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%%/I;CZ Introduction and Content

+ Introduction to the Xilinx SDSoC Environment  SDSoC”™"
Environment
« UTIA SDSoC 2015.4 HW Platform for EMC?2-DP
e HDMI-in — HDMI-out Demos
* VITA Video Sensor-in HDMI-out Demos, l'm4
 Data movers and HLS blocks

« Sundance’s EMC?2 Development Platform
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EMC?

EMC2 - System on Module

40mm X 50mm
Xilinx SoC or FPGAs
Zynq, Artix-7 or Kintex-7
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C2
EMC2 - System on Module

SR S S

Ethernst
PHY

ARM - FPGA

Zyng 5oL
7Z015/030

Trenz 4x5cm module
dx Transceivers

1G58 32-bit

DDR3 I'c
E°PROM
memaory
5Pl flazh I’C RTC
LED= %3 Li2E
controller
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2
C EMC2 - Deviopment Platform

,PC/104 Stackable Board"
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CZ

EMC2 - Development Platform
,PC/104 Stackable Board' - I0 Module

Front panel connectors

From SATA
i
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EMC2 - Development Platform
,PC/104 Multiprocessing Stack®
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C2
EMC2 - Development Platform
,PC/104 Multiprocessing Stack’

Lames 0-2
Lamas 1-3
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EMC2 - Development Platform
,PC/104 I/0 FMC Expansion Module'
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CZ
EMC2 - Development Platform
,PC/104 I/0 FMC Expansion Module'
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I(C2  EMC2 Video Processing Demo T
Xilinx SDSoC Environment SDSOC

Environment

——— v e

. b
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4

VIC2 AIll Programmable SoCs Development Flow SDSOC"

Environment

APP () {
funcA () ;
funcB () ;

funcC() ; }

HW-SW partition?
@,

funcB, funcC

PS PL

)
F S
>
e
&)
)
=
e
O
S
]
'
S
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o
o
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x
L

Datamover
SW drivers
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IC2  Without SDSoC: o
HW-SW Partition Exploration SDSOC

Environment

» SDK Application

Driver

» SDK, OS Tools

IPI project LY IP Integrator

HLS - Vivado
Verilog, VHDL

HW-SW partition

PL

spec
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C2

With SDSoC:
Automatic System Generation

@

C/C++

funcl sw();
func2 hw();
func3 hw();

SDSoC”

Environment

t

@

)

Select functions
for PL

Application

Datamover
PS-PL interface

|

A
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EMC2 Base HW Platform for SDSoC SD S 0 C,'

Environment

« Custom platform = Vivado project + Bootable software image
« Available for commonly used development kit and SoMs

Application Application
_ Processing Systems (PS) _
Driver Driver
AMBA Bus
Interface Interface

IPs ) IPs
Programmable Logic (PL)

Platform
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\I[C2 Complete SDSoC flow SDSOC"’

Environment

C/C++ Application ’

- ’
SDSoC™

Environment

‘Generated‘

Application Application Application

Driver Driver Driver

AMBA Bus

Interface Interface
IPs IPs
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C2 sSDSoC Example: Matrix Multiply +Add S :)SOC"'

Environment

madd (inA,inB,out) { main () { mmult (inA,inB,out) {
malloc (A,B,C);
_ mmult (A,B,D) ;
C-callable IP 1 yp) 1p gy HLS C/C++
printf (E) ;
} } }

-
SDSoC™

Environment

m‘ datamovers ~'w Generated w'w

Application

Driver
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EMC?

runnung SDSoC 2015.4 environment

EMC2- DP w. HDMI In/Out FMC Module

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Platform: c:\S54\emc15_1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
o
@)
Q o 666 MHz ARM A9
3 SW synchronization of VFBs
<§f Space for SW version of algorithms Y
e
<
HPO
axi_interconnect \—)[axi_interconnect]—)[ axi_vdma_0
£
S
K
oL,
o EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: brams [%]
Q
| — s o s o
E T T T 1 T T T
= 0 20 40 60 0 50 100 0 50 100
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EMC?

