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The mission of Galil’s 
experienced Applications 
Department is to provide 

prompt and accurate technical 
assistance to help OEMs 
successfully deliver their 

products to market.
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The WET Design watershow dazzles visitors at the Wynn Macau Hotel in China
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Galil Assists WET Design® in Creating 
Performance Water Sculptures
Th roughout history, artists have sculpted 

magnifi cent works using exotic materials such 

as bronze, gold and ivory, and some not too 

exotic materials such as clay, wax and plaster. 

Some sculpt using wood and plastic, while 

others take parts from discarded automobiles 

and machines to create works of art.

Th en, there is WET Design, a Los Angeles-

based company founded by Mark Fuller that 

creates magnifi cent sculptures using water. 

Not ice. Water! As in the world famous 

water show that attracts thousands daily to 

the Bellagio Hotel in Las Vegas and at other 

unique fountains found at Walt Disney 

World, the Los Angeles Music Center, Seattle 

Center, Navy Pier in Chicago, and many 

more around the world.

Th ese water sculptures amaze viewers with 

wondrous shapes ranging from dramatic arches, 

syncopating tubes, spirals, shooting geysers and 

tidal wave-like walls to subtle drops the size of a 

golf ball. Th ey are choreographed to “perform” 

oftentimes to music.

Scott Malherbe, Manager, Product 

Development and Engineering at WET 

Design, says the artistic process begins with 

“clients that are interested in incorporating 

a ‘water feature’ within their architectural 

project. Our designers will travel to their site 

to better allow them to visualize and create a 

water expression that will exceed the client’s 

expectations.”

For the Wynn Macau, a new luxury resort 

hotel in China, WET Design worked with 

Steve Wynn to imagine a “Performance Lake” 

with grand fountains that would deliver 

commanding and romantic performances set 

to the world’s greatest music. 

To bring this dream to reality, WET Design 
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Galil’s New Microsite Offers Latest News and Videos at 
www.galilinmotion.com
Galil is proud to launch its new microsite 

at www.galilinmotion.com. Designed to 

keep you current with the latest news and 

products from Galil, this easy-to-navigate 

site features the latest issue of Galil’s 

ServoTrends newsletter, specifi cations for 

the newest products (including the high-

speed Accelera series), recent application 

notes and tutorials, and new SmartMoves 

customer stories. 

In the SmartMoves section of this site, you’ll 

see how Galil moves the world by watching 

on-line videos submitted by many of our 

customers. Th is month our featured video 

captures the dramatic water show at the 

gorgeous Wynn Hotel in Macau, China. 

Designed and choreographed by WET 

Design, the water show uses Galil controllers 

to precisely control the numerous water 

heads. View this exciting video and others at 

www.galilinmotion.com ■

developed extensive conceptual 

drawings along with models to show 

form and sculpture, and mock-ups to 

show texture, sound, light, refl ectivity 

and scale. As the design developed, 

WET Design choreographed the water 

motion to music using their proprietary 

“VirtualWET” software, a 3D particle 

model simulation tool that generates 

a real-time stream of data. Th is data is 

then sent to robotic smart nozzles called 

“Oarsmen®” which incorporate Galil 

Motion Control’s DMC-21x3 multi-axis 

controllers in order to move precisely in 

any direction to spray the water.

“Th e Galil controller operates our 

Oarsmen motion gimble, resulting in 

a spinning, articulating nozzle,” adds 

Malherbe. “Because of the multi-axis 

capability provided by the DMC-21x3, 

we are able to use 2, 3 or 4 axes to 

control the Oarsmen, giving us a scalable 

controller based on a single software and 

hardware interface.”

According to WET Design, “the 

Oarsmen nozzle was designed to address 

the more lyrical and legato passages in 

the music. Each Oarsmen can tilt and 

sway through any position in an upward 

expressed cone. It was designed to bend 

and weave in an infi nite array of gestures, 

responding to the most subtle and 

interpretive elements of the music.” 

In addition to the Oarsmen, WET 

Design used their MicroShooter® and 

MiniShooter® technologies in the Macau 

project to shoot controlled streams of 

water to heights over 120 feet, creating 

spirals, linear passages and “high speed 

water chases.”

Malherbe said that he also “liked the 

96-pin DIN connector on the DMC-

21x3 because it allowed WET Design to 

design a custom interconnect board for 

their other hardware devices that mounts 

directly to the Galil controller.” 

“Reliability is critical with devices which 

spend their life underwater. Units must 

be removed from the feature in order to 

service. I have always been impressed 

with the reliability of Galil controllers.” 

