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Warranty

The software libraries and tools are provided "as is" without warranty. The entire risk for the
results and performance of these libraries and tools is assumed by the purchaser. Gamatronix
does not warrant, guarantee or make any representation regarding the use of this product. No
other warranties are made, expressly or implied, including, but not limited to, the implied
warranties of merchantability and suitability of products for a particular purpose. In no event will
Gamatronix be held liable for additional damages, including lost profits, lost savings or other
incidental or consequential damages arising from the use or inability to use Gamatronix's
products or the products resold by Gamatronix.

Disclaimers

Gamatronix reserves the right to make changes without notice, to any product, to improve
reliability, performance, capabilities, design or ease of use, or to reduce size or cost. Gamatronix
products may not be used as components in life support devices of any description.

Copyright
All the source code and documentation is covered under a Creative Commons license by
Attribution. The full text of the license can be found at www.creativecommons.org.
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geamatronix Gamoto

Integrated PID Servo Motor Controller / Driver

Gamoto Feature Summary: O PeElr o e ) s e

0 o~
e 127§ 55VDC Motor Voltage ggﬁ @E
71 16 VDC Logic Voltage input Cold !
Integrated 3A continuous / 6A peak H- ﬁ@ ]
Bridge motor driver m 4 ]
e Trapezoidal Trajectory processing, for (=) A
precise control of position, velocity, and EE )
acceleration 5 b
e Step + Direction pulse inputs, to work with gg E:
stepper motor driver software B(m)i ] OF
e R/C Pulse input, to work with Remote =29 ?5 °
Control radios, hobby servo systems O O

-

1X and 4X quadrature encoder decoding
I°C slave interface, for motor control by an external 1’c

Serial interface, 9600,19200, or 115200 baud

Cricket Bus interface, for use with Handy Cricket control bus products

Removable motor power fuse, with fuse fail indicator

On-board flash memory to store parameters

Analog reading of real-time motor current

Limit switch interface to add optional upper limit, lower limit, and home switch inputs
Expansion port with four analog input pins available for general purpose analog readings.

1. Overview

The Gamatronix Gamoto is an integrated module that includes a PID (Proportional,
Integral, and Derivative) control chip, a motor driver, and quadrature encoder interface /
conditioning circuitry, step/direction pulse input circuit, and an R/C Pulse capture circuit. A
complete motor control system would include the Gamoto, a motor, power supply, and a
guadrature encoder or analog potentiometer for position feedback. The Gamoto can also
be used in direct power mode (open loop), in which case the position feedback is not
necessary.

The host processor can communicate with the Gamoto in any one of three ways: Serial,
I°C, or Cricket Bus. Serial communication uses a simple binary-based protocol with a
header and checksum, to reduce errors. As an I°C slave device, the Gamoto accepts read
and write commands to its internal registers, as well as some special commands, allowing
full control over the Gamoto. Maximum speed is 400 kHz.

The third communication option is the Cricket Bus. This is a one-wire serial type of
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interface, similar to 1°C, but using only one signal line, plus power and ground. This bus is
designed with Handy Cricket devices (www.handyboard.com/cricket), but since it is an
open protocol, any host controller can implement this bus and use it to communicate with

the Gamoto.

1.1 Technical Specifications

Processor PIC16F876, 20 MHz

H-Bridge LM18200 DMOS Quad H-Bridge
Motor Voltage input 12-55 VDC

Motor Current output 3A continuous, 6A peak

Logic Voltage input 7-16 VDC

Position Registers 32-bit signed, with 8-bit fraction
PID Constant Registers = 16-bit signed

PWM Resolution 10-bit resolution

PWM Frequency 19.54 kHz

Trajectory Storage

6 trajectories storable in non-volatile flash

Analog inputs
Digital inputs
Over-current protection

4 user analog inputs, 10-bit resolution + 1 for motor current
Upper limit, Lower limit switches, interlocks motion
5A replaceable fuse, with LED indication of failure

Over-temp protection
Encoder inputs
Parameter storage

Over-temp LED, auto-shutdown H-bridge
Filtered, up to 254,000 counts/sec
Key parameters stored in non-volatile flash

Serial Interface
12C Interface

9600 or 19200 baud, serial command protocol
Operates as an 12C slave, with command protocol

Cricket Bus interface

Complies with Cricket device bus for use with Handy Cricket

R/C Pulse Capture

0-3ms pulse width, with configurable hi/low set points

Step + Direction inputs

5V Digital pulse capture, triggers on positive edge of Step
pulse signal.
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1.1 Typical Application

Shown below is a block diagram of a typical application.

