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B

ML S AR Z AR ARG 7 B0, TR SIS Container, ZR4RIZRALYUE T 15 B4
FERAE A AL E . AVI AT Quicktime BB R F. H, A —4, flw, mEsaEmgE—4
BT — AT o (AN A — P ARG R FTRNE, FHRER S — I (@ i () ok 8 B e 2 .
TR B T =AM Frame. BNAUE AR RES 28R gmig Az BT . S filhs 25 408 T SBr 14
P2 a4t Coded Flf#hY DECoded [, FRIIE 14 FMUfi CODEC. Divx fl MP3 /& 4 fifhd 2% i1
B . B WP BE e R f Packets. g — B, ST — BT DBARAD T B R A 15
15N FFR 7 A A B JE aa i Al - ARIEIRATR H 1, BAEAE T e B R EE X T B AR B 1T 2
TR M

AR PR, ALPRRUIUN F AL IR A 5 (1

10 M video.avi SCAFHHT AR video_stream
20 M ARSI s HCE 3 i

30 fRXAWIEATERE, BEF] 20

40 FHIXAMWUEAT — Led

50 Bk[E1%) 20

(AR P fimpeg RAETEZRPULIRRA 23 5 10, BN TFP TR LERTWUIERT B ROR
RO RUCAERCRIEE 5P, JRATATIF— A SCfF, VEHCE T AU, T FLRRATRA MR S R
S /> PPM LA

T

B, KRE—TRATUHTIT I —A S E. 18I ffmpeg, 1RO CHIGBHXANE . GEEEREL ZGH
W75 H <ffmpeg/avcodec.h>Fl<ffmpeg/avformat.h>3k & #)

#include <avcodec.h>
#include <avformat.h>

int main(int argc, charg *argv[])

{

av_register_all();
X BYEME A ST M e R O BT LEATIRE B 1 3 XA AE R AT T 5 A U SO

Fo FEARRFERA av_register_all()—k, FHIRATE T KA main)H RS . WRIRER, HA]
P VE MR i (A% SR G iR 2, (E 8RB A BLIX R
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BUEBATR] LACIE AT T 301

AVFormatContext *pFormatCtx;

/I Open video file

if(av_open_input_file(&pFormatCtx, argv[1], NULL, O, NULL)!=0)
return -1; // Couldn't open file

FTATEL B — NS HORIRE 4 . XA R B 1 Sk i8I B30 E B RA R ERATE W
AVFormatContext Z5 A . g = AN EH K48 @ Rk SCFR& s, S RANAE US4, Hnifee
i1 E N7 NULL 5{% 0, libavformat ¥ [ shA illix t6 25

RABREUARAGIN T SIS, BT LA AT 75 ZA B AR SO B A5

/I Retrieve stream information
if(av_find_stream_info(pFormatCtx)<0)
return -1; // Couldn't find stream information

XARECA pFormatCtx->streams 3H 78 FIEIE R . JAT5E—AF TR RECRE — T BRImE
A

/l Dump information about file onto standard error
dump_format(pFormatCtx, 0, argv[1], 0);

HILE pFormatCtx->streams VA& —41 K/NA pFormatCtx->nb_streams R4, AT LLiEFRATTZe bk
EH BB ATIR B — A .

inti;
AVCodecContext *pCodecCtx;
/I Find the first video stream

videoStream=-1;
for(i=0; i<pFormatCtx->nb_streams; i++)

{
if(pFormatCtx->streams[i]->codec->codec_type==CODEC_TYPE_VIDEO)
{
videoStream=i;
break;
}
if(videoStream==-1)
return -1; // Didn't find a video stream
}

/I Get a pointer to the codec context for the video stream
pCodecCtx=pFormatCtx->streams|videoStream]->codec;

WA ST ARS8 15 B2 kA I "codec context” (JmfEfidds 1R300 MR, XHEIMEE T
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TP pTE R TR s T A S B, BUERATE 17— MR RARE . (HR AT F ZH A IE A4
fE It AT E

AVCodec *pCodec;

/I Find the decoder for the video stream
pCodec=avcodec_find_decoder(pCodecCtx->codec _id);

if(pCodec==NULL)

{
fprintf(stderr, "Unsupported codec!\n");
return -1; // Codec not found

}

/I Open codec
if(avcodec_open(pCodecCtx, pCodec)<0)
return -1; // Could not open codec

HEe Nl RES MIHHR S H LA A S T IR AL B3 /. ¥l CODEC_FLAG_TRUNCATED
F| pCodecCtx->flags A II—4> hack FHLRE KE EWiER . X PTMEIE CEAEZLLET fiplay.c #1. B,
BT HERRENIAFEL B, AR 7 LRI EEE — R ERE A £ : pCodecCtx->time_base
WAE CAfRAT T RS E . time_base & —gifafk, & HE— Ntk (AVRational), FAfE
FA 53 500 77 R R TR 272 RN AR 22 4 AR 2305 FH AR BE 5y it %e. (51l NTSC {4 29.97fps).

RIFEHR

PAE AT ZAR S — 77 R ARAF I
AVFrame *pFrame;

/I Allocate video frame
pFrame=avcodec_alloc_frame();

RUNERA TV &5 AR AT 24 7 RGB &) PPM S, AT F5 3mSR R 18 #:8 RGB.
FFMPEG ¥ NFRAIMHOX Lo, B RZHINE  CEIERATAIIZA) AT TERREHE i 46 Mol 4 8t jle— M
SEMIRE . EFRATI S e ok W — i I AE
/I Allocate an AVFrame structure

pFrameRGB=avcodec_alloc_frame();

if(pFrameRGB==NULL)
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return -1;

RIAEFRATTHIE T — M A7, A i, FRATVIIR 75 B — N o5 R L IR a4« AT 14
avpicture_get_size RIREIRATTE EHIRAN, G TF T HE N2

uint8_t *buffer;
int numBytes;

/I Determine required buffer size and allocate buffer
numBytes = avpicture_get_size( PIX_FMT_RGB?24, pCodecCtx->width, pCodecCtx->height );
buffer = (uint8_t *)av_malloc( numBytes*sizeof(uint8_t) );

av_malloc =& ffmpeg ) malloc, FRSEHL—/MEHE malloc %, IXFERARIUE A A7 HIbE 20 55 1)
(4 FATHFEE 2 TR BRI IR A AAMR, SR EEE H S malloc 1 i & R .

MAERATER avpicture_fill SRAMUAIFRATE 3G N AFREE & . kT AVPicture 45 AVPicture
gERRSE AVFrame 25 MR T4 — — AVFrame S5 /R 4638 5r 5 AVPIicture 25 R & —FE[

/I Assign appropriate parts of buffer to image planes in pFrameRGB
/I Note that pFrameRGB is an AVFrame, but AVFrame is a superset of AVPicture

avpicture_fill( (AVPicture  *)pFrameRGB, buffer, PIX_FMT_RGB24, pCodecCtx->width,
pCodecCtx->height );

e, FATOZMER IR B 1

RS

FA A ZA) o L B B R B U NI, ARSI E AR R, Bl i A UOF BLAORAE

int frameFinished;
AVPacket packet;

i=0;
while(av_read_frame(pFormatCtx, &packet)>=0)

{

/I Is this a packet from the video stream?
if(packet.stream_index==videoStream)

{

/I Decode video frame
avcodec_decode_video(pCodecCtx, pFrame, &frameFinished,packet.data, packet.size);
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/I Did we get a video frame
if(frameFinished)

{

/I Convert the image from its native format to RGB
img_convert ( (AVPicture *)pFrameRGB, PIX_FMT_RGB24,(AVPicture*)pFrame,
pCodecCtx->pix_fmt, pCodecCtx->width, pCodecCtx->height);

/I Save the frame to disk
if(++i<=5)
SaveFrame(pFrameRGB, pCodecCtx->width,pCodecCtx->height, i);

/I Free the packet that was allocated by av_read_frame
av_free packet(&packet);

}
XAMBIR IR 2 HE AT B

av_read_frame() iz — MU HAE'E R 1723] AVPacket 45 Fyfk b VER RN MU HE 7 — M 454
& fimpeg NFATHE T A B EEE KN E T packet.data feE kTGS . X EeE AT LR G T
av_free_packet()HK®& .

avcodec_decode_video() ELEE M. SRT A MERS — MR BN, FRATTAT BB A 19 2 FRATTR EE /¢
Fmiffs R . Wik, JEAVE R T — Wi E{%, avcodec_decode video() N AT E T i dh R br &

frameFinished.

img_convert()sAEMi A 5 454% 3 (pCodecCtx->pix_fmt) ¥y RGB #& . it l:, RafLAIE—
A~ AVFrame S5 IITRET 46408 AVPIcture SR IIFREE . Be)a, FRATHEMURN = FE 58 B A5 B AR B 45 FRAT ]
i) SaveFrame ER%L.

X TH) Packets 7R

MR EdE— AN AT BLAL & 870 B H e i, (252 ffmpeg RUMRRERS PRIE 1 FAT1/53 211 E Packets
BE M B AR B E A L e B

PAEBATFZM K 21k SaveFrame ¥R RGB {5 B ER R —A PPM R Um0 ST fF e JATHAE )
— MR PPM AR SO, EAME, R IR .

void SaveFrame(AVFrame *pFrame, int width, int height, int iFrame)

{
FILE *pFile;
char szFilename[32];
inty;
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/I Open file
sprintf(szFilename, "frame%d.ppm", iFrame);
pFile=fopen(szFilename, "wb");
if(pFile==NULL)

return;

/I Write header
fprintf(pFile, "P6\n%d %d\n255\n", width, height);

/I Write pixel data
for(y=0; y<height; y++)
fwrite(pFrame->data[0]+y*pFrame->linesize[0], 1, width*3, pFile);

/I Close file
fclose(pFile);

WAV T —LehRER SO T BN, SR 5N RGB $di . AT KA S N —178d5 . PPM 43X
SRR — A S — KR RGB BRSO WRAR 1% HTML R i977 50, IR A ekl T s
MER BN K ETT, AR #HfO000#f0000... 8 %R 1 T ML BESE . CERRAER, 277 50
I HEADIRAT, (HRIRE CRRIE T 72 BERD . SO AR 1 BRI 98 BE AT R LA K i K i) RGB
EIP NS

BAE, [BIEERATE) mainQ#. — BRATFEEGE s, HATLFREHE—V):
/I Free the RGB image
av_free(buffer);

av_free(pFrameRGB);

/I Free the YUV frame
av_free(pFrame);

/I Close the codec
avcodec_close(pCodecCtx);

/I Close the video file
av_close_input_file(pFormatCtx);

return O;

PR&x1i = IR A S av_free SRBFRA 118 1 avcode_alloc_fram #1 av_malloc KBt N A7. FiE
B RACRS Y R, FRATEE A Linux 883 H e BTG, REE1T:
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gcc -o tutorialO1 tutorialOl.c -lavutil -lavformat -lavcodec -Iz -lavutil -Im
WARARAE FH 2 AR Y fimpeg,  7R7] LA 4-lavutil 2%
gcc -o tutorialO1 tutorialOl.c -lavutil -lavformat -lavcodec -Iz -Im

K2 B BB AR B R KR LLFT T PPM SO . AT BUSE ] — S8 LR SO R AT It

CThE)E

SDL FIRLH

N T HERE L Ror, A4 SDL.SDL /& Simple Direct Layer 455 . ‘& & —A (i 2 A4 PR,
ERT 2P, FFEMEAETZ TRES . RITPNE R E WS R http:/Avww.libsdl.org/  F 153X
AN EE RS B a0 A P RE TS R AT LB 2 T 80T R B RMRIRAE KRGt #HBXANME S, R 2w
BEXANEE . CEI RN E S 2&—F)

SDL A 2 My sURTE s LI, T HEA — MR T 2ORME F R L B IR — — X F
J7 A YUV E fi . YUV AR ESRPFEANIY YUV T U YCbC) e —F12 4T RGB 5 AU
s B ks RSP, Y RS E R, U RV REESE. GXFt RGB Z41%, FN R
SO SRR T, MHRITEUAE 2 YA 1A UM LAV,

SDL [ YUV 7 i ff F — 4546 10 YUV B 3 BLAE B b Bos i ARA T e nf AR PF 4 A TR YUV
K, (HRH PR YVI2 ZE R —Fr . A — I YUVA20P 1) YUV k20, BRI YVI2 2 —FE, B
T UMV BB A 7SN, 420 BIREELL 4: 2: 0 ELBIHEST 7 ke, A baiEks
L AFE S EX NG 4 DN E s E. FTULE M EEGEERA RN V4. &g —Maws iy,
AR SGEABIZ AR . TEAFRH P R IX Rl 0% P — — SR At Y, U RV 25 HITE
AFEIE

FFMPEG A LU 4% 30 #4508 YUVA20P, {HRZBIEIR Z A ris e &2 YUV420P 1) T 8§
H] DB AR 2 5 B ¥ YUV420P #52K.

