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About This Guide

This document should serve as a guide to the included documentation, and where to start looking through the
resources available.

Additional Reference Guides
1) 41-1207 Word Structure App Note
2) Magellan Motion Control IC Programmer’s Command Reference
3) Magellan User-Defined Profile Mode Documentation revl_1
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What is included?

The C-Motion SDK and DLLs offer a command formatting APl for communicating with Dover stages and controllers.
The library offers support for several devices and protocols, offering a variety of communications options with the
stages.

Demo code and examples are written using the libraries as well, since they offer additional readability and clarity
as to the commands sent to the controllers. For information on the command structure that is handled by the
libraries, see the reference documents in Additional Reference Guides, particularly 41-1207 Word Structure App
Note contains the formatting information for each protocol used.

The libraries also offer enums and error returns for each function call, making error handling far easier to
implement into a larger program.

The code included with these examples is from a subset of the larger original code base that supports additional
hardware and communications methods. See Original Source Code for more information on using the unmodified
original source code.

Definitions Used Within This Guide

This is a list of some of the terminology and definitions used within the guide to provide a better understanding
and common language.
1) Host, host machine, host controller

a. This refers to the computer or external system that sends commands to the controller. This
coordinates motion within the larger system program and handles telling the stage where to be
and when.

2) Stage, controller, stage controller

a. This refers to the Dover hardware SmartStage linear system and is the Dover hardware. These
devices are slave devices, and respond to a host controller or host machine that runs the larger
system program.

3) USB Stick

a. Dover stages with built-in controllers should come with a USB storage device that has this guide,
the guides referenced in Additional Reference Guides, example code, and the SDK and DLLs for C-
Motion.

b. The code used within figures in this guide are pulling demo code from the included examples on
these USB sticks, and the full examples can be found there. Some examples have additional
comments in the code.

c. Resource locations

i. 36105-01\C-Motion
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What steps are needed to communicate with the stages?

Several different protocols are handled automatically through C-Motion so that the host does not have to format
any commands sent to the controller. Because there are several protocols, it is important that the host configure
C-Motion correctly depending on what the controller expects to receive.

Point-to-Point Serial

Point-to-Point serial communications is used with a single device connected at a time, generally over R$232. This
communications packet formatting style ignores the address bits and assumes that those bits will be all zeros. This
protocol cannot be used with multiple devices since they will all respond at the same time and cause
communications errors. See 41-1207 Word Structure App Note for more information on the packet structure sent.
C-Motion handles all formatting requirements and packet structure.

Multidrop Serial

This serial communications method is used with multiple devices, generally over RS485. This protocol requires a
set address to independently connect to different controllers on the same network. The address is used when
calculating the checksum. See 41-1207 Word Structure App Note for more information on the packet structure
sent. C-Motion handles all formatting requirements and packet structure.

CAN

This protocol requires CAN addressing, and a Node ID for addressing controllers individually. There is one
supported protocol. For more information on the packet structure, refer to 41-1207 Word Structure App Note.
Note that the drivers used within the libraries are 32-bit.
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C-Motion Axis Handles

C-Motion uses an “Axis Handle” to configure communications settings and port information for the supported
device drivers. At the beginning of the user code, a new handle should be initialized per Figure 1 - Axis Handle
Declaration. Note that these commands are using the enum from C-Motion to initialize axis handles for axis 0, the
primary setup on the controller.

| PMDAxisHandle hAxisi; |
Figure 1 - Axis Handle Declaration

Then communications settings should be initialized using one of the C-Motion initialization functions per Figure 2 -
C-Motion Communications Functions.

PMDSetupAxisInterface Serial(phAxisl, PMDAxisl, serialmode, address, port, baud);
PMDSetupAxisInterface CAN(phAxisl, PMDAxisl, baud, address);
Figure 2 - C-Motion Communications Functions

Once the initial axis handle has been created any subsequent devices connected will need a separate axis handle. It
is necessary to copy the axis interface over for any additional axes that will be connected. This should be done
using the calls per Figure 3 - Multiple Device Initialization Calls.

PMDCreateMultiDropHandle(phAxis2, phAxisl, PMDAxisl, nAddress2);
PMDCreateMultiDropHandle CAN(phAxis2, phAxisl, PMDAxisl, 1);
Figure 3 - Multiple Device Initialization Calls

Once an axis handle is set up for each axis, the user must determine the axes that any additional features are
required on for configuration. Some features of the controllers are accessed by addressing “PMDAXxis2” in the
command formatting, a virtual second axis that allows configuration of the following features:

e Trigger on Position (TOP)

e User Defined Profile Mode (UDP)

e  Auxiliary encoders

e Electronic Gearing Mode

e Additional I/O

In order to initialize an additional handle for addressing these features on a single controller, use the command per
Figure 4 - Additional Features Handle Creation that copies over the communications settings from another axis
handle. This command does not change based on the protocol that is being used.

| PMDCopyAxisInterface(phAxis2, phAxisl, PMDAxis2);
Figure 4 - Additional Features Handle Creation
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Communicating with the Controllers

All of the controllers addressable using C-Motion respond to requests from the host machine, and handle
trajectories and certain motion events in the background, but all other action must be handled on the host side.
Some of the included demo and example code relies heavily on the host machine handling the events generated by
the controller. Homing routines are a particular example where the controller handles the motion itself, but the
host is still ultimately making all the decisions and configuring what the controller should be watching for.

Handshake Communications

Handshake communications is a term used to describe the way these controllers operate. They only
respond to requests from the host, and so always need a “handshake” to give any information. This means that the
host must poll for status information from the controller if the host depends on a motion completing, or some
other status information is required from the controller.

Important Registers and Bits

Two main registers are used when controlling motions and verifying the condition the stage controller is
in. The Activity Status Register and the Event Status Register. See Table 1 - Event Status Register and Table 2 -
Activity Status Register for the more important status bits that can be monitored, and an explanation of each. See
Magellan Motion Control IC Programmer’s Command Reference for a full reference to the status bits.

Table 1 - Event Status Register

Bit Bit Name Description

Number

0 Motion Complete | The conditions that determine motion complete are described in Stall detection
and Position Errors, the bit goes high when they are met

2 Breakpoint 1 Breakpoints are described in Advanced Features, Breakpoints bit goes high
when the set condition is met

3 Capture Received | The capture mechanism allows high-speed and short duration signal capture
used with index marks, the DOF-5 uses the home signal, the DMCM uses index

4 Motion Error The conditions that determine motion error are described in Stall detection and
Position Errors, the bit goes high when they are met

5 Positive Limit This bit goes high with the measured signal

6 Negative Limit This bit goes high with the measured signal

7 Instruction Error Set high when a command sent would trigger an error or when a
communication error occurs

11 Commutation Set high when a commutation error occurs, generally when phase initialization

Error fails, only relevant to 3 phase motors

12 Current Foldback | Current foldback is an error state triggered by outputting current greater than
the max continuous specified current for too long a time (prevents damage to
motor)

14 Breakpoint 2 Breakpoints are described in Advanced Features, Breakpoints the bit goes high
when the set condition is met
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Table 2 - Activity Status Register

Bit Bit Name Description

Number

0 Phasing Initialized | Holds whether commutation or phasing has been initialized and completed
correctly on the controller

2 Tracking The tracking window (described in Stall detection and Position Errors) monitors
the position error and goes high when a threshold is exceeded

7 Axis Settled The conditions that determine what is settled are reviewed in Stall detection
and Position Errors, this bit goes high when they are met

11 In Positive Limit This bit goes high with the measured signal, and does not latch

12 In Negative Limit This bit goes high with the measured signal, and does not latch

Getting the stage to move

Before the stage can be moved, it must be in the correct operating mode, this depends on the motor type being
controlled. See Table 3 - Motor Type Vs. Control Loops for a table of supported/fixed motor types for Dover stages,
and the control loops to enable for each.

Table 3 - Motor Type Vs. Control Loops

Stage / Motor Control Loops Needed Phase Motor Current
Controller | Type Initialization

Required?
Smart 3 Phase 0x37 (Enable all: Axis Enabled, Motor Output, Yes Controlled by
Stage Current Loop, Position Loop, Trajectory Loop) position loop

Once the appropriate control loops have been enabled by sending the command in Figure 5 - Enabling Control
Loops most stages will begin to hold position.

| PMDSetOperatingMode (phAxis, 0x37);

Figure 5 - Enabling Control Loops

Commutation or Phase Initialization

For all 3 phase motors, the encoder and motor must be synchronized, so that the controller knows where
in travel to power which motor coil. This is done through the process of commutation, or phase initialization.

How it works: commutation or phase initialization engages one of the motor coils, and measures the
position that the stage settles to. It then engages a different motor coil, and measures how far the stage moves
from the previous position. From this, the controller can detect the direction moved, and where the motor coils
are in relation to the encoder position so it can properly engage the three motor coils at the correct positions.

Errors that can result from poor commutation, or not commutating:
e Motion error event status
o This is a common result of not commutating, since the motor engages the wrong coil first, which is
out of phase with the magnets mounted in the stage, causing the stage to move in an unpredictable
manner, often exceeding the tracking error limit.
e High current draw
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o When the motor is not commutated, the stage may be able to maintain position if it happens to start
close to a magnetic pole, but the motor will need to use higher current in order to maintain position

properly.

Common problems encountered while commutating:
e Power cycled

o The commutation process must be completed every time the stage is power cycled.

o The process must also be re-run if the maximum velocity is exceeded, as encoder counts may have
been lost —at 1.25nm this is 31.25mm/s.

Restricted motion

o The stage must be able to move freely when commutating in order to properly measure the motion
induced by the commutation process.

o If the stage is unbalanced (has external forces acting on it) and is biased to one of the mechanical
limits, then the stage may not be able to travel far enough to properly complete the process.

Not enough time to execute the process completely

o These functions use a default time of 3 seconds to engage each of the 2 motor coils used, so a total of

6+ seconds should be allowed for the process to complete.
Too low a motor output

o If the stage is unbalanced (biased to move in one direction by external forces) or has a very large
payload then the stage may need a higher motor output to drive it through one complete electrical
cycle.

o The default output is 10% of the set max, but this can be increased to help the motor locate the
electrical poles. Increases as high as 30-40% are generally safe. Contact Dover if outputs higher than
40% are needed.

e Incorrect configuration
o Reach out to Dover if the process cannot complete, things to check are the phase counts and phase
prescaler, these should satisfy the following equation where the prescaleris 1, 64, 128 or 256.The
electrical cycle is 25.4mm. The encoder resolution should be in counts/mm, so 5nm encoder has
200,000 counts/mm.

Encoder Resolution * Electrical Cycle

Phase Counts =
Prescaler

Figure 6 — Calculating Phase Counts

Figure 7- Commutation Function shows an example function for commutation that has a simple check at the end
to verify that the process completed successfully.

void commutation(PMDAxisHandle * phAxis, PMDuintl6 commMethod,PMDintl16 commTime,
PMDint16 motorOutPercent) {

//comm time to cycles conversion:
int commTimecycles = commTime * 1000 / 20.4;

printf("Initializing Phase\n");
PMDSetOperatingMode(phAxis, ©x0001);

//delay a fixed 10@ms here

int end_time, current_time;

current_time = clock();

end_time = current_time + 100;

while ((current_time < end time) || (current_time < 5000))
current_time = clock();
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}

PMDSetCommutationMode(phAxis, @);

PMDSetPhaseInitializeMode(phAxis, commMethod);
PMDSetPhaseCorrectionMode(phAxis, @);

PMDSetPhaseInitializeTime(phAxis, commTimecycles);

PMDSetMotorCommand(phAxis, motorOutPercent * 32768 / 100);

//reset errors

PMDResetEventStatus(phAxis, ©xa0e00);

PMDResetEventStatus(phAxis, @xefff);

PMDSetOperatingMode(phAxis, ©x0003);

//start the process of commutation, do not interfere with this process while it

is running, or the controller will not finish and will not trip any errors

PMDSetPhaseInitializeTime(phAxis, commTimecycles);
PMDResetEventStatus(phAxis, Oxf7ff);
PMDSetMotorCommand(phAxis, motorOutPercent * 32768 / 100);
PMDInitializePhase(phAxis);

//delay longer than the commutation operation is scheduled to take here
current_time = clock();
end_time = current_time + commTime * 2 + 1000;
while ((current_time < end _time) || (current_time < 5000))
current_time = clock();

PMDSetMotorCommand(phAxis, ©);

PMDuintl16 phinit = 0;
PMDGetActivityStatus(phAxis, &phinit);
if (phinit && ©x0001) {
//phasing initialized successfully
printf("Completed OK\n");
}
else {
//phasing did not complete correctly - be sure to check that the physical

motion of the stage is not interfered with

printf("Failed\n");
b

Figure 7- Commutation Function

Basic Motion Commands

Once the control loops are enabled, and the stage is holding position, it is ready to accept motion commands. All
controllers use absolute positioning for all commands sent, and the controllers only deal with encoder counts or
output counts. See Figure 8 - Trajectory Parameters for the parameters to send. Dover demo code that is
distributed with the controllers includes conversion formulas, and the conversion formulas can be found in the
Magellan Motion Control IC Programmer’s Command Reference.

PMDSetProfileMode (phAxis, PMDProfileModeTrapezoidal);
PMDSetJerk(phAxis, 1234);

PMDSetAcceleration(phAxis, 1234);
PMDSetDeceleration(phAxis, 1234);
PMDSetVelocity(phAxis, 1234);

PMDSetPosition(phAxis, 1234);

PMDUpdate(phAxis);

Figure 8 - Trajectory Parameters
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Be aware that until a home position is defined, the stage may not be at 0, as that is wherever the controller
happened to power on from. Caution should be exercised before homing the stage.

All commands issued are in absolute coordinates from the defined zero position of the controller, relative motions
must read the current commanded position and add to it.

Unit conversion

All commands issued to the controller must be sent in counts, the native units for the controllers. Real world unit
conversion must happen at the host level. See Figure 9 - Unit Conversion Functions for the functions used with
basic unit conversion for motion commands.

The functions referenced here use the encoder resolution in counts/mm to convert real world units in mm to
counts. For stages with 5nm, that should be 200,000 counts/mm, 1.25nm resolution should be 800,000
counts/mm, etc. Time is measured in servo cycles, for all current controllers the servo cycle is 51.2us, or 19531.25
cycles/second. Verify this conversion with the stage controller datasheet.

Current conversion must use the 0.611mA/count value for the controller, this should be found in the SmartStage
user manual to ensure the correct value. This conversion is a direct multiplication of the value by the counts
measured.

