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for the growing high-performance Machine Vision market.

ABSTRACT

The Machine Vision market is experiencing unparalleled growth of pixel rates
in high-end vision systems. This accelerated growth, already exceeding the
Moore's Law trend to which semiconductor manufacturers and markets have
become accustomed over the years, presents an immediate and increasing
demand for high-performance connectivity that provides, with a minimal
number of cables, seamless support for 10G+ link speeds over distances in
the range of 100m.

This white paper examines the system requirements of such high-performance,
leading-edge technology, and highlights the universe of available
standards-compliant turnkey machine vision systems designed around the
Xilinx® 7 series FPGAs. Such Xilinx based turnkey designs are available today
from Xilinx's machine vision partner, Sensor to Image GmbH (S2I).

This white paper describes multiple Xilinx solutions for customers to consider,
fulfilling critical application requirements like reduced power consumption,
lower overall system cost, and easy scalability as system load requirements
eventually exceed their current trends.

The results of this creative collaboration of Xilinx and S2I provide
industry-leading, end-to-end solutions for prospective customers, including
camera- and frame-grabber hardware and solid, standards-compliant software
that address the exciting machine vision challenges emerging in today’s market.
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Introduction

Many new applications—for example, the quality measurement of large flat-panel displays—are
driving machine vision applications to require higher camera resolutions and higher frame rates to
meet volume production needs. Other applications with similar demands for high-resolution,
high-speed image capture include semiconductor wafer inspection, PCB inspection, postal and
parcel identification, and many others. The expansion of all such applications results in greatly
increased bandwidth demand.

As the need for machine vision is very wide — covering low-, mid-, and high-end systems —

the focus of this white paper is on applications that require link speeds of 10 Gb/s aggregate
bandwidth or greater. Designers of such systems must face highly challenging technological
obstacles, and the Xilinx 7 series (including the Zynq® All Programmable SoC platform) addresses
these challenges with powerful new technology. The scalable solutions discussed in this white
paper give the designer a robust system platform whose performance has been proven to handle
very high pixel rates over distances of up to 100m.

The three main aspects of overall system design were considered when creating the next
generation of technology for machine vision connectivity: cost, performance, and power
consumption (including remote powering and thermal considerations). The solutions detailed in
this white paper meet these needs, and also give the designer a high level of confidence in the
longevity of the solutions. Xilinx device families are known to have a long lifetime in the market,
that is, Xilinx products are typically available in excess of ten years from initial production to end of
life. Additionally, all the machine vision solutions presented here are implemented in compliance
with well-accepted communications standards.

With the introduction of the Zyng-7000 All Programmable SoC family, designers can now support
10G+ connectivity technologies in an intelligent, programmable device that can run extensive,
high-performance machine vision software, such as HALCON from MVtec. A system can be
configured with the machine vision software in place and advanced imaging processing using the
programmable logic (PL) of the Zynq device to accelerate vision-based processing, and then couple
this capability to the high-performance ARM® dual Cortex™-A9 processing system (PS) within the
Zynq device. This combination of technology can be used in the following compact vision systems
application with Zynq devices:
e Embedded receiver with high-performance 10G+ connectivity
e Low-power, customizable, embedded platform with no need for a PC
e Long lifetime
e High efficiency programmable platform:

o Accelerated vision processing in the Zynq device's PL

o High-performance serial processing up to 1 GHz in the Zynq device's PS
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Established Connectivity Solutions for Machine Vision Systems

In standard machine vision systems, images are captured by a machine vision camera, which
includes the CMOS/CCD imager and pre-processing of the image; these images are then
transferred in real time (with low latency) to a PC-based frame grabber or embedded frame
grabber (compact video system). See Figure 1.
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Figure 1: Basic Machine Vision System

Such systems rely heavily on well-established interfacing technologies such as GigE Vision, Camera
Link, Firewire, USB 2.0, and newer standards such as USB3 Vision. These standards meet the needs
of the majority of low- and mid-end applications quite well, providing enough usable link
bandwidth to transfer images reliably to the frame grabber.