T, BATIAETHRIIERE S 1 4 1) SaveFrame() R 30 e, 1 Ha i JATROWIEI SRR B2 (2
IR 7 ESEE — NI ] SDL . E5EHAT LR et s SDL kXA HATMH L E -

#include <SDL.h>
#include <SDL_thread.h>

if(SDL_Init(SDL_INIT_VIDEO | SDL_INIT_AUDIO | SDL_INIT_TIMER))

{
fprintf(stderr, "Could not initialize SDL - %s\n", SDL_GetError());

exit(1);
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SDL_Init()ER #0557 SDL ¢, MRS 3 AT LK ZE R 1. 2448 SDL_GetError() & — N K F LIRS I R %L

S~ B

AR FRA 5 ZEAE 5 s L — N T7 8 e — 282k 1h . £ SDL P iR BHR R A X Sk it {54 1 surface.

SDL_Surface *screen;
screen = SDL_SetVideoMode(pCodecCtx->width, pCodecCtx->height, 0, 0);

if(lscreen)

{

fprintf(stderr, "SDL.: could not set video mode - exiting\n");
exit(1);

KB T — AR E A L B . T DRI B R B — — O R AT 2 i — AR
W (XME OS X A4 EABIER TAF, REIEE I
BUAERRATLE 5 % ok —AS YUV 78 55 DUE T A T4 A E 2
SDL_Overlay *bmp;

bmp = SDL_CreateYUVOverlay(pCodecCtx->width, pCodecCtx->height, SDL_YV12_ OVERLAY,
screen);

IEATE AT UL, FATEA YV12 REREE.

BrER

T T AL SR AR faT B ) . A FRAN T TR sk o G . AEFRATE — 1 & ] e A B 58 B i) o AT
BIE kX RGB AR 7, IFHE# SaveFrame() N E R F 54 ERARI. AT BRBI5E L, Fi]
WL —A> AVPicture 25683 H s B H AR R4 AT RISk R EATTH YUV 78 551k %5

if(frameFinished)

{
SDL_LockYUVOverlay(bmp);

AVPicture pict;
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pict.data[0] = bmp->pixels|[0];
pict.data[1] = bmp->pixels[2];
pict.data[2] = bmp->pixels[1];
pict.linesize[0] = bmp->pitches[0];
pict.linesize[1] = bmp->pitches[2];
pict.linesize[2] = bmp->pitches[1];

/I Convert the image into YUV format that SDL uses
img_convert(&pict, PIX_FMT_YUV420P, (AVPicture*)pFrame, pCodecCtx->pix_fmt,
pCodecCtx->width, pCodecCtx->height);

SDL_UnlockYUVOverlay(bmp);

B, BMBEXMERS, FARMBELNS . X285 UG R A RS LF 2158 E g
FinE), XA AVPicture Z5HiEA —ANBIETREH R —NE 4 Do ENTREEE . BT IR 2
YUVA420P, At AFRATTR 2L 3 A idiE R R B = 200 . Foe ks aUnT g 75 Z R DU AN B 4R R alpha idiE
WHEHESH . ATRTIEWE A TR RE . 76 YUV B 5P R DhRE g5 ik 245 2 pixel FIfE
£ pitch. (F2FE pitch 52 7E SDL B ARF R0 @ AT 8000 58 FE D . BT DAFRATTILAE (S =2 Lh AT 1) 7 5 h
[f) pict.data H () =N REHE — AN A B 23 18] (ko R, BRATAT A ENE S AR R E R
BT —AE3RA 18 H img_convert SRS Ui 8 PIX_FMT_YUV420P,

ZlfhEd

ERAVTIART EE VR SDL AR SEPR BRI A4 I EdE . ATt — MR REALE ., T,
e BE AR BOR /N R 2804 SDL ek 3XFF, SDL AFRAIMEAE O B v] DUl R s e kit
PRIEZE T o

SDL_Rect rect;

if(frameFinished)

{
/I Convert the image into YUV format that SDL uses
img_convert(&pict, PIX_FMT_YUV420P,(AVPicture *)pFrame, pCodecCtx->pix_fmt,
pCodecCtx->width, pCodecCtx->height);

SDL_UnlockYUVOverlay(bmp);

rect.x = 0;
10/56



rect.y = 0;
rect.w = pCodecCtx->width;
rect.h = pCodecCtx->height;

SDL_DisplayYUVOverlay(bmp, &rect);

EBRATF AL — S [ >RE — T~ SDL IRetE: B kEh R4t SDL # % BB RAE SDL H il
R B RAR B 7B R IE—ME 5B AR A — AN AR K 07 i RARIRE 7 AR AL EE N )
W, At X A . AR AT U AR I HAR ey SDL HF R4 . Ml SDL #k 1T 2 2%
GRFEMR R, AU ER, ZXAHAARBENTLERS 4 BERH. EXNETH, BATEELE S
JaS LR ES . BUET S, BRATEALEE SDL_QUIT FHAFLMEFIRATIB H:

SDL_Event event;

av_free_packet(&packet);
SDL_PollEvent(&event);

switch(event.type)
{
case SDL_QUIT:
SDL_Quit();
exit(0);
break;
default:
break;

IEBATE N IR, THOH . WARIREEA A2 Linux B0E HLARA, {5H] SDL JE 3EAT 9 5 1 Bt
5w

gcc -o tutorial02 tutorial02.c -lavutil -lavformat -lavcodec -Iz -Im “sdl-config --cflags --libs’

XL sdl-config i@ 3T BV T gee g AU & IR SDL P (13E S 240, O 1 T 1%, fE/RE
ORI SR BERR ZA A RO E&R—F SDL XX R TR RFERI > — E ol LAmi%, it
by I E

HIBATIXANFEFP IR = R A A WE? T B 1 SEPR b, FRATTRRE DAFRATTRE ST A figt i o
(BRI L B T AT KL RE L. IR BRATTBAT AR AT AR R AT B30 A AT A I 75 22 s LR 1 it
e (FE1RT 5), FATRAE LW [RRERT D [, H—IFEBA T2 e g4, BUOATRATA BN E
B HEGEALE: A
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e

HUTE R VESACHE IS 2 . SDL th BRI e % T ith 5 1 J73% . #5C SDL_OpenAudio() 4 £t 2 i
RATFFR 846 10, A I — A i SDL_AudioSpec SHIFE B4, J5A G MR 45 T 30145 224
B T (5

FERAE R WTESNL 2 R/, AEIRATSEARRE— T IR A T A BEE A o A0y 002 1 — R R
RS . BMEARTEFBIE T —ME. AEZEENEE R FOREAT R, RERRRUZ
PR TR BERFR O BFEAL, B R 7 SOVR 2 D UCRFE . filtn 22050 A1 44100 WERFERBLZHE G
A CD HHIM REER. MO, REEMA AR —DNEERRRILARFEBE RS G, WERRAE AL
P BARHRIRAERN 2 Ao BRI AR P R BRI 5, BATARERA TR 522
DAFEAR, HiE fimpeg A LA TH 2 HIFEA — — X EWE TR AR FE 2 FIFR.

SDL 0 & (17 AR IXAE K ARSE BB A F T SRR (FF SDL I A i freq (IR
A frequency), AFIEEHMELENS B, 5 IRATECE 401 R BN — L[] P £l userdatas.
AR CE AR, SDL K AW 1 XA (013 pR K HEERE R A B 2N —MF E ISR
A5 BT LS B E] SDL_AudioSpec £t 4 J5, AT H &% SDL_OpenAudio()#t 24T T
PRI LGIATE 153504 AudioSpec L5k . IXAEEH PR BATTSRER LRI #) — — RO EATA
RE PRAERS ZIFATATER 1 o

REEM

HRTSEETHACE, PONERATSERS B BAAEM R T A FRAME R . EEA TR SoRE — T RATHIA
i, BFATRIFHRBIR,  FIRERA TR AT DR 2 A .

/I Find the first video stream
videoStream=-1;
audioStream=-1;

for(i=0; i < pFormatCtx->nb_streams; i++)

{
if(pFormatCtx->streams]i]->codec->codec_type==CODEC_TYPE_VIDEO&&videoStream < 0)

{

videoStreams=i;

}

if(pFormatCtx->streamsi]->codec->codec_type==CODEC_TYPE_AUDIO &&audioStream < 0)
{

audioStream=i;

}
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if(videoStream==-1)
return -1; // Didn't find a video stream

if(audioStream==-1)
return -1;

MX HLERATTAT BLAAS & i ) AVCodecContext HH G RIFRATARZ MIE S, B IAN S BRI B —

AVCodecContext *aCodecCtx;
aCodecCtx=pFormatCtx->streams[audioStream]->codec;

BE ARG RS B SO IR B {5 S R BA T P B RN H A5 S«

wanted_spec.freq = aCodecCtx->sample_rate;
wanted_spec.format = AUDIO_S16SYS;
wanted_spec.channels = aCodecCtx->channels;
wanted_spec.silence = 0;

wanted_spec.samples = SDL_AUDIO_BUFFER_SIZE;
wanted_spec.callback = audio_callback;
wanted_spec.userdata = aCodecCtx;

if(SDL_OpenAudio(&wanted_spec, &spec) < 0)

{
fprintf(stderr, "SDL_OpenAudio: %s\n", SDL_GetError());

return -1;
LEFRATTH N — TR X L.
- freq HH BT YRR AR 2
- format 75 1F SDL FATE B HIH% . £ “S16SYS” K S KA 7551 signed, 16 RRFANFEA
16 A&, SYS Fan R/ kBT 2 5 H M RGAHF . XLeks 2 H avcodec_decode_audio2 N3k
145 R g N\ 2= A A% =X
« channels 7 &% [i81E %L
« silence IXJEHRERFHEMME. BONEERESE 50, ALl 0 IR 2 iX ME.

