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Application Note #5451 
 
Converting from a PC-based PCI Controller to an Ethernet Controller 
 
Introduction 
 
Many Systems Engineers find it desirable to switch from a PCI Motion Controller 
to a stand-alone Ethernet solution.  Reasons for doing this can be any of the 
following: 
 

1. Economics- Eliminating the PC and using a standalone motion controller 
can provide immediate cost savings. 

2. Space- Even new computers require significant volume for a PCI bus.  
Switching to a laptop or tablet PC can reduce the overall volume of the 
control system. 

3. Simplicity/ Reliability- If you have no human interaction to the controller 
once the machine is running, there is no need for failure-prone 
commercial equipment like keyboards and monitors. 

 
A common transition is that from the Galil DMC-1800 or DMC-18x2 PCI controller 
to a DMC-21x3 standalone Ethernet motion controller.  This application note 
presents items of interest that the Engineer undergoing this process should keep 
in mind. 
 
System Layout 
 
The current machine design has the DMC-18XX motion controller installed inside 
the computer on the PCI bus.  This is common when quasi-real time data is 
shared between the controller and host program. The proposed change is 
centered on the fact that the new DMC-21x3 controller is to be external to the 
PC.  This solution allows the controller to be in close proximity to the physical 
axes.  An example of each system is shown in Figure 1. 
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Figure 1- Standalone Motion Control vs. PC-Based Motion Control 
 
PCI is considered the Windows/Intel industry standard for PC peripherals.  For 
PC users, the greatest benefit of using a Galil PCI card is the Plug-n-Play nature 
of the card.  The unit is installed and recognized by the PC with very little user 
interaction.  The biggest disadvantage of this architecture is that all the sensitive 
signal wires need to be routed back to the breakout module, which can lead to 
substantial amounts of noise. 
 
TCP/IP over Ethernet is the protocol of choice for most commercial networks.  
Packets of information flow across TCP/IP networks on both office LANs and 
around the world via the internet.  DMC-21x3 Ethernet controllers have the great 
benefit of being placed physically close to the motors and I/O, keeping the 
sensitive signal wires short.  In addition, the PC can be eliminated for substantial 
cost savings.  Ethernet control does have increased setup time as compared to 
PCI, and rules of communication need to be followed to allow for clean transfer of 
data between devices. 
 
Hardware Changes 
The most obvious difference between the two devices is the isolated nature of 
the standalone DMC-21x3 Ethernet card.  Depending on the overall machine 
configuration, the engineer may have to provide a single DC voltage, a +5, +/-
12V logic supply, or 110/220 AC.  In addition, a Cat 5 or better Ethernet cable will 
need to be routed to the controller, and a hub or switch may be required.  If the 
engineer wants a serial link for debugging or troubleshooting in the background, 
a 9-pin RS-232 cable will also need to be specified. 
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Firmware Differences 
A strong point with Galil controllers is that, with few exceptions,  a program 
written for one current model controller will run on any other controller.  A list of 
relevant commands is presented in the Appendix.  All independent and 
coordinated motion commands are identical, and the tuning and axis parameters 
can be transferred effortlessly.  Commands that do differ are only related to the 
communication with the host PC. 
 
Software Differences 
This is the area where the system engineer will need to spend the most time.  
The first distinction is the installation of the device.  Users familiar with PCI 
devices understand the Plug-and-Play nature of the bus.  The user installs the 
correct software, inserts the card, and boots up the machine.  The device is 
automatically configured.  For communicating to the DMC-21x3 Ethernet 
controller, the user must understand the basics of networking, including the 
setting of IP addresses and Subnet masks.  Installation of Galil Ethernet 
controllers is covered in great detail in Application Note #4422: Connecting to an 
Ethernet Controller.   
 
If the current PCI solution relies on the regular transmission of the controller’s 
status to the host program, the change to Ethernet will require that these large 
data packages, usually called the Data Record, be transmitted over the Ethernet. 
The programmer will not want these large packets interfering with any critical 
motion commands.  To eliminate this possibility, the DMC-21x3 has eight 
available Ethernet handles.  The programmer can set up the second handle to do 
nothing other than transmit this data packet.  This leaves the primary handle for 
the high-level commands. 
 
A third concern is the concept of interrupts.  Some host programs rely on the 
DMC-18xx card to issue an interrupt when a specific event has occurred.  This 
immediately causes the PC’s processor to respond, and gives the programmer a 
very fast method of controlling the flow of the application.  With the DMC-21x3, 
there are no hardware interrupts.  The programmer will need to rely on specific 
data being read from the data record or to poll for status across the Ethernet.  
Even better, the programmer can take advantage of the controller’s 
independence from the host, and have the resident application program respond 
to external events.  
 
Even though the differences between PCI and Ethernet seem striking at first, 
most changeovers will proceed relatively smoothly.  If the design engineer 
addresses the concerns presented in this application note before beginning the 
transition, setbacks can be kept to a minimum.  If anything does surface during 
the conversion, do not hesitate to contact Galil Technical Support at 
1.800.377.6329. 
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Appendix A 
 
Detailed chart of differences between a DMC-1800 PCI motion controller and an 
Ethernet-based DMC-21x3 
 
When the Controls Engineer undertakes this type of system-level change, the 
following chart presents characteristics that should be kept in mind. 
 

