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Table 1. I/O Modules for IOC-7007

IOM-70016 I/O Module- 16 TTL inputs                                        
IOM-70108 I/O Module- 8 optoisolated inputs                             
IOM-70208 I/O Module- 8 optoisolated outputs (24V @ 25mA)     
IOM-70308 I/O Module- 8 high power outputs (24V @ 100mA)    
IOM-70404 I/O Module- 4 dry contact relays   (150V @250mA)   
IOM-70808 I/O Module- 8 analog inputs (12-bits standard) 
IOM-70908 I/O Module- 8 analog outputs (12-bits standard)
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Galil’s New! Intelligent I/O Controller Communicates
With Multiple Devices On Ethernet Networks

For design engineers seeking an in-
telligent solution for handling inputs
and outputs, Galil introduces the new-
est member of their Ethernet E-Series
controller family: the new IOC-7007
I/O controller. It features a 10/100
Base-T Ethernet port that facilitates
communication with multiple devices
in an Ethernet network. Not only does
this allow easy integration of Galil’s
DMC-3425 or DMC-2100/2200 Ether-
net motion controllers with I/O, it
eliminates the need for an external PLC.

The IOC-7007 is available with a
variety of input and output options
allowing it to be configured for the us-
ers exact I/O requirements. The IOC-
7007 controller base accepts up to
seven Galil I/O IOM modules. IOM
modules are available with TTL inputs,
optoisolated inputs, optoisolated out-
puts, high power outputs, dry contact
relays, analog inputs and analog

outputs. A complete list of available
IOM modules is shown above in Table 1.

The IOC-7007’s 32-bit microcom-
puter with memory and multitasking
handles programming and synchroniz-
ing I/O events. Like all Galil motion
controllers, the IOC-7007 enables us-
ers to store and execute complex app-
lication programs. Such application
programs can be downloaded directly
to the controller and executed without
host intervention.

(Continued on Page 5)
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In industrial environments, the
end-user commonly needs to interact
with a software program in the form
of recipes, menus, push buttons, hand
wheels, and the like. Oftentimes, it is
unwise, even undesirable to have a
dedicated PC with a full size monitor
tied to a motion application. Similarly,
a panel consisting of lights, buttons,
and levers is bulky, difficult to main-
tain, and expensive to build. A third
option available to the system design-
er is the use of an Operator Interface
Panel (OIP). Galil’s line of stand-alone
products, such as the DMC-2100 or
DMC-3425, offers the ability to inter-
act with such devices in numerous ways.
Here’s how:

All Galil stand-alone products come
with an RS-232 serial port. The DMC
2000 and DMC-1412 also have an aux-
iliary port. Using one or both of these
ports is currently the most popular
method of integrating an OIP. Of all
these devices, they can be broken into
two broad groups: “dumb” units and
“smart” units.

Dumb units typically have the abili-
ty to send and receive limited ASCII
strings and display them to screen.

They usually connect to the Auxiliary
serial port on the Galil controller.
The Galil controller handles all string
manipulation. The typical application
is usually menu-driven, where the Galil

controller presents the operator with
motion options and/or prompts for
data entry. It receives the data string
and jumps to the appropriate location
in the software code. Dumb units such
as this are typically light, cheap, and
durable. Such units are often available
in a handheld model (see Figure 1).

Intelligent  HMIs (Human-Machine
Interface) vary drastically in complexity.
Common to all models would be some
non-volatile memory, a programming 
interface, and one or more data ports
to interface to external devices. Basic
interfaces might consist of a two-color
touch screen display with 500kB of
memory, programmable in C++.

High-end models can be Intel-based
mini-PCs with 256 color screens and
multiple serial, USB, and Ethernet
interfaces. Such higher end products
are typically programmed using a
proprietary visual interface similar to
Visual Basic. Once the user completes
the interface code, they would down-
load and store the program in the
OIP’s memory. A connection would
then be made to the Galil main serial
port, and the OIP would send and
receive commands just the same as if
a user was typing them.

