4 (U2 Pixel 5 H 230F ) -~ k& ALY pixel FH ik B REE)
TUE R A frame S H - FRB )R F At o P F R O()FR P
GL: BHER frame chaies 7 Efad T REAB ST RE AL T EL &
AN fiﬁ%ﬁ frame &8 1) o Flpb o 309 Fap PR BRI A o 2§
w £ 4LH timing performance » 2 78 77 b F BER ~ GEG FORLGEER 0 2 B

E RSk frame pF AT R cpE R o

PO F LR P R A ST R R 2 B F A E R T
SRR xSRI TS E o d 5 fragmented frames g R A Ak (R A
e Pixels » @ I 2b Ju & A5 B 71| e pixels) o Fpt A i g RS e dE - B opixel
Hoeopfhenframeid » X2 Y eni> B > 154k 4 7 3% FRFS p e pixels £ >t vn

3k frame v = § > pUFR Ao JH 3T AP ER ¢k 3 4o g storage overhead o F 0 F 4

#7 % chstorage overhead 7~ ¥ & 4 £ enE gh2 - o

AV A B o AP AR FATESETL TR BB
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AAT 0 B APRE R AT RSN E LY ¢ G A B SHAT RE
2z Figivecd o Table 3-3 74— & L enF il %1 7 Linked-list ~ Binary
search tree ~ Indexed table 12 2 Original DPB design # #7 % e & g (12 pixel 3
Hi-40F ) 55 TR OB pixel 5 5 2f5)# MfB%F'“(U frame % ¥ = #

“ﬁ%)u % 1% chstorage overhead o

g

Rl AIFE PR LR G PR S04 0 Indexed table § bt

e

Linked-list 12 2 Binary Search Tree kerd » ¥ ¥ 22 cpF B 45 32 & 22 Original
DPB Design 4p e % 5 O(1)e @ 45 "f 3 frame #1 % e & @ % > Indexed table
ZIA o8 B nFRGHE o Ry fne R {4 Chapter 4 epE R 247304 0 F Y
Ji#* pipeling ez 4 » gt a (FIERK & - B stage(f#45 - 3 frame)p = = » ]

2 58 Decoding time = F]t % timing performance $% 4 > 2 7 "2+ Indexed table

E’-’rj%\ Eﬁdﬁ;& f:h °

&4 7 B 7 Feniss o & storage overhead 3%~ o d 3% FRES g 42 % 5
fragmented frames » F]Jyt “!r‘ Original DPB design » # « = i 7R Sir % 7 & 5
&= — i pixel 7 % «»frame id 12 2 Location(X,Y)> #]#* {& storage overhead 3% 4 >
Z B FRRAESA R g dp e o & Indexed table(#7 iz cache)» # # § 3 2 conflict
MIiSSes ;v » 4 fq‘&ir. FEEV UG oEd 2 E R5lD 4Pk oset ¢ oo
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Linked-list r+ 2 Binary Search Tree » 1% € # 2 conflict misses safF-i% o FK ¥t 12
% 5 decoding time = widk > AT REFZIFLALLET 0 APEARER
1 Indexed table 3 4 5 f#il 7 fragmented frames » 8224 7 & € ¥ 2 conflict
misses % » 2 d 3 Indexed table H %44 2 cache » @ cache design = 5 &
s Joengope . Flpt 2 fF i conflict misses s ¥R 48§ & >t Indexed
table » %3 4 2 hit rate - ¥ #t > F] % ¢ Indexed table #& & % & %-#(indexing ~

associativity ~ line size 14 2 replacement policy.. %) it 5 £ > ¥ ## %

§
N
I
=
S

AR
1=
o
|

SHE o Bl o AP B E T NG F KA NGRSl st o &0

conflict misses i » 12 18 3| { 4F g o

Table 3-3 Comparison of the data structure in FRFS

Data structure Search time Tnsertion time Remove time Storage Overhead Other
(Mpirel 4 ¥t d) | (spixel 5Bl | (Rame EaBH) | (FLAMERAEHpivlE)
Linked-list O(n) o(l) O(l) B
1.5 — fApixel frame id ~
Location (X.Y)
2556 F —Bpixel)ds 2
Binary Search Tree O(logn) O(logn) 0(l) Bk
1.8 —@pixel tyframe id ~
Location (X,Y)
LiEmmEFh R
Indexed table (1) o) O(n) &k SREAERTORSE
(similarcache) (direct mapped) 1.4 —pixel # frame id » BBk AT
Location (X.Y)
Original DPB design O(l) ol 0(l) NA SRS UM BEMRAR
LR
PS: BAFRFS P An¥F