One other important consideration is the need in some applications to position the camera at
considerable distance from the frame grabber/vision processing setup. For example, standards
such as Camera Link and USB3 Vision offer very high transfer rates of 5+ Gb/s, but distance is
limited to a few meters (in the absence of special, expensive cabling). This is where new machine
vision standards, such as CoaXPress (CXP) and GigE Vision V2, supporting 10G bandwidth on
Ethernet, are providing a solution that can support cable distances in the range of 100m and
beyond, offering greater flexibility for the system integrator of the vision system.

Another alternative for high-speed communication over copper cable is Camera Link HS, which can
provide 10G connectivity over multiple pairs (four); the distance capability of this technology,
however, is limited to 15m. The cabling solution for this standard is based on CX-4 Infiniband,
which is expensive compared to other copper solutions, and is best suited to a stationary
application; otherwise, reliability can be compromised. As with GigE Vision, it is also possible to use
fiber optic cables and extend the supported distance to beyond 300m.
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10G GigE Vision, a part of GEV2.x, is now supporting any bit rate and cabling/bundling technique
supported by Ethernet standards. For example, 10G Ethernet technology with four-lane link
aggregation (LAG) can use a QSFP+ connector today for distances greater than one kilometer.

Of course, a trade-off between cost and performance must be made.

The requirements and capabilities of these and other connectivity solutions are shown in Table 1.

Table 1: Comparison of Machine Vision Connectivity Standards

CoaXPress Camera Link | GigE Vision 1.x | USB3.0 | GigE Vision 2.x | Camera Link HS
Single-Link Speed 6.25 Gb/s 2 Gb/s 1 Gb/s 5 Gb/s Up to 10 Gb/s 3.125 Gb/s
. (Base, 1 cable) .
. N * 6.25 Gb/s 5.5 Gb/s 2 Gb/s 20/40 Gb/s 2N * 3.125 Gb/s
Maximum Speed (N cables) | (Deka, 2 cables) (LAG) 5 Gb/s (2/4 LAG) (N cables)
Low to High Medium to High
Cost (Frame Grabber | (Frame Grabber Medium Low Medium/High Medium
required) required)
Complexity Low Low High Medium High Medium
Complex
. . Custom ’ Cat-6,
Cabling Coaxial multi-core Cat-6 mass- optical fiber CX-4
produced
Maximum Length 100m/50m 10m/7m 100m 3m Fiber 20 km+ 15m, fiber 300m+
. CRC, 8B/10B, CRC, 8B/10B or
Data Integrity CRC, 8B/10B None Resend CRC 64B/66B, Resend CRC, Resend
Yes, based on
Real Time Trigger Yes, =4 ns Yes No No IEEE1588 No
(>25 ns)

The remainder of this white paper focuses on these new, higher-bandwidth technologies.

Xilinx already possesses technology that provides in excess of 28G per transmit/receive wire pair
with Virtex®-7 devices. These can be combined to provide super-high bandwidth links of 100 Gb/s.
Such technology is currently aimed at the very high end of applications, but it is likely to become
more mainstream as the technology matures and new generations of Xilinx all-programmable
devices are introduced into the market.

10G+ Technologies: High-Performance Vision Systems

Technologies such as CoaXPress and GigE Vision 2.x at 10 Gb/s (abbreviated to 10G GigE Vision)
have been described already as available options for addressing high-bandwidth needs. Alternative
solutions are considered next, along with the possible concerns of trying to scale up to higher
bandwidth from what these technologies easily allow. For example, it is possible to use link
aggregation (LAG) within the GigE Vision standard to combine 1G links together to produce a

2G link, but scaling above that level would prove to be difficult for designers.

Without high-speed communication links, such as CXP and 10GE Vision, system designers are
forced to transfer the image over many more links to get the required throughput, thus creating
further challenges and considerations, as summarized in Table 2.
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Table 2: Using Multiple Links to Attain High Throughput

Multiple-Link Downside Factors Reasons/ Implications
Decreased reliability More mechanical connections and cables
Increased power consumption More transmitters in the system

Increased interconnection complexity

Increased installation complexity

- - More cabling, connectors, and handling
Increased LAG design complexity

Increased component cost

Frame grabber with more ports needed, or move

Increased frame grabber complexity away from standard Ethernet NIC (GigE Vision)

Decreased scalability Reduced link bandwidth headroom left over

Designers requiring high-throughput rates in their machine vision equipment find that systems
such as such as CXP and 10GE Vision meet the needs of high-bandwidth video transfer without the
complexity and cost of multiple cables and connectors, and can support a platform that is easily
adapted and scaled to meet rapidly changing market requirements. Due to the continuing rise in
pixel rate demands, it is important to design such systems with an element of “future proofing.” For
example, CXP offers support for adding additional links to support 25 Gb/s (even in a single hybrid
cable), and 10 GigE Vision allows for dual-port LAG.