Time conversions are all measured in servo cycles, which again are 51.2us for all controllers as of writing, verify
this with the datasheet for the stage controller being used.
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//converts mm/s/s/s to PMD units
PMDint32 CalcJerk(float mmpsecpsecpsec_jerk, PMDuint32 enc_res) {

/*

* Jerk

* 1 mm Encoder Ticks | sec | 3

oo L L I R |  * 4294967296 = PMD Jerk command
*  sec mm | 19531.25 cycles |

*/

return (PMDint32)(mmpsecpsecpsec_jerk * enc_res / 19531.25 / 19531.25 / 19531.25
* 4294967296);

}

//converts mm/s/s to PMD units
PMDint32 CalcAccel(float mmpsecpsec_accel, PMDuint32 enc_res) {

/*

* Acceleration / Deceleration

* 1 mm Encoder Ticks | sec | 2

* oo L T L R e |  * 65536 = PMD Acceleration
command

*  sec mm | 19531.25 cycles |

*/

return (PMDint32)(mmpsecpsec _accel * enc res / 19531.25 / 19531.25 * 65536);
¥

//converts mm/s to PMD units
PMDint32 CalcVel(float mmpsec_vel, PMDuint32 enc_res) {

/*

* Velocity

* 1 mm Encoder Ticks | sec |

Koo Koo I e T | * 65536 = PMD Veocity command
*  sec mm | 19531.25 cycles |

*/

return (PMDint32)(mmpsec_vel * enc_res / 19531.25 * 65536);
}

//converts mm to PMD counts
PMDint32 CalcPos(float mm_pos, PMDuint32 enc_res) {
return (PMDint32)(mm pos * enc_res);

}

Figure 9 - Unit Conversion Functions
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Setting and Reading I/O

The controllers use a register to control and set the state of the input inversion, and output states. The hardware
connected to any actual outputs on the stage should be verified in the appropriate user manual. SmartStage linear
systems have multiplexed 1/0, so the appropriate state must be set to use certain 1/O features.

It is important not to invert the state of any inputs that are otherwise already configured. This could potentially
result in motion errors or other configuration issues. When setting the state of the /O, two commands should be
issued, one to read the current state, and one that modifies the read state with updates to just the bits that need
to be changed.

Figure 10 - Setting I/0 Commands has the two commands used to read and set the register, and Figure 11 - Signal
Sense Register has the available bits that can be set. Note that some features are on axis2, things like the pulse and
direction inputs and auxiliary encoder inputs. Care must be taken not to invert the state of the limits, encoder A/B
on axis 1, and the motor direction on axis 1.

PMDGetSignalSense(phAxis, &signalsense);
PMDSetSignalSense(phAxis, signalsense);
Figure 10 - Setting I/O Commands

Arguments Mame Instance Encoding

axis AxisT 0
Axis2 1
Axis3 2
Axisd 3
Indicator Encoding Bit Humber

sense Encoderi 0001h o]
EncoderS 0002h 1
Encoder Index 0004h 2
Capture Input 0008h 3
Pagitive Limit 0010h 4
Negative Limit 0020h 5
Axisin 0040h 5]
HallA 0080h )
HallB 0100h g
HallC 0200h 9
AxisOut 0400h 10
Step Output/'SPI Enable 0800h 11
Mofor Direction 1000h 12
— (Reserved) 13-15

Figure 11 - Signal Sense Register
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Homing Routines

The controllers do not support any pre-programmed functionality, so homing operations must be handled by the
host. Dover has several homing routines, all functioning similarly, checking initial conditions and beginning motion
with breakpoints set to stop motion once expected inputs are received. The host ends up polling for the
breakpoint status to move to the next step of homing. An explanation of one such routine is included in this
document, the source code for each routine is distributed with the controllers on their USB sticks.

SmartStage Linear Homing Routine:

The provided example homing routine for the DOF-5 takes two inputs specifically (see Figure 12 — SmartStage
Linear Homing Function Declaration) axis handle for the controller and the encoder resolution for the DOF being
addressed. The return is an int with states captured in Table 4 - Homing Function Returns.

| int DOFhomeV2(PMDAxisHandle * phAxis, PMDuint32 enc res);

Figure 12 — SmartStage Linear Homing Function Declaration

Table 4 - Homing Function Returns

Function Description Possible Causes

Return

0 No error Homing completed successfully

1 Operating mode not set | The homing function does not handle setup of the stage, make sure to
enable everything prior to calling the function

2 Error condition There was an error state in the event status register prior to starting,

be sure that the stage does not have any unhandled errors before
calling the function

3 Timeout The timeout period (default hardcoded 10 seconds) was exceeded
looking for the home signal, something interfered with motion, the
motor output may have been disabled

4 Error moving Something caused a motion error while homing, check for obstructions
to motion or that the stage is not unstable

The axis handle is whatever handle the user has initialized for the axis when connecting to the stage using C-
Motion. The encoder resolution is the number of counts/mm that the SmartStage linear encoder is configured for.
The most common resolution is 5nm (200,000 counts/mm).

This function can be called to move the stage to the ‘home’ position, at the center of travel, on the positive side of
the home signal transition point. The routine always approaches this point at a fixed speed (the default is Imm/s)
from the top of travel, which should give a consistent homing position.

Items tracked by the homing routine:
e SignalSense
o The signal sense register is responsible for inverting/setting the read state for the controller
input signals. If this register was inverted for the home signal, it could affect the logic needed for
homing.
e  Motion error, instruction error, overtemperature fault, drive exception, commutation error, current
foldback
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o Motion error — the position error limit was exceeded — make sure that the error limit is not set
too tightly, and make sure the stage is normally stable, not oscillating and is unobstructed by
obstacles

o Instruction error — there was a communications problem — make sure the hardware used to
communicate with the stage controller is working reliably and that all library commands are
issuing correctly.

o Current Foldback — the stage was drawing higher current than is safe for too long a period of
time — make sure the stage is normally stable and operating correctly, no physical obstructions.

Using the function:

This function returns error codes depending on what happens while running. It checks for most error states while
running, and any pre-existing error states, and has a timeout using standard C calls when waiting to detect the
home switch. This is a blocking function.

e Before running the function:
o Make sure the operating mode of the controller has been set to 0x37 to enable all the control
loops.
o Make sure pre-existing errors are cleared using ResetEventStatus.
e  While running the function:
o Make sure there are no physical obstructions to the motion of the stage.
o Make sure the stage can reach the home flag location (the center of stage travel)
e  After running the function:
o Check the return value of the function to determine if there were any errors.
o To determine more detail about the error received, use GetEventStatus
o The stage should be configured for trapezoidal motion profiles with default speed and
acceleration. These can (and should) be overridden for future motions.
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Advanced Features

Stall detection and Position Errors

The MC58113 controller has several settings that can be used for motion tracking and programmatically detecting
when there are deviations in position from the generated trajectory. The main settings to be aware of are
discussed below.

The Event Status Register:
The event status register holds the event statuses for the controller and contains more information that is
discussed here. The two bits that matter in this register for motion are highlighted below in Figure 13 - Event
Status Register
e  Motion Complete
o This bit is set to 1 once the motion is considered to be complete
o This bit is set based off the settings in SetMotionCompleteMode to either commanded (purely
trajectory based) or actual (based off the physical stage position, and the settling settings)
e  Motion Error
o This bit is set when the position error limit is exceeded, the controller will go into the state
specified by SetEventAction

Mame me scription

Motion Complete 0 Set to | when motion has completed.
setMotionCompleteMode determines if this bit is based on the
trajectory generator position or the encoder position.

WWrap-around I Set to | when the actual (encoder) position has wrapped from
maxirmum allowed position to minimum, or vice versa.

Breakpoint | 2 Set to | when breakpoint | has been triggered.

Capture Received 3 Set 1o | when a position capture has ocourred.

IMutiun Error 4 Set 1o | when a motion error has occurred. I

Pasitive Limit 5 Set to | when the axis has entered a positive limit switch.

Megative Limit 6 Set to | when the axis has entered a negative limit switch.

Instruction Error 7 Set to | when an instruction error has ocourred.

Dizable 8 Setto | when “disable” due to user /Enable line has occurred.

Owertemperature Faule 9 Set to | when overtemperature condition has occurred.

Drive Exception o An drive event occurred causing output to be disabled. This bitis
used on |OM products to indicate a bus voltage fault, and with an
attached Atlas amplifier to indicate any dizabling drive event.

Commutation error I Set to | when a commutation error has ocourred.

Current Foldback 12 Set to | when current foldback has occurred.

— 13 Reserved; not used; may be 0 or |.

Breakpoint 2 14 Set 1o | when breakpoint 2 has been triggered.

— ] Reserved; not used; may be 0 or |.

Figure 13 - Event Status Register
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Activity Status Register:
The activity Register contains information relevant to the current running actions of the controller. The bits of
interest here are, and can be found in Figure 14 - Activity Status Register.
e  Tracking (Window)
o The tracking window is a user-set window that can be used as a pre-position error warning or a
notifier that there may be something unexpected happening.
e In-motion
o This bit is set as long as the controller is moving in a generated profile and is based off the
commanded trajectory.

MName Eit{s} Elescription

Phasing Initialized 0 Set to | if phasing is initialized (brushless DC axes only).

At Maximum Velocity | Set to | when the trajectory is at maximum velocity. This bit is
determined by the trajectory generator, not the actual encoder
velocity.

| Tracking 2 set o | when the axis is within the tracking window. |
Current Profile Mode  3-5 Contains trajectory mode encoded as follows:
0 0 0 Trapezoidal
0 0 I Velocity Contouring
0 I 0 S-curve
0 I I Electronic Gear

— 6 Reserved; not used; may be D or |.

Axis Settled 7 Set wo | when the axis is settled.

Position Loop Enabled 8 Set to | when position loop or trajectory is enabled.

Position Capture 9 Set to | when a value has been captured by the high speed
position capture hardware but has not yet been read.

In-motion 10 Set to | when the trajectory generator is executing a
profile.

In Positive Limit I Set to | when the positive limit switch is active.

In Megative Limit 12 Set to | when the negative limit switch is active.

Profile S5egment 13-15 When the profile mode is 5-curve, it contains the profile

segment number -7 while profile is in motion, and
contains a value of 0 when the profile is at rest. This field
is undefined when using the Trapezoidal and Velocity
Contouring profile modes.

Figure 14 - Activity Status Register

User Defined Settings, Flags and Actions:

The user can define the behavior, and when that behavior will occur within the controller based off the settings
discussed below. Essentially the intended behavior is that the tracking window is used as an early warning system
that there is some following error, and the position error limit is used as the crash or stall detection.

e  Error/Warning Settings
o Position Error Limit
o Event Action (Specifically for motion errors)
o Tracking Window
e  Motion Complete Settings
o Settle Time
o Settle Window
o Motion Complete Mode (commanded or actual)
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Demo Code:
Figure 15 - Configuring the Tracking Window Settings is some C++ demo code using the C-Motion libraries to
configure these settings programmatically. Note that these can be saved to NVRAM.

//Setting the position error limit and action
PMDSetPositionErrorLimit(&hAxisl, CalcPos(0.01, enc_res));
PMDSetEventAction(&hAxisl, PMDEventActionEventMotionError,
PMDEventActionDisableMotorOutputAndHigherModules);

//Setting the tracking window (early warning for position error)
PMDSetTrackingWindow(&hAxisl, CalcPos(0.005, enc_res));

//Setting the motion complete settings

//generally use the actual position mode, this is based off encoder data instead of the
generated trajectory

PMDSetMotionCompleteMode (&Axisl, PMDMotionCompleteModeActualPosition);

//settle time is set in servo cycles (51.2us)

float pmdsettletime = 100;//in milliseconds

PMDSetSettleTime(&hAxisl, (PMDuintl6)(pmdsettletime/51.2));

//the settling window must be maintained for the settle time for "motion to be
complete”

PMDSetSettleWindow(&hAxisl, CalcPos(0©.001, enc_res));

Figure 15 - Configuring the Tracking Window Settings

The event status register and activity status register can then be polled for during motion to observe if any unusual
behavior is resulting in undesired motion or unpredictable behavior.
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Breakpoints

Breakpoints provide a convenient way to trigger different actions at reasonably precise timings with the
controllers. Each controller has two configurable breakpoints. Breakpoints need several commands to be
configured to work:

1) Reset the event status
In order to work properly the event status must be cleared for the breakpoint. See Figure 16- Resetting Breakpoint
Event Status for the commands to reset the event statuses.

PMDResetEventStatus(phAxisl, OxFFFE);
PMDResetEventStatus(phAxisl, OxBFFF);
Figure 16- Resetting Breakpoint Event Status

2) Set the breakpoint value
Breakpoint values are set depending on what triggers are being used by the breakpoint. Some are very
straightforward like position-based triggers, where the value set is the position (always be sure to convert the units
to counts, or the base controller units).

Breakpoints that trigger off signals or other registers need to be configured with a selection mask and sense mask.
This allows the user to control which signals will cause the breakpoint to trigger and what is considered “active” for
a trigger. In Figure 17 - Breakpoint Value Set, a value of 0x00400040 is used.

e The first 4 bytes (0x0040) select the Axis In signal

e The second 4 bytes (0x0040) select the active high/low for the incoming signal

PMDSetBreakpointValue(phAxis, PMDBreakpointl, 0x00400040);
Figure 17 - Breakpoint Value Set

3) Set the breakpoint action and trigger
There are a lot of actions and triggers available, read through the below list to see what can be used. The names
listed here are also the enumerated names within the SDK, and an example call is in Figure 18 - Setting the
Breakpoint.

PMDSetBreakpoint(phAxisl, PMDBreakpointl, sourceaxis, PMDBreakpointActionUpdate,
PMDBreakpointTriggerSignalStatus);
Figure 18 - Setting the Breakpoint
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e  Breakpoint Actions

o PMDBreakpointActionUpdate
PMDBreakpointActionAbruptStop
PMDBreakpointActionSmoothStop
PMDBreakpointActionMotorOff
PMDBreakpointActionDisablePositionLoopAndHigherModules
PMDBreakpointActionDisableCurrentLoopAndHigherModules
PMDBreakpointActionDisableMotorOutputAndHigherModules

o PMDBreakpointActionAbruptStopWithPositionErrorClear
e  Breakpoint Triggers

o PMDBreakpointTriggerDisable
PMDBreakpointTriggerGreaterOrEqualCommandedPosition
PMDBreakpointTriggerLessOrEqualCommandedPosition
PMDBreakpointTriggerGreaterOrEqualActualPosition
PMDBreakpointTriggerLessOrEqualActualPosition
PMDBreakpointTriggerCommandedPositionCrossed
PMDBreakpointTriggerActualPositionCrossed
PMDBreakpointTriggerTime
PMDBreakpointTriggerEventStatus
PMDBreakpointTriggerActivityStatus
PMDBreakpointTriggerSignalStatus
PMDBreakpointTriggerDriveStatus

O O O O O O

O O O O O O O O O O O

Absolute positioning with Stepper Motors (Open Loop Control)

A very helpful use of breakpoints is detecting the home signal. See Figure 19 - Breakpoint Code Example for a C++
example of these commands that could be used to stop motion after detecting the signal state change, this is
pulled from the homing routine demo function.

