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[TAaQH BeOMHapa

Onmcanme BMAEOBO3IMOXHOCTEM ZYyNg Ultrascale+
O030 OCHOBHbIX MOAAEPXMBAEMbIX BUAEO-UHTEPTDEMCOB
OnucaHme becnaatHoro IP-aapa MIPI B Vivado

[TOAKTUYECKUM MPUMEP — MOAKAIOYEHME KOMEPBI LI-IMX274MIPI-
FMC k naate ZCU104:

— OB30p AEMO-MPOEKTA AN ViVAdo: OCHOBHbIE ODAOKM M MX
NAPOMETPS

— [lpMeEPDbI TOTOBLIX OOPA30B C OBPADOTKOM BUAEOMOTOKA
— TecCTOBbIM 3AMNYyCK HO OTAGAOYHOM NAaTe ZCU104
TOrM 1 BbIBOAbI, OTBETbI HO BOMPOCHI



OnucaHune BUAEOBO3IMOXHOCTEM

Zynq Ultrascale+
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'pacbuyeckumn npoueccop (GPU)

padpuueckum npoueccop(GPU)

Mopgenb - ARM Mali-400 MP2

2 NUKcenbHbIX Npoueccopa, 1 reomeTpuyeckum
npoueccop

Noppepxka OpenGL ES 1.1 mn 2.0

MNogaepka OpenVG 1.1

MakcumanbHaa vyactota GPU: no 667MHz
CKopocCTb 3anonHeHuA (nukcenbHan): 2 Mpixels/sec
CkopocTb oTobparxkeHus TpeyronbHukos: 0.11
Mtriangles/sec

64KB L2-Kkswa

ObecneumBaeT 2D 1 3D ycKOpeHUe C paspeLlieHnem
BnaoTb go 1080p

Graphics Processing Unit (GPU)

Geometry Pixel Pixel
Processor Processor Processor
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AnnapaTtHbiu Koasek H.264/H.265

[MapameTpbl KoaeKa:

o owemep | pewmer

NapameTpbi H.265 (HEVC) H.264 (AVC) H.265 (HEVC) H.264 (AVC)
OcHosHoe . BcTpoeHHble npoueccopbl
. OTaeibHble MeXxaHU3Mbl KOAMPOBa HUA/Ae KOAMPOBA HWA -> BO3MOXHO 0AHOBPE MEHHOE KOAMPOBaHWE 1 AeKOANPOBa HI1NE
. [0 32 noTokos KogMpoBaHMA 1 32 NOTOKOB AeKOANPOBAHMUA OAHOBPEMEHHO; 1 MOTOK NP MAKC. pa3peLleHme u CKOpoCTn
Mpodpunn Main Baseline Main Baseline
Main Intra Main Main Intra Main
Main10 High Main10 High
Main10 Intra High10 Main10 Intra High10
Main 4:2:210 High 4:2:2 Main 4:2:210 High 4:2:2
Main 4:2:210Intra Main 4:2:210Intra
MaKcumanbHoe paspelueHue 3840x2160p60 (4K UHD), 7680x4320p15 (8K UHD), 4096x2160p30 (DCl 4K)
Bo3morkHanA rnybuHa useTta 8 unn 10 6ut
LiseToBas cy6auckpeTMsauma 4:2:0,4:2:2,4:0:0(ana YCbCr)
Tunbl Kappos I,P,B
FEE R A T o533 Mb/s [0 960 Mb/s [0 533 Mb/s [10 960 Mb/s

wul



MNoaAepxka DisplayPort

DisplayPort (TonbKo B peXxume nepegatyumka)

MakcumanbHoe paspeweHne 4K 30 fps

8 KaHanoB 24-6UTHOro 3ByKa c YacTtoTon A0 192 Kly,

2 KaHana BMaeo nnm rpaduKku c UBETOBOM KOAUPOBKOM
N anbda-cMeLLleHneM

Mopaep»kka GyHKUMM OBHapyKeHUs ropsyero
noakntoyenms (HPD)

LiBeToBasa cybanckpetmnsauma (YCbCr) 4:2:0,4:2:2,4:4:4
c rnybuHon ugeta 6, 8, 10, 1 12 6ut

Heckonbko dopmaTtoB Kagposoro bydepa

Moppeprkka rpaduyecknx popmatos RGBAB8SS,
RGB555 wm np.