Carrier: EMC2-DP

Sobel Filter Full HD Pf: HDMI In/Out
SW and HW flow in Xilinx SDSoC 2015.4

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Demo_SW: so01 Demo_HW so002 Platform: c:\\S54\emc15 1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
o
)
a S, 666 MHz ARM A9
o3
?: ycbcr2y_pad :—}I sobel_filter I—}I y2gray_pad
o
<
i 120 MHz HW path/DMA 150 MHz VDMA
"'% ‘ hdmii ’ \—)[ ycher2y pad H sobel_filter H y2gray_pad ]—/
a
148,5 MHz HDMI In 148,5 MHz HDMI Out
g EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%]
g 5,34 mSW 27 mSW 12,63 uSW
@© t t t i t T t i
= 0 20 40 60 0 50 100 50 100
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EMC2  Sobel Filter Full HD Pf: HDMI In/Out UTIA

5 Process only upper 50% of frames

Single computing data path in HW

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Demo_SW: so03 Demo_HW so004 Platform: c:\\S54\emc15 1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
a4
(@]
&) _— _— _— 666 MHz ARM A9
= ( N o N 3
(9} \—}I ycber2y_pad I—}I sobel_filter I—}I y2gray_pad L
< I | | | ) I VFB
E N — — — — N— — — — — N — — — —
o
<
150 MHz HW path/DMA 150,0 MHz VDMA

=
"% ‘ hdmii ’ ycbcr2y_pad sobel_filter y2gray_pad
=3

148,5 MHz HDMI In 148.,5 MHz HDMI Out
o EMC2-DP-V1 15-03-1c: EPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%]
‘ 106 uSW 27 = SW 12,63 = SW
g 60 wHW 53 = HW 30 = HW
. 0 20 40 60 0 50 100 (IJ 50 1CI)0
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EMC?

Sobel filter in Full HD Pf: HDMI In/Out Um
Process upper and lower part of frames

Two parallel computing data paths in HW

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Demo_SW: so05 Demo_HW so006 Platform: c:\\S54\emc15 1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

() (— — 7 712 (— — 7 /12 (— — — 712
08: ycber2y_padl :—)l sobel_filterl :—}l y2gray_padl | 666 MHZ ARM A9
| | |
05 — e c— c—_ — e c— c—_ — — — et
()]
<§‘: (TT T TN T T T TN (——F——\
EE ¥}| yener2y_pad2 :—}I sobel_filter2 :—}I y2gray_pad2 :—/\J
| | |
. r . 150,0 MHz VDMA
- ( _— > V1 )[ ycber2y_padl ]—} sobel_filtert  —J»| y2gray_padl |—
é \ J \ J
< | 148,5MHz ( ) | ) 148,5 MHz HDMI Out
ycbcr2y_pad2 sobel_filter2 —) y2gray_pad2 f——
. 2 ) Two 120 MHz HW data paths/DMA
o EMC2-DP-V1 15-03-1c: EPS EMC2-DP-V1 15-03-1c: Slices[%] EMC2-DP-V1 15-03-1c: BRAMSs[%]
e 5,33 mSW 27 uSW 12,63 uSW
g 6,95 mHW 74,5 HW 47,37 HW
. 0 20 40 60 0 50 100 0 50 100
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EMC?2 Motion Detection in Full HD Pf: HDMI In/Out Um

Process complete frame
Single computing data path in HW

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Demo_SW: md01 Demo_HW md02 Platform: c:\S54\emc15_1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
@
D - T T T \ — —— ) — — — — — — o— — — — —
g pad ]—)l sobel_filter 1 -| ( | (
o)) L_____ ~ ________\ l diff_image median_char_filter_pass combo_image I—)l l—l
;: ‘H—}L pad ]—)' sobel_filter_pass L ) I_ ______ J L
o VFB _—— == == VFB
<
1< \—)' pad '—)‘ sobel_filter
§ hdmii diff_image median_char_filter_pass combo_image ext hdmio
g ;)[ pad ]-)( sobel_filter_pass
148,5 MHz HDMI In 120 MHz HW data path/DMA 148,5 MHz HDMI Out
g EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%]
g 1,18 =SW 27 =SW 12,63 =SW
g 32, = HW 75,27 uHW 60,53 = HW
3 0 20 40 60 0 50 100 0 50 100
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EMC2 Motion Detection Full HD Pf: HDMI In/Out Um
SW and HW flow in Xilinx SDSoC 2015.4

Carrier: EMC2-DP

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Demo_SW: md03 Demo_HW md04 Platform: c:\S54\emc15_ 1c_hdmii\hdmii-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
o
5 mmmyemmm I
pad —)| sobel_filter ( | ( A [ |
g L_____J ,__________\ l diff_image :—}l median_char_filter_pass |—}| combo_image I—)l ext
<§( \-}L pad J—)' sobel_filter_pass L ) |_ ______ ) l_ o _’I w _ _|
o _—— === == VFB
<
£ \—)' pad l-—}' sobel_filter
E hdmii diff_image median_char_filter_pass combo_image ext hdmio
% \—)[ pad ]-—)[ sobel_filter_pass
148,5 MHz HDMI In 120 MHz HW data path/DMA 148,5 MHz HDMI Out
o EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%)]
© 2,37 mSW 27 mSW 12,63 mSW
§ 60 wHw 75,27 = HW 60,53 = HW
(6 T T T 1 T T 1 T T 1
o 0 20 40 60 0 50 100 0 50 100
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EMC? EMC2-DP with Vita Camera In/HDMI Out
using SDSoC 2015.4 environment Um

