Long-Haul Camera

Connections

For years, there were
no off-the-shelf solutions
for carrying camera data
over long distances, and

ad hoc solutions were
clumsy at best. At last, an

alterative may be just
around the comer...

by Tom Morgan
and Jack Okabayashi

There are many scientific applica-
tions where it isn’t practical to
place a company’s computer sys-
tem at the same physical location as
cameras or other sensor sources, astron-
omy being an extreme example. In
industrial applications such as machine
vision, the point of data capture fre-
quently resides in an electrically noisy
environment, so it’s highly desirable to
ship camera output to a remote com-
puter for processing and storage.

There are, in fact, many situations
where it's advantageous to move sen-
sor data 100, 200 or 300 feet from the
work area to a computer stashed on the
other end of a production line. The
problem is that there has been no off-
the-shelf interface solution for han-
dling the long haul. Standard camera
interfaces, both legacy interfaces such
as RS5-422 and the new Camera Link
interface, have severe distance limita-
tions of well below 100 feet. 5

With that in mind, Bosque Comput-
ers is working with a new general-pur-
pose digital interface from Inova Semi-
conductors, Inc., called GigaSTaR, in
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is Bosque Computers prototype uses
R to interface a frame grabber
ed camera over a 30+
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order to build systems capable of trans-
mitting camera outputs over distances
of 500 feet and beyond.

The Bosque digital video recorder is a 6-
slot PCI system with 100 BaseT Ethernet, a
frame grabber card, timing card, display
card and RAID controller card, with a
vacant slot for other off-the-shelf or cus-
tom cards customers might wish to add.
The standard system also includes
between 60 and 140 Gbytes or so of mass
storage and a high-capacity tape backup.
It’s capable of capturing up to 500
frames/s of uncompressed data at 60
Mbytes/s, with custom versions capable of
operating considerably faster. Although
compressing sensor data can greatly
miminize the transmission and storage
burden on a system, uncompressed data
provides the greatest fidelity and the best
basis for subsequent image processing.

LOOKING FOR ALTERNATIVES
Before settling on GigaSTaR, Bosque
made an extensive investigation into trans-
mission alternatives for its remote data
recorder but discovered a lack of elegant
interface solutions for its needs. Of specific

concern among the interfaces between
cameras and frame grabbers were issues of
cable length, cable size and drive capability.

Although the Camera Link interface
has gone a long way towards providing a
viable interface standard for cameras, it is
far from pervasive, and the great variabili-
ty in non-standard camera types will con-
tinue to support a diversity of interfaces
in the market. Camera Link is a very flexi-
ble interconnect—supporting a range of
clock rates and carrying 8, 12, 16 or 24
bits of data on a single channel in what's
known as its “base” configuration. It's
also quite scalable, offering a two-chan-
nel, 48-bit mode known as the “medium”
configuration and a 3-channel, 64-bit
mode known as the “full” configuration.
At a 66 MHz clock rate, the base configura-
tion can provide transfer rates up to about
1.6 Gbits/s on a single cable and connec-
tor. The medium and full configurations
each need two cables and connectors.

For handling systems with multiple
cameras or multi-tap cameras, hoewever,
Camera Link can quickly run out of bits.
For a multi-tap camera with 4 taps at 4
bits each, the result for a two-wire differ-
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ential connection is over 30 wire con-
nections just for data, without taking
syncs, controls and other housekeeping
items into account. That's beyond the
capability of a Camera Link base config-
uration. For a camera with 12 taps at 12
bits each, the result is 288 wires mini-
mum, well beyond Camera Link's range,
Having to use multiple channels for a
camera-to-frame-grabber interface
increases the physical size of the cabling
and connecton(s). The trend in cameras is
clearly towards miniaturization, however,
and it's becoming increasingly difficult to
fit /O connectors into the available cam-
era real estate. Extra channels have a seri-
ous impact on cable size and cost to the
point that copper begins to lose its cost
advantage over optical fiber, Moreover,
even when cost and connector real estate
are not necessarily major issues, the phys-
ical inflexibility of a big cable can create
problems for placing and routing the
interconnéct where it needs to go,

GOING THE DISTANCE

A Camera Link channel takes up to 28
TTl-level signals (24 data, 4 timing} and
splits them among five sets of differential
twisted-wire pairs: four pairs for data and
one pair for a clock. Based on the
ANSITIA/ELA-644 LVDS (Low-Voltage Dif-
ferential Signaling) standard, it is a pseu-

other perturbations threatening to cor-
rupt data beyond a short haul,

The separate clock line of Camera Link
also introduces limitations, as it does with
any pseudo-serial interface, with the clock
signal degrading over distance, GigaSTaR
avoids this problem by relving on an
embedded clock. The upshot is that while
Camera Link provides high nolse immuni-
ty and signal integrity, It does so only at
distances up to about 10 meters. At that
point, additional hardware—signal
répeaters or fiber-optic converters—must
be added to a system to extend the range
of a Camera Link connection.

The downside of repeaters and con-
verters is that they increase overall
expense and require extra hardware to
be added to the system. The fiber-optic
converters add extra complexity to the
system in terms of requiring a double
conversion, from Camera Link to fiber
optic and back again, The repeaters
and converters are also typically limit-
ed in the bit width of the Camera Link
configurations they can handle and, of
course, real-time delivery of data |s
severely undercut. The degradation of
the clock signal multiplies with each
repeater, severely limiting the ultimate
distance of a pseudo-serial link.

