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Implementation of GigE Vision Standard and Applications in MicroTCA

Why GIgE Vision Camera Support? Sven Stubbe, 06.12.2018

Integrate into existing control system

Outsource image processing to FPGA

Algorithms can run in parallel

Flexibility is same as in software

Simple cabling (up to 100 m, PoE)

Faster transfer rate than Firewire

ROI definition is possible

Device precision time protocol (IEEE1588)
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Implementation of GigE Vision Standard and Applications in MicroTCA
FPEn 1P Core elvaimiEges

Target product:

* Firmware that is modular, scalable and
widely usable
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» IP-Core for Vivado Design Suite integration

« AXIl4 /| AXI-Stream compliant

iv XILINX « Basically MTCA independent
A ® « Xilinx 7Series, Ultrascale, Ultrascale+,

SoC and MPSoC compliant

| A ©
VISION HR ) ) .. ) ..
GIG: ald|oNne s =" - Licensing as official GigE Vision
VISION GLOBAL ASSOCIATION FOR VISION INFORMATION product by A|A iS ongoing
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Implementation of GigE Vision Standard and Applications in MicroTCA

System Realization Sven Stubbe, 06.12.2018
DAMC-TCK7
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©0 Firmware Development
=

2 5 « GIgE Vision IP-Core
L £ - TCK7BSP
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64-bit wid O

fg dat'a EVL',SE 3 Software Development
0 (=]

& 4x DDR3 ~ - System controller

* Python and C++
Interlock

https://github.com/MicroTCA-Tech-Lab
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Implementation of GigE Vision Standard and Applications in MicroTCA

GIigE Vision Firmware

channel 0
* Software Interface via PCle
CTRL_AX
—— CTRL_AX
« Send/Receive GVCP packets grewe e iy
g resein gige_vision_core_0
* Receive GVSP packets
cli i SIGEV
—— - clk M GIGE —_—
M = —— <0 resein
« Parse to AXI Video Stream L
channel_0
axi_interconnect_0
= = - L0 [l | O xgmil_
:: oo BERLED o ﬂ axi_vdma_0 :;:—::IXI Mjg:Es : - omi-e
il -+ 5D0_AXI ﬂﬁ;:ﬁ: 1 {s s aa e E— to network interface
= 8 AXIS_S2MM M_AXLS2MM + 14
DMA for AXtInterconnect AXI Vide‘yfrec{ Memory Access
PCIe DMA t t | 4 axifinteroonneclj
Memo;) external e oo g ak oo o [0 Memory interface and ext. DDR3
! y B W00 el M0 AX (AXI Video Stream)
M_AXI_-LITE + — AXI Interconnect
poe.mgt +} D pdemato  to PCle transceiver

DMA/Bridge Subsystem for PCI Express (PCle)
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. - . Implementation of GigE Vision Standard and Applications in MicroTCA
GIgE Vision Firmware Sven Stubbe, 06.12.2018

Resource utilization GigE Vision IP-Core . 755!!1!!!!!%{2??"" GigE Vision IP-Core
I | | | UDP IP-Core
FLOP_LATCH 1114 il 13
LUT 1543 AXI Video DMA
CARRY 184 1GB Ethernet PMA
BMEM 10

Performance GigE Vision Implementation

1920 x 1080 px 16.59 Mbit 50 fps

« Optimization is
ongoing

* Test with faster
cameras

* 10Gb Ethernet

1936 x 1216 px 18.83 Mbit 48 fps
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Implementation of GigE Vision Standard and Applications in MicroTCA

GIigE Vision Software Sven Stubbe, 06.12.2018

Live Stream

stubbes@stubbes-VirtualBox: /gigev_test.py

DEBU igeVisionGVCP: framecounter 3600

° Mod u Iar Controller DEBUG: GlgeVisionGVCP:RUNTINE = 173.13 -
Bl GigeVisionGVCP:FPS 23.85 Live Stream
| igeVisionCore:< b'B\x00\x00\x80\x00\x04\x0e#\x00\x00\n\Xx00"
igeVisionGVCP:readreg done
Conce t :GigeVisionGVCP: framecounter = 3601
p igeVisionGVCP:RUNTIME = 173.17
igEViSiOﬂC\/C FPS = 27.13
igeVisionCore:< b'B\x00\x00\x80\x00\x04)\x0e$\x00\x00\n\x00"
igeVisionGVCP:readreg done
- - :GigeVisionGVCP: framecounter 3602
° P( :Ie drlver rOVIded b 1geVisionGVCP:RUNTIME = 173.25
GigeVisionGVCP:FPS 11.98

igeVisionCore:< b'B\x00\x00\x80\x00\x04\x0e%\x00\X00\n\X00"

age . :GigeVisionGVCP:readreg done
XIIInX Wlth DM ‘N I P_Core GigeVisionGVCP:framecounter = 3603
\ i1geVisionGVCP :RUNTIME 173.29
igeVvisionGVCP:FPS 2

.07
:GigeVisionCore:< b'B\x80\x00\x80\x00\x04\x0e&\x00\x00\n\X00"
igeVisionGVCP:readreg done

L igeVisionGVCP: framecounter 3604
 Usable with of OpenCV e e
:GigeVisionGVCP:FPS = 26.94
igeVisionCore:< b"B\x00\x00\x80\x00\x04\x0e'\x00\x00\n\x00"
. . . 1geVisionGVCP:readreg done
imaae processin ||brar L9eViLonGVCP: franecqunter = 3605
:GlgeVisionGVCP:RUNTINE = 173.41
1geVisionGVCP:FPS = 12.01
GigeVisionCore:< b'B\x80\x00\x80\x00\x04\x0e(\x80\x00\n\x00"
1geVisionGVCP:readreg done
igeVisionGVCP:framecounter = 3606
) Su Ort for P thon and 1geVisionGVCP:RUNTIME = 173.44
igeVisionGVCP:FPS = 26.95
igeVisionCore:< b'B\x08\x08\xB0\x00\x04\x0e(\x00\x08\n\x00"
GigeVisionGVCP:readreg done
‘ /‘ ++ 1geVisionGVCP: framecounter = 3606
igeVisionGVCP:RUNTIME 173.44
igeVisionGVCP:FPS 95
igeVisionCore:< b'B\x00\x00\x80\x00\x04\x0e)\x00\x00\n\x00"
{geVisionGVCP:readreg done
oo =
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File Edit Project Solution Window Help

