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Abstract—The paper presents a prototype of Image Acquisition

Module (IAM) dedicated for plasma monitoring. The canplete Il.  GENERAL SYSTEM ARCHITECTURE
frame grabber together with camera controller, timing and

communication interfaces is fitted in one Advancedvlezzanine A. High-throughput Image Acquisition System

Card (AMC) to maintain compatibility with the Micro To fulfill the scalability requirement, the systesmall have
Telecommunications Computing Architecture (WTCA) standard. modular construction. This paper focuses on usiteyAMC
standard as the base for Image Acquisition Modé®]. The
compliance with AMC standard helps to ensure high
Reliability, Accessibility and Serviceability (RASY the final
[. INTRODUCTION device. Such a module may interface with virtualhy pTCA
The Micro-Telecommunication Computing Equipmentcrate or ATCA carrier blade. The communicatiortwiite host
(UTCA) and Advanced Telecommunication ComputingSystem relies on the high-speed serial connectivitie
Architecture (ATCA) standards (referred to as xTCape example AMC module is shown in the Figure 1.

gradually gaining popularity in the industrial canitsystems. The IAM has to interface one or more video cameras.
The number of compatible COTS Advanced Mezzaninel Ca Considering the multi-gigabit video streams and the

(AMC) modules increases every year but there i afi  connectivity available for AMC module it is justfi to acquire
important gap on the market. Currently there ar@igb-speed 515 from a single camera at a time. The Camerahas been
video acquisition cards available. The machineoviplays an  gejected as the video transmission interface. dthgcome an
important role in many industrial processes, hetmeeeffort 4 strial standard for the low-distance high-thyioput raw
was taken to develop an AMC module offering posghhio  yigeo transmission. It is relatively easy to be liemgented in
interface high-speed high-resolution cameras. hardware, an off-the-shelf chipset is commerciallailable.

Most Image Acquisition Systems (IAS) have to bedatle ~ The extended link provides throughputs up to 6.8} and
by design. Consider, for instance, the ITER themctenr allows for cable length up to 10 meters.

reactor Instrumentation and Control (I&C) syster. i$ For a reliable transmission over larger distanbesvideo
supposed to include about 20 video cameras Witinera (a3 has to be captured and encapsulated in frafggher-
sampling frequencies of 1 kHz and approximately #8h-  |eve| data transmission protocol like Gigabit Etfesr or

resolution imaging devices providing data with tighput  pcy Express. This defines the main task of theriteest 1AM,
reaching almost 7 Gb/s [1]. Extending system by camera

shall require as small changes to the existin@gtfucture as it
is only possible.

Keywords—image acquisition, frame grabber, mtca, utca, amc

Figure 1. Commercial FMC carrier module compliant with AMC standard



B. Camera and Its Interface

The two types of fast cameras are available omtheket.
First type has an internal storage and offers hipleed
recording to its own RAM memory. These devicesuamaally
capable of storing up to 32 GB of video stream #@ath make
it available through some general purpose commtiaita
interface. Assuming resolution of 3 Mpx at the feanate of
1000 FPS the memory can store only 11 secondgofdiag.

The second type of camera provides whole videastre
with latency kept as small as possible. The r@aétoperation
is a fundamental requirement for plasma monitohiegce only
this type of camera will be further considered. Ewailable
sensor resolutions are currently of the order oftol 5
megapixels with 8 to 10 bits per pixel. The sanplspeed
varies largely, but in most cases it is naturalyited by the
throughput of the communication interface. The ienagnsor
is usually sensitive to light in the spectral randeisible light
or infrared. Several companies specialize alstiénuttraviolet
and X-ray wavelengths, but these devices are mamhspeed
specialized sensors.

The following communication standards are oftenduise
high-throughput machine vision systems:

» GigE Vision (up to 1 Gb/s)
« IEEE 1394 (up to 3.4 Gb/s)
e USB 3.0 (up to 5 Gh/s)

» Camera Link (6.8 Gb/s)

The Camera Link data transmission standard is hémee
only choice for the top-notch video cameras.