//Next we will reset the event status for:
PMDResetEventStatus(phAxis, OxFFFB); //OxFFFB - breakpoint 1
PMDResetEventStatus(phAxis, @OxBFFF); //OxBFFF - breakpoint 2

//we want to allow the stage to move into the positive side of travel slightly so we
can find the tripping point from the positive direction

//so we will use a breakpoint, configured for smooth stopping so the stage decelerates
into the positive half of travel

//the first half of this value is the selection mask for WHAT signals will cause the
breakpoint, the second half is the sense mask for WHAT STATES will trigger the
breakpoint

//So, with 0x0008 0008 we are expecting a capture source to go high will trigger the
breakpoint

PMDSetBreakpointValue(phAxis, @, firstBPValue);

PMDSetBreakpoint(phAxis, @, @, PMDBreakpointActionSmoothStop, ©x00080008) ;

Figure 19 - Breakpoint Code Example
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Electronic Gearing (Step and Direction)

Electronic gearing or step and direction inputs allow the controller to be commanded to move by an external
source without needing to send any communications commands to the controller. Two inputs to the controller can
be configured to act as an auxiliary set of inputs.

NOTE: A second axis handle is required to access the auxiliary encoder inputs, refer to C-Motion Axis Handles for
more information on copying the axis interface handle to a second handle on ‘axis 2’ in order to configure the
inputs.

There are two primary commands used to configure this profile mode and operation of the stage, see Figure 20 -
Electronic Gearing Set Gear Ratio and Figure 21 - Electronic Gearing Set Gear Master for the syntax for the
commands.

Setting the gear ratio allows finer or more coarse control of position from the same input source. This can be
helpful if larger, fast motions are needed with fewer pulses from the master. This function scales everything such
that 65,536 is a 1:1 ratio and allows negative numbers to invert the direction. So, increasing the number to
131,072 would be a ratio of 2:1, one master count or pulse moves the stage by 2 encoder counts. Setting it to
32,767 halves that ratio, such that two pulses of input signal move the stage by one encoder count.

| PMDSetGearRatio(phAxisl, (PMDint32)egearratio);

Figure 20 - Electronic Gearing Set Gear Ratio

Setting the master sets up the input and control, the master axis should always be set to 1, and the source should
be set to commanded, so this function call should always resemble Figure 21 - Electronic Gearing Set Gear Master.

| PMDSetGearMaster(phAxisi, 1, 1); |
Figure 21 - Electronic Gearing Set Gear Master

See Figure 22 - Electronic Gearing Function Example for a reference on configuring electronic gearing mode. Once
configured, the host should occasionally check for error states from the controller to ensure that nothing
unexpected occurred. Note that electronic gearing mode is another profile mode that is selected using the same
commands as setting the profile in the trajectory generator. However, the controller does not follow a trajectory
generated profile once this mode is engaged, and the controller will ‘snap’ between positions. It becomes the
responsibility of the external controller to handle acceleration, deceleration and profile generation.

Two modes of input can be configured, step/direction or a quadrature encoder input. Where step/direction uses
one pin to increment position and one pin to determine the polarity of the increment, the direction. Quadrature
input the pin states alternate between high and low 90 degrees out of phase, and direction is determined by the
order of their changing.
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pulse

}

void ElectronicGearing(PMDAxisHandle * phAxisl, PMDAxisHandle * phAxis2, float
egearratio, int dirpolarity) {

//So be sure to set these when using electronic gearing mode (step/direction)

//here we are setting the signal sense bit to the appropriate value
//this will reverse the direction of travel for a high/low signal on the

direction input

PMDuintl6 signalsense = 0;//active high/low control
PMDGetSignalSense(phAxis2, &signalsense);
if(dirpolarity)

PMDSetSignalSense(phAxis2, signalsense & ~0x0002);//unset
else

PMDSetSignalSense(phAxis2, signalsense | @x0002);//set
//DoverSetSignalSenseBit(phAxis2, 0x0002, dirpolarity);

//ensure that the second encoder source is set to pulse and direction mode
//PMDAuxiliaryEncoderModePulseAndDirection
//PMDEncoderSourcePulseAndDirection

PMDSetEncoderSource(phAxis2, PMDEncoderSourcePulseAndDirection);

//setting the gear ratio
//this has a unity scale factor of 65536, where one input pulse is 1 output

//this is a fixed decimal point number that is 16.16, so 0x00010000 or 65536 is

unity (1)

//a ratio of 1 input to 10 output has a ratio of 65536
//a ratio of 10 input to 1 output has a ratio of 655
//here we are converting the sent decimal ratio
egearratio *= 65536;

PMDSetGearRatio(phAxisl, (PMDint32)egearratio);

//make sure both axes are enabled
stageEnable(phAxisl);
PMDSetOperatingMode(phAxis2, PMDOperatingModeAxisEnabled);

//set the master and source axis
PMDSetGearMaster(phAxisl, 1, 1);

//set up the profile mode last, right before the update that makes all this go

into effect

PMDSetProfileMode(phAxisl, PMDProfileModeElectronicGear);
PMDUpdate(phAxisl);

Figure 22 - Electronic Gearing Function Example
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TOP - Trigger on Position

Trigger on position is an output mode that allows high precision triggering off the raw encoder position. The
output is two signals, a gate signal that either allows or prevents the trigger signal from reaching the output of the
controller, and the trigger signal itself. These signals are “and” gated together within the controller, so no false
triggers will be possible without the gate signal. The gate signal can also serve as a useful signal to drive
illumination sources, and things of that nature within a system.

Usage notes:

e SmartStage linear systems have multiplexed I/0O lines, and must be set to the correct GPIO state for these
signals to reach the main connector. See Setting the GPIO State for more detail on this.

e The trigger signal is a 250ns pulse that outputs on an output pin from the controller, see the
controller/stage datasheet for more information on wiring details. This pulse duration is fixed and cannot
be modified.

e Trigger on position is not compatible with a stage/controller using SPl encoder data. Contact Dover for
more information, SmartStage Linear systems ship with SPI encoder data used by default. Run
GetEncoderSource() to determine if this feature is enabled on the controller, if the returned value is
decimal 11, or OxB the encoder is set for SPI data.

e Tabled trigger on position mode requires usage of memory space on the controller, which the MC58113
has a fixed user-configurable memory buffer size of 4096 32-bit data points. This memory space is also
shared with the trace buffer space, so using this feature reduces the amount of data that can be captured.

Trigger on position features two main use cases, incremental triggering (firing an output pulse every X encoder
counts) and table-based positions to fire the pulse. Example code for each use case is reviewed below.

Incremental triggering can be configured using the example function in Figure 23 - Incremental TOP Example.
There are a set of parameters to configure for the operation of the output, some of which configure things on the
second axis handle which must be defined in order to address these features. This example uses the enum
documented in TriggerOnPosition.h to make the example code easier to read and understand.

//NOTE TOP does not work in SPI encoder mode
void IncrementalTOPgated(PMDAxisHandle * phAxisl, PMDAxisHandle * phAxis2, PMDuint32
increment, PMDint32 start_pos, PMDint32 stop_pos)
{
//ensure we disable everything first before changing values
DisableTOP(phAxisl, phAxis2);

//2 < max pos < 32bit

PMDSetFeedbackParameter(phAxis2, TOPincrement, increment);//this is the distance
between output pulses in encoder counts

PMDSetFeedbackParameter(phAxis2, TOPtrigger, @);//trigger

PMDSetFeedbackParameter(phAxis2, TOPmode, TOPincremental);//periodic/incremental
mode (3)

PMDSetFeedbackParameter(phAxisl, TOPmode, TOPdisabled); //Disable

PMDSetFeedbackParameter(phAxisl, TOPoutputStart, start pos); // triggering
enabled between the start position

PMDSetFeedbackParameter(phAxisl, TOPoutputStop, stop pos); // and the stop
position

PMDSetFeedbackParameter(phAxisl, TOPmode, TOPenabled); //level mode (9)

}
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Figure 23 - Incremental TOP Example

Tabled TOP must be enabled after first configuring the tabulated data in controller memory. The example function
in TriggerOnPosition.cpp demonstrates this in either tabledTOP() or tabledTOPfile(). The code snippet in Figure 24 -
Tabled TOP Example shows configuring the controller memory once the data points have been determined, loaded
or put into an array. The commands at the end enable TOP mode to run, and return the length of the tabled
memory buffer space since this is shared with traces and the host machine should be aware of the now limited
trace memory space.

//Buffer setup

//create the TOP table in controller buffer space

PMDSetBufferStart(phAxisl, TOPBUFFID, topbuffmemloc);//set up the memory address
and buffer ID

PMDSetBufferLength(phAxisl, TOPBUFFID, TOPBUFFERLENGTH);//set up the buffer
length

PMDSetBufferWriteIndex(phAxisl, TOPBUFFID, topbuffmemloc);//ensure a write index
of @ to write from the begining

for (int i = @; i < TOPBUFFERLENGTH; i++) {

PMDWriteBuffer(phAxisl, TOPBUFFID, toppoints[i]);

}
PMDSetBufferReadIndex(phAxisl, TOPBUFFID, topbuffmemloc);

//This code reads the TOP buffer to verify that it was set correctly.
/*PMDSetBufferReadIndex(phAxisl, TOPBUFFID, 9);
for (int i = @; i < TOPBUFFERLENGTH; i++) {
PMDint32 blarf = 0;
PMDReadBuffer(phAxisl, TOPBUFFID, &blarf);
printf("ibuff %i %i\n", i, blarf);
//PMDWriteBuffer(phAxisl, pbuffID, ppoints[i]);
y*/

//make sure to close the file
fclose(stream);

//enable TOP output

PMDSetFeedbackParameter(phAxisl, TOPmode, TOPdisabled); //Disable

PMDSetFeedbackParameter(phAxisl, TOPtabledBuffID, TOPBUFFID); // Begin
Triggering

PMDSetFeedbackParameter(phAxisl, TOPmode, TOPtabled); //Enable Mode

//return the size of the memory buffer used
return buffcount;

}
Figure 24 - Tabled TOP Example
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UDP - User Defined Profile Mode

User defined profile mode allows external signals to drive motion in a defined way, specified by the host controller.

This allows for things like coordinated motion, triggered motion, and pre-planned sets of positions to be loaded
into memory and run on the controller.

Notes about this section:

e This guide will cover setting up and configuring coordinated motion between axes, as this is the more
common use case for this feature. See Additional Reference Guides for additional material on using this
feature.

e This profile mode generally requires usage of memory space on the controller, which the MC58113 has a
fixed user-configurable memory buffer size of 4096 32-bit data points. This memory space is also shared
with the trace buffer space, so using this feature reduces the amount of data that can be captured.

To configure this feature to run properly, users must configure the data in the controllers’” memory buffer, then
enable the feature. This can be done using the demo code in Figure 25 — Configure UDP Example Function.

Essentially this function sets up the memory buffer, then calls the enable demo function, both of which are
discussed in more detail below.

int configureUDPfile(PMDAxisHandle * phAxisl, PMDAxisHandle * phAxis2, const char
*filename, int enc_res);

void enableUDPmode(PMDAxisHandle * phAxisl, PMDAxisHandle * phAxis2);

Figure 25 — Configure UDP Example Functions

159 Swanson Road e Boxborough, MA 01719 « www.dovermotion.com e Tel: 508-475-3400 « Fax: 508-836-3223



DOVER))) SmartStage Linear System C-Motion Guide
MOTION

A divisian of Invetech

Document No. 41-1368 Revision: A | Revision Date: 09/04/2020 | Sheet: 31 of 77

The example function configureUDPfile() is an example that handles reading a file, and loading in the lists of input
positions and output positions into the appropriate memory locations on the controller. It also includes a call to
enable UDP profile mode. Figure 26 - configureUDPfile() Example below shows the important sections of the code
that send the appropriate arrays of data points to the memory locations on the controller.

Since the controller has a fixed memory size, we return the size of the data space used by this process so the host
can be aware of the remaining memory size if traces are used

//MC58113 has a maximum buffer size of 0x1000, so we just create arrays that size plus
one

//NVRAM starts well outside of the trace buffer area

//trace buffer is 0x0000 to 0x1000 (4096)

int ipoints[4097];

int ppoints[4097];

char line[1024];
while (fgets(line, 1024, stream))//&& buffcount <= buffsize)

{
char* tmp = _strdup(line);
char * tmp2;
ipoints[buffcount] = atoi(strtok_s(tmp, ",", &tmp2));
ppoints[buffcount] = atoi(strtok_s(NULL, "\n", &tmp2));
// NOTE strtok destroys tmp - we need to clear it
free(tmp);
buffcount++;

¥

uint32_t ibuffmemloc = 0x0000;//this memory location can be set somewhat
arbitrarily, generally start from ©

uint32_t pbuffmemloc = ibuffmemloc + buffcount + 1;//this needs to start right
after the ibuffer without overlapping

//Buffer setup
//create the I (input) table
PMDSetBufferStart(phAxisl, IBUFFID, ibuffmemloc);//set up the memory address and
buffer ID
PMDSetBufferLength(phAxisl, IBUFFID, buffcount);//set up the buffer length
PMDSetBufferWriteIndex(phAxisl, IBUFFID, @);//ensure a write index of © to write
from the begining
//create the P (position) table
PMDSetBufferStart(phAxisl, PBUFFID, pbuffmemloc);//set up the memory address and
buffer ID
PMDSetBufferLength(phAxisl, PBUFFID, buffcount);//set up the buffer length
PMDSetBufferWriteIndex(phAxisl, PBUFFID, @);//ensure a write index of © to write
from the begining
for (int i = @; 1 < buffcount; i++) {
PMDWriteBuffer(phAxisl, IBUFFID, ipoints[i]);
PMDWriteBuffer(phAxisl, PBUFFID, ppoints[i]);
}

//This code reads the UDP buffer to verify that it was set correctly.