- samples X2 LAV E L 75 nHE, BATAELE SDL A HRIFE F M X R — AN HEaidE
e 7E 512 3] 8192 2 [H]; ffplay f# ] 1024,

« callback XANZFRAVMIER L. AV IS TFELNTE
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» userdata X/ SDL ft45 [l s EEE AT IS H. AR 1 o8 B3 208 AR ) R 30 IRIGHE
i TH] 0 5

)5, A1 SDL_OpenAudio ERECRIT I A 5 .
MR ICAS AT TR S, FRATVIIRTE EFTH S Bt A S . X 2RI .
AVCodec *aCodec;

aCodec = avcodec_find_decoder(aCodecCtx->codec _id);
if(lfaCodec)
{

fprintf(stderr, "Unsupported codec!\n");

return -1,

}

avcodec_open(aCodecCtx, aCodec);

BAS

W AE RN C MR WA B A B E R . (ERBATUA R FIX LEAF EWE? FATRE 2 A Wit A
SR BIX LA, (H[FR SDL KR R R . T DBl — A4 R I A R AR B DU T JRAT
ML A3 75 B B AT 1 7 A7 8RN R 1IE SDL i) 5 3 a1 5 48 audio_callback fg XA~ 77 753 5]
OB TR TS R B — N BAS queue. 7E ffmpeg AT NI AVPacketList 45 41k
AR BN EA T, XGRS — R R, T HBUR AT S S5 14 -

typedef struct PacketQueue
{
AVPacketList *first_pkt, *last_pkt;
int nb_packets;
int size;
SDL_mutex *mutex;
SDL_cond *cond;
} PacketQueue;

o, BATR4FEH nb_packets 25 size A— £ — —size £/RFA M packet->size H115 3 (1) 715
o RERERRNA— DNEFE mutex F1— %42 E cond EZ KR XZF N SDL &7E—4
MST (I ZFE SR AT S AMAL I . W R BRATTEAT IEF B e X N A, BATH ATt sdEfmEL. JATE
KB —AMIEA NG AT RIS AT o T D224 00 e SR A2 R — AN A B, (B2 BRATPR IR R 4
R AT 18 AT AT LA 2] 8 SDL [ R4

— IR B — > BRECRAIAR LB B
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void packet_queue_init(PacketQueue *q)

{
memset(q, 0, sizeof(PacketQueue));
g->mutex = SDL_CreateMutex();
g->cond = SDL_CreateCond();

}

P FATRHS A Rk 25 ABI P AR TG

int packet_queue_put(PacketQueue *q, AVPacket *pkt)

{
AVPacketList *pktl;

if(av_dup_packet(pkt) < 0)
{

return -1;

pktl = av_malloc(sizeof(AVPacketList));
if ('pktl)
return -1,

pktl->pkt = *pkt;
pktl->next = NULL;

SDL_LockMutex(g->mutex);

if (Ig->last_pkt)
g->first_pkt = pkt1;
else
g->last_pkt->next = pkitl;

g->last_pkt = pkt1;
g->nb_packets++;
g->size += pktl->pkt.size;

SDL_CondSignal(g->cond);
SDL_UnlockMutex(g->mutex);

return O;

pR1 % SDL_LockMutex ()8t & BA B ) B & LA T-3AT IR BAZ s i Z: 78, 48 )5 ki 4 SDL_CondSignal()
RIS E A — MRS (R EESER) KB —MESREFEMECEHEEE T, BaEm
SRE H R IR LE AT LA E BT .
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TR AH R R R VR R A SDL_CondWait() 2 a4 HEFRA T ) 225K ik s 2B 28 block ) (f51]
n—EHE RS A HdED .

int quit = O;
static int packet_queue_get(PacketQueue *q, AVPacket *pkt, int block)
{

AVPacketList *pkt1;

int ret;

SDL_LockMutex(g->mutex);

for(;;)
{
if(qQuit)
{
ret=-1;
break;
}
pktl = g->first_pkt;
if (pktl)
{
g->first_pkt = pktl->next;
if (1g->first_pkt)
g->last_pkt = NULL;
g->nb_packets--;
g->size -= pktl->pkt.size;
*pkt = pktl->pkt;
av_free(pktl);
ret=1;
break;
}
else if (Iblock)
{
ret =0;
break;
}
Else
{
SDL_CondWait(g->cond, g->mutex);
}
}
SDL_UnlockMutex(g->mutex);
return ret;
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AFIAF 22t HZ, SDL_CondWait() i %t 3R AT 7 ##8 B B EEREA S IXEER/REE S G
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EAMEN

PR 2 E R B BATE — 2 /AR quit, RATHERRECE A K ERFFREES (SDLHE)
AbFE TERM RUAIES). BN, XANLEEATHIE 47 BRIV Kill -9 R&5 W . FFMPEG [6
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url_set_interrupt_cb.

int decode_interrupt_chb(void)

{
return quit;
}
main()
{

url_set_interrupt_cb(decode_interrupt_cb);
SDL_PollEvent(&event);
switch(event.type)

{
case SDL_QUIT:

quit = 1;

AR, RAUNGEAIRS ffmpeg I ZETE LT, AN SDL . AL FHERE quit RN 1.
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PacketQueue audiog;

main()

{

avcodec_open(aCodecCtx, aCodec);
packet_queue_init(&audioq);
SDL_PauseAudio(0);

P % SDL_PauseAudio() it &M & i &I IR TAF. R LAt 28R, Bl & .
TATCL I BATNBNG, DEBATHER N ERM . SBE — TIRATHEEIE RE

while(av_read_frame(pFormatCtx, &packet)>=0)

{

/I Is this a packet from the video stream?
if(packet.stream_index==videoStream)

{
/I Decode video frame
}
else if(packet.stream_index==audioStream)
{
packet_queue_put(&audioq, &packet);
}
Else
{
av_free_packet(&packet);
}

TR BATRATEIC R S R R CE, A PR AE RS 5 R BEE .

& e

PAE, ikFATE G LA S R K% audio_callback i M BAF B H AL, (B3 BR B AR R 754 void
callback(void *userdata, Uint8 *stream, int len), X B f{] userdata w2 F 145 2 SDL fe4t, stream &

18 /56



FATEE A E B BN IXARES, len ZEEPIXHIRAN . Tt 2405

void audio_callback(void *userdata, Uint8 *stream, int len)

{
AVCodecContext *aCodecCtx = (AVCodecContext *)userdata;
int lenl, audio_size;
static uint8_t audio_buf[(AVCODEC_MAX_ AUDIO_FRAME_SIZE * 3) / 2];
static unsigned int audio_buf_size = 0;
static unsigned int audio_buf_index = 0;
while(len > 0)
{
if(audio_buf_index >= audio_buf_size)
{
audio_size = audio_decode_frame(aCodecCtx, audio_buf,sizeof(audio_buf));
if(audio_size < 0)
{
audio_buf_size = 1024;
memset(audio_buf, 0, audio_buf_size);
}
else
{
audio_buf_size = audio_size;
}
audio_buf_index = 0;
}
lenl = audio_buf_size - audio_buf_index;
if(lenl > len)
lenl =len;
memcpy(stream, (uint8_t *)audio_buf + audio_buf_index, lenl);
len -=leni;
stream +=lenl,
audio_buf_index +=lenl;
}
}

XIEA R —MAE R A A AN RATE E S 1) audio_decode_frame() i £ S BUEE G FR , 1X AN
TEIRIEL R T ANB P2 X, SREMRPEN len 7705 7 HAETRATEA L0 (1 B8 (I 5 22 3 BUE £
AR B 4 TRAN G 2 SRR I g R A7 RN IS TR - XA audio_buf FIK/NA 1.5 F5 R E WK
INDUMETH — AR g, XA SR /NE fimpeg 45 H 1.
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int audio_decode_frame(AVCodecContext *aCodecCtx, uint8_t *audio_buf,int buf_size)
{

static AVPacket pkt;

static uint8_t *audio_pkt_data = NULL;

static int audio_pkt_size = 0;

int lenl, data_size;

for(;;)
{
while(audio_pkt_size > 0)
{
data_size = buf_size;
lenl = avcodec_decode_audio2(aCodecCtx, (intl6_t *)audio_buf,
&data_size,audio_pkt_data, audio_pkt_size);
if(lenl < 0)
{
audio_pkt_size = 0;
break;
}
audio_pkt_data +=len1;
audio_pkt_size -=lenl;
if(data_size <= 0)
{
continue;
}
return data_size;
}
if(pkt.data)
{
av_free_packet(&pkt);
}
if(quit)
{
return -1;
}
if(packet_queue_get(&audioq, &pkt, 1) < 0)
{
return -1;
}
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audio_pkt_data = pkt.data;
audio_pkt_size = pkt.size;

BAS RSP BRI RO G, EIXEIRATMA T packet_queue_get()eRi%. FATMBAFIHHLH
8, FFHRAFENER. RE, —BHRATA 7T DM R, AT H k% avcodec_decode_audio2(),
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FEEMT, BT AR AT BRI AR 2 JOR MRS AL BT A 8 . R0 AT Fa T audio_buf (15 il %
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lenl F1 data_size FIAIE], lenl FRIRARAD AT I EHE IR H IR/, data_size FR7R SERRIR B R 46 75
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e T« MRBAVIRAE N2 PEIEELALHE, FAHEERAEZIT R WERILATER T — MK
AR, AR )E ERE

FUEIXAE o AR 1 B BA SR M SCAFA5 3B T2 BIRA S, 2R )5 87 audio_callback B& 4
BB BOF AR, e JiCEdEIAZ SDL, -2 SDL #ikl = T AT A R o 1hIRAI48 S0 H o 1%

gcc -o tutorial03 tutorial03.c -lavutil -lavformat -lavcodec -1z —Im “sdl-config --cflags --libs’
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Spawning Threads
Overview

Last time we added audio support by taking advantage of SDL's audio functions. SDL started a
thread that made callbacks to a function we defined every time it needed audio. Now we're going to do
the same sort of thing with the video display. This makes the code more modular and easier to work with
- especially when we want to add syncing. So where do we start?

First we notice that our main function is handling an awful lot: it's running through the event loop,
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reading in packets, and decoding the video. So what we're going to do is split all those apart: we're going
to have a thread that will be responsible for decoding the packets; these packets will then be added to
the queue and read by the corresponding audio and video threads. The audio thread we have already
set up the way we want it; the video thread will be a little more complicated since we have to display the
video ourselves. We will add the actual display code to the main loop. But instead of just displaying video
every time we loop, we will integrate the video display into the event loop. The idea is to decode the
video, save the resulting frame in another queue, then create a custom event (FF_REFRESH_EVENT)
that we add to the event system, then when our event loop sees this event, it will display the next frame
in the queue. Here's a handy ASCII art illustration of what is going on:

audio
| | pkts | | | to spkr
| DECODE |----- >| AUDIO |--->| SDL |-->
I I I | | I

| video
|pkts| |
R >| VIDEO |
I I
| I
| EVENT | +------>| VIDEO | to mon.
| LOOP  |-----mmmmmmeee >| DISP. |-->

| |<---FF_REFRESH---| |

The main purpose of moving controlling the video display via the event loop is that using an SDL_Delay
thread, we can control exactly when the next video frame shows up on the screen. When we finally sync
the video in the next tutorial, it will be a simple matter to add the code that will schedule the next video
refresh so the right picture is being shown on the screen at the right time.