C. AMC Framegrabber Card

There are no COTS video acquisition modules witm&a
Link dedicated for the XTCA available. Neverthe|ebere is
an option to construct such a solution without hgwio design
it from scratch. The AMC card can be an universavier
board for other extension modules. The FPGA Mezmaiard
(FMC) standard addresses this need. The AMC / F\d@uies
provide board with an FPGA circuit together with nya
supporting blocks, like memory banks or clockinggits.

The commercially available carrier modules offelirki or
Altera FPGA circuit. Considering Xilinx devicesgtiVirtex-5,
Spartan-6 and recently Virtex-6 are mainly usede Bbbards
offer a variety of communication standards. The thaosnmon
options are Gigabit Ethernet, PCI Express and SAThe
actual number of links of each type is dependenpanticular
board design and availability of high-speed comrmaiidbn
interfaces in particular FPGA device.

low deterministic latency render it a convenienluson for
implementing fast FIFO queues [2].

The plain FMC carriers are generally not able tquae any
data from the outside world. This functionality hts be
provided by the small overlay modules. The FMC gjmation
defines two types of connectors. A High-Pin CourPC)
400-pin connector is capable of passing up to lii@rential
user-defined signals, several clocks and referamdtages.
Optionally a Low-Pin Count (LPC) connector may sed It
has the same dimensions as HPC connector butauniyofit of
ten contact rows are populated [5].

Integre Technologies developed an FMC module wame€ra
Link interface. The FMC-200 board, shown in Fig@ewas
selected for the prototype system.

Figure 2. Commercial Camera Link FMC module

I1l.  IMAGE ACQUISITION MODULE

A. SystemUsage

The IAS system described in the paper is dedicéed
observing the plasma in the toroidal thermonucteactor. Its
task is to detect visible plasma instabilities gmdvide a
detailed visual log of any unexpected event in thactor
chamber. The module will be further used for evéhga
implementations of the lossless video compressimhfeature
extraction algorithms.

B. High-Speed Camera

The developed IAS system uses Mikrotron MC3010

(grayscale) or MC3011 (color) camera shown in Fegwr The
device is capable of capturing frames of maximusolgion
of 1696 x 1710 at the rate of 285 frames per se¢8hdlrhe
user can reduce its region of interest increadiegfiame rate

The boards usually provide SDRAM memory with DDR2up to 180 000 frames per second. The camera isbleapé

or DDR3 interface, well suited for supporting emtbed
processor designs and for use as general purptsduaffers.

generating data streams reaching 6.6 Gb/s. The ata
serialized over 15 pairs of Camera Link interfagth\the ratio

Several boards offer memory expansion by use of thef 7:1 and sent to host together with 3 independiuks and
SODIMM memory modules. The QDR SRAM memory is lesscontrol signals.

common due to its high price per megabyte and lapacity.
Nevertheless it does not require refresh cycles sumports
simultaneous read and write operations. Higher Wattd and



updated in the camera and in the FMC-200 modulé,thm
deserializers implemented in TAMC631 remain uncleang
The FMC-AMC link parameters do not change during th
switch hence the error probably appears earlidrérdata path.
If it were caused by wrong routing or errors in TEM31
firmware it should be always observed at the samagarels.

Second evidence is that the errors presence isxdepteon
the camera pixel clock. The FMC to carrier boarttriiace
operates at constant bit rate. Its timing is indejeat of the
camera to FMC link frequency, therefore this linkosld
operate identically despite the change.

The FMC-200 also provides basic UART functionafiby
controlling the camera. This interface is only asigle by the
module internal registers. The implemented cordgrotiannot
Figure 3. Mikrotron MC3010/MC3011 camera be bypassed, so the host system is forced to atuissanit,
even if it contains native UART interfaces — whishthe case
with MicroBlaze-based system.