Gamoto

Host Serial or
MCU 12C or
CricketBus
- OR -
Host MAX
PC 232

Encoder e

T\

(-

Power

A PC can connect using serial COM port and a
serial level-shifter, such as the Maxim MAX232

2. Operational Modes

The Gamoto can be operated in any of several operational modes. The mode setting can

be changhefly 6oby the host, dur i-omgdefauppreodeacan o n,

be customized, allowing it to always power up in the desired mode. For details of the

actual Mode registers, see section xx. The various modes are outlined below.

2.1 Position Mode

Mode Register = 00000001 (0x01)

This is the default mode, in which the motor drives to the set position (stored in the
setPosition register). On power-up, the setPosition is 0, and actual position (mPosition) is
0, so the motor will not move. However, if it is disturbed or pushed one way, it will drive to

return to the target position.
determines the power sent to the motor.
interactive mode that demonstrates position control based on mouse movements.

2.2 Power Mode

Mode Register = 00010001 (0x11)

The PID algorithm (see Theory of Operation section)
In the windows control software, there is an

Enabled by setting PwrMode bit of Mode register. This mode is the simplest to use and to

understand. In this mode, a raw motor power number is sent to the Gamoto, as a

percentage of power desired to send to the motor. This register, mPower, is a signed 8-bit
number, and can range from i 128 to +127. (0 = 0% power, 127 = 100% forward, -128 =
100% backwards). In this mode the encoders are ignored, so in fact encoders are not
necessary. However, if encoders are connected, then the current position and velocity can
be read from the internal registers while the motor is running.

2.3 Velocity Mode

Mode Register = 0000101 (0x05)

Enabled by setting the VelMode bit of the Mode register. This mode allows easy control of
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motor velocity, while still tracking the absolute position. When this mode is set, the value in
register SetVelocity is used as a velocity target. Setting SetVelocity = 0 causes the motor
to stop. SetVelocity is a signed 16-bit register, and the lowest 8 bits are fractional. The
actual value to use for a given velocity depends upon your encoder resolution, so this must
be found by trial and error.

The actual algorithm for this mode is as follows: SetVelocity is added to the target

setPosition register every control cycle. This means the target position is always changing,

but at a constant rate, leading to a constant average velocity. Be aware that if the motor is

slowed by an obstacle, and then freed, it may temporarly speed up to fAcatch up
moving position target. This leads to an accurate average velocity, but not always the most

stable instantaneous velocity.

2.4 Trajectory Mode

Mode Register = 0000011 (0x03)

Enabled by setting the TrajMode bit of the Mode register. This mode causes the Gamoto
to immediately begin following the pre-set trajectory that has been stored in the trajectory
registers.

2.4.1 Trajectory Stop
Mode Register = 0001011 (0x0B)

Enabled by setting the StopGrace bit of the Mode register, this allows the host to
prematurely stop a trajectory in progress, but rather than suddenly stopping the motor, the
motor is gracefully decelerated at the rate specified by the original trajectory. This is useful
when the distance to travel is not known ahead of time, or an event triggers a necessary,
but not urgent, stop. Note this requires Trajectory Mode to be enabled, and Velocity Mode
disabled. If there is no trajectory currently active, setting this mode will have no effect.

2.5 Homing Mode

Mode2 Register = 00000001 (0x01)

This mode is normally disabled. Enabled by setting bit 0 of the Mode2 register, this mode
allows an external home switch to clear the position register and stop the motor
automatically. It changes two of the analog pins to digital pins (Analog pins 2 and 4), and
uses Analog channel 4 (Connector J1, pin A4) as a home switch input. Normally high (you
need to supply a pull-up resistor of 1K-50K), when pulled low while in Velocity mode, the
position registers are cleared, Velocity is set to 0, and the mode will change to Position
mode, stopping the motor.

