AN12562
RT Z % LH.264 3RS I &

Rev. 0 — 28 August, 2019

4

AR LA T a8 FHNXP i.MX RT105040 3 88 F & —/NH. 26 4 W AT i i
AR o

ST R A, i.MX RT1050 M microSD-E#ELH.264 555, 4R /5 1
FEMPEG [ % H AR5 35 AT D 35 A= O YUVERE . 838 R4 (PXP) %t
YUVE IR T ROt 2 [R5 4e 5, fELCD R R B kIR,

i.MX RT1050/% 24 #.Arm Cortex-M7 NI AL BESS, HisfTH3R /14600
MHz, S8KMALIRBE T FISE DhRe, DL & Ak FA & & E . MX RT1050/3%
VR N ERARGE R, Blin TobE L, AL, RUREL R, RRRTH SR
W I E ARG, FEMETFHEN.

Section 2 /41 T R N R BELE R & . Section 3 M4 T AT
FFMPEG JE#H1i.MX RT1050 Software Development Kit (SDK).f# f i.MX
RT10507F & H.264 HAfERS R AR 7 1d 2

2 WHMREFE

AT AR TR B (BRI £ -

2.1 i.MX RT1050 b3 45

NXP i.MX RT1050% ¥ 4b ¥ 2% B 7 #1£600 MHz ] Arm Cortex-M7 4% . &
AH512 KB ERAM, AT LURVERC BAE N NAZ B Z A NAF (TCM) 5@
FIRAM. ‘ERUEERE & MAMNT AR IO, RS MEBITEEED, 6l
USB, LLAM, SDIO, CAN, UART, I2CHISPI. ‘&it B 35 HH A1
Thae, WIELCDE/RBE, BA2DEE, MHLIEH, SPDIFFI2SE i M.
HAREDRe AR H T 20, BhIEH, BE S b 2= A R ) &5 Pl
B,

ISAGEST
WA
14+48 1
2 BEMRETE 1
2.1 .MX RT1050 ZbFHS . .............. 1
2.2 i.MX RT1050 PPAEH ...coocvvve 2
2.3 RK043FNO2H-CT TFT
LCD THH v 2
2.4 BEREIE (PXP).oeovereererians 3
2.5 i.MX RT1050 P H bR 2% 37 45
B e 3
2.6 FFMPEG FE ..o 3
3 H.264 PUATIBIE LR FE R eoveereeenreenns 3
3. B T e, 3
32 B HIBITTIFE o 4
3.2.1 MINFFHEIFIBIT....4
3.2.2 \SDRAME 2
FEIE AT oo 5
3.3 NAEZ A oo 6
B4 TRAFFRED e 7
3.5 4 U i 4,25 [|) #4 e (CSC)..... 9
KNI 10
4 YRR AT 10
5 B4. 12
6 S5k 12
7T 13

R S R (eLCDIF) &RGB#: 1 W R1EH4%, & SCEE8/16/18/244% 5 (A i I Al 5115 1366X768 43 HEK . N T 1%
S BcHE AEAT BRRIHT, eLCDIF7E a2k B4 2o 2 MBS, 5 SoCENDMASIE R TiF. fEXFFER T, CPUHITE

BREIE (PXP) BN T 2 MDA DIRE, WIlAI0, R (CSC) ek .

VR


https://www.ffmpeg.org/
https://mcuxpresso.nxp.com/en/welcome
https://mcuxpresso.nxp.com/en/welcome

NXP Semiconductors

Hardware and software platforms

2.2 i.MX RT1050 $¥ftitR
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+ M7E: 256 Mbit SDRAM, 64Mbit Quad SPI Flash, 512 Mbit Hyper Flash, TF-{dit#
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« Arduino A1
« FFHREIAILED
Figure 1 JE7<i.MX RT1050 PG (18 F.

Figure 1. i.MX RT1050 EVK
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Develop H.264 video decoding application

OpenSAD = . Host PC

Display panel microSD card

RKO43FNO2H-CT
LCD Panel

QPS| FHash or
Hyper-Flash

SDRAM

Figure 2. System hardware block diagram

+ RT1050;8 izt uSDHCHL B 5 HY £ A7 /£ microSD H [T H. 264 1L A3

« HPMERSDRAMiE & i i X A/ ACHS 25 [ 3R 4L T #5025 8) . RT105038 i3 & e ER7E M4 8 (SEMC) i)
SDRAM# 4 .

* 4MBQSPI flash % hyper-flash 3R AXIPIIRENAERIRZ T BSR4t T AR 0E . . MXRT105038 3 FlexSP Iz il #5517 [N
peare

o FFhRUE AT IRRIGE RS (OpenSDA) AR TR ALSWDIR VT i, JIRUARTHF NI KRR L H . OpenSDAIH i USBi; I
S5EHPCEIN, I8l CMSIS-DA" R B .