In contrast to Camera Link, GigaSTaR
is designed from the ground up as a long-

haul interconnect, able o
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handle 35-meter links over
standard CAT 7 flexible
shielded twisted-pair cabling,
50 meters with a solid CAT
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can be deployed on fiber
optic cable to achieve dis-
tances to 500 meters using

Both serial and psewdo-senol interfoces con
supply high speeds, but the distance capabilities
of the latter tap out at about 10 meters

do-serial interface, not a true serial inter-
face like GigaSTaR, which requires just a
single twisted pair. The result is a vast dif-
ference in distance capabilities.
Pseudo-serial interconnects offer a
clear bandwidth and distance advantage
over parallel interconnects, which
quickly run into crosstalk and other sig-
nal integrity problems as cable length
grows. But the pseudo-serial approach
has its own signal integrity issues; with
signal skew, distortions, reflections and

multimode fiber and even
farthéer with single-mode fiber,

In the current generation of Inova’s
GigaSTaR transmitters and receivers,
the interconnect accepts up to 36 bits
of data on a single channel and, run-
ning at 33 MHz, provides a sustained
1.18 Ghit/s transfer rate on a single
twisted pair, A second generation of
transmitters and receivers, the Gigas-
TaR Digital Display Link with a dedicat-
ed multimedia-interface, expected to be
announced soon, is doubling that rate.

As with Camera Link, multiple
GigaSTaRk channels can be operated in
parallel to boost channel count and/or
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Line-scan cameras, area-scan Cameras,
single and multitap cameras, small- and
large-format cameras, siow and fast cam-
eras, monochrome and color cameras,
infrared cameras—there’s no end to the
diversity of industrial cameras in use
today and more than a few different
interfaces. No single interface addresses
all the different connections out there
today. And it seems that every time a
camera vendor comes out with a new
high-end model, it containg some special
interface or data format, with total disre-
gard for the interface dilemma.

Bosque is currently considering differ-
ent ways of providing a GigaSTaR inter-
face for those cameras that will ultimate-
ly be hooked into its production digital
video recorder system, in search of the
most cost-efficient approach. Ultimately,
we would hope that camera makers and
frame grabber makers integrate GigaSTaR
directly into their products. Thiz would
avoid the need to perform a double con-
version in the interconnect—such as
from Camera Link to GigaSTaR and back
again. GigaSTaR is flexible enough, how-
ever, to be used as an extension medium
for LVDS,/Camera Link and other digital
interfaces. In the short term, we are mak-
ing demo converter boards that interface
whatever comes off a camera to a small
igaSTAR module on a frame grabber,

Perhaps & small terminal box at the
end of the link would be appropriate for
interfacing a camera to Bosgue's system,
Or perhaps the best route is to provide
juzt raw cable and let the customer put
his own connector on. Most industrial
cameras have internal TTL-level outputs,
and it would make an integrator's job
much easier to interface directly to them,
rather than having to provide special ter-
minations for different cameras. It's not
the wiring of cameras but their connectors
that are so diverse: one vendor's connec-
tor has 44 pins, while another’s has 62,
still another's has 68 and so on.

But perhaps the best approach to sim-
plifying making connections between
cameras and frame grabbers would be a
modular one, This concept has, in fact,
gained some advocates, though it's not as
yet robust or widespread, A few camera
makers are starting to offer cameras with
different output moduoles for different
interfaces. And a few frame grabbers like-
wise accept different daughterboards for
different camera interfaces. There will
always be “special” cameras out there,
and a modular approach would go a long
way towards coping with that headache,

-Tom Morgan
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aggregate date rate. One hallmark of
GigaSTaR is EMI immunity so that less
expensive copper cabling can be used
in environments that previously
required optical fiber, making I
attractive for cost-sensitive applica-
tions such as machine vision.

SUBTLE ADVANTAGES

GigaSTaR also has a few more subtle
advantages over other camera intercon-
nects. While Camera Link Is DC-cou-
pled, GigaSTaR is AC-coupled, which
enables it to dalsy-chain a large number
of cameras using repeaters without
Iintroducing concerns with ground
bounce and other power perturbations,
The fact that a GigaSTaR repeater pro-
vides a completed regenerated signal,
rather than the repeated/reamplified
signal of LVDS/Camera Link, effective-
ly eliminates any jitter arising from the
cable and signal
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asynchronous data at a data rate from
zero up to the maximum 1,118 Ghits/s,
Bosque also investigated using neétwork
technology for remote data transmission.
Fibre Channel, for example, could have
easily handled the required data rates,

sources. As such, an rco
almost infinite num-
ber of repeaters can be
daisv-chained without
deteriorating the sig-
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separate clock signal degrades further at
every step of the chain. Bosque has not
implemented such a GigaSTaR daisy
chain of cameras, but such a configura-
tion would be an excellent solution for
security systems. Not yet implemented
for cameras, GigaSTaR daisy chains are in
widespread use for passenger infotain-
ment systems in public transportation
applications where up to 30 LCD moni-
tors are linked to one graphic card with
no quality degradation from the first one
in the chain to the last.

Further, the National Semiconductor
ChanneLink devices commaonly used for
Camera Link have a 20 MHz minimum
clock requirement, which introduces
complexities when slower cameras are
necded. Workarounds include adding
null data to the data stream or moving
data in on the strobe instead of the clock
and then out on a surrogate clock.
GigaSTaR, in contrast, has no such
requirement: it automatically sends
header pattern information to the
recelver and maintains link synchroniza-
tion while the user applies synchronous/

frame grobiers with @ single transmitter or
receiver, plus o fitthe gltre fogic and o back
channed for housekeeping functions,

but such approaches always require a
software protocol layer, adding latency
and complexity. GigaSTaR's proprietary
DC-balanced protocol is bullt Into
Inova’s GigaSTaR devices and is essential-
ly transparent 1o a system. With its pro-
tocol in hardware, GigaSTaR Is a loglcal
extension cord; you put data in one side
and it squirts out the other end. *
(Phetos: Bosgue Computers
and Inova Semiconductors)
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