Industrial role for USB

The Hi-Speed USB standard lets industrial data-collection systems hit
speeds faster than those available over most LANs.

Serges Lemo
National Instruments Corp.
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Ethernet faced constant criticism
upon its introduction to the in-
dustrial world. However, there is
no doubt today that it has be-
come a bus of choice for many in-
dustrial applications. History may
repeat itself with the Universal Se-
rial Bus (USB).

Skepticism facing the USB is
understandable. The industrial
market is empirically skeptical by
nature. Industrial users con-
stantly seek to become more pro-
ductive and reduce costs, yet
they are slow to adopt promising
new technologies. However, as in-
dustry grows more familiar with a
technology, so does its willing-
ness to put that technology to
work. That’s the case with USB
judging by the growing numbers
of new products that use it.

First introduced in January of
1996, USB grew to become the
standard connection between a
computer and peripherals such
as a mouse, keyboard, or external
hard drive. The USB Imple-
menters Forum today reports an
average of two USB ports per
computer with an estimated 2 bil-

lion ports worldwide. It is un- |

doubtedly one of the fastest grow-
ing bus technologies in the com-
puter industry.

USB owes this rapid adoption
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The CompactDAQ data-acquisition
system from National Instruments
is typical of the growing number of =
virtual instruments that have
replaced proprietary interface
g protocols with standard USB
Y connections.

performance. Those same quali-
ties also make it attractive for
such demanding industrial appli-
cations as data acquisition. A sur-
vey performed by Sensors maga-
zine showed that most readers
would choose USB for their next
data-acquisition system over any
other bus.

USB Versions 1.0 and 1.1 were
introduced in the late 1990s to re-
place traditional computer pe-
ripheral buses such as RS-232 and
parallel ports. They aimed to pro-
vide enough bandwidth for
peripherals needing low to me-
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speed version at 1.5 Mbps tar-
geted the mouse, keyboard, and
other low-bandwidth peripherals.
The full-speed version ran at
12 Mbps and handled medium-
bandwidth peripherals such as
low-resolution video cameras and
small storage devices.

A high-speed USB specification
came in 2000 and was standard-
ized in 2001 as USB 2.0. [t was
called Hi-Speed USB by the USB
Implementers Forum and had a
data rate of 480 Mbps. The high
data speeds worked well for high-
bandwidth peripherals such as
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full-resolution video cam-
eras and attached mass-
storage devices such as
hard-disk arrays and
Flash drives.

The top differentiator
between USB and other
peripheral connection
schemes is plug-and-play
capability. To attach a
USB device to a host com-
puter the user need only
plug the connector into
the USB port. The com-
pleted electrical contact
of the physical connec-
tion pulls one of two sig-
nal lines to a high state.
The system detects this
change of state and initi-

Speed (Mbytes/sec)

100,000

10,000 —

1,000 —

PGl Express

- PCI32/33

100

100-Mbyte Ethemet/ | f Hi-Speed USB

Gigabit
Ethernet

8
\Pc huses /
10

uss

10-Mbyte Ethernet
0

Ethernet

© & & & &
S & & & 9
N < )

ates a series of requests to the
newly connected device.

Each USB device contains a de-
scriptor that gives the host com-
puter the information it needs to
set up the device and to find and
install the right software driver.
Once installation completes, the
device is ready for use. The entire
setup is invisible to the user ex-
cept for the pop-up windows that
announce the status of the instal-
lation process.

Removing a device is as simple
as unplugging it from the compu-
ter. The computer automatically
disables the port the device for-
merly used and removes its listing
from the device manager. USB is
hot-pluggable so the user needn’t
turn off the computer to add or re-
move a device.

Another facet of USB’s ease of
use is its capacity to power some
devices from the bus. The bus in-
terface includes power supply
and ground lines that offer 5 V at
up to 500 mA to USB peripherals.
This power comes from either the
computer or the power supply of
the USB hub, a unit that connects
multiple USB devices.

Bus-powered devices need no
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This timeline graph shows the relative jumps in performance hetween PC
interface buses aver the last 20 years. It’s interesting to note that Hi-Speed
USB is 48 x faster then local area networks using common 10Base-T wiring.

external power source. All their
power comes from the USB bus.
This contrasts with other devices
that must either include an inter-
nal power supply or use a bulky
external supply.

