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Abstract

With the development of society and internet technology, video surveillance has
become digitalized and networked. Network camera, which is the new generation
equipment for video surveillance, has caused a tremendous progress in the field of
video surveillance system. Designing a network camera with high performance, easy
expanding and easy updating is one of the most popular researches nowadays. This
paper is to design a network camera based on DSP and H.264.

To encode CIF resolution video of monitor system in real-time, this thesis adopts
the high-performance multimedia digital signal processor DM642. X264, which is one
of the open H.264 codec software, is chosen to be the source program in this paper.
The main task of this paper is to transplant the x264 from VC platform to DM642
hardware platform and optimize the code based on DM642. The purpose of
transplantation is that make sure the DM642 can run x264 successfully. The
optimization includes two aspects: algorithm level and program level. Algorithm level
optimization is about the Motion Estimation (ME) algorithm. To improve the
encoding speed of the ME algorithm in x264, an optimized algorithm is proposed in
this paper on three aspects via the modified scheme of the threshold selection, early
termination of condition and big hexagon search mode. Program level optimization
includes project-level optimization, C language-level optimization, linear assembly
optimization and memory optimization, etc. We propose the optimization strategy of
two-level Cache and change C code into compiled code in order to make the original
code more suitable for DM642.

The experiment results show that optimized x264 encoder can encode 30 frames
per second for slow-moving CIF resolution video, compare with the most encode
speed of 18~28 fps in the existing technique based on DM642, the optimized in this
paper could increase 15 percent in encoding performance. Besides, the other
experiment dates demonstrate that the optimized x264 can encode the live video in
real-time, meet the need and high-resolution requirement of network camera system.

Key wods: Network camera; DM642; x264; Transplantation and optimizating

I



FF TMS320DM642 M 28 3R ML R G it

H X
B B T et 1
1.1 R EHLBD 1
1.2 HBERAK K EEIR 2
1. 2.1 S R R B R B I FE oo 2
1.2.2 MIERIBBI AREIFINAR oo 3
1.3 AR X ILFETE I T cecnrenscnsenssnssnssnssssssnssssssssssssssssssssssssnssssssssiniosns 4
FTE MEBBNARSIRNE ., 6
2.1 NEBRBILRGHER 4 6
2.2 RGIRMHEZE " 7
2. 3 H. 264 ¥LAigriDirvE 7
2. 3T H. 284 B BT AT oottt 7
2. 3. 2 H. 268 R B R R oo 9
2.3.3 H. 264 BERIFEERFEIR oot 12
2.8 ZKEE /NGB s esesessssssssassssssssssssens 4 17
B=E BHARGEWENEDANA . e 18
3.1 HF(F 54 FE DM642 19
3. 1.1 DMBA2 AR BE TR oo 19
31,2 B ETRBERE e 20
3. 1.8 IR R e 20
3.2 WiSRER R 21
3.2.1 DMBA2 RS LIEL B ... 21
3.2.2 IRFRARTDEE SAATTIBH. .ot 22
3.2.3 IR EEREERIEIEIE ..o 23
3.3 DLt R 2 LXTOTIALC 25
4 SRt sY R 26
3041 EMIFAFELIMEIZ .oooeeeeeeeeee et 26
3. 4. 2 SDRAM TR B Bt 27
3. 4. 3 FLASH TR B Bt 28
3.4. 4 UART 3 S H M I BE B TEZE oo 30
3.5 1’00 31
3.6 RGRrep®" 32
3.7 RE/NG 33
FE BEBEEGA e, 34
4. 1 BoEBEF M THEEL 34
4. 1.1 IBEETFREIZ oo 35
4.1.2 UMHeXaBONS B It BT T oot eeeeas 35
4.1.3 UMHEXABONS B ETA oo 37
B 1.4 BB D T oo 40