Furthermore, to simplify the integration (and lower the cost) of 10 GigE Vision, the Xilinx Kintex®-7
and Virtex-7 families support direct connection to SFP+/CFP fiber optic modules using Xilinx's
10GBase-R IP block.

These technologies have reduced pre-processing requirements at the camera, and images can be
transmitted without complex image processing needed to reduce bandwidth. All image processing
can be handled in the frame grabber/PC, thus reducing the footprint of the overall system.

Example Systems with 10G+ Technology

The figures in this section illustrate how example systems benefit from the available high-speed

technologies that are described in this white paper. Such systems are realized with Xilinx 7 series
All Programmable technologies; they are readily available from S2I for technology evaluation and
include licensed IP building blocks or full product implementation through Design Services.

Xilinx 7 Series Families

Xilinx 7 series All Programmable technologies address the scalable needs of high-performance
systems with a range of devices that can be used to produce a flexible platform with IP and function
portability between different camera types. Xilinx addresses the need for low-cost systems with the
Artix®-7 family of devices, scalable to the high-performance Kintex-7 family, and even up to the
Virtex-7 family for the very highest level of performance and integration — for example, 100G.
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The Artix-7 Family

http://www.xilinx.com/products/silicon-devices/fpga/artix-7/index.htm

Key features:

The Artix-7 family is the first to provide low-end FPGAs with high-speed serial connectivity as a
standard feature on all the family’s devices, from the smallest to the largest. With transceiver
support for 6.6 Gb/s, the devices are well suited for low-cost cameras, including CoaXPress and
low-cost frame grabbers supporting up to 12 channels, where 4 transceiver channels can be used
in conjunction with the hard PCI Express® block to provide PCle Gen2 connectivity.

Offering the lowest power of the 7 series family with integrated temperature- and power-rail
monitoring and an in-built System Monitor function, the Artix-7 family is an ideal choice for
power-challenged designers of machine vision cameras.

With high-performance logic that can be easily clocked in excess of 30% faster than Spartan®-6
devices, the Artix-7 family offers a wide range of logic resources for most designs, ranging from
35K logic cells (LCs) to 200K LCs.

The Kintex-7 Family

http://www.xilinx.com/products/silicon-devices/fpga/kintex-7/index.htm

Key features:

The Kintex-7 family is ideally suited for high-performance (Virtex-6 device class) frame-grabber
solutions for CoaXPress and Camera Link implementations. Kintex-7 devices deliver the best
cost-to-performance ratio, supporting up to 478K LCs. A peak DSP performance of 2,845 GMAC/s
provides the designer with extensive vision-processing performance, and on-chip memory of up to
34 Mb assists with intensive DSP processing and low-latency buffering.

The low-power HLP 28 nm process used in manufacture of Kintex-7 devices means that it is well
suited to provide a platform for the highest performance high-bandwidth cameras; its serial
connectivity of up to 32 transceivers at 12.5 Gb/s provides solid, high-end connectivity support for
camera interfacing and frame-grabber receiver links, as well as PCle support to Gen2 x8 with
hardened, power-optimized layer 2 functionality.

The Virtex-7 Family

http://www.xilinx.com/products/silicon-devices/fpga/virtex-7/index.htm

Key features:

Virtex-7 FPGAs contain up to 2 million logic cells and provide more than 5TMACS DSP throughput,
providing the highest vision-processing level for Smart Video applications. These resources enable
massively parallel data processing architectures that can perform more work with each clock cycle.
With up to 88 advanced serial transceivers, Virtex-7 FPGAs can be utilized to provide more than
4 Tb/s of serial bandwidth.
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With the highest performance transceivers in FPGA technology at the 28 nm node, up to 28 Gb/s,
this family can support advanced 100G Ethernet solutions with minimal footprint and board space
with advanced optical transceivers.