Malherbe added. “Because of our unique 

needs, I also know that Galil has the 

ability to customize commands quickly if 

necessary.” ■

 

WET Design uses Galil’s DMC-21x3 controller 
to control their articulating water nozzles to 
create imaginative water gestures

“Our designers will travel to 
their site to better 

allow them to visualize 
and create a water expression 

that will exceed the client’s 
expectations.

”SCOTT MALHERBE
Manager, Product

Development and Engineering
at WET Design

Galil’s New Microsite Homepage
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ICS Break-out Boards for DMC-40x0 Controller

Model Number Connector Type Signals

ICS-48015-M 15-pin D high density male to screw-type Encoder

ICS-48044-M 44-pin D high density male to screw-type General I/O

ICS-48044-F 44-pin D high density female to screw-type External Drives

ICS-48115-F 15-pin D low density female to screw-type Analog Inputs

ICS-48032-F 44-pin D high density female to screw-type. Also pro-
vides optical isolation for 32 extended I/O points

Extended I/O

Galil’s powerful DMC-40x0 

Accelera controller provides plenty 

of uncommitted inputs and outputs 

for interfacing to external sensors. It 

includes 8 isolated inputs and 8 isolated 

outputs for 1- through 4-axis models 

and 16 isolated inputs and 16 isolated 

outputs for 5- through 8- axis models. In 

addition, the 1- through 8-axis versions 

include 8 analog inputs and 32 digital 

inputs and outputs. 

For users who require the 32 I/O points 

to be optically isolated, the ICS-48032 

interconnect board is now available. Th e 

optically isolated I/O can be confi gured 

as inputs or outputs in banks of 8-bits, 

and the outputs can be specifi ed as 

sourcing or sinking. Th e ICS-48032 

attaches directly to the 44-pin D 

connector of the DMC-40x0 controller 

and breaks out the I/O signals into screw 

terminals for quick prototyping. ■

➤(cont. pg 4)

Optical Isolation Option for Extended I/O

Considerations for Laser Marking Applications 
By DJ Roberts, Galil Applications Engineer

Th e demands of laser control applications 

are as varied as that of motion control 

itself.  From laser pulse-length and beam 

intensity to tight coordination with a 

motion trajectory, the applications vary in 

complexity, fl exibility and levels of control.  

Galil engineers have worked on a wide 

range of laser control applications, always 

aware that high performance is a vital 

consideration in their design.  High 

frequency PWM control (f > 100 kHz), 

tight coordination with controller 

fi rmware (as high as 32 kHz update 

rates), and low-latency hardware-level 

synchronization with encoders (latency 

< 100 ns) makes the Galil Accelera 

controller series well suited to laser 

control applications.  In the following 

discussion, the DMC-4000 will be 

specifi ed, though similar functions are 

available on the other Galil controller 

models and platforms.  

Typically, there are many considerations 

when designing a laser control scheme, 

but the two fundamental building blocks 

are those of control signal generation 

and synchronization to motion.  Th is 

article outlines these choices and off ers a 

preliminary introduction to more advanced 

laser control such as gating signals, arming 

waveforms, and further control.  

Generating the Laser Control Signal

A common laser control signal is a 

pulse width modulated (PWM) digital 

output with a specifi ed frequency.  Th e 

PWM frequency controls the laser pulse 

frequency while the duty cycle of the 

PWM specifi es beam intensity.  

If a static frequency (~128 kHz on the 

DMC-4000) is acceptable, the easiest 

solution for simple laser control is to 

use the standard Galil PWM motor 

command feature.  By employing a spare 

axis of control, the axis can be set up in 

sign-magnitude mode by setting that axis’ 

motor type accordingly.  Setting the PID 

http://www.galilinmotion.com
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fi lter to zero allows the user to set the 

PWM duty cycle directly with OF (OF0

for 0% duty cycle, OF9.998 for 100% 

duty cycle).  Th is method yields a high 

level of duty cycle control with 16 bit 

resolution. (See Example 1)

For those applications requiring an 

increased level of fl exibility, there are other 

ways for generating the PWM signal.  

Initially, one might be tempted to generate 

such a signal in the servo loop since it is 

deterministic and periodic, enabling the 

fi rmware to calculate whether the input 

should be high or low on each loop.  Th is 

approach is not ideal for several reasons.  

One, the resolution and frequency of the 

PWM is a function of how fast the servo 

loop can run.  Although the Accelera 

servo loop can update as fast as 32 kHz, 

the PWM resolution would greatly suff er.  

Two, increasing this servo frequency 

decreases the resources available to the 

application program and communications.  

To get the highest performance and 

most fl exible PWM, the best solution is 

to implement the PWM generation in 

hardware. (See Figure 1)

Th e DMC-4000 has the FPGA (Field 

Programmable Gate Array) resources 

needed for such an application.  By off -

loading the PWM signal generation to 

the FPGA, the fi rmware can maintain a 

sensible servo loop update rate and simply 

update the FPGA state machine as needed 

to control the PWM signal.  Additionally, 

the FPGA has memory resources, access 

to other controller signals and the speed 

required to generate a very wide range of 

frequencies, duty cycle resolutions and 

controller synchronization.

