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Galil Applications Engineers

Traditional inspection systems have
kept motion and vision as separate
components within the same system.
If communication was desired between
the two components, then very simple
swapping of I/O was used to get a
“handshake”, or a PC was used for all
coordination. Bottom line, true com-
munication between these components
was not possible.

However, with the emergence of
the Ethernet and TCP/IP protocol,
communication between Galil motion
controllers and other non-Galil compo-
nents within the system is now possi-
ble. For example, take the DVT Series
600 Ethernet based camera/parts in-
spection system. It is an Ethernet-based
inspection system that utilizes special
software to communicate with the cam-
era and strobe hardware. The camera
is programmable through the DVT
alone from programs downloaded to
its Flash memory.

A typical application will have the
camera programmed to inspect a specif-
ic part or feature of a part. During the
inspection process the camera out-
puts a string over the Ethernet to in-
dicate whether the particular part has
passed or failed. This string will com-
mand an I/O device, motion control-
ler, or PC to take action on the part.

In this example, the Galil DMC-2280
controller was used to communicate

with the Series 600 Camera.However,
any Galil Ethernet controller will
achieve the same result. In this case,
the controller was established as the
master (Client) of the Ethernet con-
nection, with the camera as the slave
(Server). Using the standard IH com-
mand, the Galil controller established
a TCP/IP connection with the camera
in order to allow communication
between the two devices.

Fast setup and ease-of-use are the
greatest advantages of this system. The
Framework software provides an excel-
lent setup, diagnostics, and analysis
capability that makes it easy to have
a sensor program downloaded and
up-and-running fast. Also, Galil con-
trollers have simple two-letter ASCII

commands that make configuration and
connection with the camera a quick,
straightforward process.

Together, the Galil DMC-2280 mo-
tion controller and the DVT vision in-
spection system form a powerful motion
system within any servo application
that can directly respond to, or be con-
trolled by, data from the vision system.
Additionally, when the two compo-
nents are connected through the Ether-
net, they form a true, stand-alone vision
system that can run an entire machine
application without intervention from
the host PC.

For more info, check out Application
Note #5434 at http://www.galilmc.com/
support/appnotes/miscellaneous/note
5434.pdf
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Using Galil Motion Controllers
with Entivity™ Studio

Figure 1. Configuring the Galil Interface

By Jeff Fisher
VP of Sales & Support, Entivity, Inc.

Entivity Studio is a PC-based con-
trol software product that integrates
logic and motion control, visualization,
and connectivity into a single package.
Flowchart programming is used to rep-
resent the logic execution paths, with
motion control blocks providing the
connection to the Galil motion con-
troller(s). Flowcharts provide a powerful
self-documenting, easy-to-understand
programming approach when com-

pared to ladder logic or custom written
C code. Development of these flow-
charts, as well as HMI screens, is per-
formed through a Unified Development
Environment based upon the industry
standard diagramming tool, Microsoft
Visio™ (included with Studio).

Connectivity to the motion con-
trollers are handled in a consistent
fashion as with the chosen I/O system,
which can be DeviceNet, Profibus,
Interbus, Serial, Ethernet, plug-in I/O
boards and many others. Most of the

supported I/O systems are able to pro-
vide full auto-discovery of all nodes.
Additionally, motion system and axis
information is automatically delivered
to user tags each scan cycle when used
with DMA or polling FIFO capable
controllers (see Figure 1).

Integrated tightly with the control
logic are motion blocks that use pull
down lists of motion tasks with fill-in-
the-blank entries for motion parame-
ters. The same motion block can be 

(Continued next page)
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used with a few Galil-specific com-
mands, including downloading native 
Galil motion programs, reading analog
channel data, and sending commands
from Galil’s native ASCII mnemonic
command set (see Figure 2).

In addition to motion blocks, there
are specific blocks for controlling serial
ports, direct SQL database connectivity,
PID for process control, vision systems
and more (see Figure 2). The Studio
COM interface, as well as OPC client
and server and DDE server, provide

external connectivity.
The Studio HMI screens are also

constructed using Microsoft Visio, which
provides a consistent user experience
whether designing flowcharts or HMI
screens. The HMI provides over 2200
symbols that have been Visio-opti-
mized, along with “intellishapes” that
can draw more rollers on a conveyor
when stretched, instead of simply mak-
ing the existing rollers fatter. Finally,
HMI extensibility is provided through
Visio’s custom shapesheet program-

ming, ActiveX control support, and
Microsoft Visual Basic for Applications.