v



H %

4.2 X264 /RS H) CCS B 1H 41

B 2 EB T T D oo 42

4.2, 2 B ST RN R ZE R e 43

4.2. 83 BIB BT METSIT] oo 44

4.3 x264 7F dmb642 & L4 46

B. 3.1 BRI oo 47

B, 3. 2 CA BB A oo, 49

B, 3. 3 LR T Rt oo 54

4.3.4 L2 TFHEZEFN CACHE TEAK oo 56

B, 3.5 EDMA DAL oot 57

4.4 PEEEIIK 58
4.5 SEFREZE%HR 59
4.6 KRB/ NG . 62

B R T B EE G R e, 64
B XL B oot 65
EBEBOUEM T F MBI R RANIEI oo, 68
L T e e, 69



Contents

Contents

Chapterl Introdution ...............cccooeiiiiiiieniiie e 1
1.1 Network Camera 1
1.2 Video Surveillance System development and current situation .................. 2
1.2.1 Video Surveillance System HiStory........ccoocvevvirieieninienicieeceeeeee 2
1.2.2 Network Camera current SItUALION. ........coevveuerieirieieeieeeieeeescii e 3

1.3 Significance of the topic and the main content 4
Chapter2 Network Camera System overview......................... 6
2.1 Network Camera System Framework 6
2.2 System software frameworkK ........ccecvcscsecsecsecsacsacsecaees 7
2.3 H.264 video coding standard 7
2.3.1 Introduction of H.264 algorithm...........ccccoeeveviinieienieieceeeeeeeee 7
2.3.2 H.264 COAIMNEZ PTOCESS ...vveveeereeiereniieiiseeeieeeeeteeseesteesaessesssesseessesseensesseensas 9
2.3.3 Key technologies in H.264 algorithm ............cccoooeveviinienieieeeeee 12

2.4 Chapter Summary 17
Chapter3 Detailed description of hardware architecture....18
3.1 DM642 digital signal processor 19
3.1.1 DMOA2 PIOCESSOT COTE ..uvvenriiieniieiieieeiieteeitenteesteniesssenseeseensesneeseensesseenes 19
3.1.2 ON-Chip MEMOTY ..ottt 20
3.1.3 On-chip peripheral reSOUICES ..........coeirueirieiriinieiricieiceereeseeeieeeaene 20

3.2 Video Capture Module 21
3.2.1 DM642 video port configuration ............cceeeeerieeeenieeeeneesieseeeeseeee s 21
3.2.2 SAATI13H video deCOder ......cc.oiuiiiieiiieieieieieeece e 22
3.2.3 Video capture module connection diagram............cccceeeevereeceenieenrennenne 23

3.3 Ethernet transceiver LXT97IALC 25
3.4 External memory expansion 26
3.4.1 EMIFA Interface OVEIVIEW ........cccouereririeirieirienieierieeeieseeesteeeeneeiesaeneas 26
3.4.2 SDRAM MEMOTY €XPANSION......eeuirrirrirririirrierintesieereereesessessessessessensensennas 27
3.4.3 FLASH memory eXPansion ..........cccceeeueeireeeneneeeeeeeeeseeseeseeseeseeneenes 28
3.4.4 UART interface with other function registers..........c.coceveeerereneneennenne 30

3.5 12C Interface 31

VII



FF TMS320DM642 M 28 3R ML R G it

3.6 System clock 32

3.7 Chapter Summary 33
Chapter4 Algorithm Migration and optimization................. 34
4.1 Fast Motion Estimation Algorithm 33
4.1.1 Overview of motion eStIMAtION .......c.cccevererirerenenieneresereseseseeeee 35

4.1.2 UMHexagonS algorithm mtroduction............cccceeveeviirieniencieneeieeinee, 35

4.1.3 UMHexagonS algorithm optimization............ccecceveeeeeeeeeeveeiincoeniins 37

4.1.4 Experimental data and analysis .........ccccoecererienienienieneneiieieeee e 40

4.2 Migration 0f X204 0 CCS .ceverrurerensurcsnnsunssnsssncssssansssssanssssessssssssssans 41
4.2.1 Code Streamlining........cccoerueuirieirieriienieieiesteesie ettt 42