Up to 16 lanes of integrated PCle Gen3 provides the components needed to create
high-performance frame grabbers.

CoaXPress (CXP) and 10G+ Systems

CoaXPress (CXP) is an asymmetric high-speed, point-to-point serial communication standard for
transmitting video and still images over RG59-type 75Q coaxial cable (with a lower-speed control
channel on the uplink). Originally specified by a consortium of camera and frame-grabber vendors,
it was adopted, and is now maintained by the Japan Industrial Imaging Association (JIIA). It has
been approved as an international standard through joint approval by the Automated Imaging
Association (AIA), European Machine Vision Association (EMVA), and JIIA.

CXP delivers advantages (e.g., greater bandwidth) over competitive technologies, while addressing
other vital requirements such as reach, determinism, robustness, ease of upgrade, low complexity,
and low cost.

Figure 2 illustrates the main building blocks of a CXP system.
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Source: Microchip Technologies WP453 02 061814

Figure 2: CXP Single-Connection Detail

Previously, Camera Link has provided the most bandwidth (850 MB/s, 10 tap mode). As sensor
technology continues to evolve, however, this data bandwidth is unlikely to be sufficient for the
new generation of larger and faster image sensors.

Camera Link is often criticized for having a maximum cable length (without the added burden of
repeaters) of only 10m. This distance cannot be supported even at the maximum operating speed
of 85 MHz. CXP, on the other hand, uses coaxial cabling and new transceiver technology to cover
distances over 100 meters without the need for repeaters.

Gigabit Ethernet (used by GigE Vision) has a cable range similar to that of CXP, but it lacks the low
latency and low jitter-trigger characteristics of CXP. These characteristics are required for
applications that demand deterministic image capture and camera control.
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The real achievable link distance depends on:

e The desired link rate
e The cable size (diameter)

e The manufacturer of the cable

Eqcologic, supplier of the PHY (EQCO62T20/R20), provides an extensive overview of the different
combinations at http://www.eqcologic.com/products2.asp?title=EQCO62T/R20&PID=8.

Such systems are available using Xilinx 7 series FPGA technology. Figure 3 shows an example of
what can be integrated into an Artix-7T device. The diagram to the right depicts what goes in the
FPGA in terms of building blocks (HDL).

HDL Building Blocks

Sensor
. . CXP (4 Lanes
Artix-7T FPGA (with X6 2(5 Gb/s) )
Integrated GTP Transceivers '
g ) = 25 Gb/s Total VHDL Top Level
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Micr)éllg{;xzew o Memory Controller CPU
Embedded XX Glue CXP Packet or
CCD I/F Processor oo :,|> Logic Composer \g'(')?eL
& ISP XX CXP Packet Interface | Interface
caco :: > Prioritization and
CXPTXIP e 5 Transceivers
4 MP, 75 f/s (GTPs) oAE—>
Imager I
Eqcologic CXP PHY
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Figure 3: 4-Lane CXP Camera Using Eqcologic PHY Implemented on an Artix-7T FPGA and
IP Package from S2I

When designing high-performance cameras, engineers can be faced with challenges concerning

issues of:
e Power
e Space

e Scalability/flexibility
e Memory interface performance

e Cost
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Key features in the low-cost Xilinx Artix-7T FPGAs address these challenges:

e Low-power, highly integrated system

o Implementation of 32-bit RISC soft controller (Xilinx MicroBlaze™ embedded processor),
image signal processing blocks, and imager interfacing in one device

o Maximum power provided over CXP cable is 13W (but camera manufacturers are trying to
stay below 3W). Xilinx Artix-7T devices help achieve this by leveraging the latest low-power
28 nm technology

o XADC (AMS) System Monitor tracks PCB voltages and temperature for high reliability
e Scalability/Flexibility

o Due to the extensive I/O capabilities of the Artix-7 family, it is possible to interface to a
wide variety of imager types (CCD, CMOS) with a variety of interface standards (LVDS,
MIPI-CSI-2)

e Performance

o Multiple memory interface support (DDR2/3 up to 1,066 Mb/s), as needed, for buffering
and image processing

o Integrated high-speed transceivers (GTPs), up to 6.6 Gb/s per lane
— Highest-performance transceivers in a low-end FPGA family
— Interface to the CXP Eqcologic PHY