Figure 3-10 5 2\ ir* #r3& 3V FRFS &0 BB - 2 Address 5 Frame id-~pixel (X,Y)
Bilirie oo ¥ ob o ¥3rE — Boentry m % 0 d valid bit(* %k £ 7 3% entry e9%
FFE_F v 4ki¢ *)~Tag 4 2 Data( — & block p #73 ¢ pixels value)#7 i = >

BT E A A S multiple-way
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Index
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Figure 3-10 Block diagram of Fragmented Reference Frame Storage.
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Figure 3-11 Time to remove nval
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3.5 Compensated method while the conflicts misses of FRFS

happened
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1. Modified DPB p ¢ i frames ot 1- i p i (4p 3t i & 0 L) o
AT PR ARIT ) & (display order)4p i endF | o d B ARiT frames 41T

gif 4 TALIP % chpixels (T34 £ Lo

2. o 3 EGRiT A frames H 2R pixels 54X ¥ oav i 4 0 F)p OREE ARLT
e frames H % & modified DPB &4 & i g » gt 304 5 E AR 3 eh
# > o d ** Modified DPB & CRFS - FRFS #7322 » ]t 3t iy g
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% pixel #7ff e0 frame type ~ P = 245 block 2 Motion Vector ~ p % f2# block 1
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Define

1. Ti: The frame type of frame i

2. m: The frame id of missing pixels

3. c: The frame id of currently decoded block

=>Tm: The frame type of frame m

=>Tc: The frame type of frame ¢

4.  MVX: The x- component of Motion Vector of currently decoded block

5.  MVy: The y- component of Motion Vector of currently decoded block

6. X: The X-coordinate of currently decoded block

7. Y. The Y-coordinate of currently decoded block

8. n:#B frames between | and P frame

9. RF: The reference pixel of FRFS when the conflict misses happened

10. RC: The reference pixel of CRFS when the conflict misses happened

11. RP(a,b,c) : The frame id a and coordinate(b, c) of reference pixel

Equation (1): The reconstructed region of FRFS when the conflict misses happened

(1) RGF(Tm, MVx, MVy, X, Y, m, c)

= RP(a,b,c)
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c—(m+2) c—(m+2)\ . ]
m+2,(MVx+X)*_—,(MVy+Y)*ﬁ ,if Tmis| frame
c—(m+1) c—(m+1)\ . .
m+1,(MVx+X)*C_—,(MVy+Y)*ﬁ ,if Tmis Bl1~Bn —1 frame
c—(m—-n c—(m—-n
(m—n,(MVx+X)*¥,(MV3/+Y)*¥>,imeianframe
c—m c—m
c—-(m+n+2) c—(m+n+2)\ . )
m+n+2,(MVx +X) = ,(MVy+Y) s ——— | ,if Tmis P frame
c—m c—m
A TF 2 E R E 4 FRES N i frames (ESEAT 0 v € 8 4 gkl A <0 pixels

TALR A enlR 0 @ BT B odecoding time(F] 5 # & £ A7 F TALEEA)
R BRGS0 A BRI TR IESEAT kR AP AP
2 CRFS ¥ J5 % £ i éhFedd o (£33 4T 2 % % » B228 CRFS N #7 35 o frames
Pt i 4 pixel goframeid #k > e d 30 CRFS ¥ #1k¥ 5 ¢ frames ot q % e
T & Ei 35 Bl AT & AT o pixels o R 4p b b B R R 0 Equation(2) 7] & S i d