Synchronizing Laser Control with Motion

Th e most straightforward functionality 

of a laser control application is to simply 

turn a laser signal on or off  at a specifi ed 

frequency and duty cycle.  Example 1 

demonstrated how to control the duty 

cycle in a static fashion with the standard 

controller PWM.

Some applications require that the duty 

cycle be a function of axis or vector 

speed, or some other fi rmware-calculated 

parameter.  Th is can be 

accomplished in a special fi rmware.  For 

example, as a moving substrate comes to 

speed, the beam intensity is sometimes 

required to ramp up in proportion to the 

substrate velocity in order to eliminate 

the possibility of cutting too deep 

with a full power beam at lower speeds.  

Similarly, marking applications can suff er 

from mark spread-out when full intensity 

mark beams are incident on a surface 

moving slowly.  Th e graph in Figure 2 

shows a velocity profi le (blue) and a 

PWM signal (black).  As the velocity 

Example 1: 
Laser Control with Spare Motion Axis.

Objective: Mark a square, 1000 counts per side, in the X-Y plane
Hardware: DMC-4030-C012-I000(STEP)-D3020
X and Y utilize the DMC-4000’s integrated 500 watt amps. “(STEP)” indicates that the 
PWM signal for the Z axis will come out differentially for increased noise immunity in 
transmission to the laser hardware.

KPZ=0;KIZ=0;KDZ=0  ;’Set PID to zero on laser axis
MTZ=1.5    ;’Set up sign/magnitude mode
VMXY    ;’Initialize vector mode
VP1000,0   ;’Specify coordinates in plane
VP1000,1000
VP0,1000
VP0,0
VE    ;’End vector sequence
OFZ=7.5    ;’Generate 75% Duty Cycle
BGS    ;’Begin Vector Motion
AMS    ;’wait for sequence to profi le
OFZ=0    ;’disable laser (0% duty cycle)
EN    ;’end of program  

➤(cont. pg 5)

Figure 1: 
High Performance PWM generation.

OUTPUT PWM

Hardware Feedback
Output Compare

Quadrature Decoding,
etc.

DMC Application
Program & Array

Space

Galil Special
Firmware

Galil FPGA 
Running at 66Mhz

Host PC
Image Preprocessing
Pattern Generation,

etc.

http://www.galilinmotion.com


3750 Atherton Road | Rocklin, CA 95765 USA | 800.377.6329 | 916.626.0101 | 916.626.0102 fax | www.galilinmotion.com

5

Galil Motion Control, Inc. 

comes to speed, the PWM likewise comes 

to maximum duty cycle.

Another method of laser synchronization 

requires that the laser beam be 

synchronized exactly to the motor 

position.  Th is occurs in raster and 

vector applications that need to be 

precisely coordinated to an axis encoder.  

In these applications, Galil’s output 

compare feature can be employed to 

very closely synchronize a laser output 

to an encoder state.  Output compare 

permits a signal pulse to be generated at 

a specifi ed absolute position, and then at 

a confi gured distance from that point on.  

Th is is a fi rmware confi gurable function 

which, once confi gured, runs in hardware 

for fast response.  

Laser signals generated in hardware in 

the FPGA can also utilize this feature as 

a control pulse to change the laser PWM 

whenever an encoder reaches a particular 

position. Very sophisticated laser control 

functions can be implemented due to 

the power of the FPGA hardware, the 

Galil fi rmware structure, the controller 

microprocessor and the on-board memory. 

Figure 3 demonstrates an output raster 

that would require the duty cycle to 

change as a function of position.  Th e 

various duty cycles would generate laser 

intensities, creating mark profi les of 

various diameters which are shown here 

as diff erent size pixels.  Th e PWM duty 

cycles would be buff ered in a pixel-by-

pixel format, much like a digital image, 

and then transmitted automatically as 

needed by the fi rmware to the FPGA.

For full laser performance, some laser 

hardware uses an arming signal that keeps 

the laser ready to fi re.  Sometimes, this is 

a feature of the laser hardware itself, but 

Galil controllers can also be tasked with 

creating this signal.  External I/O such as 

gating signals and emergency interlocks 

can also be incorporated into Galil laser 

control applications.  Even multiple laser 

control signals are possible.  Th e resources 

of the Accelera controllers provide high 

levels of performance and sophistication 

in laser marking applications that were 

previously unattainable.  Call Galil 

today at 800-377-6329 to speak with an 

Applications Engineer about your specifi c 

laser control requirements. ■

Figure 3: 
Example of a rasterized laser image. PWM is position dependent.