The second converted digital channel, A2, is not used for this homing feature, and will still
read analog values, even though it is configured as a digital pin.

2.6 MotionDone Enable

Mode2 Register = 00000010 (0x02)

This option is normally disabled. Enabled by setting bit 1 of the Mode2 register, this option
turns one of the analog pins (A2) into an output, and uses it to signal when a maotion profile
has been completed (A2 goes high). This can be used as an interrupt to an external MCU
or other control system, in place of polling the Mode register to detect when a motion is
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complete. As with the Homing mode, pin A4 becomes a digital pin, but is still able to read
analog input voltages.

2.7 SerialShare Enable

Mode2 Register = 00000100 (0x04)

This option is normally disabled. It allows you to connect up to 8 Gamotos to the same
serial TX and RX lines, with no additional hardware other than a 10K pull-up resistor, which
may be needed in some cases. When this bit is set, the Gamoto allows the TX line to float
when it's not being used. Since each Gamoto only replies to messages addressed to it (by
the correct header/DIP switch combination), then only the proper Gamoto will reply. Since
the TX line is floating when not in use, a 10K pull-up resistor is recommend, if not already
included in your serial transceiver or MCU.

2.8 115200 Baud Rate

Mode2 Register = 00001000 (0x08)

This option enables serial communication at 115200 baud, regardless of the dip switch
settings for baud rate (9600/19200). Note that if you set this mode bit via a serial
command, the response will come back at the current baud rate 1 it will not change to
115200 until you reset the Gamoto, either manually or with a reset command.

2.9 Step + Direction Pulse Inputs

Mode2 Register = 00010000 (0x10)

This option enables command of the motor via Step and Direction signals, similar to a
stepper motor driver. This allows you to use existing stepper motor driver software, for
example in CNC applications, to control your DC servo motor. The Step signal connects to
J4 Pin 2 (Normally the Lower Limit switch input) and the Direction signal connects to J4 pin
3 (Normally the Upper Limit switch input). The limit switches are of course disabled while
in this mode.

If the Direction signal is high, then each rising edge of the Step signal will jog the motor one
count forward (setPosition gets incremented). If the direction signal is low, the setPosition
register gets decremented.

StepSize Register (Address = 0xB3, or 179 decimal)

If you want each step pulse to jog more than one count, use the StepSize register to set
the step size to something larger than 1. For example, if StepSize = 10, then each
incoming step pulse will jog the motor to (mPosition + 10).

2.10 Analog Feedback Mode

Mode2 Register = 00100000 (0x20)

This mode allows Analog Channel 1 to be used as the position feedback, rather than
guadrature encoder signals. This makes it easier to convert a simple motor to a servo,
without the need for a costly quadrature encoder. The 0-1023 signal is fed directly to the
mPaosition register, and the encoder inputs are ignored.
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2.11 R/C Pulse Input Mode

Mode2 Register = 01000000 (0x40)

This mode allows the Gamoto to accept standard R/C (Remote Control) input pulses to
command the motor set point. These R/C pulses are generally in the range of Ims i 2ms
wide pulses, repeated every 20ms. The Gamoto accepts any pulse in the range of 0.2ms
to 3ms, and the repeat rate is not important.

To configure the low and high pulse range and low and high desired set points, use the
MotoView R//C Pulse configuration dialog, under the Tools menu. This dialog also shows
the real-time pulse width being received, so it's handy for debugging your R/C equipment.

R/C Pulse Timing Requirements:
T1: Minimum pulse width is 0.2ms. Any smaller pulses will be rejected as noise.
T2: Normal pulse range is 0.2ms to 3.0ms. Max and min are settable via MotoView.

T3: Time between pulses must be at least 20 usec (0.020ms). There is no maximum. If the
signal is lost, the set point will remain at the set point given by the last valid signal.

