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1. 918

Xilinx 2B (RIERTRARIB AR, FHEHTEERY. MPSoC Video Codec Unitf it 7 iF4HBA, HAp
HIEERN 4RV CU Control-Software(Ctrl-SW),

A ERAFA Ctrl-SWIENHE NV 1 285 THITORE.

1.1. VCUES A\ TIN5 HA8 X

Video Codec Unit(VCU) B ANFIEIHERRENVI2/INVIGISTUAIIER, YR EFERE—RELENEFX, UV
PEXBFEREYDEEEINEENF. BAMESE, aJLA&%EVCU Product GuidedaJ“Source Frame


mailto:hankf@xilinx.com
https://xilinx-wiki.atlassian.net/wiki/spaces/A/pages/18842546/Xilinx+Zynq+UltraScale+MPSoC+Video+Codec+Unit
https://github.com/Xilinx/vcu-ctrl-sw/
https://www.xilinx.com/support/documentation/ip_documentation/vcu/v1_2/pg252-vcu.pdf

Format"f]“Memory Format”,

Ctrl-SWHIEIA S ERIFENVI2INVAGTEZURIISINL 4, AT ARSI, MEFPS)&E. B
ZECtrl-SWHYIH MR E RERESTO#RAYI420/14220934, HPRyY, U, VO E, SEFE—R
TR, UWVOBIRBBNVI2INVISEIRIISIBE—E. AJLMERFFMPegETH, 51420893
4, BEHRRINV12/NV 1618 zCRIS A

1.2. VCUREHNSENZEEK

STFSTHESARTFZEX, VCUEKRSFIEERR32[M_EXI3%, XFF1920x108095HER I \Abuffer K/ NE
/DEE1920x1088=F75; X3F3840x21607#+R, I NAbuffer K/NE/DZ23840x2176=F 75,

XTFABREVEHAFX, VCUEKZELA256BHUEXTISF, SLAG4MBUIXTSF, X3F1920x108053#E HiHAY
bufferX/N22048x1088=FT5; X3F3840x21600#R i Bbuffer K/ NE3840x2176=FT5,

1.3. VCUATZEApitch

TSTEUEEREFEX REMET, MTZENERETLEER. WTFEMEENYH ER8-bitRRAIEIR,
FMEENY D ENNARFEN—FH, BRYSENE—THNNATEN NN EERERETNFETEL
ELEn1920x1080, B—1TEIEMIY D EFE1920F T ATF. INREA2048FT5KFE—171920x 108089 E 5
iR, WEREEMEIGEEE, SEINEIERVCUZRER, ALISEPG252/ Figure 7: Frame Buffer
Pitch”,

The encoder buffer must be one contiguous memory region and should be aligned to a 32-byte boundary.

The frame buffer width (pitch) may be larger than the frame width. When the pitch is greater than the frame width, pixels in each line
beyond the picture width are ignored, as illustrated in the following figure.

Figure 7: Frame Buffer Pitch
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Mote: Encoder input buffers width and height should be in multiple of 32, Decoder output buffers width is in multiple of 256-byte. Height is in
multiples of &4. For example, for 1920x1080 resolution, the decoder output is 2048x1088.



2. RRYUVI S

2.1. THRAW yuv player

Github_ERIRAW yuv player BERBRYUVIE, BRIIBRRASSourceforge RAW yuv pIayerESourceforge
. RAW yuv playerfy3E“Colour’~, BRZMEIEIEI(, KB Size  FMERZMDIHR,; FKHR"Zoom"T
B LASEREHG4aREL A,

RAW yuv playerfIYUVA420(YV124&=, #E142048%, BILARRCHrI-SWEHREHEHAIYUVIE, RAW
yuv playerfINV1218=, tBRECtrl-SWHINV12t&(, AILARMESSHICHI-SWisHATYUV NV123Z
1.

21.1. 15

SRYUVH, S—HEiE—REESRY, MRAMYUVHNETEEE, LSBT ME, &
SZEColour TIERY, REHTFHSBY, UREAEAE. MREAEAREAN, RESEYEY
K,

2.2. hexdump

WMRERFASTAY, ATLAERTHAFR TR EIRE FFIEMRE R, tbaiBeyond Compare, EEER
MEHE, JFEREBENTFRE.