C. Camera-Link Interface Module

The FMC-200 from Integre Technologies is the oG-
module with Camera Link interface that is currerithailable  p  pata Acquisition Module

commercially. The module first captures high-speiego data The TEWS Technologies TAMC631-12R board was

from three links composed of four serial data liaesl clock lected EMC . dule. It off tan-6
signal. Then it provides a bit permutation to gerenintuitive IS:?D?;A\e as %t cglrner r];no u (te. L otfers ?]_rr;]mﬁegrardar; _
data representation and finally serializes the dai@n using circuit - capaple of capluning a —high-speea aserl
- . transmission from FMC-200. The board is equippetth \two
clock frequency of about 86 MHz. The video streasn i banks of DDR3 128 MB . Th - DR
transmitted farther using 11 links with serialipatiratio of 8:1 anks o . memory (. : each). ere is no Q
memory available. The majority of local clocks yided by

with bit clock of 668 MHz. The module provides a f th : | fi ble int ted olock Th
configuration registers through legacy parallel eiface e universal configurable integrated clock germgratine
module block diagram is shown in Figure 5.

(address bus, data bus, strobes).

The module simplifies the data capture process, by & Module
synchronizing data arriving from all the three ais. In case  [§ Managefent =
of cooperation with MC3010 camera this interfacerkso 5 Cg) )
properly only up to the frequency of 70 MHz. Thest¢e |2 — Used for GbE m
performed in the 75 MHz to 85 MHz frequency rangdidated ég < MG Tlnkto ports 0.1 > c§'
presence of errors on one or more links to theieraboard. llias) May be used for PCle o
There are two evidences for this problem to betedlao the  [8 3 < L SISDRERE > e
link between camera and FMC-200. ; g 3
& Q
&2 ‘ Power §
In the 8x8 made errors 5 Supply
( are seen on one link ) 2
semmmmeecenenens In the 10x8 mode errors Figure 5. TAMC631 block diagram
FMC-200: are mainly on another link
E The chosen FPGA circuit offers only four multi-digia
1 links. One of them is connected to the FMC slateat to the
W | ° AMC connector. Two links are provided on the AMCrgsa0
Q i o and 1 and may be used for Gigabit Ethernet connsctiFor
g o 11 serial links backward compatibility reasons only one of themsded in the
N ' o . i lirat] prototype system. The board offers one link on A&t 4,
Q : o 81 serialization which may be used to establish a PCI Express xhemiion.
E CLK The board is supervised by the Module Management
' f=86 MHz. f = const Controller (MMC), according to the requirementstiond AMC
---------------- ’ ’ standard. The MMC circuit monitors the voltagesrrents,

temperatures and provides the hot-swap functignatiis also
responsible for identifying the FMC module and colting the
voltages provided to the overlay. Although the MM€&:med

The errors concentrate on different FMC-200 datgputu  Operating properly, it was unable to initialize fiC module.
channels depending on the serialization configomasielected The solution was to override the power requiremesitings
— see Figure 4 for reference. During the test tmdiguration is  manually through the Intelligent Platform Managetrigus.

Figure 4. Errors seen at the FMC module output



IV. MODULE FIRMWARE

A. Overview

The FPGA firmware prepared for IAM is divided irfur
major components: data write path, memory controliata
read path and embedded microcontroller unit.
component is composed of smaller functional modidbewn
in the block diagram in the Figure 6.

Every of the major blocks is constrained to be gdam a
distinct FPGA circuit area to avoid timing problerfisie clock
domains are not crossing the block boundary, unig not
absolutely necessary. The hardware debugging silpeswvith
use of the integrated logic analyzers of the Chip®8dro tool.

B. Write Path

The data arrives from the FMC-200 module in thenfaf
11 channels of 8:1 serialized data together with réference
clock signal. The data is first deserialized, amehtthe start of
frame and data valid markers are extracted andgeduo the
write sequencer. Status bits are removed and timaining
bytes are aligned into the 128-bit long words. algner may
be sourced from the actual camera data streameathasbuilt-
in test data generator with six different patterns.

C. Video Frame Format

Every video frame is prepended with a header coimigia
number of 128-bit long rows (see Figure 7). Thetfirow
contains the frame signature, length of the paylbatd, count

The video data is transmitted in grayscale witht8 per pixel
in the row by row manner. At the end, the dataadded with
zeros to the next 128-bit word boundary.