— CXP Tx core optimized for FPGA resources (see Table 3)
available from S2I

Table 3: Artix-7 Device Resource Table, S21 Implementation:
CXP Camera Supporting Two Lanes at 6.25 Gb/s (CXP6)

Target o o 18 Kb
Device Yo LUTs Yo FFs DSP48 Block RAMs
XC7A200T 3% 1% 0 11
Notes:

1. This design includes a MicroBlaze processor.

CXP IP for the transmit (Tx) function, normally a camera, is available today from S2I, supporting the
functional blocks called for by the machine vision standard. This implementation is optimized for
Xilinx technology, providing high performance while using minimal programmable logic resources.
The main functional blocks are shown in Figure 4.
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Figure 4: Block Diagram of CXP Tx IP

Such a two-channel design can provide some additional advantages in terms of effective,
high-speed camera design. The effective throughput for a two-channel CXP6 solution is about
9.5 Gb/s while operating at around 200 mW of interface power.

The CXP connectivity footprint is highly optimized for board space and cost. The physical interface
can be supported in a PCB space envelope of around 2 cm x 1 cm; in comparison, an optical
Ethernet solution using an SFP+ module cage requires a PCB space envelope of around
3cmx1cm.

To get a system view from the hardware perspective, the CXP link's frame grabber (Rx) must be
considered. Typical frame grabbers support multiple camera connections and require very high
bandwidths; therefore, they are likely to require an FPGA family offering higher levels of
performance. Xilinx Kintex-7 FPGAs offer designers a highly integrated, low-power solution with
support for:

e Up to 32 transceiver inputs

e Multiple very-high-bandwidth memory controllers at 1,866 Mb/s

e PCle Gen2 x8 integrated block for high-speed PC connectivity

See Figure 5.
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Figure 5: CXP System Block Diagram with 7 Series
As with the Tx IP S2I support, a CXP receiver IP block (Rx) can be implemented in a single- or

multi-channel configuration, with the latter being more typical in a frame-grabber implementation.
Figure 6 details the main functional blocks in the Rx IP. See Table 4 for device resource information.
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Figure 6: CXP Rx IP Block Diagram
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Table 4: Kintex-7 Device Resource Table, S21 Implementation:
CXP Receiver Supporting Four Lanes at 6.25 Gb/s (CXP6)

Target o o 36 Kb
Device Yo LUTs Yo FFs DSpP48 Block RAMs
XC7K325T 2% 1% 0 17 (3%)
Notes:

1. Resource estimation is only for the interface IP.

Given the functionality provided by the hardware blocks, the design must be supported with the
necessary software components. CoaXPress allows easy interfacing between cameras and frame
grabbers because the protocol is well defined and supports the GeniCam software standard. The
GeniCam software standard is already well established for connectivity standards such as GigE
Vision, Camera Link, etc. It is independent of the physical connectivity layer, and therefore makes it
much easier for camera designers to swap between different connectivity standards.

Figure 7 shows an example of the software components required to provide full system support (Tx
and Rx) for CXP. The component diagram is based on a PC frame grabber (Rx); the blocks shown are
available from S2I as part of their portfolio of CXP offerings for Xilinx 7 series technology.

Optical/Mechanical System
CCD/CMOS Design

Camera

Pixel Processing

CXP TX Interface

|

CXP RX Interface

S21 CXP TX Offer, Certified Reference Design

Frame Grabber Memory Controller

S21 CXP RX Offer, Reference Design
PCle Interface

|

Kernel Driver
Grabber GenCP/TL Interface
PC Software Application GenCP/TL IF

A

. S21 Core Solution
Image Processing

User Applications System Block
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Figure 7: CXP System Software Components from S2I
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GigE Vision and 10G+ Systems

Ethernet-based systems are becoming commonplace in many market areas due to their high
scalability (10 Mb/s to 100 Gb/s) and economies of scale, which help drive down cost. Machine
vision is another industry that has been quick to leverage the advantages of Ethernet-based
technology.