Note that in the current firmware version, when using R/C Pulse mode, you must
also enable Analog Feedback mode.

To set up this feature, you need to set the following key parameters: RCPmin, RCPmax,
SPmin, and SPmax. These parameters are described by the diagram below. Any R/C
Pulse that is shorter than the RCPmin value (but greater than 0.2ms) will be result in a set
point of SPmin. Similarly, a pulse larger than RCPmax will result in a set point of SPmax.

RCPmin RCPmax
0 [ [ | Faw R/C Fulse Counts | ] ] 15000
0 ms [ r' Converted to milliseconds |_| ] 3Ims
o [ T Scaled to setPosition ] | 1023
SPmin SPmax
I f we take an exampl e, |l etd6s say you connect your
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the MotoView R/ C config dialog, and | ook at the R
values from say 4412 to 9762, then you could set RCPmin to 4500, and RCmax to 9700.
Values outside of this range will get clipped to the max and min values.

Now you need to look at your potentiometer, and see what values you get for feedback. If

your analogl channel is showing values from 8 to 1019, then you could set SPmin to 10

and SPmax to 1015. You woul dndt want to set the
range, or else you could reach the mechanical limit of your motor motion, and the motor

would still be trying to drive.

2.12 PWM Modes

There are two available modes for controlling the power to the motor. Both use Pulse
Width Modulation (PWM), which is a digital way of delivering a range of power to a device.
Depending upon the motor design and application, it may be desirable to use one mode
over another.

2.12.1 Sign-Magnitude

Sign-Magnitude is the default mode. This method requires that two signals be sent to the
H-bridge: direction (Sign), and Magnitude. The Magnitude is always positive, and the
direction changes depending on which way the motor is to be driven.

The Magnitude signal is a square wave with a fixed base frequency of 19.2 kHz, and
varying duty cycle, from 0 to 100%, corresponding to 0 and 100% power delivered to the
motor.

The Sign, or direction signal, is a digital high for clockwise rotation, and low for counter-
clockwise motion.

2.12.2 Locked Anti-Phase

To enable Locked Anti-Phase (LAP) mode, set the LAP PWM bit in the Mode byte. Any
time you change this bit, you need to save to Flash, then power cycle before it takes effect.

InLAP mode, direction and magnitude are combined i
condition is represented by a 50% duty cycle. Full forward is 100% duty cycle, and full

backward is 0% duty cycle. The reason for this behavior is that this pin is connected to the

Direction input of the H-bridge, so that at 50% power, the motor is actually reversing

direction constantly, which averages out to zero net power.

The other pin on the H-bridge that is normally used for PWM input is now used to enable or
disable the motor.

The advantages and disadvantages of these PWM modes have been much debated in the

mot or contr ol communi ty. I f you dondt have an o0}
mode. If you have a very free-spinning motor and would like more of a braking effect when

slow or stopped, then you should try LAP mode.

3. Braking behavior

The LMD18200 Dual H-Bridge chip has a braking feature that, in the case of the Gamoto,
is controlled by one bit (the ABrakeo bhet) in the
Brake pin on the bridge goes high. When the Brake bit is clear, the Brake pin goes low.

=13
O

The first confusing point is that this type of
sometimes a barely noticeable effect. It works by effectively shorting the motor coil leads
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together. With some motors this causes a strong resistance to spinning, and other motors
just seem sluggi sh. ltds best to think of it as
free-wheeling after a controlled move.

The second confusing part of the braking behavior is the way that the H-Bridge has
implemented the brake. The data sheet states that to assert the brake, you not only need
to set the Brake pin high, but also set the PWM input high. The PWM input normally tells
the motor to turn on! So in the case of the Gamoto, you would need to turn on the Brake
bit of the Mode byte, then command the motor to go at full power (set PwrMode of Mode
byte, then set mPower=127), in order to activate the brake. This actually works 7 the motor
does not turn, and has a noticeable resistance to turning in this condition. But there is a
better way.