MEREE HEIVER T E, aJLAERhexdumpiBY UV EHZHEXIER R AN A, BRENXALLE T
B, Lbunkdiff3, meld#{TEEER. hexdumpiiifd, SEHES"™"KEBE—HNT, S1MEET, ERE
H—NES, Johexdumpl b"-v'&EI, NSHEHRAEEIE.

Xx11linx@XSZHANKF$ hexdump -x test_1080p_h264.264.1f.1420.1920x1080.yuv > test_1080p _h264.264.1f.1420.1920x1080.yu\
x11inx@XSZHANKF$ hexdump -v -x test_1080p_h264.264.1f.1420.1920x1080.yuv > test_1080p_h264.264.1f.1420.1920x1080.

3. HENV12/NV1 68304

GNERCtrl-SWEEHILENV12/NV168TURYS 4, Ctrl-SWHiBEE RS B SRS TS, Wik
&,

295, FECHrl-SW 2020.28, SEH T HILHNV12/NV1618ZUS4RITHRE


https://github.com/Tee0125/yuvplayer
https://sourceforge.net/projects/raw-yuvplayer/

3.1. 1%l

Ctrl-SWEBE=MSHR, DHIRERRIELOHER, MetafiEnHER, AFR (buffer) DR,

EGRNESIOHR, RELETHIDHHER,

ECHI-SWE, JYUVEIRSEARFR, RIBEGOHER, HENFTEXRGENTFTEG SRR, 52
YUVEGRRIRFRA/)N, XEXMAIRFR (buffer) DR, XITHES, 1920x1080DFRIINEF

HE2048x1088=FT5; 3840x21605##EAIbuffer@3840x2176=T3,

BIDEREFE, BIAFRE— I IMetaZiE, RFYUVEIRIIDHER, Meta#iE D H1E=AI5E
FEEAFRDHHZR(R. 1920x10800 HRAIMetaZliEDH#ERZ2048x1088; M3840x21607 A IMetay
EDHERANZ3840x2160, fEEE LHIREE1080pHIH_LXIFT.

FRLAEIHENV12/NVA6RIRSTRY, tBEZFMMAS., A TNEAE, SCI T HmEEFHAESEINVI2/NV16HY
S,

SNERFERIELIT-yuv-nvx”, IREEIRIMetaBIRERIDHFERER, MYFIUVOERELL, FTEARIS.

SNER{ERIELT -yuv-nvx-1buffer”, T{kRRpitchiKE, SEMADHHRINSEH R LIR64FTXITF, HHEE
YUVENHIRTEXAN, BITAGTR (buffer) DR, —RIEBARINH.

WNER(E LI -yuv-nvx-stride”, {TikERpitchi<E, SEFASPERNEE, NYFIUVLOERIMELE, &FiT
HitH, EETEZENER (buffer) DR, SigMetafiEDPEREIH,

SNEREFIRIT -yuv-nvx-dispay”, RISEINBROHRER, NYFUVOERMIE, &ETHIE.

540, IRMITIEAN T HE Y UVICERTBEG,  $hiaITheE. GnSRERIEIN --yuv-skip-num”, NIFIEAYERE
HENMAHEE,; tLiiEEs, BIEAISIASHEBEANRIYUVIH Y, SNER{FEFEEIT --yuv-skip-
interval”, MISEHFIEEFSEIM, Fowind; tLIEEHZF3, WREFRSENEHIMA <
WENEIYUVIiE,

4. 55

fECtrl-SW 2020.28, #HRIIAIT™MUREE, ATLAERBIHNVI2/NVIGHSTURIS.
THEENNEREEEN.



int gi_yuv_output_skip_frame_num=0;

int gi_yuv_output_skip_frame_interval=0;
int gi_yuv_output_nvx_flag=0;

int gi_yuv_output_nvx_lbuffer_flag=0;
int gi_yuv_output_nvx_stride_flag=0;

int gi_yuv_output_nvx_dispay_ flag=0;

int gi_yuv_output_dispay_width=0;

int gi_yuv_output_dispay_height=0;