4.2.2 Modify the header files and data types ........cccoceceiiiiriininencnenceee, 43

4.2.3 Rational allocation of StOTage SPaCE........c.cccvviviiirieiesierie e 44

4.3 x264 optimization based on DM 642 46
4.3.1 Project-level Optimization .........cccecvivieviereeienieeieseeie e 47

4.3.2 C-level OptIMIZation ........c.ccvveriieiiiiinieie ettt 49

4.3.3 Linear assembly optimization ............ccceveerienierienienienieie e 54

4.3.4 L2 memory and CACHE optimization .............ccccevveruerienieneenienieieeennenes 56

4.3.5 EDMA OPtMIZATION ..cuvinienienienieiieiieieieiteeec et ese s s s s 57

4.4 Performance Testing 58

4.5 Real Compression data 59

4.6 Chapter Summary 62
Chapter4 Summary and OutlooK ....................ccoo 64
ReEferenCe .......cooviiiiiiiiiie e 65
Published papers of auther ..................cccooiiiiiiiiiii, 68
Thanks.........coo e 69

VIII



1.1 MEFEIBER

UEAER, BEAE WSS s, AN R, IR mem, BLAIRA UK
TR AR B R, PRI R, W&tk B Retb @R . 2L
4 R G T IO S AN Rk S MRS 5 R G0 I AR T e A T B 1 2
At IR BB RIS 50— PR N AL S R — AN TR, B 3 R4 2
IR R 2 1 BTN IS S HLI Th B AR B P AR G L 70> “ A
%7 fath, WEEGHUET, AR R T — R Gk M4
PUAEEC AN R R SR IR 4 K, K ok 22 s AL S 1 AT 0, 25 AT A=
o AP

2% SR BN AL GE AR BN I AT AAR 45 45 (05— AR b, S A A
(K] TP HuhE AN AR R GE, W LR 1P 4% Th i) — AN 1 1 1 T M 4% o,
R JE A AR IR PR AT I 4 s TP AR o XSS HLIE 76 AREAE 42% 48
F T R T AAL GBI RN, BN AR 4% T 3 1) it A LA ZE )
BEAUERAGNL, WA ERENLA LUt sl

1. R %

190 £3% S AG DU PG S S AGHLRT I 2 e e, R LB 45 2T+ TCP/IP ) 4
ZXRRATE A A0, 8 190 26 B G LIT 1 488 1 0 17 22 ok RI-45 LK 482 11 B e 112 3 Y
2% b, I ) 2% R ] e R AL T WY S AR LR A T B S E I 35 B AR TN I 24
HR, AAAMIIRE. NE RGPAESEIEERI T, 5 S 2 T 2 4%
L

2. SEWS

T IR 55 v T R — L LA IS S AW 42 T 18 SR (R e i B8 0 19 2% B AR
PHULATGdR i 640%480 HIARAE VGA KU FF A MAEERD 25 Mty s 8, A 7340
S TF BT P A5 38 AR UIE o SR S 5 1 PR A s 45 5 Y0k A i 82 £ o S 3 e
7N, D) B R AR T S S AR L%

3. M



FF TMS320DM642 [ BIGHL R G it

2SS MU AR 7 8, AN B TE 18 228 T A E R4, HEREAEH
IES.0 DL ERRAS A0 BT 45 5% Navigatord.0 L FRRAIMI 2%, w5t As H B A M 4%
SEAGHUN TP Mk iy s B B 0. BAT ANPEA IR S5 44 5 L EE5)
—Z)FHRERERE L PTAR .

4. T4

G s e a1 e %, Al TP 2B, R TR K. M4
G e e AT, JOHR —SEBURTT, 22A, K/ AS, U
FLISAT B vH AL 235 (LAl EARSRS— , Re I M R RN LR R 2k, Ik
DTN T RSN AR, R T AR Bk )iz, X ReE
THRPEH,

PSR P A B BRI T )R, IX A & AR B A2 Ak
FAZEAL 5 1R IR R TEXT AU A S LS M EER M R I, 2% SRR MR
NS G AT T8 R AN G S5 B3 B b 7 THI A v i o

1.2 NERGN AR SIIK

1.2.1 SERGEHNEZRERE

P RGO AL AT, BRI EDET, T2 {23 ] T4k
HAGUE BRI LR, B THENL. P4 DU B BRAR B Admaed
RHPRJE, WM RGBT~ =K b B

oAU 97 AR ST K] Tt AR R S i AU R 48, iR pL AL
fts WA SRBHVE ARG, BT ANRERT A A T H RS B ot AR R Ok
PIERE I ZE . ARAMELBUR KR GER, CABHHaRIK.