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Platform: c:\\S54\emc15_1c_vita\vita-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

™
0 d
@)
E — o 666 MHz ARM A9
2 ) SW synchronization of VFBs
; Ve Space for SW version of algorithms Vs
e
<
(
HPO HPO
v_cfa_0 ]—} v_rgb2ycrcb [P v_cresample_0 —)[ axi_vdma Haxi_interconnect “—»| axi_interconnect 4)[ axi_vdma_0
E " v L v - /
S
=
Q' ( )
e el »| kel J ax%[ i magon
148,5 MHz HDMI Out
e EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%)]
: o now NN s | eov [N s e
® . . . | . . |
o

0 20 40 60 0 50 100 0 50 100
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MC?

Sobel filter in Full HD Pf: vita-hdmio
Process upper and lower part of frames

Two parallel computing data paths in HW

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Platform: c:\\S54\emc15_1c_vita\vita-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

2 (— — — 7YY (— 7 /1O (— — 7 7\
8 ycbcr2y_padl :—)l sobel_filterl :—}l y2gray_padl

| | |
o3 EEE——— [EEE—— —_—— _——
3 £
<§’: (TT T T (T T TN T T
EE: ¥)| yencr2y_pad2 :—}I sobel_filter2 :—}I y2gray_pad2 :—/

| | |
e ‘ Vita 2000 > )[ ycber2y_padi ]—} sobel filterl | y2gray_padl |—
g \ J \
o }[ ] ' ) | | 148,5 MHz HDMI Out

ycber2y_pad2 sobel_filter2 —) y2gray_pad2 [——
- v * 120 MHz HW data path/DMA
g EMC2-DP-V1 15-03-1c: FPS EMC2-DP-V1 15-03-1c: Slices [%] EMC2-DP-V1 15-03-1c: BRAMs[%)]
@ 5,36 mSW 54,54 mSW 30,53 mSW
g 6,95 & i\ 92,69 5w 65,26 = LW
®© T T 1 T T 1 T T 1
o 0 20 40 60 0 50 100 0 50 100
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EMC?

Sobel filter in Full HD Pf: Vita In/HDMI Out
Process upper and lower part of frames
Two parallel computing data paths in HW

Module: te7015-03-1CF Carrier: EMC2-DP-V1 FMC Interface: Imageon Platform: c:\\S54\emc15_1c_vita\vita-hdmio

Xilinx SDSoC Environment 2015.4 Date: 2016_01_02

- [ [ [
GD: )I ycbcr2y_padl I—)I sobel_filterl I—}I y2gray_padl
a | I | I |
q N — — — — N— — — — — N — — — —
2 [ (— — 7 71O (— — 7 712
S )I ycncr2y_pad2 I—}I sobel_filter2 I—}I y2gray_pad2 I
o4 | I | I | I
< — e —— — e —— — e ——
HPO 6 6 6 HPO
ycber2y_padl_0_if (| sobel_filterl_0_if -] \—)[ y2gray_padl 0_if ] \)[ dm_2 ]—/
R
ycber2y padl 0 | ) sobel_filterl 0 | ) y2gray_padl 0 | )
ivado HLS Vivado HLS ivado HLS
e ivad ivad ivad
= —
RS
ke v | v )
o vita 2000 r \ > hdmio
sensor
yeber2y_pad2_0_if ' N—»| sobel_filter2_0_if ] y2gray_pad2_0_if | dm_3
R
sobel_filter2_0
ycber2y pad2 0 | ) (Viva?:lé) HL§) | ) y2gray_pad2 0 | )
(Vivado HLS) (Vivado HLS)
——
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Conclusions

Compile times in SDSoC (average laptop figures):

« SW. 1 min
« HW (Vivado IP Integrator System): 3 min
 HW (to bitstream and SD card BOOT.BIN): 60 min
« SDK (final SW project with HW accelerator): 1 min

Licensing:
 Xilinx is selling license of SDSoC

(it is for all ZYNQ devices with Vivado and HLS)
« SDK (final SW project with HW accelerator): free

Acknowledgement: UTIA and Sundance are partially supported by the Artemis EMC2 project.
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