+ RT1050i8 i RGBHz: M ¥4 i $ 4 4 fr BILCD /R Bt

Figure 3 f7n T B B AP I i S E i FE 1 o

- - . _- _é

H.264 data YUV420 RGBS88&8s

microSD E
k it j —FLUSDHCJ -

Figure 3. Frame data flow diagram
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Develop H.264 video decoding application

Workspace v o X

flexspi_nor_debug w

sdram_debug
flexspi nor debug

2 ¥ P #E R, WRETRE— b
3. #% T “Ctrl-D"#k Nl el s

4 IARFANIRR 2 FEmain O BREL, 1% F5" 82T, BT S5 AFlash, #&r] LIRS E BT DUEH RGBT

322 )\ SDRAM ¥#IHFiE1T

IR BT R Blsdram, 1E4ESLL R iRE.
NOTE
In SDRAM configuration, we show how to leverage ITCM & DTCM to furtherimprove performance. We reconfigured
ITCM to 384 kB and DTCM to 128 kB, which is not included in Flash configuration. It is because if I TCM & DTCM
size is reconfigured, most SDK examples which rely on the default ITCM (128 kB), DTCM(128 kB), and
OCRAM(256 kB) size could malfunction. Since code in Flash is persistent among power cycles, it may prevent you
from running other examples, so we did not enable ITCM/DTCM for flash configuration.

1 EFEEAREA

_Wnrkspace - 0 X |

edram_debug

|

flewspi_nor_debug
2 HEI21THHIPIR2, 3,4
TR, RERAARNHEETEARAEARFENESRE. U7 UFLASHIEGZATHE, BaRECcH
startup_MIMXRT1052.s, 425 LISDRAMK RIS ITIY, B3 %ECNsdram_startup.s.
Figure 4 7R T sdrami T 3 3 SO Ik 7.
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Develop H.264 video decoding application

Workspace

sdram_debug

Files

| @h264decode - sdram_debug

M board

& i doc

Ml drivers

F ol fatfs

W sdmme

&l source

=1 Wl startup
) sdram_startup.s
starup_MIMxBT1052.5
systermn_MIMXRT1052.c
L— B system_MIMXET1052.h

H utilities

B xip

i Qutput

[+ Exclude from build

ategany.

[hssember ]

Custom Build

I h2€4decode

Debug Log

Figure 4. Startup files selection

— Options for node "startup MIMXRT1052.5"

z
N

[ Override inherited settings

Language Output List

Preprocessor

User symbols are case sensitive

Macro quote characters

{1

Factary Settings

Diagnostics Extra Options

Allow altemative register names, mnemonics and operands

No data reads in code memory

3.3 WHEZESE
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Develop H.264 video decoding application

0x0 -
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= 0%20000000 o
2 | stackexke) [
. 3 o
rw object xxx.0 @ rw fast data %
[ae]
0x5FFFF " rw object xxx.0 =
o=
. 0x2001FFFF =
L)
0x20000000 . o E
STACK(32KB) 3 .
= 0x60002000 |
rw fast_data = INTERRUPT s
- N 0x600023FF I
0x2001FFFF Rl E TEXT a
0xB607FFFFF . e
i =]
- L]
L] L]
0xB80000000 0x80000000
INTERRUPT DATA RW&ZI
0xB00003FF
080002300 g 8
TEXT z g
0x802FFFFF z HEAP(18MB) z
DATA RW&ZI = 5
[ (2]
HEAP(18MB) g %
0x81E00000
0x81E00000
NCACHE NCACHE
OxB1FFFFFF 0x81FFFFFF
Figure 5. Memory allocation schemes

(a) SDRAM i & (b) FlexSPI-NOR it &

3.4 B
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Develop H.264 video decoding application

'I. Cpen _"
‘ avcodec_register{&ff_h264 decode) ‘

l

av_register_codec_parser{&ff_h264_parser} ‘
‘ avcodec_find_decoder(AV _CODEC_ID_H264) |

|

avcodec_alloc_context2(} ‘

avcodec_open2()

| av_parser_init{AV_CODEC_ID_H264} ‘

!