//uncomment this to debug and make sure the buffer is getting written to the
controller correctly

/*PMDSetBufferReadIndex(phAxisl, PBUFFID, 0);
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for (int i = @; i < buffcount; i++) {
PMDint32 blarf = 0;
PMDReadBuffer(phAxisl, PBUFFID, &blarf);
printf("pbuff %i  %i\n", i, blarf);

}

PMDSetBufferReadIndex(phAxisl, IBUFFID, ©);

for (int i = @; i < buffcount; i++) {
PMDint32 blarf = 0;
PMDReadBuffer(phAxisl, IBUFFID, &blarf);
printf("ibuff %i  %i\n", i, blarf);

y*/

enableUDPmode(phAxisl, phAxis2);
//note that we need to double the UDP buffer count size since we have an input

and output buffer
return buffcount * 2 + 1;

}

Figure 26 - configureUDPfile() Example

Then enabling the UDP profile mode requires a little more setup to ensure that everything is properly configured
and set up. When configuring everything, the parameters are all buffered but should only be modified when in a
different profile mode to avoid unexpected behavior. So first we put the controller in a known profile mode
(trapezoidal is used in the example).

The auxiliary encoder inputs are configured appropriately, the example functions are setting up for coordinated
motion between two axes, and so are expecting a quadrature input signal from the encoder pass-through from
another stage. After that, most parameters for the profile mode are set using the new enum defined in
UDPmode.h, making them human-readable and easier to set and track. Finally, the profile mode is set to 10, or
UDP mode, and an update command is issued to initialize everything. See the example code in Figure 27 - Enable
UDP Mode Example for additional comments on each function and the parameters set.

void enableUDPmode(PMDAxisHandle * phAxisl, PMDAxisHandle * phAxis2) {
printf("Enabling UDP mode from controller buffer.\n");

//Note that this function resets the position in the memory index and resets the
input encoder position. The output profile will completely restart.

//To avoid this, comment out the following lines from the code below:

//PMDSetProfileParameter(phAxisl, PMDProfileParameterStartIndex, 0);

//PMDSetActualPosition(phAxis2, 9);

PMDResetEventStatus(phAxisl, @);//literally all event statuses will be reset
PMDResetEventStatus(phAxisl, OxDFFF);//reset runtime errors in UDP mode

PMDSetProfileMode(phAxisl, PMDProfileModeTrapezoidal);
PMDUpdate(phAxisl);

//for testing purposes, disable motion error event actions
PMDSetEventAction(phAxisl, PMDEventActionEventMotionError, PMDEventActionNone);

//ensure that the second encoder source is set to incremental to read AgB inputs

PMDSetEncoderSource(phAxis2, 0x0000);

//ensure that the starting encoder position is @ to prevent and erratic starting
behavior
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PMDSetActualPosition(phAxis2, 0);

//configure profile parameter values

PMDSetProfileParameter(phAxisl, PMDProfileParameterSource, 0x0001);//set the
profile source to the encoder input from "axis 2"

//NOTE: Axis 2 in this instance does not refer to a second axis, but rather a
virtual "second axis" to source another encoder signal from

//Bits [7:0] specify the source axis, @ means Axisl, 1 means Axis2, and so
forth.

//Bits[15:8] specify the source type, © means actual position, 1 means commanded
position, and 2 means time(axis field ignored).All other values are reserved.

PMDSetProfileParameter(phAxisl, PMDProfileParameterRateScalar,
0x00010000);//sets the ratio between input and output

//The Rate Scalar is a signed quantity scaled by 1/65536, that is, a 16.16 fixed
point quantity.

//(first 16 bits are the whole number, second 16 bits are the fractional)

//0x00010000 is 1.0

PMDSetProfileParameter(phAxisl, PMDProfileParameterStartValue, @);//sets the
starting value for the contour (position index?) MUST BE ©

PMDSetProfileParameter(phAxisl, PMDProfileParameterStartIndex, @);//sets the
starting index for the contour (memory index?)

PMDSetProfileParameter(phAxisl, PMDProfileParameterStopValue, OXFFFFFFFF);//sets
the value within the contour that it should stop following

//as long as this is outside the bounds of the contour it should be fine,
otherwise it will stop where this is set

PMDSetProfileParameter(phAxisl, PMDProfileParameterIBufferID, IBUFFID);//I
buffer memory address

PMDSetProfileParameter(phAxisl, PMDProfileParameterPBufferID, PBUFFID);//P
buffer memory address

PMDSetProfileMode(phAxisl, PMDProfileModeUserDefinedProfile);//Profile mode 10
(exA)

//make sure all updates are done before sending an update
PMDUpdate(phAxisl);

}

Figure 27 - Enable UDP Mode Example
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Setting the GPIO State
SmartStage linear systems have multiplexed outputs, so the host machine must choose which 1/0 will be accessible
to the main connector of the system.

Usage notes:
e These are custom firmware features only available on SmartStage linear systems.
e These functions use some commands that are not part of the original SDK and DLL, so if these are rebuilt,
they will need to be included. See Figure 29 - Set GPIO Custom Function Definitions

This feature uses the custom command PMDSetCustomParameter() to set specific parameters to enable and set
the pin modes for multiplexing signals within the controller. See Figure 28 - SetGPIO Example for an example
function that handles setting the mode to a known state. See the SmartStage linear system (or appropriate
controller) guide for a reference on which 1/0 state connects which 1/0 to the main connector.

void configureGPIO(PMDAxisHandle * hAxisl, PMDuintl6 gpiomode) {

//See each GPIO case for a description of each output signal, and what other
modes to pair them with.

//lotsa reading, sorry

//this function simplifies the process of setting the GPIO mux

//3 pin states and one enable pin control the mux

//@0BOWZYX - the bytes sent in SetCustomParameter set each mux input state
accordingly

//each of the following states allows different inputs/outputs to be passed
through to the appropriate location

//GPO state set - sets all GPO to either high/low

//16(0x10)

//GPO set high - sets selected GPO high, © means no change to individual state

//17(0x11)

//GPO clear state - sets the selected GPO low, © means no change to individual
state

//18(0x12)

//GPIO set state - this configures these pins (which default to inputs where all
I/0 is disabled) into an input or output state

//19(0x13)

PMDSetCustomParameter(hAxisl, GPIOSetMode, @x@F);//this configures all pins as
outputs, enabling them to set up an output mode

switch (gpiomode) {
//Enable/disable
case GPIO_Disabled:
PMDSetCustomParameter(hAxisl, GPIOSetLow, Ox08);
break;
case GPIO_Enabled:
PMDSetCustomParameter(hAxisl, GPIOSetHigh, ©x08);
break;
case GPIO_State@:
//I0A1l is general purpose input, step/direction, Quad A (coordinated
motion)
//I0A2 is general purpose input, step/direction, Quad B (coordinated

motion)
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//I0A3 is PEG output, LUT PEG output, general purpose output
//Secondary axis is passed through
PMDSetCustomParameter(hAxisl, GPIOSetState, 0x08);
break;
case GPIO Statel:
//I0A1l is general purpose input, step/direction, Quad A (coordinated
motion)
//I0A2 is general purpose input, step/direction, Quad B (coordinated
motion)
//I0A3 is Axis out is general purpose output
//Secondary axis is passed through
PMDSetCustomParameter(hAxisl, GPIOSetState, 0x0C);
break;
case GPIO State2:
//I0A1 is Quad A (from IOB2, the secondary axis)
//I0A2 is Quad B (from IOB3, the secondary axis)
//IOA3 is Axis out is general purpose output
//IOB1 is passed through
//I0B2 is mapped to IOAl
//I0B3 is mapped to IOA2
//This state is for coordinated motion, and reads position from the
secondary axis which acts as a master
//Primary axis in state 2 should use a secondary axis in state 4 or 5
PMDSetCustomParameter(hAxisl, GPIOSetState, Ox©A);
break;
case GPIO _State3:
//I0A1 is general input
//I0A2 is Enc A from primary axis
//IO0OA3 is Enc B from primary axis
//I0B1 is Enc A out from primary
//I0OB2 is Enc B out from primary
//I0B3 is passed through
//Primary axis driving coordinated motion - secondary axis should be in
mode © or 1
PMDSetCustomParameter(hAxisl, GPIOSetState, OxOE);
break;
case GPIO State4:
//I0A1 is general input
//I0A2 is Enc A out
//IOA3 is Enc B out
//Secondary axis is passed through
PMDSetCustomParameter(hAxisl, GPIOSetState, ©0x09);
break;
case GPIO_State5:
//I0A1 is PEG output
//I0OA2 is Enc A out
//I0A3 is Enc B out
//Secondary axis is passed through
//This should be used as a secondary axis when interested in both PEG and
coordinating motion using encoder signal
PMDSetCustomParameter(hAxisl, GPIOSetState, ©xeD);
break;
case GPIO_Stateé6:
//I0A1 is PEG output
//I0OA2 is PEG gate signal
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//I0A3 is Axis out is general purpose output
//Secondary axis is passed through
PMDSetCustomParameter(hAxisl, GPIOSetState, Ox0B);
break;

case GPIO_ State7:
//encoder programming mode
//Secondary axis is passed through
PMDSetCustomParameter(hAxisl, GPIOSetState, OxOF);
break;

default:
//default state is to disable the outputs, without losing whatever was

previously configured

PMDSetCustomParameter(hAxisl, GPIOSetLow, 0x08);
break;

}

void getGPIO(PMDAxisHandle * hAxisl, PMDuintl6 * readgpiothing) {
PMDGetCustomParameter(hAxisl, GPIOGetState, readgpiothing);

}

Figure 28 - SetGPIO Example

PMDresult PMDSetCustomParameter(PMDAxisInterface axis intf, PMDuintl6 param, PMDintl6
value)

{
}

PMDresult PMDGetCustomParameter(PMDAxisInterface axis intf, PMDuintl6 param, PMDuintl6
*value)

{

return SendCommandWordWord(axis intf, @xCA, param, value);

return SendCommandWordGetWord(axis intf, @xCB, param, value);

}

Figure 29 - Set GPIO Custom Function Definitions
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Error Codes
The library supports a number of error code returns to help diagnose issues that occur with the controllers. See
Figure 30 - C-Motion Error Codes for a list of the various error codes that can be returned. These are defined in an

enum in PMDecode.h.

typedef enum PMDErrorCodesEnum {
// processor error codes
PMD_NOERROR 0,
PMD_ERR_OK o,
PMD_ERR_Reset oxe1,
PMD_ERR_InvalidInstruction 0x02,
PMD_ERR_InvalidAxis ox03,
PMD_ERR_InvalidParameter ox04,
PMD_ERR_TraceRunning ox05,
PMD_ERR_BlockOutOfBounds oxe7,
PMD_ERR_TraceBufferzZero 0xe8,
PMD_ERR_BadSerialChecksum 0x09,
PMD_ERR_InvalidNegativeValue Ox0B,
PMD_ERR_InvalidParameterChange oxec,
PMD_ERR_LimitEventPending oxeD,
PMD_ERR_InvalidMoveIntoLimit OXOE,
PMD_ERR_InvalidOperatingModeRestore ox10,
PMD_ERR_InvalidOperatingModeForCommand ox11,
PMD_ERR_BadState ox12,
PMD_ERR_AtlasNotDetected ox14,
PMD_ERR_HardFault ox13,
PMD_ERR_BadSPIChecksum ox15,
PMD_ERR_InvalidSPIprotocol ox16,
PMD_ERR_InvalidTorqueCommand ox18,
PMD_ERR_BadFlashChecksum ox19,
PMD_ERR_InvalidFlashModeCommand Ox1A,
PMD_ERR_ReadOnly 0x1B,
PMD_ERR_InitializationOnlyCommand ox1C,
PMD_ERR_IncorrectDataCount ox1D,
PMD_ERR_MoveInError Ox1E,
PMD_ERR_WaitTimedOut Ox1F,
// non-processor errors
PMD_ERR_InvalidOperation Ox7FD@,
PMD_ERR_NotConnected Ox7FD1,
PMD_ERR_NotResponding Ox7FD2,
PMD_ERR_CommPortRead Ox7FD3,
PMD_ERR_CommPortWrite Ox7FD4,
PMD_ERR_InvalidSerialPort Ox7FDB,
PMD_ERR_InterfaceNotInitialized Ox7FDF,
PMD_ERR_OpeningPort Ox7FEQ,
PMD_ERR_Driver Ox7FE1,
PMD_ERR_NoDPRAM OX7FE2,
PMD_ERR_DPRAM OX7FE3,
PMD_ERR_Timeout OX7FE4,
PMD_ERR_WaitCancelled OX7FES5,
PMD_ERR_CommunicationsError OX7FFC,
PMD_ERR_CommTimeoutError OX7FFD,
PMD_ERR_ChecksumError OX7FFE,
PMD_ERR_CommandError OX7FFF

} PMDErrorCode;

Figure 30 - C-Motion Error Codes
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Overall Controller Behavior Notes
Notes about interesting controller behaviors to be aware of when programming:
1) Trapezoidal profile mode resets the velocity to 0 when a limit is encountered, so a new set of profile
parameters should be issued (velocity, acceleration, deceleration, etc.)
2) Velocity contouring mode supports positive and negative values, but other profile modes do not, this is
because velocity profile mode uses the polarity of the velocity to determine the travel direction, where
other profile modes use absolute position.

Known C-Motion Issues:

Serial Connection Desynchronization

A known issue with asynchronous communications is when the host and controller become desynchronized. Since
all communications with the controller work off of expected command sizes and waits for a buffer to be filled
before processing anything from the host. If a byte is missed then this can be interrupted, causing a lapse in
communications where the controller always immediately returns an error, or stops responding to the host. To
solve this, the host should send bytes of 0’s to the controller until the controller responds with something. Then
normal communications can resume.

The latest release of C-Motion should handle these cases and has a function internal to the DLL and SDK called
PMDSerial_Sync. This should not normally be needed by user code.

Driver Dependency Issues

Note that the libraries have support for a variety of device drivers, and some are key to include and have installed

on the host machine. Serial drivers come with Windows, but the IXXAT CAN drivers do not, and if they are needed,
they must be downloaded from their website. The standard libraries have support for more devices and hardware
as well, so these dependencies will need to be removed as necessary until support for installed devices is included.
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Starting Projects in Visual Studio

Visual Studio 2019 C++ Project Setup

Finding the files:

The files referenced in the instructions below should be included on the USB stick that came with the
controller/stage. See Definitions Used Within This Guide, USB Stick, Resource locations.