NMpném notokosoro smnaeo ot PL unum BblgeneHHoro
KoHTponnepa DMA
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[NoAAE€pPXKO OCHOBHbIX BUAEO
UHTEepdencos

Zynq Ultrascale+ MPSoC nmeeT anekTpnyeckyro COBMeCTUMOCTb CO CNeAyHOLWMMM
nutepdencamm (cornacHo DS925):

Table 17: Differential SelectIO DC Input and Output Levels

Viem (V) Vip (V)? Viws® | Views® Vocm (V)* Vop (V)
I/0 Standard - - - - -

Min | Typ | Max | Min | Typ | Max| Min Max | Min | Typ | Max | Min | Typ | Max
SUB_LVDS® 0.500 | 0.900 | 1.300 | 0.070 - - - - 0.700 | 0.900 | 1.100 | 0.100 | 0.150 | 0.200
LVPECL 0.300 | 1.200 | 1.425 ] 0.100 | 0.350 | 0.600 - - - - - - - -
SLVS_400_18 0.070 | 0.200 | 0.330 | 0.140 - 0.450 - - - - - - - -
SLVS_400_25 0.070 | 0.200 | 0.330 | 0.140 - 0.450 - - - - - - - -
MIPI_DPHY_DCI_HS® ' | 0.070 - 0.330 | 0.070 - - -0.040 0.460 0.150 | 0.200 | 0.250 | 0.140 | 0.200 | 0.270



https://www.xilinx.com/support/documentation/data_sheets/ds925-zynq-ultrascale-plus.pdf

[NoAAEpPXKA OCHOBHbIX BUAEO
UHTEepdencos

UHtepdpenc  SLVS-EC SLVS SubLVDS MIPI HiSPi

KogupoBaHue 8b10b Het Het Het Het
NNHUU

TaKkTMpoBaHUe BcTpoeHHoe Mo otaenbHom Mo otaenbHom Mo otgenbHomn Mo otaenbHoOM
JIMHUU JNIMHUU IMHUK JIMHUU




Onucaxue IP-saep MIPI B Vivado

MIPI D-PHY:

e CootBetctByeT ctaHaapty MIPI Alliance Standard ansa
cneundumkauum D-PHY, Bepcua 1.2.

e CUHXPOHHaA nepeaaya c butperitom 80-2500 M6buT/c B
3aBMCMMOCTM OT CEMENCTBA YCTPOMCTB U Knacca CKOPOCTMU.
e O4HA IMHMA CUHXPOHMU3AUUM U A0 YeTbIpeX NUHUN AaHHbIX
ANA KOHPUrypauum nepegayn.

e O4Ha NNHNA CUHXPOHU3ALUMN U 0,0 BOCbMMU JIMHUM AQHHbIX
ANA KOHOUrypauum npuéma.

e ACMHXPOHHaA nepeaaya B peXXMme MOHUKEHHOTo
3HepronoTtpebaeHna co ckopocTtbio 10 MbuT/c.

e NHTepdenc PHY-npotokona (PPI) ans nogkntoyeHms
npunoxeHnn CSI-2 n DSI.

e [lononHuTenbHbln MHTEpdenc AXl4-Lite ana goctyna K
perncTpam.

