
In the search for the ideal distributed
motion control system, the Ethernet
seems to offer a very good choice. First,
it offers the basic benefits of any distrib-
uted system–namely, reduced wiring
length. In addition, Ethernet-based com-
ponents are low cost due to their high
volume use.  Also, the open architecture
nature of the Ethernet makes it very
attractive.

There are, however, some doubts that
linger over the adequacy of the Ethernet
to motion control. The questions are
regarding the bandwidth and the non-
deterministic nature of the Ethernet. In
the following discussion, we will address
these points.

Bandwidth–The question here is
whether the Ethernet can handle the
required volume of communication.
To address this, consider a typical system
consisting of a host computer and four
two-axes controllers connected via a hub.
Suppose that the host sends each con-
troller a packet of data with 128 bytes
every 8 milliseconds, and that each con-
troller responds with such a packet. This
averages 1000 packets per second. Since
each packet is 128 bytes long, and each

byte equals 8 bits, the total amount of
bits per second transferred equals 1000 x
128 x 8 = 1,024,000 bps. This suggests
that a network speed of 10 Mbps will
lead to about 10% loading, whereas
100 Mbps will end up with 1% loading.
Other network requirements can be
analyzed by the same manner.

The second concern is regarding the
non-deterministic nature of the network.
If two devices happen to transmit at the
same time, they back off and wait a cer-
tain time before they attempt to transmit
again. The arbitration algorithm used by
the network is called “carrier sense multi-
ple access with collision detection”
(CSMA/CD). The question is regarding
the potential delay caused by such an
algorithm.

In “Making Ethernet Work in Real
Time”, Sensors Magazine, November
2000, Dr. Stan Schneider analyzes the
subject. The analysis results may be sum-
marized by the table shown below. (A
copy of this paper is available on Galil’s
website: www.galilmc.com/news/arti-
cles.html)

The table shows the predicted relia-
bility for a 5 yr. product life. The last

column shows the probability that the
network will run without incurring the
specified delay during the 5 yr. period.
Most applications can run comfortably
on a 100 Mb network. Many will work
on a 10 Mb net if a delay of 5 ms or so
is acceptable.

The table analyzes the probability
that all packets sent over a period of five
years will be delayed no more than the
deadline.

For example, if the network speed is
10 Mbps, and 1000 packets of 128 bytes
are sent every second, resulting in 10%
loading, the probability that all packets
sent over five years will arrive with a
delay smaller than 8 milliseconds is
about 96%, which is remarkable.

The table also shows the potential
improvement by going to a 100 Mbps
network.  A network with 1000 packets
of 128 bytes each will result in loading
of 1%.  In this case, the probability that
all packets pass with a maximum delay
of 0.5 milliseconds is 99.4%, which is
also quite remarkable.

In conclusion, there are very simple
tools that allow us to determine the net-
work bandwidth and the worst case delay.

Galil Offers Easy
Conversion to PCI from ISA

Because ISA bus slots have disap-
peared from many PCs, a mass conver-
sion from ISA bus products to PCI bus
products is underway. Galil provides an
easy, painless conversion to our DMC-
1800 PCI controller for our DMC-1700
ISA bus customers. The conversion is
quick and easy because the command
set and connectors are identical to the
DMC-1700. In addition, the DMC-
1800 Series is available in 1-8 axis for-
mats while the low-cost DMC-18x2
series is available in 1-4 axes. Complete
specifications for Galil’s PCI bus con-
trollers can be reviewed at www.galilmc-
com/products/optima/dmc1800.html
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PERFORMANCE
Net Speed Packet Msg Deadline Life Cycle Network Probability
(Mbps) Size (bytes) Rate (max ms) (years) Loading of Success

100 128 1000 3 5 1% 1
100 128 1000 2 5 1% 0.99999983
100 128 1000 1 5 1% 0.99995591
100 128 1000 0.5 5 1% 0.99432787
100 1024 1000 2 5 8% 0.99991674
100 1024 1000 1 5 8% 0.97882959
100 1024 2000 1.5 5 16% 0.99874754
100 1518 2000 2 5 24% 0.99615729
100 1518 5000 2 5 61% 0.89125139
10 128 100 2 5 1% 0.96370139
10 128 250 2 5 3% 0.23984533
10 128 250 4 5 3% 0.97827393
10 128 500 4 5 5% 0.70837748
10 128 500 8 5 5% 0.99733087
10 128 1000 8 5 10% 0.95967719
10 1024 100 8 5 8% 0.99786252
10 1024 250 8 5 20% 0.92655956
10 1024 500 8 5 41% 0.35021843

The table shows the predicted reliability for a 5 yr. product life. The last column shows the probability that 
the network will run without incurring the specified delay during the 5 yr. period. Most applications can run
comfortably on a 100 Mb network. Many will work on a 10 Mb net if a delay of 5 ms or so is acceptable.