V52019 C++ Project Notes:
Users must configure the project and compiler properly to get the SDK to build error-free. There are some files
that will cause the code not to compile or run depending on the hardware drivers and communications devices
installed on the host machine.
When compiling for x64bit machines, the CAN communications .c and .h files must be removed from the project.
The files that are not needed are listed below. The CAN libraries are built for x86 (32bit) machines.

e PMDCAN.c

e PMDCAN.h

e PMDIXXATCAN3.c

e  PMDIXXATCAN3.h

When not using a communications protocol, users must be certain to exclude files that use libraries and hardware
that do not have installed drivers.

V52019 Starting a New C++ Project:
If build errors are encountered, please read through the V52019 C++ Common Errors section below to reference
some common solutions.

1) Start a new project in Visual Studio 2017, a C/C++ Console App per Figure 31 - VS2019 C++ New Project

Create a new project

Recent project templates &
4 = pp (NET
il

class library that targets .NET Standard,

Lnw  macoS  Windows  Library

a Console App

Run code in a Winuows terminal. Prints “Hello World" by defauft.

Windows  Console

Windows  Desktop

‘Winds Desktop Application
p Appl

A project for an application with a graphical user interface that runs on Windows.

C++  Windows  Deskiop

Figure 31 - V52019 C++ New Project
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2) Copy and paste local copies of the “C” and “Include” folders from C-Motion inside the project directory, at
the same level as the projectname.vcxproj file

3) Right click the “Header Files” folder in the solution explorer view and select “Add”, then “Existing Item...”
and select all the files from the “Include” directory in the project folder per Figure 32 - VS2019 Adding
Header Files

4) Right click the “Source Files” folder in the solution explorer view and select “Add”, then “Existing Item...”
and select all the files from the “C” directory in the project folder

w File  Edit fi e Build Debug Test Analyze tensi indow Help

Debug -~ ocal Wi Debugger -~ Auto

v B X PMDTestApp.cpp
o - &l PMDTestApp
p-

of 1 project) -

New ltem... C hift+A
cticode g . Ctrl+Shift+X ysting ltem... Shift+Alt+A
Bxamp I_: New Filter
F‘I‘-ﬂD-:I* Mew Solution Explorer View
PMDdiz ¥ Crl+X

Ctrl+C

Delete
Rename

Properties

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

ource Files

Figure 32 - VS2019 Adding Header Files
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5)

Item...” and select the following items from the sub-folders in “Include”:

a
b. .\Include\PLX\PIxApi.lib
c. .\Include\NI\ni845x.lib

Solution Explorer X

PMDTestApp.cpp
[ PMDTestApp

uild
Rebuild

=~H R
¥ External Deper
2] Header Fil

Ctrl+Shift+X

Zl 5

b

b

b

b

b y ng Database
b ing Database E

b
b
b

. AInclude\IXXAT\vcisdk.lib

Configuration:

4 Configuration Properties
General
Advanced
Debugging
VC++ Directories

.

C/C+
General
Optimization
Preprocessor
Code Generation
Language
Precompiled Heade
Output Files
Browse Information
Advanced
All Optiens
Command Line

Linker

Manifest Tool

XML Document Geners

Browse Information

Build Events

Custom Build Step

v v v v v v

All Configurations

A

v

Figure 33 - V52019 Project Properties

~ | Platform: | All Platforms

v Advanced Properties
Target File Extension
ensions to Delete on Clean
Id Log File
erred Build Tool Architecture
se Debug Libraries
nable Unity (JUMBG) Build
Use of MFC
Character Set
Whole Program Optimization
MSVC Toolset Version
v C++/CLI Properties
Common Language Runtime Support
\ET Target Framework Version
Enable Managed Incremental Build

Character Set

Tells the compiler to use the specified character set; aids in localization issues.

Right click the “Resource Files” folder in the solution explorer view and select “Add”, then “Existing

~| | Configuration Manager...

.exe
* cdf:™.cache:™.obj;™.obj.enc; .ilk:™.ipdb;™.iobj;" resources;".tlb;" li;
$(IntDinS(MSBuildProjectName)log

Default

<different options>

No

Use Standard Windows Libraries

Use Multi-Byte Character Set

<different options>

Default

Ne Common Language Runtime Support

Ne

oK Cancel Appl
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6) Project Properties need to be modified, right click on the project name in the solution explorer view and
select properties — be sure to select all configs and all platforms per Figure 33 - VS2019 Project Properties

a. C/C++ - General — SDL Checks — No

b. Advanced — Character Set — Use Multi-Byte Character Set
c. VC++directories —include directories — add the following folders per Figure 34 - VS2019 VC++

Directories
i .\Include
ii. C\Include\IXXAT
iii. .\Include\PLX
iv. .\Include\NI

Configuration: | All Configurations ~| Platform: | All Platfor 1 | | Configuration Manager..
4 Configuration Properties v General
General Executable Directories <different options>

- Include Directories

? had
2
(] A
Mew Line (Ctrl-In:

Debugging Include Directories $(VC_IncludePath);$ (WindowsSDK_IncludePath);
VC++ Directories Reference Directories ‘<Emtm>

b C/Cer Library Directories anTerenTopToT

b Linker

Library WinRT Directories
Source Directories

$(WindowsSDK_MetedataPath);
b Manifest Taol

b XML Document Generator

$(VC_SourcePath);
Exclude Directories $(VC_In DK In

b Browse Information
b Build Events

b Custom Build Step
b Code Analysis

Include Directories

g 5 | | INCLUDE

oK Cancel

Include Directories

options> Evaluated value:

Path to use when searching for include files while building a VC++ project. Comresponds to environment variable

Apply

Evaluated value:

C:\Pregram Files (x86)\Microsoft Visual Studie’\201T\Communit\VC »
w

< >

Inherited values:

S(VC_IncludePath)
S(WindowsSDE_IncludePath)

Inherit from parent or project defaults Macros>>
Cancel

Include Directories 7 x

X v

C:\Users\fred rodriguez\Documents\PMD\DOF-5 Test\DOF-5 Test\Include
abl-crs'fred rodriguez\Documents\PMDAVDOF-5 Test\DOF-5 Test\Include\PLX

ers\fred rodriguez\Documents\PMDA\DOF-5 Test\DOF-5 Test\Include\NI

= \Users\fred rodriguez’Documents\PMDWDOF-5 Test\DOF-5 Test\Include\}XAT

>

<

Evaluated value:

C:\Users\fred.rodriguer\Documents\PMDYDOF-5 Test\DOF-5 Test\Include -
C:\Users\fred.rodriguez\Documents\PMDA\DOF-5 Test\DOF-5 Test\Include\PLX
C\Users\fred.rodriguez\Documents\PMD\DOF-3 Test\DOF-3 Test\IncludeiMI

< >

Inherited values:

C\Program Files (x86)\Microsoft Visual Studio' 20T\ Communiby\VC  ~
v
< >
Inherited values:
S(VC_IncludePath)
S(WindowsSDK_IncludePath)
Inherit from parent or project defaults Macrozs >

S(VC_IncludePath)
S(WindowsSDK_IncludePath)

Inherit frem parent or project defaults Macros= >

Cancel

Figure 34 - V52019 VC++ Directories
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7) Exclude the .c files that have uninstalled dependencies or required devices. The following interfaces have
device specific deriver requirements and will not compile unless those drivers are installed. See Figure 35 -

VS2019 Excluding Uninstalled Dependencies
a. PMDNISPI.c
V. For use with SPI communications
Vi. Install the drivers for an NI845x device
b. PMDCAN.c
vii. For use with CAN communications
viii. Install the drivers for an IXXATUSB-to-CAN adapter

9] Solution 'CMotionExample' (1 project)
4 [%] CMotionExample

I =B References

b NF External Dependencies

P =@ Header Files

aample.cpp
xamples.c
pch.cpp

AB.c
PMDMotorSetup_|OM.c
PMDMotorSetup_Magellan.c
PMDMISP
PMDpar.c
PMDpci.c Open With...

PMDtran: <>  yie Ctrl+Alt+0

Open

b
b
b
b
b
b
b
b
b
b
b
b
b
b

: Diagram

Ctrl+F7

Scope to This
New Solution Explorer View
Exclude From Project
Ctrl+X

Ctrl+C

Rename
Properties
Figure 35 - V52019 Excluding Uninstalled Dependencies
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8) Build the solution to ensure that everything has linked correctly per Figure 36 - VS2019 Rebuild
a. See VS2017 C++ Common Errors below to troubleshoot errors when building the project solution.
VCINLP.dll is a common CAN driver problem, SAFESEH is a linker exception handler problem, etc.

W) ot

File Edit V J Jui Debug

o - \ 2o i k¥ puilds

Ctrl+Alt+F7

Al+F11
& Solution tionExample I:::I
4 [%] CMotionExample
b =B References
IS External Dependenc C onExample
M8 Header Files is on CMotionExample

wample

Project

Batch Build...

Configuration Manager...

Figure 36 - V52019 Rebuild

9) The program should now be set up, and ready to run, the “main entry point” to the program, is
projectname.c
10) Running the program can be done by selecting the debug menu, and selecting either “Start Debugging” or
“Start Without Debugging”, see Figure 37 - VS2019 Run Debugging
a. Begin programming the stage control program or continue reading for where to find example
code to start moving the stage with. Note that the examples are explained below the instructions
on how to use them, and each example includes well documented functions and setup code.

File Edit View Project Bulld Debug Team Tools Test Analyze Window
Windows L
Graphics »
Solution F
Start Debugging (=
Start Without Debugging A _-I+F5
Performance Profiler... Alt+F2
olution 'CppMNewProject’ (1 projed
4 [%| CppNewProject
3

Attach to Process... Ctrl+Al+P

B References Other Debug Targets

I% Bxternal Dependencies Profiler
®3 Header Files
®} Resource Files
Lol Source Fi

p c-motio

Step Into

Step Ower

CppNewProject.cpp MNew Breakpoint

Examples.c

Optio

PMDcommon.c ’ CppMNewProject Properties...
Figure 37 - V52019 Run Debugging
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11) Once the project has been “Built” or compiled, it can also be run by using the generated
“projectname.exe” file found at the debug output location, the typical default is below, and can also be
found by browsing through project properties, in “General” and selecting the output directory, per Figure

38 -VS2019 Output Directory
b. .\projectname\Debug

<)

File  Edit

Debug  Team

[B-aWEs Debug

Solution Explorer -3 x
. P CppNewProject

o a8

o=

Ctrl+Shift+X
nage NuGet Packages...

Set as StartUp Project

Debug

Properties

Help

s Debugger = Auto

Cenfiguration: ~ | Platform: | All Platforms

All Configurations

4 Configuration Properties v General
General Target Platform
Debugging Windows SDK Version
VC++ Directories Output Directory
b C/Ces Intermediate Directory
b Linker Target Name
b Manifest Tool Trget Extension
b 0 LB o Extensions to Delete on Clean
b Browse Information Build Log File
o Platform Toolset
b Custom Build Step )
b Code Analysis Enable Managed Incremental Build
~ Project Defaults
Configuration Type
Use of MFC
Character Set
Commen Language Runtime Suppert
MET Target Framework Version
Whole Program Optimization
Windows Stare App Support
Target Platform
The current target platform of the project.
< >

~ | Configuration Manager...

Windows 10

10.0.17763.0
different options>

<different options>
S(ProjectName)

e
*.cdf*.cache:”.obj™.obj.enc;ilk:.ipdb;.iohj" resources: " tlb:" " 4
S(ntDin$(MSBuildProjectName).log

Visual Studio 2017 (v141)

No

Application (.exe)

Use Standard Windows Libraries

Use Multi-Byte Character Sct

Ne Commen Language Runtime Suppart

<different options>
No

oK Cancel Apply

Figure 38 - V52019 Output Directory
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V52019 C++ Common Errors

V52019 C++ SAFESEH Warning:

If the build is throwing a SAFESEH warning, or Link 2026 errors, then change the “Image has safe exception
handlers” setting in the project properties window under Linker -> Advanced, down at the bottom of the list per
Figure 39 - VS2019 SAFESEH Warning

Configuration: | All Configurations ~ | Platform: | All Platforms ~ Configuration Manager...
Language A Base Address &
Precompiled Heade Randemized Base Address Yes (/DYNAMICBASE)

Output Files Fixed Base Address
Browse Information Data Execution Prevention (DEP) Yes (/NXCOMPAT)
Advanced Turn Off Assembly Generation No
All Options Unload delay loaded DLL
fommandline Nobind delay loaded DLL
4 Linker .
Import Library
General .
o Merge Sections
Manifest File Targ.et Machine <different options>
Profile No
Debugging
System CLR Thread Attribute
Optimization CLR Image Type Default image type
Embedded IDL Key File
Windows Metadata Key Container
Advanced Delay Sign
All Options CLR Unmanaged Code Check
Command Line Error Reporting Promptimmediately (/ERRORREPORT:PROMPT)
b Manifest Tool SectionAlignment
b XML Document Genera Preserve Last Error Code for Plnvoke Calls
b Browse Information Image Has Safe Exception Handlers <different options>
b Build Events M {/SAFESEHNG)
b Custom BL”I‘_:' Step Image Has Safe Exception Handlers ‘Yes (/SAFESEH)
b Code Analysis w | | When /SAFESEH is specified, the linker will only produce an image if it can also produce a table of the Image s sate
< 3 exception handlers. This table specifies for the operating system which exception handlers are valid for the image.

0K Cancel Apply

Figure 39 - V52019 SAFESEH Warning

V52019 C++ Missing Drivers:

I-". -\'-I The code execution cannot proceed because WCINPL.AIl was
not found, Reinstalling the program may fix this problem.

Ok

Figure 40 - V52019 Missing Driver Error

This error pops up when the correct drivers are not installed for the USB device needed, specifically for the IXXAT
USB-to-CAN adapter. Ensure that the drivers for the devices in use are installed or remove the dependent files that
require the drivers. See Figure 40 - VS2019 Missing Driver Error
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VS2019 C++ Runtime Library Errors:

A long string of link errors in the build output could likely indicate an incorrect selection for the runtime library.
Note that this selection is build dependent, and must be either debug or release, otherwise a long string of build
errors can occur. See Figure 41 - VS2019 Linker Error

Configuration: | All Configurations ~ | Platform: | All Platforms ~ Configuration Manager...
4 Configuration Properties Enable String Pooling
General Enable Minimal Rebuild MNe (/Gm-)
Debugging Enable C++ Exceptions es [/EH=c)
VC++ Directories Smaller Type Check Mo
4 C/C+s Basic Runtime Checks <different options>
Generl Mult-threaded Debug UMTe R
Optimization Struct Member Alignment Multi-threaded (/MT) ]
Rieprocessog Security Check Multi-threaded Debug (/MTd) :
E;dgeufz;f:fatm” Control Flow Guard Mult?-threaded DLL (/MD] )
Precompiled Headers Enable Function-Level Linking Multl-t.hreaded Debug DLL.(-'MDED
Output Fles Enable Parallel Code Generation <inherit from parent or project defaults>
Browse Information Enable Enhanced Instruction Set Mot Set
Advanced Floating Point Model Precise (/fp:precise)
All Options Enable Floating Point Exceptions
Command Line Create Hotpatchable Image
I Linker Spectre Mitigation Disabled
I Manifest Tool
I- XML Document Generator
I- Browse Information
I- Build Events
I Custom Build Step
I Code Analysis
Runtime Library
Specify runtime library for linking.  (/MT, /MTd, /MD, /MDd)
£ >

OK Cancel Apply
Figure 41 - VS2019 Linker Error

V52019 C++ Communications Timeout:

Many Dover stages and stage controllers allow multiple communications protocols and use DIP-switches to select
which protocol is currently in use. Make sure these switches are properly set, refer to the documentation supplied
with the stage or controller to set these, or contact Dover Motion for more information.