DMC-1800 Benefits   
Category Description Notes 

Hardware Multiple FIFOs 

PCI controller cards have the ability to communicate over the primary 
FIFO, and can use a Dual-Port RAM (DMC-1800) interface to transmit 
a data record to the host PC 

Software PC interrupts 

PCI cards can be configured to interrupt the host PC when certain 
conditions are true.  Because of the high priority assigned to the PCI 
interface, the PC can respond nearly instantaneously to these events. 

Hardware 
PCI 
disconnection 

Because the PCI card is inside the PC, the only way to lose 
communication is to physically remove the card.  This assumes there 
are no resource conflicts at any time. 

Software Plug-n-Play 
PCI cards are explicitly designed to install with a minimum of user 
input.  This can reduce overall system setup time. 

 
 
 
   
DMC-21x3 Benefits   
Category Description Notes 

Software 
 
 

Multiple 
connections 
 
 

Ethernet controllers are designed to communicate with multiple 
devices at once.  Additionally, multiple connections can be opened to 
the same node.  This gives the programmer the flexibility to send and 
receive high-level commands on one handle, and use a second handle 
for transmission of the data record. 

Software 
Master/slave 
configuration 

Ethernet controllers can be configured to be a slave, a master, or both 
at the same time. 

Hardware 
 

Local wiring 
 

By placing the controller near the actual axes of motion, the system 
designer keeps the sensitive low-voltage signal wires relatively short.  
This can lead to better noise immunity in the system. 

Software 
 

Third party 
interface 

Any Ethernet-ready device that responds to ASCII text is ready to 
communicate to a DMC-21x3.  This allows for a wide variety of 
Ethernet I/O, HMIs, cameras, etc. to play a role in the system. 

Hardware 
 

No PC required 
 

Using an Ethernet card, the system Engineer can eliminate the PC 
interface altogether, if appropriate.  This can decrease system cost. 

Hardware 
 

Scalability 
 

Ethernet-based motion controllers have the ability to communicate with 
one another without interdiction by a host.  This means that more axes 
of control can be added without having to scrap a fixed-axis bus-based 
controller. 

Hardware 
 

Amplifier options 
 

In addition to being local to the physical axes, the DMC-21x3 offers 
several amplifier options that can reduce wiring even more. 
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DMC-1800 Concerns   
Category Description Notes 

Hardware 
 
 

Slot availability 
 
 

New PC's are constantly getting smaller.  Because of the relative bulk 
of a PCI slot, most new PCs have only two or three slots available, and 
in the future, that number may decline even more.  If the user has a 
variety of peripherals, they may be faced with a shortage of available 
slots. 

Hardware 
 

Long signal wires 
 

Because the card is located at the PC, all signal wires from I/O, 
encoders, and amplifiers need to be routed back to the PC.  This 
leaves these signals prone to noise corruption. 

   
DMC-21x3 Concerns   
Category Description Notes 

Software 
 

Packet assembly 
time 
 

TCP/IP protocol dictates that packetized data contain a header and 
footer.  This assists in confirming data integrity.  However, there is a 
time delay while Windows creates these packets and transmits them to 
the network.1 

Software 
 

Network setup 
 

All networks take a certain amount of time to set up.  The network 
cards need to be configured, the IP addresses must be assigned, and 
some amount of testing needs to occur. 

Hardware 
 
 

Network devices 
powered 
separately 
 

Because of the distances between network nodes, individual devices 
will probably rely on a local power supply.  It will be the responsibility 
of the system engineer to ensure that adequate time has been given 
for all the devices to come on-line before communication is initiated. 

Software 
 

Unsolicited 
message 
handling 

During debugging, the controller will probably be set up to send 
unsolicited messages to the programmer.  If the host PC's program is 
incorrectly configured to handle these messages, then the 
communication thread may hang. 

Software 
 

Data Record 
assembly and 
transmission 

Assembling and launching the Data Record from an Ethernet controller 
can take up to 4ms.  Care should be taken to avoid polling for Data 
Record responses so fast that it affects CPU usage. 

 

1This delay quantifies the determinism of the network.  For more information on determinism and 
networks in motion control, refer to Appnote#5449- Suitability of Ethernet for Motion Control 
 

The following are commands that are affected by changing between PCI and 
Ethernet controllers.  For information about each specific command, see the 
Command Reference. 
 
IA  Ethernet IP Address 
IH  Ethernet Handle 
MB Modbus 
SA  Send to Handle 
TH  Tell Ethernet Handle 
WH Which Handle 
UI  User Interrupt 
EI  Enable Interrupt 
 
 

DR  Data Record 
QR Launch Data Record 
CC  Configure COM port 
CI  Communication Interrupt 
P1ST COM String 
P1CH COM Character 
P1NM COM Number 