Entivity, Inc.  provides software and
web-enabled services that improve the
productivity of automated material
handling and manufacturing systems.
It was formed in February 2001 by the
merger of two PC-based control indus-
try stalwarts, Think & Do Software and
Steeplechase Software.

Contact Jeff Fisher at Entivity, Inc.
734-205-5401 for more information
or go to www.entivity.com/galil

Figure 2. Flowcharted Motion Commands

Using Galil Motion Controllers with Entivity™ Studio (Continued)



The following article explains
the fundamentals of manually
tuning a servo system by adjusting
PID parameters, and introduces
the Galil controller commands re-
lated to tuning. Jacob Tal’s article
in the next issue of ServoTrends,
“Selecting the Best Tuning Method”
will discuss Galil’s WSDK servo
design kit software, which pro-
vides several methods for auto-
matic tuning.

The effects of KP, KD and KI:

A typical servo system is
tuned by adjusting the controller
PID parameters for optimum
performance. PID represents the
proportional, integral and deriva-
tive of the position error. In the
Galil controller, the PID coeffi-
cients are represented by KP, the
proportional term for stiffness;
KI, the integral term for accura-
cy; and KD, the derivative term
for damping. 

To see how KP, KD and KI
can affect the response of the motor,
look at the step response of a motor
in Figure 1.

The blue line is the command posi-
tion while the orange line is the actual
position of the motor. A good system
keeps the overshoot small, shortens rise
time, and minimizes steady state error.
However, none of the KP, KD or KI
gains will improve all three aspects at
the same time. Chart 1 shows how
each of the three tuning parameters
will affect the three aspects. These
trends can be very useful tools in the
trial-and-error process of finding the
set of gains that optimize the response.

To better understand the role of the

PID parameters, it is useful to compare
the PID filter to a mechanical system.
The proportional gain is analogous to
a spring supporting a mass. The larger
the KP term, the stronger the spring.

On the other hand, KD acts as a
damper, resulting in a stable response.
It is intuitive that increasing KP in-
creases the overshoot. Since the KD is
the damping ratio of the system, more
KD will reduce the overshoot. KI is
accumulating the control effort; hence,
more KI will generate a larger over-
shoot.

A stronger spring results in a quick-
er response; therefore, increasing KP
will reduce the rise time. The situation
is similar, but with a less significant

effect, by KI due to its delaying
nature. KD is more of a factor
against motion, so increasing
KD will increase the rise time.

A greater KP reduces steady-
state error because a stronger
spring can fight greater frictional
force. Since KD is only effective
when the motor is moving, it
does not have a significant effect
on the steady-state error. Note:
if the error persists, the voltage
from KI will keep increasing
until either the error is corrected
or the output voltage saturates.
In an ideal system where the out-
put voltage will never saturate,
the integrator will eliminate the
position error.

Manual Tuning Method

To manually tune the system,
one must find a set of KP, KD,
KI and other tuning parameters
to make the system respond sat-
isfactorily. Before tuning, deter-

mine how well the system must per-
form. Once the tolerance for the
overshoot, rise time and steady-state
error has been defined, a set of satisfac-
tory parameters can be quickly deter-
mined as follows:

Step 1: Set all KP, KI and KD para-
meters to 0. If the system has a verti-
cal load, make sure a mechanical break
is used on the load so that it will not
drop. At this point, the motor should
turn freely by hand, and the motor
should not drift by itself. If it does
drift, use the OF command to set an
offset voltage so that the motor is
steady.
Step 2: Gradually increase KD until
the system shows signs of instability

Tips for Successful PID Tuning
By Yanjie Sun, Galil Applications Engineer
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such as humming noise or vibration.
At this point, reduce the KD value
by 25-30%. Theoretically, KD is the
damping ratio of the system, which is a
very passive term that should not cause
the system to be unstable. However,
remember that this is a virtual damper
created by the controller even when
the motor is not moving, and noise
can still erroneously be read as speed.
With an extremely high KD value,
minimal noise can be amplified to a
high command voltage that can cause
the system to be unstable.
Step 3: Gradually increase KP until
the system shows the signs of instabili-
ty, and then reduce it by 25-30%.
Step 4: Increase KI gradually until the
position error (TE) is within the toler-

ance. Since the integrator gain will
introduce instability to the system, do
not push it up to the limit.
Step 5: Fine-tune the system. Now,
with the trend table shown in Chart 1
in mind, play with the KP, KD and
KI values to further reduce overshoot
or reduce the rise time to satisfy the
criteria.