Figure 2: 
Example Velocity profile (blue) with the PWM signal (black) following to maximum intensity.

http://www.galilinmotion.com
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With over 500,000 controllers installed 

worldwide, Galil is the #1 leading 

supplier of motion controllers. Galil’s 

legacy of innovation began in 1983 when 

they introduced the fi rst microprocessor-

based servo motion controller. Today, 

Galil continues its leadership by off ering 

the most powerful, cost-eff ective and 

easy-to-use motion controllers to 

accommodate all your motion needs.

Galil provides you with the widest choice 

of single or multi-axis, bus-based or 

stand-alone, and box-level or card-level 

controllers. Interface options include PCI, 

ISA, PC/104, cPCI, USB, RS232 and 

Ethernet. Select from 1-, 2-, 3-, 4-, 5-, 6-, 

7- and 8-axis controllers, and confi gure 

them to run stepper or servo motors on 

any combination of axes.

Additionally, Galil provides various 

accessories that enable you to complete your 

project quickly. Th ese include servo motors, 

amplifi ers and software tools for quick set-

up and “one-button” servo tuning. ■

MOTION CONTROLLERS–PCI

DMC-18x6. PCI, 1-8 axes. Accelera

DMC-18x0. PCI, 1-8 axes. Optima

DMC-18x2. PCI, 1-4 axes. Econo

DMC-1417. PCI, 1 axis

MOTION CONTROLLERS–ETHERNET/RS232

DMC-40x0. Ethernet/RS232, 1-8 axes

DMC-20x0. USB/RS232, 1-8 axes

DMC-22x0. Ethernet/RS232, 1-8 axes

DMC-21x3. Ethernet/RS232, 1-8 axes

CDS-3310. Ethernet/RS232, 1 axis controller  
 and servo drive unit

DMC-14x5.  Ethernet/RS232, 1-2 axes

IOC-7007. Ethernet I/O controller

MOTION CONTROLLERS–OTHER

DMC-12x0. PC-104, 1-8 axes

DMC-16x0. cPCI, 1-4 axes

DMC-17x0. ISA, 1-8 axes

DMC-1410. ISA, 1 axis

DMC-1411. PC/104, 1 axis

DMC-1412. RS232, 1 axis

PLUG-IN, MULTI-AXIS DRIVES (21X3)

AMP-20341. 4 axis, 20W servo drives

AMP-204x0. 2 & 4 axis, 200W servo drives

AMP-205x0. 2 & 4 axis, 500W servo drives

SDM-20242. 4 axis, full/half stepper drives

SDM-206x0. 2 & 4 axis, microstep drives

PLUG-IN, MULTI-AXIS DRIVES (40X0)

AMP-430x0. 2 & 4 axis, 500W servo drives

AMP-43140. 4 axis, 20W servo drives

SDM-44040. 4 axis, full/half stepper drives

SDM-44140. 4 axis, microstep drives

SOFTWARE TOOLS

Communication Drivers. For DOS, QNX, 
Linux and all current versions of Windows

SmartTerm. Provides a friendly interface to all 
Galil controllers

WSDK. Servo Tuning and analysis software

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

CAD-to-DMC. Translates AutoCAD DXF fi les into 
DMC controller fi les

Galil. We Move the World.

Request a free catalog at http://www.galilmc.com/products/catalog.html

Rely on Galil for Unmatched Support and Service
With every Galil controller you own, 

you also get the industry’s most skilled 

team of motion specialists as well as an 

impressive array of online support tools.

Galil’s motion specialists have over 

100 man-years of experience, and they 

stand ready to specifi cally address your 

application. You can reach them today at 

800-377-6329. ■

FREE Online Support Tools

Application notes, white papers and industry articles
http://www.galilmc.com/literature/technotes.html

Over 20 tutorials about servo tuning, motion programming, & motors and drives
http://www.galilmc.com/training/webconf.html

MotionCode™ Toolkit, step-by-step solutions with downloadable code
http://www.galilmc.com/support/motioncode/index.html

MotorSizer™ Tool for quick sizing of stepper and servo motion systems
http://www.galilmc.com/support/motorsizer/index.html

Interactive bulletin board with knowledge base for fast answers to your questions
http://www.galilmc.com/support/index.html

✓

✓

✓

✓

✓

Galil’s Free Online Support Tools Include:

http://www.galilinmotion.com
http://www.galilmc.com/support/index.html
http://www.galilmc.com/support/motorsizer/index.html
http://www.galilmc.com/support/motioncode/index.html
http://www.galilmc.com/training/webconf.html
http://www.galilmc.com/literature/technotes.html
http://www.galilmc.com/products/catalog.html
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