The third confusing part of the behavior actually allows a more convenient way to use the
brake. According to the H-bridge datasheet, if the brake pin is Low (disabled) while the
PWM pin is low (no command for power), then the braking is actually ON. This means that
during normal operation, when you signal zero power to the motor, the braking is activated.
This actually makes sense, because if you want zero power, you generally want to stop. If,
for some reason, you want to stop and coast, then you ask for zero power, and then turn
ON the Brake bit. Note that as long as the Brake bit is on, it cannot be controlled by the
Gamoto, so if it slips away from its setPosition, it will not drive back to set point until the
Brake bit is turned off.

Bottom | ine: Dondét worry about the Brake. For mo:
read it or understand it. The one exception is the case where you really want to free-spin
your motor with no power. In this case, send zero power and turn on the brake bit.

4. Theory of Operation

The Gamoto motor controller uses a PID (Proportional, Integral, and Derivative) algorithm

to calculate how much power to deliver to the motor, and in which direction. This is not a

new technique. I't was developed in the 196006s, ar
fast, accurate motion control, as well as most other types of control systems.

The main equation has three major components, the sum of which equals the power to be

delivered to the motor. The inputs to the equation are the setpoint( Aiset Posi ti ondo r e
the actual position (fAimPositiono register), and
proportional, integral, and derivative constants, respectively.

g

i
t
We can calcul ate t he e rsetpointfronfithe,acuallpgsition:u bt r act i ng t h
(1) u = mPosition I setPosition

The Proportional component is straightforward:

(2) Kp x u

The Integral component is calculated based on the integral over time of the error:

(3) Ki x Judt

The Derivative component is calculated based on the differential the actual position over
time, which in the case of motor control, is the same as the velocity ( imVel oci tyd regi ste

(4) Kd x mVelocity
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So the resulting equation is:

mPower = Kp xu+ Kix Judt + Kd x mVelocity

One more final scaling is performed, to allow the use of motors that cannot handle the full
voltage of the power supply. For example, if you are using a six volt motor with a 12 Volt
battery, you can set pwrLimit = 50% power, or 127. The final equation then, is:

mPower = [Kp x u+ Kix Judt + Kd x mVelocity ] x [ pwrLimit / 255 ]

4.1 Trajectory Control

As mentioned in the velocity mode section, velocity is controlled by continuously adding to
the position set point. In the same manner, adding to the velocity set point can cause a
constant acceleration. These techniques are combined, along with distance planning and
deceleration, to create a Trajectory Move. The diagram below shows a normal trajectory

move.
v
A
Velocity, v
Acceleration, a
-a {
T " T >
Distance, x X

Given a desired distance, velocity, and acceleration, a move can be completed smoothly
and accurately. You can create and test these trajectories easily, using MotoView. Once
you decide a few trajectories that you will use in your application, you can store up to
seven of them in flash. Or you can create them and run them on the fly.

To run a trajectory, the following steps are necessary:

e Write to the desired X, V, and A trajectory registers

o Write the corresponding trajectory number to the TrajNum register
e Set Mode to 0x03 to run the trajectory

e To determine when itds c edopMede bitinthe Mode leye.n p ol | t
Or you can turn on MotionDone Enable (by setting Mode2, bit 1), and monitor pin A2
(on J1). This pin is normally low, and will go high when the motion is complete.

e The distance value is always a relative distance, to be added to the current position.
When using trajector i es, i tds a good idea to follow these

¢ For negative moves, use a negative x or negative v, but never use a negative
acceleration.

e v/a should be an integer, especially for large values of v and/or a. For example, if
v=5000 and a=1000, then after 5 cycles, v will become 5000, and will stop increasing.
But if a=1100, then after 4 cycles, it will be 4400, and after 5 cycles, will overshoot to
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5500, and then stop increasing. In the extreme case of v close to the maximum value
(32767) and large values of a, then the velocity can roll over to a negative value.

¢ If the maximum v is not fast enough, decrease dS.

¢ If the minimum v is not slow enough, increase dsS.

« Reminder: Changing dS will also affect the strength of the Kd term, in a linear fashion.