Also make sure that your baud rates match for serial and CAN communications. These protocols require the
host/device be running at the same data rates.
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Visual Studio 2019 C# Project Setup

Finding the files:

The files referenced in the instructions below should be included on the USB stick that came with the
controller/stage. See Definitions Used Within This Guide, USB Stick, Resource locations.

V52019 C# Usage notes:
C-Motion has been pre-packaged for Windows 32-bit and 64-bit machines into a set of dll files. Two files are
needed, a wrapper and the source dll. PMDLibrary.dll and C-Motion.dll are needed to set up a C# program.

Creating a new method should be done using the commands listed below. They will initialize a given device over
the selected communications protocol. Be sure to initialize both the peripheral and the device appropriately, then
initialize the axis handle with both items. See Figure 42 - V52019 C# Connection Initialization.
e  Peripheral Initialization Options
o PMDPeripheralCOM
=  This initializes a Point-to-Point serial connection with a single controller
o PMDPeripheralMultiDrop
=  This initializes a multi-drop serial connection that addresses one of many controllers on
a shared network
o PMDPeripheralCAN
= This initializes a CAN connection with the controller at a hard-coded 1M baud rate.
e Device Initialization Options
o PMDDeviceType.MotionProcessor
e  Axis Initialization
o PMDAXxisNumber.Axis1 — This is used for most features on the controller
o PMDAxisNumber.Axis2 — This is used to access the auxiliary encoders and TOP settings

periph = new PMD.PMDPeripheralCAN(580, 600, 0);
device = new PMD.PMDDevice(periph, PMD.PMDDeviceType.MotionProcessor);
PMD.PMDAxis axisl = new PMD.PMDAxis(device, PMD.PMDAxisNumber.Axisl);

Figure 42 - VS2019 C# Connection Initialization

Whenever a library C procedure returns a non-zero status code (PMDresult.NO_ERROR) an exception will be
thrown. The data member of the exception will contain a data property with the key “PMDresult”.

C-Motion commands that return a single value become class properties and drop the “set” and “get” from the
command. Commands can be used as below:
pos = axisl.ActualPosition;

Signal and event bitmasks for returned status registers can be found in the SDK if needed. See PMDtypes.c within
the SDK.
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V52019 Starting a New C# Project:
If build errors are encountered, please read through the VS2019 C# Common Errors section below to reference
some common solutions.
1) Open MS Visual Studio 2019 and start a new C# Console Application for the .NET Framework 4 per Figure
43 -VS2019 New Project C#.

Create a new project B|  lnguage - Patlom - Projectiype -

Recent project templates '-j Shared tems Project

A Shared ltems proje r sharing files b multiple projects.
[ Console App (NET Framework)
Ca+ Windows Android 05 Linux Deskiep Console

[ Console App Lbrary  UWP  Games  Mobile
|1 Blank Selution
S G ey e
Other
a‘i" Console App (NET Framework)
A project for creating a command-h..e application
G+ Windows  Console
cx Forms App (NET Framework)
ting an application with a s ) user interface

Windows  Desktop

rji‘:' Class Library (NET Framework)
oL I

ting a G library (i)

C#  Windows  Library

r‘j Unit Test Project LNET Framewark)
@ A project that contains unit tests.

Figure 43 - V52019 New Project C#
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2) The appropriate (32bit (x86) or 64bit (x64)) dll files that are needed for the project should be pasted into

the source folder of the project, in the same folder as Program.cs and Projectname.csproj, see Figure 44 -
VS2019 DLL Location

a. 32-bit Release:

i. ..\ C-Motion.zip\C-Motion\DLLs\Release\x86
1. PMDLibrary.dll
2. C-Motion.dll
b. 32-bit Debug:

i. ..\ C-Motion.zip\C-Motion\DLLs\Debug\x86
1. PMDLibrary.dll
2. C-Motion.dll
c. 64-bit Release:

i. ..\ C-Motion.zip\C-Motion\DLLs\Release\x64
1. PMDLibrary.dll
2. C-Motion.dll
d. 64-bit Debug:

i. ..\ C-Motion.zip\C-Motion\DLLs\Debug\x64
1. PMDLibrary.dll
2. C-Motion.dll

Mame
bin
ohj
Properties
[ c-Motion.dll =
C5_ConscleAppTest.csproj
|%] PMDLibrary.dll
B Program.cs

Figure 44 - V52019 DLL Location
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3) Right click on References in the Solution Explorer view and select “Add Reference” per Figure 45 - VS2019

Add DLL to Project

a. Through the menu select browse and locate the PMDLibrary.dll file just included in the source
folder

Why only include the one file? PMDLibrary.dll is the wrapper called by the program, C-Motion.dll
is called by PMDLibrary.dll.

Solution Explorer - wow I

Progra
WA o-sCIB F- =l Ap
n Explorer (Ctrl+ 2
fa] Solution 'ApplicationMame’ (1 project)
4 ApplicationName
M Properties
5-B References
c* Program.cs Add Reference...
Add Service Reterence...
Add Connected Service
Add Analyzer...
Manage MuGet Packages...
Scopeto This
Mew Solution Explorer View

Reference Manager - ApplicationMame

Figure 45 - V52019 Add DLL to Project
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4)

Open the Debug Configuration Manager, and change the Active Solution Platform to either x86, or x64
depending on the project requirements per Figure 46 - V52019 Choose Solution Platform

File Edit View Project Build Debug Team  Tools  Test
IR

Debug = Any CPU

— Debug
Solution Explorer

Release
L.j [ T.:Ej:n -5 O =L r@ }’

Configuratypn Manager...

Active solution configuration:

Active solution platferm:
Debug ~ | | Any CPU ~
Project contexts (check the project configurations to build or deploy):
Project New Solution Platform ? X Deploy
ApplicationMName
Type or select the new platform:

Copy settings from:
Any CPU

Create new project platforms

l

Close

Figure 46 - V52019 Choose Solution Platform

159 Swanson Road e Boxborough, MA 01719 « www.dovermotion.com e Tel: 508-475-3400 « Fax: 508-836-3223




DOVER))) SmartStage Linear System C-Motion Guide
MOTION

A divisian of Invetech

Document No. 41-1368 Revision: A | Revision Date: 09/04/2020 | Sheet: 53 of 77

5) Build the solution by choosing Build — Rebuild Solution and navigate to the output folder, make sure that
the c-motion.dll file ended up in the output directory, if not, paste them in that location so that the code
can find them when running, this is needed for debugging code to run as well. See Figure 47 - VS2019 C#
Build Directory
a. Default project build/compile locations (depends on build settings, see the output options in the
Project Manager -> General -> Output Directory):
i. ..\Projectname\bin\x64\Debug
ii. ..\Projectname\bin\x64\Release

b. C-Motion.dll
c. C-Motion.lib
d. PIxApi.lib

e. PIxApi720.dll
f.  PMDLibrary.dll
g. Vcisdk.lib

Debug Team

Debug - B Star -

~ I X €S ConsoleAppTest £ X newproject.cpp

S¢CITm s-= Application
P | Buid

Configuration: | Active (Debug) ~ Platform: | Active (x86) ~

&l ion 'CS_ AppTest (1 project) Build Events

4 CS_ConsoleAppTest
4 & Properties
mblylnfo.cs

General

Deb
L Conditional compilation symbols:

Define DEBUG constant

b €= Program.cs B Define TRACE constant
Settings

Platform target: x86 ~
Reference Paths

Signing

B [ Allow unsafe code

Security

[ Optimize code

Publish g

Errors and warnings

‘Warning level: 4 ~

Suppress warnings:

Treat warnings as errors

® None
O Al
() Specific warnings:

Qutput
Output path: [ bin\xB6\Debugt |[ erowse.. Di—

[ ¥ML documentation file:

Figure 47 - VS2019 C# Build Directory
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6) To debug the program, select debug, and either Start Debugging, or Start Without Debugging per Figure
48 - VS2019 Debugging C#

m File Edit View Project Build Debug Test Analyze Tools  EBEdensions

e-o H-BEL 9?- Windows

Graphics

Solution Explorer Start Debugging =
Start Without Debugging Ctrl+F5
ch Solut Performance Profiler... Alt+F2

m Solution 'PMOTestApp' (1 of 1 project) &+  Attach to Process... Ctrl+ARk+P

4 PMDTestApp Other Debug Targets

b M Properties

4 ©-N References

& Analyzers * Step Owver

Step Into

Teggle Breakpoint

Mew Breakpoint

tem.Core
termn.Data
tem.Data.DataSetExtensions
tern.Met.Http
tem. Xml
ystem.Xml.Ling Options...
¥ App.config PMDTestApp Properties...

Import DataTips ...

Figure 48 - VS2019 Debugging C#

7) The .exe result should run without problems, and should not give any errors for missing files, to
troubleshoot, see VS2017 C# Common Errors below.
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V52019 C# Common Errors

VS2019 C# DLLs Could Not Be Included:

The wrapper PMDLibrary.dll is called by the C# program, and C-Motion.dll is called by PMDLibrary.dll. So only
PMDLibrary.dll needs to be added as a reference to the project. Make sure that c-motion.dll is included in the
output directory though, as it is still a dependency for the program.

VS2019 C# DLLs Could Not Be Found:

Sometimes Visual Studio puts the build output for debugging in the default file repository for all Visual Studio
projects, double check that the build output directory is where you think it is — check the full file path per Figure 49
- V52019 C# Output Directory Verification

Visual Studio can put the output directory in:
C:\Users\Username\source\repos\Projectname

It is fine to work out of this default repository; however, the code will be more manageable if it all stays in the
same location. It is advisable to update the build output to stay within the project source folder.

) o

File  Edit Project  Build Debug Team

Debug -

~ I X €S ConsoleAppTest ® X newproject.cpp

Fo = Application
P Buid
ppTest' (1 project) Build Events
nsoleAppTet
4 o Properties

Configuration: | Active (Debug) 4 Platform: | Active (x88) w

General

Deb
Eig Conditional compilation symbols:

Define DEBUG constant

Define TRACE constant

Settings

Platform target: *86 ~
Reference Paths

Signing

~ [ Allow unsafe code
Security

) [ Optimize code
Publish P

Code A Errors and warnings

‘Warning level: 4 ~

Suppress warnings:

Treat warnings as errors

® None
O an

() Specific warnings:

Qutput

Output path: |bm\x36\Debug\ | ‘ Browse... Q—

[] XML documentation file:

Figure 49 - VS2019 C# Output Directory Verification
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V52019 C# 64bit Build Target Error:
Error message:

An attempt was made to load a program with an incorrect format. (Exception from HRESULT:
0x8007000B)

This error can occur when a 64bit OS project is set to use “Any CPU” in the Configuration Manager. Make
sure the build target architecture is properly specified for the build solution, see Figure 50 - VS2019 HRESULT:
0x8007000B

m File Edit View Project Build Debug Test Analyze Tools

Q - a1~ BT Debug ~ xB4
Debug

Solution Ex Release

T.:Ej:. - 5 o =l I—E;IT‘J £ [Zu:-nfigurmign Manager... B
Figure 50 - V52019 HRESULT: 0x80070008B

VS2019 C# Serial Port Connection Error:
The C-Motion DLLs start COM port numbering at 0, so use the COM port number found in the Device
Manager minus one. So, if the stage controller shows up as COM2, enter 1 into the function to initialize the axis.

VS2019 C# CAN Communications Timeouts/Errors:

The DLLs use a fixed baud rate of 1M. The baud rate of the controller, DOF or otherwise must be set to
this baud rate to connect properly. Contact Dover for assistance changing the CAN baud rate on your stage
controller or modify and rebuild the DLL distribution to allow configuration of the CAN baud rate.

VS2019 C# Communications Timeout:

Many Dover stages and stage controllers allow multiple communications protocols and use DIP-switches
to select which protocol is currently in use. Make sure these switches are properly set, refer to the documentation
supplied with the stage or controller to set these, or contact Dover Motion for more information.
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Visual Studio 2017 C++ Project Setup

Finding the files:

The files referenced in the instructions below should be included on the USB stick that came with the
controller/stage. See Definitions Used Within This Guide, USB Stick, Resource locations.

V52017 C++ Project Notes:
Users must configure the project and compiler properly to get the SDK to build error-free. There are some files
that will cause the code not to compile or run depending on the hardware drivers and communications devices
installed on the host machine.
When compiling for x64bit machines, the CAN communications .c and .h files must be removed from the project.
The files that are not needed are listed below. The CAN libraries are built for x86 (32bit) machines.

e PMDCAN.c

e PMDCAN.h

o PMDIXXATCAN3.c

e  PMDIXXATCAN3.h

When not using a communications protocol, users must be certain to exclude files that use libraries and hardware
that do not have installed drivers.

V52017 Starting a New C++ Project:
If build errors are encountered, please read through the V52017 C++ Common Errors section below to reference
some common solutions.

1) Start a new project in Visual Studio 2017, a C/C++ Console App per Figure 51 - VS2017 C++ New Project

New Project 7 X

b Recent Sort by: Default

Bl Windows Console Application Visual Co+

k En

op Application

b Online

Not finding what you are looking for?