‘ av_frame_alloc{)

-

f_read() ‘

= True P
= GotPacket? —————>| av_init packet()

‘ avcodec_decode videoZ2() |

v

€SC/scaling ‘

Flush decoder
LCD display

| close

Figure 6. video decoding

IZIIREMRE R

1. avcodec_register(&ff_h264_decoder): h264fFhD 25 117+ Mt
av_register_codec_parser(&ff_h264 parser): h264 /7R % )93 it
avcodec_find_decoder(AV_CODEC_ID_H264): $k 31| h264 f#id &
avcodec_alloc_context3(): 7 ELffiEas LTS UK 52 KRBT A N &
avcodec_open2():3T JTfiifid %
av_parser_init(AV_CODEC_ID_H264): &£ W11k b 2s
av_frame_alloc(): ¥ N £ 4 FR 45 AVFrame 45 14 . AVFrame 1 B30 28 i X i 2 7E Ho At Ay B R4 38
av_parser_parse2(): fifttf LAk BB £

© N o o B~ w DN
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Develop H.264 video decoding application

9. av_init_packet(): F1h 4k BE A AHIE
10. avcodec_decode_video2(): fifhY— i

After the FFMPEG decoding, the original H.264 video source is decompressed into the YUV data format YUV data. To display
on LCD panel, it still needs color space conversion(CSC) and scale scaling.

3.5 R EBEEEEL

LCDHI 7= 73 HF R SR 1 70 B AR, LCD A e /nRGBHI AU Hd, PXPRIH 91 57 2200 [X [ 45 TAAICSC
BT P AR ) 7 R AR, 7R BB B S 4L

#define APP PS WIDTH 480/* 720,352, image resolution*/

APP_InitPxp O RECH s CE, 80 E W Figure 7 Bk

static void AFF InitPxp (void)

{
PEP Init (RPF FXF);

/* PS5 configure. */

psBufferConfig.pixelFormat = kPEF PsPixelFormat¥VU420;
psBufferConfig.swapByte = false;
psBufferConfig.bufferfddr = 0
psBufferConfig.bufferAddrU
psBufferConfig.bufferhddrvV = 0U;
psBufferConfig.pitchBytes = APF PS5 WIDIH:

PEP SetProcessSurfaceBackGroundColor (RPP _FXF, 0U):
PXP SetProcessSurfaceBufferConfig(AFP PFXF, spsBufferConfig);

/* Disable AS. */
PEP SetRlphaSurfacePosition{APPF PKP, 0xFFFFU, OxFFFFU, 00, 0U}:

/* Output config. %/

cutputBufferConfig.pixelFormat = kFXF CutputPixelFormatRGBIES;
cutputBufferConfig.interlacedMode = kFXF OutputProgressive:
cutputBufferConfig.bufferlAddr = {uint32 t)s psBufferLcd[0];
ocutputBufferfonfig.bufferlfddr = 0U;

cutputBufferConfig.pitchBytes = AFF IMG WIDTH * AFF BFE;
outputBufferConfig.width = APP IMG WIDTH;/*lcd width 480  scalet/
ocutputBufferConfig.height = APP IMG HEIGHT:/*lcd heigth 2724/

FXPF SetOutputBufferConfig(AFF FXF, soutputBufferConfig);

/% Disable C5C1, it 15 enabled by default. */
FXF SetCsclMode (AFF FXP, kFXF CsclYChCrZRGE):
FXF EnableCscl (AFF FXF, true);

I
static void APFF InitLcdif (void)

Figure 7. PXP module initialization configuration

TP
Processed Surface ( PS ) configue: psBufferConfig.pixelFormat = kPXP_PsPixelFormatYVU420
A0 H AT K

i HC B - outputBufferConfig.pixelFormat = kPXP_OutputPixelFormatRGB888
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Performance analysis

CSscC:
RAG M CSCIH A RERS, CSCULHA R ARSI S AR KIYUV / YChCrddag 2, FHI 15 3 317 RGB888IHI (A 7% ) % e
fifig CSC1:

PXP_SetCsc1Mode(APP_PXP, kPXP_Csc1YCbCr2RGB)

PXP_EnableCsc1(APP_PXP, true)

FFMPEGHI G A RIIY, U, VEdEthbxt N TPSIE Y, U, Vilhk.

FINTPIALCDIZEM X RPN Gt X FirEE . PXPE TR MEEHAFE AN G X, el COIFE I AMEEHFER AN IX . AU
b, AEFPAMREHE ] LME G X RSE A FE RIS AT .

Figure 8 illustrates the LCD frame buffer accessing scheme.

ELCDIF_Bufferl « ELCDIF_Buffer2
s_psBufferLcdptrl« s_psBufferLcdptr2 -

Decoded data (YUV420) ~

Figure 8. LCD Frame buffers accessing scheme

3.6 BITHIE
2 UL RA SO SR A T IR I P B VRS AN SO . BB IT P BR:
o FMAUSB L5 RE/E EHLIPCFIEVK-MIMXRT10504% L [#t)OpenSDA USB J28% 1.
o ITHEBE 11520004, 8RN, ToARAILGAI A1 /ME b A % B A AT & TR UE RN HE (i) .
o WEHZBA, BSWT7-1, SW7-2, SW7-3, SW7-41%E Hoff, on, on, off.
« AR SEEE O TR B A A
« TEIDEW RS, BuZ T EE R SWATT RIS 1T HTE .