Maximum values for trajectory variables:

var | Length Range
X 3 bytes, signed integer -8388608 to 8388607
v 2 bytes, signed integer -32768 to 32767
a 2 bytes, signed integer 0 to 32767

Special case: Short Trajectory

In the event that the distance specified is short, and acceleration is small, then the velocity
may never be achieved. This is not a problem for the Gamoto, but it is good to be aware of
this possibility. A diagram showing this situation is shown here:

Target
Velocity, v

Detecting the end of the trajectory:

I D ¢ —

This diagram shows a trajectory move, and how the Mode byte changes and the
MotionDone pin signals the end of the trajectory, if MotionDone is enabled in the Mode2

byte:

Motor Speed

Pin A2, J1

fMotionDoneopin

N

Mode Byte

Mode=1 Mode=3

Mode=1
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4.2 Units of Measurement

The units used to control and calculate the position, velocity, and acceleration are different
than typwecralddremilts. To aid in the conversion t
describes how to do the conversions.

Some basic definitions:

CPR = Counts per revolution (counts/rev). This is how many encoder counts for every
complete revolution of your output shaft or wheel. To measure this value, run MotoView
and show the Register View window. Display mPosition. Turn your output shaft one turn,
and note how many counts have passed.

ORD = One Revolution Distance (inches/rev, feet/rev, etc.). This is the distance your
device moves in one revolution, in the distance units of your choice. In the case of a
wheel, it's the circumference of the wheel.

To = Period of Gamoto PID loop. This is a fixed constant, equal to 0.00051 seconds.

dS = Number of PID cycles to skip when updating velocity, Kd, and profile information. The
factory default value is 10, but this is changeable by the user.

V = Velocity. This can be represented in many units, as shown below. The basic unit is
the internal Gamoto units, which are in relation to the PID loop of the Gamoto.

4.2.1 Velocity Equations

\%

V (countsec) =
256 * To * dS

V (inches/sec) = V (counts/sec) * (ORD/CPR) (assuming ORD is in inches/rev)
V (miles/hour) = (V in inches/sec) * (5/88)
Example calculation:

We have a robot with 30 diameter wheels, driven b\
encoders have 250 counts/rev, and are attached to the motor, before the gear reduction.

First, the CPR of the output shaft = 250 * 19 = 4750 counts/rev.
The ORD = circumference of the wheel, or pi * D, or 3.14159*3 = 9.42 inches/rev

When using MotoView, we enter a set velocity = 8000, and dS=10. How fast is the motor
going?

V = 8000 / (256*0.00051*10) = 6127.5 counts/sec
V =V (counts/sec) * (ORD/CPR) = 6127.5 * (9.42/4750) = 12.15 inches/sec
V = (Vininches/sec) * (5/88) = 12.15 * (5/88) = 0.69 miles/hour
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4.2.2 Acceleration Equations
A

256 * (To * d% )

A (cnts/s8c=

A (inches/sec?) = A (cnts/sec?) * (ORD/CPR)
A (relative to gravitational constant g) = A (inches/sec?) / (12 * 32.2)
Example calculation:

If we continue the above example, let's find out how fast an acceleration setting of 20 will
cause the robot to accelerate:

A (cnts/sec?) = 20 / (256 * (.00051 * 10)? ) = 20 * 150.18 = 3003.65 cnts/sec’
A (inches/sec?) = 3003.65 * (9.42 / 4750) = 5.96 inches/sec’
A (relative to g) =5.96 / (12 * 32.2) = 0.015 g

4.2.3 Example Torque Calculation

Let's assume we are powering our robot with two motors capable of 20 oz-in of torque.
What value should we use for the Gamoto acceleration setting? Assume our robot weighs
4 Ibs, or 640z.

First, since we have two wheels, we have 2 x 20 = 40 oz-in of torque available. Now, the
definition of torque is force times distance:

Torque = 40 oz-in = (Force) x (Wheel Radius), so, solving for Force, F = T/r
Force = (40 o0z-in) / (1.5 inches) = 26.7 oz = 1.67 Ibf

So now we know the Force we want. How does this relate to acceleration?

