NMC Cookbook - Function Calls for Using
PIC-SERVO, PIC-STEP and PIC-I/O Controllers

Thelibrary file NMCLIB0O4.DLL contains al the functions used for communication with the PIC-
SERVO, PIC-STEP and PIC-1/0 controllers. This Cookbook does not attempt to explain the
operation of these controllers; rather, it has many examples of executing a variety of common
operations using function callsto thisDLL. Before starting to write any code, you should look
over the entire list to get an idea of the scope of options available. Also, the controller chips have
many additional capabilities not covered by the examples below, and you are urged to read the
data sheets associated with each type of controller to better understand their operation. For more
information, visit the web page www.jrkerr.com/docs.html.

All of the programming example below are written in C. If you are using basic, however, the
function calls and function names will be exactly the same - only the syntax will vary dightly. For
complete example programs in either C or Basic, please see our web page
www.jrkerr.conmvsoftware.html.

In general, your application will interact with the NMC controller functions in five steps:

1. Inclusion of header files and other details for accessing the DLL.

2. Network initialization and verification of the presence of the controllers.

3. Initialization of the individual controllers.

4. Operation of the individual controllers (executing motions, reading data, etc.).
5. Shutdown of the controller network before your program terminates.

The examples below illustrate each of these five parts.
1. Headersand Libraries

Depending on what programming environment you are using, you will need to do different things

to give you access to the functions within the NMCLIB04.DLL. Described here is what you need
to do for Borland’s C++ Builder, Microsoft’s Visual C++ .net, and Microsoft’s Visual Basic .net.

For other programming environments, you will have to check your documentation for usage of 3"
party DLL’s.

Borland C++ Users:
a. Add the following #include's in your program’s source code files:

#include "sio util.h"
#i ncl ude "nnccom h"
#i ncl ude "picservo. h"
#i ncl ude "picstep. h"
#i ncl ude "picio.h"

b. Copy hefilesSIO_UTIL.H, NMCCOM.H, PIC-SERVO.H, PIC_STEP.H, and
PICIO.H into the same folder as the rest of your source code.

c. Add the file NMCLIB04.LIB to your project
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Microsoft Visual C++ . net Users:
a. Add the namespace declaration:

usi ng namespace System : Runtine::|nteropServices;

to your code to allow runtime linking to the DLL. Pleaselook in the file FORM1.H in any
of the VC++ examples to see where to put thisline.

b. Add the following #include's in your program’s source code files:

#include "sio util.h"
#i ncl ude "nnccom h"
#i ncl ude "picservo. h"
#i ncl ude "picstep. h"
#i ncl ude "picio.h"

c. Copy hefiles SIO_UTIL.H, NMCCOM.H, PIC-SERVO.H, PIC_STEP.H, and
PICIO.H into the same folder as the rest of your source code.

Microsoft Visual Basic .net Users
a. Add the file NMCDEFINES.VB to your project

b. Copy the file NMCDEFINES.VB into the same folder as your other source code files.

For al three programming environments, you will have to place a copy of the NMCLIBO4.DLL in
the Windows system folder or else in the same folder as the executable you are creating. Copies
of the .H or .VB header files needed for your environment can be found in the example programs
on our web page www.jrkerr.convsoftware.html.

2. Networ k Initialization and Shutdown Functions

a. Use the following code segment to initialize the network of controllers:
i nt numod,
ErrorPrinting(0); [/ suppress printing of internal error messages

//lnitialize NMC controllers on COML: using 19200 Baud
numod = Nnclnit (" COML: ", 19200);

nummod should be equal to the number of controller modules connected to the network.
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b. Use the following code to read the type of module at a given address:
unsi gned char nodtype;
unsi gned char addr; // modul e address (1 - 32)
unsi gned char stat_itens; //specifies which data should be returned

addr = 1;
stat _itens = SEND ID;