-~

+ nCmipi_phy_if
core _clk ne_mipi_ppi_if 4+
core rst rbyteclkhs
clkoutphy_in init_done
plli_lock_in
—+ t_mipi_ppi_if
core_clk
core_rst b mipi_phy. if
mipi i

ticlkesc_in - p__p_ V-

. init_done
tbyteclkhs_in ]

) cl_tuclkactivehs
clkoutphy_in

systemi_rst_in
pll_leck_in




Onucaxue IP-saep MIPI B Vivado

MIPI DSI Transmitter Subsystem:

e [logaepxka oT 1 40 4 NMHUWN AAHHbIX

* CKOpOoCTb IMHMK oT 80 ao 2500 M6éut/c

e [logaeprkka reHepauun EoTp

¢ [eHepauua ECC gnAa 3aronoskKa nakeTta

e [eHepaumna CRC ana 6aiiTtoB AaHHbIX (Heobs3aTeNbHO)

e [lononHUTENbHAA Nogaep’XKa KomaHaHoro pexxuma DCS
ANA OTNPaBKU ANUHHbBIX/KOPOTKUX KOMaHAHbIX NaKeToB..

* [lpeobpa3oBaHMe nukcenen B 6anTbl Ha ocHoBe popmaTa
AaHHbIX

e IHTepdenc AXI4-Lite gna goctyna K pernctpam agpa

e CoBmectumocTtb ¢ AXI4-Stream Video IP pna BxoaHOro
BMA,E0NOTOKA.

é

— 5 axi

— 5 axis
s axis_aclk
S axis_aresemn
dphy_clk_200r
t<byteclkhs_in
clkoutphy_in
pll_lock_in
tzclkesc in

system_rst_in

mipi_phy_if —

interrupt
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Onucaxue IP-saep MIPI B Vivado

MIPI CSI-2 Receiver Subsystem:

e [logaepxKa ot 1 A0 4 NUHUM

e CKOpocCTb IMHMM oT 80 Ao 2500 M6éut/c

* [loaaeprKka HeCKoNbKUX TMNOB AaHHbIX (RAW, RGB, YUV)
e dunbTpaUnA Ha OCHOBe MAEHTUDUKATOPA BUPTYANbHOrO
KaHana

e MlogaeprKka 1, 2 nnm 4 NnMKcenen Ha TaKT Ha BbIxoae

e NHTepdenc AXl4-Lite ana goctyna K pernctpam ans
HACTPOWMKM Pa3/IMYHbIX ONUMA NOACUCTEMDI

e [eHepaumsa npepbiBaHUA ANA oTobparkeHns MHbopmaLmn
O COCTOAHUM NOACUCTEMDI

e BHyTpeHHU D-PHY no3Bonaer Hanpamyto noaK/ar4YaTbCA
K MICTOYHMKAM M306parkeHun

+ mipi_phy_if

|4 csirxss_s_axi

lite_aclk
lite_aresetn
dphy_clk_200M
bg1_pin0_nc
bg3_pin0_nc
video_aclk

video_aresetn

video_out -
rxzbyteclkhs
clkoutphy_out
systemn_rst_out
pll_lock_out

Csirxss_csi_irg

v




Onucanue IP-sapa MIPI B Vivado

CsounctBa IP-aapa — pa3aen Configuration

Configuration Shared Logic  Pin Assignment  Application Example Design Configuration Shared Logic  Pin Assignment | Application Example Design

~
Subsystem Options Include Video Format Bridge (VFB)
Pixel Format RAW10 v Serial Data Lanes 4 v D Support CSI Spec Y2_0
Include Video Format Bridge (VFB)
DPHY Options
[ support CSI Spec V2_0
Pe " Line Rate (Mbps) 1440 [80 - 2500]
DPHY Options D D-PHY Register Interface
Line Rate (Mbps) 1440 [80 - 2500]
C5l-2 Options
D D-PHY Register Interface
CSI2 Controller Register Interface
C51-2 Options D Embedded non-image Interface
(CSI2 Controller Register Interface Filter User Defined data types
D Embedded non-image Interface Line Buffer Depth 4096 o
Filter User Defined data types
VFB Options
Line Buffer Depth 4096 hd
Allowed VC | All %  Pixels Per Clock 2 v
VFB Options TUSER Width 1 v
Allowed VC = All v Pixels Per Clock 2 v
Resource improvement options
TUSER Width | 1 v
Enable CRC Enable Active Lanes
v

12



Onucanue IP-sapa MIPI B Vivado

CsounctBa IP-agpa — pa3aen Share Logic

Configuration Shared Logic Pin Assignment = Application Example Design

Shared Logic

Select whether the MMCM and PLL are included
in the core itself or in the example design

(®) Include Shared Logic in core

':::' Include Shared Logic in example design

Shared Logic Overview

Include Shared Logic in core
- For users who want a complete single solution.
- For users who want one core with Shared Logic to drive multiple cores without Shared Logic.