CRFS ¢ % #& vn3k frame (% 2 5 46 $F % o
Equation (2): The reconstructed pixel of CRFS when the conflict misses happened
(2) RGC(Tc, MVX, MVYy, LX, Ly, ¢, m)

=RP(a,b,c)

C 0C sl c—(c—-1
(c—l, (MVx+X)*#,(MVy+Y)*%),if Tcis B1 frame

<c —1,(MVx + X) % (MVy +Y) * Lm)) if Tc is B2~Bn frame

c—(c—-n-1)
c

—-—m

—(c—n—-1
(c—n—l,(MVx+X)* ,(MVy+Y)*#),ichistrame
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1995 d FRFS o 45 & FOp AT ek & B0 fCCRRS 7 45 F b

A 2 R F1E_FRFS p e frames 4p >t 18 4 pixel 0 frame id $2 5 3837 o F]pt 2

P ensfiAd > % L pF 34 FRFS 22 CRFS ® 45 & 4usfi4d 2 4L > & FRFS 45 P4k i
A2 AL Rl FALESEA 0 B R Bl CRFS (034 o dogt 72 0 3 B
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Chapter 4 Simulation

B R E Y BHA PR PRY  E A AT RREEIET R
PERE o T b B A PR IR A S B R E A A

2

R L TR BN REATH
4.1 Experiment

BA O A ARAPATR Y PRORIRE 0 ¢ 45 IM 16.2 software[6] * &
H.264 %% f2 G shenid 42 - 2 2 CACTI 5.3[7](Technolygy:32 nm) * 3 =iz memory
access time ~ chip area % power % 38 p.c Table 4-1 = /P9 ZpF it * o
benchmarks » = — i video % 100 % frames - H 347 & 5 176*144(QCIF)#

352*288(CIF) -

Table 4-1 Common video sequences used in experiment.

Benchmarks Resolutions Number of frames
Carphone QCIF 100
Crew QCIE - CIF 100
Ice QCIF - CIF 100
Foreman QCIF 100
Highway QCIF 100
City QCIF - CIF 100
Mother-daughter QCIF 100
Walk QCIF 100
Suzie QCIF 100
Coastguard QCIF 100
Bridge-close QCIF 100
Claire QCIF 100
Container QCIF 100
Grandma QCIF 100
Hall QCIF 100
Miss-america QCIF 100
Silent QCIF 100
Trevor QCIF 100
Akiyo QCIF 100
Salesman QCIF 100
News QCIF 100
Bride-far QCIF 100
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¥+ image quality =32 > & > L {12 Peak signal-to-noise ratio(PSNR) % 2
=% image quality &% > PSNR B 4% 3 4%43 - &% H.264 #1f2#5 ) = frames

# PSNR + 5+ 4+ 30(dB)~50(dB)2 ¥ » — 4@ = » % PSNR>30(dB)p# » 4% %

LREE Fek chie F[8] - Table 4-2 5] J1 4% # H.264 decoder 7t it benchmarks ®

T

i

S#7 4 i $] 4 image quality -

Table 4-2 Average PSNR of standard H.264 decoder

Y (Luma)

U(Chroma)

V(Chroma)

H.264 decoder

38.67(dB)

41.53(dB)

42.15(dB)

% chapter3 # o d >t 2% ip 77 3 4o PRT table * 4 % 5% = 1 pixel

{62 F P FF T OFTHM A% 72 feehblock sizes s & & E g B

% PRT 2

3| PRT

table size 22 2 #7 % § FTanpAlE o Fpt o A2 & 43544 1 @ 4 block size i

% Acnd P s &4 o Table 4-3 12 2 Table 4-4 » 2\ i A ] 5] 41 Modified DPB %

Storage overheads » - ¢ < 7 F= block sizes iF 5 fe & ¥ =@ X

Table 4-3 The issues are affected by different block sizes of Modified DPB.

Modified DPB The data needed to be kept The storage size will be affected
by different block sizes
Complete Reference Pixels of 3 complete frames x
Frame Storage PRT information of 3 frames v
Fragmented Reference | Pixels of 14 fragmented frames v

Frame Storage

Table 4-4 The issues are affected by different block sizes of storage overheads.