NncReadSt at us(addr, stat_itens); //Use NncReadStatus to read ID from
/1 controller
nodt ype = NncGet ModType(addr); /lretrieve the nodul e type

nmodt ype should equal O for a PIC-SERVO controller, 2 for aPIC-I/0 and 3 for a PIC-STEP.

c. Reset controllers to power-up state and shutdown the network:

// Reset the network of controllers - OxFF resets all controllers
NrcHar dReset ( OxFF) ;

/1l ean-up and cl ose the COM port
Nrrc Shut down() ;

3. PIC-SERVO Motor Initialization

a. Use the following code segment to set the servo gains, enable the amplifier, and start the motor
servoing to its current position:

unsi gned char addr; // modul e address

unsi gned char ol, sr, dc; //output limt, servo rate, deadband conp.

short int kp, kd, ki, il; //position gain, derivative gain, intergra
/!l gain, integration limt

unsi gned char sm //step rate multiplier

unsi gned char node; // specifies stopping options

addr = 1, //set address for nodule 1

kp = 100; //followi ng gains are a good starting point

kd = 1000; /1 for nost notors and encoders

ki = 0;

il = 0;

ol = 255;

sr = 1;

dc =0

node = AVP_ENABLE | STOP_ABRUPT

ServoSet Gai n2(addr, kp, kd, ki, il, ol, cl, el, sr, dc, sm;
ServoSt opMbt or (addr, node);

The AMP_ENABLE flag should always be included in the node byte when issuing and subsequent
stop commands, unless you are actually wishing to disable the amplifier. (Note: If your amplifier
requires the AVP_ENABLE bit to be low for normal operation, you should NOT includeit.) The
STOP_ABRUPT flag tells the PIC-SERVO to start servoing to its current position.

b. The following function can be used to reset the motor encoder position counter to zero:

ServoReset Pos(addr) ;
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c. If you are using the PIC-SERVO SC, you have the option of setting the output mode and limit
switch options. The following example sets the output mode for 3-phase commutation and

enables the limit switch protection to stop the motor abruptly when alimit switch is hit. Note that

the ServoSet 1 oCt r I () function should be called before enabling the amplifier asin the example
above.

unsi gned char addr; // modul e address
unsi gned char node; //specifies 1/0O Control options
addr ; //set address for nodule 1

1
node THREE_PHASE | LI MSTOP_ABRUPT,;

ServoSet |l oCtrl (addr, node);
4. PIC-SERVO Motion Commands

a. Move to agoal position with acceleration ramping:

unsi gned char addr; // modul e address

unsi gned char node; // motion options

| ong pos, vel, acc; //position, velocity & accel eration
unsi gned char pwm //raw PWM val ue - unused

addr = 1,

node = LOAD PCS | LOAD VEL | LOAD ACC | ENABLE SERVO | START_NOW
pos = 5000; //move to position 5000 encoder counts

vel = 100000; /1100, 000 ~= 3000 encoder counts per second
acc = 100; /laccel eration val ue

pwm = 0; // pwm val ue is not used

ServolLoadTr aj (addr, node, pos, vel, acc, pwm;

Note that the position is an absolute (not relative) value referenced to the encoder’ s zero position.

Y ou should always allow one position move to complete before attempting to move to a new
position (except for the PIC-SERVO SC).

b. Detect when amotion is complete:

unsi gned char addr; // modul e address
unsi gned char current_status_byte;
BOOL nove_conpl et e;

NcNoOp( addr ) ; //update the status byte data
current _status_byte = NncCGet St at (addr);
nove_conpl ete = current_status_byte & MOVE_DONE;

Note that the MOVE_DONE bit is part of the status byte.

c. Move at a constant velocity with acceleration ramping:

unsi gned char addr; // modul e address

unsi gned char node; // motion options

| ong pos, vel, acc; /lposition, velocity & accel eration
unsi gned char pwm //raw PWM val ue - unused

addr = 1,
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mode = LOAD VEL | LOAD ACC | ENABLE SERVO | VEL_MODE | START_NOW

pos = 0O; //position not used

vel = 100000; /1100, 000 ~= 3000 encoder counts per second
acc = 100; /laccel eration val ue

pwm = O; // pwm val ue is not used

ServolLoadTr aj (addr, node, pos, vel, acc, pwm;