TEZEINActrisw_decoderfIap<1Ti%IN,

opt.addInt("--yuv-skip-num", &gi_yuv_output_skip_frame_num, "Skip frame number before writing YUV file.");
opt.addInt("--yuv-skip-interval", &gi_yuv_output_skip_frame_interval, "Interval frame number when writing YUV A
opt.addFlag("-yuv-nvx", &gi_yuv_output_nvx_flag, "Output NV12/NV16 YUV file.", 1);
opt.addFlag("-yuv-nvx-1buffer", &gi_yuv_output_nvx_lbuffer_flag, "Output one continuous NV12/NV16 buffer to YU\
opt.addFlag("-yuv-nvx-stride", &gi_yuv_output_nvx_stride_flag, "Output NV12/NV16 YUV file with VCU round-up pac
opt.addFlag("-yuv-nvx-dispay", &gi_yuv_output_nvx_dispay_flag, "Output NV12/NV1i6 YUV file with display width.",

TEEEUncompressedOutputWriter::ProcessFrame () NSRS NNAYF B2 S HHNV12/NV165E A
SIS RIFIRTCES,

if( gi_yuv_output_skip_frame_num_local < gi_yuv_output_skip_frame_num )

{

return;

if( @ == (gi_yuv_output_skip_frame_num_local%gi yuv_output_skip_frame_interval) )
{

return;

if( ( 1 == gi_yuv_output_nvx_flag ) || ( 1 == gi_yuv_output_nvx_1lbuffer_ flag )

|| ( 1 == gi_yuv_output_nvx_stride_flag ) || ( 1 == gi_yuv_output_nvx_dispay_flag ) )
{

ProcessFrameNVx( tRecBuf, info, iBdOut);

return;
}

THRETMURSERINE, BTEIN, TLERE.



void UncompressedOutputWriter::ShowvVideoInfo(AL_TBuffer& tRecBuf, AL_TInfoDecode info, int iBdOut)
{

// only print one time.
static int i_call_time=0;
if( @ != i _call time )

{

return;

}

i_call_time++;

iBdOut = convertBitDepthToEven(iBdOut);

auto const iSizePix = (iBdOut + 7) >> 3;

TFourCC tRecFourCC = AL_PixMapBuffer_GetFourCC(&tRecBuf);
printFourCC( tRecFourCC, "Recorded frame buffer", _ func__, _ LINE__ );

int sx =1, sy = 1;
AL_GetSubsampling(tRecFourCC, &sx, &sy);

int iPitchSrcY = AL_PixMapBuffer_GetPlanePitch(&tRecBuf, AL_PLANE_Y);

int iPitchSrcUV = AL_PixMapBuffer_GetPlanePitch(&tRecBuf, AL_PLANE_UV);
if( iPitchSrcY != iPitchSrcuv )
{
LogInfo("YUV Y Plane pitch: %d does not equal to UV Plane pitch:%d at %s:%d.\n",
iPitchSrcY, iPitchSrcuVv, _ func__, _ LINE__ );

}
LogVerbose("YUV Y Plane pitch:%d, UV Plane pitch:%d at %s:%d.\n", iPitchSrcY, iPitchSrcUVv, _ func__, _ LINE__

AL_TDimension tYuvDim = AL_PixMapBuffer_GetDimension(&tRecBuf);
int const iRoundUpYWidth = RoundUp(tYuvDim.iWidth, 256);
if( iPitchSrcY != iRoundUpYWidth )
{
LogInfo("YUV Y Plane pitch %d does not equal to Y Round-up Width:%d at %s:%d.\n",
iPitchSrcY, iRoundUpYWidth, _ func__, _ LINE__ );

// For 1920x1080, YuvDim.iHeight is always rounded up, it is 1920x1088.
// For 3840x2160, YuvDim.iHeight is not rounded up, it is 3840x2160.
int const iRoundUpHeight = RoundUp(tYuvDim.iHeight, 64);

if( tYuvDim.iHeight != iRoundUpHeight )

{
// For 4K video, tYuvDim.iHeight(2160) does not equal to Round-up Height(2176)
LogInfo("YUV Height: %d does not equal to Round-up Height:%d at %s:%d.\n",
tYuvDim.iHeight, iRoundUpHeight, _ func__, _ LINE__ );
}

//int const iNumPix = tYuvDim.iHeight * tYuvDim.iWidth; // For I420 without extra padding bytes.
const AL_EChromaMode stRecChromaMode = AL_GetChromaMode (tRecFourCC);