S AR P R ST LB SR AR B R D AL A% R 4, e 11
RS . RGBTSR SRBAHL (DVR) ALy, MEHEHLE] DVR R R
LA 5, 3L DVR AN SERFSRAGANRIE, I n] SCRAT BRI 28 D717
A& H AT 2 0 27 20 (B T R M 2k 2 B Tfe . San) . Sy
HIRRER 2 LA 56 YRR s T5AR AT € (R PR » 9 A2 B vt (1 2K,
W 25 AR A T 2 i



Fow e

S = ACHUII M 42 2R G0 2 7 I S MU A% R ¢ o B 7 I S U 42 R GE AR K
SRR AIIR 55 a5 AP 28 BRAR ML o R A USE N AR 55301 R S8, i 45k
BHURER MBI 5 21 RO A 0 7 s G Gt , T A 78 e 3 W g 1 1
RN L 1, H P AT CAEEEAE PC ML F3d ik 3 Y 2 L WA P 5

1.2.2 MERGBNEZREARTIRK

) 2 B AGN LI  H BLAE 1996 41, fHL H T 214 Ik 1 I 48 5 s 45 A DA X PTG 4
BOERFEAE, AT EARZMNAH. HH 2000 FI14E, R L E
ARG WIS A S E (R R, R 598 MPEG—4 Il H. 264 WAL 4 bl tH B, 45
ZRARAGHUI R Ay e T A — 00 Gk R, JRE M s B g HLR T 5 17
RO T 10%, XX MR 25 1) 9 2 ER AR ML 11737 ok B R 12 2 AN AN (1) i
g, PN ESN A 2R, M SHRNLI T 5 AT R WAETE 30% 4. B
SR EESRGHL T ) T R A2, (ESETRATTHAE W 48 S A5 e 284 HUAR S 428
LR T, Bt A UIRIAE . A FTEYIARIH Y, #R2& T, M
ZARGHABAGI S o TG, ] Gevh mil e . mde e tE AR e AR R
LB AT BTN 0L I = 2 A, (R Semt b, A RESE AP i HE I
ZRARAGHUINL T b P2 S AG LI S AV IR AT R 1 — T
AR E AR BN B AN K7 S, — AN il R,k EEUSE fE
Ry WRASR NS I, TR AR SR, DR B A7 1 A 2 L
NI, A AT A 1 i B R AR R I 9 2 SRR N T 8, O Bk
W 45 AL 4 ) FC 2 7 i o Sy — AT ) s T MPEG—4 1 H. 264 5 58T KR s
AR e EAT, T AR S AR ML SR E T
® EGAFRLILER: HAMIMBIRGHL " eI AL HE R mk 720P B
1080P [ midig AL A, 720P i f 1280%720 2» #E (%, 1080P &
1920%1080 43 #F2. (EIE A th T 9 4 BRAG ALK e [ e, o B[Ry
(A FAR Z FBAEAREL ™ i, PR B EBAAZ, B ORI,
A B IR 2% SR LG K 2 15 BT A% SN I Fr, B 704%576
SPRRMER .