Note that the velocity value should always be positive. To move in the reverse direction, you
should include the mode flag REVERSE when setting the node byte.

d. Start amotion and decelerate to a stop automatically when alimit switch is hit:

unsi gned char addr; // modul e address

unsi gned char node; // motion options

| ong pos, vel, acc; //position, velocity & accel eration
unsi gned char pwm //raw PWM val ue - unused

unsi gned char hom ng_node; //hom ng command options

BOOL still _hom ng; //flag for checking hom ng

/IFirst, use the ServoSet Hom ng function to activate the homing function
addr = 1,
hom ng_node = ON.LIMT1 | HOVE STOP_SMOOTH, //stop snmoothly when limt

/1 switch 1 is activated
ServoSet Hom ng(addr, hom ng_node);

// Next, execute a notion which will nove the nbtor towards the limt switch

node = LOAD POS | LOAD VEL | LCAD ACC | ENABLE SERVO | START_NOW

pos = 100000; //move to position beyond the limt swtch
vel = 100000; /1100, 000 ~= 3000 encoder counts per second
acc = 100; [l accel eration val ue

pwm = 0; // pwm val ue is not used

ServolLoadTr aj (addr, node, pos, vel, acc, pwm;

//Lastly, poll the HOVE IN PROG bit to determ ne when the
//switch has been hit

do
NcNoOp( addr ) ; //update the status byte

still_hom ng = NntCet Stat(addr) & HOVE_| N_PROG
while (still_hom ng);

e. Stop amotor with a deceleration ramp:

unsi gned char addr; // modul e address
unsi gned char node; [/ specifies stopping options

node = AMP_ENABLE | STOP_SMOOTH;
ServoSt opMbt or (addr, node);

Note that you should use the procedure described in 4b to determine when the motor has actually
cometo astop. To stop abruptly, use STOP_ABRUPT instead of STOP_SMOOTH.
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f. Turn the motor off and disable the amplifier:

unsi gned char addr; // modul e address
unsi gned char node; /] specifies stopping options

node = MOTOR_OFF;
ServoSt opMbt or (addr, node);

5. PIC-SERVO Reading Status Data

a. Read limit switches;

unsi gned char addr; // modul e address

unsi gned char current_stat us; //status byte val ue

BOCOL switchl, swi tch2; /1 bool ean switch val ues

addr = 1,

NcNoOp( addr ) ; //Limt switch values are in the status byte, so the

/1 NoQp conmmand can be used to update the status
current _status = NncCet St at (addr); //fetch the value of the status byte

switchl = current _status & LIMTL;
switch2= current_status & LIMT2;

b. Read the position and velocity at the same time:

unsi gned char addr; // modul e address
| ong pos; //motor position in encoder counts
short int vel; [/ motor vel. In encoder counts/servo tick

unsi gned char stat_itenms; //specify which data should be returned

stat _itenms = SEND POS | SEND VEL; //specify both position and velocity
/1 should be read fromcontorller

NncReadSt at us(addr, stat_itens); // Read data fromcontrollers
pos = ServoGet Pos(addr); //retrieve the position and velocity data
vel = ServoGCet Vel (addr); //fromthe [ocal internal data structure

Note that NncReadSt at us() does something very different from NncGet St at () ! 'Y ou should
also note that the velocity returned is only a 16 bit quantity, whereas the commanded velocity is
32 bits. The velocity returned should be approximately equal to the commanded velocity divided

by 65,536 (219).
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6. PIC-STEP Motor Initialization

a. Initialize the controller parameters and enable the amplifier:

unsi gned char addr; // modul e address

unsi gned char parambyte; //for setting operating paraneters
unsi gned char m n_speed; /' m ni mum st eppi ng speed

unsi gned char run_cur, hold_cur; //running and hol ding current
unsi gned char thermlimt; //thermal limt paraneter

unsi gned char output_byte; //output bits required for configuring anplifier
addr = 1,

