
Galil Motion Control 

Application Note 3503
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Introduction
Galil controllers can be used to command stepper motors based on encoder feedback, using either internal Galil 

stepper drivers or external third-party drives. Due to the use of leadscrews, timing chains, or other mechanics, there 
may be backlash and/or compliance between the motor and the encoder/payload. While standard closed loop control 
generates a torque command based on the position error of the encoder (typical when using servos), Galil's Closed Loop 
Stepper (CLS) Firmware generates a pulse train based on encoder error. This output is sent to the stepper driver, which 
moves the motor accordingly in an effort to minimize position error. Several tuning commands and motion parameters 
allow the user to maximize the performance of the system.

Theory of Operation
The block diagram shown below in Figure 1 provides an overview of the CLS Firmware control loop and its relation to 

the system mechanics.

The CLS control loop utilizes tuning parameters already familiar to Galil users like:

• Proportional Gain: KP
Generates a control signal proportional to the system error

• Feedforward Velocity Gain: FV
Generates a control signal proportional to the profiled velocity

• Feedforward Acceleration Gain: FA
Generates a control signal proportional to the profiled acceleration
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Figure 1: Closed Loop Stepper Firmware control diagram
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Other PID gains like KD and KI are not used in the CLS control loop and should be set to 0.

In addition to the tuning parameters, CLS firmware provides three additional commands:

• Maximum Pulse Frequency: SK
Since Stepper motors are prone to stalling at high speeds, the SK command allows the user to set a maximum 
pulse frequency, avoiding motor stalls during operation.

• Deadband: DB & DS
The DB and DS commands define an Error deadband within which the CLS control loop is deactivated. This 
eliminates the dither that can occur in the case of a traditional servo system constantly 'hunting' for position.

Requirements
1. Galil DMC-40x0 Controller with Closed Loop Stepper Firmware

2. Stepper Driver (internal or external) and a stepper motor

3. Encoder feedback somewhere in the system

4. Galil GDK Software with Scope Tool (Requires Pro License)

System Setup

1 Determine Stepper Motor Maximum Speed

The firmware generates a pulse train up to a maximum frequency, specified with the SK Command. This speed limit is 
based on the maximum stepper motor rpm before stall. It is recommended to select a speed limit 20% below the stall 
speed to account for changes in payload or supply voltage. To determine the stall speed, open-loop jog commands are 
sent by the controller/driver to the motor. The motor is visually checked to ensure stable motion. As the stall speed 
approaches, the motor will quickly lose torque and eventually cease to rotate. In this example, the motor stall speed was 
found to be approximately 200,000 microsteps per second, equivalent to about 4 rps. Using the 20% margin figure, this 
defines the maximum pulse train frequency to 180,000 pulses per second, subsequently set with the SK Command.

2 Configure Motor and Encoder Polarity

Each axis can be configured for closed loop stepper operation with the MT command: Valid values for the MT 
command are 12, -12, 12.5, or -12.5 based on stepper driver requirements. Galil internal drives use MT-12 or MT-12.5. 
Ensure the motor and encoder have identical polarity. This can be done by commanding a positive jog (JG command) on 
a motor in open loop mode stepper mode (MT-2). When commanding a positive jog, the encoder counts should increase 
(check with TP command). Use the Configure Encoder command (CE) to invert encoder polarity if needed. This is 
necessary to avoid positive feedback, which will result in motor runaway. Note that only the Main Encoder inputs are 
used for closed loop feedback. The Auxiliary Encoder inputs are not available in closed loop stepper mode.

Note Proper stepper motor operation requires that TM 500 be set on the DMC-4000

3   Set Motion Profile Parameters

In closed loop stepper mode, since the control signal is now steps, all motion is defined in terms of encoder counts. 
Speed (SP), acceleration (AC), and deceleration (DC) values should be selected based on the performance requirements 
of the application.

Application Note 3503 2

Galil Motion Control, Inc. · 270 Technology Way · Rocklin, CA  95765  USA
800-377-6329 · Ph: 916-626-0101 · Fax: 916-626-0102 · www.galil.com

http://www.galil.com/


Galil Motion Control 

Tuning
This section lays out an example of tuning a closed loop stepper system using a simple back and forth move command 

from dmc code. Crucial parameters like Reference Position (RP), Encoder Position (TP) and Position Error (TE) can be 
monitored on the GDK Scope Tool in real time where the effects of tuning parameters like KP, FV, FA and KS can be 
seen.