As previously stated, USB of-
fers three bus speeds: Hi-Speed at
480 Mbps, full-speed at 12 Mbps,
and low-speed at 1.5 Mbps. While
Hi-Speed USB 2.0 is 40X faster
than the full-speed version, the
speeds are backwards compati-
ble. That means computers with
Hi-Speed USB 2.0 connections can
also handle full-speed and low-
speed peripherals. With more
than four times the speed of
100-Mbps Ethernet, USB 2.0 ofiers
a faster alternative for industrial
data-streaming applications.

The USB standadrd provides
two levels of reliability. At the
hardware level, data travels
across a twisted pair of data lines
using differential signaling. The
differential design eliminates
most noise that could otherwise
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cause data errors during transfer.
The standard also provides data
error checking built into the
transfer protocol on top of the
hardware protection.

USB data is formatted accord-
ing to one of four distinct transfer
modes: control, interrupt, isochro-
nous, and bulk. Control, interrupt,
and bulk transfer all enable error
checking. The receiver checks the
data packets it receives and asks
the sender to resend the bad ones.
Isochronous transfer is about the
timely delivery of packets and
does not include error checking.
Its primary use is for audio or
video streaming.

All computers shipping today
carry USB ports. All major oper-
ating systems and some hand-
held devices support the stan-
dard. Many human-machine in-
terface (HMI) products used on
industrial floors sport USB ports.
Industrial USB-device vendors
also provide OLE (Object Linking
and Embedding) for Process
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COMPARING ETHERNET TO USB

for easy system-soft-

ware integration. . Ethernet Hi-Speed
Isolation is the most | Function (100 Mhps, TCPAP) USB
talked about electrical lim- | Multidrop extensibility Very good Good
itation for USB. USB speci- | Distance extensibility Verygood  Very good
fications do not address | pyyo.and-play sase of use  Good Very good
isolation concerns be- X
tween the ground on the | BuSbandwidth Good Very good
device and the computer | Bus-power capability Good Very good
ground. This lack of isola- | Strain relief Good Good
;“0“ can causs grou“df' Portisolation Very good Good
oop currents that may al- OPC Very good Very good

fect the accuracy of meas-
urement devices. In addi-
tion, it is a hazard in indus-
trial settings where elec-
trical surges could easily
find their way to the com-
puter and possibly affect

Comparisons of standard TCP/IP Ethernet to Hi-
Speed USB shows each has advantages in some
areas. However, the Hi-Speed USB interface offers
almost 5 the speed of the Ethernet connection
albeit over shorter distances.

entire systems.

Most industrial USB devices,
such as National Instruments
CompactDAQ, solve this problem
by building in isclation to protect
against transient and nontran-
sient electrical surges. Engineers
can also isolate devices by using
isolated hubs.

The USB standard specifies a
maximum cable length between
the host computer and the periph-
eral of five meters. Use of a hub
may boost that figure up to 30 m;
but no more than five hubs may he
strung in series. However, most
users find 5 m long enough to con-
nect a rack-mounted device to a
rack-mounted HMI.

Several companies offer USB
hub extenders that boost the
host-to-device distance up to
500 m. The extenders give indus-
trial customers high-speed USB
data streaming over distances
comparable to Ethernet.

On the hardware side, the in-
dustrial world mostly criticizes
USB for its connectors. Mechani-
cal features for the connectors
are defined in the USB specifica-
tion documents. To improve ease
of use, USB implementers defined
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the connectors for minimum ef-
fort when connecting or discon-
necting devices. The fact that
connectors can be easily re-
moved, even by mistake, adds an
extra level of reliability concern
for industrial customers.

To help solve this problem
most companies add extra strain
relief with their industrial USB de-
vices and systems. Some compa-
nies have even integrated addi-
tional strain relief directly into
their connectors.

USB may not be suitable for
all industrial applications, but it
has the bandwidth, reliability,
and ruggedness for such appli-
cations as data logging and data
monitoring. While it has fea-
tures comparable to Ethernet, it
also brings its ease of use with
plug-and-play and bus-power ca-
pabilities. In the end, USB de-
serves less skepticism and more
consideration. MD
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