Storage overheads

The data needed to be kept

The storage size will be affected
by different block sizes

PRT table

PRT information of 17 frames

v

Input buffer

17 encoded frames

X
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Table 4-5 3% i 4 %] 7] d! PRT table 2 2 CRFS %7 I block sizes # & ‘¢ 45+ H
=7 > #7% e storage sizes(Luma parts) - Table 4-6 % #% 75 Chroma parts #7 % ik

EEAE

Table 4-5 Storages sizes of PRT table and CRFS with luma parts for different

block sizes.
Size of block PRT table size Size of Complete Reference Frame Storage
(Luma) pixels(Luma) PRT info. (Luma)
1 pixel 1.42 2.66 0.33
2%2 pixels 0.36 2.66 0.08
4%*4 pixels 0.09 2.66 0.02
8*8 pixels 0.023 2.66 0.005

Unit: size of storing one frame

Table 4-6 Storages sizes of PRT table and CRFS with chroma parts for different

block sizes.
Size of block PRT table size Size of Complete Reference Frame Storage
ety Pixels (chroma) PRT info. (chroma)
1 pixel 0.36 1.34 0.08
2%2 pixels 0.09 1.34 0.02
4*4 pixels 0.023 1.34 0.005
8*8 pixels 0.006 1.34 0.00125

Unit: size of storing one frame

Figure 4-1 &8 51 411335 7 I <1 storage sizes ¥ block sizes & - #+** image
quality(Luma) =% 58 - & fh 5 storage size > ¥_d PRT table size ~ CRFS size 12 2
FRFS size 4v ¢ @ 7 (55 luma 4p Bf 0 F 2L)o B ¥ #F - if s endc4n8Ly 3 storage
size £_d4 PRT table size 142 2 CRFS size #74c 3%, - @ "¢ % FRFS i3 7 B 3 v >
“rag E Pl PSNR £+ g2 VA od BY PR E L7 FRESpF - 8 97 % 50 i 3
7 PSNR(Y)=31.07(dB) » ¢+ & & 57 4R 5 X % ¥ & <% himage quality - ¥ ¢t » ¥
P ILE & 1 4%4 block 17 5 % 4 PRT 0¥ = pF > 43 5] - % image quality = -
st 2 @ oablock m 3 0 H A4 Z gostorage Size #c] o FIpt oo Bk AN A gy

A%4 block 15 % % & H o ¥ ¢h o A I 10 T 0 cil 45 2L (PSNR=36.97 dB)
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H-264 decoder:
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Figure 4-1 Effect of PSNR(Luma) value for different storage sizes and block sizes.

Figure 4-2 2 Figure 4-3 & 7r 11395 # [ & storage sizes & block sizes & » ¥
*+ image quality(Chroma) =382 5& - ¥ % IR § i #% 2*2 block or 4*4 block it 5 % 4%
PRT F il el fmpF » o & 304 enfijR ™ » H v 3] 4p e 5 image quality ™ » 4p
@t H s block @ 5 0 41 F chistorage Sizes B o ¥ ¢h > d AN 4@ * 4*4 block # i
%4 PRT F el i 5 4p s 2*2 block » 2 PRT table =73 storage size ¢ $2-] >
Fpb o E R A7 ) 4%4 block 1F G R AR oo VP T dn B iE 38 T 0a il 3t

BT 5 4ray i B e image quality o
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Figure 4-2 Effect of PSNR(Chroma(U)) value for different storage sizes and

block sizes.
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Figure 4-3 Effect of PSNR(Chroma(V)) value for different storage sizes and

block sizes.

Table 4-7 % 2\ i o3k 4 a2k 3+ 97 % < DPB sizes 2 2 Storage overheads » 4%,

TH kg 7 B 5 6.407 3 frame sizess 4p x>t i@ 5L DPB F & &% 75 17 5 frames >

E¥E T 624%9%E % 5 FF o fimage quality = 6 o Ap RO R H.264 f2 85
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R A F 0 €T 41% - A Luma 384 0 PSNR 2 <3 1.7(dB) - & Chroma

354 > B PSNR #1°% <7 0.33(dB) °

Table 4-7 Overall DPB sizes and storage overheads.