® TP G LA [E AN AAGHL IR £ — R0 A Lk 1) G i)



FF TMS320DM642 [ BIGHL R G it

PRV L A ASIC By, XSGR IS TR E RIS R IR L, RE
$5 K PR B b ST 446 S0V M A Pk B o 1 6 B P9 PR PR 2 B G L) T
— A I A1 T NSO, Bl DSP B ARM S, il R
25 A S8 B SN s A AR, 31X 07 & MR R e TR AR v )
REPRTRE, H4i 5 BRI PR N A D,

® URiHEELLAEL: E MRS R H E A . 264 B0 2 A BRI
T H. 264 HUSERSENE , Ho264 A w40, R GTE . R Mg
WERNE, HNVHVER 2, BRIEN ARG, HRERERE R,
T BN A SCRE o A IR 2 SR i — JBCKR - JPAG. MPEG—4
B AVS Bk, REERNE BURRE WL IR IR Gk, (AR
2 SAG BT B R R, AR RAR T RERAS IR 2P A

13XNEEENRETENR

BT L2 /NEIE, e “MEREHLRG O YR A SRS R AT R
RIS, FERIAE LN LA T 1 :
® [ L ERAG ML A A 28 (1) = AT #A, AR H AT P AN )
i L P D 2 AR LT R A VR S BN 2 IR B A g
] R e T A P AT M 7% 48K o
® S H IR W I SR B, DRk [ P 1) 09 2 S5 ML
T G BT P AN oy, 2 2 52 BB AT 2 R s 4 YK PR AN 7 T 1 B
il Rk, ARUGEER A DM642 £ /7Rl H.264 45 5B v (1 19 25 145
PURTLAGS [ P 9 2% S R ML s A Bk AR S A .
® RSCIEREMEIM-Y & R R ML A RT3k DM642 [ TR
B, ARSCEESERR H.264 HIEIBM S TAE, X8 TAER/E RIS
PR IR R R I e 453
ASCHIRMIT R H 2 “ 55T TMS320DM642 MG BHEHL R G it 7, RILL
ThResE K DSP & A O RGO 7%, 1B DSP B had T A ] stk
REEL T BEARKL BESS DM642. 1% 7 AMUAAT SR I S AL B RE ), da S ik
31| 4800MIPS, [R] I ] LMR 7 {8 ()4 T ¥t /N #i 4 R 48 DSP/BIOS, H %



Fow e

Jn L 15 B AR LSS Py S RE ST 58 BRI GOR AR « GADALBE . W Ex AL i siThaE, ARH
T LS BEN LR GEI TF I o AN SC B TAE N 25 B SR s R 2 LR LA
[fl o
1. RABITT H.264 ARAESL g R B, £ 5 A4 XFIT H.264 5
IR, TERU H.264 FRAE T EGRE I R POdE S il v B E—
UMHexagonS HIX LM, ~FITE T 20%-40%FAK2 ) A It A],
P T AL A I LIk o FARIIOUAG I VETE L 4.1 /1Y, X8R
QHT Rz —.
2. WIEEET PC MRIER x264 (H.264 QAL SZEL) JEACHS A5 AL 23 T
DM642 35 J1 ) CCS3.3 b iz AT,  SEMLEEA AWM 46 2 A AR o
3. HE ARG UL HE TR T DM642 i, EEAE S AT
WLAE, HA R Codxx WG i 15 Ui AR Hh 8 7 22 R F A
EDMA ML L2 ¢ CACHE AR AR SC I ZLAIHT Ao SE 25
REH], A H.264 Gt 7e B CIF A% XA S g, X
TS RUEA 51 BE 5 1L 2 30fps DL L gmfid iR, 58 42— Al
I Aa b 5 5 K
AL AR AR
W ik AR SO U SR E A A MIF IR .
R MEEHENL RGN SR . A H RGBT G L LK
AT B SERE 0 HL264 S50 SR 1 1PN e A
B MR R B o A T LR ERELH BI 20 ik
LS it Diae, FEAFE dmed2 . AN REAEf4: SDRAM. FLASH.
T AT S G Y e
BE: ARSI, X RERAIE S, WHh2ed4 HEBE. H
A, TEAANE T2 E G R H.264 1E dm6e42 & B TT
25, ARG AR EEA TR AT H S0 45 S
W DaiEREE, RGET AR B TAEN A, S50 b R o i e A K
fRRE)IpiE,  EEARECRBIARK, fethidt— PRI .