4 PEREHT

TELEN A, CPURTEN, IPGHEH, SDRAMIAEMI®R, LCDRIH % MSDRAM{ERHEKE 43712600 MHz, 150 MHz, 164
MHz, 60 HzHI16f7.

WFE =N F AR REAT 0, s BRI 3 F B AS [R5 i A2 AT T3k Bon AR SRR il (fps) o
Table 1 7 T ASFALSE A4S R -
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Table 1. Test results(fps)

Performance analysis

Video source Resolution Total frame SDRAM(fps) FLASH(fps)
clown_720x576.h264 720x576 250 21.9 18.5
bigbuckbunny_480x272.h264 480x272 250 34.2 254
formen_352x288.h264 352x288 240 41.2 317

Table 1 5 7S EL, 6D DL pxp i 4b BEATLCDHE A B i 18]
S F IO SO A R, AP DARC B fatfs LSRR KSR 44, R TEffconf.h Ul FF_USE_LFN#E N1, StF Ik

ANFIALR 2 7 AT -

PXP# i [] 55 sreAldestZz i X A7 il WAF SR AT 9% FE LART A, KesrcMldestZz i X AR A SDRAM.  BILfE, *fsrcill
destZz i X FIAN R WA M FEHEAT T 23 CGE B HLictcfF)

Table 2 F Table 3 E.7~ T S [E A0 A5 3 bsf 7]

Table 2. Both src and dest video resolutions are 288x180

\Dest buffer SDRAM DTCM ITCM OCRAM
Src buffer\
SDRAM 2129 ms 1.059 ms 1.059 ms 1.059 ms
DTCM 1.067 ms 0.471 ms 0.471 ms 0.384 ms
ITCM 1.067 ms 0.471 ms 0.470 ms 0.384 ms
OCRAM 1.067 ms 0.384 ms 0.384 ms 0.384 ms
#unique_20 src Flldest (LSS A #L /2 480x272
Table 3. Both src and dest video resolutions are 480x272
\Dest buffer SDRAM DTCM ITCM OCRAM
Src buffer\
SDRAM 6.172 ms 2.939 ms 2.939 ms 2.939 ms
DTCM 3.394 ms / / 0.932 ms
ITCM 3.394 ms / / 0.932 ms
OCRAM 3.394 ms 0.932 ms 0.932 ms 0.932 ms

src Ze i X A7 AL ARG i A A Y UV 2 -
dest Z&nf'[X: HI T-7#ffipxp ik ab 215 A4 i I RGB & -

Application Note

Development of H.264 Video Decode on RT Series, Rev. 0, 28 August, 2019

11714



NXP Semiconductors

5 E4

Conclusion

AEE N SN T 3 Ti.MX RT1050 3P4t b (I SDKAE Hi.MX RT1050 40 3 25 7T /& H. 264 W8 AT i hich 37 FH A% 7 1120 B8, MK H

B FE N FIFES o

SDKF (A & B 25 SR BN 7 A1 A pr [ PR AT AL RS A 5

BEA R 1l — e fe it 7 OIRE RIS . FEBLEEAS b, BT DU R 1 C R 5E H11H. 264400 A5 B TR T«

When users use the sdk version of 2.5.0 and above to build project tree, delete the red part of Figure 9, otherwise

NOTE

it overrides the stack and heap configurations/allocations in “.icf’ linker files, and the demo will fail to run.

Options for node "sd_jpeg”

Category:

General Options
Static Analysis
Runtime Checking
C/C++ Compiler
Assembler
Qutput Converter
Custom Build
Build Actions
[ Lnker |
Debugger
Simulator
CADI
CMSIS DAP
GDB Server
I-jet/JTAGjet
J-Link/J-Trace
TI Stellaris
Nu-Link
PE micro
ST-LINK
Third-Party Driver
TI MSP-FET
TI XDS

Factory Settings
#define Diagnostics Checksum Encodings Extra Options
Config Library Input  Optimizations Advanced OQutput List
Linker configuration file
[] Override default
Edit...

Configuration file symbol definitions: (one per line)

__stack size  =0x10
__heap_size_ =0x20000

Figure 9. sdk version of 2.5.0 IDE (delete them in red block)

Cancel

6 &%k

DL U AT e itk — 0 M 5%
* i.MX RT1050 Processor Reference Manual, Rev. 0
+ FFMPEG video decoding
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Table 4. Revision history

Revision history

Revision number

Date

Substantive changes

09/2019

Initial release
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