10G GigE Vision, a part of GEV2.x, is now supporting any bit rate and cabling/bundling technique
supported by Ethernet standards. It presents thereby an excellent opportunity for the industry to
piggyback on both established and emerging communication technologies, while maintaining
strict conformance to the GeniCam software standard across required camera ranges.

One distinct additional advantage of Ethernet-based systems: they typically do not demand a frame
grabber card at the PC; a standard Ethernet NIC card and cabling can be used in most cases. This
means that the Rx part of the vision link provides a significant cost advantage. The Tx section, of

course, must still be designed as a necessarily costlier module, because optical systems for 10G and
above still command a premium over legacy Gigabit Ethernet PHY solutions.

High-performance 10 GigE Vision cameras can be implemented on the Xilinx Kintex-7 family. This
FPGA family provides the ideal platform for designs requiring both very-high-performance FPGA
fabric (in excess of 400 MHz) and high-speed transceiver support that allow direct connectivity to
fiber-optic SFP+ modules.

Key features of the high-performance, cost-optimized FPGAs in the Kintex-7 family address the
designer's challenges:
e Low-power, highly integrated system

o Implementation of one or more 32-bit RISC soft controllers (MicroBlaze CPUs), image
signal processing blocks, and imager interfacing in one device

o Provide camera manufacturers a solution that stays within Power over Ethernet (PoE)
budgets. Kintex-7 family achieves this by leveraging the latest 28 nm low-power
technology while providing high-end FPGA performance

o XADC (AMS) System Monitor tracks PCB voltages and temperature for high reliability

o The 10 GigE Vision IP core (available from S2I) is optimized in terms of FPGA resources.
See Table 5 for further details

e Scalability/Flexibility

o Due to the extensive I/O capabilities of the Kintex-7 family, it is possible to interface to a
wide variety of imager types (CCD, CMOS) with a variety of interface standards (LVDS,
MIPI-CSI-2)
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e Performance

o Multiple memory interface support (DDR2/3 up to 1,866 Mb/s), as needed, for buffering
and image processing

o Integrated high speed transceivers (GTXs), up to 12.5 Gb/s per lane
— Highest performance transceivers in a mid-range FPGA family

— Direct connection to SFP+ fiber module, removing the need for external XAUI to SFP+
PHY

— CXP Tx core optimized for FPGA resources (see Table 5)
available from S2I

Table 5: Kintex-7 Device Resource Table, S21 Implementation:
10G GigE Vision Camera

Target o o 18 Kb
Device Yo LUTs Yo FFs DSpP48 Block RAMs
XC7K325T 15% 8% 0] 17

Note: This design may appear larger than an equivalent CXP design. However, the current design
contains a soft RISC CPU (MicroBlaze embedded processor and ARM AXI bus infrastructure)
implemented to run the basic Ethernet protocols like ARP, DHCP, and the GEV Control Protocol.
With no additional FPGA resources, this soft RISC CPU can be easily extended with FTP and WWW
servers under Xilinx PetaLogix Linux. Such an implementation leverages the desirable benefits of an
Ethernet-based standard system, including the hardware and software components necessary for
seamless integration of video streaming with standard Ethernet functionality at bandwidths greater
than 1 GB/s.

When looking at this example for a 10 GE Vision camera, it can be seen that a high-performance

solution can be easily implemented, leveraging standard Ethernet physical-layer components over
a single fiber. Such components are commonplace in the world of communication networking, and
as such can be purchased at a reasonably low cost (e.g., 10G SFP fiber module and pluggable cage).

The main advantages of adopting Ethernet as the communication medium are:

e Off-the-shelf 10G NIC can be used, so no frame grabber is required

e Multi-mode fiber is both robust in high-noise environments and cost-effective over long
distances

e Kintex-7T FPGA's embedded transceivers connect directly to SFP+ modules with no additional
PHY

These are important considerations when balancing up the pros and cons of adopted technology
for high-speed machine vision systems.