Most of these Smart units are able
to connect to a multitude of motion
devices. Many companies provide dedi-
cated Galil drivers that the user adds
to their project. Generic serial drivers
are usually available. Using one or
both of these allows for setting up
the serial port and sending/receiving
valid Galil commands.

A typical program sequence might
consist of the following: the program-
mer wants the end-user to be present-
ed with a virtual button labeled ‘Begin’.
When the user presses this button, the
Galil controller will initiate a prede-

fined motion path. After the motion
begins, the Interface panel will then
poll the Galil controller for position
of the axis and update a small text box
with this information. In the OIP pro-
gram, such a screen may look like the
one shown in Figure 2.

When the user presses the button,
the OIP sends the ASCII string
“JGX=1000;BGX” to the Galil con-
troller. In brief, this command string
will jog the X-axis at 1000 encoder
counts per second. Once this occurs,
the OIP will begin polling the Galil
controller for the X-axis position. The
generic code behind this would con-
sist of a timing device, set to run code
every n seconds. In this case, the OIP
will send the command “TPX” every
200 milliseconds and send the return
data to the text box. The user is also
presented with an option to stop
motion, labeled ‘Stop’. This button,
when pressed, will issue a “STX” to
the Galil controller. Once download-
ed, the end-user is presented with
concise options in a visually pleasing
display. An example of a finished
screen is shown in Figure 3.

This example is an extreme simpli-
fication of what most modern HMIs
offer the programmer. Some models

(Continued on Page 5)

Galil and Operator Interface Panels
By Robin Riley, Galil Applications Engineer

Figure 1. Handheld operator interface

Figure 2. A simple motion interface
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Jacob Tal, the preeminent
authority on motion control,
will personally conduct his
acclaimed motion control semi-
nars this Spring season. Both the
half-day Basic Seminar and full-
day Advanced Seminar will  be
offered in Silicon Valley and
in Boston. In addition, Galil’s
two-day Product Workshop will
be conducted at Galil head-
quarters in Rocklin, California.

Course summaries, pricing and
locations are detailed as follows:

� Motion Control Made Easy

Half-day (4 hours)  $79

– Mon. 3/18/02 Santa Clara, CA
– Mon. 4/8/02 Boston, MA

This Basic introduction on how
to successfully implement motion
control systems covers such subjects
as selecting system elements, servo
tuning, programming and application
examples. Also available on video
and as a web-based training course.

� Advanced Motion Control

Full-day $150

– Tues. 3/19/02 Santa Clara, CA
– Tues. 4/9/02 Boston, MA

Attendees will gain in-depth,
advanced knowledge of motion con-
trol systems to ensure outstanding
controller performance. Topics in-
clude dual-loop control, notch filter,
and tension control. Completion of
the Basic course is a prerequisite.

� Product Workshop

Two-days  $250

– Thurs/Fri. 1/17-18/02
– Thurs/Fri. 3/14-15/02

Rocklin, CA

Users of Galil motion control-
lers will gain detailed understanding
about connecting system elements,
tuning, motion programming and
trouble-shooting. They can test their
application on actual hardware and
review it with Galil specialists. Atten-
dees must have purchased and/or
used a Galil controller.

Over 10,000 engineers have at-
tended Jacob’s seminars to gain and
expand their motion control knowl-
edge and to increase their produc-
tivity. Your complete satisfaction is
guaranteed or your money back.
Call Galil at 800-377-6329 to reserve
your seat or register on-line at www.
galilmc.com/training/seminars.html.

Enrollment is limited. If a live
seminar isn’t held near you, the half-
day seminar is available on video or
as a web-based training course.

Jacob Tal To Conduct Motion Control Seminars
In Silicon Valley and New England

Galil’s web-tutorial library is a
great way to keep pace with the latest
trends, technologies and applications
of motion control. With content pro-
vided by Jacob Tal, the library is your
free resource. It continues to grow
with the addition of Jacob’s newest
tutorial: “Step Motor Control”. Here,
Jacob discusses step motor operation
including full step, half step and mic-
ro stepping. You’ll also learn about
configuring Galil controllers for step
motor operation, as well as error han-
dling using an encoder for position
feedback.