FF TMS320DM642 [ BIGHL R G it

—E MEFENARESMENE

2.1 MBBEINFRFHER

MHAR LI 2k, BaiTig iSRG =2 KR —J8E 3
RGBSR B, AR IX I 7 AT R AR BB, ) — 24k
BEAE T T — MRBHLA, ABUN ThEEA . B T4l . AL TR KT ER
T B DSP AL IRENL RS . e M BRI RS0 S
SAMTS s SERTEHGCORAE, SERTEG Rl gnidfa UG E R 1 I 2 e AR
WS 5 om0 B web 5% 3R B 2 F 7 pe Zui S, AR A L W] LLAE Gk
FUR RS . B RGAELL N 2-1 TR

Vedio A/D
CCD HERHL = A R

LCD Wik REE |~ u%}’;ﬁ}’;ﬁf‘gﬁ 9

Intertnet or Intranet

R A )/

TI TMS320DM642

H. 264 %if )
Mg [ MEEED
SDRAM
EMIF %
[P ATESS PN
s HATHL . 264 6
S ) B 4% R 2 R

B 2-1 M EBHLRSHELEE

RAGE 2-1 IRGHESE, AP AIREA: 77 58 LM 45 B ML DI g o

1. CCD HHEMLAC A I Eoks BE A A/D et 8 1T LLSE IR L 28— A
fE55: S EMERSE. AR, CCD SHFHLER LK 38 TR RN
TR RS Sk, T AL NTSC 2 (AR N il #1 PAL 15X (fajfx
Pz PARIRLER . A/D BHeHfeds KA SAATII3H {51, SAATII3H i)
K& SLHF PAL/NTSC/SECAM #UBf 5% a%, R BIGEMN 2/4 LRiiRIEDR
e, EATLUIN 4 BRSNS S, T R AR A IR IRIC T LA 4 i
W NBEATE R, BINTATLLY 4 % CVBS 5k 2 % S M (Y/C) {55, fid 8



T MR EHLR G SR

B “VPO” Bk, NAMER ITU 656, YUV 4: 2: 2 #,

2. RGRCAES—— B o W i TT Al i) DM642 5758
Ji. DM642 FEE5EHL T EURTRALRE . B R A bt LA M 45 D S5 Dh RE . %
1 DM642 IS4 E SR =S PR AN UL . SDRAM & SMFfisided e, T4
i A5 B (R IR SR R b BN B I I s - FLASH HERAEGE#ES RETIN
FE AR AR B4R

3.0 K 2-1 PSR SO>I R G E —AMESS . PSR T
DK P A7 7 4 il 5 EMAC AR Iy LK IO % LXT9TTALC | A8 s % XFMR
DA 28542 11 RJ-45 JLANB 42 o

4. RHMAUE7R . B SAATLI3H B RERME S A E 5 5 )5, AEETE
Fr41 SDRAM H, 75 DM642 S ARSI ‘5 AT e i G B PR [ I, At m] DA p e R
(¥ D/A W a5 SR S RME 5, it LED W4 R & . D/A ¥
s R A SAATI21H, 3XCH Fr BES 4 BT. 656 & 2 MRS #2106 4 PAL
2B NTSC il B 5

2.2 RFRHIEL

R A s S0 R L H. 264 80335, 1 S8R BN B0 R 45 361 T
i, 7742 H. 264 5%, RJFIEANM BB H. 264 HIML SO, T3 W 254 4
L R FOm L TE ST AT U 1) S 4%l o RIS, A ML T Jo 98 P PR 2
NS AR AR I 2-2 R

2.3 H. 264 5T 4mAOFR

2.3.1 H.264 B3

H. 264 & RS A6 50K, AFR2& MPEG-4 AVC, FIHpSciit 2 “Whsh B4
L R4 WS ANgis 7, 8RR A MPEG-4 Part10. ‘& i [ Fr FEAE FrvEAL 30
"] ITU-T FIHLSE MPEG 1) [ FrdrEAL 212 TS0/ 18 b L T pox TEC 3K [T g —Ff
T 20 A5 2 i 7 2 LB b R A 2



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