The Xilinx and S2I complete hardware-and-software platform, which meets the industry standard
for machine vision systems, can be seen in Figure 8.
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GigE Vision Camera System and S21 Components

Optical/Mechanical System
CCD/CMOS Design

Camera FPGA

S2| GigE Tx Offer includes SPHINX Viewer

Pixel Processin
J and Certified Reference Design

GigE Tx Interface -

Driver Network Card
S2| DLL Source Offer

TCP/IP Stack Filter Driver -
SPHINX GigE DLL
S2| GenTL Source Offer
PC Software SPHINX Viewer SPHINX GenTL (GigE) -

Image Processing GenTL

S2| Core Solution

Image Processing Library

User Application System Block
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Figure 8: 10G GigE Vision System Software and Hardware Components from S2I

High-Performance 10G+ System Using Zynq-7000 SoC

In non-PC applications requiring high-bandwidth image processing support — e.g., Embedded
Compact Vision Systems (CVS) — the overall system power can be dramatically reduced by
removing the PC and replacing it with dedicated embedded modules highly customized to the
application. The Xilinx Zyng-7000 All Programmable SoC family can be used in such applications.

A block diagram of the Zyng-7000 All Programmable SoC is shown in Figure 9.
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Figure 9: Xilinx Zynq-7000 All Programmable SoC Block Diagram
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For embedded applications, Xilinx has introduced the new Zynqg-7000 family, a high-performance
processing/analytical platform that supports:

e Upto1l GHz ARM Dual Cortex-A9 processor system (PS) with hardened peripherals very tightly
coupled to the 28 nm class of FPGA programmable logic (PL) fabric. Both Artix-7 and Kintex-7
performance are supported in the FPGA, as well as pin compatibility and scalability between
the two

e A Linux-based symmetrical (SMP) or asymmetrical (AMP) multiprocessing system, with support
for MVTec's powerful machine vision library HALCON, is available. This platform can also be
combined with Silicon Software's Visual Applets tool flow to allow software engineers to target
their vision-base algorithms into the FPGA fabric at levels of performance (hardware
acceleration) beyond that of conventional DSPs and microprocessors

e High-performance transceivers for CoaXPress or 10GE Vision embedded frame grabbing
e High-speed DDR2/3 memory support in the PS and PL:

o Up to 32-bit 1,333 Mb/s DDR3 in PS

o Up to 128-bit, 1,866 Mb/s in PL

e Additionally, industrial Ethernet support may be needed for systems integrating
high-performance vision systems and industrial networking in automation systems. Xilinx SoC
technology can be used to support multi-standard industrial networking protocols in a
single-chip integrated solution: e.g., EtherCAT, PROFINET, Ethernet Powerlink.
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The availability of the MVTec HALCON machine vision library on the Zyng-7000 platform means
that one of the market’s most powerful and established machine vision software libraries can be
integrated into a powerful and flexible embedded system, as shown in Figure 10. With
performance being critical in such systems, the ability to accelerate machine vision preprocessing
in the PL of the Zyng-7000 SoC using Silicon Software's Visual Applets tool means that a new level
of embedded performance can be realized.

Static Memory Dynamic Memory
) _Prosessing System | Sonteler © | | Contigler,
/Serial NAND, NOR LPDDR2
- - Temp/Voltage
_AMBA® Switches | JAMBA® Switches|
Syster_n_ 2x SPI AMBA® Switches | |AMBA® Switches Management
Connectivity 2x 12C (XADC)
Flash 2N
Moo || N o and systam sotup) |~
USB2 4—1 GPIO %" System Management Cﬁzgiriatiggic
Linux SMP (Network stack
PHY ]" -~ ( ’
GIGE > Ei’éUDSI\/?A%" ~ Tl
PHY-2 X G | | Machine Vision
\Mh \( Analytics Software )
AXI-4 Lite Linux SMP
AXI-4 —— -
Stream S
AXI-4 T !
Camera Image Processing Stream
Inputs and Acceleration s (=° !'
Graphicsl FPGA
Design Tool-Visual Applets
HMI/Graphics VC';’LT

' DDR3 '

Figure 10: Zyng-7000 Platform CVS incorporating HALCON and Visual Applets
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Xilinx has demonstrated high-performance systems of this kind at industry shows, and a video can
be seen on this YouTube page (http://www.youtube.com/watch?v=vyBfKvis2lY) that showcases
accelerated vision processing with visual applets and HALCON beyond 90 f/s with a machine vision
part inspection application. This demonstration proves the powerful combination of closely
coupled programmable logic with the dual ARM Cortex-A9 processing system through accelerating
image processing by approximately 20x over processor-only based approaches.