Name: ApplicationName

C:\ApplicationDirectc

Figure 51 - V52017 C++ New Project

2) Copy and paste local copies of the “C” and “Include” folders from C-Motion.zip inside the project
directory, at the same level as the projectname.vcxproj file
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3)

Right click the project in the solution explorer view, select add — existing item and select the following
items:

a. .\Include\IXXAT\vcisdk.lib

b. .\Include\N\ni845x.lib

c. .\Include\PLX\PIxApi.lib

d. Allitems from .\Include

4) Right click the project in the solution explorer view, select add — existing item and select all the .c files
from the C folder.
5) Project Properties need to be modified, right click on the project name in the solution explorer view and

Solution Explorer

a

select properties — be sure to select all configs and all platforms per Figure 52 - VS2017 Project Properties
a. General — character set — multibyte character set
b. C/C++ - General —SDL Checks — No
c. C/C++- Code Generation — Runtime Library — Multi-threaded Debug (/MTd)

i. This setting is debug/release dependent, so if a list of errors linker errors comes up
when compiling, be sure this settings is /MTd for a debug build, and /MT for a release
build

d. C/C++-Precompiled Headers - Not using precompiled headers

- (Global Scope)

Configuration: | All Configurations ~ Platform: | All Platforms ~ | Configuration Manager...
4 Configuration Properties Enable String Poaling
General inimal Rebuild No (/Gm-)
Debugging Enable C++ Exceptions Yes (/EHsc)
VC++ Directories pe Check No
4 C/Crs time Checks <different options>
General Runtime Library <different options>
Optimization Struct Member Alignment Default
Preprocessor Security Check Enable Security Check [/GS)
Code Generation
Targmee Control Flow Guard
Ctrl+Shift+X Brecompiled Headi nction-Level Linking Yes (/Gy)
N — Output Files rallel Code Generation
o . . S Enable Enhanced Instruction Set Mot Set
Sz ey s pr— Floating Point Model Precise (/fp:precise]
=iy All Options Enzble Floating Peint Exceptions
Gz o Command Line Create Hotpatchable Image
¥ cu Gl X b Linker Spectre Mitigation Disabled
b Manifest Tool
b XML Document Generator
R el b Browse Information
Rename 7] b Build Events
b Custom Build Step
b Code Analysis
Enable String Pooling
Enables the compiler to create @ single read-only copy of identical strings in the program image and in memery
B 5 | | during execution, resulting in smaller programs, an optimization called string pooling. /01, /02, and /Z| automat...
r in File Explorer
oK Cancel Apply

Figure 52 - V52017 Project Properties
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e. VC++directories —include directories — add the following folders per Figure 53 - VS2017 VC++

Directories
ix. .\Include
X. .A\Include\IXXAT
Xi. .\Include\PLX
Xii. .\Include\NI
x Include Directories ? x
Configuration: | All Configurations | Platferm: | All Platfor 1 ~ | Configuration Manager... 2
#,
General Executable Directories «different options> 1 1
Debuaginy S(VC_IncludePath). S (WindowsSDK IncludePath); v New Line (Ctrl-In:
VC++ Directories Reference Directories ‘(Ed\l >
> G Library Directories mTereropTOT: |
(> (b Library WinRT Directories $(WindowsSDK_MetadataPath);
¢ ;"GC';E“T“”‘ . Source Directories $(VC_SourcePathl;
3 ocument Generator n K .
Do e Exclude Directories S g options Eelteteslralrs
b Build Events . . - - -
b Custom Buid Step C:\Program Files (x86)\Microsoft Visual Studie\201T\Community\ VT »
b Code Analysis W
< >
Inherited values:
S(VC_IncludePath)
S(WindowsSDE_IncludePath)
Inherit from parent or project defaults Macros> >
Include Directories
Path to use when searching for include files while building a VC++ project. Corresponds to environment variable
: i Cancel
oK Cancel Apply
Include Directories 7 X

Include Directories

| (x|

Evaluated value:

C:\Users\fred.rodriguer\Documents\PMD\DOF-5 Test\DOF-5 Test\Include

bl crs'fred rodriguezt\Documents\PMDVDOF-5 Test\DOF-5 Test\Include\PLX
ers\fred rodnguez\Documents\PMDNVDOF-3 Test\DOF-5 Test\Include\MI
C \Users\fred rodriguez’Documents\PMDYWDOF-3 Test\DOF-5 Test\Include\}XAT

>

<

Evaluated value:

C:\Program Files (x86)\Microsoft Visual Studio® 2017\ Community\VC
v
< >
Inherited values:
S(WC_IncludePath)
S(WindowsSDK_IncludePath)
Inherit from parent or project defaults Macros> >

C\Users\fred.rodriguez\Documents\PMD\DOF-3 Test\DOF-5 Test\Include ~
C:\Users\fred.rodriguez\Documents\PMD\DOF-5 Test\DOF-5 Test\Include\PLX
C\Users\fred. redriguez\Documents\PMD\DOF-5 Test\DOF-5 Test\Include\NI

< >

Inherited values:

S(VC_IncludePath)
S(WindowsSDK_IncludePath)

Inherit frem parent or project defaults Macros= >

Figure 53 - V52017 VC++ Directories
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6) Exclude the .c files that have uninstalled dependencies or required devices. The following interfaces have
device specific deriver requirements and will not compile unless those drivers are installed. See Figure 54

—VS2017 Removing Uninstalled Dependencies
c. PMDNISPI.c
Xiii. For use with SPI communications
Xiv. Install the drivers for an NI845x device
d. PMDCAN.c
XV. For use with CAN communications
XVi. Install the drivers for an IXXATUSB-to-CAN adapter

m Solution 'CMotionExample’ (1 project)
4 [%] CMotionExample
P =B References
b NF External Dependencies
b =@ Header Files
L | urce Files
Lol Source Files
b
P
P Exi 3
pch.cpp

ADMotorSetup_|OMN.c
PMDMotorSetup_Magellan.c
PMDMISP
PMDpar.c
PMDpci.c Open With...

PMDtran: <>  yje Ctrl+Alt+0
PMDutil.c
PM

Open

Vie s Diagram

b
b
b
b
b
b
b
3
b
b
b
b
b
b

Compile
Scope to This
Mew Solution Explorer View
Exclude From Project
Ctrl+X

Ctrl+C

Properties

Figure 54 — V52017 Removing Uninstalled Dependencies
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7) Build the solution to ensure that everything has linked correctly per Figure 55 - VS2017 Rebuild
a. See VS2017 C++ Common Errors below to troubleshoot errors when building the project solution.
VCINLP.dll is a common CAN driver problem, SAFESEH is a linker exception handler problem, etc.

W) ot

File Edit V J Jui Debug

o - \ 2o i k¥ puilds

Ctrl+Alt+F7

Al+F11
& Solution tionExample I:::I
4 [%] CMotionExample
b =B References
IS External Dependenc C onExample
M8 Header Files is on CMotionExample

wample

Project

Batch Build...

Configuration Manager...

Figure 55 - VS2017 Rebuild

8) The program should now be set up, and ready to run, the “main entry point” to the program, is
projectname.c
9) Running the program can be done by selecting the debug menu, and selecting either “Start Debugging” or
“Start Without Debugging”, see Figure 56 - VS2017 Run Debugging
c. Begin programming the stage control program or continue reading for where to find example
code to start moving the stage with. Note that the examples are explained below the instructions
on how to use them, and each example includes well documented functions and setup code.

File Edit View Project Bulld Debug Team Tools Test Analyze Window
Windows L
Graphics »
Solution F
Start Debugging (=
Start Without Debugging A _-I+F5
Performance Profiler... Alt+F2
olution 'CppMNewProject’ (1 projed
4 [%| CppNewProject
3

Attach to Process... Ctrl+Al+P

B References Other Debug Targets

I% Bxternal Dependencies Profiler
®3 Header Files
®} Resource Files
Lol Source Fi

p c-motio

Step Into

Step Ower

CppNewProject.cpp MNew Breakpoint

Examples.c

Optio

PMDcommon.c ’ CppMNewProject Properties...
Figure 56 - VS2017 Run Debugging
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10) Once the project has been “Built” or compiled, it can also be run by using the generated
“projectname.exe” file found at the debug output location, the typical default is below, and can also be
found by browsing through project properties, in “General” and selecting the output directory, per Figure

57 -VS2017 Output Directory
d. ..\projectname\Debug

<)

File  Edit

Debug  Team

[B-aWEs Debug

Solution Explorer -3 x
. P CppNewProject

o a8

o=

Ctrl+Shift+X
nage NuGet Packages...

Set as StartUp Project

Debug

Properties

Help

s Debugger = Auto

Cenfiguration: ~ | Platform: | All Platforms

All Configurations

4 Configuration Properties v General
General Target Platform
Debugging Windows SDK Version
VC++ Directories Output Directory
b C/Ces Intermediate Directory
b Linker Target Name
b Manifest Tool Trget Extension
b 0 LB o Extensions to Delete on Clean
b Browse Information Build Log File
o Platform Toolset
b Custom Build Step )
b Code Analysis Enable Managed Incremental Build
~ Project Defaults
Configuration Type
Use of MFC
Character Set
Commen Language Runtime Suppert
MET Target Framework Version
Whole Program Optimization
Windows Stare App Support
Target Platform
The current target platform of the project.
< >

~ | Configuration Manager...

Windows 10

10.0.17763.0
different options>

<different options>
S(ProjectName)

e
*.cdf*.cache:”.obj™.obj.enc;ilk:.ipdb;.iohj" resources: " tlb:" " 4
S(ntDin$(MSBuildProjectName).log

Visual Studio 2017 (v141)

No

Application (.exe)

Use Standard Windows Libraries

Use Multi-Byte Character Sct

Ne Commen Language Runtime Suppart

<different options>
No

oK Cancel Apply

Figure 57 - V52017 Output Directory
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V52017 C++ Common Errors

V52017 C++ SAFESEH Warning:

If the build is throwing a SAFESEH warning, or Link 2026 errors, then change the “Image has safe exception
handlers” setting in the project properties window under Linker -> Advanced, down at the bottom of the list per
Figure 58 - VS2017 SAFESEH Warning

Configuration: | All Configurations ~ | Platform: | All Platforms ~ Configuration Manager...
Language A Base Address &
Precompiled Heade Randemized Base Address Yes (/DYNAMICBASE)

Output Files Fixed Base Address
Browse Information Data Execution Prevention (DEP) Yes (/NXCOMPAT)
Advanced Turn Off Assembly Generation No
All Options Unload delay loaded DLL
fommandline Nobind delay loaded DLL
4 Linker .
Import Library
General .
o Merge Sections
Manifest File Targ.et Machine <different options>
Profile No
Debugging
System CLR Thread Attribute
Optimization CLR Image Type Default image type
Embedded IDL Key File
Windows Metadata Key Container
Advanced Delay Sign
All Options CLR Unmanaged Code Check
Command Line Error Reporting Promptimmediately (/ERRORREPORT:PROMPT)
b Manifest Tool SectionAlignment
b XML Document Genera Preserve Last Error Code for Plnvoke Calls
b Browse Information Image Has Safe Exception Handlers <different options>
b Build Events M {/SAFESEHNG)
b Custom BL”I‘_:' Step Image Has Safe Exception Handlers ‘Yes (/SAFESEH)
b Code Analysis w | | When /SAFESEH is specified, the linker will only produce an image if it can also produce a table of the Image s sate
< 3 exception handlers. This table specifies for the operating system which exception handlers are valid for the image.

0K Cancel Apply

Figure 58 - V52017 SAFESEH Warning

V52017 C++ Missing Drivers:

I-". -\'-I The code execution cannot proceed because WCINPL.AIl was
not found, Reinstalling the program may fix this problem.

Ok

Figure 59 - V52017 Missing Driver Error

This error pops up when the correct drivers are not installed for the USB device needed, specifically for the IXXAT
USB-to-CAN adapter. Ensure that the drivers for the devices in use are installed or remove the dependent files that
require the drivers. See Figure 59 - VS2017 Missing Driver Error.
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VS2017 C++ Runtime Library Errors:

A long string of link errors in the build output could likely indicate an incorrect selection for the runtime library.
Note that this selection is build dependent, and must be either debug or release, otherwise a long string of build
errors can occur. See Figure 60 - VS2017 Linker Error

Configuration: | All Configurations ~ | Platform: | All Platforms ~ Configuration Manager...
4 Configuration Properties Enable String Pooling
General Enable Minimal Rebuild MNe (/Gm-)
Debugging Enable C++ Exceptions es [/EH=c)
VC++ Directories Smaller Type Check Mo
4 C/C+s Basic Runtime Checks <different options>
Generl Mult-threaded Debug UMTe R
Optimization Struct Member Alignment Multi-threaded (/MT) ]
Rieprocessog Security Check Multi-threaded Debug (/MTd) :
E;dgeufz;f:fatm” Control Flow Guard Mult?-threaded DLL (/MD] )
Precompiled Headers Enable Function-Level Linking Multl-t.hreaded Debug DLL.(-'MDED
Output Fles Enable Parallel Code Generation <inherit from parent or project defaults>
Browse Information Enable Enhanced Instruction Set Mot Set
Advanced Floating Point Model Precise (/fp:precise)
All Options Enable Floating Point Exceptions
Command Line Create Hotpatchable Image
I Linker Spectre Mitigation Disabled
I Manifest Tool
I- XML Document Generator
I- Browse Information
I- Build Events
I Custom Build Step
I Code Analysis
Runtime Library
Specify runtime library for linking.  (/MT, /MTd, /MD, /MDd)
£ >

OK Cancel Apply

Figure 60 - VS2017 Linker Error

V52017 C++ Communications Timeout:

Many Dover stages and stage controllers allow multiple communications protocols and use DIP-switches to select
which protocol is currently in use. Make sure these switches are properly set, refer to the documentation supplied
with the stage or controller to set these, or contact Dover Motion for more information.

Also make sure that your baud rates match for serial and CAN communications. These protocols require the
host/device be running at the same data rates.
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Visual Studio 2017 C# Project Setup

Finding the files:

The files referenced in the instructions below should be included on the USB stick that came with the
controller/stage. See Definitions Used Within This Guide, USB Stick, Resource locations.

V52017 C# Usage notes:
C-Motion has been pre-packaged for Windows 32-bit and 64-bit machines into a set of dll files. Two files are
needed, a wrapper and the source dll. PMDLibrary.dll and C-Motion.dll are needed to set up a C# program.