//int const iNumPixC = AL_GetChromaMode(tRecFourCC) == AL_CHROMA_MONO ? © : ((tYuvDim.iWidth + sx - 1) / sx) *
int const iLineNumPixC = (stRecChromaMode == AL_CHROMA _MONO) ? © : ((tYuvDim.iWidth + sx - 1) / sx) ;
int const iRoundUpLineNumPixC = (stRecChromaMode == AL_CHROMA_MONO) ? © : ((iPitchSrcUV + sx - 1) / sx) ;

// Get display in sResolutionFound()
int const iNumPix = tYuvDim.iHeight * tYuvDim.iWidth;

int const iRoundUpNumPix = iRoundUpHeight * iPitchSrcY;

int const iNumPixC = ilLineNumPixC * ((tYuvDim.iHeight + sy - 1) / sy);
int const iRoundUpNumPixC = iRoundUpLineNumPixC * ((iRoundUpHeight + sy - 1) / sy);
int i_y_buffer_size = iRoundUpNumPix * iSizePix;

int i_uv_buffer_size = 2 * iRoundUpNumPixC * iSizePix;

int i_yuv_buffer_size = i_y buffer_size + i_uv_buffer_size;

LogVerbose("Subsampling sx:%d, sy:%d at %s:%d.\n", sx, sy, _ func__, __LINE__ );

LogVerbose("Height:%d, Width:%d at %s:%d.\n", tYuvDim.iHeight, tYuvDim.iWidth, _ func__, _ LINE__ );
LogVerbose("Roundup Height:%d, Width:%d at %s:%d.\n", iRoundUpHeight, iPitchSrcY, _ func__, _ LINE__ );
LogVerbose("iNumPix:%d, iLineNumPixC:%d, iNumPixC:%d, iSizePix:%d at %s:%d.\n", iNumPix, ilLineNumPixC, iNumPi>

LogVerbose("iRoundUpNumPix:%d, iRoundUpLineNumPixC:%d, iRoundUpNumPixC:%d at %s:%d.\n", iRoundUpNumPix, iRoundl

LogVerbose("NV12/NV16 YUV Plane Y: %d, UV: %d YUV: %d bytes at %s:%d.\n",

i_y buffer_size, i_uv_buffer_size, i_yuv_buffer_size, _ func__, _ LINE__ );

uint8_t* p_buff_y plane = AL_PixMapBuffer_GetPlaneAddress(&tRecBuf, AL_PLANE_Y);

uint8_t* p_buff_uv_plane = AL_PixMapBuffer_GetPlaneAddress(&tRecBuf, AL_PLANE_UV);

LogVerbose("NV12/NV16 YUV Y Plane address: %p, UV Plane address: %p at %s:%d.\n",
p_buff_y plane, p_buff_uv_plane, _ func__, _ LINE__ );

int const iOffsetY_UV_Plane = ( (unsigned long long)p_buff_uv_plane - (unsigned long long)p_buff_y_ plane);
if( i_y_buffer_size != iOffsetY_UV_Plane )
{
LogInfo("YUV Y Plane sieze: %d does not equal to offset: %d between Y/UV plane at %s:%d.\n",
i_y buffer_size, iOffsetY_UV_Plane, _ func__, _ LINE__ );

THEEBINAYEEHNV12/NV1 &R A E RS,



void UncompressedOutputWriter::ProcessFrameNVx(AL_TBuffer& tRecBuf, AL_TInfoDecode info, int iBdOut)
{

if(!(YuvFile.is_open() || CertCrcFile.is_open()))

return;

static int i_call_time=0;

i _call_time++;

iBdOut = convertBitDepthToEven(iBdOut);

auto const iSizePix = (iBdOut + 7) >> 3;

TFourCC tRecFourCC = AL_PixMapBuffer_GetFourCC(&tRecBuf);

#if 1
ShowVideoInfo( tRecBuf, info, iBdOut);
#endif

int sx = 1, sy = 1;
AL_GetSubsampling(tRecFourCC, &sx, &sy);

int iPitchSrcY = AL_PixMapBuffer_GetPlanePitch(&tRecBuf, AL_PLANE_Y);
int iPitchSrcUV = AL_PixMapBuffer_GetPlanePitch(&tRecBuf, AL_PLANE_UV);