/1 SPEED 1X = use speed units of 25 steps/second

//Limt switch & e-stop inputs will have no effect on the notion

param byte = SPEED 1X | IGNORE_LIM TS | | GNORE_ESTOR;

m n_speed = 20;

run_cur = 100; //running current is approximately 1 anp
hol d_cur = 20; //holding current is approximtely 200 na
thermlim= 0; //disable thermal limt

St epSet Par an( addr, param byte, nimspeed, run_cur, hold_cur, thermlim;

out put _byte = 0x02 + 0x04 + 0x08; //set specific output bits as required
/by the anplifier

St epSet Qut put s(addr, out put_byte);

St epSt opMot or (1, AMP_ENABLE) ; /1 Use StepStopMtor to enable anplifier
[/ This will lock the notor into position

b. The following function can be used to reset the motor encoder position counter to zero:

St epReset Pos(addr) ;
7. PIC-STEP Motion Commands

a. Move to agoal position with acceleration ramping:

unsi gned char addr; // modul e address

unsi gned char node;

| ong pos;

byte vel, acc; //velocity and accel eration tine

float raw speed; //raw speed val ues not used

addr = 1,

node = LOAD _POS | LOAD SPEED | LOAD_ACC | START_NOW

pos = 5000;

vel = 100; //with speed setting of SPEED 1X, vel of 100 = 2500 step/sec
acc = 10;

raw speed = 0.0; //raw _speed not used

St epLoadTr aj (addr, node, pos, vel, acc, raw speed); //start the notion

Y ou should always wait for one position motion to finish before commanding another.
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b. Detect when amotion is complete:

unsi gned char addr; // modul e address
unsi gned char current_status_byte;
BOOL nove_conpl et e;

NmcNoOp( addr ) ; //update the status byte data
current _status_byte = NncCGet St at (addr);
nmove_conplete = !'(current_status_byte & MOTOR _MWI NG ;

Note that the MOTOR_MOVI NG bit is part of the status byte. Y ou should also note that the
MOTOR_MoVI NG flag which reports whether the motor is moving or not is used differently than the
PIC-SERVO’s MOVE_DONE flag.

c. Move at a constant velocity with acceleration ramping:

unsi gned char addr; // modul e address

unsi gned char node;

| ong pos;

byte vel, acc; //velocity and accel eration tine

float raw speed; //raw speed val ues not used

addr = 1,

node = LOAD _SPEED | LOAD ACC | START_NOW

pos = O; //position is not used

vel = 100; //with speed setting of SPEED 1X, vel of 100 = 2500 step/sec
acc = 10;

raw speed = 0.0; //raw _speed not used

St epLoadTr aj (addr, node, pos, vel, acc, raw speed); //start the notion

Note that the velocity value should always be positive. To move in the reverse direction, you
should include the mode flag STEP_REV when setting the node byte.

d. Start amotion and stop automatically when alimit switch is hit:

unsi gned char addr; // modul e address

unsi gned char node;

| ong pos;

byte vel, acc; //velocity and accel eration tine
float raw speed; //raw speed val ues not used

unsi gned char hone_node; // data used for hom ng

BOOL still _hom ng;

addr = 1,

hone_node = ON_LIMT1 | HOVE STOP_ABRUPT; //set to stop abruptly when
[/ Timt switch 1 is hit
St epSet Hom ng(addr, hone_node) ; //start hom ng process

/* continued on next page */
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// Now execute a notion towards the limt swtch:
node = LOAD POS | LOAD SPEED | LOAD ACC | START_NOW

pos = 50000;
vel = 100; //with speed setting of SPEED 1X, vel of 100 = 2500 step/sec
acc = 10;

raw speed = 0.0; //raw _speed not used
St epLoadTr aj (addr, node, pos, vel, acc, raw speed); //start the notion