Creating a new method should be done using the commands listed below. They will initialize a given device over
the selected communications protocol. Be sure to initialize both the peripheral and the device appropriately, then
initialize the axis handle with both items. See Figure 61 - V52017 C# Connection Initialization.
e  Peripheral Initialization Options
o PMDPeripheralCOM
=  This initializes a Point-to-Point serial connection with a single controller
o PMDPeripheralMultiDrop
=  This initializes a multi-drop serial connection that addresses one of many controllers on
a shared network
o PMDPeripheralCAN
= This initializes a CAN connection with the controller at a hard-coded 1M baud rate.
e Device Initialization Options
o PMDDeviceType.MotionProcessor
e  Axis Initialization
o PMDAXxisNumber.Axis1 — This is used for most features on the controller
o PMDAxisNumber.Axis2 — This is used to access the auxiliary encoders and TOP settings

periph = new PMD.PMDPeripheralCAN(580, 600, 0);
device = new PMD.PMDDevice(periph, PMD.PMDDeviceType.MotionProcessor);
PMD.PMDAxis axisl = new PMD.PMDAxis(device, PMD.PMDAxisNumber.Axisl);

Figure 61 - VS2017 C# Connection Initialization

Whenever a library C procedure returns a non-zero status code (PMDresult.NO_ERROR) an exception will be
thrown. The data member of the exception will contain a data property with the key “PMDresult”.

C-Motion commands that return a single value become class properties and drop the “set” and “get” from the
command. Commands can be used as below:
pos = axisl.ActualPosition;

Signal and event bitmasks for returned status registers can be found in the SDK if needed. See PMDtypes.c within
the SDK.
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V52017 Starting a New C# Project:
If build errors are encountered, please read through the VS2017 C# Common Errors section below to reference
some common solutions.
8) Open MS Visual Studio 2017 and start a new C# Console Application for the .NET Framework 4 per Figure
62 -VS2017 New Project C#

MNew Project ? *
P Recent 5 » Default
4 |nstalled . -
WPF App (.MET Frame: ) Visual C# P
creating a command-line
Window: App (NET Framework) Visual C#

ole App (MET Framewark) Visual C#

Other Class Library (.NET Standard) Visual C&#
4 Other Languages

al CE g Class Library (.MET Framework) Visual C#

ows Deskto Shared Project Visual C#
NET Standard
Class Library (Legacy Portable) Visual C#

3 al

I Other Project

b Online

Not finding what you are looking for?

Marne:

Location: onDire cation|
Create ney
Applicatio

NET Framework 4

Figure 62 - V52017 New Project C#
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9) The appropriate (32bit (x86) or 64bit (x64)) dll files that are needed for the project should be pasted into

the source folder of the project, in the same folder as Program.cs and Projectname.csproj, see Figure 63 -
VS2017 DLL Location

a. 32-bit Release:

i. ..\ C-Motion.zip\C-Motion\DLLs\Release\x86
1. PMDLibrary.dll
2. C-Motion.dll
b. 32-bit Debug:

i. ..\ C-Motion.zip\C-Motion\DLLs\Debug\x86
1. PMDLibrary.dll
2. C-Motion.dll
c. 64-bit Release:

i. ..\ C-Motion.zip\C-Motion\DLLs\Release\x64
1. PMDLibrary.dll
2. C-Motion.dll
d. 64-bit Debug:

i. ..\ C-Motion.zip\C-Motion\DLLs\Debug\x64
1. PMDLibrary.dll
2. C-Motion.dll

Mame
bin
ohj
Properties
[ c-Motion.dll =
C5_ConscleAppTest.csproj
|%] PMDLibrary.dll
B Program.cs

Figure 63 - V52017 DLL Location
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10) Right click on References in the Solution Explorer view and select “Add Reference” per Figure 64 - VS2017
Add DLL to Project

a. Through the menu select browse and locate the PMDLibrary.dll file just included in the source
folder

b. Why only the one file? PMDLibrary.dll is called by the program, C-Motion.dll is called by
PMDLibrary.dll.

Solution Explorer - wow I

Progra
WA o-sCIB F- =l Ap
n Explorer (Ctrl+ 2
fa] Solution 'ApplicationMame’ (1 project)
4 ApplicationName
M Properties
5-B References
c* Program.cs Add Reference...
Add Service Reterence...
Add Connected Service
Add Analyzer...
Manage MuGet Packages...
Scopeto This
Mew Solution Explorer View

Reference Manager - ApplicationMame

Figure 64 - V52017 Add DLL to Project
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11) Open the Debug Configuration Manager, and change the Active Solution Platform to either x86, or x64
depending on the project requirements per Figure 65 - VS2017 Choose Solution Platform.

File Edit View Project Build

Debug Team  Tools  Test

H- e

Debug = Any CPU
— Debug
Solution Explorer

Release
L.j [ T.:Ej:n -5 O =L r@ }’

Configuratypn Manager...

Active solution configuration:

Active solution platferm:

Debug ~ | | Any CPU ~
Project contexts (check the project configurations to build or deploy):
Project New Solution Platform ? X Deploy
ApplicationMName

Type or select the new platform:

.| (—
Copy settings from:
Any CPU

Create new project platforms

l

Close

Figure 65 - V52017 Choose Solution Platform
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12) Build the solution by choosing Build — Rebuild Solution and navigate to the output folder, make sure that
the dll files ended up in the output directory, if not, paste them in that location so that the code can find
them when running, this is needed for debugging code to run as well. See Figure 66 - V52017 C# Build
Directory

a. Default project build/compile locations (depends on build settings, see the output options in the
Project Manager -> General -> Output Directory):
i. ..\Projectname\bin\x64\Debug
ii. ..\Projectname\bin\x64\Release

b. C-Motion.dll
c. C-Motion.lib
d. PIxApi.lib

e. PIxApi720.dll
f.  PMDLibrary.dll
g. Vcisdk.lib

9

File  Edit Build Debug Team Test Analyze Window Help

Debug - P Start -

~ I X €S ConsoleAppTest £ X newproject.cpp

o= Application

Configuration: | Active (Debug) ~ Platform: | Active (x86) ~

p- Build

Build Events General

Deb
L Conditional compilation symbols:

Define DEBUG constant

=
Define TRACE constant

Settings

Platform target: x86 ~
Reference Paths

Signing

_ [ Allow unsafe cade

Security

[ Optimize code

Publish p

Errors and warnings

‘Warning level: 4 ~

Suppress warnings:

Treat warnings as errors

® None
O Al
() Specific warnings:

Qutput

Output path: [ bin\xB6\Debugt |[ erowse.. Di—

[ ¥ML documentation file:

Figure 66 - VS2017 C# Build Directory
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13) To debug the program, select debug, and either Start Debugging, or Start Without Debugging per Figure
67 - VS2017 Debugging C#

File  Edit View Project Build Debug Team Tools Test Analyze Window

l+j o r:l [~ H"'i Windows L
. Graphics '
Solution Explorer

Start Debuggin E
- @-5 3@ S

Start Without Debugging * Ctrl+F5

Performance Profiler... Alt+F2
fad 5.,|:|Iu_t||:|n ‘CppNewProject’ (1 projec & pptach to Process... Ctrl+Alt+P
4 [%| CppNewProject

M Other Debug Targets

u-B References
IS External Dependencies Profiler
8 Header Files
3 Resource Files
Ll Source Files

B

Step Into

Step Over

c-motion.c

CppMNewProject.cpp Mew Breakpoint

Examnples.c

pch.cpp

PMDCAN.c £+ Options...

PMDcommen.c y - CppMewProject Properties...
Figure 67 - VS2017 Debugging C#

14) The .exe result should run without problems, and should not give any errors for missing files, to
troubleshoot, see VS2017 C# Common Errors below.
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V82017 C# Common Errors
VS2017 C# DLLs Could Not Be Included:

PMDLibrary.dll is called by the C# program, and C-Motion.dll is called by PMDLibrary.dll. So only PMDLibrary.dll

needs to be added as a reference to the project.

VS2017 C# DLLs Could Not Be Found:

Sometimes Visual Studio puts the build output for debugging in the default file repository for all Visual Studio
projects, double check that the build output directory is where you think it is — check the full file path per Figure 68

-VS2017 C# Output Directory Verification.

Visual Studio can put the output directory in:
C:\Users\Username\source\repos\Projectname

It is fine to work out of this default repository; however, the code will be more manageable if it all stays in the

same location. It is advisable to update the build output to stay within the project source folder.

u] c

File \ - c e Team

Debug -
v 1 x |CS ConsoleAppTest & X | newproject.cpp
Fl= Application

Configuration:
P Buid

Build Events General

Active (Debug) 4 Platform: | Active (x88)

Deb
= Cenditional compilation symbols:

Define DEBUG constant
Define TRACE constant

Platform target: *86
Reference Paths

Signing

B [1 Allow unsafe code
Security

[] Optimize code
Publish

Code Analysis Errors and warnings

‘Warning level: 4

Suppress warnings:

Treat warnings as errors

® Mone
O Al
(O Specific warnings:

Qutput

Output path: |binsesiDebugh

[ XML documentation file:

Figure 68 - VS2017 C# Output Directory Verification

| [ srowse.. g—
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V52017 C# 64bit Build Target Error:
Error message:

An attempt was made to load a program with an incorrect format. (Exception from HRESULT:
0x8007000B)

This error can occur when a 64bit OS project is set to use “Any CPU” in the Configuration Manager. Make
sure the build target architecture is properly specified for the build solution, see Figure 69 - VS2017 HRESULT:
0x80070008B.

File Edit View Project Build Debug Team To

Al - [T Debug =
S Debug
Solution Explorer Relea
lelease
L.j £ - o~-5 & rIE;IT‘J ﬁ —*=| Configuragion Manager... =

Figure 69 - VS2017 HRESULT: 0X8007-OOOB

V52017 C#Serial Port Connection Error:
The C-Motion DLLs start COM port numbering at 0, so use the COM port number found in the Device
Manager minus one. So, if the stage controller shows up as COM2, enter 1 into the function to initialize the axis.

VS2017 C# CAN Communications Timeouts/Errors:

The DLLs use a fixed baud rate of 1M. The baud rate of the controller, DOF or otherwise must be set to
this baud rate to connect properly. Contact Dover for assistance changing the CAN baud rate on your stage
controller, or modify and rebuild the DLL distribution to allow configuration of the CAN baud rate.

V52017 C# Communications Timeout:

Many Dover stages and stage controllers allow multiple communications protocols and use DIP-switches
to select which protocol is currently in use. Make sure these switches are properly set, refer to the documentation
supplied with the stage or controller to set these, or contact Dover Motion for more information.
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Original Source Code

The SDK

The SDK (Source Development Kit) contains all the source code that C-Motion utilizes, and allows users to make
edits and update the code as needed. Dover has put together some examples on how to use the libraries, and has
a slightly modified distribution from the original source (added configuration options for communications settings
primarily).

The original source code can be installed to the Documents folder on a Windows machine by running (as Admin)
PMDSDK550.exe. This will install the source files to the folder location listed below. The original source supports all
the original communications methods, PCIE cards, SPI, CAN, Windows and Linux Serial. Missing
dependencies/drivers will prevent the source code from compiling currently, so unused or uninstalled
dependencies should be removed.

..\Documents\PMD\SDK

The DLLs
The C-Motion DLLs include support for a variety of features and communications protocols. They are
provided pre-compiled for Windows 10 machines, and the source code is provided by an installation file.

There are several features that may become cumbersome dependencies for those trying to minimize a code
footprint, and these can be selectively removed from the project as needed. There exists by default support for
serial, CAN and PClI card drivers. Most applications only require one communications protocol, so the unused code
may be removed, and the libraries rebuilt. Instructions for rebuilding the DLLs can be found in the section:
Rebuilding the DLLs.

Importing these DLLs often requires a header file. The header files that need to be used with these DLLs
are included with the C-Motion source for the DLLs. It is best to take these header files from the CMESDK192.exe
file drop location (found below). This should help import the DLLs into most other tools and software packages
that support them like LabVIEW and Matlab.

..\Documents\PMD\CMESDK\C-Motion\Include

Rebuilding the DLLs
1) If the CMESDK192.exe has already been installed, just delete the PMD folder contents.
a. Go to Documents/PMD and delete everything
2) Run CMESDK192.exe as an administrator
3) Navigate to the installed folder location at Documents/PMD/CMESDK/HostCode/DLLBuild
4) Open the Visual Studio project file DLLBuild.sIn (See Figure 70 — DLL File Structure)
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M
Home  Share  View

5)

6)

7)

= | DLLBuild

« ‘4 > ThisPC » Documents » PMD > CMESDK » HostCode » DLLBuild v & | Search DLLBuild
A Name Date madified Type Size
# Quick access
[ build.bat 11/15/2012 1:10PM  Windows Batch File 1K8
4 Downloads
B c-motion.def 1414 AM  Export Definition File 7K
5] Documents ++ DLLBuild.dsp 9 8PM  VC++ 6 Workspace BKB
GriffDocs = - o _
Source_Code DLLBuild.sln Visual Studio Solution
application B _
Customers [&] DLLBuild.vexproj 1 VC++ Project 32KB
Controllers 7 DLLBuild:vexpraj filters 2 VC++ Project Filters File 5K8
[ ditfuns.c 5/. C Source 3KB
TestCode
[ diffuns.h 5/ C/C++ Header 1KB
FAQ

StepDirProfileDriver-V3

Figure 70 — DLL File Structure

Visual Studio will ask to retarget the solution, select “OK” (See Figure 71 - Visual Studio Retargeting
Solution)

Review Solution Actions had

Retarget Projects

The fellowing projects use an carlicr version of the Visual C++ platform toolset. You can
upgrade your projects to target the latest Microsoft toolset. You can also select the target
Windows SDK version fram those installed on your machine.

Windows SDK Version: | 10.0.17763.00 ~

Platform Toolset: Upgrade to v141

ADLLBuild\DLLBuild vexproj

Figure 71 - Visual Studio Retargeting Solution

Select the build conditions that are needed (debug/release and 32/64 bit) (See Figure 72 - Build
Conditions)

«)

File Edit View Project Builld Debug Team Tonle  Tact

fia =~ T Debug Win32 P Loc

Solutic er

T M-

guration Manager...

Figure 72 - Build Conditions

Build the project

a. The configured project build directory is Documents/PMD/CMESDK/HostCode/...
b. Where “...” is Debug or Release depending on the build settings
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8) Take the output files (listed below) and put them in the project source folder, include PMDLibrary.dll in
the project references (C-Motion.dll is referenced by PMDLibrary.dll and should not be included as a

reference)
a. PMDLibrary.dll -include this in the project
b. CoMotion.dll - don’t include this in the project

A common build error is that Visual Studio can’t find plxapi.lib or vciapi.lib, these can be found in:
Documents/PMD/CMESDK/C-Motion/Include/PLX

Documents/PMD/CMESDK/C-Motion/Include/IXXAT

Take these files (plxapi.lib and vciapi.lib) and put them into the output folder for the respective build that you are
trying to compile — these are located at:

Documents/PMD/CMESDK/HostCode/Release

Documents/PMD/CMESDK/HostCode/Debug
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