Modified DPB Storage overhead

CRFS FRES PRT Table [nput Total
Luma | Chroma| Luma | Chroma| Luma |Chroma Buffer
Storagesize | 2015 | 1004 | 1895 | 085 | 009 | 0023 053 6407

Figure 4-4 % F & i video # 2% i a3k 2+ ¢ #7i¢ iF Ileavimage quality °
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Figure 4-4 Effect of PSNR(Y ~ U ~ V) value for different storage sizes and block

sizes.
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image quality % 3 %)% > 3R] 2 video sl R B4R F o

P b i R B A R ¥ Foreman ¢t video @ 3 o Ap#RTH B ATp3E
erivideos » H #1 7 & 11 FRFS ¢ storage size £ & + > H total storage size ¥ 3
12.407 3% frame size(FRFS size ¥ 3 & 8.75 5k frame size) 4 % ¢ i¢ = image quality
TR A 4 @ AP AriE B ehtotal storage size ¥ F 6.407 3% frame size(FRFS
size ¥) % 2.75 5 frame size)> ¥+ % video ¢ i3 = ¥ 11%(-4.3 dB) < image quality
T %o B2 2% image quality F FE 5 11%- fe @ AUF e chds [ (- 4% image quality

¥ % 4 F>30dB) -

4.2 ‘Analysis of proposed design

PLan g ¢ PR e ek 2t 0 PR R R A0 2 Power

F_k

AR A 4T3 o Table 4-8 7 i £-5F 0 etk M ek 2k > FTR T AR B £

#c o

Table 4-8 Environment parameters of CACTI

CACTI 5.3

Technology Node(nm) 32

Nr. of Banks 1

Storage size Traditional DPB: 17 frames
(Unit: size of storing one frame) CRFS: 3.019 frames

(Size of one frame: 1920*1080*1.5 Bytes)| FRFS: 2.755 frames
Input Buffer: 0.53 frames
PRT table: 0.113 frames

#R/W ports Traditional DPB: 2 Read ports, 1 Write port
CRFS: 2 Read ports, 1 Write port
FRFS: 1 R/W port, 1Read port, 1 Write port

Temperature(k) 300
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4.2.1 Timing analysis of proposed design

tttbﬁiy*é"‘ » PR FF R D R AR ch W (T o NP IR s A

P2k e 4] A3t 5 9 7 % 1% decoding performance o F]pt AR 2 & 3 4 47 -
5% frame gg “b 3 4o & iﬁ A_i} s erstages 0 H_F ¥ 12 fit i & H.264 = stage p

(one stage: Time to decode one frame (1s/30)) -

1395 Figure 3-2> & - 3k frame % % i partial decoding stage(%g ¢} 3 4« sstage) -
decoding stage(is :zi 1 stage) ~ Output & Partial Frame Removed stage(37 *F # 4t
e stage) 2 2 Whole frame remove stage(i$ :c & stage) o 28 ff* 4t + ik & - B

stage » 4 37 A_F ¥ 1 fit i& Time to decode one frame p -
A. Partial Decode(P-D) stage
Tasks:
1. Partial decode one frame
2. Update PRT Table
3. Store one encoded frame into Input Buffer
F itz B fER AR & Taskl=>Task2(i% /& 24 {7), Task3 ¥ ¥ Taskl F P {7

PR i A 2R & 47 E_F Time to execute the Taskl and Task2 < Time to decode

one frame

d *t partial decoder &_i# ¥t H.264 decoder * entropy decoder =rfj it » F]pt st
i ¥ 12 B35 Execution time of Partial decoder < Execution time of Entropy decoder -
¥ b Ap#t @ 4 H.264 s motion compensation(MC) » # update the PRT table
A end (Fgcs @ H o F)gt ¥ 02 K Execution time of record the PRT info. of

blocks < Execution time of MC - F]* # & Time to partial decode one frame+
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Time to update the PRT table < Time to decode one frame -

Time to execute task3 < Time to decode one frame

Table 4-9 % Time to store one encoded frame into Input Buffer #1 % shpF fF > +
3 ik ] 3t Time to decode one frame #1F «pF F » F] ¢ Partial decode stage &_v

v fit :& Jp & stage p o

Table 4-9 Timing analysis of writing one encoded frame into Input Buffer.