Finally a 128-bit footer with 112 bits for the cksam is
provided. The video stream with headers and foager
transferred to the memory controller module.

Every

) 128 bits

.
- -

Main Header (signature, length, flags)

ID:01| Video Header (width, height, FPS)
ID:02| Time Stamp Field

Image Data...

ID:FF

Checksum Field

Figure 7. Video frame format

D. Memory Controller

The DDR3 memory interface is too slow to handle
simultaneous data read and write operations at ftiie
required throughput. For this reason, at a timey omhe
memory may be written and only one memory may la&l.re
The memory usage is governed by the memory arbiter.
utilize the available bandwidth effciently all opéons are

of provided sub-headers and header check sum. dan_ t'ben‘ormed in the burst mode, therefore a dedicaded and

following row the video frame is characterized bis i
resolution, number of frames per second and a #¥&hg

sequence number. Finally a time stamp row is apmménd

Currently it contains value of a free-running caunt
incremented by one every 50 ns. This value wiltdpdaced by
timestamp provided by dedicated synchronizationdre.

write controllers are required.

The write path sequencer is instructed by the enhbed
mirocontroller how many frames it is permitted tors in the
memory before it have to realease it. After thag, tnemory is
marked as full and is made available for the readzaule.

YWyrite path sequencer Read path sequencer
MicroBlaze
I I embedded
) microcontroller E
- Tim i Gl
3 i | | mesetmor | | €1 ]
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Figure 6. Image Acquisition System FPGA firmware bbck diagram



V. RESULTS ANDFUTURE PLANS

E. Read Path
The Ethernet module transmits the data using custop- A SystemEvaluation _
based protocol. The reliability and efficiency issared by The IAM was tested in the laboratory and was proten

data completeness test and retransmission mech§fiisthe ~ operate properly. In the test setup the moduleimsested into
module is configured through a set of Ethernet-ssibie the WTCA shelf. The data was transmitted over mtd(p_lane
registers. The firmware implements the BOOTP protoc to the CPU module located in the same shelf, tlsatfovided

client to automatically obtain IP addres. The ARBtqcol is the BOOTP service. The demonstration shown thats it

: T possible to acquire data stream from a top-notcjn-Bpeed
used to discover the MAC address of data destimdtiost. .5 1arg using an AMC module operating in HTCA crasing

The module also provides responses to the exteh®®  only off-the-shelf components. The full data stre@mp to
requests. The code employs the TriMode Ehernet MAG Gb/s) was not transmitted to the CPU module due t
hardware block available in the utilized FPGA [8]. limitation of using only single Gigabit Ethernebli For the
demonstration the frame rate was reduced to proaluut

F. Integrated Microcontroller 90% link saturation.

The embedded microcontroller system uses the MiexeB
soft-processor and provides multiple functionaditieThe B. Conclusion

processor and its peripheral are shown in the EigurThe To achieve the full video stream throughput theeml
CPU governs the module initialization and readsréwsters  communication interface has to be upgraded. Thee P@I

of Ethernet module. When a request for new condiioin is  interface, with data transmission speeds of aba@b/&, will
detected it adjusts the FMC-200 module and theovimera be used in the next revision.

to provide the selected data format. Alternativelypay switch The system latency can be significantly reduced by
the writer module to provide one of the test imadeésally it replacing the DDR3 SDRAM memory with the QDR SRAM.
sets the number of frames to store in each memuis the  The QDR memories allow for simultaneous read andewr
dynamic fields of the data headers. When the systemady it  operations, therefore there is no need of fillihg memory

starts the acquisition with the next start-of-frammarker. with preprogrammed number of frames. The data may b
stored and retrieved in parallel with almost naagis!
TAMCG31 FMC-200 ----- The FMC-200 module errors seem impossible to be
FPGA [64kBBlockRAM | i i FPGA compensated. The new FMC module with Camera Link
P interface is under development.
FMC-200
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