F =ma (Newton's Law), so a = F/m

First we need to know the mass in Ibm, which is equal to its weight divided by g:
m = 4 Ibf = (4/32.2) = 0.124 lbm

a = (1.67 Ibf) / (0.124 Ibm) = 13.44 ft/ sec®

a = (13.44 ft/sec®) x (12 in/ft) = 161.3 in/ sec?

Now we know the acceleration in in/sec? that we are shooting for. To summarize all of the
above calculations, we can use this condensed expression:

2415*T
W *r

A (in/sey =

Where T = Total Torque in oz-in, W = Weight in pounds, and r = wheel radius in inches.

Now we need to use the acceleration equations backwards to deduce what we should use
for our A setting.
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A (inches/ggt 256 * (To * d5 LPR
ORD

161.3 (inchesfs&@56 * (0.00051* 204750
9.42

A =542

So now we know the maximum setting possible for use in our trajectories. Setting any
value higher than this will exceed the capacity of our motors, and will result in high errors
and overshoot.

Keep in mind that when using trajectories, the velocity you choose should be an even
multiple of the acceleration. In this example, valid velocities include 5420, 8130, 11382,
etc. Any even multiple of 542, that is within the bounds of valid velocities (-32768 to
+32767).

5. Internal Registers

The host controls the Gamoto by writing to and reading from various internal registers.
Each section below describes the name, address, and purpose of each internal register.
Where applicable, an R, W, or R/W is shown, indicating whether the register is Read-only,
Write-only, or Read/Write, respectively. Note that registers in locations 34 - 44 can be
changed and stored to flash, to allow different power-on conditions.

5.1 Command Registers

Almost everything you need to do to control the Gamoto can be done by reading or writing
to the internal registers. However, there are a few special cases of standalone commands,
listed below, that require different treatment. Writing to any of these registers will execute
the command. The data that is written is not
data at all. Any write command to these registers will activate the command.
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5.2 Register Memory Map

Note: All registers are stored with the LSB first, MSB at the highest address. Where noted,
some registers have a fractional component.

DEC

HEX

Register

Len

Description

$00

FactoryRst

1

Writing to this special command register will cause all key registers
(3471 44) to be reset to factory default values. See Appendix A for
factory default values. WARNING: This command takes about 300
ms to execute. If you execute this command during a trajectory
move or while in velocity mode, you may notice a slight jerk or
hesitation in motion. It is best not to issue this command while in
velocity or trajectory mode.

$01

SaveParms

Writing to this special command register will save all key registers to
flash. After this operation, these values will survive a power cycle.
The key registers are locations 34 1 44, and all motion trajectory
values. WARNING: This command takes about 300 ms to execute. If
you execute this command during a trajectory move or while in
velocity mode, you may notice a slight jerk or hesitation in motion. It
is best not to issue this command while in velocity or trajectory mode.

$02

Reset

Writing to this special command register will reset the Gamoto, just
as if it were power-cycled. As with all command registers, any
dummy byte can be written to activate the command.

$03

SetHome

Writing to this special command register will set the mPosition and
setPosition registers to zero, effectively making the current position
iHo me 0. The current Mode is no

34

$22

Kp

Kp is the proportional constant register, used to scale the overall
response of the system. Kp is multiplied by the position error.
Signed 16-bit number. Can range from 1 32768 to + 32767, but
negative numbers should not be used for this register.

36

$24

Ki

Ki is the integral constant register, used compensate for steady-state
error in the system. Ki is multiplied by the integral of the position
error. Signed 16-bit number. Can range from 1 32768 to + 32767,
but negative numbers should not be used for this register.

38

$26

Kd

Kd is the derivative constant register, used to compensate for
overshoot in the system. Kd is multiplied by the derivative of the
position error. Signed 16-bit number. Can range from i 32768 to +
32767.

40

$28

iLimit

iL (integration Limit) is used to limit the maximum build-up of integral
error . Prevents fAintegr allastwg nd
steady-state error causes excessive build-up of the integral term.
Signed 16-bit number. Can range from 1 32768 to + 32767, but

negative numbers should not be used for this register.