Galil’s WSDK servo design kit soft-
ware may be used to automatically
tune the PID parameters. The various
automatic tuning methods are present-
ed in the next issue of Servo-Trends,
“Selecting the Best Tuning Method”.

Other advanced tuning parameters:

Other useful advanced tuning para-
meters include negative integral limit

which effectively reduces the over-
shoot but maintains zero steady-state
error of the system, and the Velocity
Feed Forward and Acceleration Feed
Forward gains which create a steady
voltage that is proportional to the
velocity or acceleration of the motor
and effectively smoothes the motion.
For details of these tuning parameters,
please read Galil’s Application Note
3413 at http://www.galilmc. com/
literature/technotes.html

Galil controllers offer other useful
tools such as a low-pass filter or notch
filter to further optimize the perform-
ance of your system. Please see Appli-
cation Note 2431 to learn how to use
them to eliminate high-frequency reso-
nance.

“Live” Tech Support for Fast Answers to Your Questions
Galil has in residence a full team of dedicated appli-

cation engineers ready to support your project. They
are motion control specialists, each personally trained
by Jacob Tal, President of Galil and renowned expert

in motion control. To receive prompt service from
a “live” Galil engineer, just call Galil 800-377-6329
Mon-Fri 8am-5pm Pacific Standard Time. Or, email
support@galilmc.com. They’re at your service.
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Galil’s Tech Support Team. Back row from left to right – Kaushal-Manager, Yanjie, Eric, Chris, Robin, John. Front row from left to right – Jake, Barbara, Todd.
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Galil wants to make it easy for
our customers to learn about motion
control so they can quickly get their
systems up and running. Now, for
the first time, Galil offers a 4-hour
motion control course at no charge
with any controller purchase. It nor-
mally sells for $79.

Dr. Tal’s popular “Motion Control
Made Easy” seminar has been con-
verted into a self-paced, web-based
course that you can take without
ever having to leave your office. It
includes two modules (approximately
2 hours each):

Module 1.
Designing Motion Control Systems

Module 2.
Programming Motion Control
Systems

The course includes animated
visuals accompanied by audio, a
glossary of terms, quizzes, and FAQs.
Visual slides can be printed for future
reference.  

If you’ve purchased a Galil con-
troller, take advantage of this free
offer today by calling Galil at 800-
377-6329 for login information.

Half-Day Motion Control Course-FREE

Galil Motion Control provides the
best value in high performance motion
controllers by guaranteeing the indus-
try’s lowest prices in minimum quanti-
ties of 100. Galil controllers are ready
for a wide range of applications from
simple point-to-point positioning to
complex coordinated motion using
multiple axes. The product line is com-
prised of packaged, industrial con-
trollers; advanced, multi-axis card-level
controllers; and economical, single-
axis controllers. Galil also provides
accessories that enable you to com-
plete your project quickly. These
include software design tools for quick
and easy setup, tuning and analysis;
and servo amplifiers, motors and
encoders. With over 250,000 con-
trollers in the field, Galil is truly the
leading supplier of motion controllers.

Optima Series–Highest Performance

1-8 axes. Program memory, multitasking, 
up to 64 configurable I/O, sinusoidal 
commutation.

DMC-2200 Series. Ethernet, RS232
DMC-2100 Series. Ethernet, RS232
DMC-2000 Series. USB, RS232
DMC-1800 Series. PCI bus
DMC-1700 Series. ISA bus
DMC-1600 Series. CompactPCI bus
DMC-13x8 Series. VME bus
DMC-1200 Series. PC/104 bus
Econo Series–Single Axis Controllers

DMC-18x2. PCI bus, 1-4 axes
DMC-1425. Ethernet, RS232, 2 axes
DMC-1417. PCI bus
DMC-1416. Ethernet with amplifier
DMC-1415. Ethernet, RS232
DMC-1412. RS-232
DMC-1411. PC/104 bus
DMC-1410. ISA bus

E-Series–Ethernet 

Distributed Controllers

DMC-3425. Ethernet, 2 axes

IOC-7007. Ethernet, I/O Controller

Software Tools

Drivers for DOS, QNX, Linux and all
current versions of Windows™. Includes
terminal emulator.

WSDK. Servo tuning and analysis soft-
ware including a 4-channel storage scope
for display of motion.

ActiveX™ Toolkit. Custom controls for
Visual Basic®or other ActiveX software.

C-Programmers Toolkit. Provides the
flexibility and control of programming
in C/C++. C libraries and functions.

CAD-to-DMC Translator. Translates an
AutoCAD® DXF file into a DMC con-
troller file.

Delivering the Best Value in Motion Control