View this and any other tutorial for
free at www.galilmc.com/support/
library/tutorials.html

Web-Tutorial Library:

TUNING
� Tuning Servo Systems for 

Optimum Performance
� Advanced Tuning Methods
� Dual Loop Compensation

Methods

SYSTEM DESIGN
� Optimal Design of Motion 

Control Systems
� Modes of Motion

� Tension Control of Web 
Processing Systems

� Control of Load Sharing 
Systems

ETHERNET 
� Distributed Control Systems
� Ethernet and Motion Control

OTHER
� Step Motor Control
� Controller Upgrade Options
� ActiveX Toolkit 
� Connecting to Galil I/O
� Overview of Galil Motion 

Control

Expand Your Motion Control Knowledge At Galil’s Free Web-Tutorial Library



Ultrasonic Motors Can Scan Too
By Jacob Tal, President of Galil and Kaushal Shah, Galil Application Engineer

Galil Motion Control, Inc. 3750 Atherton Road • Rocklin, CA 95765 USA • 800-377-6329 • Phone: 916-626-0101 • Fax: 916-626-0102 • www.galilmc.com

Over the last few years, ultrasonic motors have been in-
troduced as an actuator in precise motion control systems.
They consist of a ceramic device that is vibrated at its reso-
nance frequency (these vibrations are translated into a linear
motion of a slide). 

The dominant feature of ultrasonic motors is the high
level of friction. This integral part of the transmission sys-
tem has its own advantages and disadvantages. The advan-
tage is that when the motor stops and the power is re-
moved, the motor holds the position with no vibration–
a significant feature in a system requiring motor standstill.
The friction also poses a challenge for the motor control. It
causes a delay in motion, especially if the motor overshoots.
To alleviate this problem, Galil has developed special func-
tions, such as anti-friction bias, deadband capture and two
sets of PID filters that help with point-to-point control of
the ultrasonic motor.

A less known attribute of the ultrasonic motor is its abili-
ty to move smoothly at constant speed, otherwise known
as the scan mode. In contrast to a point-to-point move, the
scan mode objective is to move the motor at constant speed
and maintain a position error within a given envelope.

The following presents such an application from the disk
drive industry in which a machine performs a precise surface
scan. The scan speed varies between 6 micron/sec to 10
mm/sec, over an 8 cm range. The precision requirement is
to reside within ± 1-micron position error over the entire
speed range.

The system includes the following elements:

1. DMC-1842 series controller with four axes of
servo control.

2. ICM-2900 for signal interface to the motion
controller.

3. CABLE-100-1M high-density cable to connect the
DMC-1842 and ICM-2900 units.

4. LS series Ultrasonic/Ceramic motor from 
Nanomotion Inc.

5. Glass Scale based linear feedback with 20-nanometer
resolution.

6. Linear stage with 8-cm total travel.

7. Power amplifier/power supply unit for ceramic 
motor from Nanomotion Inc.

With the parameters optimized for the best servo loop
response, the motor was commanded to move the total
distance of 8 cm, or 4,000,000 counts, at various speeds
through the following program running on the DMC con-
troller:

Command Comment
#TEST Label
PA 4000000 Command to 4000000
BGX;AMX Begin motion
WT 1000 After motion wait 1000 ms
PA 0 Command to 0
BGX;AMX Begin motion
WT 1000 After motion wait 1000 ms
JP#TEST Jump to label

This test routine was executed on the DMC controller
with the initial speed set at 6 mm (300 counts/second),
where deviation in error was monitored over total travel
using the storage scope feature of WSDK software. Next,
the speed was increased to 50 mm/second and again the
deviation in error was monitored and recorded. The final
speed was 10 mm/second and data were collected. The
test data are provided in following table:

Speed commanded Maximum error during motion

6 mm/sec (300 counts/sec) ± 3 counts max

50 mm/sec (2,500 counts/sec) ± 9 counts max

10 mm/sec (500,000 counts/sec) ± 23 counts max

As seen in the table above, the system meets the re-
quired specifications. To achieve these results, the DMC-
1842 controller was first configured with the–CE version
(Ceramic motor option) of the firmware. With this option,
the sample frequency was set for 4 kHz and the PID para-
meters were set, along with the friction bias voltage, to
optimize both the static and the dynamic responses.