Simplifying Code

We're also going to clean up the code a bit. We have all this audio and video codec information, and
we're going to be adding queues and buffers and who knows what else. All this stuff is for one logical unit,
viz. the movie. So we're going to make a large struct that will hold all that information called the
VideoState.

typedef struct VideoState

{
AVFormatContext *pFormatCtx;
int videoStream, audioStream;
AVStream *audio_st;
PacketQueue audioq;
uint8_t audio_buf[(AVCODEC_MAX_AUDIO_FRAME_SIZE * 3) / 2];
unsigned int audio_buf_size;
unsigned int audio_buf_index;
AVPacket audio_pkt;
uint8_t *audio_pkt_data;
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int audio_pkt_size;
AVStream *video_st;
PacketQueue videoq;

VideoPicture
int

pictq[VIDEO_PICTURE_QUEUE_SIZE];
pictg_size, pictg_rindex, pictq_windex;

SDL_mutex *pictg_mutex;
SDL_cond *pictg_cond;
SDL_Thread *parse_tid;
SDL_Thread *video_tid;
char filename[1024];
int quit;

} VideoState;

Here we see a glimpse of what we're going to get to. First we see the basic information - the format
context and the indices of the audio and video stream, and the corresponding AVStream objects. Then
we can see that we've moved some of those audio buffers into this structure. These (audio_buf,
audio_buf_size, etc.) were all for information about audio that was still lying around (or the lack thereof).
We've added another queue for the video, and a buffer (which will be used as a queue; we don't need
any fancy queueing stuff for this) for the decoded frames (saved as an overlay). The VideoPicture struct
is of our own creations (we'll see what's in it when we come to it). We also notice that we've allocated
pointers for the two extra threads we will create, and the quit flag and the filename of the movie.

So now we take it all the way back to the main function to see how this changes our program. Let's
set up our VideoState struct:

int main(int argc, char *argv[])
{
SDL_Event event;
VideoState *is;
is = av_mallocz(sizeof(VideoState));

av_mallocz() is a nice function that will allocate memory for us and zero it out.

Then we'll initialize our locks for the display buffer (pictq), because since the event loop calls our
display function - the display function, remember, will be pulling pre-decoded frames from pictq. At the
same time, our video decoder will be putting information into it - we don't know who will get there first.
Hopefully you recognize that this is a classic race condition. So we allocate it now before we start any
threads. Let's also copy the filename of our movie into our VideoState.

pstrcpy(is->filename, sizeof(is->filename), argv[1]);

is->pictg_mutex = SDL_CreateMutex();
is->pictg_cond = SDL_CreateCond();

pstrcpy is a function from ffmpeg that does some extra bounds checking beyond strncpy.
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Our First Thread

Now let's finally launch our threads and get the real work done:

schedule_refresh(is, 40);

is->parse_tid = SDL_CreateThread(decode_thread, is);
if(lis->parse_tid)
{

av_free(is);

return -1;

schedule_refresh is a function we will define later. What it basically does is tell the system to push a
FF_REFRESH_EVENT after the specified number of milliseconds. This will in turn call the video refresh
function when we see it in the event queue. But for now, let's look at SDL_CreateThread().

SDL_CreateThread() does just that - it spawns a new thread that has complete access to all the
memory of the original process, and starts the thread running on the function we give it. It will also pass
that function user-defined data. In this case, we're calling decode_thread() and with our VideoState
struct attached. The first half of the function has nothing new; it simply does the work of opening the file
and finding the index of the audio and video streams. The only thing we do different is save the format
context in our big struct. After we've found our stream indices, we call another function that we will define,
stream_component_open(). This is a pretty natural way to split things up, and since we do a lot of similar
things to set up the video and audio codec, we reuse some code by making this a function.

The stream_component_open() function is where we will find our codec decoder, set up our audio
options, save important information to our big struct, and launch our audio and video threads. This is
where we would also insert other options, such as forcing the codec instead of autodetecting it and so
forth. Here it is:

int stream_component_open(VideoState *is, int stream_index)

{

AVFormatContext *pFormatCtx = is->pFormatCtx;
AVCodecContext *codecCtx;

AVCodec *codec;

SDL_AudioSpec wanted_spec, spec;

if(stream_index < 0 || stream_index >= pFormatCtx->nb_streams)

{

return -1;

/I Get a pointer to the codec context for the video stream
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codecCtx = pFormatCtx->streams[stream_index]->codec;
if(codecCtx->codec_type == CODEC_TYPE_AUDIO)

{

}

/I Set audio settings from codec info
wanted_spec.freq = codecCtx->sample_rate;
>

wanted_spec.callback = audio_callback;
wanted_spec.userdata = is;

if(SDL_OpenAudio(&wanted_spec, &spec) < 0)

{
fprintf(stderr, "SDL_OpenAudio: %s\n", SDL_GetError());
return -1;

codec = avcodec_find_decoder(codecCtx->codec_id);
if(lcodec || (avcodec_open(codecCtx, codec) < 0))

{

fprintf(stderr, "Unsupported codec\n");
return -1;

switch(codecCtx->codec_type)

{

case CODEC_TYPE_AUDIO:
is->audioStream = stream_index;
is->audio_st = pFormatCtx->streams|[stream_index];
is->audio_buf _size = 0;
is->audio_buf_index = 0;
memset(&is->audio_pkt, 0, sizeof(is->audio_pkt));
packet queue_init(&is->audioq);
SDL_PauseAudio(0);
break;

case CODEC_TYPE_VIDEO:
is->videoStream = stream_index;
is->video_st = pFormatCtx->streams|stream_index];
packet queue_init(&is->videoq);
is->video_tid = SDL_CreateThread(video_thread, is);
break;

default:
break;

This is pretty much the same as the code we had before, except now it's generalized for audio and
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video. Notice that instead of aCodecCtx, we've set up our big struct as the userdata for our audio
callback. We've also saved the streams themselves as audio_st and video_st. We also have added our
video queue and set it up in the same way we set up our audio queue. Most of the point is to launch the
video and audio threads. These bits do it:

SDL_PauseAudio(0);
break;

is->video_tid = SDL_CreateThread(video_thread, is);

We remember SDL_PauseAudio() from last time, and SDL_CreateThread() is used as in the exact
same way as before. We'll get back to our video_thread() function.

Before that, let's go back to the second half of our decode_thread() function. It's basically just a for
loop that will read in a packet and put it on the right queue:

for(:})

{
if(is->quit)
{
break;
}

/I seek stuff goes here
if(is->audiog.size > MAX_AUDIOQ_SIZE || is->videoq.size > MAX_VIDEOQ_SIZE)

{
SDL_Delay(10);

continue;
}
if(av_read_frame(is->pFormatCtx, packet) < 0)
{
if(url_ferror(&pFormatCtx->pb) == 0)
{
SDL_Delay(100); /* no error; wait for user input */
continue;
}
else
{
break;
}
}

/l'Is this a packet from the video stream?
if(packet->stream_index == is->videoStream)

{

packet_queue_put(&is->videoq, packet);
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else if(packet->stream_index == is->audioStream)

{
packet _queue_put(&is->audioq, packet);
}
else
{
av_free_packet(packet);
}

XHEBEEM LRI, BT HAVS SIS IR T — N B I IR AT I — A 0 524 152 11
B A& BT SO A MU pb ¥ BytelOContext 8B G5 Ktk X AN M FH SR ARAE— LR 2% 11
SR . BRE url_ferror FHSRASIN 45 R AR I & B 75 AT LS OO R R

FEPEA UG, BATHACHD R S5 R RRE P 45 AR R BAT A 4 . XSRS A 2, A
ERs T W IRKEF A — — R A TR AR

while(lis->quit)

{
SDL_Delay(100);

}

fail:

if(1)

{
SDL_Event event;
event.type = FF_QUIT_EVENT:
event.user.datal = is;
SDL_PushEvent(&event);

}

return O;

FAMEH SDL # & SDL_USEREVENT KM HA A EME . 56— HREN S 2
SDL_USEREVENT, F—/ & SDL_USEREVENT-1 3 HAK 354k 7E B ATHIFE R FF_QUIT_EVENT
B e U SDL_USEREVENT +2. MHE K, AR Pl AL - 4dE, 75X BIRAME LM R4 ik
[ 36 &1 o FATTIA H SDL_PushEvent() i % . 7E R ATTH S 4 40 32, AT H 25 BLRT
SDL_QUIT_EVENT #B4r —#f. WATHAE B SR FAFZ 4t ie, IUE X2 # R IATIEFBON T
FF_QUIT_EVENT 1, AV 230 L BRAMR HARE quit.

B3 video_thread

YR E R LRSS 5, AT FE . XARFE MRS Z S B, 08 A A AT, R
Ja W H queue_picture pRZHE AR LT (1M 2 B - BA I
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int video_thread(void *arg)

{
VideoState *is = (VideoState *)arg;
AVPacket pktl, *packet = &pkt1;
int lenl, frameFinished;
AVFrame *pFrame;
pFrame = avcodec_alloc_frame();
for(;;)
{
if(packet_queue_get(&is->videoq, packet, 1) < 0)
{
/l means we quit getting packets
break;
}
// Decode video frame
lenl = avcodec_decode_video(is->video_st->codec, pFrame, &frameFinished,
packet->data, packet->size);
// Did we get a video frame?
if(frameFinished)
{
if(queue_picture(is, pFrame) < 0)
{
break;
}
}
av_free_ packet(packet);
}
av_free(pFrame);
return O;
}

TEIX BLIR 2 BB IR BRI . AT 14 avcodec_decode_video M52 Tix B, & T —L54,
flhn: AL AvStream {RAFEI A1E CRUREHIA A, BrUAFRATAT DOMR A3 2140 g a5 5 5 . &
AL ANWT B AARATIBAZ) i B — B 2T N 5 VR BRAT 1 2 1 B A

A FI1L

EBATE — T RIS S T pFrame 2R BAS b 25 1) bR 20 BN BAT T R BA B 52 SDL 3 5 )
i A EAEMIE R R BT 5 T, BATHR ZE WU st S A% 2. SRR A7 2 B A
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typedef struct VideoPicture
{
SDL_Overlay *bmp;
int width, height;
int allocated;
} VideoPicture;

FATH KGRI — AT ARAFIX S 2 b X . SR, ARG 2 2ok 5 SDL_Overlay (V7 :
allocated trEARHIFATRZ T EA M 7 XA HIFHEIMES ).

N TERZA S, FATE P EE— — SNSRI AR ET . AT E GRAIE— & BUE I S B HE 78
Zhh. EHNBIAIIH, AV EERFEMFHEZUMETAAE RRGFIATN VideoPicture. #8J53HAIT
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int queue_picture(VideoState *is, AVFrame *pFrame)

{

VideoPicture *vp;
int dst_pix_fmt;
AVPicture pict;

SDL_LockMutex(is->pictq_mutex);

while(is->pictq_size >= VIDEO_PICTURE_QUEUE_SIZE &&!is->quit)

{
SDL_CondWait(is->pictq_cond, is->pictg_mutex);

SDL_UnlockMutex(is->pictq_mutex);

if(is->quit)
return -1;

/l windex is set to O initially
vp = &is->pictq[is->pictq_windex];
if('vp->bmp ||vp->width = is->video_st->codec->width ||vp->height != is->video_st->codec->height)

{

SDL_Event event;

vp->allocated = 0;
event.type = FF_ALLOC_EVENT:
event.user.datal = is;
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SDL_PushEvent(&event);
SDL_LockMutex(is->pictq_mutex);

while('vp->allocated && lis->quit)

{
SDL_CondWait(is->pictg_cond, is->pictq_mutex);
}
SDL_UnlockMutex(is->pictg_mutex);
if(is->quit)
{
return -1;
}

X HL (AL A A AR R R B FE . ERATC 2 LT FAF FF_ALLOC_EVENT
£79 SDL_USEREVENT. HATEHAEABIFAERAS p IR J5 45 B A7 1K) R BOBL B R AR B

EFADRE — B DR SCEE R

for(;;)

{
SDL_WaitEvent(&event);
switch(event.type)

{
case FF_ALLOC_EVENT:

alloc_picture(event.user.datal);
break;