Time to write one encoded frame Time to decode one frame
into Input Buffer (Assume: fps is 30)
(1920*%1080*1.5*0.1)/16*1.42=27604(ns) 33,000,000(ns)

B. Decode(D) stage

L fa g - 5E frame @ > 4p >t @ % H.264 decoder > 5\ i % 7 DPB access
PR 40 Tt 2 2= 2 modified DPB & access time ¥_7 - **i# s DPB & access

time - Time to access modified DPB.# 4 = 7 7| = i case
Case 1: Hit in CRFS (T1)
Case 2: Hit in FRFS (T2)
Case 3: Miss in FRES(g* % & %+ Z enps B 5 T2+Max(T1,T2))(#* % critical path)

Table 4-10 71| I} access # F storage #7F chpF B » ¥ % 3 Case 3 #1 F £Fr1access
time 7= -] ** @ ¥t DPB ¢ access time o F]pt » 3% 7 ¥ £zl f ot stage 7 € 3 4o f2

75— 5k frame #7 F pERE o

Table 4-10 Access time of modified DPB and traditional DPB.
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Complete Reference | Fragmented Reference | Traditional DPB
Frame Storage (T1) Frame Storage (T2)

Access time(ns) 3.84 3.81 8.35

C. Output and Partial Frame Remove (O&PRT) stage
Tasks:
1. Load all pixels of the frame reaching PRT from CRFS (T1)
2. Store useful pixels in to FRFS (T2)
3. Output pixels of the frame for display
4. Remove one frame from CRFS

Fak= B oiEin42 5 Taskl=>Task2 » Task3 12 2 Task4(Task2 ~ Task3 - Task4

¥ e 3L (T)

Task3 #7% cnpF F ¥ & Jp £ 4R » %] 5 @ % H.264 decoder % — % stages p - »
% & H#-— 3k frame output for display - ¥ #t » 2\ i eamodified DPB access time #p

3 @ 50 DPB k- s Flpt o A fraﬁigl:".— 5 frame 7= ¥ {— i stage 2. p = = o

Task4 #7 7 cope i 7= @ Lok > Q384 7 d T - 5k decoded frame 3L R FH-

gt 5k frame » Fpt 2 T & B T fé-if%% °
A Z o 47 £ F T1+T2 < Time to decode one frame

Table 4-11 5] T1 2 2 T2 #7 % enpFE F » ¥ % L T1+T2< Time to decode one frame»

¥ O&PRT stage ¥ 1 fit :& i » castage p o

Table 4-11 Timing analysis of loading all pixels of the frame reaching PRT from

CRFS and storing useful pixels into FRFS.
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Time to load all pixels of the frame | Time to store useful pixels into | Time to decode one frame
reaching PRT from CRFS (T1) FRES (T2) (Assume: fps is 30)

1920%1080/16*3.84=497664 (ns) | 1920%1080/16*3.81=493776 (ns) 33000000(ns)

D. Whole frame remove(R) stage
Task: Remove one invalidated frame in FRFS
PR A SR
Time to remove one invalidated frame in FRES < Time to decode one frame

Table 4-12 % ;7 Remove one invalidated frame in FRFES #1Z epF /¥ | 3%

decode one frame #7 7 & e o Fgb > Rstage ¥ 14 fit :& i A dastage p o

Table 4-12 Timing analysis of removing one invalidated frame in FRFS.

Time to remove one frame Time to decode one frame
(Assume: fps is 30)

((1920%1080)/16)*1.9%3.81%2=2715768(ns) 33000000(ns)

1gpd sk o470 d Sherg AT & 4 senstage FF fit i& @ Suastage o
.