//Lastly, poll the HOVE IN PROG bit to determ ne when the
//switch has been hit

do
NcNoOp( addr ) ; //update the status byte
still_hom ng = NntCet Stat(addr) & HOVE_| N_PROG
while (still_hom ng);

e. Stop amotor with a deceleration ramp:

unsi gned char addr; // modul e address
unsi gned char node; [/ specifies stopping options

node = AMP_ENABLE | STOP_SMOOTH;
St epSt opMot or (addr, node);

Note that you can use the procedure described in 7b to determine when the motor has actually
cometo astop. To stop abruptly, use STOP_ABRUPT instead of STOP_SMOOTH.

f. Turn the motor off and disable the amplifier:

unsi gned char addr; // modul e address
unsi gned char node; // specifies stopping options
node = O;

ServoSt opMbt or (addr, node);
8. PIC-STEP Reading Status Data

a. Read limit switches;

unsi gned char addr; // modul e address

unsi gned char input_byte; //input byte val ue

BOCL switchl, swi tch2; /1 bool ean switch val ues
addr = 1,

NncReadSt at us(addr, SEND INBYTE); //Limt switch values are in the
/1 input byte

i nput _byte = StepCetlnbyte(addr); //fetch the value of the input byte

switchl = current_status & FWD LIM T,
switch2= current_status & REV. LIMT,
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b. Read the position and input byte at the same time:

unsi gned char addr
| ong pos;

byte input_byte

unsi gned char stat_itens;

stat _itens

NncReadSt at us(addr

pos

i nput _byte

9. PIC-I/O I nitialization

SEND_POS |

stat _itens);

St epGet Pos(addr) ;
ServoGet | nbyt e(addr) ;

a. Set 1/0 bits as inputs or outputs:

unsi nged char addr;

addr

| oBitDirln(addr,
| oBitDirln(addr,
| oBi t Di r Qut (addr

1,

0);
1);
3);

10. PIC-I/O Setting Outputs

a. Set or clear output bits:

unsi gned char addr

addr

| oSet Qut Bi t (addr,
| odl rQut Bi t (addr,

1,

3);
3);

b. Set PWM output values.

unsi gned char addr

unsi gned char

addr
pwri
pwnR

| 0Set PMWVal ( byt e addr,

1
128;
64;

pwrl, pwn®;

/] set
/] set

[/ modul e addr ess

//motor position in encoder counts
//input byte

[/ specify which data should be returned

SEND | NBYTE;, //specify position and input byte

/!l  should be read fromcontroller
// Read data fromcontrollers

//retrieve the position data
/[/retrieve input byte

/ [ nodul e addr ess

/O bit O to be an input
//set 1/Obit 1 to be an input
I/Obit 1 to be an output

/ / nodul e addr ess

//Set output bit 3 to logic 1
//Clear output bit 3 to logic O

// modul e address
/[ out put pwm val ues

PWM 1 to a 50% duty cycle (128/256)
PW 2 to a 25% duty cycl e (64/256)

byte pwnil, byte pwn?);
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11. PIC-I/O Reading Inputs

a. Read input bits:

unsi gned char addr; // modul e address
BOOL bit0, bit1; //input bit val ues
addr = 1,

NncReadSt at us(addr, SEND INPUTS); //read input bits fromcontroller

bitO
bitl

I ol nBi t Val (addr, 0);; //retrieve bit 0 val ue
l ol nBi t Val (addr, 1);; /lretrieve bit 1 value

b. Read al three analog inputs at the same time:

unsi gned char addr; // modul e address

unsi gned char anal og0, anal ogl, anal og2; //analog input val ues
unsi gned char status_itens;

addr = 1,

status_items = SEND AD1 | SEND AD2 | SEND_ADS;

NncReadSt at us(addr, status_itens); //Read anal og values fromcontroller

anal og0 = |1 oGet ADCval (addr, 0); //retrieve anal og val ues
anal ogl = | oGet ADCval (addr, 1);
anal og2 = | oGet ADCval (addr, 2);
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