Corewith Shared Logic

Shared
Logic

| Other Core Logic

Y

¢ Core without
Shared [ogic

13



Onucanue IP-saopa MIPI B Viva

CsounctBa IP-agpa — pa3gen Pin Assignment

Configuration Shared Logic  Pin Assignment  Application Example Design

HP 10 Bank Selection

Name Pin Loc Pin Name

Clock Lane F17 ~ | 10_L13P_T2L_NO_GC_QBC_67
Data Lane0 L15 ~ | 10_L22P_T3U_N6_DBC_ADOP_67
Data Lane1 H18 -

10_L16P_T2U_N6_QBC_AD3P_b7

Data Lane2 E18 v | 10_L9P_T1L_N4_AD12P_67

Data Lane3 116 ~ | I0_L20P_T3L_N2_AD1P_67

Highly recommended to select sequential 10. Fore more details refer Appendix C of MIPI D-PHY PG202



Onucanue IP-saopa MIPI B Viva

CsounctBa IP-agpa — pa3aen Application Example Design

Configuration Shared Logic Pin Assignment  Application Example Design

~
Target Board l ZCU102 v I
FMC Model LI-IMX274MIPI-FMC V1.0 Single Sensor v
Design Topology = MIPI Video Pipe Camera to Display v
Example Design Overview
Demonstrates MIPI CSI-2 Rx(Camera) & MIPI D51 Tx Subsystem(Display) based reference design
- Image data from IMX274 Sensor processed by MIPI CSI-2 Rx Subsystem.
- Further processed by Vidoe IP's like Demosaic,Gamma LUT etc.
- Images are then displayed on HDMI Monitor or MIPI DSI Display panel
- Configuration:
MIPI CSI-2 Rx: Lanes=4, Line-rate=1440Mbps, DataType=RAW10, Pixel Mode=Dual
MIPI DSI Tx: Lanes=4, Line-rate=1000Mbps, Datalype=RGB888, Pixel Mode=Dual
MNote : To generate the Application Example Design, right click on the subsystem in the 'IPl canvas’
or 'Design Sources’ and select 'Open IP Example Design®
HDMI Tx
Sulsysten
Semsor | M;.:b;?ﬁmm b vidsoPipe [  VDMa
I —— y

o

15



MNoaAkAoHeHne kamepsl LI-IMX274MIPI-FMC
K nanate ZCU104

LPC FMC XCZU7EV-2FFVC1156  HDMIIn/Out  Display Port Ethernet

~INX274MIP1-FMC

PC4 Header : HE XILINX.

USB/JTAG UART e
PB Switches

Micro SD

SATAM.2
Connector

PMOD

IMX274MIPI

) \ - X d = ™
| » e Power Switch V I f I
PL-Side SODIMM Socket PS2GBx16 PMBus 12V Power

*DIMM not included with kit DDR4 Component

ZCU104 TecToBbi 06pa3

16



MpakTuvyeckuu npumep

CTpYKTYypHaa cxema

dannbl NnpoekTa

IMX274
Image Sensor
MIPI CSI-2
Demosaic
Source Sink
Gamma
A v |
Sink
VPSS DP Tx
HDMI Rx SS (©SC)
A
See3CAM CU30 + + *
or ZED VPSS VPSS Stereo Vision Optical
(Scaler Only) (Scaler Only) Filter2D Dol Dtezion) Fiows DP SS HDMI Tx S
i x/‘m’ USB/UVC FBuwrite FBuwrite AXI DMA AXI DMA AXI DMA DPDMA Video Mixer
Capture M2M Output
Pipelines Pipelines Pipelines
Y Y Y
APU et ) >
y
Video Video
Buffers Buffers

DDR Memory

hw

petalinux_bsp

samples

sd_card

SW

workspaces
= IMPORTANT_NOTICE_CONCERNING_THIR..
=| README
D zcu104_rv_ssxpfm

17



Cnacubo 3a BHMUMAaHue!