181F event.user.datal AT RLE MK, X AW H. iLBAIE—F alloc_picture() & %L

void alloc_picture(void *userdata)

{

VideoState *is = (VideoState *)userdata;
VideoPicture *vp;

vp = &is->pictq[is->pictq_windex];
if(vp->bmp)
{

/I we already have one make another, bigger/smaller
SDL_FreeYUVOverlay(vp->bmp);

/I Allocate a place to put our YUV image on that screen
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vp->bmp = SDL_CreateYUVOverlay(is->video_st->codec->width,is->video_st->codec->height,
SDL_YV12_ OVERLAY,screen);

vp->width = is->video_st->codec->width;
vp->height = is->video_st->codec->height;

SDL_LockMutex(is->pictg_mutex);

vp->allocated = 1,
SDL_CondSignal(is->pictq_cond);
SDL_UnlockMutex(is->pictq_mutex);

YRAT LG 23 A 14 SDL_CreateYUVOverlay BRENFIEH R TiXx B, XBAS R Z5E e UL E
PVERE o 1CATIRA T = BE AN T FE AR A7 3 VideoPicture 45 k)44 b RN FA 175 BARAEIRAT AT ) KN &A [

i, FATLFCOL Akt B ol LB E R YUV 78 55 e & i a0 B8 . AR AT [ i — R
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int queue_picture(VideoState *is, AVFrame *pFrame)
{
if(vp->bmp)
{
SDL_LockYUVOverlay(vp->bmp);

dst_pix_fmt = PIX_FMT_YUV420P;
pict.data[0] = vp->bmp->pixels[0];
pict.data[1] = vp->bmp->pixels[2];
pict.data[2] = vp->bmp->pixels[1];
pict.linesize[0] = vp->bmp->pitches|0];
pict.linesize[1] = vp->bmp->pitches[2];
pict.linesize[2] = vp->bmp->pitches[1];

/I Convert the image into YUV format that SDL uses
img_convert(&pict, dst_pix_fmt,(AVPicture *)pFrame, is->video_st->codec->pix_fmit,
is->video_st->codec->width,is->video_st->codec->height);
SDL_UnlockYUVOverlay(vp->bmp);
if(++is->pictq_windex == VIDEO_PICTURE_QUEUE_SIZE)
{
is->pictq_windex = 0;
}
SDL_LockMutex(is->pictq_mutex);
is->pictq_size++;
SDL_UnlockMutex(is->pictg_mutex);
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}

return O;

IXHBACHATHT I 2K —FF, BRI EATHIWORETE YUV B fJe— s R RN
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static void schedule_refresh(VideoState *is, int delay)

{
SDL_AddTimer(delay, sdl_refresh_timer_cb, is);

}

PR % SDL_AddTimer()/& SDL H i —ANE RS (R 2R $ATH P e RN R A (] Bhag— 22
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static Uint32 sdl_refresh_timer_cb(Uint32 interval, void *opaque)

{
SDL_Event event;

event.type = FF_REFRESH_EVENT,
event.user.datal = opaque;
SDL_PushEvent(&event);

return O;

X E A bR ENT — A IEMBRME M. FF REFRESH EVENT # & X &
SDL_USEREVENT+1. ZEyEEM—MHFFH 241k 0 E’Jﬁﬂj’% SDL {51k 48, FrREBIAMASH KL
WAEFA T4 T —/> FF_REFRESH_EVENT F44:, A5 BAEFHMEIR P AL E
for(;;)

{
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SDL_WaitEvent(&event);

switch(event.type)

{
case FF_REFRESH_EVENT:
video_refresh_timer(event.user.datal);
break;

TREATIZATE TRRAREL XA B P 2ATEE RS T -

void video_refresh_timer(void *userdata)

{
VideoState *is = (VideoState *)userdata;
VideoPicture *vp;
if(is->video_st)
{
if(is->pictg_size == 0)
{
schedule_refresh(is, 1);
}
else
{
vp = &is->pictq[is->pictq_rindex];
schedule_refresh(is, 80);
video_display(is);
if(++is->pictq_rindex == VIDEO_PICTURE_QUEUE_SIZE)
{
is->pictg_rindex = 0;
}
SDL_LockMutex(is->pictq_mutex);
is->pictq_size--;
SDL_CondSignal(is->pictg_cond);
SDL_UnlockMutex(is->pictg_mutex);
}
}
else
{
schedule_refresh(is, 100);
}
}

BUE, XA IR R s B BB AT Bl B, Al AR SRAG R, R i EE R
&%, M video_display rECRFIE R R KB 2IGF # L, AREHEASIEERSHEM 1, I HIEAFIH R size
1o ARATREVERBIFERX A BT RATIFRAT EIEXT vp M LeskBRiantE, JRERIERER). JATHE £
Je T AR B o BRATTREAE S T (R 25 5 AR A I i FH e SR 07 ) I TR S . AR AR I BLR BIX MR B
“timing %4 here”. AR AR T RAT AW E T — Wi, SRR HEAR N B E SN B
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schedule_refresh() s % . BIAEFATH R FEMES N —MH 80 MEAR ERIF, ARAT LIEFIIFFERIEXAS {H,
I HAGA B ERRIERET, 2 1 & —BRERE2ERE: 2) XMy RURMRAR. BATKE STk
PHEE

FAYLFHEE 75 BAVUOOE 75— 13 Bortls! T2 video_display pA%L:

void video_display(VideoState *is)
{

SDL_Rect rect;

VideoPicture *vp;

AVPicture pict;

float aspect_ratio;

intw, h, X, y;

inti;

vp = &is->pictq[is->pictq_rindex];

if(vp->bmp)
{
if(is->video_st->codec->sample_aspect_ratio.num == 0)
{
aspect_ratio = 0;
}
else
{
aspect_ratio = av_g2d(is->video_st->codec->sample_aspect ratio) *
is->video_st->codec->width / is->video_st->codec->height;
}
if(aspect_ratio <= 0.0)
{
aspect_ratio = (float)is->video_st->codec->width /(float)is->video_st->codec->height;
}

h = screen->h;
w = ((int)rint(h * aspect_ratio)) & -3;
if(w > screen->w)
{
W = screen->w;
h = ((int)rint(w / aspect_ratio)) & -3;
}
X = (screen->w - w) / 2;
y = (screen->h - h) / 2;
rect.x = x;
recty =vy;
rectw = w;
rect.h =h;
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SDL_DisplayYUVOverlay(vp->bmp, &rect);

RN IRATI B3 vl LLEAT B R ST (AT E Ny 640x480 JF H A Al LLE Sk R, RATEEs)
BUFEHBATEREBRPIHEIE K DN B —HGIRATTE  Zh B H B2 9 L aspect ratio, o720
NTETERR AR . BRALR D B 2 A A ECR AR L, R M RERIR T — MEREE — A RFE 58 FR LA
s FE LG . BRI B8 B AN S FEAETRATT I g R 2 Hh R AR 2 N B0 1Y, P DUSEEBR IR Ll 5 AR Lt 3fe DA
FEARYRELLAR R . F-Ledmfint 8 2 BoR AL 0, XFRIREEMERMARELL Y IxL. RE8,AT HE RS0
MEES FHR TR RIS . IXHE& -3 Rn5-3 M55, SEbr bl el 4 =355, REHAN
e RO E, B R SDL_DisplayYUVOverlay() i % .

LERFEAT AT BAMGE T ? W, SRR E oS 75 o AR R A A8 K VideoStruct 2574
i, AR R SARE A, IRATBVE — MRS om B . S m 3T EM & fimpeg $24E1
FRUNIR L [0 97 o AR AT T 138 L (o] 38 s K

VideoState *global_video_state;
int decode_interrupt_cb(void)
{

return (global_video_state && global video_state->quit);

}

PATE T R A R S5 iA B E T global_video_state.
BE0 ol 3 W 2

gcc -o tutorialO4 tutorialO4.c -lavutil -lavformat -lavcodec -Iz -Im “sdl-config --cflags --libs’

WEX - NEAEEFEP IR T RIBA TR n] DURZ AR AR s -

n4e] [E) 25 A

PTS 1 DTS

FIEWR, EIRMARES A — 250 T L2 ol FE AN A I RR IR AT M5 BAE BT . S RA X
B, WA BRI IR . SR1AT, W SRBATT I o AT A P ik it A afe LA 11 OR FB A, A6 4k
AR R EFD . TREN R, fERPMEAMIMEE DTS (RISE HED 1 PTS (R/RE[E
BO mpLEl. T XWASEL RTEE TR T 4 MPEG 6K, (AP B i (B %
7R bidrectional) 775, S5 AMFIFRIURE IUA | URT P it (1 SRR SCEEMT, P RORTMIMO . | LS T
FARE R TR ER . P MU T /T | WORT P i B A e 22 4 (0 07 2Ok %t . B il P Ay
RURAL, (H R R OBT AT TR S TR M B . X MR T v A 4 FRATTET RE 7R 1
avcodec_decode_video LLJ5 &5 A E]—it 4 .
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BTl F— N5, WURIXFESR R | BB P. BU/EFRATTE AR ER B WU AT AIIE P Wi (5 B
PRI, WUA] BE A IR AL A 7 SORAE A IPBB. IXHLE AT A AT — AR I R BT — > B I TR) R
AR o AR RIS Ta) B VR BRATIAT A I K 5 B, SR PR B T VR BRAT AT A 75 2R os . BITBL, AR
UL, BATRR AT LR IXFE -

PTS: 1423
DTS: 1234
Stream: |PB B

HH PTS M1 DTS HAEHUHAT B MU AN

MBATAA av_read_frame() 8 E— MUK %, PTS #1 DTS KI5 BB SR AT (HR2RATEIE
R PTS A TRIRIARD SR JRGAMWT (1) PTS, XAEIRATA B A H Ak BoR e . ST, AT
avcodec_decode_video() & F A # i X & —A AVFrame, bt WHEAEHEHKN PTS H (GEm:
AVFrame JH3H G &I TREAME S, ESBATE R IR AR A TR E R JR10, ffmpeg FHiHE
FFALMET 4 avcodec_decode_video() s HUb P L) DTS A LA 2 5 HIR HH) PTS AHF. HZ, 7
HME— AR RATHHFAZ B aefF 2IXA [EE.

AR, BEAH BRI a3 B PTS, BATA LLEREF A QR EFHTF O, RARGE—
WIS — AN PTS: XBE/EANENX Wi PTS. #A1 A LLUE % avcodec_decode video()#Kit
HEWMAERE MM E - Na. EFSCHR? EAEEY - DNSETFE— b N E,
avcodec_decode_video()¥ 1 H — N eRECKR A— Wi HE — A2, 498, fimpeg L VFRATTEBE SO
SICHAERT R B AR ATTHIE T — N80 B B R A — N EL IR N [

R, RERE, FATATREIC R AR A LRI 8 FA DR 5 T AL R IXA )

[

BUE, FHE 7 ARERER — MM, (ERBATERRSERRERIEN? X EAN TR H3A]
BoR T —WibLE, FATTHE T —WUR RN R . SR RATE R RBCE —SETRE R AR IRATRES A,
LAV T — Wi PTS HiTAZ RGN BRE BN 2 G a3 M7 UL, (B MRS L b
H,

B, BHEIE N A PTS 4. BUERANTBEARINMATE R FIFRATM PTS th—— KX 7! Rifi, H
SE B B AR B AT . X RS A TR SRS X SR SR T MUK T BT ARRA R
el

S IRMRE P BUEIRE, AU S SRR KR, — R A SZFP . iR — U TR R
fih, FATABIHG . B, IRAEMFFARRIFR, REMWI AR L. Brel, A4 =F
WAk FLE BRI, [FED IS E A, s AR R0 BIAMEI B (B iR R i gD . NBLFETT 4R,
HATRE R DAL E 5
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ARG : FRAG MU B TR BR

BUELEB TR PR MOX LG o A R 5 2N IRATIR R S AT — 2E A 5, (HR AT 2 RIE F
FORM. B, AEBATE - TR, 10, ERXEBAER] TR RIS P, X R
17 272 I aveodec_decode_video b K rh 45 BRI IR FATTIHE M55 — A5 20U M IR A 2
F1153] DTS, XERAESH:

double pts;
for(;;)
{
if(packet_queue_get(&is->videoq, packet, 1) < 0)
{
/I means we quit getting packets
break;

}
pts = 0;

/I Decode video frame

lenl = avcodec_decode_video(is->video_st->codec,pFrame, &frameFinished,packet->data,
packet->size);

if(packet->dts '= AV_NOPTS_VALUE)

{
pts = packet->dts;
}
else
{
pts = 0;
}

pts *= av_q2d(is->video_st->time_base);
WHRFRAEAE] PTS s E#E N 0.