NEHRR AEEX SR OSBRI r-MH A-0Fiai®
[ Explorer 52 = O |/ £ Synthesis(solution) (@ “two_dim_stdev.cpp &%

100
4 5 two_dim_stdev 1
» il Includes 2 #include "twe_dim_stdev.hpp”

= 3
4 = Source

= 4 void two_dim_stdev( i
[ two_dim_stdev.cop 5 hls::stream<input_t> &in, SyntheSIS 200!
[, two_dim_stdev.hpp 6 ap_uint<16> size x, g
b @ Test Bench 7 ap_uint<le> size_y, -%
” 8 ap_uint<d> threshold 3
solution1 - - a
B ) 9 int &meanx, int &stdx, > 300
@ égn:t.ram.ts ‘ L2} int &meany, int &stdy
irectives.tcl 1y
ﬂg script.tel 2 RTL export
4 B osim 3 #pragma HLS INTERFACE ap_ctrl_none port=return 400
. 4
build
» & bui 5 #pragma HLS INTERFACE axis register both port=in
b & report G Hpragma HLS DATA PACK variable=in field level
4 (= impl 7 56
r B ip 2 #pragma HLS INTERFACE s_axilite port=size_x bundle=ctrl
b G misc 9 #pragma HLS INTERFACE s_axilite port=size y bundle=ctrl 200 , 3?"
» B verilog @ #pragma HLS INTERFACE s_axilite port=threshold bundle=ctrl X pos [pixel]
1 #pragma HLS INTERFACE s_axilite port=meanx bundle=ctrl
> & vhdl 2 Hpragma HLS INTERFACE s axilite port=stdx bundle=ctrl
a (= syn 3 #pragma HLS INTERFACE s_axilite port=meany bundle=ctrl
I = report 4 #pragma HLS INTERFACE s_axilite port=stdy bundle=ctrl . . . . .
e : . licat d tt C
> & s L e of perenen e for scem Application code is written in C++
7 const int PAR = 8;
i = vhdl 3
9 ap_uint<38> accum[PAR*INPUT W];
8 ap_uint<38> accum_x[PAR*INPUT_W], accum_y[PAR*INPUT_W]; ) L I t
1 ap_uint<45> accum_x2[PAR*INPUT_W], accum_y2[PAR*INPUT_W]; OW a- enc
2
3 loop_init: for (int i = 8; i < PAR®INPUT_W; i++) { d H d d t
4 accum[i] = @; ““enS|on epen en
5 accum x[i] = @;
6 accum_y[i] = @;
7 accum_x2[i] = @; . .
3 LR > (o ° t d b d
s - Convenient debugging an
o

analyzation tools
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Application Concepts

Implementation of

GIgE Vision Standard and Applications in MicroTCA

Sven Stubbe, 06.12.2018

DAMC-FMC2ZUP

e Xilinx Ultrascale+
MPSoC

*  ARM Mali GPU

DFMC-SFP4
- 4x SFP/SFP+

Controller Software

Image Data
Processing

Processing System

Application Processing Unit

ARM®
Cortex™-A53

Real-Time Processing Unit
Wector Floating

‘ Point Unit ‘

Memory Protection
Unit

128KB 32KB |-Cache || 32KE D-Cache
TCMWECC WIECC wECC

ARM
Cortex™-Rb

1

Graphics Processing Unit High-Speed
ARM Mali™-400 MP2 Connectivity
- DisplayPort v 2a
DOR4/3/3L, ’7 " I___‘
AIIRAS g’i?;ren:s?r Pr:;:lsor Use3.0
32084 bit WECC 1 !
SATA 31

256KB OCM Memory Management Unit PCle®10/2.0

§4KB L2 Cache BESSTR
General Connectivity

GigE

use20
M t Decryption, e
lanagemen Aumenuuatic;ﬂ Multichannel DMA UART

Secure Boot SPI
Management Voltage/Temp Timers, Quad SPINCR
. Manitor WDOT, Resets,
Functional Clocking & Debug il
Safety TrustZone SDfeMMC

e Hardware and software on ) o
single chip GIigE Vision
IP-Core and logic

e Standalone solution infrastructure

Programmable Logic

Storage & Signal Processing
Block RAM

UltraRAM

System Manitor

General-Purpose 1/

High-Performance HP /O

High-Density HD O

High-Speed Connectivity

100G EMAC

PCle Gend

GTH

from xilinx.com
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Implementation of GigE Vision Standard and Applications in MicroTCA

Conclusion and Outlook Sven Stubbe, 06.12.2018

Products:

* GIgE Vision IP-Core and infrastructure for DAMC-TCK7
(support for 8 cameras with single board)

gige_vision_core_1

« Standalone FPGA firmware solutions
(UDP IP-Core, HLS processing application)

o =+ S00_AXI
= o s_UDP M_UDP o E=
clk M_GIGEV == =

resetn

O n q O I n q D ro I e CtS : gige_vision_core_v1.0 (Pre-Production)

* Image processing for PETRA-III Beamlines
* Porting for NAMC-ZYNQ-FMC with N.A.T.

» Firmware and software optimization
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