1 Initial Gain Recommendations

Before enabling the motor, recognize that the default PID gains used by the controller are low, but may not be low 
enough. Make sure to disable the derivative gain (KD 0) and Integral gain (KI 0) and set the proportional gain (KP) to 1. 
Set FV and FA to 0 as well. If the system is high-gain or if there is a large mismatch between encoder and microstepping 
resolution, consider lowering the tuning gains even further. The recommended ratio of microstepping resolution to 
encoder resolution is 3:1. For every encoder count, the controller should be able to command 3 microsteps of motion to 
the motor.

2 Tune the System

Once the system is configured for closed loop stepper mode, enable the axis with the SH command. A simple tuning 
method outlined in the following steps that starts with back and forth move in a simple loop. While in motion, the 
encoder feedback and position error can be monitored in real time using the GDK Scope Tool. In this application, the 
motor is commanded to move 10,000 encoder counts, pause, and return as shown in the DMC code in Figure 2.

1. Set KP to 1 and start increasing FV to minimize the position error during a move

2. After tuning FV, start increasing the KP parameter to eliminate any error when settling and coming to a stop. 

3. For most systems, FV and KP are enough to achieve the desired performance. 

4. Some systems might require Feedforward Acceleration gain (FA command) and a low pass filter on the step 
pulse output in the form of Stepper Smooting (KS command).

After tuning for minimum payload error when at rest, the resulting response is shown in Figure 3. A small amount of 
following error is seen during the move with little to no position error when stationary.

Figure 4 shows the same tuned system response to an external disturbance when stationary. The reference position 
(blue) does not change however a spike is seen in the position (red) and position error (green). The step pulses output to 
the driver (violet) are shown to respond to the increase in position error, working to minimize it.
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#CLloop
PR 10000;' move 10,000 counts in the positive direction
BG A;' begin move on axis A
AM A;' wait for motion to complete
WT 200;' wait for 200 milliseconds
PR -10000;' move 10,000 counts in the negative direction
BG A;' begin move on axis A
AM A;' wait for motion to complete
WT 200;' wait 200 milliseconds
JP#CLloop;' jump back to the #CLloop label

Figure 2: Example DMC code
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Figure 3: Tuned System performance during a profiled move

Figure 4: Tuned system response to an external disturbance
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Effect of Individual Tuning Parameters
Available tuning parameters KP, FV, FA, and KS effect the stepper motor response differently than would occur with a 

torque-mode servo motor. To illustrate the effect of each parameter, values were entered that were higher and lower 
than the eventual optimal value displayed in Figure 3 above.

Proportional Gain (KP)

The Proportional gain (KP) contribution to the output step frequency is directly proportional to the position error. If 
KP is too low, the system response to position error will be sluggish and a steady state position error while stationary 
will be observed, see Figure 5. 

If the value of KP is too high, the controller will attempt to correct for error too aggressively. This can lead to higher-
frequency oscillations, audible noise, and even system instability as shown in Figure 6.
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Figure 5: Proportional Gain too low

Figure 6: Proportional Gain too high
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1 Feedforward Velocity (FV)

Feedforward Velocity (FV) adds additional step pulses during motion to help the motor maintain the target speed. If 
system doesn’t have enough FV, there will be a noticeable steady state position error during the time when the system 
is in motion as seen in Figure 7. FV has no effect when the system is at rest. Similar to KP gain, a too high FV will lead to 
system being overly aggressive which will result in oscillation and unstable behavior, shown in Figure 8.
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Figure 7: Feedforward Velocity too low

Figure 8: Feedforward Velocity too high
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Feedforward Acceleration (FA)

Feedforward Acceleration (FA) gain is very similar to Feedforward Velocity, and adds additional step pulses during the 
acceleration phase of the motion. This helps the system overcome static friction more effectively. FA has no effect when 
the system is at rest. Setting FA too high can lead to overly aggressive acceleration and deceleration, which will result in 
additional position error during these phases of the move, or system instability.

Stepper Smoothing (KS)

The KS parameter adds a single pole low pass filter onto the output of the motion profiler and will add an overall 
delay in generation of output steps. Since the KS parameter directly effects the timing of the outgoing step pulses to the 
amplifier, after KS is changed, the system will need to be re-tuned to make sure that the system is stable.

Deadband (DB, DS)

In some applications, when the motor is at rest, there must be zero dither. This can be achieved by using the 
deadband commands DB and DS. Once the position error is less than DS counts, the profiler disables completely. Once 
the position error exceeds DB counts, the profiler closes the loop normally. Setting different values for DB and DS allows 
room for some hysteresis so that the loop does not dither on and off around a single error value.

For additional information or questions, please contact the Galil Applications Engineering Department or email 
support@galil.com.
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Figure 9: Feedforward Acceleration too high
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