0f, AR 5 (1 o AEZ BA T Ui I R AL DTS ANREFRE BIEATT, FATH E A I — Wi 28 — ) PTS.
FADEE L ffmpeg A FHIRATE C M EREWRE PRI T 12 KBk =

int get_buffer(struct AVCodecContext *c, AVFrame *pic);
void release_buffer(struct AVCodecContext *c, AVFrame *pic);

IS BR BB S R EATT R TRRAE AT, rARATE B CRRRER 2 ML PTS 4224
ffRARET L. BAIACLIERIE. Ra, RAHEERFS] AVFrame S5 ERE AR D . Pril—
THaa, Xt BATTH R AL

uinté4_t global_video pkt pts = AV_NOPTS_VALUE;
int our_get_buffer(struct AVCodecContext *c, AVFrame *pic)
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int ret = avcodec_default_get_buffer(c, pic);
uint64_t *pts = av_malloc(sizeof(uint64_t));
*pts = global_video_pkt_pts;

pic->opaque = pts;

return ret;
}
void our_release_buffer(struct AVCodecContext *c, AVFrame *pic)
{
if(pic) av_freep(&pic->opaque);
avcodec_default_release_buffer(c, pic);
}

t% %7 avcodec_default_get_buffer 1 avcodec_default_release_buffer 5& ffmpeg H BRI ) H 17 22 1) 2R %5
%L av_freep & —ANWAFE R, EAMBIE N AR BANFE £ 5 E 9 NULL.

PAER T FATRIT I K%L (stream_component_open), FATAINIX JLATHREVF ffmpeg i 4

codecCtx->get_buffer = our_get buffer;
codecCtx->release_buffer = our_release_bulffer;

BUEBA L T RORAE PTS BleRAAES, REARENNPORMEHE. RAIMAUHSIER X
L IR

for(;;)

{
if(packet_queue_get(&is->videoq, packet, 1) < 0)
{

/I means we quit getting packets
break;

}
pts = 0;

/I Save global pts to be stored in pFrame in first call
global_video pkt_pts = packet->pts;

/I Decode video frame
lenl = avcodec_decode_video(is->video_st->codec, pFrame, &frameFinished,packet->data,
packet->size);

if(packet->dts == AV_NOPTS_VALUE&& pFrame->opaque
&& *(uint64_t*)pFrame->opaque '= AV_NOPTS_VALUE)

pts = *(uint64_t *)pFrame->opaque;
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}
else if(packet->dts '= AV_NOPTS_VALUE)

{
pts = packet->dts;
}
else
{
pts = 0;
}

pts *= av_g2d(is->video_st->time_base);

BORIIR: IRAT R 2R R B BAVEH] inte4 KFoR PTS. IXFE KDY PTS 52 VB RDRIRAF . IXME
J&— /NI IBAE Y T (R A B B, FHSRDAAIY time_base SABAATHEATIT R B & . ln, wi—ANae 24
WIEERD, [EJ9 42 1) PTS FoRiX—WiIRIZAMESS 42 M h & an RIFATEME 24 Wil GXH FfFA5E4E
DR

FATAT LLdE I B A ZE R X ME A NP . JiH ) time_base {H3 7~ 1/framerate Chf T [if] & i %2
K, FrLEE] T N RALR) PTS, BATH 2R time_base.

S5R1G: A PTS RFZP

BAERASE R T PTS. FATE A0 W@ 2 A [F 25 0 8. RATE E X — A o8 Zo i
synchronize_video, ‘&R LB [FIZEH) PTS. XA At A8 S &AL FRIRATIEA R PTS (B L. [FIBS3RAT]
BERNE T — WP B T) DU T TR T B e o AT AT DA FH A 1000 B Bt > i LA 2 8 R TSI ] g 4
video_clock R 5E X AN Ihfg. FRATHEIX BAE IR N 2 K &5 f A b

typedef struct VideoState
{

double video_clock; ///
NI 4% B L synchronize_video, ‘B R LLR I H R IE R

double synchronize_video(VideoState *is, AVFrame *src_frame, double pts)

{

double frame_delay;
if(pts 1= 0)
{
is->video_clock = pts;

}

Else

{

pts = is->video_clock;

}
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frame_delay = av_q2d(is->video_st->codec->time_base);
frame_delay += src_frame->repeat_pict * (frame_delay * 0.5);
is->video_clock += frame_delay;

return pts;

}

PR 2 R B EATH 5 T EE R
PLAEEBAMS R IE# ) PTS I HAER queue_picture SKRIAFIALMT, 3 In— N8 I (R BR S 4L pts:

/I Did we get a video frame?
if(frameFinished)

{
pts = synchronize_video(is, pFrame, pts);
if(queue_picture(is, pFrame, pts) < 0)
{
break;
}
}

XFF queue_picture SR i — oA ) FHE B2 AT THE I A ER A pts £RA7 31 VideoPicture g5k, FAT4
TN IO/ I RV AR B 3 45 A 4k b 3 EL s in— 4746 :

typedef struct VideoPicture

{
double pts;
}
int queue_picture(VideoState *is, AVFrame *pFrame, double pts)
{
... Stuff ...
if(vp->bmp)
{
... convert picture ...
Vp->pts = pts;
... alert queue ...
}

BUAEFRATHI R BA S o (T R HR A T LW I T8RP DAL RATE — T RUURE e K. IR id
73 ERIATH] 80ms HIRHTIN HRIKIRE . A2, BUEBA TR &5 0 SLPr M.

FRATTH) S Mgt A 3 3o g B T 550 T — ORI K i S P B ORI 14—/ [ BRI ). RIS, AT
BRI E . BATR R B — A ] audio clock; —ANAFBME ISR T FATIELE R A
fr 8. FUEMERR) mp3 SRS ORI E—#E . BEAAIRANTHEAUIED 25500,  MUEAZ A XA
fER SR SR RIS K .
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FAT e A 5 T R S MK e ARY s HLAE AR W IRAT & — A0 BL4 FRATT & A (] (1) bR £
get_audio_clock. — HIRATE TIXAME, FRAVEZAAAL 50K 22 70 (I3 NOZ A LA+ 4 W8 2 6] B i A
UK IR 0 A B IR A il a1 5 SR M — R B AT B, FRATS AR S URAH BAE s
UWURE EE K& T3], AT SR . fn S A B A5 T3 At e, FeA T R T B pe i)
JllHT o BESR AT T A (I AR EE R, FRATE A e MBATELL frame_timer THE HR G TR 2047 LA
AN ] frame_timer ¥ Gi v BB TEOT A ERT . #a)igul, XA frame_timer g2 fig JAi 14t
A FER IR TR i FRATTIRT R S IR (R B 2 AT, FEVRRT RN IR R G (A1 AT LR, SRS A AR
AMERIEREE N — I Bre X0 BeA SO LAERAE, BT DOE A S AR

void video_refresh_timer(void *userdata)

{
VideoState  *is = (VideoState *)userdata;
VideoPicture *vp;
double actual_delay, delay, sync_threshold, ref_clock, diff;

if(is->video_st)

{
if(is->pictg_size == 0)
{
schedule_refresh(is, 1);
}
else
{

vp = &is->pictq[is->pictq_rindex];
delay = vp->pts - is->frame_last_pts;
if(delay <=0 || delay >=1.0)
{

delay = is->frame_last_delay;
}
is->frame_last_delay = delay;
is->frame_last_pts = vp->pts;
ref_clock = get_audio_clock(is);
diff = vp->pts - ref_clock;
sync_threshold = (delay > AV_SYNC_THRESHOLD) ? delay : AV_SYNC_THRESHOLD;

if(fabs(diff) < AV_NOSYNC_THRESHOLD)

{
if(diff <= -sync_threshold)

{
delay = 0;

}
else if(diff >= sync_threshold)

{
delay = 2 * delay;
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}
}

is->frame_timer += delay;
actual_delay = is->frame_timer - (av_gettime() / 1000000.0);
if(actual_delay < 0.010)

{
actual_delay = 0.010;

}
schedule_refresh(is, (int)(actual_delay * 1000 + 0.5));
video_display(is);
if(++is->pictq_rindex == VIDEO_PICTURE_QUEUE_SIZE)
{
is->pictg_rindex = 0;
}
SDL_LockMutex(is->pictq_mutex);
is->pictq_size--;
SDL_CondSignal(is->pictq_cond);
SDL_UnlockMutex(is->pictg_mutex);

}
}
else
{
schedule_refresh(is, 100);
}

PAVEX M TIRZIE A Hoe, BATORIEBLAE RIS (a8 _E— M [RIERZ 18] AL BL delay 247 & X
1o RAE M, FATHIFMEH ERIIER . #5535, & 1A DR BIE, BRI RS
AL 258K 1E fiplay FEH 0.01 MENERE . BATHERAIEBRMEA 2 LU (a8 18] (1] B e . 5
Ja,  BAHCHENRRIHE B E N 10 ZF.