AL_TDimension tYuvDim = AL_PixMapBuffer_GetDimension(&tRecBuf);

const AL_EChromaMode stRecChromaMode = AL_GetChromaMode (tRecFourCC);
int const iLineNumPixC = (stRecChromaMode == AL_CHROMA_MONO) ? © : ((tYuvDim.iWidth + sx - 1) / sx) ;

uint8_t* p_buff_y plane = AL_PixMapBuffer_GetPlaneAddress(&tRecBuf, AL_PLANE_Y);
LogVerbose("NV12/NV16 YUV data Y Plane address: %p at %s:%d.\n", p_buff_y plane, _ func_ , _ LINE__ );

LogVerbose("YUV data with VCU padding Height:%d, Y Width:%d, UV Width:%d at %s:%d.\n",
tYuvDim.iHeight, iPitchSrcY, iPitchSrcUv, _ func__, _ LINE__ );

if( 1 == gi_yuv_output_nvx_1lbuffer_flag )
{

// For 1920x1080, YuvDim.iHeight is always rounded up, it is 1920x1088.
// For 3840x2160, YuvDim.iHeight is not rounded up, it is 3840x2160.
int const iWriteHeight = RoundUp(tYuvDim.iHeight, 64);

//int const iNumPix = tYuvDim.iHeight * tYuvDim.iWidth; // For I420 without extra padding bytes.

int const iRoundUpNumPix = iWriteHeight * iPitchSrcY; // For NV12/NV16 with extra padding bytes.

//int const iNumPixC = AL_GetChromaMode(tRecFourCC) == AL_CHROMA_MONO ? © : ((tYuvDim.iWidth + sx - 1)
int const iRoundUpLineNumPixC = (stRecChromaMode == AL_CHROMA_MONO) ? © : ((iPitchSrcUV + sx - 1) / sx,
int const iRoundUpNumPixC = iRoundUpLineNumPixC * ((iWriteHeight + sy - 1) / sy);

int i_y buffer_size = iRoundUpNumPix * iSizePix;

int i_uv_buffer_size = 2 * iRoundUpNumPixC * iSizePix;

int i_yuv_buffer_size = i_y buffer_size + i_uv_buffer_size;



// Display YUV file: 1920x1080: 2048x1088; 3840x2160: 3840 x 2176
if( 1 == i_call_time )

{
LogInfo("Diplay NV12/NV16 YUV file of one continuous buffer with Height:%d, Y Width:%d, UV Widt
iWriteHeight, iPitchSrcY, iPitchSrcUvV, _ func__, _ LINE__ );

}

YuvFile.write((const char*)p_buff_y plane, i_yuv_buffer_size);
}
else
{

int iWriteHeight;
int iWriteYWidth;
int iWriteUVWidth;

// For 1920x1080, YuvDim.iHeight is always rounded up, it is 1920x1088.
// For 3840x2160, YuvDim.iHeight is not rounded up, it is 3840x2160.
if( 1 == gi_yuv_output_nvx_stride_flag )

{
iWriteHeight = tYuvDim.iHeight;
iWriteYWidth = iPitchSrcy;
iWriteUvidth = 2 * ((iPitchSrcUV + sx - 1) / sx);
LogVerbose("Diplay NV12/NV16 YUV file of stride with Height:%d, Y Width:%d, UV Width:%d at %s:¢
tYuvDim.iHeight, iPitchSrcY, iPitchSrcUv, _ func__, _ LINE__ );
}
else
{
if( @ !'= gi_yuv_output_dispay_height )
{
// Display YUV file: 1920x1080: 1920x1080.
iWriteHeight = gi_yuv_output_dispay_height;
}
else
{
// Display YUV file: 1920x1080: 1920x1088.
iWriteHeight =tYuvDim.iHeight;
}
if( @ != gi_yuv_output_dispay_width )
{
iWriteYWidth = gi_yuv_output_dispay_width;
iWriteUViWidth = 2 * ((gi_yuv_output_dispay width + sx - 1) / sx);
}
else
{
iWriteYWidth =tYuvDim.iWidth;
iWriteUVWidth = 2 * ilLineNumPixC;
}
}

if( 1 == i_call_time )



LogInfo("Diplay NV12/NV16 YUV file with Height: %d, Y Width: %d, UV Width: %d at %s:%d.\n",
iWriteHeight, iWriteYWidth, iWriteUVWidth, _ func__ , _ LINE__ );