KomnaHnma Makpo 'poynn:
*  OPMUMAABHBIM NAPTHEP Xilinx
*  KOMIMAEKCHOS NMOCTABKA DAEKTPOHHbLIX KOMIMOHEHTOB

*  TEXHMYECKOA MOAAEPXKKA MO BCEM BOMPOCAM MPUMEHEHUS
npoaykumm n MO Xilinx

* KOHTPOKTHOE MPOM3BOACTBO SAEKTOOHMKM

ObpALLAUNTECSH:

e  Dmitriy.Shadrin@macrogroup.ru
« Dmitry.Khorkov@macrogroup.ru
+ fpga@macrogroup.ry
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[TOAe3Hble CCbIAKM

AOKyMeHTaLums:

Zyng UltraScale+ MPSoC Data Sheet: Overview (DS891)

ZyngUltraScale+ MPSoC Data Sheet: DC and AC Switching Characteristics (DS925)
MIPI D-PHY v 4.2 - LogiCORE IP Product Guide (PG202)

MIP| CSI-2 Receiv er Subsystemv 5.0 - Product Guide (PG232)

MIPI CSI-2 Transmitter Subsystem v 2.1 - Product Guide (PG260)

MIPI DSI Transmitter Subsystem v 2.1 - Product Guide (PG238)
H.264/H.265Video Codec Unit v 1.2-LogiCORE IP Product Guide (PG252)
UHCTpYKLUMM:

Embedded Vision Reference Platforms User Guide 2019.2 (UG 1265)
reVISION Getting Started Guide 2017.4rev?2

D-PHY Solutions for Spartan-6 and 7 Series FPGAS (XAPP8%4)

ApXuBbl C NPOEKTAMMU U TOTOBbIMU OBPa3aMmn (AOCTYMHbI NOCAE NOATBEPXKAEHUA YHETHOU
3anucu Xilinx):

ApxmB arg ZCU102
ApxmB ana ZCU104



https://www.xilinx.com/support/documentation/data_sheets/ds891-zynq-ultrascale-plus-overview.pdf
https://www.xilinx.com/support/documentation/data_sheets/ds925-zynq-ultrascale-plus.pdf
https://www.xilinx.com/support/documentation/ip_documentation/mipi_dphy/v4_2/pg202-mipi-dphy.pdf
https://www.xilinx.com/support/documentation/ip_documentation/mipi_csi2_rx_subsystem/v5_0/pg232-mipi-csi2-rx.pdf
https://www.xilinx.com/support/documentation/ip_documentation/mipi_csi2_tx_subsystem/v2_1/pg260-mipi-csi2-tx.pdf
https://www.xilinx.com/support/documentation/ip_documentation/mipi_dsi_tx_subsystem/v2_1/pg238-mipi-dsi-tx.pdf
https://www.xilinx.com/support/documentation/ip_documentation/vcu/v1_2/pg252-vcu.pdf
https://github.com/Xilinx/Embedded-Reference-Platforms-User-Guide/blob/2019.2/README.md
https://xilinx-wiki.atlassian.net/wiki/spaces/A/pages/18841993/reVISION+Getting+Started+Guide+2017.4+rev2?showComments=true&showCommentArea=true
https://www.xilinx.com/support/documentation/application_notes/xapp894-d-phy-solutions.pdf
https://www.xilinx.com/member/forms/download/design-license-xef.html?akdm=1&filename=zcu102-rv-ss-2017-4-rev2.zip
https://www.xilinx.com/member/forms/download/design-license-xef.html?akdm=1&filename=zcu104-rv-ss-2017-4.zip