Flt o A perde Mgk 7 ¢ B 1] decoding performance e

4.2.2 Hardware costs of proposed design

PLoE A B A A R A ek 3 2 g 5L H.264 decoder 7 hardware costs £
A& 45k g1 o Table 4-13 12 3 Table 4-14 2% i 4 w) 7] 41 i# 58 H.264 decoder 7 2\ i
frik d) ek 391 Z e hardware coste @ st H.264 decoder #1% = chip area 44+
£ % 385.4961(Mmm~N2) » A A A dR A enk 3 H 41 Z a0 chip area ) :

128.49(mmA2) » Vi irde d1 2 K3 4 T 66.7%:< chip area °

64



Table 4-13 Hardware cost of traditional H.264 decoder.

Trad. DPB Decoding
Logics
Storage size 17
Read / Write 2 read port,
Ports 1 write port,
Chip Area (mm?) 380.7 4.79

Table 4-14 Hardware cost of proposed design.

Modified DPB Storage overhead
CRES FRES Input Buffer PRT Entropy Decoder
Storage size 3.019 2.755 0.53 0.113
Read / Write 2 read ports, | 1 write port, | 1read port, | 1 read port,
Ports 1 write port 1 read port, | 1 write port | 1 write port
1 R/W port
Chip Area (mm?) 62.6 517 6.69 15 1.2

4.2.3 Power analysis of proposed design
Bt a7 AN PR ) ek 3R 22 8 4 H.264 decoder #1 % eraPower i 4< o

d Table4-15 ¥ > 7| i# % H.264 decoder % dynamic power 12 % static power

A ] HE % R hIpOWer o F F) 345 30 5k frame chf T o % H e @ 12 162(Waltt) o
2 i arde 01 ek 3 e dynamic power 12 2 static power

) }-IJ -r’l

% Table 4-16 ¢

a4

2+ wer R & ahpowers e# 7 #4530 58 frame enfi- iR T o g £ A1 % 5.337(Watt) -
ip >t @ 5% DPB % static power Fenjfige s o 3R 45 DPB A7 f ehiE g 3

B Tt 0 B F el o ¥ o PR ek 3 F S 56.2% ¢+ power

consumption o
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Table 4-15 Power analysis of traditional H.264 decoder.

(Assume:30 fps)

Dynamic power(Watt)

Decode frames
(excluding DPB access)

DPB access

0.204

Output frames for display

0.102

Static power

H.264 decoder
(excluding DPB)

Traditional DPB

Modified DPB | ‘\

s
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0.186 (Watt)



Chapter 5 Conclusion

At B paper ® o0 3V 44t frame B pixels e % F (7 L7 A 47 0 A -
5k frame @ = > STl F PP S EL AR T A0 B AR * chpixels s T 0 -
i pre-decoding mechanism * 12 Fg 329 pixels A ZPFi82 6 v pF T » ¥ ¢

4i - & modified DPB architecture * 7 g 32 F o pt b » 34 P9 43 35 streaming data
g > e - i & sndecoding pipeline > # 1 i 34 % s output rate o {7
2 5% decoding performance =2 ™ > 4p# >t H.264 decoder» #* ¢ e773% 3+ & image
quality 48 2 4.1% F > i % T 62.4%:ze 18 2 B o = Hardware costs 1+ % power
consumption 8% - 4p i st H.264 decoder > it § = 66.7%¢0 chip area 12 %

56.2% 77 power consumption. o

AR i A % & el E 5] image quality T > HApst ik F &

Jy s hardware costs % 5 0 0 LR AGEES @ ¢ K p T A ER o Vb
P E AL R B dachip area 12 TR chif 42 o $0r SN eta 3 AL
Folg Fleadhe ¥ oh o d SRR P RIT R T GARE k& b AR L i
S <7 % shchiparea . + 3 & g H.264 decoder /5 7 4f e hachip area ™ - 4

AR & R S

APkt Py - B W e g en® A o A Fragmented Reference
Frame Storage = & - A 4% 41~ B ff ¥ o indexed table % #32 > &7 &4
storage #& = hitrate> B3 # ¢ 12 { /] 0% 5 2 B K 7 3] { ¥ Himage quality © 7
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