// two writes, skipp padding bytes between Y plane and UV plane.

uint8_t* p_buff_y=p buff_y plane;
int iYBytes=0;

for( int i=@; i<iWriteHeight; i++ )

{
// Write each line of Y plane, and skipp padding bytes between each line.
YuvFile.write((const char*)p_buff_y, iWriteYWidth);
p_buff_y = p_buff_y + iPitchSrcY;
iYBytes+=iWriteYWidth;
}

uint8_t* p_buff_uv_plane = AL_PixMapBuffer_GetPlaneAddress(&tRecBuf, AL_PLANE_UV);
LogVerbose("NV12/NV16 YUV data UV Plane address: %p at %s:%d.\n", p_buff_uv_plane, _ func__,
uint8_t* p_buff_uv=p_buff_uv_plane;

int iUVBytes=0;

for( int i=@; i<(iWriteHeight/sy); i++ )

{
// Write each line of UV plane, and skipp padding bytes between each line.
YuvFile.write((const char*)p_buff_uv, iWriteUvVWidth);
p_buff_uv = p_buff_uv + iPitchSrcUV;
iUVBytes+=iWriteUViidth;
}

LogVerbose("write NV12/NV16 YUV data Y: %d bytes, UV: %d bytes at %s:%d.\n",

iYBytes, iUVBytes, _ func__, _ LINE__ );

5. izt

EFAIDFEF, WK T 1920x1080, 3840x2160HEZRHINV12EE,

5.1. 108093 #=

L

1920x 10800 #HRRS, LIRFRO RGN, £¥#ERE1920x1088; LApitchiKEMDHFERSEE_LXIFF

[EHIt, D¥ERZE2048x1088; LipitchikEMMetaDHHRNEERL, DHERZE2048x1088; LIE
EREH, DIERRE1920x1080, WIRKERTARE, ERERNVI2IEIRY, BELUNVI2IEAET.

BEYUVHRY, YNRBEIERRIDHFERIINI, SUEEE~SREL.

LAS>##21920x 1080 BriEI-yuv-nvx-dispay LB B, ERIEE.

=



LA ##ER2048x1088 B/~isklin“-yuv-nvx-1buffer @B E F, ERIEE, GLE—HROBEEG, EEN
SN EXEE ESLEGEUE.

VA7 #4222048x 1088 B7RIGEIN “-yuv-nvx-stride mHNE /iy, SARIEE. AiAttE—RABEIR.

5.1.1. PHEE B ERIMR

LA ##21920x 1080 B~ ##22048x 1088E i, EIRIEEL Y. EALFRENREIES{T2048%F 1, B
AIE{T1920%T5, FRLASHROEHERAL Y, LEANELEAIGRTA T /IR, D27 EGRSAL.

LA ##ER2048x 1080 B D #ER2048x1088E [, S LEBEFR, EAEITRIYDEEIESM T UV
BHE. X8ITRISSIREIRZEEERT,

5.2. 3840x2160 53 H4=E

3840x21603##=RAY, LApitchKEMDHRSER LIRS HREL, D¥EE840x2176; HE
R, oPERERRE3840x2160,

LA R 3840x2160 B 7RIkl -yuv-nvx-dispay i IE /-, ERIES.

LA ##ER3840x2176 B/t In -yuv-nvx-1buffer BitHBVE /-, ERIEE. TEHE—FE&E, BEEAXY
MNMHIRFX BB EIEIREEE.

5.2.1. x2160 D == R R EUiHI=AVIER

LA ##2R3840x217618TU B0 #¥5:3840x2160IE /, & FEIBEESR, RENERDUVLEEIESK
TYDEHE, SEE&ETNESDEGRRDUVSEHIE.

LA HE2R3840x2160. 142082 BIEIN -yuv-nvx-stride ANV 1295 ##223840x21 76 B |, H0ERIE
H, BERE. BEEE, EERAXNYSEEENBTENN, BeXREREANUVLEEURRIETE
=130

6. XEIAME

RKATLAGEEIENV16RIE G, BRI LANHE EDHRIEIA.

7. 8FXNHE



XilinxPG252 (v2020.2) H.264/H.265 Video Codec Unit v1.2 Solution