XA AFITE R TAEME L) 352 X BLIRAT TN AZ B 3K — ot (E2 JAT T AN AR g L 45194

TAVG REWEBEMTREZMARE, FTUAEECREE — M. B WA ZEEICE R
streame_component_open H 45 L I 8] frame_timer F1R7 T i 2ER frame delay:

is->frame_timer = (double)av_gettime() / 1000000.0;
is->frame_last_delay = 40e-3;

Rl FEEIP

AEALTRATE — T EFCRA B 5 S0 eh . FRATAT DAAE S & S i %L audio_decode_frame HH 5 37 i 4
WFE] . BLTE, 1EICAERNIIEA R XA B AR AL BT AL, BT DU RATEEE WA 5 5
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W pho B8 — AT RIS BUHT A EL RO B IR S BB A I ORI AR ARA, R
— MEEAVFZ W, RATESFEARRRFERRIS, P S BAS SR % -

if(pkt->pts != AV_NOPTS_VALUE)
{

is->audio_clock = av_g2d(is->audio_st->time_base)*pkt->pts;

SR IT A FRATT AL BRIE A P IR 5% -

pts = is->audio_clock;
*pts_ptr = pts;

n = 2 * is->audio_st->codec->channels;
is->audio_clock += (double)data_size /(double)(n * is->audio_st->codec->sample_rate);

— AT I R B U AL pts_ptr, FTUAERIEARC 48 1AL, IXE ) pts_ptr A& SRiE &N
audio_callback &% i /5 & G I TR ER I Fa 5T o SRR T SR IR 75 5 AL

PUAEFRATT AT DUBR i SR SEBLFRATTIK) get_audio_clock %, B H- MG 153 is->audio_clock {8 ARFE ] #L . yER
BAVSAERFRACEE B 1 B 7S S R, (U2 W RARE T audio_callback eRi#l, BfE3% 1 I H)kit
HE W SRR R IRAT M S X . X ERAE TRATTFS B B id SR S [ LSRRI B ROR 2 . B
UM DR & — T RATER 2 DA SN N2 TBERID:

double get_audio_clock(VideoState *is)

{
double pts;

int hw_buf_size, bytes_per_sec, n;

pts = is->audio_clock;

hw_buf size = is->audio_buf_size - is->audio_buf_index;
bytes per_sec = 0;

n = is->audio_st->codec->channels * 2;

if(is->audio_st)

{

bytes per_sec = is->audio_st->codec->sample_rate * n;

}
if(bytes_per_sec)

{

pts -= (double)hw_buf_size / bytes_per_sec;

}

return pts;
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PRRLIZRIE A A XA B AT AR TAE 15)
b9y M & (N E Tl

gcc -o tutorial05 tutorial05.c -lavutil -lavformat -lavcodec -1z -Im"sdl-config --cflags --libs

wJa, PRATDMERATE CH RS RE B 1. TR E — A GRD, REHETRNESK
(NE ARt ati R

EEa=zpii

PAERMEALH T M HEERERIERE . TUAERIE — TIEA TR R ISR . Bk,
AT T — R D I, g RS E B M A2 e il 220730 JRATRER AL —FE A 7 5
A BRI P RAC KA AR T 2 A, RGP EME] L% . 5 ERATERE — T e
JZ A E AN HE R D BB B

A B — AL B

AR BT B — AN T L ORTRATTI 75 2 B B (R AR e — /N2 2 R AR A5 [ 119 P9 A
FrEUG, PRAT e S AR IR R A b — Mot (1) B () B R B e B 8 — R 5o (HUZ, AR T AL R 1 B[R]
R ARK T, LR R o AR I NZIR ERER ) A —AME: FRATTTE B B b — iUk [ BB P B A% (1 By [ 4
T o2& 4% ® M oA B [ fi # & PTS_of last frame + (current_time -
time_elapsed_since_PTS_value_was_set). XFfsk 77 N5 FAT/ERKEL get_audio_clock #1177 AR
1l

FRAEAEBAT R R R, FRATTRE S E— N XK FE VT 28 & video_current_pts Fl—7> 64 i 75 B AU AR
& video_current_pts_time. 4K AE video_refresh_timer p&i%i.

void video_refresh_timer(void *userdata)
{
if(is->video_st)
{
if(is->pictg_size == 0)
{

schedule_refresh(is, 1);

}

Else

{
vp = &is->pictq[is->pictg_rindex];
is->video_current_pts = vp->pts;
is->video_current_pts_time = av_gettime();

B EICAE stream_component_open BT RIEAIL T :
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is->video_current_pts_time = av_gettime();

PUAEBAT 75 B R 2045 2 1 5 5K

double get_video_clock(VideoState *is)

{
double delta;
delta = (av_gettime() - is->video_current_pts_time) / 1000000.0;
return is->video_current_pts + delta;

}

HE 2 L5 A5 P AT B g 2 FRATT 5 SO A [ 20 A RS DA T~ S R A 20 KA B D
BE—TRATLER fiplay —FEA — N 247580 Frbh iEIRATH R — X RS . AR — AN FrE
% % % get_master_clock, FH k4 av_sync type ZF & 4R J5 k5 8 get_audio_clock if &
get_video_clock i & [ AR A FH IR SR TSI B (1) pR B . BT 22 ] UG P REU A b, XA BRI RFRATT U il
get_external_clock:

enum{
AV_SYNC_AUDIO_MASTER,
AV_SYNC_VIDEO_MASTER,
AV_SYNC_EXTERNAL_MASTER,

#define DEFAULT_AV_SYNC_TYPE AV_SYNC_VIDEO_MASTER
double get_master_clock(VideoState *is)

{
if(is->av_sync_type == AV_SYNC_VIDEO_MASTER)
{
return get_video_clock(is);
}
else if(is->av_sync_type == AV_SYNC_AUDIO_MASTER)
{
return get_audio_clock(is);
}
Else
{
return get_external_clock(is);
}
}
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main()

{

is->av_sync_type = DEFAULT_AV_SYNC_TYPE;
}
[R5 &9

BUE R BRI R 7y R B BB Bl BRATH SRS R B H AL E, 10 ST (8] LR A
B AT EWE%“%ﬁﬁﬁ WAL B 1R A 7 Bl B IR (15 A& R BOL 2 7 2 it
RAEFEA )7 SRR ?

BATEAE R AL 7S B REAR (I INHEIE 4T —AN synchronize_audio B Bk IE B IS 45 B 24 J8 75 5k
Ao BRI, FRATAMEIERRORIA R Z B ZREATRIZE, PRORIRFESFERD S T . BTl
fINER%L synchronize_audio & — MR/ NESLERIR & T E RS M %, XFERATHA S8R 7%
To MR, B LUOIFE, “REFE” RS P & I BRI B i) 22 5 oK T BRATH R .

FTARATRAE FH — D0 B 1 8, e, ArDABRAERT AU IRA R3] 7 N MR EFRIE B EREA, K [EH
ARHE RS AREZZN, rURMEE TR ERPIK ERME. B, 55— H R,
BN HRBATR L FRP K E N 40ms, FIRAE )y 50ms 555, (HZ2 AT — AR mE, FA
PR EIEBOE ) HCESERTHE RN 2 . PrARA TR — D 8RS, M e, AR AR
HZES. diff_sum = new_diff + diff_sum*c. ZFATHERLF 4RI ZE 7 A0, FRATTH a1 B 0 o 507 2K
avg_diff = diff_sum * (1-c).

HE: At AR R BAARE R B, EHA F—ME A LB e . 3K
AFEXREH LT (REEESHEEERD, HRNREETLZHER, XEE—/MER

http://www.dranger.com/ffmpeg/weightedmean.html =% 7
http://www.dranger.com/ffmpeg/weightedmean.txt

AT AL

int synchronize_audio(VideoState *is, short *samples,int samples_size, double pts)
{

intn;

double ref_clock;

n = 2 * is->audio_st->codec->channels;
if(is->av_sync_type !=AV_SYNC_AUDIO_MASTER)
{
double diff, avg_diff;
int wanted_size, min_size, max_size, nb_samples;
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ref clock = get_master_clock(is);
diff = get_audio_clock(is) - ref_clock;
if(diff <AV_NOSYNC_THRESHOLD)

{
/I accumulate the diffs
is->audio_diff_cum = diff + is->audio_diff_avg_coef* is->audio_diff _cum;
if(is->audio_diff_avg_count < AUDIO_DIFF_AVG_NB)
{
is->audio_diff_avg_count++;
}
else
{
avg_diff = is->audio_diff _cum * (1.0 - is->audio_diff_avg_coef);
}
}
else
{
is->audio_diff_avg_count = 0;
is->audio_diff_cum = 0;
}

}

return samples_size;

WAETRATCAMAFREF . FATT D E AT AR 038 AnaT P AR H e A Bl R B 4 1 B ALEFRAT IR
H— N BRI Z /D FEA, FEH A /E  “Shrinking/expanding buffer code” #1435 _FARHS:

if(fabs(avg_diff) >= is->audio_diff _threshold)

{
wanted_size = samples_size + ((int)(diff * is->audio_st->codec->sample_rate) * n);
min_size = samples_size * ((100 - SAMPLE_CORRECTION_PERCENT_MAX)/ 100);
max_size = samples_size * (100 + SAMPLE_CORRECTION_PERCENT_MAX)/ 100);

if(wanted_size < min_size)

wanted_size = min_size;
else if (wanted_size > max_size)
wanted_size = max_size;

1tf¥ audio_length * (sample_rate * # of channels * 2)xt /& audio_length #2 i 8] 1 7 35 FIFEA %, FTLL,
TATTAR B A B 72 FRATTARE 75 25 (B2 A8 0 B ek 5 (R P B e AR . AT AT DL E — N8 BRIR
TEFAT— A TIE IE KR, PUOAWRIA TSR 2, H 2 20 200 HA 5 5
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BIEF A5

MEBMEREMBIE—-TEE. RaRESERBIIRATFE %% synchronize_audio iz [A] 7 —AMF
AH, XA LLEFRRATE 2047 a2 e FreABRAT R ERB ARy wanted_size HEATLAT .
XA TNt (HRWRRATEEEAE R, RATARE N ZIEFEA R NER, FNESEMWIX FEA
ZARMEEE L AR TR B2 (HRBATERRRINWE? BN IMERUERE IR A&, Frblib

FATH O B AL Z2 i AR R I _E 55 Jm FREAS

if(wanted_size < samples_size)

{
samples_size = wanted_size;
}
else if(wanted_size > samples_size)
{
uint8_t *samples_end, *q;
int nb;
nb = (samples_size - wanted_size);
samples_end = (uint8_t *)samples + samples_size - n;
g =samples_end + n;
while(nb > 0)
{
memcpy(q, samples_end, n);
q+=n
nb -=n;
}
samples_size = wanted_size;
}

BUAE AT I XA o R [ (AR AR BATIUAE Z 2 E

void audio_callback(void *userdata, Uint8 *stream, int len)
{
VideoState *is = (VideoState *)userdata;
int lenl, audio_size;
double pts;
while(len > 0)
{
if(is->audio_buf_index >= is->audio_buf_size)
{
audio_size = audio_decode_frame(is, is->audio_buf, sizeof(is->audio_buf), &pts);
if(audio_size < 0)
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is->audio_buf_size = 1024;
memset(is->audio_buf, 0, is->audio_buf_size);

}

else

{
audio_size = synchronize_audio(is, (int16_t *)is->audio_buf,audio_size, pts);
is->audio_buf_size = audio_size;

TATEA A R %L synchronize_audio i A#EZ:. (AR, RUEAEYIGAAL EIHAS & R BHER & — N0,
XL IR

ZH R LT BB E R FATT T ZEANIN — A if 3 AR ORAUEFATTAS S AE U = I ) B0k AR (R 25 L83

if(is->av_sync_type !=AV_SYNC_VIDEO_MASTER)
{

ref_clock = get_master_clock(is);

diff = vp->pts - ref_clock;

sync_threshold = (delay > AV_SYNC_THRESHOLD) ? delay :AV_SYNC_THRESHOLD;
if(fabs(diff) < AV_NOSYNC_THRESHOLD)

{
if(diff <= -sync_threshold)

{
delay = 0;

}
else if(diff >= sync_threshold)

{
delay = 2 * delay;

IMJEFEAT A 1 o ZELRUEREA R h IR A BRI A B E B L 7. RERITFEE:
gcc -o tutorial06 tutorial06.c -lavutil -lavformat -lavcodec -Iz -Im”sdl-config --cflags --libs’

SRR VRBE AT LLZATE 1.

b AR HE R IR A &
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BAEBA R AA TR I — Lo PRt R POR O Th e, NI R G & R R — S S 2 R AR
B. IR, X5 VR av_seek frame B Z AR G .