It should be noted that a significant factor in the suc-
cess of this application was the use of the anti-friction
function, as all previous attempts with products lacking
this feature were unsuccessful.

For additional information on this technology and solu-
tion, please contact Galil’s team of applications engineers
at 1-800-377-6329.
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Intelligent I/O Controller (Continued from Page 1)

Several special commands are available for application
programming including event triggers, conditional jumps,
IF/THEN/ELSE statements, subroutines, symbolic vari-
ables and arrays. The Multitasking feature allows concurrent
execution of up to eight different application programs.
Also included is a special PLC mode with deterministic tim-
ing. In this mode, an application program is compiled into
optimized code for faster execution. Here’s an example of
a PLC program:

Instruction Interpretation

#PLCSCAN PLC special label
IF (@IN[5]=1) If Input 5 equals one
CB1 Clear Output 1
ELSE If Input 5 equals 0
SB1 Set Output 1
ENDIF Terminate IF statement
EN End PLC program

The programming language of the IOC-7007 is similar to
Galil's motion controller language but with the motion spe-
cific commands removed and more I/O commands added. 

The command language is comprised of intuitive, two-letter 
English-like ASCII commands that make for fast and easy
programming. For example, the command “SB” sets an
output and “CB” clears an output bit. The similarity of the
IOC commands and motion controller commands allow
seamless integration of motion and I/O. This eliminates
the need to learn two different languages.

The IOC-7007 provides an Ethernet 100 Base-T port
with auto-negotiate function for communicating with 100
Base-T or 10-Base-T devices in an Ethernet network. It sup-
ports both TCP/IP and UDP, and MODBUS in both mas-
ter and slave mode for interface to other MODBUS devices.
Plus, it includes one RS232 port up to 19.2kB.

Galil’s IOC-7007 is available as a compact 10.8" x 4.5" x
2.6" packaged unit, a DIN rail mount unit, or as a card-level
product. The box-level version accepts 90-260 VAC or 20-60
VDC. The DIN rail and card-level unit accepts 20-60 VDC.
Each IOM module uses a 20-pin Molex connector for inter-
face to I/O.

For complete IOM-7007 specifications and pricing infor-
mation, call Galil at 800-377-6329 or go to

http://www.galilmc.com/products/eseries/ioc7007.html.

ServoTrends, Galil’s quarterly motion control e-newsletter, is your convenient way to get
important product updates, the latest technical information by Jacob Tal and seminar announce-

ments. Please  register on-line now to automatically receive the free newsletter via email.
Registration is free and it’s easy. Just go to http://www.galilmc.com/literature/servo.html.

Register On-line to Receive ServoTrends Newsletter

Operator Interface Panels
(Continued from Page 2)

include features such as dynamic bar
graphs, alarm management, or bitmaps
designed to simulate real-world objects
like sliders, knobs, switches, and lights.
Animation, recipe managers, data log-
ging, and on-board I/O are just some
of the features available on today’s
HMIs.

Galil has written numerous Appli-
cation Notes for some of today’s most
popular HMIs. All are available for
download at http://www.galilmc.com/
literature/technotes.html

The Applications department at
Galil welcomes inquiries on compati-
bility with an existing HMI applica-
tion or for advice on any new designs.
If an HMI exists that does not have
an application note written for it, Galil
is able to work with the user to prove
out compatibility issues and, if condi-
tions warrant, can actually produce new
application notes for all to share. 

Contact Galil at 1.800.377.6329
or support@galilmc.com for further
information.Figure 3. Finished operator interface screen