Summary

The rapidly growing demands for high-performance machine vision systems are pushing design
engineers of cameras and frame grabbers to look for new, efficient, cost-effective ways to realize
high-bandwidth connectivity and processing.
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The Xilinx 7 series All Programmable device families have solutions in partnership with S2I, offering
10G+ solutions ready for production implementations that satisfy these market needs.

The solutions highlighted in this paper offer options to machine vision designers for
high-bandwidth systems, allowing them to weigh up the choice of technology in terms of cost,
space, and power consumption.

Such system solutions can be offered in IP block format or as a turn-key solution from Xilinx
Alliance partner S2I.

Please contact Xilinx for further information and queries.
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Disclaimer

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx
products. To the maximum extent permitted by applicable law: (1) Materials are made available "AS IS" and with all faults,
Xilinx hereby DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT
LIMITED TO WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE;
and (2) Xilinx shall not be liable (whether in contract or tort, including negligence, or under any other theory of liability)
for any loss or damage of any kind or nature related to, arising under, or in connection with, the Materials (including your
use of the Materials), including for any direct, indirect, special, incidental, or consequential loss or damage (including loss
of data, profits, goodwill, or any type of loss or damage suffered as a result of any action brought by a third party) even
if such damage or loss was reasonably foreseeable or Xilinx had been advised of the possibility of the same. Xilinx
assumes no obligation to correct any errors contained in the Materials or to notify you of updates to the Materials or to
product specifications. You may not reproduce, modify, distribute, or publicly display the Materials without prior written
consent. Certain products are subject to the terms and conditions of Xilinx's limited warranty, please refer to Xilinx's
Terms of Sale which can be viewed at http://www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and
support terms contained in a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe
or for use in any application requiring fail-safe performance; you assume sole risk and liability for use of Xilinx products
in such critical applications, please refer to Xilinx's Terms of Sale which can be viewed at http://www.xilinx.com/

legal.htm#tos.

Automotive Applications Disclaimer

XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE, OR FOR USE IN ANY APPLICATION REQUIRING
FAIL-SAFE PERFORMANCE, SUCH AS APPLICATIONS RELATED TO: (I) THE DEPLOYMENT OF AIRBAGS, (II) CONTROL OF A
VEHICLE, UNLESS THERE IS A FAIL-SAFE OR REDUNDANCY FEATURE (WHICH DOES NOT INCLUDE USE OF SOFTWARE IN
THE XILINX DEVICE TO IMPLEMENT THE REDUNDANCY) AND A WARNING SIGNAL UPON FAILURE TO THE OPERATOR, OR
(IIf) USES THAT COULD LEAD TO DEATH OR PERSONAL INJURY. CUSTOMER ASSUMES THE SOLE RISK AND LIABILITY OF
ANY USE OF XILINX PRODUCTS IN SUCH APPLICATIONS.

WP453 (v1.0) July 13, 2014 www.xilinx.com 18



http://www.xilinx.com
http://www.xilinx.com/legal.htm#tos
http://www.xilinx.com/legal.htm#tos
http://www.xilinx.com/legal.htm#tos
http://www.xilinx.com/applications/industrial/machine-vision.html

	Introduction
	Established Connectivity Solutions for Machine Vision Systems
	10G+ Technologies: High-Performance Vision Systems
	Example Systems with 10G+ Technology
	Xilinx 7 Series Families
	The Artix-7 Family
	The Kintex-7 Family
	The Virtex-7 Family

	CoaXPress (CXP) and 10G+ Systems

	GigE Vision and 10G+ Systems
	High-Performance 10G+ System Using Zynq-7000 SoC
	Summary
	Revision History
	Disclaimer
	Automotive Applications Disclaimer


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