ARG F SR O 458 2 5 TRIBERAT 7 TR SRR s 1) Ja AT R —/INBE, A A 1) A T SRR [ iy AT
A — KB RHE-—/NEGE 10 7, —KBGE 60 #b. Jr DATRATT 75 2 B RATH LA RS B ALF AT
SR 2 JATHH R B B A FH AR R RATAREE MM av_seek_frame o8 %o FATT 2 I 2 i 65 L e
decode_thread U7EIAFiIX LS. L, FATZEANIN— AR BRAT AT, FEREEH Bk EA—
L3 2 AR

int seek_req;
int seek_flags;
int64_t seek_pos;

DUELEFRATIAE A P il it -

for(:})
{

double incr, pos;

SDL_WaitEvent(&event);
switch(event.type)
{
case SDL_KEYDOWN:
switch(event.key.keysym.sym)
{
case SDLK_LEFT:
incr =-10.0;
goto do_seek;
case SDLK_RIGHT:
incr = 10.0;
goto do_seek;
case SDLK_UP:
incr = 60.0;
goto do_seek;
case SDLK_DOWN:
incr = -60.0;
goto do_seek;
do_seek:
if(global_video_state)
{
pos = get_master_clock(global_video_state);
pos +=incr;
stream_seek(global_video_state,(int64_t)(pos * AV_TIME_BASE), incr);
}

break;
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default:
break;

}

break;

TR, BAI1eE T — N2 E SDL_KEYDOWN Fift., 485 #4118 H event.key.keysym.sym
SR FIWTR AR T o — BIRAT K T e Rk, FRAVR BRI R], D7 R A e e A
TnE Mg %L get_master_clock H 13 2| EM{E L. SR/5RATIHA stream_seek AKX E seek_pos %
e, PATTHH I (45 aveodec HH ) I (A1 B FLAL . 7 A HH TR FH AR A TR RCR A F it A4S A2
FFkit5, A3~ seconds = frames * time_base(fps). ERiAf avcodec {E°A 1,000,000fps (FTLA 2 #2
fR) N I TR Ry 2,000,000 7RG HFATRE — TN H A ZEXAMEAT — T k.

ZHEBATH stream_seek R, TEEERATE T MrENFBIRS

void stream_seek(VideoState *is, int64_t pos, int rel)

{
if(lis->seek_req)
{
is->seek_pos = pos;
is->seek_flags =rel <0 ? AVYSEEK_FLAG_BACKWARD : 0;
is->seek_req =1,
}
}

DUELRFRATTE — T Wik 7E decode_thread *HsRBhd: . IR 2R B BATCEAEW S s T —4ny
fil “seek stuff goes here” [I#5r. BERATEIACE SER B,

Bt & F 564 av_seek_frame BRI, XANREHE] T —MEX B0 —ANR, — AN TR — 4
PRCRIENE S XA RECKE S BIIRATS BRI AL B . B[R] BRI B A7 2 R 33 45 bR B
I 2L time_base. #A11, RIHAR U FEALSE—MR GRATLH-1 RE . WRIRXFE 7, ik
time_base ¥42x /& avcodec H1 1) A RIS [A] B HLA7 , B 72 1000000fps . iX w2 Nt 4 A 17E 15 B seek_pos
B h B3 DL AV_TIME_BASER [ [A .

B2, W av_seek_frame BEL 1) stream SEUL# AL -1, VRA I 23 75 R RS SO B A 38 21 ) it
CLEBD L), B AERAT S B 28— AN gF Bt e 41438 av_seek_frame pR¥i. AESICEAIHE
I A) Bk timestamp B9 507 BEAT 4L

if(is->seek_req)
{
int stream_index= -1;
int64_t seek_target = is->seek_pos;

if (is->videoStream >= 0)
stream_index = is->videoStream;
else if(is->audioStream >= 0)
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stream_index = is->audioStream;

if(stream_index>=0)
{
seek_target= av_rescale_q(seek target, AV_TIME_BASE_Q,
pFormatCtx->streams[stream_index]->time_base);
}
if(av_seek_frame(is->pFormatCtx, stream_index,seek_target, is->seek_flags) < 0)
{

fprintf(stderr, "%s: error while seeking\n",is->pFormatCtx->filename);

}

else

{

1X 5 av_rescale_q(a,b,c) e F KA AR — A i F5 18 5 2] 73 A —ANIF L0 B T ek . e AR B))
ERITE a*ble, HERXNREILRE LR, FOVEE T ESEREENENKE. AV_TIME_BASE_Q /&
AV_TIME_BASE fE R BEEHIMRA . EATZ2IRAHMIE 1. AV_TIME_BASE * time_in_seconds =
avcodec_timestamp 1 AV_TIME_BASE_Q * avcodec_timestamp = time_in_seconds ( ¥ &
AV_TIME_BASE_Q sfr_I & —> AVRational Xt %, it LAk 24 75 1 F avcodec #1455 1) q B £ ﬂéwim

BEBRNKZ

BACLIEFABOE TR E, HRIBANTIERAER . CERATHE — MR TR Z BB, BEARE
MIBEE) T ASFEIRORLE, FRATL T HEBAF i P 2838 22 15 W LR e A Bk e . ANk, aveodec thfi &
HE A EZEMN, BHRERREIET.

IR, BATRH EE RS D REORIE B RAT RIS IRJ5 AT/ E— P & A S LR
Kih Eavcodec N BB G 702 o FATTRT AR 22 A JE 3RS € MR RIBA S b, AR5 24 e A Ths I 21y
SEMERRR, BN SIEH TN BEZmEE.

IEBAVH S 2 s HIARM R, TR E AR S -

static void packet_queue_flush(PacketQueue *q)

{
AVPacketList *pkt, *pktl;

SDL_LockMutex(g->mutex);

for(pkt = g->first_pkt; pkt '= NULL; pkt = pktl)
{
pktl = pkt->next;
av_free packet(&pkt->pkt);
av_freep(&pkt);
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}

g->last_pkt = NULL;
g->first_pkt = NULL;
g->nb_packets = 0;
g->size = 0;

SDL_UnlockMutex(g->mutex);

BESRRAS CiE D 1, JATBIN “TETE7. ERIFMEIRA1E € Ui A
AVPacket flush_pkt;

main()

{

av_init_packet(&flush_pkt);
flush_pkt.data = "FLUSH";

BUEBATHERX A RIS i -

}
else
{
if(is->audioStream >= 0)
{
packet queue_flush(&is->audioq);
packet queue_put(&is->audioq, &flush_pkt);
}
if(is->videoStream >= 0)
{
packet _queue_flush(&is->videoq);
packet _queue_put(&is->videoq, &flush_pkt);
}
}

is->seek_req =0;
R EARND Fr BoR #245 AiTH decode_thread H ARG v B I1)D FRATHE 75 ZA& 24 packet_queue_put pR%A
AZE T ERER R XA

int packet_queue_put(PacketQueue *q, AVPacket *pkt)
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AVPacketList *pkt1;
if(pkt '= &flush_pkt && av_dup_packet(pkt) < 0)

{
return -1;
}
SRJEAE S S R A2 A2 T, RAT17E packet_queue_get Ji5 57 Bl F 5 % avcodec_flush_buffers:

if(packet_queue_get(&is->audioq, pkt, 1) < 0)

{
return -1,

}

if(packet->data == flush_pkt.data)

{
avcodec_flush_buffers(is->audio_st->codec);
continue;

}

EEAHE B YRR ), HESE “audio” Hul “video”.
HUXFE, LIRS B BAT R s -

gcc -o tutorial07 tutorial07.c -lavutil -lavformat -lavcodec -Iz -Im”sdl-config --cflags --libs’

T BAVLFCLA e 15 FRBATHE R mU N S@Ehatss 17, ARl ffmpeg SEHEKI/NT
BAFARTBCRFE

AT

45T libswscale
I3k ffmpeg AN T #HHHE1T: libswscale SAb 3 B 46 .

{HSTERT TR A 1E ] img_convert SRHE RGB #3i% YUVL2, FRATILIEAS FHHM 04 1. i 0 5 nds Ao
P, i HIRAME BIHA 7 MMX CACARRD . ) iE i, e i dn e i i 7y =,

AT FHRGETH FEAR U2 sws_scale. H—JF4f, FATLTFES—1 SwsContext IS, XFikFk
TTHATAEL L3, RGN E e sws_scale MiE. ZRMUTTE SQL H TR &M B el # & 7E Python i
PRI RIS regexp. BEHERIXA BRI, BAUEH sws_getContext FR%L, ‘B g ZLHA TR T8 52 A1
EE, FRATARE I e A R, YRS SURAR AL M gl A% 50, AR IS — e S Eir . RE &
111448 H img_convert —#£R{EH sws_scale &%, ME— AR RN MELL 1) 2Z SwsContext:

#include <ffmpeg/swscale.h> // include the header!
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int queue_picture(VideoState *is, AVFrame *pFrame, double pts)

{

static struct SwsContext *img_convert_ctx;

if(vp->bmp)

{
SDL_LockYUVOverlay(vp->bmp);
dst_pix_fmt = PIX_FMT_YUV420P;
pict.data[0] = vp->bmp->pixels[0];
pict.data[1] = vp->bmp->pixels[2];
pict.data[2] = vp->bmp->pixels[1];
pict.linesize[0] = vp->bmp->pitches|0];
pict.linesize[1] = vp->bmp->pitches|2];
pict.linesize[2] = vp->bmp->pitches[1];

/I Convert the image into YUV format that SDL uses
if(img_convert_ctx == NULL)
{
int w = is->video_st->codec->width;
int h = is->video_st->codec->height;
img_convert_ctx = sws_getContext(w, h,is->video_st->codec->pix_fmt,w, h, dst_pix_fmt,
SWS_BICUBIC,NULL, NULL, NULL);
if(img_convert_ctx == NULL)
{
fprintf(stderr, "Cannot initialize the conversion context!\n");
exit(1);

}
sws_scale(img_convert_ctx, pFrame->data,pFrame->linesize, 0,

is->video_st->codec->height,pict.data, pict.linesize);

A TR A AR 7 EERIA B A BEIX 2 1LRAIE libswscale et 4
HUXFE, BAURTE 1 HERATIE S -

gcc -o tutorial08 tutorial08.c -lavutil -lavformat -lavcodec -1z -Im “sdl-config --cflags --libs’
ZXZBATH C 51)/0T 1000 17 (1) R RR AR IE .

R, AR ZHRHEM.
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DR EMAHA?

TN T AU TR, HE2EHEEANEIE . FAME TIRE, EREHRZ EAIMAITERE:
o« FRACEL . BAMCHS TR IR B TETT I, B T,

< HiE. WAIAREZF R, X —MEAMIIRE. AT LR MR — A T 5 A&, 24
PR R B e ARERATRE I, AR ARG 2 FRAR I 2 T 5 A B4 AT AT AR 7 . AT
i H] av_read_play SKZHFMIZE. IXIRE S RE, (HRIRAARE R L, FrlERXMEN— D5 EE
B b, SRR SKIE . 3R, W RIS fiplay.c.

o TRAUIRE R . — NS ERIBIT, ES# Frame Grabbing 7£ Martin [f11H 8 5 AH 35
http://www.inb.uni-luebeck.de/~boehme/libavcodec_update.html

< AET IR . WUORRET DUE IR i AR A T FORTH R kA B, AR & VOB SUF—FERI A
ANTELLIN (R BR RSO R AL, 38 A7 2 BE IR 1 o

« ZFE. WIARMIE R KR Z, BATTR 3T — Wl s M A2 BB —NME R RHTI T8]
© SCRFRIZG . BLLE I HLF AR BRI AN BEHR X 48 TR LA o

« SCFHE YUV SO FER SR AEHUIIT . an SRBA TR TGS SCRF IR, RO BRATTASBESE I H I LA KD,
FAIRLZAINN — LS HOREATH N IR E

< &fF.
< ZMSHL Pl AREGKR; 2% fiplay.c PaSIT.

< HEHN, Fln: AT S g et X Bz 5.
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