42

$2A

ds

Unsigned 8-bit number. Can range from 1 to 255. Setting this to 0
has the effect of setting dS = 256. Number of cycles over which
average velocity is calculated. For higher resolution encoders, this
number should be lower, to prevent overrun of actual motor velocity
register (mVelocity). For low resolution encoders, increase this
number. This is also used to trigger the update of the trajectory
variables. A lower number updates more often.

43

$2B

Mode

8-bit number. Each bit enables or disables various modes. For a
complete description, refer to section 3.1, Mode Register.
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44

$2C

pwrLimit

8-bit number to limit maximum power delivered to the motor. Setto 0
for zero power to motor, 127 for 50% power, and 255 for 100%
power. Normally set to 255. Use this to limit max voltage when
using a lower-voltage rated motor. For example, using a 12V battery
with a 6V motor, set this to 127, and the motor will never see more
than the equivalent of 6 volts.

45

$2D

Mode2

8-bit number. Each bit enables or disables modes. For complete
description, see section 3.2, Mode2 Register.

47

$2F

setPosition

24-hit signed integer. Can range from 7 8,388,608 to 8,388,607. This
is the target position. The error term is the difference between
setPosition and mPosition.

51

$33

mPosition

24-hit signed integer. Can range from i 8,388,608 to 8,388,607. This
is the actual motor position. The error term is the difference between
setPosition and mPosition

54

$36

setVelocity

16-bit signed integer, specifying desired velocity. This number,
divided by 256, is added to the target position, setPosition, every dS
period. For example, if dS=10, then every 10" control cycle,
setVelocity/256 is added to setPosition.

57

$39

mVelocity

This is a signed 16-bit number that represents the actual motor
velocity, totaled over several (dS) cycles. The velocity is calculated
as the change in encoder counts in a given time period. To change
the scaling of this number, dS can be adjusted. mVelocity is also the
multiplier for Kd, used to calculate the derivative term for the control
loop, so changing dS will have a direct effect on the strength of the
derivative term.

59

$3B

trajectory

The trajectory register is used to choose which trajectory you would
like to run. To run a given trajectory, first store the desired distance,
velocity, and acceleration in one of the 7 trajectory register sets.
Then specify which trajectory register set you want to run by writing
to trajectory. Then turn on trajectory mode by writing the proper
mode command to the Mode register.

60

$3C

mPower

Motor power. Signed 8-bit number. Used normally in open-loop
mode (without encoders), or when you want manual control over
actual voltage delivered to the motor. Setting mPower = 0 will cause
motor to stop. Setting mPower = 64 will cause 50% forward power.
Setting mPower = 127 will cause full forward power, setting mPower=
-128 (128) will cause full reverse power. A setting of 1 64 (192) will
cause 50% reverse power.

90

$5A

RCPraw

Raw R/C pulse counts. 5000 counts = 1ms. This holds the length of
the last R/C pulse received. Only used while in R/C mode.

97

$61

uo

Error term. Signed 24-bit number. This is the difference between the
target position (setPosition) and actual motor position (mPosition).
Read this value to detect if an obstacle or friction is causing a large
difference between the goal and actual position, or velocity.

178

$B2

version

Firmware version number. Integer from 1 to 255. Read only

179

$B3

StepSize

Number of steps to fijogdo when s
receives a step pulse.

226

$E2

SPmin

setPosition Minimum. This is the minimum value that will be set by an
incoming R/C pulse. Refer to the R/C mode description.

228

$E4

SPmax

setPosition Maximum. This is the maximum value that will be set by
an incoming R/C pulse. Refer to the R/C mode description.

230

$E6

RCPmin

R/C Pulse minimum. This is the minimum pulse length accepted by
the Gamoto. Shorter lengths will be clipped to this length. The units
are in raw counts, 5000 counts = 1 ms.
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232

$E8

RCPmax

R/C Pulse maximum. This is the maximum pulse length accepted by
the Gamoto. Longer lengths will be clipped to this length. The units
are in raw counts, 5000 counts = 1 ms.
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